

    
      
          
            
  
Welcome to pyLabLib’s documentation!


Note

This is the last 0.x version of the library. The new library (1.x) is located at https://github.com/AlexShkarin/pyLabLib/, and its documentation can be found at https://pylablib.readthedocs.io/. It has large changes in the interface and code organization, rendering almost all previous code partially incompatible (see the new documentation [https://pylablib.readthedocs.io/en/latest/changelog.html#version-1-x/] for details).
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Installation

You can install the old version of the library (0.4.2) described here using pip:

pip install "pylablib<1"





This will install only the minimal subset of dependencies. To add packages needed for device communication, you can specify devio extra (on non-Windows systems use devio-basic, as some of the packages are not available there). To add packages needed for GUI, you can specify gui extra (note that one of the required packages is PyQt5, which is not available on pip for Python 2.7; hence, it needs to be installed prior to installing pyLabLib). To grab full set of required packages, call:

pip install "pylablib[devio,gui]<1"






Note

It is recommended tp can install the new version [https://pylablib.readthedocs.io/] and, if you need it, use the legacy code package [https://pylablib.readthedocs.io/en/latest/changelog.html#version-1-x] there.




Usage

To access to the most common functions simply import the library:

import pylablib as pll
data = pll.load("data.csv","csv")







Requirements

The package requires numpy [http://docs.scipy.org/doc/numpy/], scipy [http://docs.scipy.org/doc/scipy/reference/], matplotlib [http://matplotlib.org/], pandas [https://pandas.pydata.org/] and numba [http://numba.pydata.org/] modules for computations. Note that when installed directly from pip, numpy comes with the OpenBLAS version of the linear algebra library; if other version (e.g., Intel MKL) is preferred, it is a good idea to numpy already installed before installing pyLabLib. All other packages can be safely installed from pip.

PyVISA [https://pyvisa.readthedocs.io/en/master/] and pySerial [https://pythonhosted.org/pyserial/] are the main packages used for the device communication. For some specific devices you might require pyft232, pywinusb, websocket-client, or nidaqmx [https://nidaqmx-python.readthedocs.io/en/latest/] (keep in mind that it’s different from the PyDAQmx package). Some devices have additional requirements (devices software or drivers installed, or some particular dlls), which are specified in their description.

The package has been tested with Python 3.6 and Python 3.7. Python 2.7 might not be fully compatible anymore (although effort is made to preserve the compatibility, testing with Python 2.7 is far less extensive). The last version officially supporting Python 2.7 is 0.4.0.



Installing from  GitHub

The library is available on GitHub at https://github.com/AlexShkarin/pyLabLib-v0/. To simply get all the source code, you can download it as a zip-file and unpack it into any appropriate place (can be folder of the project you’re working on, Python site-packages folder, or any folder added to Python path variable).

Keep in mind that required packages will not be automatically installed, so this has to be done manually:

pip install future numpy scipy matplotlib pandas numba rpyc
pip install pyft232 pyvisa pyserial nidaqmx pywinusb websocket-client
pip install pyqt5 sip pyqtgraph









          

      

      

    

  

    
      
          
            
  
Data processing utilities


Fitting

Class fitting.Fitter is a user-friendly wrapper around scipy.optimize.least_squares() [https://docs.scipy.org/doc/scipy/reference/generated/scipy.optimize.least_squares.html#scipy.optimize.least_squares] routine. Dealing with fitting is made more convenient in a couple of ways:


	it is easy to specify the x-parameter name (in the case it is not the first parameter), or specify multiple x-parameters;


	all of the fit and fixed parameters are specified by name; it is easy to switch between any parameter being fit or fixed;


	the wrapper automatically handles complex parameters (split into real and imaginary parts), numpy arrays, lists, ot tuples (including nested structures);


	the final parameters (fit and fixed) are returned in a single dictionary indexed by their names;


	the wrapper also returns the fit function with all of the parameters bound to the final fit and fixed values;


	the fit function result is flattened during fitting, so it, for example, works for functions returning 2D arrays.




Examples

Fitting a Lorentzian:

def lorentzian(frequency, position=0., width=1., height=1.):
    return height/(1.+4.*(frequency-position)**2/width**2)

## creating the fitter
# fit_parameters dictionary specifies the initial guess
fit_par = {"position":0.5, "height":1.}
fitter = pll.Fitter(lorentzian, xarg_name="frequency", fit_parameters=fit_par)
# additional fit parameter is supplied during the call
fit_par, fit_func = fitter.fit(xdata, ydata, fit_parameters={"width":1.0})
plot(xdata, ydata)  # plot the experimental data
plot(xdata, fit_func(xdata))  # plot fit result





Fitting a sum of complex Lorentzians with the same width:

def lorentzian_sum(frequency, positions, width, amplitudes):
    # list of complex lorentzians
    #   positions and amplitudes are lists, one per peak
    lorentzians = [a/(1.+2j*(frequency-p)/width) for (a,p) in zip (amplitudes,positions)]
    return np.sum(lorentzians, axis=0)

## creating the fitter
# fit_parameters dictionary specifies the initial guess
#     (complex initial guess for the "amplitude" parameter hints that this parameter is complex)
fit_par = {"positions":[0.,0.5,1.], "amplitudes":[1.+0.j]*3}
fitter = pll.Fitter(lorentzian_sum, xarg_name="frequency", fit_parameters=fit_par)
# fixed parameter is supplied during the call (could have also been supplied on Fitter initialization)
fit_par, fit_func = fitter.fit(xdata, ydata, fixed_parameters = {"width":0.3})
plot(xdata, ydata.real)  # plot the experimental data
plot(xdata, fit_func(xdata).real)  # plot fit result





Fitting 2D Gaussian and getting the parameter estimation errors:

def gaussian(x, y, pos, width, height):
    return np.exp( -((x-pos[0])**2+(y-pos[1])**2)/(2*width**2) )*height

## creating the fitter
# fit_parameters dictionary specifies the initial guess
fit_par = {"pos":(100,100), "width":10., "height":5.}
fitter = pll.Fitter(gaussian, xarg_name=["x","y"], fit_parameters=fit_par)
xs, ys = np.meshgrid(np.arange(img.shape[0]), np.arange(img.shape[1]), indexing="ij") # building x and y coordinates for the image
# fit_stderr is a dictionary containing the fit error for the corresponding parameters
fit_par, fit_func, fit_stderr = fitter.fit([xs,ys], img, return_stderr=True)
imshow(fit_func(xs, ys))  # plot fit result





The full module documentation is given at pylablib.core.dataproc.fitting.





          

      

      

    

  

    
      
          
            
  
Utilities


Multi-level dictionary

dictionary.Dictionary is an expansion of the standard dict class which supports tree structures (nested dictionaries). The extensions include:


	handling multi-level paths and nested dictionaries, with several different indexing methods


	iteration over the immediate branches, or over the whole tree structure


	some additional methods: mapping, filtering, finding difference between two dictionaries


	combined with pylablib.core.fileio allows to save and load the content in a human-readable format.




Creating and indexing:

>>> d = pll.Dictionary()
>>> d['d/0/x'] = 5
>>> d
Dictionary('d/0/x': 5)
>>> d['d/0/x']  # string path indexing
5
>>> d['d']['0']['x']  # nested indexing
5
>>> d['d','0','x']  # multi-level path indexing
5
>>> d['d',0,'x']  # all path elements are converted into strings
5
>>> d['d/0']['x']  # indexing styles can be freely mixed
5
>>> d['d','0/x']
5
>>> b = d['d']  # indexing a branch yields another Dictionary object
>>> b
Dictionary('0/x': 5)
>>> b['0/x'] = 10  # the branch shares the data with the main dictionary
>>> d
Dictionary('d/0/x': 10)





A dictionary can be build from a Python dict, which automatically normalizes paths and nested dictionaries:

>>> d = pll.Dictionary({ 'a':1, 'b/i':2, 'c':{'i':3, 'ii':4}, 'd/0/x':5 })
>>> d
Dictionary('b/i': 2
'c/i': 3
'c/ii': 4
'd/0/x': 5
'a': 1)






Note

There are several limitations on the dictionary structure (mostly they involve possible paths and keys):



	As mentioned above, the keys are converted into strings to get the path; therefore, different Python object can merge together (e.g., number 0 and string literal '0'). This also discourages use of some of the objects with “underdefined” (implementation dependent) representations, for example, floating point numbers.


	Since the '/' symbol is used to split different path entries, it can’t be used inside a single-level key. It is possible to re-define this symbol on dictionary creation; however, it might lead to compatibility issues.


	Using spaces is in principle allowed; however, it leads to problems if the dictionary is saved to or loaded from a text file using standard methods, since there space is used to separate the path and the value (so a part of the path after the first space would become a part of the value). The same concerns other whitespace characters ('\n', '\r', '\t').


	Empty keys are not allowed. When building a path, they are automatically dropped, so 'a/b', 'a/b/', 'a///b//' all correspond to the same path.


	One path can either correspond to a branch node, or a leaf node. In other words, one path can’t be a prefix of other paths and also contain data: structures like pll.Dictionary({ 'a':1, 'a/b':2}) are not allowed. To get around this, one can define a specific “data key” not used anywhere else, and store data in a node under that key (e.g., with the data key '#' the example before turns into a valid structure pll.Dictionary({ 'a/#':1, 'a/b/#':2})).







Thus, it is generally recommended to only use strings or non-negative integers as keys, and apply the same restrictions to them as to the Python variable names (with the addition of names starting with a digit).







          

      

      

    

  

    
      
          
            
  
Specific device classes


General concepts

Most devices share common methods and approach to make them more predictable and easier to use.

First, the device identifier / address needs to be provided by user during the device object creation, and it is automatically connected. The devices have open and close methods but the device also works as a resource (with Python with statement), so these usually aren’t used explicitly.

The devices usually have get_settings and apply_settings methods which return Python dictionaries with the most common settings or take these dictionaries and apply them.
In addition, there are get_full_status and get_full_info functions, which return progressively more information (get_full_status adds variable status information which cannot be changed by user, and get_full_info adds constant device information, such as model name and serial number).
get_full_info can be particularly useful to check the device status and see if it is connected and working properly.

Devices of the same kind (e.g., cameras or translation stages) aim to have consistent overlapping interfaces (where it makes sense), so different devices are fairly interchangeable in simple applications.



Examples

Connecting to a Cryomagnetics LM500 level meter and reading out the level at the first channel:

from pylablib.aux_libs.devices import Cryomagnetics  # import the device library
# Next, create the device object and connect to the device;
#   the connection is automatically opened on creation, and closed when the ``with`` block is ended
with Cryomagnetics.LM500("COM1") as lm:
    level = lm.get_level(1)  # read the level





Stepping the M Squared laser wavelength and recording an image from the Andor IXON camera at each step:

from pylablib.aux_libs.devices import M2, Andor  # import the device libraries
with M2.M2ICE("192.168.0.1", 39933) as laser, Andor.AndorCamera() as cam:  # connect to the devices
    # change some camera parameters
    cam.set_shutter("open")
    cam.set_exposure(50E-3)
    cam.set_amp_mode(preamp=2)
    cam.set_EMCCD_gain(128)
    cam.setup_image_mode(vbin=2, hbin=2)
    # setup acquisition mode
    cam.set_acquisition_mode("cont")
    cam.setup_cont_mode()
    # start camera acquisition
    cam.start_acquisition()
    wavelength = 740E-9  # initial wavelength (in meters)
    images = []
    while wavelength < 770E-9:
        laser.tune_wavelength_table(wavelength)  # tune the laser frequency (using coarse tuning)
        time.sleep(0.5)  # wait until the laser stabilizes
        cam.wait_for_frame()  # ensure that there's a frame in the camera queue
        frame = cam.read_newest_image()
        images.append(frame)
        wavelength += 0.5E-9







List of devices









	Device

	Kind

	Module

	Comments





	M Squared ICE BLOC

	Laser

	M2

	


	Pure Photonics PPCL200

	Laser

	PurePhotonics

	In CBDX1 chassis



	Lighthouse Photonics SproutG

	Laser

	LighthousePhotonics

	


	LaserQuantum Finesse laser

	Laser

	LaserQuantum

	


	Agilent HP8168F

	Laser

	AgilentLasers

	


	Nuphoton NP2000

	EDFA

	NuPhoton

	


	HighFinesse WS/6 and WS/7

	Wavemeter

	HighFinesse

	


	Andor Shamrock

	Spectrometer

	Andor

	Tested with Andor SR-303i



	Andor SDK2 interface

	Camera

	Andor

	Tested with Andor IXON and Luca



	Andor SDK3 interface

	Camera

	Andor

	Tested with Andor Zyla



	Hamamatsu DCAM interface

	Camera

	DCAM

	Tested with ORCA-Flash 4.0 (C11440-22CU)



	NI IMAQdx interface

	Camera

	IMAQdx

	Tested with Photon Focus HD1-D1312 with GigE connection



	NI IMAQ interface

	Camera

	IMAQ

	Tested with NI PCI-1430 frame grabber



	Photon Focus PFCam interface

	Camera

	PhotonFocus

	Tested with MV-D1024E and CameraLink connection with NI PCIe-1433 frame grabber (via IMAQ)



	PCO SC2 interface

	Camera

	PCO_SC2

	Tested with PCO.edge 5.5 CL and PCO.edge CLHS



	Ophir Vega

	Optical power meter

	Ophir

	


	Thorlabs PM100D

	Optical power meter

	Thorlabs

	


	OZ Optics TF100

	Tunable optical filter

	OZOptics

	


	OZ Optics DD100

	Variable optical attenuator

	OZOptics

	


	OZ Optics EPC04

	Polarization controller

	OZOptics

	


	Agilent AWG33220A

	Arbitrary waveform generator

	AgilentElectronics

	


	Agilent N9310A

	Microwave generator

	AgilentElectronics

	


	Vaunix LMS (Lab Brick)

	Microwave generator

	Vaunix

	


	Thorlabs MDT693/4A

	High voltage source

	Thorlabs

	


	Agilent AMP33502A

	DC amplifier

	AgilentElectronics

	


	Rigol DSA1030A

	Microwave spectrum analyzer

	Rigol

	


	Agilent HP8712B, HP8722D

	Vector network analyzers

	AgilentElectronics

	


	Tektronix DPO2014, TDS2000, MDO3000

	Oscilloscopes

	Tektronix

	


	NI DAQ interface

	NI DAQ devices

	NI

	Wrapper around the nidaqmx [https://nidaqmx-python.readthedocs.io/en/latest/] package. Tested with NI USB-6008 and NI PCIe-6323



	Zurich Instruments HF2 / UHF

	Lock-in amplifiers

	ZurichInstruments

	


	Arcus PerforMax

	Translation stage

	Arcus

	Tested with PMX-4EX-SA stage.



	SmarAct SCU3D

	Translation stage

	SmarAct

	


	Attocube ANC300

	Piezo slider controller

	Attocube

	Only tested with Ethernet or Serial connection



	Attocube ANC350

	Piezo slider controller

	Attocube

	Only tested with USB connection



	Trinamic TMCM1110

	Stepper motor controller

	Trinamic

	


	Thorlabs KDC101

	DC servo motor controller

	Thorlabs

	


	Thorlabs K10CR1

	Motorized rotation mount

	Thorlabs

	


	Thorlabs FW102/202

	Motorized filter wheel

	Thorlabs

	


	Thorlabs MFF

	Motorized flip mount

	Thorlabs

	


	Cryomagnetics LM500/510

	Cryogenic level meter

	Cryomagnetics

	


	Lakeshore 218 and 370

	Temperature controllers

	Lakeshore

	


	MKS 9xx

	Pressure gauge

	MKS

	


	Pfeiffer TPG261

	Pressure gauge

	Pfeiffer

	





All the modules are located in pylablib.aux_libs.devices.



Additional requirements

First, any device using PyVISA require NI VISA to be installed. See PyVISA [https://pyvisa.readthedocs.io/en/master/] for details.

Second, some devices need dlls supplied by the manufacturer:



	Andor SDK2 cameras: require atmcd.dll (currently supplied for x64 and x86). Can be obtained with Andor Solis software, or Andor SDK. If Andor Solis is installed in the default location (C:/Program Files/Andor Solis), these dlls are accessed automatically. It might be called atmcd64d_legacy.dll or atmcd32d_legacy.dll (depending on the Solis version and Python bitness), but it needs to be renamed to atmcd.dll when placed into aux_libs/devices/libs/x64 (or x32) folder.


	Andor SDK3 cameras: require several at*.dll: atcore.dll, atblkbx.dll, atcl_bitflow.dll, atdevapogee.dll, atdevregcam.dll, atusb_libusb.dll, atusb_libusb10.dll (currently supplied only for x64). Has potential incompatibilities between different versions of Windows; tested with Windows 7 x64 and Andor Solis 4.30.30034.0. Can be obtained with Andor Solis software. If Andor Solis is installed in the default location (C:/Program Files/Andor Solis), these dlls are accessed automatically.


	PCO SC2 cameras: require several SC2_*.dll: SC2_Cam.dll, sc2_cl_me4.dll, sc2_cl_mtx.dll, sc2_cl_nat.dll, sc2_cl_ser.dll, sc2_clhs.dll. These are provided with pco.sdk, which can be obtained on PCO website [https://www.pco.de/software/development-tools/pcosdk/].


	Arcus PerforMax translation stages: require PerformaxCom.dll and SiUSBXp.dll. Can be obtained from Arcus website [https://www.arcus-technology.com/support/downloads/download-category/sample-source-code/], either at USB 64-bit DLL [https://www.arcus-technology.com/support/downloads/download-info/usb-64-bit-dll/] (for 64-bit systems), or inside Python USB source [https://www.arcus-technology.com/support/downloads/download-info/python-usb-source/] (for 32-bit systems)


	HighFinesse WS/6 and WS/7 wavemeters: require wlmData.dll. Each device needs a unique dll supplied by the manufacturer. One can either supply DLL path on creation of the device class, or place it into aux_libs/devices/libs/x64 (or x32) folder; in the latter case, it should be renamed to wlmData6.dll or wlmData7.dll depending on the wavemeter model (WS/6 or WS/7).


	SmarAct SCU3D translation stage controller: requires SCU3DControl.dll. Should be supplied with the device by the manufacturer.







For the application to have access to them, they need to be placed into the package folder (correspondingly, into aux_libs/devices/libs/ inside the main package folder, which is usually something like Python36/Lib/site-packages/pylablib/).

Third, some devices need additional software installed:



	IMAQ cameras: National Instruments IMAQ library.


	IMAQdx cameras: National Instruments IMAQdx library.


	Photon Focus cameras: Photon Focus PFRemote software.


	Hamamatsu DCAM cameras: DCAM software (Hamamatsu HOKAWO) and drivers.


	Andor cameras: Andro Solis software and drivers


	NI DAQs: National Instruments NI-DAQmx library (with C support; just Runtime is sufficient).


	HighFinesse: manufacturer-provided drivers and software (specific to the particular wavemeter).


	Thorlabs Kinesis devices (KFF, KDC101, K10CR1): Kinesis/APT software.


	Trinamic hardware: Trinamic TMCL-IDE (needed to install device drivers)


	Arcus PerforMax software: Arcus Drivers and Tools, Arcus USB Series and Arcus Performax Series software (needed to install device drivers).


	Zurich Instruments: manufacturer provided software and Python libraries.







The list might be incomplete, and it does not include drivers for all USB devices.





          

      

      

    

  

    
      
          
            
  
Change log

This is a list of changes between each version.


0.4.2

Final version of library with updated links to repositories and documentation. No significant code change.



0.4.1

Interface changes


	Slightly changed representations of complex number in to-string conversions depending on the conversion rules ("python" vs "text").




Additions


	Devices



	Added Thorlabs K10CR1 rotational stage (devices.Thorlabs.K10CR1)


	Added Andor Shamrock spectrographs (devices.AndorShamrock)


	Expanded Agilent AWG class


	Added more 32bit dlls


	Added list_resources method to every backend class, which lists available connections for this backend (not available for every backend; so far only works in VisaDeviceBackend, SerialDeviceBackend, and FT232BackendOpenError.









	GUI and threading



	Added TableAccumulatorThread.preprocess_data() method to pre-process incoming data before adding it to the table


	Added update_only_on_visible argument to TracePlotter.setupUi() method, and TracePlotter.get_required_channels() method.













0.4.0

Interface changes


	Dictionary entries (core.fileio.dict_entry) system has been slightly redesigned: building entries from stored objects has been moved from dict_entry.IDictionaryEntry.build_entry() class method to a dedicated function dict_entry.build_entry(), and entry classes have been added.


	aux_libs.gui.helpers.StreamFormerThread architecture changes, so that it can accumulates several rows before adding them into the storage; this lead to replacement of helpers.StreamFormerThread.prepare_new_row() method by helpers.StreamFormerThread.prepare_new_data().




Additions


	General



	Added pandas support in a bunch of places: loading/saving tables and dictionaries; data processing routines in core.dataproc; conversion of DataTable and Dictionary object to/from pandas dataframes.


	Expanded string conversion to support more explicit variable classes. For example, a numpy array np.array([1,2,3]) can be converted into a string 'array([1, 2, 3])' instead of a more ambiguous string '[1, 2, 3]' (which can also be a list). This behavior is controlled by a new argument use_classes in string conversion functions (such as string.to_string() and string.from_string()) and an argument use_rep_classes in file saving (savefile.save())


	Added general library parameters, which can be accessed via pylablib.par (works as a dictionary object). So far there’s only one supported parameter: the default return type of the CSV file reading (can be "pandas" for pandas dataframe, "table" for DataTable object, or "array" for raw numpy array).









	Devices



	Added LaserQuantum Finesse device class (devices.LaserQuantum)


	NI DAQ now supports output of waveforms


	Added PCO_SC2.reset_api() and PCO_SC2.PCOSC2Camera.reboot() methods for resetting API and cameras


	Added Thorlabs.list_kinesis_devices() function to list connected Kinesis devices


	Added serial communication methods for IMAQ cameras (IMAQ.IMAQCamera)









	GUI and threading



	Added line plotter (aux_libs.gui.widgets.line_plotter) and trace plotter (aux_libs.gui.widgets.trace_plotter) widgets


	Added virtual elements to value tables and parameter tables


	Added gui_thread_safe parameter to value tables and parameter tables. Enabling it make most common methods thread-safe (i.e., transparently called from the GUI thread)


	Added a corresponding controller.gui_thread_method() wrapper to implement the change above


	Added functional thread variables (controller.QThreadController.set_func_variable())









	File saving / loading



	Added notation for dictionary files to include nested structures (‘prefix blocks’). This lets one avoid common path prefix in stored dictionary files. For example, a file

some/long/prefix/x  1
some/long/prefix/y  2
some/long/prefix/y  3





can be represented as

//some/long/prefix
    x   1
    y   2
    z   3
///





The meaningful elements are //some/long/prefix line denoting that following elements have the given prefix, and /// line denoting that the prefix block is done (indentation is only added for clarity).



	New dictionary entries: dict_entry.ExternalNumpyDictionaryEntry (external numpy array, can have arbitrary number of dimensions) and dict_entry.ExpandedContainerDictionaryEntry (turns lists, tuples and dicts into dictionary branches, so that their content can benefit from the automatic table inlining, dictionary entry classes, etc.).









	Data processing



	fitting.Fitter now takes default scale and limit as constructor arguments.


	feature.multi_scale_peakdet() has new norm_ratio argument.


	image.get_region() and image.get_region_sum() take axis argument.









	Miscellaneous



	Functions introspection module now supports Python 3 - style functions, and added a new function functions.funcsig()


	utils.general.StreamFileLogger supports multiple destination paths


	New network function utils.net.get_all_local_addr() (return list of all local addresses on all interfaces) and utils.net.get_local_hostname()
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      	trace_filter_compensate() (in module pylablib.aux_libs.devices.ZurichInstruments)

      
        	(pylablib.aux_libs.devices.ZurichInstruments.Demod method)


      


      	TracePlotter (class in pylablib.aux_libs.gui.widgets.trace_plotter)


      	TracePlotterController (class in pylablib.aux_libs.gui.widgets.trace_plotter)


      	transfer() (in module pylablib.core.utils.rpyc)

      
        	(pylablib.core.utils.rpyc.SocketTunnelService method)


      


      	translate_string_filter() (in module pylablib.core.utils.string)


      	trigger() (pylablib.core.mthread.controller.RepeatingThreadController method)


      	trigger_hysteretic() (in module pylablib.core.dataproc.feature)


      	trim_jumps() (in module pylablib.aux_libs.file_formats.waveguide)


      	TrinamicError


      	truncate_len_pow2() (in module pylablib.core.dataproc.fourier)


      	truncate_value() (pylablib.aux_libs.devices.IMAQdx.IMAQdxAttribute method)

      
        	(pylablib.aux_libs.devices.PhotonFocus.PfcamProperty method)


      


      	try_method_wrapper() (in module pylablib.core.utils.general)


      	TShmemVarDesc (class in pylablib.core.utils.ipc)


      	TSignal (class in pylablib.core.gui.qt.thread.signal_pool)


      	tune_etalon() (pylablib.aux_libs.devices.M2.M2ICE method)


      	tune_laser_resonator() (pylablib.aux_libs.devices.M2.M2ICE method)


      	tune_reference_cavity() (pylablib.aux_libs.devices.M2.M2ICE method)


      	tune_wavelength() (pylablib.aux_libs.devices.M2.M2ICE method)


      	tune_wavelength_table() (pylablib.aux_libs.devices.M2.M2ICE method)


      	tunnel_recv() (pylablib.core.utils.rpyc.SocketTunnelService method)


      	tunnel_send() (pylablib.core.utils.rpyc.SocketTunnelService method)


      	tup() (pylablib.core.dataproc.image.ROI method)

      
        	(pylablib.core.dataproc.waveforms.Range method)


        	(pylablib.core.datatable.indexing.IIndex method)


        	(pylablib.core.utils.ctypes_wrap.StructWrap method)


      


      	tup_struct() (pylablib.core.utils.ctypes_wrap.StructWrap class method)


      	tupdict() (pylablib.core.utils.ctypes_wrap.StructWrap method)


  





U


  	
      	UbntConfig (class in pylablib.aux_libs.devices.UBNT)


      	ufixed_to_float() (in module pylablib.aux_libs.devices.Altera)


      	UHFDevice (class in pylablib.aux_libs.devices.ZurichInstruments)


      	uid (pylablib.aux_libs.file_formats.ecam.THeader attribute)


      	uid() (pylablib.core.mthread.sync_primitives.BasicSynchronizer method)

      
        	(pylablib.core.mthread.sync_primitives.ValueSynchronizer method)


      


      	uid_to_hex() (pylablib.aux_libs.file_formats.ecam.ECamFrame method)


      	uid_to_int() (pylablib.aux_libs.file_formats.ecam.ECamFrame method)


      	UIDGenerator (class in pylablib.core.utils.general)


      	unescape_string() (in module pylablib.core.utils.string)


      	unique() (pylablib.core.datatable.column.IDataColumn method)

      
        	(pylablib.core.datatable.table.DataTable method)


      


      	unique_slices() (in module pylablib.core.dataproc.waveforms)

      
        	(pylablib.core.datatable.table.DataTable method)


      


      	units (pylablib.aux_libs.devices.IMAQdx.IMAQdxAttribute attribute)


      	unity() (in module pylablib.core.utils.numerical)


      	unload_all() (in module pylablib)


      	unload_package_modules() (in module pylablib.core.utils.module)


      	unlock() (pylablib.core.devio.backend.IBackendWrapper method)

      
        	(pylablib.core.devio.backend.IDeviceBackend method)


        	(pylablib.core.devio.backend.VisaDeviceBackend method)


      


      	unlock_etalon() (pylablib.aux_libs.devices.M2.M2ICE method)


      	unlock_reference_cavity() (pylablib.aux_libs.devices.M2.M2ICE method)


      	unpack_int() (in module pylablib.core.utils.strpack)


      	unpack_numpy_u12bit() (in module pylablib.core.utils.strpack)


      	unpack_uint() (in module pylablib.core.utils.strpack)


      	unread (pylablib.aux_libs.devices.IMAQ.IMAQCamera.TBufferStatus attribute)

      
        	(pylablib.aux_libs.devices.PCO_SC2.PCOSC2Camera.TBufferStatus attribute)


      


      	unsubscribe() (pylablib.core.gui.qt.thread.controller.QTaskThread method)

      
        	(pylablib.core.gui.qt.thread.controller.QThreadController method)


        	(pylablib.core.gui.qt.thread.signal_pool.SignalPool method)


      


      	unwrap_mod_data() (in module pylablib.core.dataproc.waveforms)


      	unzip_file() (in module pylablib.core.utils.files)


      	unzip_folder() (in module pylablib.core.utils.files)


      	up() (pylablib.core.mthread.sync_primitives.StateUIDGenerator method)


  

  	
      	update() (pylablib.core.mthread.sync_primitives.VersionEvent method)

      
        	(pylablib.core.utils.dictionary.Dictionary method)


        	(pylablib.core.utils.library_parameters.LibraryParametersStorage method)


        	(pylablib.core.utils.versioning.VersionConfig method)


      


      	update_available_axes() (pylablib.aux_libs.devices.Attocube.ANC300 method)


      	update_fit_parameters() (pylablib.core.dataproc.fitting.Fitter method)


      	update_fixed_parameters() (pylablib.core.dataproc.fitting.Fitter method)


      	update_full_data() (pylablib.aux_libs.devices.PCO_SC2.PCOSC2Camera method)


      	update_full_info() (pylablib.aux_libs.gui.device_thread.DeviceThread method)

      
        	(pylablib.aux_libs.gui.device_thread.RemoteDeviceThread method)


      


      	update_image() (pylablib.aux_libs.gui.widgets.image_plotter.ImageView method)


      	update_image_controls() (pylablib.aux_libs.gui.widgets.image_plotter.ImageView method)


      	update_indicators() (pylablib.aux_libs.gui.widgets.param_table.ParamTable method)

      
        	(pylablib.core.gui.qt.values.IndicatorValuesTable method)


      


      	update_minmax() (pylablib.aux_libs.devices.IMAQdx.IMAQdxAttribute method)

      
        	(pylablib.aux_libs.devices.PhotonFocus.PfcamProperty method)


      


      	update_params() (pylablib.aux_libs.gui.widgets.image_plotter.ImageView.Rectangle method)


      	update_plot() (pylablib.aux_libs.gui.widgets.trace_plotter.TracePlotter method)


      	update_rectangles() (pylablib.aux_libs.gui.widgets.image_plotter.ImageView method)


      	update_ref_timestamp() (pylablib.aux_libs.devices.ZurichInstruments.ZIDevice method)


      	update_reports() (pylablib.aux_libs.devices.M2.M2ICE method)


      	update_status() (pylablib.core.gui.qt.thread.controller.QTaskThread method)


      	update_timestamp() (pylablib.aux_libs.file_formats.ecam.ECamFrame method)


      	update_traces() (pylablib.aux_libs.gui.widgets.line_plotter.LinePlotter method)


      	update_value() (pylablib.core.gui.qt.values.ValuesTable method)


      	update_versions() (pylablib.core.utils.versioning.VersionConfig method)


      	updated() (pylablib.core.utils.dictionary.Dictionary method)

      
        	(pylablib.core.utils.dictionary.PrefixShortcutTree method)


      


      	upstream() (pylablib.aux_libs.devices.Altera.NIOSDevice method)


      	upstream_ram_bank() (pylablib.aux_libs.devices.Altera.NIOSDevice method)


      	use_xarg() (pylablib.core.dataproc.fitting.Fitter method)


      	using_handle() (pylablib.aux_libs.devices.AndorShamrock_lib.ShamrockLib method)


      	using_timeout() (pylablib.core.devio.backend.IDeviceBackend method)

      
        	(pylablib.core.utils.net.ClientSocket method)


      


      	using_write_buffer() (pylablib.core.devio.SCPI.SCPIDevice method)


  





V


  	
      	V5 (pylablib.aux_libs.devices.Janis.JacobServer.StatusDecoded attribute)


      	validateROI() (pylablib.aux_libs.gui.widgets.custom_controls.BinROICtl method)


      	value (pylablib.aux_libs.devices.Trinamic.TMCM1100.ReplyData attribute)

      
        	(pylablib.aux_libs.file_formats.ecam.TBlock attribute)


        	(pylablib.core.gui.qt.thread.signal_pool.TSignal attribute)


      


      	value() (pylablib.core.mthread.sync_primitives.SyncCall method)


      	value_changed (pylablib.aux_libs.gui.widgets.custom_controls.BinROICtl attribute), [1]

      
        	(pylablib.aux_libs.gui.widgets.custom_controls.RangeCtl attribute)


        	(pylablib.aux_libs.gui.widgets.param_table.ParamTable attribute)


        	(pylablib.core.gui.qt.widgets.edit.LVNumEdit attribute)


        	(pylablib.core.gui.qt.widgets.edit.LVTextEdit attribute)


      


      	value_changed_signal() (pylablib.core.gui.qt.values.CheckboxValueHandler method)

      
        	(pylablib.core.gui.qt.values.ComboBoxValueHandler method)


        	(pylablib.core.gui.qt.values.IValueHandler method)


        	(pylablib.core.gui.qt.values.LineEditValueHandler method)


        	(pylablib.core.gui.qt.values.PushButtonValueHandler method)


        	(pylablib.core.gui.qt.values.ToolButtonValueHandler method)


        	(pylablib.core.gui.qt.values.VirtualValueHandler method)


      


      	value_entered (pylablib.core.gui.qt.widgets.edit.LVNumEdit attribute)

      
        	(pylablib.core.gui.qt.widgets.edit.LVTextEdit attribute)


      


      	value_handler (pylablib.aux_libs.gui.widgets.param_table.ParamTable.ParamRow attribute)


  

  	
      	values (pylablib.aux_libs.devices.IMAQdx.IMAQdxAttribute attribute)

      
        	(pylablib.aux_libs.devices.PhotonFocus.PfcamProperty attribute)


      


      	values() (pylablib.core.utils.dictionary.Dictionary method)


      	ValuesTable (class in pylablib.core.gui.qt.values)


      	ValueSynchronizer (class in pylablib.core.mthread.sync_primitives)


      	valves (pylablib.aux_libs.devices.Janis.JacobServer.StatusDecoded attribute)


      	VegaPowerMeter (class in pylablib.aux_libs.devices.Ophir)


      	VegaPowerMeter.RangeInfo (class in pylablib.aux_libs.devices.Ophir)


      	VegaPowerMeter.WavelengthInfo (class in pylablib.aux_libs.devices.Ophir)


      	vendor (pylablib.aux_libs.devices.DCAM.DCAMCamera.ModelData attribute)

      
        	(pylablib.aux_libs.devices.IMAQdx.IMAQdxCamera.ModelData attribute)


      


      	version (pylablib.aux_libs.file_formats.ecam.THeader attribute)


      	VersionConfig (class in pylablib.core.utils.versioning)


      	VersionEvent (class in pylablib.core.mthread.sync_primitives)


      	viewitems() (pylablib.core.utils.dictionary.Dictionary method)


      	viewkeys() (pylablib.core.utils.dictionary.Dictionary method)


      	viewvalues() (pylablib.core.utils.dictionary.Dictionary method)


      	VirtualIndicatorHandler (in module pylablib.core.gui.qt.values)


      	VirtualValueHandler (class in pylablib.core.gui.qt.values)


      	VisaBackendOpenError


      	VisaDeviceBackend (class in pylablib.core.devio.backend)
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      	W5500_read() (pylablib.aux_libs.devices.Altera.FPGAController method)


      	W5500_write() (pylablib.aux_libs.devices.Altera.FPGAController method)


      	wait() (pylablib.aux_libs.devices.PCO_SC2.PCOSC2Camera.Buffer method)

      
        	(pylablib.core.devio.SCPI.SCPIDevice method)


        	(pylablib.core.gui.qt.thread.synchronizing.QMultiThreadNotifier method)


        	(pylablib.core.mthread.notifier.ISkippableNotifier method)


        	(pylablib.core.mthread.sync_primitives.Barrier method)


        	(pylablib.core.mthread.sync_primitives.BasicSynchronizer method)


        	(pylablib.core.mthread.sync_primitives.Condition method)


        	(pylablib.core.mthread.sync_primitives.Event method)


        	(pylablib.core.mthread.sync_primitives.PendingSynchronizerPool method)


        	(pylablib.core.mthread.sync_primitives.SyncCall method)


        	(pylablib.core.mthread.sync_primitives.TaskSet method)


        	(pylablib.core.mthread.sync_primitives.ValueSynchronizer method)


        	(pylablib.core.mthread.sync_primitives.VersionEvent method)


      


      	wait_dev() (pylablib.aux_libs.devices.AgilentElectronics.HP8722D method)

      
        	(pylablib.core.devio.SCPI.SCPIDevice method)


      


      	wait_enabled() (pylablib.core.mthread.sync_primitives.StateUIDGenerator method)


      	wait_for_any_message() (pylablib.core.gui.qt.thread.controller.QThreadController method)


      	wait_for_axis() (pylablib.aux_libs.devices.Attocube.ANC300 method)

      
        	(pylablib.aux_libs.devices.Attocube.ANC350 method)


        	(pylablib.aux_libs.devices.SmarAct.SCU3D method)


        	(pylablib.aux_libs.devices.Trinamic.TMCM1100 method)


      


      	wait_for_brf() (pylablib.aux_libs.devices.Sirah.SirahMatisse method)


      	wait_for_execution() (pylablib.core.utils.thread.PeriodicThread method)


      	wait_for_frame() (pylablib.aux_libs.devices.Andor.AndorCamera method)

      
        	(pylablib.aux_libs.devices.Andor.AndorSDK3Camera method)


        	(pylablib.aux_libs.devices.DCAM.DCAMCamera method)


        	(pylablib.aux_libs.devices.IMAQ.IMAQCamera method)


        	(pylablib.aux_libs.devices.IMAQdx.IMAQdxCamera method)


        	(pylablib.aux_libs.devices.PCO_SC2.PCOSC2Camera method)


      


      	wait_for_home() (pylablib.aux_libs.devices.Thorlabs.K10CR1 method)

      
        	(pylablib.aux_libs.devices.Thorlabs.KDC101 method)


      


      	wait_for_keypress() (in module pylablib.core.utils.general)


      	wait_for_message() (in module pylablib.core.mthread.message_queue)

      
        	(pylablib.core.gui.qt.thread.controller.QThreadController method)


        	(pylablib.core.mthread.controller.IThreadController method)


        	(pylablib.core.mthread.message_queue.MessageQueue method)


      


      	wait_for_mode() (pylablib.aux_libs.devices.Arduino.FilterCavityLock method)


      	wait_for_move() (pylablib.aux_libs.devices.Thorlabs.K10CR1 method)

      
        	(pylablib.aux_libs.devices.Thorlabs.KDC101 method)


      


      	wait_for_report() (pylablib.aux_libs.devices.M2.M2ICE method)


      	wait_for_sample() (pylablib.aux_libs.devices.NI.NIDAQ method)


      	wait_for_signal_monitor() (pylablib.aux_libs.gui.script_thread.ScriptThread method)


      	wait_for_status() (pylablib.aux_libs.devices.Thorlabs.K10CR1 method)

      
        	(pylablib.aux_libs.devices.Thorlabs.KDC101 method)


      


      	wait_for_stop() (pylablib.aux_libs.devices.Thorlabs.K10CR1 method)

      
        	(pylablib.aux_libs.devices.Thorlabs.KDC101 method)


      


      	wait_for_sync() (pylablib.core.gui.qt.thread.controller.QThreadController method)


      	wait_for_terascan_update() (pylablib.aux_libs.devices.M2.M2ICE method)


      	wait_for_thinet() (pylablib.aux_libs.devices.Sirah.SirahMatisse method)


      	wait_for_thread_name() (in module pylablib.core.mthread.controller)


      	wait_for_tuning() (pylablib.aux_libs.devices.M2.M2ICE method)


      	wait_for_variable() (pylablib.core.gui.qt.thread.controller.QThreadController method)


  

  	
      	wait_meas() (pylablib.aux_libs.devices.Cryomagnetics.LM500 method)


      	wait_sync() (pylablib.aux_libs.devices.PurePhotonics.CBDX1 method)

      
        	(pylablib.core.devio.SCPI.SCPIDevice method)


      


      	wait_until() (pylablib.core.gui.qt.thread.controller.QThreadController method)

      
        	(pylablib.core.gui.qt.thread.synchronizing.QMultiThreadNotifier method)


      


      	waiting() (pylablib.core.mthread.notifier.ISkippableNotifier method)


      	waiting_state() (pylablib.core.mthread.notifier.ISkippableNotifier method)


      	walk_dir() (in module pylablib.core.utils.files)


      	warnings (pylablib.aux_libs.devices.PCO_SC2.PCOSC2Camera.CameraStatus attribute)


      	widget (pylablib.aux_libs.gui.widgets.param_table.ParamTable.ParamRow attribute)


      	WidgetLabelIndicatorHandler (class in pylablib.core.gui.qt.values)


      	wrap() (in module pylablib.core.datatable.wrapping)

      
        	(pylablib.core.utils.ctypes_wrap.CTypesWrapper method)


      


      	wrap1d() (in module pylablib.core.datatable.wrapping)


      	wrap2d() (in module pylablib.core.datatable.wrapping)


      	wrap_function() (pylablib.core.utils.functions.FunctionSignature method)


      	WrapperDataColumn (class in pylablib.core.datatable.column)


      	writable (pylablib.aux_libs.devices.IMAQdx.IMAQdxAttribute attribute)

      
        	(pylablib.aux_libs.devices.PhotonFocus.PfcamProperty attribute)


      


      	write() (pylablib.aux_libs.devices.NI.NIGPIBSerialBackend method)

      
        	(pylablib.aux_libs.devices.NI.NIGPIBSerialDevice method)


        	(pylablib.core.devio.SCPI.SCPIDevice method)


        	(pylablib.core.devio.backend.FT232DeviceBackend method)


        	(pylablib.core.devio.backend.IDeviceBackend method)


        	(pylablib.core.devio.backend.NetworkDeviceBackend method)


        	(pylablib.core.devio.backend.SerialDeviceBackend method)


        	(pylablib.core.devio.backend.VisaDeviceBackend method)


        	(pylablib.core.fileio.savefile.IOutputFileFormat method)


        	(pylablib.core.utils.general.StreamFileLogger method)


      


      	write_comments() (pylablib.core.fileio.savefile.ITextOutputFileFormat method)


      	write_data() (pylablib.core.fileio.savefile.CSVTableOutputFileFormat method)

      
        	(pylablib.core.fileio.savefile.DictionaryOutputFileFormat method)


        	(pylablib.core.fileio.savefile.ITextOutputFileFormat method)


      


      	write_dataline() (pylablib.core.fileio.logfile.LogFile method)


      	write_file() (pylablib.core.fileio.savefile.IOutputFileFormat method)

      
        	(pylablib.core.fileio.savefile.ITextOutputFileFormat method)


        	(pylablib.core.fileio.savefile.TableBinaryOutputFileFormat method)


      


      	write_frame() (pylablib.aux_libs.file_formats.ecam.ECamFormatter method)


      	write_header() (pylablib.core.utils.general.StreamFileLogger method)


      	write_line() (pylablib.core.fileio.savefile.ITextOutputFileFormat static method)


      	write_lines() (pylablib.core.fileio.logfile.LogFile method)


      	write_multi_datalines() (pylablib.core.fileio.logfile.LogFile method)


      	write_num() (in module pylablib.core.fileio.binio)


      	write_pickle() (in module pylablib.core.fileio.binio)


      	write_props() (pylablib.core.fileio.savefile.ITextOutputFileFormat method)


      	write_ram() (pylablib.aux_libs.devices.Altera.NIOSDevice method)


      	write_ram_sfixed() (pylablib.aux_libs.devices.Altera.NIOSDevice method)


      	write_register() (pylablib.aux_libs.devices.PurePhotonics.CBDX1 method)


      	write_str() (in module pylablib.core.fileio.binio)


      	write_table() (pylablib.core.fileio.savefile.TableBinaryOutputFileFormat method)


      	write_time() (pylablib.core.fileio.savefile.ITextOutputFileFormat method)


      	write_val() (in module pylablib.core.fileio.binio)


      	write_version() (in module pylablib.core.version)


      	WS (class in pylablib.aux_libs.devices.HighFinesse)
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      	xy2c() (in module pylablib.core.dataproc.waveforms)


  





Z


  	
      	zero_ram_bank() (pylablib.aux_libs.devices.Altera.NIOSDevice method)


      	zeros() (in module pylablib.core.datatable.column)


      	ZIDevice (class in pylablib.aux_libs.devices.ZurichInstruments)


      	ZIDevice.DemodTraceAccumulator (class in pylablib.aux_libs.devices.ZurichInstruments)


  

  	
      	zip_file() (in module pylablib.core.utils.files)


      	zip_folder() (in module pylablib.core.utils.files)


      	zip_multiple_files() (in module pylablib.core.utils.files)


      	ZISweeper (class in pylablib.aux_libs.devices.ZurichInstruments)
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pylablib.aux_libs.devices package


Submodules



pylablib.aux_libs.devices.AgilentElectronics module


	
class pylablib.aux_libs.devices.AgilentElectronics.AWG33220A(addr)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

Agilent AWG33220A Arbitrary Wave Generator.

Also partially works with compatible AWGs such as Agilent 33500, Rigol D1000, etc.


	
get_output()[source]

	Check if the output is enabled






	
set_output(enabled=True)[source]

	Turn the output on or off






	
get_output_polarity()[source]

	Get output polarity.

Can be either "norm" or "inv".






	
set_output_polarity(polarity='norm')[source]

	Set output polarity.

Can be either "norm" or "inv".






	
is_sync_output_enabled()[source]

	Check if SYNC output is enabled






	
enable_sync_output(enabled=True)[source]

	Enable or disable SYNC output






	
get_load()[source]

	Get the output load






	
set_load(load=None)[source]

	Set the output load (None means High-Z)






	
get_function()[source]

	Get output function.

Can be one of the following: "sine", "square", "ramp", "pulse", "noise", "prbs", "DC", "user", "arb".
Not all functions can be available, depending on the particular model of the generator.






	
set_function(func)[source]

	Set output function.

Can be one of the following: "sine", "square", "ramp", "pulse", "noise", "prbs", "DC", "user", "arb".
Not all functions can be available, depending on the particular model of the generator.






	
get_amplitude()[source]

	Get output amplitude






	
set_amplitude(amplitude)[source]

	Set output amplitude






	
get_offset()[source]

	Get output offset






	
set_offset(offset)[source]

	Set output offset






	
get_range()[source]

	Get output voltage range.

Return tuple (vmin, vmax) with the low and high voltage values (i.e., offset-amplitude and offset+amplitude).






	
set_range(rng)[source]

	Set output voltage range.

If span is less than 1E-4, automatically switch to DC mode.






	
get_frequency()[source]

	Get output frequency






	
set_frequency(frequency)[source]

	Set output frequency






	
get_phase()[source]

	Get output phase (in degrees)






	
set_phase(phase)[source]

	Set output phase (in degrees)






	
get_duty_cycle()[source]

	Get output duty cycle (in percent).

Only applies to "square" output function.






	
set_duty_cycle(dcycle)[source]

	Set output duty cycle (in percent).

Only applies to "square" output function.






	
get_ramp_symmetry()[source]

	Get output ramp symmetry (in percent).

Only applies to "ramp" output function.






	
set_ramp_symmetry(rsymm)[source]

	Set output ramp symmetry (in percent).

Only applies to "ramp" output function.






	
is_burst_enabled()[source]

	Check if the burst mode is enabled






	
enable_burst(enabled=True)[source]

	Enable burst mode






	
get_burst_mode()[source]

	Get burst mode.

Can be either "trig" or "gate".






	
set_burst_mode(mode)[source]

	Set burst mode.

Can be either "trig" or "gate".






	
get_burst_ncycles()[source]

	Get burst mode ncycles.

Infinite corresponds to a large value (>1E37).






	
set_burst_ncycles(ncycles=1)[source]

	Set burst mode ncycles.

Infinite corresponds to None






	
get_gate_polarity()[source]

	Get burst gate polarity.

Can be either "norm" or "inv".






	
set_gate_polarity(polarity='norm')[source]

	Set burst gate polarity.

Can be either "norm" or "inv".






	
get_trigger_source()[source]

	Get trigger source.

Can be either "imm", "ext", or "bus".






	
set_trigger_source(src)[source]

	Set trigger source.

Can be either "imm", "ext", or "bus".






	
get_trigger_slope()[source]

	Get trigger slope.

Can be either "pos", or "neg".






	
set_trigger_slope(slope)[source]

	Set trigger slope.

Can be either "pos", or "neg".






	
is_trigger_output_enabled()[source]

	Check if the trigger output is enabled






	
enable_trigger_output(enabled=True)[source]

	Enable trigger output






	
get_output_trigger_slope()[source]

	Get output trigger slope.

Can be either "pos", or "neg".






	
set_output_trigger_slope(slope)[source]

	Set output trigger slope.

Can be either "pos", or "neg".






	
apply_settings(settings)[source]

	Apply the settings.

settings is a dict {name: value} of the available device settings.
Non-applicable settings are ignored.










	
class pylablib.aux_libs.devices.AgilentElectronics.AMP33502A(addr)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

Agilent AMP3350A amplifier.


	
get_output(channel=None)[source]

	




	
set_output(channel, enabled=True)[source]

	




	
get_path(channel)[source]

	




	
set_path(channel, path)[source]

	




	
get_coupling(channel)[source]

	




	
set_coupling(channel, coupling)[source]

	




	
get_impedance(channel)[source]

	




	
set_impedance(channel, impedance)[source]

	




	
get_settings()[source]

	Get dict {name: value} containing all the device settings.

nodes specifies nodes to acquire.






	
apply_settings(settings)[source]

	Apply the settings.

settings is a dict {name: value} of the available device settings.
Non-applicable settings are ignored.










	
class pylablib.aux_libs.devices.AgilentElectronics.N9310A(addr)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

Agilent N9310A microwave generator.


	
get_output()[source]

	




	
set_output(enabled=True)[source]

	




	
get_output_level()[source]

	




	
set_output_level(level)[source]

	




	
get_frequency()[source]

	




	
set_frequency(frequency)[source]

	




	
apply_settings(settings)[source]

	Apply the settings.

settings is a dict {name: value} of the available device settings.
Non-applicable settings are ignored.










	
class pylablib.aux_libs.devices.AgilentElectronics.HP8712B(addr)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

HP8712B Vector Network Analyzer.


	
select_channel(channel)[source]

	




	
current_channel()[source]

	




	
sweep_single(wait_type='sync', count=1)[source]

	




	
sweep_reset(wait_type='sync')[source]

	




	
sweep_continuous(enable=True)[source]

	




	
is_continuous()[source]

	




	
get_output()[source]

	




	
set_output(enabled=True)[source]

	




	
get_output_level()[source]

	




	
set_output_level(level)[source]

	




	
get_avg()[source]

	




	
restart_avg()[source]

	




	
set_avg(avg=None)[source]

	




	
get_frequency_range()[source]

	




	
set_frequency_range(frequency)[source]

	




	
get_sweep_points()[source]

	




	
set_sweep_points(pts)[source]

	




	
get_bandwidth()[source]

	




	
set_bandwidth(bwidth)[source]

	




	
get_channel_format()[source]

	




	
set_channel_format(chan_fmt)[source]

	




	
get_phase_offset()[source]

	




	
set_phase_offset(offset)[source]

	




	
get_electrical_delay()[source]

	




	
set_electrical_delay(delay)[source]

	




	
set_data_format(fmt=None)[source]

	




	
get_data_format()[source]

	




	
request_data(source='data', fmt=None)[source]

	




	
read_sweep(transfer_fmt='xy')[source]

	




	
grab_single_sweep(transfer_fmt='xy', count=None)[source]

	




	
apply_settings(settings)[source]

	Apply the settings.

settings is a dict {name: value} of the available device settings.
Non-applicable settings are ignored.










	
class pylablib.aux_libs.devices.AgilentElectronics.HP8722D(addr)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

HP8722D Vector Network Analyzer.


	
select_channel(channel)[source]

	




	
current_channel()[source]

	




	
wait_dev()[source]

	Pause execution of the device commands until device overlapped commands (e.g., taking sweeps) are complete.






	
sweep_single(wait_type='sync', count=1)[source]

	




	
sweep_continuous(enable=True)[source]

	




	
is_continuous()[source]

	




	
get_output()[source]

	




	
set_output(enabled=True)[source]

	




	
get_output_level()[source]

	




	
set_output_level(level)[source]

	




	
set_measurement(meas)[source]

	




	
get_measurement()[source]

	




	
get_avg()[source]

	




	
restart_avg()[source]

	




	
set_avg(avg=None)[source]

	




	
get_frequency_range()[source]

	




	
set_frequency_range(frequency)[source]

	




	
get_sweep_points()[source]

	




	
set_sweep_points(pts)[source]

	




	
get_bandwidth()[source]

	




	
set_bandwidth(bwidth)[source]

	




	
get_channel_format()[source]

	




	
set_channel_format(chan_fmt)[source]

	




	
get_phase_offset()[source]

	




	
set_phase_offset(offset)[source]

	




	
get_electrical_delay()[source]

	




	
set_electrical_delay(delay)[source]

	




	
set_data_format(fmt=None)[source]

	




	
static parse_trace_data(data, fmt)[source]

	Parse the data returned by the device. fmt is DataFormat description.

The data is assumed to be in a (somewhat) standard SCPI format:
b'#', then a single digit s denoting length of the size block,
then s digits denoting length of the data (in bytes) followed by the actual data.






	
request_data(fmt=None)[source]

	




	
read_sweep()[source]

	




	
grab_single_sweep(count=None)[source]

	




	
apply_settings(settings)[source]

	Apply the settings.

settings is a dict {name: value} of the available device settings.
Non-applicable settings are ignored.











pylablib.aux_libs.devices.AgilentLasers module


	
class pylablib.aux_libs.devices.AgilentLasers.HP8168F(addr)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

HP8168F tunable laser.


	
get_output()[source]

	




	
set_output(enabled=True, force=False)[source]

	




	
get_output_level()[source]

	




	
set_output_level(level, force=False)[source]

	




	
get_wavelength()[source]

	




	
set_wavelength(wavelength, force=False)[source]

	




	
step_wavelength(step)[source]

	




	
sweep_wavelength(start, step_size, steps_number, delay, print_period=None)[source]

	




	
cycle_wavelength(step)[source]

	




	
apply_settings(settings)[source]

	Apply the settings.

settings is a dict {name: value} of the available device settings.
Non-applicable settings are ignored.











pylablib.aux_libs.devices.Altera module

Home-built Altera NIOS soft-core device.


	
pylablib.aux_libs.devices.Altera.float_to_sfixed(val, high, low)[source]

	




	
pylablib.aux_libs.devices.Altera.float_to_ufixed(val, high, low)[source]

	




	
pylablib.aux_libs.devices.Altera.sfixed_to_float(ival, high, low)[source]

	




	
pylablib.aux_libs.devices.Altera.ufixed_to_float(ival, high, low)[source]

	




	
class pylablib.aux_libs.devices.Altera.NIOSDevice(port_addr, timeout=3.0)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper


	
comm(op, addr=0, p1=0, p2=0, timeout=1.0)[source]

	




	
query(op, addr=0, p1=0, p2=0, timeout=1.0)[source]

	




	
upstream(data, timeout=1.0)[source]

	




	
downstream(length, timeout=1.0)[source]

	




	
peripheral_comm(dev, write_data='', read_length=0, timeout=1.0)[source]

	




	
restart(full=False)[source]

	




	
write_ram(addr, value, mask=4294967295)[source]

	




	
read_ram(addr)[source]

	




	
write_ram_sfixed(addr, value, high, low, shift=0, mask=None)[source]

	




	
read_ram_sfixed(addr, high, low, shift=0, mask=None)[source]

	




	
upstream_ram_bank(bank, data, start=0)[source]

	




	
zero_ram_bank(bank, size, start=0)[source]

	




	
downstream_ram_bank(bank, size, start=0)[source]

	








	
class pylablib.aux_libs.devices.Altera.FPGAController(port_addr, timeout=3.0)[source]

	Bases: pylablib.aux_libs.devices.Altera.NIOSDevice


	
set_reg(reg, value)[source]

	




	
get_reg(reg, translate_enum=True)[source]

	




	
set_pulses(period, w1, d, w2=None)[source]

	




	
set_feedback_setpoint(setpoint)[source]

	




	
enable_feedback(enabled=True, base_level=3.0)[source]

	




	
teach_feedback(delay=10.0, reset=True)[source]

	




	
W5500_read(block, addr, l)[source]

	




	
W5500_write(block, addr, data, readback=True)[source]

	









pylablib.aux_libs.devices.Andor module


	
exception pylablib.aux_libs.devices.Andor.AndorError[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic Andor camera error.






	
exception pylablib.aux_libs.devices.Andor.AndorTimeoutError[source]

	Bases: pylablib.aux_libs.devices.Andor.AndorError

Timeout while waiting.






	
exception pylablib.aux_libs.devices.Andor.AndorNotSupportedError[source]

	Bases: pylablib.aux_libs.devices.Andor.AndorError

Option not supported.






	
pylablib.aux_libs.devices.Andor.get_cameras_number()[source]

	Get number of connected Andor cameras






	
class pylablib.aux_libs.devices.Andor.AndorCamera(idx=0, ini_path='')[source]

	Bases: pylablib.core.devio.interface.IDevice

Andor camera.

Caution: the manufacturer DLL is designed such that if the camera is not closed on the program termination, the allocated resources are never released.
If this happens, these resources are blocked until the complete OS restart.


	Parameters

	
	idx (int [https://docs.python.org/3/library/functions.html#int]) – camera index (use get_cameras_number() to get the total number of connected cameras)


	ini_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – path to .ini file, if required by the camera









	
open()[source]

	Open connection to the camera






	
close()[source]

	Close connection to the camera






	
is_opened()[source]

	Check if the device is connected






	
class ModelData(controller_model, head_model, serial_number)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
controller_model

	




	
head_model

	




	
serial_number

	








	
get_model_data()[source]

	Get camera model data.

Return tuple (controller_mode, head_model, serial_number).






	
get_status()[source]

	Get camera status.

Return either "idle" (no acquisition), "acquiring" (acquisition in progress) or "temp_cycle" (temperature cycle in progress).






	
get_capabilities()[source]

	Get camera capabilities.

For description of the structure, see Andor SDK manual.






	
get_pixel_size()[source]

	Get camera pixel size (in m)






	
is_cooler_on()[source]

	Check if the cooler is on






	
set_cooler(on=True)[source]

	Set the cooler on or off






	
get_temperature_status()[source]

	Get temperature status.

Can return "off" (cooler off), "not_reached" (cooling in progress), "not_stabilized" (reached but not stabilized yet),
"stabilized" (completely stabilized) or "drifted".






	
get_temperature()[source]

	Get the current camera temperature






	
set_temperature(temperature, enable_cooler=True)[source]

	Change the temperature setpoint.

If enable_cooler==True, turn the cooler on automatically.






	
get_temperature_setpoint()[source]

	




	
get_all_amp_modes()[source]

	Get all available pream modes.

Each preamp mode is characterized by an AD channel index, amplifier index, channel speed (horizontal scan speed) index and preamp gain index.
Return list of tuples (channel, channel_bitdepth, oamp, oamp_kind, hsspeed, hsspeed_MHz, preamp, preamp_gain),
where channel, oamp, hsspeed and preamp are indices, while channel_bitdepth, oamp_kind, hsspeed_MHz and preamp_gain are descriptions.






	
get_max_vsspeed()[source]

	Get  maximal recommended vertical scan speed






	
set_amp_mode(channel=None, oamp=None, hsspeed=None, preamp=None)[source]

	Setup preamp mode.

Can specify AD channel index, amplifier index, channel speed (horizontal scan speed) index and preamp gain index.
None (default) means leaving the current value.






	
set_vsspeed(vsspeed)[source]

	Set vertical scan speed index






	
get_channel_bitdepth(channel=None)[source]

	Get channel bit depth corresponding to the given channel index (current by default)






	
get_oamp_desc(oamp=None)[source]

	Get output amplifier kind corresponding to the given oamp index (current by default)






	
get_hsspeed_frequency(hsspeed=None)[source]

	Get horizontal scan frequency (in Hz) corresponding to the given hsspeed index (current by default)






	
get_preamp_gain(preamp=None)[source]

	Get preamp gain corresponding to the given preamp index (current by default)






	
get_vsspeed_period(vsspeed=None)[source]

	Get vertical scan period corresponding to the given vsspeed index (current by default)






	
get_EMCCD_gain()[source]

	Get current EMCCD gain.

Return tuple (gain, advanced).






	
set_EMCCD_gain(gain, advanced=None)[source]

	Set EMCCD gain.

Gain goes up to 300 if advanced==False or higher if advanced==True (in this mode the sensor can be permanently damaged by strong light).






	
init_speeds()[source]

	Initialize the camera channel, frequencies and amp settings to some default mode






	
get_min_shutter_times()[source]

	Get minimal shutter opening and closing times






	
set_shutter(mode, ttl_mode=0, open_time=None, close_time=None)[source]

	Setup shutter.

mode can be "auto", "open" or "close", ttl_mode can be 0 (low is open) or 1 (high is open),
open_time and close_time specify opening and closing times (required to calculate the minimal exposure times).
By default, these time are minimal allowed times.






	
set_fan_mode(mode)[source]

	Set fan mode.

Can be "full", "low" or "off".






	
read_in_aux_port(port)[source]

	Get state at a given auxiliary port






	
set_out_aux_port(port, state)[source]

	Set state at a given auxiliary port






	
set_trigger_mode(mode)[source]

	Set trigger mode.

Can be "int" (internal), "ext" (external), "ext_start" (external start), "ext_exp" (external exposure),
"ext_fvb_em" (external FVB EM), "software" (software trigger) or "ext_charge_shift" (external charge shifting).

For description, see Andor SDK manual.






	
get_trigger_level_limits()[source]

	Get limits on the trigger level






	
setup_ext_trigger(level, invert, term_highZ=True)[source]

	Setup external trigger (level, inversion, and high-Z termination)






	
send_software_trigger()[source]

	Send software trigger signal






	
set_acquisition_mode(mode)[source]

	Set acquisition mode.

Can be "single", "accum", "kinetics", "fast_kinetics" or "cont" (continuous).
For description of each mode, see Andor SDK manual and corresponding setup_*_mode functions.






	
setup_accum_mode(num, cycle_time=0)[source]

	Setup accum acquisition mode.

num is the number of accumulated frames, cycle_time is the acquisition period
(by default the minimal possible based on exposure and transfer time).






	
setup_kinetic_mode(num, cycle_time=0.0, num_acc=1, cycle_time_acc=0, num_prescan=0)[source]

	Setup kinetic acquisition mode.

num is the number of kinetic cycles frames, cycle_time is the acquisition period between accum frames,
num_accum is the number of accumulated frames, cycle_time_acc is the accum acquisition period,
num_prescan is the number of prescans.






	
setup_fast_kinetic_mode(num, cycle_time_acc=0.0)[source]

	Setup fast kinetic acquisition mode.

num is the number of accumulated frames, cycle_time is the acquisition period
(by default the minimal possible based on exposure and transfer time).






	
setup_cont_mode(cycle_time=0)[source]

	Setup continuous acquisition mode.

cycle_time is the acquisition period (by default the minimal possible based on exposure and transfer time).






	
set_exposure(exposure)[source]

	Set camera exposure






	
get_exposure()[source]

	Get current exposure






	
enable_frame_transfer_mode(enable=True)[source]

	Enable frame transfer mode.

For description, see Andor SDK manual.






	
class AcqTimes(exposure, accum_cycle_time, kinetic_cycle_time)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
accum_cycle_time

	




	
exposure

	




	
kinetic_cycle_time

	








	
get_timings()[source]

	Get acquisition timing.

Return tuple (exposure, accum_cycle_time, kinetic_cycle_time).
In continuous mode, the relevant cycle time is kinetic_cycle_time.






	
get_readout_time()[source]

	Get frame readout time






	
get_keepclean_time()[source]

	Get sensor keep-clean time






	
prepare_acquisition()[source]

	Prepare acquisition.

Isn’t required (called automatically on acquisition start), but decreases time required for starting acquisition later.






	
start_acquisition(setup=True)[source]

	Start acquisition.

If setup==True, setup the acquisition parameters before the start
(they don’t apply automatically when the mode is changed).






	
stop_acquisition()[source]

	Stop acquisition






	
class AcqProgress(frames_done, cycles_done)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
cycles_done

	




	
frames_done

	








	
get_progress()[source]

	Get acquisition progress.

Return tuple (frames_done, cycles_done) (these are different in accum or kinetic mode).






	
wait_for_frame(since='lastwait', timeout=20.0)[source]

	Wait for a new camera frame.

since specifies what constitutes a new frame.
Can be "lastread" (wait for a new frame after the last read frame), "lastwait" (wait for a new frame after last wait_for_frame() call),
or "now" (wait for a new frame acquired after this function call).
If timeout is exceeded, raise AndorTimeoutError.






	
cancel_wait()[source]

	Cancel wait






	
pausing_acquisition()[source]

	Context manager which temporarily pauses acquisition during execution of with block.

Useful for applying certain settings which can’t be changed during the acquisition.






	
get_detector_size()[source]

	Get camera detector size (in pixels) as a tuple (width, height)






	
set_read_mode(mode)[source]

	Set camera read mode.

Can be "fvb" (average all image vertically and return it as one row), "single_track" (read a single row or several rows averaged together),
"multi_track" (read multiple rows or averaged sets of rows), "random_track" (read several arbitrary lines),
or "image" (read a whole image or its rectangular part).






	
setup_single_track_mode(center=0, width=1)[source]

	Setup singe-track read mode.

center and width specify selection of the rows to be averaged together.






	
setup_multi_track_mode(number=1, height=1, offset=1)[source]

	Setup multi-track read mode.

number is the number of rows (or row sets) to read, height is number of one row set (1 for a single row),
offset is the distance between the row sets.






	
setup_random_track_mode(tracks=None)[source]

	Setup random track read mode.

tracks is a list of tuples (start, stop) specifying track span (start are inclusive, stop are exclusive, starting from 0)






	
setup_image_mode(hstart=0, hend=None, vstart=0, vend=None, hbin=1, vbin=1)[source]

	Setup image read mode.

hstart and hend specify horizontal image extent, vstart and vend specify vertical image extent
(start are inclusive, stop are exclusive, starting from 0), hbin and vbin specify binning.






	
get_roi()[source]

	Get current ROI.

Return tuple (hstart, hend, vstart, vend, hbin, vbin).






	
set_roi(hstart=0, hend=None, vstart=0, vend=None, hbin=1, vbin=1)[source]

	Setup camera ROI.

hstart and hend specify horizontal image extent, vstart and vend specify vertical image extent
(start are inclusive, stop are exclusive, starting from 0), hbin and vbin specify binning.
By default, all non-supplied parameters take extreme values.






	
get_roi_limits()[source]

	Get the minimal and maximal ROI parameters.

Return tuple (min_roi, max_roi), where each element is in turn 6-tuple describing the ROI.






	
get_data_dimensions(mode=None, params=None)[source]

	Get readout data dimensions for given read mode and read parameters (current by default)






	
read_newest_image(peek=False)[source]

	Read the newest image.

If peek==True, return the image but not mark it as read.






	
read_oldest_image()[source]

	Read the oldest un-read image in the buffer.

dim specifies image dimensions (by default use dimensions corresponding to the current camera settings).






	
get_buffer_size()[source]

	Get the size of the image ring buffer






	
get_new_images_range()[source]

	Get the range of the new images.

Return tuple (first, last) with images range (inclusive).
If no images are available, return None.






	
read_multiple_images(rng=None)[source]

	Read multiple images specified by rng (by default, all un-read images).

dim specifies images dimensions (by default use dimensions corresponding to the current camera settings).






	
flush_buffer()[source]

	Flush the camera buffer (restart the acquisition)






	
snap()[source]

	Snap a single image (with preset image read mode parameters)










	
pylablib.aux_libs.devices.Andor.get_cameras_number_SDK3()[source]

	Get number of connected Andor cameras






	
class pylablib.aux_libs.devices.Andor.AndorSDK3Camera(idx=0)[source]

	Bases: pylablib.core.devio.interface.IDevice

Andor SDK3 camera.


	Parameters

	idx (int [https://docs.python.org/3/library/functions.html#int]) – camera index (use get_cameras_number_SDK3() to get the total number of connected cameras)






	
open()[source]

	Open connection to the camera






	
close()[source]

	Close connection to the camera






	
is_opened()[source]

	Check if the device is connected






	
is_feature_available(name)[source]

	Check if given feature is available






	
is_feature_readable(name)[source]

	Check if given feature is available






	
is_feature_writable(name)[source]

	Check if given feature is available






	
get_value(name, kind='auto', enum_str=True, default='error')[source]

	Get current value of the given feature.

kind determines feature kind, can be "int", "float", "str", "bool" or "enum”;
by default ("auto"), auto-determine value kind (might not work for newer features).
If enum_str==True, return enum values as strings; otherwise, return as indices.
If default=="error", raise AndorError if the feature is not implemented; otherwise, return default if it is not implemented.






	
set_value(name, value, kind='auto', not_implemented_error=True)[source]

	Set current value of the given feature.

kind determines feature kind, can be "int", "float", "str", "bool" or "enum”;
by default ("auto"), auto-determine value kind (might not work for newer features).

If not_implemented_error==True and the feature is not implemented, raise AndorError; otherwise, do nothing.






	
command(name)[source]

	Execute given command






	
get_value_range(name, kind='auto', enum_str=True)[source]

	Get allowed rande of the given value.

kind determines feature kind, can be "int", "float", "str", "bool" or "enum”;
by default ("auto"), auto-determine value kind (might not work for newer features).

For "int" or "float" values return tuple (min, max) (inclusive); for "enum" return list of possible values
(if enum_str==True, return list of string values, otherwise return list of indices).
For all other value kinds return None.






	
limit_value(name, value)[source]

	Limit value to lie within the allowed range






	
get_all_values(enum_str=True)[source]

	Get all readable values.

If enum_str==True, return enum values as strings; otherwise, return as indices.






	
class ModelData(camera_model, serial_number, firmware_version, software_version)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
camera_model

	




	
firmware_version

	




	
serial_number

	




	
software_version

	








	
get_model_data(enum_str=True)[source]

	Get camera model data.

Return tuple (camera_model, serial_number, firmware_version, software_version).






	
get_trigger_mode()[source]

	Get trigger mode.


	Can be "int" (internal), "ext" (external), "software" (software trigger),

	"ext_start" (external start), or "ext_exp" (external exposure).










	
set_trigger_mode(mode)[source]

	Set trigger mode.

Can be "int" (internal), "ext" (external), or "software" (software trigger).






	
get_shutter()[source]

	Get current shutter mode






	
set_shutter(mode)[source]

	Set trigger mode.

Can be "open", "closed", or "auto".






	
is_cooler_on()[source]

	Check if the cooler is on






	
set_cooler(on=True)[source]

	Set the cooler on or off






	
get_temperature()[source]

	Get the current camera temperature






	
get_temperature_setpoint()[source]

	Get current temperature setpoint.






	
set_temperature(temperature, enable_cooler=True)[source]

	Change the temperature setpoint.

If enable_cooler==True, turn the cooler on automatically.






	
get_exposure()[source]

	Get current exposure






	
set_exposure(exposure, set_min_readout_time=True)[source]

	Set camera exposure






	
get_readout_time()[source]

	




	
set_readout_time(readout_time)[source]

	




	
class AcqTimes(exposure, accum_cycle_time, kinetic_cycle_time)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
accum_cycle_time

	




	
exposure

	




	
kinetic_cycle_time

	








	
get_timings()[source]

	Get acquisition timing.

Return tuple (exposure, accum_cycle_time, kinetic_cycle_time).
In continuous mode, the relevant cycle time is kinetic_cycle_time.






	
class BufferManager(cam)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Buffer manager: stores, constantly reads and re-schedules buffers, keeps track of acquired and read frames, and of buffer overflow events


	
allocate_buffers(nbuff, size, queued_buffers=None)[source]

	Allocate and queue buffers.

queued_buffers` specifies number of allocated buffers to keep queued at aagiven time (by default, all of them)






	
deallocate_buffers()[source]

	Deallocated buffers (flushing should be done manually)






	
reset(buffer_overflows=0)[source]

	Reset counter (on frame acquisition)






	
read(skip=False)[source]

	Return the oldest available acuqired but not read buffer, and mark it as read






	
start_loop()[source]

	Start buffer scheduling loop






	
stop_loop()[source]

	Stop buffer scheduling loop






	
overflow()[source]

	Process buffer overflow event






	
new_overflow()[source]

	Check if acquisition restart is needed (buffer overflowed)






	
get_status()[source]

	Get counter status: tuple (acquired, read, missed, buffer_size, buffer_overflows)










	
start_acquisition(mode='sequence', nframes=None)[source]

	Start acquisition.

mode can be either "snap" (since frame or sequency acquisition) or "sequence" (continuous acquisition).
nframes determines number of frames to acquire in "snap" mode, or size of the ring buffer in the "sequence" mode (by default, 100).






	
stop_acquisition()[source]

	Stop acquisition






	
is_acquiring()[source]

	Check if acquisition is in progress






	
pausing_acquisition()[source]

	Context manager which temporarily pauses acquisition during execution of with block.

Useful for applying certain settings which can’t be changed during the acquisition.






	
wait_for_frame(since='lastread', timeout=20.0, period=0.001)[source]

	Wait for a new camera frame.

since specifies what constitutes a new frame.
Can be "lastread" (wait for a new frame after the last read frame),
"lastwait" (wait for a new frame after last wait_for_frame() call),
or "now" (wait for a new frame acquired after this function call).
If timeout is exceeded, raise AndorTimeoutError.
period specifies camera polling period.






	
create_ring_buffer(nframes=None)[source]

	Create and set up a new ring buffer.

If a ring buffer is already allocated, remove it and create a new one.
Called automatically on acquisition start, doesn’t usually need to be called explicitly.






	
remove_ring_buffer()[source]

	Remove the ring buffer and clean up the memory.

Called automatically on acquisition stop, doesn’t usually need to be called explicitly.






	
get_buffer_size()[source]

	Get ring buffer size






	
get_frame_counter_status()[source]

	Get frame counter status.

Return tuple (acquired, read, missed, buffer_size, buffer_overflows) with number of acquired frames,
read (or skipped) frames, missed frame, and number of buffer overflows.






	
get_data_dimensions()[source]

	Get readout data dimensions






	
get_detector_size()[source]

	Get camera detector size (in pixels) as a tuple (width, height)






	
get_roi()[source]

	Get current ROI.

Return tuple (hstart, hend, vstart, vend, hbin, vbin).






	
set_roi(hstart=0, hend=None, vstart=0, vend=None, hbin=1, vbin=1)[source]

	Set current ROI.

By default, all non-supplied parameters take extreme values. Binning is the same for both axes.






	
get_roi_limits()[source]

	Get the minimal and maximal ROI parameters.

Return tuple (min_roi, max_roi), where each element is in turn 6-tuple describing the ROI.






	
get_new_images_range()[source]

	Get the range of the new images.

Return tuple (first, last) with images range (inclusive).
If no images are available, return None.






	
read_multiple_images(rng=None, return_metadata=False)[source]

	Read multiple images specified by rng (by default, all un-read images).

If return_metadata==True, return raw metadata along with images.
Metadata is a dictionary {section: data}, where section is the section number (usually 1 or 7), and data is the corresponding binary data string.






	
snap()[source]

	Snap a single image (with preset image read mode parameters)











pylablib.aux_libs.devices.AndorSDK3_lib module

Used by autodoc_mock_imports.



pylablib.aux_libs.devices.AndorShamrock module


	
exception pylablib.aux_libs.devices.AndorShamrock.ShamrockError[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic Andor Shamrock error.






	
exception pylablib.aux_libs.devices.AndorShamrock.ShamrockNotSupportedError[source]

	Bases: pylablib.aux_libs.devices.AndorShamrock.ShamrockError

Option not supported.






	
pylablib.aux_libs.devices.AndorShamrock.get_spectrographs_number()[source]

	Get number of connected Andor cameras






	
class pylablib.aux_libs.devices.AndorShamrock.ShamrockSpectrograph(idx=0)[source]

	Bases: pylablib.core.devio.interface.IDevice

Shaprock spectrograph.


	Parameters

	idx (int [https://docs.python.org/3/library/functions.html#int]) – spectrograph index (starting from 0; use get_spectrographs_number() to get the total number of connected spectrogaphs)






	
open()[source]

	Open connection to the camera






	
close()[source]

	Close connection to the camera






	
is_opened()[source]

	Check if the device is connected






	
class ModelData(serial_number)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
serial_number

	








	
get_model_data()[source]

	Get camera model data.

Return tuple (serial_number).






	
class OpticalParameters(focal_length, angular_deviation, focal_tilt)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
angular_deviation

	




	
focal_length

	




	
focal_tilt

	








	
get_optical_parameters()[source]

	Get device optical parameters.

Return tuple (focal_length, angular_deviation, focal_tilt).






	
get_gratings_number()[source]

	Get number of gratings






	
get_grating()[source]

	Get current grating index (counting from 1)






	
set_grating(grating, force=False)[source]

	Set current grating (counting from 1)

Call blocks until the grating is exchanged (up to 10-20 seconds).
If force==False and the current grating index is the same as requested, skip the call;
otherwise, call the grating set command regardless (takes about a second in the grating is unchaged).






	
class GratingInfo(lines, blaze_wavelength, home, offset)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
blaze_wavelength

	




	
home

	




	
lines

	




	
offset

	








	
get_grating_info(grating=None)[source]

	Get info of a given grating (by default, current grating).

Return tuple (lines, blaze_wavelength, home, offset) (blazing wavelength is in nm).






	
get_grating_offset(grating=None)[source]

	Get grating offset (in steps) for a given grating (by default, current grating)






	
set_grating_offset(offset, grating=None)[source]

	Set grating offset (in steps) for a given grating (by default, current grating)






	
get_detector_offset()[source]

	Get detector offset (in steps)






	
set_detector_offset(offset)[source]

	Set detector offset (in steps)






	
get_turret()[source]

	Get turrent






	
set_turret(turret)[source]

	Set turret






	
is_wavelength_control_present()[source]

	Check if wavelength control is present






	
get_wavelength()[source]

	Get current central wavelength (in m)






	
set_wavelength(wavelength)[source]

	Get current central wavelength (in m)






	
get_wavelength_limits(grating=None)[source]

	Get wavelength limits (in m) for a given grating (by default, current grating)






	
reset_wavelength()[source]

	Reset current wavelength to 0 nm






	
is_at_zero_order()[source]

	Check if current grating is at zero order






	
goto_zero_order()[source]

	Set current grating to zero order






	
is_slit_present(slit)[source]

	Check if the slit is present.

slit cen be either a slit index (starting from 1), or one of the following: "input_side", "input_direct", "output_side", or "output_direct".






	
get_slit_width(slit)[source]

	Get slit width (in m).

slit cen be either a slit index (starting from 1), or one of the following: "input_side", "input_direct", "output_side", or "output_direct".






	
set_slit_width(slit, width)[source]

	Set slit width (in m).

slit cen be either a slit index (starting from 1), or one of the following: "input_side", "input_direct", "output_side", or "output_direct".






	
reset_slit(slit)[source]

	Reset slit to the default width (10 um).

slit cen be either a slit index (starting from 1), or one of the following: "input_side", "input_direct", "output_side", or "output_direct".






	
is_shutter_present()[source]

	Check if the shutter is present






	
get_shutter()[source]

	Get shutter mode.

Can return "closed", "opened", or "not_set".






	
set_shutter(mode)[source]

	Set shutter mode






	
is_filter_present()[source]

	Check if the filter is present






	
get_filter()[source]

	Get current filter






	
set_filter(filter)[source]

	Set current flilter






	
get_filter_info(filter)[source]

	Get info of the given filter






	
reset_filter()[source]

	Reset flilter to default position






	
is_flipper_present(flipper)[source]

	Check if the flipper is present.

flipper cen be either a flipper index (starting from 1), or one of the following: "input", or “output”`.






	
get_flipper_port(flipper)[source]

	Get flipper port.

flipper cen be either a flipper index (starting from 1), or one of the following: "input", or “output”`.
Return either "direct" or "side".






	
set_flipper_port(flipper, port)[source]

	Set flipper port.

flipper cen be either a flipper index (starting from 1), or one of the following: "input", or “output”`.
Port can be a numerical value (0 or 1), "direct", or "side".






	
reset_flipper(flipper)[source]

	Reset flipper to the default state.

flipper cen be either a flipper index (starting from 1), or one of the following: "input", or “output”`.






	
is_accessory_present()[source]

	Check if the accessory is present






	
get_accessory_state(line)[source]

	Get current accessory state on a given line (1 or 2)






	
set_accessory_state(line, state)[source]

	Set current accessory state (0 or 1) on a given line (1 or 2)






	
get_pixel_width()[source]

	Get current set detector pixel width (in m)






	
set_pixel_width(width)[source]

	Set current detector pixel width (in m)






	
get_number_pixels()[source]

	Get current set detector number of pixels






	
set_number_pixels(number)[source]

	Set current detector number of pixels






	
setup_from_camera(cam)[source]

	Setup detector parameters (number of pixels, pixel width) from the camera






	
get_calibration()[source]

	Get wavelength calibration.

Return numpy array with number equal preset number of detector pixels, which specifies wavelength (in m) corresponding to each pixel.











pylablib.aux_libs.devices.AndorShamrock_lib module


	
exception pylablib.aux_libs.devices.AndorShamrock_lib.ShamrockLibError(func, code)[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic Andor Shamrock library error






	
pylablib.aux_libs.devices.AndorShamrock_lib.errcheck(passing=None)[source]

	Build an error checking function.

Return a function which checks return codes of Andor Shamrock library functions.
passing is a list specifying which return codes are acceptable (by default only 20002, which is success code, is acceptable).






	
class pylablib.aux_libs.devices.AndorShamrock_lib.ShamrockLib[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
initlib()[source]

	




	
open_handle(path='')[source]

	




	
close_handle()[source]

	




	
using_handle()[source]

	









pylablib.aux_libs.devices.Andor_lib module

Used by autodoc_mock_imports.



pylablib.aux_libs.devices.Arcus module


	
exception pylablib.aux_libs.devices.Arcus.ArcusError[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic Arcus error.






	
class pylablib.aux_libs.devices.Arcus.GenericPerformaxStage(lib_path=None, idx=0)[source]

	Bases: pylablib.core.devio.interface.IDevice

Generic Arcus Performax translation stage.


	Parameters

	
	lib_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – path to the PerformaxCom.dll (default is to use the library supplied with the package)


	idx (int [https://docs.python.org/3/library/functions.html#int]) – stage index









	
static get_devices_num(lib_path=None)[source]

	Get number of connected Arcus devices






	
open()[source]

	Open the connection to the stage






	
close()[source]

	Close the connection to the stage






	
is_opened()[source]

	Check if the device is connected






	
get_device_id()[source]

	Get the device ID






	
query(comm)[source]

	Send a query to the stage and return the reply










	
class pylablib.aux_libs.devices.Arcus.Performax4EXStage(lib_path=None, idx=0)[source]

	Bases: pylablib.aux_libs.devices.Arcus.GenericPerformaxStage

Arcus Performax 4EX translation stage.


	Parameters

	
	lib_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – path to the PerformaxCom.dll (default is to use the library supplied with the package)


	idx (int [https://docs.python.org/3/library/functions.html#int]) – stage index









	
set_absolute_mode()[source]

	Set absolute motion mode






	
ignore_limit_errors(do_ignore=True)[source]

	Switch ignoring limit errors on or off.

If on, limit error on one axis doesn’t stop other axes.






	
is_ignoring_limit_errors()[source]

	Check if ignoring limit errors is on.

If on, limit error on one axis doesn’t stop other axes.






	
enable_output(axis, enable=True)[source]

	Enable axis output.

If the output is disabled, the steps are generated by the controller, but not sent to the motors.






	
enable_all_outputs(enable=True)[source]

	Enable output on all axes






	
get_position(axis)[source]

	Get the current axis position






	
set_position_reference(axis, position=0)[source]

	Set the current axis position as a reference.

Re-calibrate the position encoder so that the current position is set as position (0 by default).






	
move_to(axis, position)[source]

	Move a given axis to a given position






	
move(axis, steps=1)[source]

	Move a given axis for a given number of steps






	
jog(axis, direction)[source]

	Jog a given axis in a given direction.

direction can be either "-" (negative) or "+" (positive).
The motion continues until it is explicitly stopped, or unitl a limit is hit.






	
stop(axis)[source]

	Stop motion of a given axis






	
stop_all()[source]

	Stop motion of all axes






	
get_speed()[source]

	Get the global speed setting (in Hz)






	
get_axis_speed(axis)[source]

	Get the individual axis speed setting (in Hz)






	
set_speed(speed)[source]

	Set the global speed setting (in Hz)






	
set_axis_speed(axis, speed)[source]

	Set the individual axis speed setting (in Hz)






	
get_status_n(axis)[source]

	Get the axis status as an integer






	
get_status(axis)[source]

	Get the axis status as a set of string descriptors






	
is_moving(axis)[source]

	Check if a given axis is moving






	
check_limit_error(axis)[source]

	Check if the axis hit limit errors.

Return "" (not errors), "+" (positive limit error) or "-" (negative limit error).






	
clear_limit_error(axis)[source]

	Clear axis limit errors










	
pylablib.aux_libs.devices.Arcus.PerformaxStage

	alias of pylablib.aux_libs.devices.Arcus.Performax4EXStage







pylablib.aux_libs.devices.Arduino module

Home-built Arduino devices.


	
class pylablib.aux_libs.devices.Arduino.IArduinoDevice(port_addr, rate=9600, timeout=10.0, term_write='n', term_read='n')[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

Generic Arduino device.


	
ctrl_reset()[source]

	




	
comm(comm, timeout=None, flush=False, flush_delay=0.02)[source]

	




	
query(query, timeout=None, flush=False, flush_delay=0.02)[source]

	








	
class pylablib.aux_libs.devices.Arduino.FilterCavityLock(port_addr)[source]

	Bases: pylablib.aux_libs.devices.Arduino.IArduinoDevice


	
get_mode()[source]

	




	
wait_for_mode(mode, delay=0.5)[source]

	




	
reset(sync=False)[source]

	




	
lock(sync=False)[source]

	Lock the access to the device from other threads/processes (isn’t necessarily implemented).






	
sweep()[source]

	




	
idle()[source]

	




	
reset_stat()[source]

	




	
class LevelStat(cal_min, cal_max, meas_min, meas_max)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
cal_max

	




	
cal_min

	




	
meas_max

	




	
meas_min

	








	
get_stat()[source]

	




	
get_deviations()[source]

	








	
class pylablib.aux_libs.devices.Arduino.DAQDevice(port_addr)[source]

	Bases: pylablib.aux_libs.devices.Arduino.IArduinoDevice


	
get_rate()[source]

	




	
get_binning()[source]

	




	
set_binning(binning)[source]

	




	
set_binning_time(binning_time, repeat=True)[source]

	




	
get_active_channels()[source]

	




	
set_active_channels(channels)[source]

	




	
get_input(channel)[source]

	




	
get_all_inputs()[source]

	




	
get_output(channel)[source]

	




	
get_all_outputs()[source]

	




	
set_output(channel, value)[source]

	








	
class pylablib.aux_libs.devices.Arduino.OpticalSwitchController(port_addr)[source]

	Bases: pylablib.aux_libs.devices.Arduino.IArduinoDevice


	
get_state()[source]

	




	
switch(state)[source]

	








	
class pylablib.aux_libs.devices.Arduino.RelaylSwitchController(port_addr)[source]

	Bases: pylablib.aux_libs.devices.Arduino.IArduinoDevice

Arduino controller for the remote-controlled BNC inverter board.


	
get_state()[source]

	Get relay switch state






	
switch(state)[source]

	Set relay switch state











pylablib.aux_libs.devices.Attocube module


	
exception pylablib.aux_libs.devices.Attocube.AttocubeError[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic Attocube error






	
class pylablib.aux_libs.devices.Attocube.ANC300(conn, backend='auto', pwd='123456')[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

Attocube ANC300 controller.


	Parameters

	
	conn – connection parameters; for Ethernet connection is a tuple (addr, port) or a string "addr:port"


	backend (str [https://docs.python.org/3/library/stdtypes.html#str]) – communication backend; by default, try to determine from the communication parameters


	pwd (str [https://docs.python.org/3/library/stdtypes.html#str]) – connection password for Ethernet connection (default is "123456")









	
open()[source]

	Open the connection to the stage






	
query(msg)[source]

	Send a query to the stage and return the reply






	
update_available_axes()[source]

	Update the list of available axes.

Need to call only if the hardware configuration of the ANC module has changed.






	
set_mode(axis='all', mode='stp')[source]

	Set axis mode.

axis is either an axis index (starting from 1), or "all" (all axes).
mode is "gnd" (ground) or "stp" (step).






	
get_mode(axis='all')[source]

	Get axis mode

axis is either an axis index (starting from 1), or "all" (all axes).






	
enable_axis(axis, mode='stp')[source]

	Enable specific axis (set to step mode)






	
disable_axis(axis)[source]

	Disable specific axis (set to ground mode)






	
enable_all(mode='stp')[source]

	Enable all axes (set to step mode)






	
disable_all()[source]

	Disable all axes (set to ground mode)






	
measure_capacitance(axis='all', wait=True)[source]

	Measure axis capacitance; finish in the GND mode.

If wait==True, wait until the capacitance measurement is finished (takes about a second per axis).






	
get_voltage(axis)[source]

	Get axis step voltage in Volts






	
set_voltage(axis, voltage)[source]

	Set axis step voltage in Volts






	
get_offset(axis)[source]

	Get axis offset voltage in Volts






	
set_offset(axis, voltage)[source]

	Set axis offset voltage in Volts






	
get_output(axis)[source]

	Get axis current output voltage in Volts






	
get_frequency(axis)[source]

	Get axis step frequency in Hz






	
set_frequency(axis, freq)[source]

	Set axis step frequency in Hz






	
get_capacitance(axis, measure=False)[source]

	Get capacitance measurement on the axis.

If measure==True, re-measure axis capacitance (takes about a second); otherwise, get the last measurement value.






	
get_all_voltages()[source]

	Get the list of all axes step voltages






	
get_all_offsets()[source]

	Get the list of all axes offset voltages






	
get_all_outputs()[source]

	Get the list of all axes offset voltages






	
get_all_frequencies()[source]

	Get the list of all axes step frequencies






	
get_all_capacitances(measure=False)[source]

	Get the list of all axes capacitances

If measure==True, re-measure axes capacitances (takes about a secon0d per axis); otherwise, get the last measurement values.






	
set_all_voltages(voltages)[source]

	Get all axes step voltages.

voltages is a list of step voltage, whose length is equal to the number of active (connected) axes.






	
set_all_offsets(offsets)[source]

	Get all axes offset voltages

offsets is a list of offset voltags, whose length is equal to the number of active (connected) axes.






	
set_all_frequencies(frequencies)[source]

	Get all axes step frequencies

frequencies is a list of step frequencies, whose length is equal to the number of active (connected) axes.






	
set_axis_correction(axis, factor=1.0)[source]

	Set axis correction factor.

The factor is automatically applied when the motion is in the negative direction.






	
move(axis, steps=1)[source]

	Move a given axis for a given number of steps






	
wait_for_axis(axis, timeout=30.0)[source]

	Wait for a given axis to stop moving.

If the motion is not finished after timeout seconds, raise a backend error.






	
is_moving(axis)[source]

	Check if a given axis is moving






	
stop(axis)[source]

	Stop motion of a given axis






	
stop_all()[source]

	Stop motion of all axes










	
pylablib.aux_libs.devices.Attocube.ANCDevice

	alias of pylablib.aux_libs.devices.Attocube.ANC300






	
class pylablib.aux_libs.devices.Attocube.ANC350(conn=0, timeout=5.0)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

Attocube ANC350 controller.


	Parameters

	
	conn – connection parameters - index of the Attocube ANC350 in the system (for a single controller leave 0)


	timeout (float [https://docs.python.org/3/library/functions.html#float]) – default operation timeout









	
class Telegram(opcode, address, index, data, corr_number)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
address

	




	
corr_number

	




	
data

	




	
index

	




	
opcode

	








	
class Reply(address, index, reason, data)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
address

	




	
data

	




	
index

	




	
reason

	








	
check_tell(timeout=0.01)[source]

	Check for queued TELL (periodic value update) commands






	
set_value(address, index, value, ack=False, return_reason=False)[source]

	Set device value at the given address and index.

If ack==True, request ACK responds and return its value; otherwise, return immediately after set.
If return_reason==True, return tuple (result, reason); otherwise, simply return result.






	
get_value(address, index, as_int=True, return_reason=False)[source]

	Get device value at the given address and index.

If as_int==True, convert the result into a signed integer; otherwise return raw byte string.
If return_reason==True, return tuple (result, reason); otherwise, simply return result.






	
enable_updates(enabled=True)[source]

	Enable or disable periodic TELL updates






	
get_hardware_id()[source]

	Return device HWID (by default -1)






	
is_axis_connected(axis)[source]

	Check if axis is connected






	
enable_axis(axis)[source]

	Enable specific axis






	
disable_axis(axis)[source]

	




	
enable_all()[source]

	Enable all axes (set to step mode)






	
disable_all()[source]

	Disable all axes (set to ground mode)






	
get_voltage(axis)[source]

	Get axis step voltage in Volts






	
set_voltage(axis, voltage)[source]

	Set axis step voltage in Volts






	
get_offset(axis)[source]

	Get axis offset voltage in Volts






	
set_offset(axis, voltage)[source]

	Set axis offset voltage in Volts






	
get_frequency(axis)[source]

	Get axis step frequency in Hz






	
set_frequency(axis, freq)[source]

	Set axis step frequency in Hz






	
get_all_voltages()[source]

	Get the list of all axes step voltages






	
get_all_offsets()[source]

	Get the list of all axes offset voltages






	
get_all_frequencies()[source]

	Get the list of all axes step frequencies






	
get_all_positions()[source]

	Get the list of all axes positions






	
get_all_target_positions()[source]

	Get the list of all axes target positions






	
set_all_voltages(voltages)[source]

	Get all axes step voltages.

voltages is a list of step voltage, whose length is equal to the number of active (connected) axes.






	
set_all_offsets(offsets)[source]

	Get all axes offset voltages

offsets is a list of offset voltags, whose length is equal to the number of active (connected) axes.






	
set_all_frequencies(frequencies)[source]

	Get all axes step frequencies

frequencies is a list of step frequencies, whose length is equal to the number of active (connected) axes.






	
get_position(axis)[source]

	Get axis position (in m)






	
move_to(axis, position)[source]

	Move to target position (in m)






	
move(axis, steps=1)[source]

	Move a given axis for a given number of steps






	
is_moving(axis)[source]

	Move a given axis for a given number of steps






	
get_target_position(axis)[source]

	Get the target position for the given axis






	
is_target_reached(axis, precision=1e-09)[source]

	Check if the target position is reached.

Precision sets the final positioning precision (in m).






	
wait_for_axis(axis, precision=1e-09, timeout=10.0, period=0.01)[source]

	Wait for a given axis to stop moving or to reach target position.

If the motion is not finished after timeout seconds, raise a backend error.
Precision sets the final positioning precision (in m).






	
stop(axis)[source]

	Stop motion of a given axis






	
stop_all()[source]

	Stop motion of all axes






	
jog(axis, direction)[source]

	Jog a given axis in a given direction.

direction can be either "-" (negative) or "+" (positive).
The motion continues until it is explicitly stopped, or unitl a limit is hit.











pylablib.aux_libs.devices.Cryomagnetics module


	
class pylablib.aux_libs.devices.Cryomagnetics.LM500(conn)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

Cryomagnetics LM500/510 level monitor.

Channels are enumerated from 1.
To abort filling or reset a timeout, call SCPIDevice.reset() method.


	Parameters

	conn – serial connection parameters (usually port or a tuple containing port and baudrate)






	
close()[source]

	Close connection to the device






	
get_channel()[source]

	Get current measurement channel






	
set_channel(channel=1)[source]

	Set current measurement channel






	
get_type(channel=1)[source]

	Get channel type ("LHe" or "LN")






	
get_mode()[source]

	Get measurement mode at the current channel ("S" for sample/hold, "C" for continuous)






	
set_mode(mode)[source]

	Set measurement mode at the current channel ("S" for sample/hold, "C" for continuous)






	
get_interval()[source]

	Get measurement interval in sample/hold mode (in seconds)






	
set_interval(intvl)[source]

	Set measurement interval in sample/hold mode (in seconds)






	
start_meas(channel=1)[source]

	Initialize measurement on a given channel






	
wait_meas(channel=1)[source]

	Wait for a measurement on a given channel to finish






	
get_level(channel=1)[source]

	Get level reading on a given channel






	
measure_level(channel=1)[source]

	Measure the level (initialize a measurement and return the result) on a given channel






	
start_fill(channel=1)[source]

	Initialize filling at a given channels






	
get_fill_status(channel=1)[source]

	Get filling status at a given channels.

Return either "off" (filling is off), "timeout" (filling timed out) or a float (time since filling started, in seconds)






	
get_low_level(channel=1)[source]

	Get low level setting on a given channel






	
set_low_level(level, channel=1)[source]

	Set low level setting on a given channel






	
get_high_level(channel=1)[source]

	Get high level setting on a given channel






	
set_high_level(level, channel=1)[source]

	Set high level setting on a given channel











pylablib.aux_libs.devices.DCAM module


	
exception pylablib.aux_libs.devices.DCAM.DCAMError[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic Hamamatsu camera error.






	
exception pylablib.aux_libs.devices.DCAM.DCAMTimeoutError[source]

	Bases: pylablib.aux_libs.devices.DCAM.DCAMError

Timeout while waiting.






	
pylablib.aux_libs.devices.DCAM.get_cameras_number()[source]

	Get number of connected Hamamatsu cameras






	
pylablib.aux_libs.devices.DCAM.restart_lib()[source]

	




	
class pylablib.aux_libs.devices.DCAM.DCAMCamera(idx=0)[source]

	Bases: pylablib.core.devio.interface.IDevice


	
open()[source]

	Open connection to the camera






	
close()[source]

	Close connection to the camera






	
is_opened()[source]

	Check if the device is connected






	
class ModelData(vendor, model, serial_number, camera_version)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
camera_version

	




	
model

	




	
serial_number

	




	
vendor

	








	
get_model_data()[source]

	Get camera model data.

Return tuple (vendor, model, serial_number, camera_version).






	
class Property(cam_handle, name, id, min, max, step, default, unit)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
as_text(value=None)[source]

	Get property value as text (by default, current value)






	
get_value()[source]

	Get current property value






	
set_value(value)[source]

	Set property value










	
list_properties()[source]

	Return list of all available properties






	
get_all_properties()[source]

	




	
get_value(name, error_on_missing=True, default=None)[source]

	Get value of a property with the given name.

If the value doesn’t exist and error_on_missing==True, raise DCAMError; otherwise, return default.






	
set_value(name, value, error_on_missing=True)[source]

	Set value of a property with the given name.

If the value doesn’t exist and error_on_missing==True, raise DCAMError; otherwise, do nothing.






	
set_trigger_mode(mode)[source]

	Set trigger mode.

Can be "int" (internal), "ext" (external), or "software" (software trigger).






	
get_trigger_mode()[source]

	Get trigger mode.

Can be "int" (internal), "ext" (external), or "software" (software trigger).






	
setup_ext_trigger(invert=False, delay=0.0)[source]

	Setup external trigger (inversion and delay)






	
get_ext_trigger_parameters()[source]

	Return external trigger parameters (inversion and delay)






	
send_software_trigger()[source]

	Send software trigger signal






	
set_exposure(exposure)[source]

	Set camera exposure






	
get_exposure()[source]

	Set current exposure






	
set_readout_speed(speed='fast')[source]

	Set readout speed (can be "fast" or "slow")






	
get_readout_speed()[source]

	Set current readout speed






	
get_readout_time()[source]

	Set current readout time






	
get_defect_correct_mode()[source]

	Check if the defect pixel correction mode is on






	
set_defect_correct_mode(enabled=True)[source]

	Enable or disable the defect pixel correction mode






	
get_buffer_size()[source]

	Get the size of the allocated ring buffer (0 if no buffer is allocated)






	
class FrameInfo(framestamp, timestamp_us, camerastamp, left, top, pixeltype)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
camerastamp

	




	
framestamp

	




	
left

	




	
pixeltype

	




	
timestamp_us

	




	
top

	








	
get_frame(buffer, return_info=False)[source]

	Get a frame at the given buffer index.

If return_info==True, return tuple (data, info), where info is the FrameInfo instance
describing frame index and timestamp, camera stamp, frame location on the sensor, and pixel type.
Does not advance the read frames counter.






	
get_data_dimensions()[source]

	Get the current data dimension (taking ROI and binning into account)






	
get_detector_size()[source]

	Get camera detector size (in pixels) as a tuple (width, height)






	
get_roi()[source]

	Get current ROI.

Return tuple (hstart, hend, vstart, vend, bin) (binning is the same for both axes).






	
set_roi(hstart=0, hend=None, vstart=0, vend=None, bin=1)[source]

	Set current ROI.

By default, all non-supplied parameters take extreme values. Binning is the same for both axes.






	
get_roi_limits()[source]

	Get the minimal and maximal ROI parameters.

Return tuple (min_roi, max_roi), where each element is in turn 5-tuple describing the ROI.






	
start_acquisition(mode='sequence', nframes=None)[source]

	Start acquisition.

mode can be either "snap" (since frame or sequency acquisition) or "sequence" (continuous acquisition).
nframes determines number of frames to acquire in "snap" mode, or size of the ring buffer in the "sequence" mode (by default, 100).






	
stop_acquisition()[source]

	Stop acquisition






	
pausing_acquisition()[source]

	Context manager which temporarily pauses acquisition during execution of with block.

Useful for applying certain settings which can’t be changed during the acquisition.






	
get_status()[source]

	Get acquisition status.

Can be "busy" (capturing in progress), "ready" (ready for capturing),
"stable" (not prepared for capturing), "unstable" (can’t be prepared for capturing), or "error" (some other error).






	
get_transfer_info()[source]

	Get frame transfer info.

Return tuple (last_buff, frame_count), where last_buff is the index of the last filled buffer,
and frame_count is the total number of acquired frames.






	
get_new_images_range()[source]

	Get the range of the new images.

Return tuple (first, last) with images range (inclusive).
If no images are available, return None.
If some images were in the buffer were overwritten, exclude them from the range.






	
read_multiple_images(rng=None, return_info=False, peek=False)[source]

	Read multiple images specified by rng (by default, all un-read images).

If return_info==True, return tuple (data, info), where info is the FrameInfo instance
describing frame index and timestamp, camera stamp, frame location on the sensor, and pixel type.
If peek==True, return images but not mark them as read.






	
wait_for_frame(since='lastread', timeout=20.0, period=0.001)[source]

	Wait for a new camera frame.

since specifies what constitutes a new frame.
Can be "lastread" (wait for a new frame after the last read frame), "lastwait" (wait for a new frame after last wait_for_frame() call),
or "now" (wait for a new frame acquired after this function call).
If timeout is exceeded, raise DCAMTimeoutError.






	
snap(nframes=None, return_info=False)[source]

	Snap a single image (with preset image read mode parameters)











pylablib.aux_libs.devices.DCAM_lib module

Used by autodoc_mock_imports.



pylablib.aux_libs.devices.DCAM_lib_const module



pylablib.aux_libs.devices.HighFinesse module


	
exception pylablib.aux_libs.devices.HighFinesse.HFError[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic HighFinesse wavemeter error






	
class pylablib.aux_libs.devices.HighFinesse.WS(lib_path=None, idx=1, serv_path=None, version=None, hide_app=False, timeout=10.0)[source]

	Bases: pylablib.core.devio.interface.IDevice

HighFinesse WS6/7 precision wavemeter.


	Parameters

	
	lib_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – path to the wlmData6.dll or wlmData7.dll (default is to use the library supplied with the package)


	idx (int [https://docs.python.org/3/library/functions.html#int]) – wavemeter input index (starts from 1)


	serv_path – path to server executable (last executed by default)


	version – wavemeter version (3-4 digit id number)


	hide_app – if True, start the wavemeter application hidden; otherwise, start it on top









	
open()[source]

	Open the connection






	
get_frequency(return_exp_error=True)[source]

	Get the wavemeter readings (in Hz).

If return_exp_error==True, return "under" if the meter is underexposed or "over" is it is overexposed.
Otherwise, raise an error.






	
get_wavelength(return_exp_error=True)[source]

	Get the wavemeter readings (in m, and in vacuum).

If return_exp_error==True, return "under" if the meter is underexposed or "over" is it is overexposed.
Otherwise, raise an error.






	
start_measurement()[source]

	




	
stop_measurement()[source]

	




	
get_exposure_mode()[source]

	Get the exposure mode (0 for manual, 1 for auto)






	
set_exposure_mode(auto_exposure=True)[source]

	Get the exposure mode (manual or auto)






	
get_exposure(sensor=1)[source]

	Get the exposure for a given sensor (starting from 1)






	
set_exposure(exposure, sensor=1)[source]

	Manually set the exposure for a given sensor (starting from 1)






	
get_switcher_mode()[source]

	Get the switcher mode (0 for off, 1 for on)






	
set_switcher_mode(switching=True)[source]

	Set the switcher mode (True or False)











pylablib.aux_libs.devices.IMAQ module


	
exception pylablib.aux_libs.devices.IMAQ.IMAQGenericError[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic IMAQ camera error.






	
exception pylablib.aux_libs.devices.IMAQ.IMAQTimeoutError[source]

	Bases: pylablib.aux_libs.devices.IMAQ.IMAQGenericError

Timeout while waiting.






	
pylablib.aux_libs.devices.IMAQ.list_cameras()[source]

	List all cameras available through IMAQ interface






	
class pylablib.aux_libs.devices.IMAQ.IMAQCamera(name='img0')[source]

	Bases: pylablib.core.devio.interface.IDevice

Generic IMAQ camera interface.


	Parameters

	name – interface name (can be learned by list_cameras(); usually, but not always, starts with "cam")






	
open()[source]

	Open connection to the camera






	
close()[source]

	Close connection to the camera






	
reset()[source]

	Reset connection to the camera






	
is_opened()[source]

	Check if the device is connected






	
post_open()[source]

	Action to automatically call on opening






	
get_int_value(attr, default=None)[source]

	Get value of an integer attribute with a given name






	
set_int_value(attr, value)[source]

	Set value of an integer attribute with a given name






	
get_float_value(attr, default=None)[source]

	Get value of a floating point attribute with a given name






	
set_float_value(attr, value)[source]

	Set value of a floating point attribute with a given name






	
class ModelData(serial)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
serial

	








	
get_model_data()[source]

	Get camera model data.

Return tuple (serial,).






	
get_data_dimensions()[source]

	Get the current data dimension (taking ROI and binning into account)






	
get_detector_size()[source]

	Get camera detector size (in pixels) as a tuple (width, height)






	
get_roi()[source]

	Get current ROI.

Return tuple (hstart, hend, vstart, vend).






	
set_roi(hstart=0, hend=None, vstart=0, vend=None)[source]

	Setup camera ROI.

By default, all non-supplied parameters take extreme values.






	
get_roi_limits()[source]

	Get the minimal and maximal ROI parameters.

Return tuple (min_roi, max_roi), where each element is in turn 4-tuple describing the ROI.






	
configure_trigger_in(trig_type, trig_line=0, trig_pol='high', action='none', timeout=None)[source]

	Configure input trigger.


	Parameters

	
	trig_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – trigger source type; can be "ext", "rtsi", "iso_in", or "software"


	trig_line (int [https://docs.python.org/3/library/functions.html#int]) – trigger line number


	trig_pol (str [https://docs.python.org/3/library/stdtypes.html#str]) – trigger polarity; can be "high" or "low"


	action (str [https://docs.python.org/3/library/stdtypes.html#str]) – trigger action; can be "none" (disable trigger), "capture" (start capturing), "stop" (stop capturing),
"buffer" (capture a single frame), or "bufflist" (capture the whole buffer list once)


	timeout (float [https://docs.python.org/3/library/functions.html#float]) – timeout in seconds; None means not timeout.













	
configure_trigger_out(trig_type, trig_line=0, trig_pol='high', trig_drive='disable')[source]

	Configure trigger output.


	Parameters

	
	trig_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – trigger drive destination type; can be "ext", "rtsi", or "iso_out"


	trig_line (int [https://docs.python.org/3/library/functions.html#int]) – trigger line number


	trig_pol (str [https://docs.python.org/3/library/stdtypes.html#str]) – trigger polarity; can be "high" or "low"


	trig_drive (str [https://docs.python.org/3/library/stdtypes.html#str]) – trigger output signal; can be "disable" (disable drive),
"acq_in_progress" (asserted when acquisition is started),``”acq_done”`` (asserted when acquisition is done),
"unasserted" (force unasserted level), "asserted" (force asserted level),
"hsync" (asserted on start of a single line start), "vsync" (asserted on start of a frame scan),
"frame_start" (asserted when a single frame is captured), or "frame_done" (asserted when a single frame is done)













	
read_trigger(trig_type, trig_line=0, trig_pol='high')[source]

	Read current value of a trigger (input or output).


	Parameters

	
	trig_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – trigger drive destination type; can be "ext", "rtsi", "iso_in", or "iso_out"


	trig_line (int [https://docs.python.org/3/library/functions.html#int]) – trigger line number


	trig_pol (str [https://docs.python.org/3/library/stdtypes.html#str]) – trigger polarity; can be "high" or "low"













	
clear_all_triggers()[source]

	Disable all triggers of the session






	
setup_serial_params(write_term='', datatype='bytes')[source]

	Setup default serial communication parameters.


	Parameters

	
	write_term – default termintor character to be added to the sent messages


	datatype – type of the result of read commands; can be "bytes" (return raw bytes), or "str" (convert into UTF-8 string)













	
serial_write(msg, timeout=3.0, term=None)[source]

	Write message into CameraLink serial port.


	Parameters

	
	timeout – operation timeout (in seconds)


	term – additional write terminator character to add to the message;
if None, use the value set up using setup_serial_params() (by default, no additional terminator)













	
serial_read(n, timeout=3.0, datatype=None)[source]

	Read specified number of bytes from CameraLink serial port.


	Parameters

	
	n – number of bytes to read


	timeout – operation timeout (in seconds)


	datatype – return datatype; can be "bytes" (return raw bytes), or "str" (convert into UTF-8 string)
if None, use the value set up using setup_serial_params() (by default, "bytes")













	
serial_readline(timeout=3.0, datatype=None)[source]

	Read bytes from CameraLink serial port until the termination character (defined in camera file) is encountered.


	Parameters

	
	timeout – operation timeout (in seconds)


	datatype – return datatype; can be "bytes" (return raw bytes), or "str" (convert into UTF-8 string)
if None, use the value set up using setup_serial_params() (by default, "bytes")













	
serial_flush()[source]

	Flush CameraLink serial port






	
setup_acquisition(continuous, frames)[source]

	Setup acquisition mode.

continuous determines whether acquisition runs continuously, or stops after the given number of frames
(note that IMAQCamera.acquisition_in_progress() would still return True in this case, even though new frames are no longer acquired).
frames sets up number of frame buffers.
If start==True, start acquisition directly after setup.






	
clear_acquisition()[source]

	Clear all acquisition details and free all buffers






	
get_acquisition_parameters()[source]

	Return acquisition parameters (continuous, frames_buffer).






	
start_acquisition()[source]

	Start acquisition






	
stop_acquisition()[source]

	Stop acquisition






	
acquisition_in_progress()[source]

	Check if acquisition is in progress






	
pausing_acquisition()[source]

	Context manager which temporarily pauses acquisition during execution of with block.

Useful for applying certain settings which can’t be changed during the acquisition (e.g., ROI or bit depth).






	
class TBufferStatus(unread, lost, size)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
lost

	




	
size

	




	
unread

	








	
get_buffer_status()[source]

	Get buffer fill status.

Return tuple (unread, lost, size), where unread is the number of acquired but not read frames,
lost is the number of lost (written over) frames and size is the total buffer size (in frames).






	
get_new_images_range()[source]

	Get the range of the new images.

Return tuple (first, last) with images range (inclusive).
If no images are available, return None.






	
wait_for_frame(since='lastread', timeout=20.0)[source]

	Wait for a new camera frame.

since specifies what constitutes a new frame.
Can be "lastread" (wait for a new frame after the last read frame),
"lastwait" (wait for a new frame after last wait_for_frame() call),
or "now" (wait for a new frame acquired after this function call).
If timeout is exceeded, raise IMAQLibError.
period specifies camera polling period.






	
read_multiple_images(rng=None, peek=False, missing_frame='skip')[source]

	Read multiple images specified by rng (by default, all un-read images).

If peek==True, return images but not mark them as read.
missing_frame determines what to do with frames which are out of range (missing or lost):
can be "none" (replacing them with None), "zero" (replacing them with zero-filled frame),
or "skip" (skipping them).






	
read_multiple_images_fastbuff(rng=None)[source]

	Read multiple images specified by rng (by default, all un-read images).

Some frames in the result are “stuck together” in a single buffer, if their memory locations are continuous.
Return list [(number_of_frames, raw_data)], where number_of_frames specifies number of frames in a given array element,
and raw_data is the binary string corresponding to these frames (of the size self._frame_size*number_returned).
Compared to read_multiple_images(), always assumes peek==False and missing_frame="skip" (default values).
Also, always return frames in "rct" format (row-first indexing, going from the top).

Function exists only to speed up reading of large number of small frames.






	
snap(timeout=20.0)[source]

	Snap a single image (with preset image read mode parameters)






	
grab(n, buff_frames=5000, frame_timeout=20.0, missing_frame='none', return_buffer_status=False)[source]

	Snap n images (with preset image read mode parameters)

buff_frames determines buffer size.
Timeout is specified for a single-frame acquisition, not for the whole acquisition time.
missing_frame determines what to do with frames which have been lost:
can be "none" (replacing them with None), "zero" (replacing them with zero-filled frame),
or "skip" (skipping them, while still keeping total frames number to n).











pylablib.aux_libs.devices.IMAQ_lib module

Used by autodoc_mock_imports.



pylablib.aux_libs.devices.IMAQ_lib_const module



pylablib.aux_libs.devices.IMAQdx module


	
class pylablib.aux_libs.devices.IMAQdx.IMAQdxAttribute(sid, name)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Object representing an IMAQdx camera parameter.

Allows to query and set values and get additional information.
Usually created automatically by an IMAQdxCamera instance, but could be created manually.


	
name

	attribute name






	
display_name

	attribute display name (short description name)






	
tooltip

	longer attribute description






	
description

	full attribute description (usually, same as tooltip)






	
units

	attribute units (if applicable)






	
readable

	whether attribute is readable


	Type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
writable

	whether attribute is writable


	Type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
min

	minimal attribute value (if applicable)


	Type

	float [https://docs.python.org/3/library/functions.html#float] or int [https://docs.python.org/3/library/functions.html#int]










	
max

	maximal attribute value (if applicable)


	Type

	float [https://docs.python.org/3/library/functions.html#float] or int [https://docs.python.org/3/library/functions.html#int]










	
inc

	minimal attribute increment value (if applicable)


	Type

	float [https://docs.python.org/3/library/functions.html#float] or int [https://docs.python.org/3/library/functions.html#int]










	
values

	list of possible attribute values (if applicable)






	
update_minmax()[source]

	Update minimal and maximal attribute limits






	
truncate_value(value)[source]

	Truncate value to lie within attribute limits






	
get_value(enum_as_str=True)[source]

	Get attribute value.

If enum_as_str==True, return enum-style values as strings; otherwise, return corresponding integer values.






	
set_value(value, truncate=True)[source]

	Get attribute value.

If truncate==True, automatically truncate value to lie within allowed range.










	
pylablib.aux_libs.devices.IMAQdx.list_cameras(connected=True)[source]

	List all cameras available through IMAQdx interface






	
class pylablib.aux_libs.devices.IMAQdx.IMAQdxCamera(name='cam0', mode='controller', default_visibility='simple')[source]

	Bases: pylablib.core.devio.interface.IDevice

Generic IMAQdx camera interface.


	Parameters

	
	name – interface name (can be learned by list_cameras(); usually, but not always, starts with "cam")


	mode – connection mode; can be "controller" (full control) or "listener" (only reading)


	default_visibility – default attribute visibility when listing attributes;
can be "simple", "intermediate" or "advanced" (higher mode exposes more attributes).









	
open(mode=None)[source]

	Open connection to the camera






	
close()[source]

	Close connection to the camera






	
reset()[source]

	Reset connection to the camera






	
is_opened()[source]

	Check if the device is connected






	
post_open()[source]

	Action to automatically call on opening






	
list_attributes(root='', visibility=None, add_builtin=True)[source]

	List all attributes at a given root.

Return list of IMAQdxAttribute objects, which allow querying and settings values
and getting additional information (description, limits, increment).






	
get_value(name, default=None)[source]

	Get value of the attribute with a given name






	
set_value(name, value, ignore_missing=False, truncate=True)[source]

	Set value of the attribute with a given name.

If truncate==True, truncate value to lie within attribute range.






	
get_all_attributes(root='', as_dict=False)[source]

	Get values of all attributes with the given root.

If as_dict==True, return dict object; otherwise, return Dictionary object.






	
set_all_attributes(settings, root='', truncate=True)[source]

	Set values of all attributes with the given root.

If truncate==True, truncate value to lie within attribute range.






	
class ModelData(vendor, model, serial_number, bus_type)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
bus_type

	




	
model

	




	
serial_number

	




	
vendor

	








	
get_model_data()[source]

	Get camera model data.

Return tuple (vendor, model, serial_number, bus_type).






	
get_data_dimensions()[source]

	Get the current data dimension (taking ROI and binning into account)






	
get_detector_size()[source]

	Get camera detector size (in pixels) as a tuple (width, height)






	
get_roi()[source]

	Get current ROI.

Return tuple (hstart, hend, vstart, vend).






	
set_roi(hstart=0, hend=None, vstart=0, vend=None)[source]

	Setup camera ROI.

By default, all non-supplied parameters take extreme values.






	
get_roi_limits()[source]

	Get the minimal and maximal ROI parameters.

Return tuple (min_roi, max_roi), where each element is in turn 4-tuple describing the ROI.






	
setup_acquisition(continuous, frames)[source]

	Setup acquisition mode.

continuous determines whether acquisition runs continuously, or stops after the given number of frames
(note that IMAQdxCamera.acquisition_in_progress() would still return True in this case, even though new frames are no longer acquired).
frames sets up number of frame buffers.






	
clear_acquisition()[source]

	




	
start_acquisition()[source]

	




	
stop_acquisition()[source]

	




	
acquisition_in_progress()[source]

	Check if acquisition is in progress






	
refresh_acquisition(delay=0.005)[source]

	Stop and restart the acquisition, waiting delay seconds in between






	
pausing_acquisition()[source]

	Context manager which temporarily pauses acquisition during execution of with block.

Useful for applying certain settings which can’t be changed during the acquisition.






	
get_new_images_range()[source]

	Get the range of the new images.

Return tuple (first, last) with images range (inclusive).
If no images are available, return None.






	
wait_for_frame(since='lastread', timeout=20.0, period=0.001)[source]

	Wait for a new camera frame.

since specifies what constitutes a new frame.
Can be "lastread" (wait for a new frame after the last read frame),
"lastwait" (wait for a new frame after last wait_for_frame() call),
or "now" (wait for a new frame acquired after this function call).
If timeout is exceeded, raise IMAQdxGenericError.
period specifies camera polling period.






	
read_data_raw(size_bytes, mode, buffer_num=0)[source]

	Return raw bytes string from the given buffer number






	
buffer_valid(buffer_num)[source]

	








	
class pylablib.aux_libs.devices.IMAQdx.IMAQdxPhotonFocusCamera(name, mode='controller', default_visibility='simple', small_packet_size=True)[source]

	Bases: pylablib.aux_libs.devices.IMAQdx.IMAQdxCamera

IMAQdx interface to a PhotonFocus camera.


	Parameters

	
	name – interface name (can be learned by list_cameras(); usually, but not always, starts with "cam")


	mode – connection mode; can be "controller" (full control) or "listener" (only reading)


	default_visibility – default attribute visibility when listing attributes;
can be "simple", "intermediate" or "advanced" (higher mode exposes more attributes).


	small_packet_size – if True, automatically set up Ethernet packet size to 1500 bytes.









	
post_open()[source]

	Action to automatically call on opening






	
get_exposure()[source]

	Get current exposure






	
set_exposure(exposure)[source]

	Set current exposure






	
setup_acquisition(continuous, frames)[source]

	Setup acquisition mode.

continuous determines whether acquisition runs continuously, or stops after the given number of frames
(note that IMAQdxCamera.acquisition_in_progress() would still return True in this case, even though new frames are no longer acquired).
frames sets up number of frame buffers.






	
peek_frame(mode='last', buffer_num=0)[source]

	Read a frame without marking it as read

mode specifies frame selection mode: can be "first" (first available), "last" (last read),
or "number" (index determined by buffer_num).

Return tuple (frame, buffer_num).






	
read_multiple_images(rng=None, peek=False, skip=False, missing_frame='skip')[source]

	Read multiple images specified by rng (by default, all un-read images).

If peek==True, return images but not mark them as read.
If skip==True, mark frames as read but don’t read them (i.e., reading with peek==True and skip==True does nothing).
missing_frame determines what to do with frames which are out of range (missing or lost):
can be "none" (replacing them with None), "zero" (replacing them with zero-filled frame),
or "skip" (skipping them).






	
snap(timeout=20.0)[source]

	Snap a single image (with preset image read mode parameters)











pylablib.aux_libs.devices.IMAQdx_lib module

Used by autodoc_mock_imports.



pylablib.aux_libs.devices.Janis module

Janis Jacob controller (custom hardware, probably not applicable to other devices).


	
class pylablib.aux_libs.devices.Janis.JacobServer(addr='10.10.1.17', port=5557, single_use_socket=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
close()[source]

	




	
comm(comm)[source]

	




	
query(query)[source]

	




	
flush(timeout=0.1)[source]

	




	
class StatusSimple(ain, aout, dout)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
ain

	




	
aout

	




	
dout

	








	
get_status_simple()[source]

	




	
class StatusDecoded(pressures, flow, valves, V5, pumps, pump_status)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
V5

	




	
flow

	




	
pressures

	




	
pump_status

	




	
pumps

	




	
valves

	








	
get_status_decoded()[source]

	




	
s()

	




	
setDO(channel, state)[source]

	




	
setDO_multiple(state, mask)[source]

	




	
setAO(channel, value)[source]

	




	
switch_pump(pump, state)[source]

	




	
switch_valve(valve, state)[source]

	




	
switch_multiple_valves(valves_on=None, valves_off=None, V5=None)[source]

	









pylablib.aux_libs.devices.Lakeshore module


	
class pylablib.aux_libs.devices.Lakeshore.Lakeshore218(conn)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

Lakeshore 218 temperature controller.

All channels are enumerated from 0.


	Parameters

	conn – serial connection parameters (usually port or a tuple containing port and baudrate)






	
is_enabled(channel)[source]

	Check if a given channel is enabled






	
set_enabled(channel, enabled=True)[source]

	Enable or disable a given channel






	
get_sensor_type(group)[source]

	Get sensort type for a given group ("A" or "B").

For type descriptions, see Lakeshore 218 programming manual.






	
set_sensor_type(group, type)[source]

	Set sensort type for a given group ("A" or "B").

For type descriptions, see Lakeshore 218 programming manual.






	
get_temperature(channel)[source]

	Get readings (in Kelvin) on a given channel






	
get_all_temperatures()[source]

	Get readings (in Kelvin) on all channels










	
class pylablib.aux_libs.devices.Lakeshore.Lakeshore370(conn)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

Lakeshore 370 temperature controller.

All channels are enumerated from 0.


	Parameters

	conn – serial connection parameters (usually port or a tuple containing port and baudrate)






	
get_resistance(channel)[source]

	Get resistance readings (in Ohm) on a given channel






	
get_sensor_power(channel)[source]

	Get dissipated power (in W) on a given channel






	
select_channel(channel)[source]

	Select measurement channel






	
get_channel()[source]

	Get current measurement channel






	
setup_channel(channel=None, mode='V', exc_range=1, res_range=22, autorange=True)[source]

	Setup a measurement channel (current channel by default).

mode is the excitation mode ("I" or "V"), exc_range is the excitation range, res_range is the resistance range.
For range descriptions, see Lakeshore 370 programming manual.






	
setup_heater_openloop(heater_range, heater_percent, heater_res=100.0)[source]

	Setup a heater in the open loop mode.

heater_range is the heating range, heater_percent is the excitation percentage within the range, heater_res is the heater resistance (in Ohm).
For range descriptions, see Lakeshore 370 programming manual.






	
get_heater_settings_openloop()[source]

	Get heater settings in the open loop mode.

Return tuple (heater_range, heater_percent, heater_res), where heater_range is the heating range,
heater_percent is the excitation percentage within the range, heater_res is the heater resistance (in Ohm).
For range descriptions, see Lakeshore 370 programming manual.






	
set_analog_output(channel, value)[source]

	Set analog output value at a given channel






	
get_analog_output(channel)[source]

	Get analog output value at a given channel











pylablib.aux_libs.devices.LaserQuantum module


	
class pylablib.aux_libs.devices.LaserQuantum.Finesse(conn)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

Laser Quantum Finesse pump laser


	Parameters

	conn – serial connection parameters (usually port)






	
query(comm)[source]

	Send a query to the device and parse the reply






	
get_device_info()[source]

	Get device information (serial number, software version, calibration date)






	
get_device_status()[source]

	Get device status, head and PSU temperature






	
get_work_hours()[source]

	Get the PSU run time, the Above Threshold and the Enabled time in minutes






	
get_interlock_status()[source]

	Get manual interlock status






	
get_shutter_status()[source]

	Get manual shutter status






	
get_output_mode()[source]

	Get output mode.

Can be "enabled", "disabled"






	
get_output()[source]

	Check if the output is enabled.






	
set_output_mode(mode='on')[source]

	Set output mode.

mode can be "on" or "off"






	
set_output(enabled=True)[source]

	Turn the output on or off






	
get_output_level()[source]

	Get the output power (in Watts)






	
get_output_setpoint()[source]

	Get the output setpoint power (in Watts)






	
set_output_level(level)[source]

	Get the output power setpoint (in Watts)











pylablib.aux_libs.devices.LighthousePhotonics module


	
class pylablib.aux_libs.devices.LighthousePhotonics.SproutG(conn)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

Lighthouse Photonics Sprout G laser.


	Parameters

	conn – serial connection parameters (usually port)






	
query(comm, allowed_resp=None)[source]

	Send a query to the device and parse the reply.

allowed_resp is a list of valid responses (by default, only "0").






	
get_device_info()[source]

	Get device information (product name, product version, serial number)






	
get_device_config()[source]

	Get laser configuration (color and maximal power)






	
get_warning_status()[source]

	Get device warnings






	
get_interlock_status()[source]

	Get manual interlock status






	
get_shutter_status()[source]

	Get manual shutter status






	
get_work_hours()[source]

	Return device operation hours (controller on) and run hours (laser on)






	
get_output_mode()[source]

	Get output mode.

Can be "on", "off", "idle" (power standby mode), "calibrate",
"interlock" (manual interlock is off), "warmup" (warmup mode), or "calibration" (calibration mode).






	
get_output()[source]

	Check if the output is on.






	
set_output_mode(mode='on')[source]

	Set output mode.

mode can be "on", "off", "idle" (power standby mode), or "calibrate" (calibration mode).






	
set_output(enabled=True)[source]

	Turn the output on or off






	
get_output_level()[source]

	Set the actual output power (in Watts)






	
get_output_setpoint()[source]

	Get the output setpoint power (in Watts)






	
set_output_level(level)[source]

	Get the output power setpoint (in Watts)











pylablib.aux_libs.devices.M2 module


	
exception pylablib.aux_libs.devices.M2.M2Error[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

M2 communication error.






	
class pylablib.aux_libs.devices.M2.M2ICE(addr, port, timeout=5.0, start_link=True, use_websocket=True, only_websocket=False)[source]

	Bases: pylablib.core.devio.interface.IDevice

M2 ICE device.


	Parameters

	
	addr (str [https://docs.python.org/3/library/stdtypes.html#str]) – IP address of the ICE device.


	port (int [https://docs.python.org/3/library/functions.html#int]) – port of the ICE device.


	timeout (float [https://docs.python.org/3/library/functions.html#float]) – default timeout of synchronous operations.


	start_link (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, initialize device link on creation.


	use_websocket (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, use websocket interface (same as used by the web interface) for additional functionality
(wavemeter connection, etalon value, improved operation stopping)


	only_websocket (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, only use websocket operations (raises error on most standard methods, mostly used to monitor status).









	
open()[source]

	Open the connection






	
close()[source]

	Close the connection






	
is_opened()[source]

	Check if the device is connected






	
set_timeout(timeout)[source]

	Set timeout for connecting or sending/receiving.






	
flush()[source]

	Flush read buffer






	
query(op, params, reply_op='auto', report=False)[source]

	Send a query using the standard device interface.

reply_op is the name of the reply operation (by default, its the operation name plus "_reply").
If report==True, request completion report (doesn’t apply to all operation).






	
update_reports(timeout=0.0)[source]

	Check for fresh operation reports.






	
get_last_report(op)[source]

	Get the latest report for the given operation






	
check_report(op)[source]

	Check and return the latest report for the given operation






	
wait_for_report(op, error_msg=None, timeout=None)[source]

	Wait for a report for the given operation

error_msg specifies the exception message if the report results in an error.






	
start_link()[source]

	Initialize device link (called automatically on creation).






	
connect_wavemeter(sync=True)[source]

	Connect to the wavemeter (if sync==True, wait until the connection is established)






	
disconnect_wavemeter(sync=True)[source]

	Disconnect from the wavemeter (if sync==True, wait until the connection is broken)






	
is_wavelemeter_connected()[source]

	Check if the wavemeter is connected






	
get_system_status()[source]

	Get the device system status






	
get_full_web_status()[source]

	Get full websocket status.

Return a large dictionary containing all the information available in the web interface.






	
get_full_tuning_status()[source]

	Get full fine-tuning status (see M2 ICE manual for "poll_wave_m" command)






	
lock_wavemeter(lock=True, sync=True, error_on_fail=True)[source]

	Lock or unlock the laser to the wavemeter (if sync==True, wait until the operation is complete)






	
is_wavelemeter_lock_on()[source]

	Check if the laser is locked to the wavemeter






	
tune_wavelength(wavelength, sync=True, timeout=None)[source]

	Fine-tune the wavelength.

Only works if the wavemeter is connected.
If sync==True, wait until the operation is complete (might take from several seconds up to several minutes).






	
check_tuning_report()[source]

	Check wavelength fine-tuning report

Return "success" or "fail" if the operation is complete, or None if it is still in progress.






	
wait_for_tuning(timeout=None)[source]

	Wait until wavelength fine-tuning is complete






	
get_tuning_status()[source]

	Get fine-tuning status.

Return either "idle" (no tuning or locking), "nolink" (no wavemeter link),
"tuning" (tuning in progress), or "locked" (tuned and locked to the wavemeter).






	
get_wavelength()[source]

	Get fine-tuned wavelength.

Only works if the wavemeter is connected.






	
stop_tuning()[source]

	Stop fine wavelength tuning.






	
tune_wavelength_table(wavelength, sync=True)[source]

	Coarse-tune the wavelength.

Only works if the wavemeter is disconnected.
If sync==True, wait until the operation is complete.






	
get_full_tuning_status_table()[source]

	Get full coarse-tuning status (see M2 ICE manual for "poll_move_wave_t" command)






	
get_tuning_status_table()[source]

	Get coarse-tuning status.

Return either "done" (tuning is done), "tuning" (tuning in progress), or "fail" (tuning failed).






	
get_wavelength_table()[source]

	Get course-tuned wavelength.

Only works if the wavemeter is disconnected.






	
stop_tuning_table()[source]

	Stop coarse wavelength tuning.






	
tune_etalon(perc, sync=True)[source]

	Tune the etalon to perc percent.

Only works if the wavemeter is disconnected.
If sync==True, wait until the operation is complete.






	
lock_etalon(sync=True)[source]

	Lock the etalon (if sync==True, wait until the operation is complete).






	
unlock_etalon(sync=True)[source]

	Lock the etalon (if sync==True, wait until the operation is complete).






	
get_etalon_lock_status()[source]

	Get etalon lock status.

Return either "off" (lock is off), "on" (lock is on), "debug" (lock in debug condition),
"errorr" (lock had an error), "search" (lock is searching), or "low" (lock is off due to low output).






	
tune_reference_cavity(perc, fine=False, sync=True)[source]

	Tune the reference cavity to perc percent.

If fine==True, adjust fine tuning; otherwise, adjust coarse tuning.
Only works if the wavemeter is disconnected.
If sync==True, wait until the operation is complete.






	
lock_reference_cavity(sync=True)[source]

	Lock the laser to the reference cavity.

If sync==True, wait until the operation is complete.






	
unlock_reference_cavity(sync=True)[source]

	Unlock the laser from the reference cavity.

If sync==True, wait until the operation is complete.






	
get_reference_cavity_lock_status()[source]

	Get the reference cavity lock status.

Return either "off" (lock is off), "on" (lock is on), "debug" (lock in debug condition),
"errorr" (lock had an error), "search" (lock is searching), or "low" (lock is off due to low output).






	
tune_laser_resonator(perc, fine=False, sync=True)[source]

	Tune the laser cavity to perc percent.

If fine==True, adjust fine tuning; otherwise, adjust coarse tuning.
Only works if the wavemeter is disconnected.
If sync==True, wait until the operation is complete.






	
setup_terascan(scan_type, scan_range, rate, trunc_rate=True)[source]

	Setup terascan.


	Parameters

	
	scan_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – scan type. Can be "medium" (BRF+etalon, rate from 100 GHz/s to 1 GHz/s),
"fine" (all elements, rate from 20 GHz/s to 1 MHz/s), or "line" (all elements, rate from 20 GHz/s to 50 kHz/s).


	scan_range (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – tuple (start,stop) with the scan range (in Hz).


	rate (float [https://docs.python.org/3/library/functions.html#float]) – scan rate (in Hz/s).


	trunc_rate (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, truncate the scan rate to the nearest available rate (otherwise, incorrect rate would raise an error).













	
start_terascan(scan_type, sync=False, sync_done=False)[source]

	Start terascan.

Scan type can be "medium" (BRF+etalon, rate from 100 GHz/s to 1 GHz/s), "fine" (all elements, rate from 20 GHz/s to 1 MHz/s),
or "line" (all elements, rate from 20 GHz/s to 50 kHz/s).
If sync==True, wait until the scan is set up (not until the whole scan is complete).
If sync_done==True, wait until the whole scan is complete.






	
enable_terascan_updates(enable=True, update_period=0)[source]

	Enable sending periodic terascan updates.

If enabled, laser will send updates in the beginning and in the end of every terascan segment.
If update_period!=0, it will also send updates every update_period percents of the segment (this option doesn’t seem to be working currently).






	
check_terascan_update()[source]

	Check the latest terascan update.

Return None if none are available, or a dictionary {"wavelength":current_wavelength, "operation":op},
where op is "scanning" (scanning in progress), "stitching" (stitching in progress), "finished" (scan is finished), or "repeat" (segment is repeated).






	
wait_for_terascan_update()[source]

	Wait until a new terascan update is available






	
check_terascan_report()[source]

	Check report on terascan start.

Return "success" or "fail" if the operation is complete, or None if it is still in progress.






	
stop_terascan(scan_type, sync=False)[source]

	Stop terascan of the given type.

If sync==True, wait until the operation is complete.






	
get_terascan_status(scan_type, web_status='auto')[source]

	Get status of a terascan of a given type.


	Return dictionary with 4 items:

	"current": current laser frequency
"range": tuple with the fill scan range
"status": can be "stopped" (scan is not in progress), "scanning" (scan is in progress),
or "stitching" (scan is in progress, but currently stitching)
"web": where scan is running in web interface (some failure modes still report "scanning" through the usual interface);
only available if the laser web connection is on.










	
start_fast_scan(scan_type, width, time, sync=False, setup_locks=True)[source]

	Setup and start fast scan.


	Parameters

	
	scan_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – scan type. Can be "cavity_continuous", "cavity_single", "cavity_triangular",
"etalon_continuous", "etalon_single",
"resonator_continuous", "resonator_single", "resonator_ramp", "resonator_triangular",
"ecd_continuous", "ecd_ramp", or "fringe_test" (see ICE manual for details)


	width (float [https://docs.python.org/3/library/functions.html#float]) – scan width (in Hz).


	time (float [https://docs.python.org/3/library/functions.html#float]) – scan time/period (in s).


	sync (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, wait until the scan is set up (not until the whole scan is complete).


	setup_locks (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, automatically setup etalon and reference cavity locks in the appropriate states.













	
check_fast_scan_report()[source]

	Check fast scan report.

Return "success" or "fail" if the operation is complete, or None if it is still in progress.






	
stop_fast_scan(scan_type, return_to_start=True, sync=False)[source]

	Stop fast scan of the given type.

If return_to_start==True, return to the center frequency after stopping; otherwise, stay at the current instantaneous frequency.
If sync==True, wait until the operation is complete.






	
get_fast_scan_status(scan_type)[source]

	Get status of a fast scan of a given type.


	Return dictionary with 4 items:

	"status": can be "stopped" (scan is not in progress), "scanning" (scan is in progress).
"value": current tuner value (in percent).










	
stop_scan_web(scan_type)[source]

	Stop scan of the current type (terascan or fine scan) using web interface.

More reliable than native programming interface, but requires activated web interface.






	
stop_all_operation(repeated=True, attempt=0)[source]

	Stop all laser operations (tuning and scanning).

More reliable than native programming interface, but requires activated web interface.
If repeated==True, repeat trying to stop the operations until succeeded (more reliable, but takes more time).
Return True if the operation is success otherwise False.











pylablib.aux_libs.devices.MKS module


	
class pylablib.aux_libs.devices.MKS.MKS9xx(conn, dev_addr=254, timeout=10.0)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

MKS 9xx series pressure gauge.


	Parameters

	
	conn – serial connection parameters (usually port or a tuple containing port and baudrate)


	dev_addr (int [https://docs.python.org/3/library/functions.html#int]) – device address within a given controller (by default, communicate with all devices)


	timeout (float [https://docs.python.org/3/library/functions.html#float]) – communication operations timeout









	
query(reg)[source]

	Send a query to the device and return the reply






	
comm(reg, value)[source]

	Send a command to the device






	
get_pressure(chan=3)[source]

	Get pressure at a given channel











pylablib.aux_libs.devices.NI module


	
class pylablib.aux_libs.devices.NI.NIGPIBSerialDevice(port_addr, timeout=10.0)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

National Instruments Serial<->GPIB converter.


	
get_id()[source]

	




	
init_GPIB(addr=0)[source]

	




	
get_stat()[source]

	




	
write(addr, data)[source]

	




	
read(addr, size=256)[source]

	








	
class pylablib.aux_libs.devices.NI.NIGPIBSerialBackend(bridge_conn, dev_addr, timeout=10.0, term_write=None, term_read=None)[source]

	Bases: pylablib.core.devio.backend.IDeviceBackend

Device backend for the National Instruments Serial<->GPIB converter.


	
Error

	alias of builtins.object






	
open()[source]

	Open the connection.






	
close()[source]

	Close the connection.






	
set_timeout(timeout)[source]

	Set operations timeout (in seconds).






	
get_timeout()[source]

	Get operations timeout (in seconds).






	
cooldown()[source]

	Cooldown between the operations (usually, some short time delay).






	
read_cooldown()[source]

	




	
readline(remove_term=True, timeout=None)[source]

	Read a single line from the device.


	Parameters

	
	remove_term (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, remove terminal characters from the result.


	timeout – Operation timeout. If None, use the default device timeout.


	skip_empty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, ignore empty lines (works only for remove_term==True).













	
read(size=None)[source]

	Read data from the device.

If size is not None, read size bytes (the standard timeout applies); otherwise, read all available data (return immediately).






	
flush_read()[source]

	Flush the device output (read all the available data; return the number of bytes read).






	
write(data, flush=True, read_echo=False)[source]

	Write data to the device.

If flush==True, flush the write buffer.
If read_echo==True, wait for read_echo_delay seconds and then perform readline() (read_echo_lines times).










	
class pylablib.aux_libs.devices.NI.NIDAQ(dev_name='dev0', rate=100.0, buffer_size=100000.0, reset=False)[source]

	Bases: pylablib.core.devio.interface.IDevice

National Instruments DAQ device interface (wrapper around nidaqmx library).

Simplified interface to NI DAQ devices.
Supports voltage, digital, and counter inputs (all synchronized to the same clock), and digital and voltage outputs (asynchronous).


	Parameters

	
	dev_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – root device name.


	rate (float [https://docs.python.org/3/library/functions.html#float]) – analog input sampling rate (can be adjusted later).


	buffer_size (int [https://docs.python.org/3/library/functions.html#int]) – size of the input buffer.


	reset (int [https://docs.python.org/3/library/functions.html#int]) – if True, reset the device upon connection.









	
open()[source]

	Open the connection






	
close()[source]

	Close the connection






	
is_opened()[source]

	Check if the device is connected






	
reset()[source]

	Reset the device. All channels will be removed.






	
setup_clock(rate, src=None)[source]

	Setup analog input clock (which is the main system clock).

If src==None, use internal clock with the given rate; otherwise use src terminal as a clock source
(in this case, rate should be higher than the expected source rate).






	
get_clock_cfg()[source]

	Get analog input clock configuration.

Return tuple (rate, src).






	
export_clock(terminal)[source]

	Export system clock to the given terminal (None to disconnect all terminals)

Only terminal one can be active at a time.






	
get_export_clock_terminal()[source]

	Return terminal which outputs system clock (None if none is connected).






	
add_voltage_input(name, channel, rng=(-10, 10), term_config='default')[source]

	Add analog voltage input.

Readout is synchronized to the system clock.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – channel name.


	channel (str [https://docs.python.org/3/library/stdtypes.html#str]) – terminal name (e.g., "ai0").


	rng – voltage range


	term_config – terminal configuration. Can be "default", "rse" (single-ended, referenced to AI SENSE input),
"nrse" (single-ended, referenced to AI GND), "diff" (differential) and "pseudodiff"
(see NIDAQ manual for details).













	
add_counter_input(name, counter, terminal, clk_src='ai/SampleClock', output_format='rate')[source]

	Add counter input (value is related to the number of counts).

Readout is synchronized to the system clock.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – channel name.


	counter (str [https://docs.python.org/3/library/stdtypes.html#str]) – on-board counter name (e.g., "ctr0").


	terminal (str [https://docs.python.org/3/library/stdtypes.html#str]) – terminal name (e.g., "pfi0").


	clk_src (str [https://docs.python.org/3/library/stdtypes.html#str]) – source of the counter sampling clock. By default it is the analog input clock,
which requires at least one voltage input channel (could be dummy channel) to operate.


	output_format (str [https://docs.python.org/3/library/stdtypes.html#str]) – output format. Can be "acc" (return accumulated number of counts since the sampling start),
"diff" (return number of counts passed between the two consecutive sampling points; essentially, a derivative of "acc"),
or "rate" (return count rate based on the "diff" samples).













	
add_clock_period_input(counter, clk_src='ai/SampleClock')[source]

	Add clock period counter.

Useful when using external sample clock with unknown period.
The clock input can be returned during read() operation, and it is used to calculate counter inputs in "rate" mode.
Readout is synchronized to the system clock.


	Parameters

	
	counter (str [https://docs.python.org/3/library/stdtypes.html#str]) – on-board counter name (e.g., "ctr0") to be used for clock measure.


	clk_src (str [https://docs.python.org/3/library/stdtypes.html#str]) – source of the counter sampling clock. By default it is the analog input clock,
which requires at least one voltage input channel (could be dummy channel) to operate.













	
add_digital_input(name, channel)[source]

	Add digital input.

Readout is synchronized to the system clock.
:param name: channel name.
:type name: str
:param channel: terminal name (e.g., "port0/line12").
:type channel: str






	
get_input_channels(include=('ai', 'ci', 'di'))[source]

	Get names of all input channels (voltage input and counter input).

include specifies which channel types to include into the list
("ai" for voltage inputs, "ci" for counter inputs, "di" for digital inputs, "cpi" for clock period channel).
The channels order is always fixed: first voltage inputs, then counter inputs, then digital inputs.






	
get_voltage_input_parameters()[source]

	Get parameters (names, channels, output ranges, and terminal configurations) of all analog voltage input channels.






	
get_counter_input_parameters()[source]

	Get parameters (names, counters, terminals, clock sources, and output formats) of all counter input channels.






	
get_digital_input_parameters()[source]

	Get parameters (names and channels) of all digital input channels.






	
get_clock_period_input_parameters()[source]

	Get parameters (counter input) of the clock period input channel






	
read(n=1, flush_read=1, timeout=10.0, include=('ai', 'ci', 'di'))[source]

	Read n samples. If the task is not running, automatically start before reading and stop after.


	Parameters

	
	n (int [https://docs.python.org/3/library/functions.html#int]) – number of samples to read. If n==-1, read all available samples.


	flush_read (int [https://docs.python.org/3/library/functions.html#int]) – number of initial samples to skip if the task starts on read.
If counter channels are used, the first sample is usually unreliable, so flush_read=1 is recommended;
however, if exactly n pulses are required at the clock export channel, flush_read=0 is needed.


	include (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – specifies which channel types to include into the list
("ai" for voltage inputs, "ci" for counter inputs, "di" for digital inputs, "cpi" for clock period channel).






	Returns

	numpy array of values arranged according to get_input_channels() order with the given include parameter.










	
start(flush_read=0, finite=None)[source]

	Start the sampling task.

flush_read specifies number of samples to read and discard after start.
If finite is not None, it specifies finite number of sample to acquire before stopping.

If counter channels are used, the first sample is usually unreliable, so flush_read=1 is recommended;
however, if exactly finite pulses are required at the clock export channel, flush_read=0 is needed (the total number of pulses is flush_read+finite).






	
stop()[source]

	Stop the sampling task






	
is_running()[source]

	Check if the task is running






	
available_samples()[source]

	Get number of available samples (return 0 if the task is not running)






	
get_buffer_size()[source]

	Get the sampling buffer size






	
wait_for_sample(num=1, timeout=10.0, wait_time=0.001)[source]

	Wait until at least num samples are available.

If they are not available immediately, loop while checking every wait_time interval until enough samples are accumulated.
Return the number of available samples if successful, or 0 if the execution timed out.






	
add_digital_output(name, channel)[source]

	Add digital output.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – channel name.


	channel (str [https://docs.python.org/3/library/stdtypes.html#str]) – terminal name (e.g., "do0").













	
get_digital_output_channels()[source]

	Get names of all digital output channels.






	
get_digital_output_parameters()[source]

	Get parameters (names and channels) of all digital output channels.






	
set_digital_outputs(names, values)[source]

	Set values of one or several digital outputs.


	Parameters

	
	names (str [https://docs.python.org/3/library/stdtypes.html#str] or [str [https://docs.python.org/3/library/stdtypes.html#str]]) – name or list of names of outputs.


	values – output value or list values.













	
get_digital_outputs(names=None)[source]

	Get values of one or several digital outputs.


	Parameters

	names (str [https://docs.python.org/3/library/stdtypes.html#str] or [str [https://docs.python.org/3/library/stdtypes.html#str]] or None [https://docs.python.org/3/library/constants.html#None]) – name or list of names of outputs (None means all outputs).





Return list of values ordered by names (or by get_digital_output_channels() if names==None).






	
add_voltage_output(name, channel, rng=(-10, 10), initial_value=0.0)[source]

	Add analog voltage output.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – channel name.


	channel (str [https://docs.python.org/3/library/stdtypes.html#str]) – terminal name (e.g., "ao0").


	rng – voltage range.


	initial_value (float [https://docs.python.org/3/library/functions.html#float]) – initial output value (has to be initialized).













	
get_voltage_output_channels()[source]

	Get names of all analog voltage output channels.






	
get_voltage_output_parameters()[source]

	Get parameters (names, channels and output ranges) of all analog voltage output channels.






	
set_voltage_outputs(names, values)[source]

	Set values of one or several analog voltage outputs.


	Parameters

	
	names (str [https://docs.python.org/3/library/stdtypes.html#str] or [str [https://docs.python.org/3/library/stdtypes.html#str]]) – name or list of names of outputs.


	values – output value or list values.
These can be single numbers, or arrays if the output clock is setup (see setup_voltage_output_clock()).
In the latter case it sets up the output waveforms; not that waveforms for all channels must have the same length
(a single number signifying a constant output is also allowed)
If the analog output is set up to the finite mode (continuous==False), the finite waveform output happens right away,
with the number of samples determined by samps_per_channel parameter of setup_voltage_output_clock().
In this case, if the supplied waveform is shorter than the number of samples, it gets repeated; if it’s longer, it gets cut off.













	
get_voltage_outputs(names=None)[source]

	Get values of one or several analog voltage outputs.


	Parameters

	names (str [https://docs.python.org/3/library/stdtypes.html#str] or [str [https://docs.python.org/3/library/stdtypes.html#str]] or None [https://docs.python.org/3/library/constants.html#None]) – name or list of names of outputs (None means all outputs).





Return list of values ordered by names (or by get_voltage_output_channels() if names==None).
For continuous waveforms, return the array containing a single repetition of the waveform.
For finite waveforms, repeat the array containing the last outputted waveform.






	
setup_voltage_output_clock(rate=0, sync_with_ai=False, continuous=True, samps_per_chan=1000)[source]

	Setup analog output clock configuration.


	Parameters

	
	rate – clock rate; if 0, assume constant voltage output (default)


	sync_with_ai – if True, the clock is synchronized to the analog input clock (the main clock);
note that in this case output changes only when the analog read task is running


	continuous – if True, any written waveform gets repeated continuously; otherwise, it outputs written waveform only once,
and then latches the output on the last value


	samps_per_chan – if continuous==False, it determines number of samples to output before stopping













	
get_voltage_output_clock_cfg()[source]

	Get analog output clock configuration.

Return tuple (rate, sync_with_ai, samps_per_chan, continuous).











pylablib.aux_libs.devices.NuPhoton module


	
class pylablib.aux_libs.devices.NuPhoton.EDFA_NP2000(port_addr, timeout=5.0)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

NuPhoton NP2000 EDFA (optical amplifier).


	
query(comm)[source]

	




	
set_output(output=True)[source]

	




	
get_status_string()[source]

	




	
get_status()[source]

	









pylablib.aux_libs.devices.OZOptics module


	
class pylablib.aux_libs.devices.OZOptics.OZOpticsDevice(port_addr, timeout=20.0)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

Generic OZOptics device.


	
query(comm, timeout=None)[source]

	




	
restart()[source]

	




	
get_config()[source]

	








	
class pylablib.aux_libs.devices.OZOptics.TF100(port_addr, timeout=20.0)[source]

	Bases: pylablib.aux_libs.devices.OZOptics.OZOpticsDevice

OZOptics TF100 tunable filter.


	
get_wavelength_correction()[source]

	




	
set_wavelength_correction(shift=0.0, scale=1.0)[source]

	




	
home()[source]

	




	
get_wavelength()[source]

	




	
set_wavelength(wavelength)[source]

	








	
class pylablib.aux_libs.devices.OZOptics.DD100(port_addr, timeout=20.0)[source]

	Bases: pylablib.aux_libs.devices.OZOptics.OZOpticsDevice

OZOptics DD100 variable attenuator.


	
home()[source]

	




	
get_min_attenuation()[source]

	




	
get_max_attenuation()[source]

	




	
get_attenuation()[source]

	




	
set_attenuation(att_dB)[source]

	








	
class pylablib.aux_libs.devices.OZOptics.EPC04(port_addr, timeout=20.0)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

OZOptics EPC04 polarization controller.


	
query(comm)[source]

	




	
get_voltages()[source]

	




	
set_voltage(channel, value)[source]

	




	
set_all_voltages(value)[source]

	




	
step_voltage(channel, step)[source]

	




	
get_mode()[source]

	




	
set_mode(mode='DC')[source]

	




	
save_preset()[source]

	









pylablib.aux_libs.devices.Olimex module


	
class pylablib.aux_libs.devices.Olimex.IMCDevice(port_addr, timeout=20.0)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

Generic Olimex ATMega device.


	
comm(comm, timeout=None)[source]

	




	
query(query, timeout=None)[source]

	








	
class pylablib.aux_libs.devices.Olimex.AVR_IO_M16(port_addr, timeout=20.0)[source]

	Bases: pylablib.aux_libs.devices.Olimex.IMCDevice

Olimex AVR-IO-M16 4x relay board.


	
get_relays()[source]

	




	
set_relays(relays)[source]

	




	
open_relay(n)[source]

	




	
close_relay(n)[source]

	









pylablib.aux_libs.devices.Ophir module


	
class pylablib.aux_libs.devices.Ophir.OphirDevice(conn)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

Generic Ophir device.


	Parameters

	conn – serial connection parameters (usually port or a tuple containing port and baudrate)






	
query(comm)[source]

	Send a query to the device and parse the reply










	
class pylablib.aux_libs.devices.Ophir.VegaPowerMeter(conn)[source]

	Bases: pylablib.aux_libs.devices.Ophir.OphirDevice

Ophir Vega power meter.


	Parameters

	conn – serial connection parameters (usually port or a tuple containing port and baudrate)






	
get_power()[source]

	Get the current power readings






	
class WavelengthInfo(mode, rng, curr_idx, presets, curr_wavelength)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
curr_idx

	




	
curr_wavelength

	




	
mode

	




	
presets

	




	
rng

	








	
get_wavelength_info()[source]

	Get wavelength setting info.

Return tuple (mode, rng, curr_idx, presets, curr_wavelength), where
mode is the measurement mode ("CONTINUOUS" or "HOLD"), rng is full wavelength range (in m),
curr_idx is the current wavelength preset index, presets is the list of all preset wavelengths (in m),
and curr_wavelength is the current measurement wavelength (in m).






	
get_wavelength()[source]

	Get current calibration wavelength






	
set_wavelength(wavelength)[source]

	Set current calibration wavelength






	
class RangeInfo(curr_idx, ranges, curr_range)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
curr_idx

	




	
curr_range

	




	
ranges

	








	
get_range_info()[source]

	Get power range info.

Return tuple (curr_idx, ranges, curr_range), where curr_idx is the current power range index,
ranges is the list of ranges (in W) for all indices and curr_range is the current range (in W).






	
get_range()[source]

	Get current power range (maximal power in W)






	
get_range_idx()[source]

	Get current power range index

Index goes from 0 (highest) to maximal (lowest); auto-ranging is -1.






	
set_range_idx(rng_idx)[source]

	Set current range index.

rng_idx is the range index from 0 (highest) to maximal (lowest); auto-ranging is -1.






	
is_filter_in()[source]

	Check if the filter is set to be on at the power meter






	
set_filter(filter_in=True)[source]

	Change the filter setting at the power meter (on or off)











pylablib.aux_libs.devices.PCO_SC2 module


	
exception pylablib.aux_libs.devices.PCO_SC2.PCOSC2Error[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic PCO SC2 camera error.






	
exception pylablib.aux_libs.devices.PCO_SC2.PCOSC2TimeoutError[source]

	Bases: pylablib.aux_libs.devices.PCO_SC2.PCOSC2Error

Timeout while waiting.






	
exception pylablib.aux_libs.devices.PCO_SC2.PCOSC2NotSupportedError[source]

	Bases: pylablib.aux_libs.devices.PCO_SC2.PCOSC2Error

Option not supported.






	
pylablib.aux_libs.devices.PCO_SC2.get_cameras_number()[source]

	Get number of connected PCOSC2 cameras






	
pylablib.aux_libs.devices.PCO_SC2.reset_api()[source]

	Reset API.

All cameras must be closed; otherwise, the prompt to reboot will appear.






	
class pylablib.aux_libs.devices.PCO_SC2.PCOSC2Camera(idx=0, reboot_on_fail=True)[source]

	Bases: pylablib.core.devio.interface.IDevice

PCO SC2 camera.


	Parameters

	
	idx (int [https://docs.python.org/3/library/functions.html#int]) – camera index (use get_cameras_number() to get the total number of connected cameras)


	reboot_on_fail (bool [https://docs.python.org/3/library/functions.html#bool]) – if True and the camera raised an error during initialization (but after opening), reboot the camera and try to connect again
useful when the camera is in a broken state (e.g., wrong ROI or pixel clock settings)









	
open()[source]

	Open connection to the camera






	
close()[source]

	Close connection to the camera






	
is_opened()[source]

	Check if the device is connected






	
reboot(wait=True)[source]

	Reboot the camera.

If wait==True, wait for the recommended time (10 seconds) after reboot for the camera to fully restart;
attempt to open the camera before that can lead to an error.






	
get_full_camera_data()[source]

	Get a dictionary the all camera data available through the SDK.






	
update_full_data()[source]

	Update internal full camera data settings.

Takes some time (about 50ms), so more specific function are preferrables for specific parameters.






	
class ModelData(model, interface, sensor, serial_number)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
interface

	




	
model

	




	
sensor

	




	
serial_number

	








	
get_model_data()[source]

	Get camera model data.

Return tuple (model, interface, sensor, serial_number).






	
get_capabilities()[source]

	Get camera capabilities.

For description of the capabilities, see PCO SC2 manual.






	
class CameraStatus(status, warnings, errors)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
errors

	




	
status

	




	
warnings

	








	
get_status(full=False)[source]

	Get camera status.

If full==True, return current camera status as a set of enabled status states;
otherwise, return tuple (status, warnings, errors) with additional information about warnings and error.






	
get_temperature()[source]

	Get the current camera temperature

Return tuple (CCD, cam, power) with temperatures of the sensor, camera, and power supply respectively.






	
get_conversion_factor()[source]

	Get camera conversion factor (electrons per pixel value)






	
get_trigger_mode()[source]

	Get current trigger mode (see set_trigger_mode() for description)






	
set_trigger_mode(mode)[source]

	Set trigger mode.

Can be "int" (internal), "soft" (software), "ext" (external+software), "ext_exp" (external exposure), "ext_sync" (external PLL sync),
"ext_exp_fast" (fast external exposure), "ext_cds" (external CDS control),
"ext_exp_slow" (slow external exposure)`, or "ext_sync_hdsdi" (external synchronized SD/HDI).

For description, see PCO SDK manual.






	
send_software_trigger()[source]

	Send software trigger signal






	
class Buffer(size, metadata_size=0)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Single frame buffer object, which controls setup, cleanup, and synchronization


	
wait(timeout)[source]

	




	
reset()[source]

	




	
release()[source]

	








	
class AcqTimes(exposure, frame_delay, frame_time)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
exposure

	




	
frame_delay

	




	
frame_time

	








	
get_timings()[source]

	Get acquisition timing.

Return tuple (exposure, frame_delay, frame_time).






	
set_exposure(exposure)[source]

	Set camera exposure






	
get_exposure()[source]

	Get current exposure






	
set_frame_delay(frame_delay)[source]

	Set camera frame delay






	
get_frame_delay()[source]

	Get current frame delay






	
set_frame_time(frame_time=0, adjust_exposure=False)[source]

	Set frame time (frame acquisition period).

If the time can’t be achieved even with zero frame delay and adjust_exposure==True, try to reduce the exposure to get the desired frame time;
otherwise, keep the exposure the same.






	
get_frame_time()[source]

	Get current frame time (frame acquisition period)






	
get_pixel_rate()[source]

	Get camera pixel rate (in Hz)






	
get_available_pixel_rates()[source]

	Get all available pixel rates






	
set_pixel_rate(rate=None)[source]

	Set camera pixel rate (in Hz)

The rate is always rounded to the closest available.
If rate is None, set the maximal possible rate.






	
start_acquisition(buffn=None)[source]

	Start camera acquisition.

buffn specifies number of frames in the ring buffer (automatically capped at 32, which is the SDK limit)






	
stop_acquisition()[source]

	Stop acquisition.

Clears buffers as well, so any readout after acquisition stop is impossible.






	
acquisition_in_progress()[source]

	Check if the acquisition is in progress






	
wait_for_frame(since='lastread', timeout=20.0, period=0.001)[source]

	Wait for a new camera frame.

since specifies what constitutes a new frame.
Can be "lastread" (wait for a new frame after the last read frame), "lastwait" (wait for a new frame after last wait_for_frame() call),
or "now" (wait for a new frame acquired after this function call).
If timeout is exceeded, raise PCOSC2TimeoutError.
period specifies camera polling period.






	
pausing_acquisition()[source]

	Context manager which temporarily pauses acquisition during execution of with block.

Useful for applying certain settings which can’t be changed during the acquisition (any settings except for exposure).






	
get_detector_size()[source]

	Get camera detector size (in pixels) as a tuple (width, height)






	
get_roi()[source]

	Get current ROI.

Return tuple (hstart, hend, vstart, vend, hbin, vbin).






	
set_roi(hstart=0, hend=None, vstart=0, vend=None, hbin=1, vbin=1)[source]

	Setup camera ROI.

hstart and hend specify horizontal image extent, vstart and vend specify vertical image extent
(start are inclusive, stop are exclusive, starting from 0), hbin and vbin specify binning.
By default, all non-supplied parameters take extreme values.






	
get_roi_limits()[source]

	Get the minimal and maximal ROI parameters.

Return tuple (min_roi, max_roi), where each element is in turn 6-tuple describing the ROI.






	
get_bit_aligment()[source]

	Get data bit alignment

Can be "LSB" (normal alignment) or "MSB" (if camera data is less than 16 bit, it is padded with zeros on the right to match 16 bit).






	
set_bit_aligment(mode)[source]

	Get data bit alignment

Can be "LSB" (normal alignment) or "MSB" (if camera data is less than 16 bit, it is padded with zeros on the right to match 16 bit).






	
enable_pixel_correction(enable=True)[source]

	Enable or disable hotpixel correction






	
is_pixel_correction_enabled()[source]

	Check if hotpixel correction is enabled






	
get_noise_filter_mode()[source]

	Get the noise filter mode (for details, see set_noise_filter_mode())






	
set_noise_filter_mode(mode='on')[source]

	Set the noise filter mode.

Can be "off", "on", or "on_hpc" (on + hot pixel correction).






	
set_status_line_mode(binary=True, ascii=False)[source]

	Set status line mode.

binary determines if the binary line is present (it occupies first 14 pixels of the image).
ascii determines if the ascii line is present (it is plane text timestamp, which takes first 8 rows and about 300 columns).

It is recommended to always have binary option on, since it is used to determine frame index for checking if there are any missing frames.






	
get_status_line_mode()[source]

	Get status line mode.

Return tuple (binary, ascii) (see set_status_line_mode() for description)






	
set_metadata_mode(mode=True)[source]

	Set metadata mode






	
get_metadata_mode()[source]

	Get metadata mode

Return tuple (enabled, size, version)






	
get_data_dimensions()[source]

	Get readout data dimensions






	
get_buffer_size()[source]

	Get number of frames in the ring buffer






	
class TBufferStatus(unread, size, scheduled, scheduled_max)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
scheduled

	




	
scheduled_max

	




	
size

	




	
unread

	








	
get_buffer_status()[source]

	




	
get_new_images_range()[source]

	Get the range of the new images.

Return tuple (first, last) with images range (inclusive).
If no images are available, return None.






	
read_multiple_images(rng=None, return_info=False)[source]

	Read multiple images specified by rng (by default, all un-read images).

If return_info==True, return tuple (images, info), where images is a list of frames,
and info is a list of frame info tuples extracted from the binary status line (with only one member, frame index).
Note that if the binary status line is not activated, frame info will be an arbitrary noise.
If return_info==False, just return a list of frames.

Fro technical reasons, frames should be read in successively, and every frame can only be read ones.
Hence, if rng is specified, it can lead to either skipping unread frames (if rng starts after the first unread frame),
or reduced number of frames compared to request (if rng attempts to read non-acquired or already-read frames).






	
snap()[source]

	Snap a single image










	
class pylablib.aux_libs.devices.PCO_SC2.TFrameInfo(framestamp)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
framestamp

	








	
pylablib.aux_libs.devices.PCO_SC2.get_frame_info(frame)[source]

	Get frame info from the binary status line.

Assume that the status line is present; if it isn’t, the returned frame info will be a random noise.







pylablib.aux_libs.devices.PCO_SC2_lib module

Used by autodoc_mock_imports.



pylablib.aux_libs.devices.Pfeiffer module


	
exception pylablib.aux_libs.devices.Pfeiffer.PfeifferError[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Pfiffer devices reading error.






	
class pylablib.aux_libs.devices.Pfeiffer.TPG261(conn)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

TPG 261 series pressure gauge.


	Parameters

	conn – serial connection parameters (usually port or a tuple containing port and baudrate)






	
comm(msg)[source]

	Send a command to the device






	
query(msg)[source]

	Send a query to the device and return the reply






	
get_channel_status(channel=1)[source]

	




	
get_pressure(channel=1)[source]

	Get pressure at a given channel











pylablib.aux_libs.devices.PhotonFocus module


	
exception pylablib.aux_libs.devices.PhotonFocus.PFGenericError[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic IMAQ camera error.






	
class pylablib.aux_libs.devices.PhotonFocus.PfcamProperty(port, name)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Object representing a pfcam camera property.

Allows to query and set values and get additional information.
Usually created automatically by an PhotonFocusIMAQCamera instance, but could be created manually.


	
name

	attribute name






	
readable

	whether property is readable


	Type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
writable

	whether property is writable


	Type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
is_command

	whether property is a command


	Type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
min

	minimal property value (if applicable)


	Type

	float [https://docs.python.org/3/library/functions.html#float] or int [https://docs.python.org/3/library/functions.html#int]










	
max

	maximal property value (if applicable)


	Type

	float [https://docs.python.org/3/library/functions.html#float] or int [https://docs.python.org/3/library/functions.html#int]










	
values

	list of possible property values (if applicable)






	
update_minmax()[source]

	Update minimal and maximal property limits






	
truncate_value(value)[source]

	Truncate value to lie within property limits






	
get_value(enum_as_str=True)[source]

	Get property value.

If enum_as_str==True, return enum-style values as strings; otherwise, return corresponding integer values.






	
set_value(value, truncate=True)[source]

	Get property value.

If truncate==True, automatically truncate value to lie within allowed range.






	
call_command(arg=0)[source]

	If property is a command, call it with a given argument; otherwise, raise an error.










	
pylablib.aux_libs.devices.PhotonFocus.query_camera_name(port)[source]

	Query cameras name at a given port in pfcam interface






	
pylablib.aux_libs.devices.PhotonFocus.list_cameras(supported=False)[source]

	List all cameras available through pfcam interface

If supported==True, only return cameras which support pfcam protocol.






	
class pylablib.aux_libs.devices.PhotonFocus.PhotonFocusIMAQCamera(imaq_name='img0', pfcam_port=0)[source]

	Bases: pylablib.aux_libs.devices.IMAQ.IMAQCamera

IMAQ+PFcam interface to a PhotonFocus camera.


	Parameters

	
	imaq_name – IMAQ interface name (can be learned by IMAQ.list_cameras(); usually, but not always, starts with "img")


	pfcam_port – port number for pfcam interface (can be learned by list_cameras(); port number is the first element of the camera data tuple)









	
setup_max_baudrate()[source]

	




	
open()[source]

	Open connection to the camera






	
close()[source]

	Close connection to the camera






	
post_open()[source]

	Action to automatically call on opening






	
list_properties(root='')[source]

	List all properties at a given root.

Return list of PfcamProperty objects, which allow querying and settings values
and getting additional information (limits, values).






	
get_value(name, default=None)[source]

	Get value of the property with a given name






	
set_value(name, value, ignore_missing=False, truncate=True)[source]

	Set value of the property with a given name.

If truncate==True, truncate value to lie within property range.






	
call_command(name, arg=0, ignore_missing=False)[source]

	If property is a command, call it with a given argument; otherwise, raise an error.






	
get_all_properties(root='', as_dict=False)[source]

	Get values of all properties with the given root.

If as_dict==True, return dict object; otherwise, return Dictionary object.






	
set_all_properties(settings, root='', truncate=True)[source]

	Set values of all properties with the given root.

If truncate==True, truncate value to lie within attribute range.






	
class ModelData(model, serial_number)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
model

	




	
serial_number

	








	
get_model_data()[source]

	Get camera model data.

Return tuple (model, serial_number).






	
get_detector_size()[source]

	Get camera detector size (in pixels) as a tuple (width, height)






	
get_roi()[source]

	Get current ROI.

Return tuple (hstart, hend, vstart, vend).






	
set_roi(hstart=0, hend=None, vstart=0, vend=None)[source]

	Setup camera ROI.

By default, all non-supplied parameters take extreme values.






	
get_roi_limits()[source]

	Get the minimal and maximal ROI parameters.

Return tuple (min_roi, max_roi), where each element is in turn 4-tuple describing the ROI.






	
get_exposure()[source]

	Get current exposure






	
set_exposure(exposure)[source]

	Set current exposure






	
get_frame_time()[source]

	Get current frame time






	
set_frame_time(frame_time)[source]

	Set current frame time






	
is_CFR_enabled()[source]

	Check if the constant frame rate mode is enabled






	
enable_CFR(enabled=True)[source]

	Enable constant frame rate mode






	
get_trigger_interleave()[source]

	Check if the trigger interleave is on






	
set_trigger_interleave(enabled)[source]

	Set the trigger interleave option on or off






	
is_status_line_enabled()[source]

	Check if the status line is on






	
enable_status_line(enabled=True)[source]

	Enable or disable status line






	
get_black_level_offset()[source]

	Get the black level offset






	
set_black_level_offset(offset)[source]

	Set the black level offset










	
pylablib.aux_libs.devices.PhotonFocus.get_status_lines(frames, check_transposed=True)[source]

	Extract status lines from the given frames.

frames can be 2D array (one frame), 3D array (stack of frames, first index is frame number), or list of array.
Automatically check if the status line is present; return None if it’s not.
If check_transposed==True, check for the case where the image is transposed (i.e., line becomes a column).






	
pylablib.aux_libs.devices.PhotonFocus.get_status_line_position(frame, check_transposed=True)[source]

	Check whether status line is present in the frame, and return its location.

Return tuple (row, transposed), where row is the status line row (can be -1 or -2)
and transposed is True if the line is present in the transposed image.
If no status line is found, return None.
If check_transposed==True, check for the case where the image is transposed (i.e., line becomes a column).






	
pylablib.aux_libs.devices.PhotonFocus.remove_status_line(frame, sl_pos='calculate', policy='duplicate', copy=True)[source]

	Remove status line from the frame.


	Parameters

	
	frame – a frame to process (2D or 3D numpy array; if 3D, the first axis is the frame number)


	sl_pos – status line position (returned by get_status_line_position()); if equal to "calculate", calculate here;
for a 3D array, assumed to be the same for all frames


	policy – determines way to deal with the status line;
can be "keep" (keep as is), "cut" (cut off the status line row), "zero" (set it to zero),
"median" (set it to the image median), or "duplicate" (set it equal to the previous row; default)


	copy – if True, make copy of the original frames; otherwise, attempt to remove the line in-place













	
pylablib.aux_libs.devices.PhotonFocus.find_skipped_frames(lines, step=1)[source]

	Check if there are skipped frames based on status line reading.

step specifies expected index step between neighboring frames.

Return list [(idx, skipped)], where idx is the index after which skipped frames were skipped.







pylablib.aux_libs.devices.PurePhotonics module


	
class pylablib.aux_libs.devices.PurePhotonics.CBDX1(addr, read_echo=True, comm_delay=0.5, mode_wait_time=5.0, offset_wait_time=5.0, connect_on_operation=True)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

CBDX1 controller for the PurePhotonics PPCL200 laser.


	
initialize()[source]

	




	
reset_output()[source]

	




	
ensure_output()[source]

	




	
write_register(addr, value)[source]

	




	
read_register(addr)[source]

	




	
is_busy()[source]

	




	
wait_sync(timeout=None)[source]

	Pause execution of the script until device overlapped commands (e.g., taking sweeps) are complete.

timeout and wait_callback override default constructor parameters.






	
get_mode()[source]

	




	
set_mode(mode, wait=True)[source]

	




	
get_output()[source]

	




	
set_output(enabled=True, wait=True)[source]

	




	
get_output_level()[source]

	




	
set_output_level(level, wait=True, check_mode=True)[source]

	




	
get_wavelength()[source]

	




	
set_wavelength(wavelength, wait=True, check_mode=True)[source]

	




	
get_offset()[source]

	




	
set_offset(offset, wait=True)[source]

	




	
step_wavelength(step)[source]

	




	
sweep_wavelength(start, step_size, steps_number, delay)[source]

	




	
cycle_wavelength(step)[source]

	




	
step_offset(step)[source]

	




	
get_offset_wavelength()[source]

	




	
apply_settings(settings)[source]

	Apply the settings.

settings is a dict {name: value} of the available device settings.
Non-applicable settings are ignored.











pylablib.aux_libs.devices.Rigol module


	
class pylablib.aux_libs.devices.Rigol.DSA1030A(addr)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

Rigol DSA1030A Spectrum Analyzer.


	
select_channel(channel)[source]

	




	
current_channel()[source]

	




	
sweep_single(wait_type='sync')[source]

	




	
sweep_reset(wait_type='sync')[source]

	




	
sweep_continuous(enable=True)[source]

	




	
is_continuous()[source]

	




	
get_output()[source]

	




	
set_output(enabled=True)[source]

	




	
get_output_level()[source]

	




	
set_output_level(level)[source]

	




	
get_frequency_range()[source]

	




	
set_frequency_range(frequency)[source]

	




	
get_sweep_points()[source]

	




	
set_sweep_points(pts)[source]

	




	
get_bandwidth(bw_type='video')[source]

	




	
set_bandwidth(bwidth, bw_type='both')[source]

	




	
get_attenuation()[source]

	




	
set_attenuation(att)[source]

	




	
autoscale_power()[source]

	




	
set_data_format(fmt=None)[source]

	




	
get_data_format()[source]

	




	
request_data(fmt=None)[source]

	




	
read_sweep()[source]

	




	
grab_single_sweep(chunks=1, autoscale=True, auto_step_fraction=0.1, chunks_ovlap_pts='auto', error_retries=3)[source]

	




	
apply_settings(settings)[source]

	Apply the settings.

settings is a dict {name: value} of the available device settings.
Non-applicable settings are ignored.











pylablib.aux_libs.devices.Sirah module


	
exception pylablib.aux_libs.devices.Sirah.SirahError[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic Sirah error






	
exception pylablib.aux_libs.devices.Sirah.SirahTimeoutError[source]

	Bases: pylablib.aux_libs.devices.Sirah.SirahError

Sirah waiting timeout error






	
class pylablib.aux_libs.devices.Sirah.SirahInterface(conn)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

Generic Sirah device interface using Visa communication.


	Parameters

	conn – VISA connection string (something like "USB0::0x17E7::<DEVICE_ID>::<DEVICE_SN>::INSTR")






	
open()[source]

	Open the backend.






	
get_error_codes(clear=True)[source]

	Return errors raised by the Matisse controller.

If clear==True, clear the errors on the controller (otherwise, it doesn’t execute new commands).










	
class pylablib.aux_libs.devices.Sirah.SirahMatisse(conn)[source]

	Bases: pylablib.aux_libs.devices.Sirah.SirahInterface

Sirah Matisse device interface using Visa communication.


	Parameters

	conn – VISA connection string (something like "USB0::0x17E7::0x0102::<DEVICE_ID>::INSTR")






	
brf_home()[source]

	Home BRF motor






	
brf_halt()[source]

	Stop BRF motor (smoothly)






	
get_brf_status_n()[source]

	Get BRF motor status as an integer

For the meaning, see Matisse Programmer’s Guide






	
is_brf_moving()[source]

	Check if BRF motor is moving






	
wait_for_brf(timeout=30.0, wait_step=0.3)[source]

	Wait until BRF motor is stopped






	
get_brf_position()[source]

	Get BRF motor position






	
set_brf_position(position)[source]

	Move BRF motor to a new position






	
thinet_home()[source]

	Home thin etalon motor






	
thinet_halt()[source]

	Stop thin etalon motor (smoothly)






	
get_thinet_status_n()[source]

	Get thin etalon motor status as an integer

For the meaning, see Matisse Programmer’s Guide






	
is_thinet_moving()[source]

	Check if thin etalon motor is moving






	
wait_for_thinet(timeout=30.0, wait_step=0.3)[source]

	Wait until thin etalon motor is stopped






	
get_thinet_position()[source]

	Get thin etalon motor position






	
set_thinet_position(position)[source]

	Move thin etalon motor to a new position






	
get_piezoet_position()[source]

	Get piezo etalon position






	
set_piezoet_position(position)[source]

	Change piezo etalon position











pylablib.aux_libs.devices.SmarAct module


	
exception pylablib.aux_libs.devices.SmarAct.SmarActError[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic SmarAct error.






	
class pylablib.aux_libs.devices.SmarAct.SCU3D(lib_path=None, idx=0, axis_mapping='xyz', axis_dir='+++')[source]

	Bases: pylablib.core.devio.interface.IDevice

SmarAct SCU3D translation stage.


	Parameters

	
	lib_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – path to the SCU3DControl.dll (default is to use the library supplied with the package)


	idx (int [https://docs.python.org/3/library/functions.html#int]) – stage index


	axis_mapping (str [https://docs.python.org/3/library/stdtypes.html#str]) – 3-symbol string specifying indices of x, y and z axes (can be any permutation of "xyz")


	axis_dir (str [https://docs.python.org/3/library/stdtypes.html#str]) – 3-symbol string specifying default directions of the axes (each symbol be "+" or "-")









	
open()[source]

	Open the connection to the stage






	
close()[source]

	Close the connection to the stage






	
is_opened()[source]

	Check if the device is connected






	
get_axis_mapping()[source]

	




	
set_axis_mapping(mapping)[source]

	




	
get_axis_dir()[source]

	




	
set_axis_dir(dir)[source]

	




	
move_macrostep(axis, steps, voltage, frequency)[source]

	Move along a given axis with a given number of steps.

voltage (in Volts) and frequency (in Hz) specify the motion parameters.






	
move(axis, steps=1, stepsize=10)[source]

	Move along a given axis with a given number of steps using one of the predefined step size.

stepsize can range from 1 (smallest) to 20 (largest).






	
get_status(axis)[source]

	Get the axis status






	
wait_for_axis(axis, status='stopped', timeout=3.0)[source]

	Wait until the axis reaches a given status.

By default the status is "stopped" (i.e., wait until the motion is finished).






	
is_moving(axis)[source]

	Check if a given axis is moving











pylablib.aux_libs.devices.Tektronix module


	
class pylablib.aux_libs.devices.Tektronix.ITektronixScope(addr)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

Generic Tektronix Oscilloscope.


	
grab_single(wait_type='sync')[source]

	




	
grab_continuous(enable=True)[source]

	




	
is_continuous()[source]

	




	
is_grabbing()[source]

	




	
get_edge_trigger_source()[source]

	




	
get_edge_trigger_coupling()[source]

	




	
get_edge_trigger_slope()[source]

	




	
get_trigger_level()[source]

	




	
set_edge_trigger(source, level, coupling='dc', slope='fall')[source]

	




	
get_trigger_mode()[source]

	




	
set_trigger_mode(mode='auto')[source]

	




	
get_trigger_state()[source]

	




	
force_trigger()[source]

	




	
get_horizontal_span()[source]

	




	
set_horizontal_span(span)[source]

	




	
get_horizontal_offset()[source]

	




	
set_horizontal_offset(offset=0.0)[source]

	




	
channel_enabled(channel)[source]

	




	
enable_channel(channel, enabled=True)[source]

	




	
get_coupling(channel)[source]

	




	
set_coupling(channel, coupling='dc')[source]

	




	
get_vertical_span(channel)[source]

	




	
set_vertical_span(channel, span)[source]

	




	
get_vertical_position(channel)[source]

	




	
set_vertical_position(channel, offset)[source]

	




	
get_points_number(kind='send')[source]

	




	
set_points_number(pts_num, reset_limts=True)[source]

	




	
get_data_pts_range()[source]

	




	
set_data_pts_range(rng=None)[source]

	




	
set_data_format(fmt=None)[source]

	




	
get_data_format()[source]

	




	
get_wfmpre()[source]

	




	
request_data(fmt=None)[source]

	




	
selected_channel()[source]

	




	
select_channel(channel)[source]

	




	
read_multiple_sweeps(channels, wfmpres=None, ensure_fmt=True)[source]

	




	
read_sweep(channel, wfmpre=None, ensure_fmt=True)[source]

	








	
class pylablib.aux_libs.devices.Tektronix.DPO2014(addr)[source]

	Bases: pylablib.aux_libs.devices.Tektronix.ITektronixScope

Tektronix DPO2014 Oscilloscope.


	
get_horizontal_offset()[source]

	




	
set_horizontal_offset(offset=0.0)[source]

	








	
class pylablib.aux_libs.devices.Tektronix.TDS2000(addr)[source]

	Bases: pylablib.aux_libs.devices.Tektronix.ITektronixScope

Tektronix TDS2000 Oscilloscope.






	
class pylablib.aux_libs.devices.Tektronix.MDO3000(addr)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

Tektronix MDO3000 Oscilloscope with the Spectrum Analyzer add-on.


	
get_avg()[source]

	




	
set_avg(avg)[source]

	




	
grab_single(avg=None, wait_type='sync')[source]

	




	
grab_continuous(enable=True)[source]

	




	
is_continuous()[source]

	




	
is_grabbing()[source]

	




	
get_horizontal_span()[source]

	




	
set_horizontal_span(span)[source]

	




	
channel_enabled(channel)[source]

	




	
enable_channel(channel, enabled=True)[source]

	




	
get_vertical_span(channel)[source]

	




	
set_vertical_span(channel, span)[source]

	




	
get_frequency_range()[source]

	




	
set_frequency_range(frequency)[source]

	




	
get_bandwidth()[source]

	




	
set_bandwidth(bwidth)[source]

	




	
get_rel_sweep_step()[source]

	




	
set_rel_sweep_step(step)[source]

	




	
get_rf_avg()[source]

	




	
set_rf_avg(avg)[source]

	




	
get_ref_level()[source]

	




	
set_ref_level(level)[source]

	




	
enable_rf_channel(kind='normal', enable=True)[source]

	




	
get_rf_mode(kind='normal')[source]

	




	
set_rf_mode(mode='max', kind='norm')[source]

	




	
get_points_number(kind='send')[source]

	




	
set_points_number(pts_num, reset_limts=True)[source]

	




	
get_data_pts_range()[source]

	




	
set_data_pts_range(rng=None)[source]

	




	
set_data_format(fmt=None)[source]

	




	
get_data_format()[source]

	




	
request_data(fmt=None, set_fmt=True)[source]

	




	
read_trace(channel)[source]

	




	
read_sweep(kind='normal')[source]

	




	
grab_rf_sweep(kind='avg', avg=None, freq_step=None)[source]

	




	
get_selected_channel()[source]

	




	
select_channel(channel)[source]

	









pylablib.aux_libs.devices.Thorlabs module


	
class pylablib.aux_libs.devices.Thorlabs.PM100D(addr)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

Thorlabs PM100D optical Power Meter.


	Parameters

	addr – connection address (usually, a VISA connection string)






	
setup_power_measurement()[source]

	Switch the device into power measurement mode






	
get_power()[source]

	Get the power readings










	
class pylablib.aux_libs.devices.Thorlabs.ThorlabsInterface(conn)[source]

	Bases: pylablib.core.devio.SCPI.SCPIDevice

Generic Thorlabs device interface using Serial communication.


	Parameters

	conn – serial connection parameters (usually port or a tuple containing port and baudrate)






	
open()[source]

	Open the backend.










	
class pylablib.aux_libs.devices.Thorlabs.FW(conn, respect_bound=True)[source]

	Bases: pylablib.aux_libs.devices.Thorlabs.ThorlabsInterface

Thorlabs FW102/202 motorized filter wheels.


	Parameters

	
	conn – serial connection parameters (usually port or a tuple containing port and baudrate)


	respect_bound (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, avoid crossing the boundary between the first and the last position in the wheel









	
get_position()[source]

	Get the wheel position (starting from 1)






	
set_position(pos)[source]

	Set the wheel position (starting from 1)






	
get_pcount()[source]

	Get the number of wheel positions (6 or 12)






	
set_pcount(pcount)[source]

	




	
get_speed()[source]

	Get the motion speed






	
set_speed(speed)[source]

	Set the motion speed










	
class pylablib.aux_libs.devices.Thorlabs.MDT69xA(conn)[source]

	Bases: pylablib.aux_libs.devices.Thorlabs.ThorlabsInterface

Thorlabs MDT693/4A high-voltage source.

Uses MDT693A program interface, so should be compatible with both A and B versions.


	Parameters

	conn – serial connection parameters (usually port or a tuple containing port and baudrate)






	
get_voltage(channel='x')[source]

	Get the output voltage in Volts at a given channel






	
set_voltage(voltage, channel='x')[source]

	Set the output voltage in Volts at a given channel






	
get_voltage_range()[source]

	Get the selected voltage range in Volts (75, 100 or 150).










	
exception pylablib.aux_libs.devices.Thorlabs.KinesisError[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic Kinesis device error.






	
exception pylablib.aux_libs.devices.Thorlabs.KinesisTimeoutError[source]

	Bases: pylablib.aux_libs.devices.Thorlabs.KinesisError

Kinesis timeout error.






	
pylablib.aux_libs.devices.Thorlabs.list_kinesis_devices(filter_ids=True)[source]

	List all Thorlabs Kinesis devices connected ot this PC.


	Return list of tuples (conn, description).

	If filter_ids==True, only leave devices with Tholabs-like IDs (8-digit numbers).
Otherwise, show all devices (some of them might not be Thorlabs-related).










	
class pylablib.aux_libs.devices.Thorlabs.KinesisDevice(conn, timeout=3.0)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

Generic Kinesis device.

Implements FTDI chip connectivity via pyft232 (virtual serial interface).


	Parameters

	conn – serial connection parameters (usually 8-digit device serial number).






	
static list_devices(filter_ids=True)[source]

	List all connected devices.

Return list of tuples (conn, description).
If filter_ids==True, only leave devices with Tholabs-like IDs (8-digit numbers).
Otherwise, show all devices (some of them might not be Thorlabs-related).






	
send_comm_nodata(messageID, param1=0, param2=0, source=1, dest=80)[source]

	Send a message with no associated data.

For details, see APT communications protocol.






	
send_comm_data(messageID, data, source=1, dest=80)[source]

	Send a message with associated data.

For details, see APT communications protocol.






	
class CommNoData(messageID, param1, param2, source, dest)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
dest

	




	
messageID

	




	
param1

	




	
param2

	




	
source

	








	
class CommData(messageID, data, source, dest)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
data

	




	
dest

	




	
messageID

	




	
source

	








	
recv_comm()[source]

	Receive a message.

Return either CommNoData or CommData depending on the message type
(fixed length with two parameters, or variable length with associated data).
For details, see APT communications protocol.






	
recv_comm_nodata()[source]

	Receive a fixed-length message with two parameters and no associated data.

If the next message is variable-length, raise error.
For details, see APT communications protocol.






	
recv_comm_data()[source]

	Receive a variable-length message with associated data.

If the next message is fixed-length, raise error.
For details, see APT communications protocol.






	
add_background_comm(messageID)[source]

	Mark given messageID as a ‘background’ message, which can be sent at any point without prompt (e.g., some operation confirmation).

If it is received instead during recv_comm_ operations, it is ignored, and the corresponding counter is increased.






	
check_background_comm(messageID)[source]

	Return message counter and the last message value (None if not message received yet) of a given ‘background’ message.






	
class DeviceInfo(serial_no, model_no, fw_ver, hw_type, hw_ver, mod_state, nchannels)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
fw_ver

	




	
hw_type

	




	
hw_ver

	




	
mod_state

	




	
model_no

	




	
nchannels

	




	
serial_no

	








	
get_info(dest=80)[source]

	Get device info.






	
blink(dest=80)[source]

	Identify the physical device (by, e.g., blinking status LED or screen)










	
class pylablib.aux_libs.devices.Thorlabs.MFF(conn)[source]

	Bases: pylablib.aux_libs.devices.Thorlabs.KinesisDevice

MFF (Motorized Filter Flip Mount) device.

Implements FTDI chip connectivity via pyft232 (virtual serial interface).


	Parameters

	conn – serial connection parameters (usually 8-digit device serial number).






	
set_position(pos, channel=0)[source]

	Set the flip mount position (either 0 or 1)






	
get_position(channel=0)[source]

	Get the flip mount position (either 0 or 1).

Return None if the mount is current moving.










	
class pylablib.aux_libs.devices.Thorlabs.KDC101(conn)[source]

	Bases: pylablib.aux_libs.devices.Thorlabs.KinesisDevice

Thorlabs KDC101 DC servo motor controller.

Implements FTDI chip connectivity via pyft232 (virtual serial interface).


	Parameters

	conn (str [https://docs.python.org/3/library/stdtypes.html#str]) – serial connection parameters (usually 8-digit device serial number).






	
get_status_n()[source]

	Get numerical status of the device.

For details, see APT communications protocol.






	
status_bits = [(1, 'sw_bk_lim'), (2, 'sw_fw_lim'), (16, 'moving_bk'), (32, 'moving_fw'), (64, 'jogging_bk'), (128, 'jogging_fw'), (512, 'homing'), (1024, 'homed'), (4096, 'tracking'), (8192, 'settled'), (16384, 'motion_error'), (16777216, 'current_limit'), (2147483648, 'enabled')]

	




	
get_status()[source]

	Get device status.

Return list of status strings, which can include "sw_fw_lim" (forward limit switch reached),``”sw_bk_lim”`` (backward limit switch reached),
"moving_fw" (moving forward), "moving_bk" (moving backward),
"homing" (homing), "homed" (homing done), "tracking", "settled",
"motion_error" (excessive position error), "current_limit" (motor current limit exceeded), or "enabled" (motor is enabled).






	
wait_for_status(status, enabled, timeout=None, period=0.05)[source]

	Wait until the given status (or list of status bits) is in the desired state.

status is a string or a list of strings describing the status bits to monitor; for possible values, see get_status().
If enabled==True, wait until one of the given statuses is enabled; otherwise, wait until all given statuses are disabled.
period specifies status checking period (in s).






	
home(sync=True, force=False, timeout=None)[source]

	Home the device.

If sync==True, wait until homing is done (with the given timeout).
If force==False, only home if the device isn’t homed already.






	
is_homing()[source]

	Check if homing is in progress






	
is_homed()[source]

	Check if the device is homed






	
wait_for_home(timeout=None)[source]

	Wait until the device is homes






	
get_velocity_params(scale=True)[source]

	Get current velocity parameters (max_velocity, acceleration)

If scale==True, return these in counts/sec and counts/sec^2 respectively; otherwise, return in internal units.






	
set_velocity_params(max_velocity, acceleration=None)[source]

	Set current velocity parameters.

The parameters are given in counts/sec and counts/sec^2 respectively (as returned by get_velocity_params() with scale=True).
If acceleration is None, use current value.






	
get_position()[source]

	Get current position






	
set_position_reference(position=0)[source]

	Set position reference (actual motor position stays the same)






	
move(steps=1)[source]

	Move by steps (positive or negative) from the current position






	
move_to(position)[source]

	Move to position (positive or negative)






	
jog(direction)[source]

	Jog in the given direction ("+" or "-")






	
is_moving()[source]

	Check if motion is in progress






	
wait_for_move(timeout=None)[source]

	Wait until motion is done






	
stop(immediate=False, sync=True, timeout=None)[source]

	Stop the motion.

If immediate==True make an abrupt stop; otherwise, slow down gradually.
If sync==True, wait until the motion is stopped.






	
wait_for_stop(timeout=None)[source]

	Wait until stopping operation is done










	
class pylablib.aux_libs.devices.Thorlabs.K10CR1(conn)[source]

	Bases: pylablib.aux_libs.devices.Thorlabs.KinesisDevice

Thorlabs K10CR1 rotation stage.

Implements FTDI chip connectivity via pyft232 (virtual serial interface).


	Parameters

	conn (str [https://docs.python.org/3/library/stdtypes.html#str]) – serial connection parameters (usually 8-digit device serial number).






	
get_status_n()[source]

	Get numerical status of the device.

For details, see APT communications protocol.






	
status_bits = [(1, 'sw_bk_lim'), (2, 'sw_fw_lim'), (16, 'moving_bk'), (32, 'moving_fw'), (64, 'jogging_bk'), (128, 'jogging_fw'), (512, 'homing'), (1024, 'homed'), (4096, 'tracking'), (8192, 'settled'), (16384, 'motion_error'), (16777216, 'current_limit'), (2147483648, 'enabled')]

	




	
get_status()[source]

	Get device status.

Return list of status strings, which can include "sw_fw_lim" (forward limit switch reached),``”sw_bk_lim”`` (backward limit switch reached),
"moving_fw" (moving forward), "moving_bk" (moving backward),
"homing" (homing), "homed" (homing done), "tracking", "settled",
"motion_error" (excessive position error), "current_limit" (motor current limit exceeded), or "enabled" (motor is enabled).






	
wait_for_status(status, enabled, timeout=None, period=0.05)[source]

	Wait until the given status (or list of status bits) is in the desired state.

status is a string or a list of strings describing the status bits to monitor; for possible values, see get_status().
If enabled==True, wait until one of the given statuses is enabled; otherwise, wait until all given statuses are disabled.
period specifies status checking period (in s).






	
home(sync=True, force=False, timeout=None)[source]

	Home the device.

If sync==True, wait until homing is done (with the given timeout).
If force==False, only home if the device isn’t homed already.






	
is_homing()[source]

	Check if homing is in progress






	
is_homed()[source]

	Check if the device is homed






	
wait_for_home(timeout=None)[source]

	Wait until the device is homes






	
get_velocity_params(scale=True)[source]

	Get current velocity parameters (max_velocity, acceleration)

If scale==True, return these in degree/sec and degree/sec^2 respectively; otherwise, return in internal units.






	
set_velocity_params(max_velocity, acceleration=None)[source]

	Set current velocity parameters.

The parameters are given in counts/sec and counts/sec^2 respectively (as returned by get_velocity_params() with scale=True).
If acceleration is None, use current value.






	
get_position()[source]

	Get current position (in degrees)






	
set_position_reference(position=0)[source]

	Set position reference (actual motor position stays the same)






	
move(angle=1)[source]

	Move by angle (degree, positive or negative) from the current position






	
move_to(position)[source]

	Move to position (degree, positive or negative)






	
jog(direction)[source]

	Jog in the given direction ("+" or "-")






	
is_moving()[source]

	Check if motion is in progress






	
wait_for_move(timeout=None)[source]

	Wait until motion is done






	
stop(immediate=False, sync=True, timeout=None)[source]

	Stop the motion.

If immediate==True make an abrupt stop; otherwise, slow down gradually.
If sync==True, wait until the motion is stopped.






	
wait_for_stop(timeout=None)[source]

	Wait until stopping operation is done











pylablib.aux_libs.devices.Trinamic module


	
exception pylablib.aux_libs.devices.Trinamic.TrinamicError[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic Trinamic error.






	
class pylablib.aux_libs.devices.Trinamic.TMCM1100(conn)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

Trinamic stepper motor controller.


	Parameters

	conn – serial connection parameters (usually port or a tuple containing port and baudrate)






	
open()[source]

	Open the backend.






	
class ReplyData(comm, status, value, addr, module)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
addr

	




	
comm

	




	
module

	




	
status

	




	
value

	








	
query(comm, comm_type, value, result_format='i4', bank=0, addr=0)[source]

	Send a query to the stage and return the reply.

For details, see TMCM-1110 firmware manual.






	
get_axis_parameter(parameter, result_format='i4', addr=0)[source]

	Get a given axis parameter






	
set_axis_parameter(parameter, value, addr=0)[source]

	Set a given axis parameter (volatile; resets on power cycling)






	
store_axis_parameter(parameter, value=None, addr=0)[source]

	Store a given axis parameter in EEPROM (by default, value is the current value)






	
get_global_parameter(parameter, result_format='i4', bank=0, addr=0)[source]

	Get a given global parameter






	
set_global_parameter(parameter, value, bank=0, addr=0)[source]

	Set a given global parameter






	
move_to(position, addr=0)[source]

	Move to a given position






	
move(steps=1, addr=0)[source]

	Move for a given number of steps






	
get_position(addr=0)[source]

	Get the current axis position






	
jog(direction, speed)[source]

	Jog in a given direction with a given speed.

direction can be either "-" (negative) or "+" (positive).
The motion continues until it is explicitly stopped, or until a limit is hit.






	
stop(addr=0)[source]

	Stop motion






	
get_speed(addr=0)[source]

	Get the speed setting






	
set_speed(speed, addr=0)[source]

	Set the speed setting






	
get_current_speed(addr=0)[source]

	Get the current speed






	
is_moving(addr=0)[source]

	Check if the motor is moving






	
wait_for_axis(addr=0)[source]

	Wait for the motor to stop moving











pylablib.aux_libs.devices.UBNT module

The MIT License (MIT)

Copyright (c) 2014 Andrew Rodgers

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the “Software”), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.


	
class pylablib.aux_libs.devices.UBNT.UbntConfig(config)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
parse_line(line_string, data)[source]

	




	
parse_config(conf)[source]

	




	
get_ntp()[source]

	




	
set_ntp(ntp_server)[source]

	




	
get_crontab()[source]

	




	
add_cronjob(schedule, status, cmd, label)[source]

	




	
flatten_config(obj, path=(), memo=None)[source]

	




	
get_config_dump()[source]

	




	
get_config()[source]

	








	
class pylablib.aux_libs.devices.UBNT.MfiDevice(url, user, passwd, cache_timeout=2)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Base class for all mFi devices


	
login()[source]

	




	
get_data()[source]

	




	
get_sensor(port_no)[source]

	




	
get_param(port_no, param)[source]

	




	
get_cfg()[source]

	




	
set_cfg(config_string)[source]

	








	
class pylablib.aux_libs.devices.UBNT.MPower(url, user, passwd, cache_timeout=2)[source]

	Bases: pylablib.aux_libs.devices.UBNT.MfiDevice

Provides an interface to a single mPower Device


	
get_power(port_no)[source]

	




	
switch(port_no, state='toggle')[source]

	








	
class pylablib.aux_libs.devices.UBNT.MPort(url, user, passwd, cache_timeout=2)[source]

	Bases: pylablib.aux_libs.devices.UBNT.MfiDevice

Provides an API to a single mPort Device


	
get_temperature(port_no, temp_format='c')[source]

	









pylablib.aux_libs.devices.Vaunix module


	
class pylablib.aux_libs.devices.Vaunix.IVaunixDevice(product_id=None, idx=0)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

Generic Vaunix device.


	
close()[source]

	Close the backend.






	
send_data(comm, count, value)[source]

	




	
recv_data(comm)[source]

	




	
query_data(send_comm, recv_comm=None, send_count=0, send_value=0)[source]

	








	
class pylablib.aux_libs.devices.Vaunix.LMS(product_id=None, idx=0)[source]

	Bases: pylablib.aux_libs.devices.Vaunix.IVaunixDevice

Vaunix LMS (LabBrick) microwave generator.


	
get_output()[source]

	




	
set_output(output=True)[source]

	




	
get_extref()[source]

	




	
set_extref(extref=True)[source]

	




	
get_output_level()[source]

	




	
set_output_level(level)[source]

	




	
get_frequency()[source]

	




	
set_frequency(frequency)[source]

	




	
save_as_default()[source]

	




	
apply_settings(settings)[source]

	Apply the settings.

settings is the dict {name: value} of the device available settings.
Non-applicable settings are ignored.











pylablib.aux_libs.devices.ZurichInstruments module


	
pylablib.aux_libs.devices.ZurichInstruments.get_timestamps_data(trace)[source]

	




	
pylablib.aux_libs.devices.ZurichInstruments.check_timestamps(trace)[source]

	




	
pylablib.aux_libs.devices.ZurichInstruments.check_all_timestamps(data)[source]

	




	
pylablib.aux_libs.devices.ZurichInstruments.get_timestamp_chunks(ts)[source]

	




	
pylablib.aux_libs.devices.ZurichInstruments.extract_largest_chunk(traces)[source]

	




	
pylablib.aux_libs.devices.ZurichInstruments.cut_to_largest_chunk(traces)[source]

	




	
pylablib.aux_libs.devices.ZurichInstruments.align_all_timestamps(data, max_length=None)[source]

	




	
pylablib.aux_libs.devices.ZurichInstruments.normalize_time(trace, normalization='full', clockbase=210000000.0)[source]

	




	
pylablib.aux_libs.devices.ZurichInstruments.filter_transfer_function(f, order, timeconst)[source]

	




	
pylablib.aux_libs.devices.ZurichInstruments.tc_to_bandwidth(tc, order)[source]

	




	
pylablib.aux_libs.devices.ZurichInstruments.bandwidth_to_tc(bandwidth, order)[source]

	




	
pylablib.aux_libs.devices.ZurichInstruments.filter_amplitude_kernel(t, order, timeconst)[source]

	




	
pylablib.aux_libs.devices.ZurichInstruments.filter_power_kernel(t, order, timeconst)[source]

	




	
pylablib.aux_libs.devices.ZurichInstruments.PSD_filter_compensate(PSD, order, timeconst)[source]

	




	
pylablib.aux_libs.devices.ZurichInstruments.FT_filter_compensate(ft, order, timeconst)[source]

	




	
pylablib.aux_libs.devices.ZurichInstruments.trace_filter_compensate(trace, order, timeconst, truncate=True)[source]

	




	
class pylablib.aux_libs.devices.ZurichInstruments.Demod(n, dev)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
filter_transfer_function(f)[source]

	




	
filter_amplitude_kernel(t)[source]

	




	
filter_power_kernel(t)[source]

	




	
PSD_filter_compensate(PSD, relative_frequency=True)[source]

	
	If relative_frequency=True, frequencies are given relative to the demod frequency;

	otherwise, they’re real frequencies of an input signal










	
FT_filter_compensate(ft, relative_frequency=True)[source]

	




	
trace_filter_compensate(trace, truncate=True)[source]

	








	
class pylablib.aux_libs.devices.ZurichInstruments.ZIDevice(dev_id=None, port=8005, api_level=1)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Generic Zurich Instruments device.


	
close()[source]

	




	
get_parameter(path, argtype='float')[source]

	




	
set_parameter(path, value)[source]

	




	
get_default(path, argtype='float', default=None)[source]

	




	
classmethod filter_settings_dict(settings)[source]

	




	
get_branch(path='', rel_paths=True, raw=False)[source]

	




	
set_branch(branch, path='')[source]

	




	
get_settings(path='', rel_paths=True, raw=False)

	




	
apply_settings(branch, path='')

	




	
sync()[source]

	




	
flush()[source]

	




	
get_devtype()[source]

	




	
get_options()[source]

	




	
get_clockbase()[source]

	




	
normalize_time(trace, normalization='full')[source]

	




	
get_timestamp(subtract_ref_timestamp=True)[source]

	




	
update_ref_timestamp()[source]

	




	
get_demod_sample(demod, fmt='complex')[source]

	




	
get_demods_rates()[source]

	




	
get_demods_num()[source]

	




	
set_demod_rate(demod, rate)[source]

	




	
stop_demod(demod)[source]

	




	
get_demod_frequency(demod)[source]

	




	
set_demod_frequency(demod, freq)[source]

	




	
get_demod_power(demod, sigout, only_enabled=True)[source]

	




	
set_demod_power(demod, sigout, power_dBm=None, enable=True)[source]

	




	
read_demods(trace_length, demods=None, save_frequencies_for=None, buffer_size=None, sanitize_data=True, consistent_length=False)[source]

	




	
get_demod(demod_idx)[source]

	




	
read_demod_pts(trace_pts, demod, poll_time=None, sanitize_data=True)[source]

	




	
repeat_read_demod_pts(trace_pts, demod, traces_num=1, poll_time=None)[source]

	




	
class DemodTraceAccumulator(rate, length, columns=3)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
add_piece(*traces)[source]

	




	
full()[source]

	








	
read_demods_poll(trace_length, demods=None, save_frequencies_for=None, sanitize_data=True, consistent_length=False)[source]

	




	
get_auxin_sample(channel, fmt='float')[source]

	




	
get_scope_trace_pts()[source]

	




	
set_scope_trace_pts(length)[source]

	




	
get_scope_source_idx(source)[source]

	




	
get_scope_source_range(source)[source]

	




	
get_scope_timestep_idx()[source]

	




	
get_scope_timestep(timestep_idx=None)[source]

	




	
get_scope_time_points(length=None)[source]

	




	
setup_trigger(channel='continuous', edge='rising', level=0.0, delay=0.0, holdoff=0.0)[source]

	




	
setup_scope(timestep_idx=None, source='sigin0', trace_pts=None, bw_limit=True)[source]

	




	
read_scope_poll(traces=1, poll_time=None, add_time=False, timeout='auto', fast_flush=False)[source]

	




	
read_scope(timestep_idx=None, source='sigin0', traces=1, trace_pts=None, poll_time=None, add_time=False, bw_limit=True, timeout='auto')[source]

	








	
class pylablib.aux_libs.devices.ZurichInstruments.HF2Device(dev_id=None, port=8005)[source]

	Bases: pylablib.aux_libs.devices.ZurichInstruments.ZIDevice

Zurich Instruments HF2 device.


	
get_clockbase()[source]

	




	
get_demods_rates()[source]

	




	
set_demod_rate(demod, rate)[source]

	




	
get_scope_trace_pts()[source]

	




	
set_scope_trace_pts(length)[source]

	




	
get_scope_source()[source]

	




	
setup_trigger(channel='continuous', edge='rising', level=0.0, delay=0.0, holdoff=0.0)[source]

	




	
setup_scope(timestep_idx=None, source='sigin0', trace_pts=None, bw_limit=True)[source]

	




	
read_scope_poll(traces=1, poll_time=None, add_time=False, timeout='auto', fast_flush=True)[source]

	








	
class pylablib.aux_libs.devices.ZurichInstruments.UHFDevice(dev_id=None, port=8004)[source]

	Bases: pylablib.aux_libs.devices.ZurichInstruments.ZIDevice

Zurich Instruments UHF device.


	
get_demods_rates()[source]

	




	
set_demod_rate(demod, rate)[source]

	




	
get_scope_source_idx(source)[source]

	




	
get_scope_source_range(source)[source]

	




	
get_scope_source()[source]

	




	
setup_trigger(channel='continuous', edge='rising', level=0.0, delay=0.0, holdoff=0.0)[source]

	




	
setup_scope(timestep_idx=None, source='sigin0', trace_pts=None, bw_limit=True)[source]

	




	
read_scope_poll(traces=1, poll_time=None, add_time=False, timeout='auto', fast_flush=False, stop_after=True)[source]

	




	
read_demods_with_scope(trace_length, demods=None)[source]

	








	
class pylablib.aux_libs.devices.ZurichInstruments.ZISweeper(dev, settings=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Sweeper interface for Zurich Instruments devices.


	
is_set()[source]

	




	
setup(sweep_range, oscillator, demods, settings=None)[source]

	




	
frequency_points()[source]

	




	
get_max_tc()[source]

	




	
get_tc(variable_tc=False)[source]

	




	
execute(result_format=('c', 'comb'), method='zi')[source]

	




	
execute_manual(result_format=('c', 'comb'))[source]

	




	
execute_zi(result_format=('c', 'comb'), poll_time=0.1)[source]

	









pylablib.aux_libs.devices.device_manager module


	
class pylablib.aux_libs.devices.device_manager.DeviceManager(path=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
add_device(name, dev_cls, addr)[source]

	




	
add_from_file(path)[source]

	




	
get_device(name, reopen=False)[source]

	









pylablib.aux_libs.devices.interfaces module


	
class pylablib.aux_libs.devices.interfaces.ITranslationStage[source]

	Bases: pylablib.core.devio.interface.IDevice







pylablib.aux_libs.devices.misc module


	
pylablib.aux_libs.devices.misc.get_default_lib_folder(absolute=True)[source]

	Get default DLL folder withing the package, depending on the Python bitness

If absolute==True, get absolute path (including pyLabLib folder); otherwise, get subfolder within pyLabLib folder.






	
pylablib.aux_libs.devices.misc.get_os_lib_folder()[source]

	Get default Windows DLL folder (System32 or SysWOW64, depending on Python and Windows bitness)






	
pylablib.aux_libs.devices.misc.load_lib(name, locations=('global', ), call_conv='cdecl', locally=False, error_message=None, check_order='location')[source]

	Load DLL.


	Parameters

	
	name – name or path of the library (can also be a list or a tuple with several names, which are tried in that order).


	locations – list or tuple of locations to search for a library; the function tries locations in order and returns the first successfully loaded library
a location is a string which can be a path to the containing folder, "local" (local package path given by get_default_lib_folder()),
or "global" (load path as is; also searches in the standard OS specified locations determined by PATH variable, e.g., System32 folder)


	locally (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, change local path to allow loading of dependent DLLs


	call_conv (str [https://docs.python.org/3/library/stdtypes.html#str]) – DLL call convention; can be either "cdecl" (corresponds to ctypes.cdll) or "stdcall" (corresponds to ctypes.windll)


	error_message (str [https://docs.python.org/3/library/stdtypes.html#str]) – error message to add in addition to the default error message shown when the DLL is not found


	check_order (str [https://docs.python.org/3/library/stdtypes.html#str]) – determines the order in which possible combinations of names and locations are looped over;
can be "location" (loop over locations, and for each location loop over names), "name"  (loop over names, and for each name loop over locations),
or a list of tuples [(loc,name)] specifying order of checking
(in the latter case, name and location arguments are ignored, except for generating error mesage).














pylablib.aux_libs.devices.pfcam_lib module

Used by autodoc_mock_imports.



Module contents





          

      

      

    

  

    
      
          
            
  
pylablib.aux_libs.file_formats package


Submodules



pylablib.aux_libs.file_formats.cam module

Standard .cam format.

A .cam file is a set of frames (in raw binary <u2 format),
each of which is prepended by two 4-byte integers denoting the frame dimensions.


	
class pylablib.aux_libs.file_formats.cam.CamReader(path, same_size=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Reader class for .cam files.

Allows transparent access to frames by reading them from the file on the fly (without loading the whole file).
Supports determining length, indexing (only positive single-element indices) and iteration.


	Parameters

	
	path (str [https://docs.python.org/3/library/stdtypes.html#str]) – path to .cam file.


	same_size (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, assume that all frames have the same size, which speeds up random access and obtaining number of frames;
otherwise, the first time the length is determined or a large-index frame is accessed can take a long time (all subsequent calls are faster).









	
size()[source]

	Get the total number of frames






	
get_data(idx)[source]

	Get a single frame at the given index (only non-negative indices are supported)






	
iterrange([start, ]stop[, step])[source]

	Iterate over frames starting with start ending at stop (None means until the end of file) with the given step.






	
read_all()[source]

	Read all available frames










	
pylablib.aux_libs.file_formats.cam.iter_cam_frames(path, start=0, step=1)[source]

	Iterate of frames in a .cam datafile.

Yield 2D array (one array per frame).
Frames are loaded only when yielded, so the function is suitable for large files.






	
pylablib.aux_libs.file_formats.cam.load_cam(path, same_size=True)[source]

	Load .cam datafile.

Return list of 2D numpy arrays, one array per frame.
If same_size==True, raise error if different frames have different size.






	
pylablib.aux_libs.file_formats.cam.combine_cam_frames(path, func, init=None, start=0, step=1, max_frames=None, return_total=False)[source]

	Combine .cam frames using the function func.

func takes 2 arguments (the accumulated result and a new frame) and returns the combined result.
init is the initial result value; if init is None it is initialized to the first frame.
If max_frames is not None, it specifies the maximal number of frames to read.
If return_total==True', return a tuple (result, n)', where n is the total number of frames.






	
pylablib.aux_libs.file_formats.cam.save_cam(frames, path, append=True)[source]

	Save frames into a .cam datafile.

If append==False, clear the file before writing the frames.







pylablib.aux_libs.file_formats.ecam module


	
pylablib.aux_libs.file_formats.ecam.gen_uid()[source]

	




	
class pylablib.aux_libs.file_formats.ecam.ECamFrame(data, uid='new', timestamp='new', **kwargs)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A data frame for .ecam format.


	Parameters

	
	data – frame data (numpy array with between 1 and 4 dimensions)


	uid (bytes [https://docs.python.org/3/library/stdtypes.html#bytes]) – 8-byte unique ID of the frame (by default, generate a new random ID).


	timetamps (float [https://docs.python.org/3/library/functions.html#float]) – frame timestamp (by default, use current time)


	**kwargs – additional frame blocks (values and meaning depend on the block type, and can be expanded later)









	
update_timestamp(timestamp=None)[source]

	Update the frame timestamp (by default, use current time)






	
uid_to_int()[source]

	Return UID as an 8-byte integer






	
uid_to_hex()[source]

	Return UID as a 16-symbol hex string










	
class pylablib.aux_libs.file_formats.ecam.THeader(header_size, image_bytes, version, shape, dtype, stype, uid, timestamp, blocks)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
blocks

	




	
dtype

	




	
header_size

	




	
image_bytes

	




	
shape

	




	
stype

	




	
timestamp

	




	
uid

	




	
version

	








	
class pylablib.aux_libs.file_formats.ecam.TBlock(btype, value)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
btype

	




	
value

	








	
exception pylablib.aux_libs.file_formats.ecam.ECamFormatError[source]

	Bases: OSError [https://docs.python.org/3/library/exceptions.html#OSError]

Generic ECam reading error






	
class pylablib.aux_libs.file_formats.ecam.ECamFormatter(stype='raw', dtype=None, shape=(None, None))[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Formatter for .ecam files.

Class responsible for writing and reading arbitrary ECam frames.


	Parameters

	
	stype (str [https://docs.python.org/3/library/stdtypes.html#str]) – storage type for the data. Can be "raw" (write as raw binary),
"zlib" (raw binary compressed using standard Python zlib module), or "none" (write zeros instead of data).
Used only for writing; in reading, all storage types are supported.


	dtype – default data dtype. If suppled, any written data will be converted to this dtype,
and any read data will have this dtype by default (unless specified explicitly). Otherwise, use supplied data dtype when writing.


	shape (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – default data shape (tuple of length 2 or 3). If suppled, any written and read data is supposed to have this shape
(also use this as default shape if none is provided in the file).









	
skip_frame(f)[source]

	Skip next frame starting at the current position within the file f






	
read_frame(f, return_format='frame')[source]

	Read next frame starting at the current position within the file f.

return_format is the format for return data. Can be "frame" (return ECamFrame object with all metadata),
"image" (return only image array), or "raw" (return tuple (header, image) with raw data).






	
write_frame(frame, f)[source]

	Read the supplied frame starting at the current position within the file f.

frame can be either ECamFrame object, or a numpy array (in which case no metadata is saved).










	
pylablib.aux_libs.file_formats.ecam.save_ecam(frames, path, append=True, formatter=None)[source]

	Save frames into a .ecam datafile.

If append==False, clear the file before writing the frames.
formatter specifies ECamFormatter instance for frame saving.






	
pylablib.aux_libs.file_formats.ecam.save_ecam_single(frame, path, append=True, **kwargs)[source]

	Save a single frame into a .ecam datafile.

If append==False, clear the file before writing the frames.
**kwargs specify parameters passed to the ECamFormatter constructor for the saving formatter.






	
class pylablib.aux_libs.file_formats.ecam.ECamReader(path, same_size=False, return_format='frame', formatter=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Reader class for .ecam files.

Allows transparent access to frames by reading them from the file on the fly (without loading the whole file).
Supports determining length, indexing (only positive single-element indices) and iteration.


	Parameters

	
	path (str [https://docs.python.org/3/library/stdtypes.html#str]) – path to .ecam file.


	same_size (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, assume that all frames have the same size (including header), which speeds up random access and obtaining number of frames;
otherwise, the first time the length is determined or a large-index frame is accessed can take a long time (all subsequent calls are faster).


	return_format (str [https://docs.python.org/3/library/stdtypes.html#str]) – format for return data. Can be "frame" (return ECamFrame object with all metadata),
"image" (return only image array), or "raw" (return tuple (header, image) with raw data).


	formatter (ECamFormatter) – formatter for saving









	
size()[source]

	Get the total number of frames






	
get_data(idx)[source]

	Get a single frame at the given index (only non-negative indices are supported)






	
iterrange([start, ]stop[, step])[source]

	Iterate over frames starting with start ending at stop (None means until the end of file) with the given step.






	
read_all()[source]

	Read all available frames










	
pylablib.aux_libs.file_formats.ecam.load_ecam(path, return_format='image')[source]

	Read .ecam file.


	Parameters

	
	path (str [https://docs.python.org/3/library/stdtypes.html#str]) – path to .ecam file.


	return_format (str [https://docs.python.org/3/library/stdtypes.html#str]) – format for return data. Can be "frame" (return ECamFrame object with all metadata),
"image" (return only image array), or "raw" (return tuple (header, image) with raw data).














pylablib.aux_libs.file_formats.waveguide module

File formats generated by the LabView code on the waveguide project.


	
pylablib.aux_libs.file_formats.waveguide.load_info(path)[source]

	Load the info file (ends with "_info.txt").

Return information as a dictionary {name: value}, where value is a list (single-element list for a scalar property).






	
pylablib.aux_libs.file_formats.waveguide.load_sweep(prefix, force_info=True)[source]

	Load binary sweep located at prefix+".dat" with an associated info file located at prefix+"_info.txt".

Return tuple (table, info), where table is the data table, and info is the info dictionary (see load_info()).
If force_info==True, raise an error if the info file is missing.
The columns for table are extracted from the info file. If it is missing or the channels info is not in the file, table has a single column.






	
pylablib.aux_libs.file_formats.waveguide.cut_outliers(sweep, jump_size, length, padding=0, x_column=None, ignore_last=0)[source]

	Cut out sections of the waveform with large jumps.

Remove sections of the waveform which are at most length long and have jumps of at least jump_size on both size.
If padding>0, remove additional padding points on both sides of the outlier section.
if ignore_last>0, do not consider jumps in the last ignore_last points.
For multi-column data, x_column specifies the columns of interest.






	
pylablib.aux_libs.file_formats.waveguide.trim_jumps(sweep, jump_size, trim=1, x_column=None)[source]

	Clean up jumps in the data by removing several data points around them.

Remove trim datapoints on both sides of jumps if at least jump_size.
For multi-column data, x_column specifies the columns of interest.






	
pylablib.aux_libs.file_formats.waveguide.prepare_sweep_frequency(sweep, allowed_frequency_jump=None, ascending_frequency=True, rescale=True)[source]

	Clean up the sweep frequency data (exclude jumps and rescale in Hz).

Find the longest continuous chunk with frequency steps within allowed_frequency_jump’ range (by default, it is ``(-5*mfs,infty)`, where mfs is the median frequency step).
If ascending_frequency==True, sort the data so that frequency is in the ascending order.
If rescale==True, rescale frequency in Hz.






	
pylablib.aux_libs.file_formats.waveguide.interpolate_sweep(sweep, columns, frequency_step, rng=None, frequency_column='Wavemeter')[source]

	Interpolate sweep data over a regular frequency grid with the spacing frequency_step.






	
pylablib.aux_libs.file_formats.waveguide.load_prepared_sweeps(prefix, reps, min_sweep_length=1, **add_info)[source]

	Load sweeps with the given prefix and reps and normalize their frequency axes.

Return list of tuples (sweep, info). add_info is added to the info dictionary (rep index is added automatically).
min_sweep_length specifies the minimal sweep length (after frequency normalization) to be included in the list.







pylablib.aux_libs.file_formats.zi module

Files generated by the Zurich Instruments ziControl (old LabView version).


	
pylablib.aux_libs.file_formats.zi.load_spectr_file(path, result_format='xy')[source]

	Load a single demod scope (demod samples vs. time) file.






	
pylablib.aux_libs.file_formats.zi.load_spectr_folder(path, result_format='xy')[source]

	Load a folder containing demod scope files.

Return a list of 6 elements (one pere demod), which are either None, if there’s not data for this demod, or contain that demod’s trace.






	
pylablib.aux_libs.file_formats.zi.load_sweep_file(path, result_format='xy')[source]

	Load a single sweep file (demod samples vs. drive frequency).






	
pylablib.aux_libs.file_formats.zi.load_sweep_folder(path, result_format='xy')[source]

	Load a folder containing a demod sweep file.
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pylablib.aux_libs.gui.widgets package


Submodules



pylablib.aux_libs.gui.widgets.custom_controls module


	
class pylablib.aux_libs.gui.widgets.custom_controls.BinROICtl(parent=None)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Class for ROI control.

Has 2 rows (for X and Y coordinates), each with 3 numerical edits: min, max (or width, depending on setupUi() parameters), and bin.

Like most widgets, requires calling setupUi() to set up before usage.


	Parameters

	parent – parent widget






	
value_changed

	signal emitted when the ROIvalue is changed






	
class AxisParams(min, max, bin)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
bin

	




	
max

	




	
min

	








	
validateROI(xparams, yparams)[source]

	Restrict current ROI values according to the class constraints






	
setupUi(name, xlim=(0, None), ylim=None, maxbin=None, minsize=0, maxsize=None, kind='minmax', validate=None)[source]

	Setup the ROI control.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name


	xlim (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – limit for x-axis min and max values


	ylim (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – limit for y-axis min and max values


	maxbin (int [https://docs.python.org/3/library/functions.html#int] or tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – maximal allowed binning (int imples same for both axes)


	minsize (int [https://docs.python.org/3/library/functions.html#int] or tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – minimal allowed size (int imples same for both axes)


	maxsize (int [https://docs.python.org/3/library/functions.html#int] or tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – maximal allowed size (int imples same for both axes)


	kind (str [https://docs.python.org/3/library/stdtypes.html#str]) – can be either "minmax" (each axis control are min, max, and bin) or "minsize" (each axis control are min, size and bin)


	validate – if not None, a function which takes tuple (xparams, yparams) of two axes parameters (each is a 3-tuple (min, max, bin))
and return their constrained versions.













	
set_limits(xlim='keep', ylim='keep', maxbin='keep', minsize='keep', maxsize='keep')[source]

	Set limits for various parameters.

If value is "keep", keep the current value; if value is None, impose no constraints.
maxbin, minsize and maxsize can be integers or 2-tuples depending on whether the limits are the same or different for two axes.






	
value_changed

	Used by autodoc_mock_imports.






	
get_value()[source]

	Get ROI value.

Return tuple (xparams, yparams) of two axes parameters (each is a 3-tuple (min, max, bin)).






	
set_value(roi, notify_value_change=True)[source]

	Set ROI value.

roi is a tuple (xparams, yparams) of two axes parameters (each is a 3-tuple (min, max, bin)).
If notify_value_change==True, emit the value_changed signal; otherwise, change value silently.










	
class pylablib.aux_libs.gui.widgets.custom_controls.RangeCtl(parent=None)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Class for range control.

Can have any subset of 3 rows: specifying min-max, specifying center-span (connected to min-max), and specifying step.

Like most widgets, requires calling setupUi() to set up before usage.


	Parameters

	parent – parent widget






	Signals:

	value_changed: emitted when the ROIvalue is changed






	
setupUi(name, lim=(None, None), order=True, formatter='float', labels=('Min', 'Max', 'Center', 'Span', 'Step'), elements=('minmax', 'cspan', 'step'))[source]

	Setup the range control.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name


	lim (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – limit containing min and max values


	order (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, first value is always smaller than the second one (values are swapped otherwise)


	formatter (str [https://docs.python.org/3/library/stdtypes.html#str]) – formatter for all edit boxes; see format.as_formatter() for details


	labels (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – tuple of 5 labels for 5 controls: min, max, center, span, and step (need to always specify 5, even if no all elements are included)


	elements (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – tuple specifying elements which are displayed for the control;
can contain "minmax" (min-max row), "cspan" (center-span row), and "step" (step row)













	
set_limit(lim)[source]

	Set range values limit (2-tuple)






	
value_changed

	Used by autodoc_mock_imports.






	
get_value()[source]

	Get current range value (2-tuple (left, right))






	
set_value(rng, notify_value_change=True)[source]

	Get current range value

rng is a 2-tuple (left, right)
If notify_value_change==True, emit the value_changed signal; otherwise, change value silently.











pylablib.aux_libs.gui.widgets.image_plotter module

PyQtGraph-based image plotter.

Has 2 parts: ImageView which displays the image,
and ImageViewController which controls the image display (value ranges, flipping or transposing, etc.)
ImageView can also operate alone without a controller.
When both are used, ImageView is created and set up first, and then supplied to ImageViewController.setupUi() method.


	
class pylablib.aux_libs.gui.widgets.image_plotter.ImageViewController(parent=None)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Class for controlling an image inside ImageView.

Like most widgets, requires calling setupUi() to set up before usage.


	Parameters

	parent – parent widget






	
setupUi(name, view, display_table=None, display_table_root=None)[source]

	Setup the image view controller.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name


	view (ImageView) – controlled image view


	display_table (bool [https://docs.python.org/3/library/functions.html#bool]) – as IndicatorValuesTable object used to access table values; by default, create one internally


	display_table_root (str [https://docs.python.org/3/library/stdtypes.html#str]) – if not None, specify root (i.e., path prefix) for values inside the table.













	
set_img_lim(*args)[source]

	Set up image limits

Can specify either only upper limit (lower stays the same), or both limits.
Value of None implies no limit.






	
setup_gui_state()

	Enable or disable controls based on which actions are enabled






	
get_all_values()[source]

	Get all control values






	
set_all_values(params)[source]

	Set all control values






	
get_all_indicators()[source]

	Get all GUI indicators as a dictionary










	
class pylablib.aux_libs.gui.widgets.image_plotter.ImageView(parent=None)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Image view object.

Built on top of pyqtgraph.ImageView class.


	Parameters

	parent – parent widget






	
class Rectangle(rect, center=None, size=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
update_params(center=None, size=None)[source]

	








	
setupUi(name, img_size=(1024, 1024), min_size=(512, 512))[source]

	Setup the image view.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name


	img_size (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – default image size (used only until actual image is supplied)


	min_size (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – minimal widget size













	
set_colormap(cmap)[source]

	Setup colormap.

Can be name of one built-in colormaps ("gray", "gray_sat", "hot", "hot_sat"),
a list specifying PyQtGraph colormap or a pyqtgraph.ColorMap instance.






	
set_binning(xbin=1, ybin=1, mode='mean', update_image=True)[source]

	Set image binning (useful for showing large images).






	
set_image(img)[source]

	Set the current image.

The image display won’t be updated until update_image() is called.
This function is thread-safe (i.e., the application state remains consistent if it’s called from another thread,
although race conditions on simultaneous calls from multiple threads still might happen).






	
center_lines()

	Center coordinate lines






	
arm_single()[source]

	Arm the single-image trigger






	
set_rectangle(name, center=None, size=None)[source]

	Add or change parameters of a rectangle with a given name.

Rectangle coordinates are specified in the original image coordinate system
(i.e., rectangles are automatically flipped/transposed/scaled with the image).






	
update_rectangles()[source]

	Update rectangle coordinates






	
del_rectangle(name)[source]

	Delete a rectangle with a given name






	
show_rectangles(show=True, names=None)[source]

	Toggle showing rectangles on or off

If names is given, it specifies names of rectangles to show or hide (by default, all rectangles).






	
update_image_controls()

	Update image controls in the connected ImageViewController object






	
update_image(update_controls=False, do_redraw=False, only_new_image=True)

	Update displayed image.

If update_controls==True, update control values (such as image min/max values and line positions).
If do_redraw==True, force update regardless of the "update_image" button state; otherwise, update only if it is enabled.
If only_new_image==True and the image hasn’t changed since the last call to update_image, skip redraw (however, if do_redraw==True, force redrawing regardless).











pylablib.aux_libs.gui.widgets.line_plotter module

Simple PyQtGraph-based line plotter.

A small expansion on top of pyqtgraph.PlotWidget which allows for thread-safe plot updating.


	
class pylablib.aux_libs.gui.widgets.line_plotter.LinePlotter(parent=None)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Line plotter object.

Built on top of pyqtgraph.PlotWidget class.


	Parameters

	parent – parent widget






	
add_trace(name, caption=None, *args, **kwargs)[source]

	Add a trace plot.

If caption is not None, the trace is also added into the legend under the given caption.
All other arguments are passed to the underlying pyqtgraph.PlotWidget.plot() method.






	
delete_trace(name)[source]

	Delete trace plot






	
set_traces(data, hide_missing=True)[source]

	Set data to be plotted.

data is a list or a dictionary of 2-column numpy arrays containing x- and y-coordinates of the plots.
If it is a list, the columns are assumed to be in the order of their creation (also available as trace_names attribute).
If it is a dictionary, the keys are the column names.
If hide_missing==True and some traces are missing from the data, hide them (although they still appear in the legend);
otherwise, the missing traces are left unchanged.

This function is thread-safe (i.e., the application state remains consistent if it’s called from another thread,
although race conditions on simultaneous calls from multiple threads still might happen).






	
update_traces(only_new_data=True)[source]

	Update displayed traces.

If only_new_data==True and the data hasn’t changed since the last call to update_traces, skip replotting.











pylablib.aux_libs.gui.widgets.param_table module


	
class pylablib.aux_libs.gui.widgets.param_table.ParamTable(parent=None)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

GUI parameter table.

Simplifies creating code-generated controls and displays table layouts.

Has methods for adding various kinds of controls (labels, edit boxes, combo boxes, check boxes),
automatically creates values table for easy settings/getting.
By default supports 2-column (label-control) and 3-column (label-control-indicator) layout, depending on the parameters given to setupUi().

Similar to IndicatorValuesTable, has three container-like accessor:
.v for settings/getting values
(i.e., self.get_value(name) is equivalent to self.v[name], and self.set_value(name, value) is equivalent to self.v[name]=value),
.i for settings/getting indicator values
(i.e., self.get_indicator(name) is equivalent to self.i[name], and self.set_indicator(name, value) is equivalent to self.i[name]=value),
and .w for getting the underlying widget
(i.e., self.get_widget(name) is equivalent to self.w[name])

Like most widgets, requires calling setupUi() to set up before usage.


	Parameters

	parent – parent widget






	
setupUi(name, add_indicator=False, display_table=None, display_table_root=None, gui_thread_safe=False)[source]

	Setup the table.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – table widget name


	add_indicator (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, add indicators for all added widgets by default.


	display_table (bool [https://docs.python.org/3/library/functions.html#bool]) – as IndicatorValuesTable object used to access table values; by default, create one internally


	display_table_root (str [https://docs.python.org/3/library/stdtypes.html#str]) – if not None, specify root (i.e., path prefix) for values inside the table;
if not specified, then there’s no additional root for internal table (display_table is None),
or it is equal to name if there is an external table  (display_table is not None)


	gui_thread_safe (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, all value-access and indicator-access calls
(get/set_value, get/set_all_values, get/set_indicator, and update_indicators) are automatically called in the GUI thread.













	
value_changed

	Used by autodoc_mock_imports.






	
class ParamRow(widget, label, value_handler, indicator_handler)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
indicator_handler

	




	
label

	




	
value_handler

	




	
widget

	








	
add_simple_widget(name, widget, label=None, value_handler=None, add_indicator=None, location=(None, 0))[source]

	Add a ‘simple’ (single-spaced, single-valued) widget to the table.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name (used to reference its value in the values table)


	widget – widget to add


	label (str [https://docs.python.org/3/library/stdtypes.html#str]) – if not None, specifies label to put in front of the widget in the layout


	value_handler – value handler of the widget; by default, use auto-detected value handler (works for many simple built-in or custom widgets)


	add_indicator – if True, add an indicator label in the third column and a corresponding indicator handler in the built-in values table;
by default, use the default value supplied to setupUi()


	location (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – tuple (row, column) specifying location of the widget (or widget label, if it is specified);
by default, add to a new row in the end and into the first column








Return the widget’s value handler






	
add_custom_widget(name, widget, value_handler=None, indicator_handler=None, location=(None, 0, 1, None))[source]

	Add a ‘custom’ (multi-spaced, possibly complex-valued) widget to the table.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name (used to reference its value in the values table)


	widget – widget to add


	value_handler – value handler of the widget; by default, use auto-detected value handler (works for many simple built-in or custom widgets)


	indicator_handler – indicator handler of the widget; by default, use auto-detected indciator handler
(use set/get_indicator methods if present, or no indicator otherwises)


	location (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – tuple (row, column, rowspan, colspan) specifying location of the widget;
by default, add to a new row in the end and into the first column, span one row and all table columns








Return the widget’s value handler






	
add_virtual_element(name, value=None, add_indicator=None)[source]

	Add a virtual table element.

Doesn’t correspond to any actual widget, but behaves very similarly from the application point of view
(its value can be set or read, it has on-change events, it can have indicator).






	
add_button(name, caption, checkable=False, value=False, label=None, add_indicator=None, location=(None, 0))[source]

	Add a button to the table.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name (used to reference its value in the values table)


	caption (str [https://docs.python.org/3/library/stdtypes.html#str]) – text on the button


	checkable (bool [https://docs.python.org/3/library/functions.html#bool]) – determines whether the button is checkable (has on/off state) or simple press button


	value (bool [https://docs.python.org/3/library/functions.html#bool]) – if checkable, specifies initial value








Rest of the arguments and the return value are the same as add_simple_widget().






	
add_check_box(name, caption, value=False, label=None, add_indicator=None, location=(None, 0))[source]

	Add a checkbox to the table.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name (used to reference its value in the values table)


	caption (str [https://docs.python.org/3/library/stdtypes.html#str]) – text on the checkbox


	value (bool [https://docs.python.org/3/library/functions.html#bool]) – specifies initial value








Rest of the arguments and the return value are the same as add_simple_widget().






	
add_text_label(name, value=None, label=None, location=(None, 0))[source]

	Add a text label to the table.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name (used to reference its value in the values table)


	value (bool [https://docs.python.org/3/library/functions.html#bool]) – specifies initial value








Rest of the arguments and the return value are the same as add_simple_widget().






	
add_num_label(name, value=0, limiter=None, formatter=None, label=None, location=(None, 0))[source]

	Add a numerical label to the table.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name (used to reference its value in the values table)


	value (float [https://docs.python.org/3/library/functions.html#float]) – specifies initial value


	limiter (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – tuple (upper_limit, lower_limit, action, value_type) specifying value limits;
see limit.as_limiter() for details


	formatter (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – either "int" (for integer values), or tuple specifying floating value format;
see format.as_formatter() for details








Rest of the arguments and the return value are the same as add_simple_widget().






	
add_text_edit(name, value=None, label=None, add_indicator=None, location=(None, 0))[source]

	Add a text edit to the table.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name (used to reference its value in the values table)


	value (bool [https://docs.python.org/3/library/functions.html#bool]) – specifies initial value








Rest of the arguments and the return value are the same as add_simple_widget().






	
add_num_edit(name, value=None, limiter=None, formatter=None, label=None, add_indicator=None, location=(None, 0))[source]

	Add a numerical edit to the table.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name (used to reference its value in the values table)


	value (bool [https://docs.python.org/3/library/functions.html#bool]) – specifies initial value


	limiter (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – tuple (upper_limit, lower_limit, action, value_type) specifying value limits;
see limit.as_limiter() for details


	formatter (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – either "int" (for integer values), or tuple specifying floating value format;
see format.as_formatter() for details








Rest of the arguments and the return value are the same as add_simple_widget().






	
add_progress_bar(name, value=None, label=None)[source]

	Add a progress bar to the table.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name (used to reference its value in the values table)


	value (bool [https://docs.python.org/3/library/functions.html#bool]) – specifies initial value








Rest of the arguments and the return value are the same as add_simple_widget().






	
add_combo_box(name, value=None, options=None, label=None, add_indicator=None)[source]

	Add a combo box to the table.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name (used to reference its value in the values table)


	value (bool [https://docs.python.org/3/library/functions.html#bool]) – specifies initial value


	options (list [https://docs.python.org/3/library/stdtypes.html#list]) – list of string specifying box options








Rest of the arguments and the return value are the same as add_simple_widget().






	
add_spacer(height, width=1, location=(None, 0))[source]

	Add a spacer with the given width and height






	
add_label(text, location=(None, 0))[source]

	Add a text label (only for decoration) with the given text






	
add_padding(prop=1)[source]

	Add a padding (expandable spacer) with the given proportion






	
insert_row(row)[source]

	Insert a new table row at the given location






	
lock(names=None, locked=True)[source]

	Lock (disable) or unlock (enable) widgets with the given names (by default, all widgets)






	
get_value(name)

	Get value of a widget with the given name






	
set_value(name, value)

	Set value of a widget with the given name






	
get_all_values()

	Get values of all widgets in the table






	
set_all_values(values)

	Set values of all widgets in the table






	
get_handler(name)[source]

	Get value handler of a widget with the given name






	
get_widget(name)[source]

	Get a widget with the given name






	
changed_event(name)[source]

	Get a value-changed signal for a widget with the given name






	
get_indicator(name)

	Get indicator value for a widget with the given name






	
set_indicator(name, value)

	Set indicator value for a widget with the given name






	
get_all_indicators()

	Get all indicator values






	
update_indicators()

	Update all indicators (set their value






	
clear(disconnect=False)[source]

	Clear the table (remove all widgets)

If disconnect==True, also disconnect all slots connected to the value_changed signal.










	
pylablib.aux_libs.gui.widgets.param_table.TFixedParamTable

	alias of pylablib.aux_libs.gui.widgets.param_table.FixedParamTable






	
pylablib.aux_libs.gui.widgets.param_table.FixedParamTable(v=None, i=None)[source]

	




	
class pylablib.aux_libs.gui.widgets.param_table.StatusTable(parent=None)[source]

	Bases: pylablib.aux_libs.gui.widgets.param_table.ParamTable

Expansion of ParamTable which adds status lines, which automatically subscribe to signals and update values.


	
add_status_line(name, label=None, srcs=None, tags=None, filt=None, make_status=None)[source]

	Add a status line to the table:


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name (used to reference its value in the values table)


	label (str [https://docs.python.org/3/library/stdtypes.html#str]) – if not None, specifies label to put in front of the status line


	srcs (list [https://docs.python.org/3/library/stdtypes.html#list]) – status signal sources


	tags (list [https://docs.python.org/3/library/stdtypes.html#list]) – status signal tags


	filt (list [https://docs.python.org/3/library/stdtypes.html#list]) – filter function for the signals


	make_status – if not None, specifies a function which takes 3 arguments (signal source, tag, and value) and generates a status line text.


















pylablib.aux_libs.gui.widgets.trace_plotter module

PyQtGraph-based trace plotter.

Has 2 parts: TracePlotter which displays the plots,
and TracePlotterController which controls the channels (X-axis, enabled channels) and the plotting (buffer size, updating, etc.)
TracePlotter can also operate alone without a controller.
When both are used, TracePlotter is created and set up first, and then supplied to TracePlotterController.setupUi() method.


	
class pylablib.aux_libs.gui.widgets.trace_plotter.TracePlotterController(parent=None)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Class for controlling traces inside TracePlotter.

Like most widgets, requires calling setupUi() to set up before usage.


	Parameters

	parent – parent widget






	
setupUi(name, plotter, display_table=None, display_table_root=None)[source]

	Setup the trace plotter controller.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name


	plotter (TracePlotter) – controlled image plotter


	display_table (bool [https://docs.python.org/3/library/functions.html#bool]) – as IndicatorValuesTable object used to access table values; by default, create one internally


	display_table_root (str [https://docs.python.org/3/library/stdtypes.html#str]) – if not None, specify root (i.e., path prefix) for values inside the table.













	
get_all_values()[source]

	Get all control values






	
set_all_values(params)[source]

	Set all control values






	
get_all_indicators()[source]

	Get all GUI indicators as a dictionary






	
setup_channels()[source]

	Update channels from the associated plotter.

Sets up GUI appearance (dropdown menu items and checkbox rows) to correspond to the trace plotter settings.
Called automatically on creation or channels update, doesn’t need to be called explicitly.






	
get_enabled_channels()[source]

	Get a list of enabled channels










	
class pylablib.aux_libs.gui.widgets.trace_plotter.TracePlotter(parent=None)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Trace plotter object.

Built on top of pyqtgraph.PlotWidget class.

Intended for plotting of gradually-accumulated data;
designed to work tightly with TableAccumulator or TableAccumulatorThread as data sources.


	Parameters

	parent – parent widget






	
setupUi(name, add_end_marker=False, update_only_on_visible=True)[source]

	Setup the image view.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – widget name


	add_end_marker (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, point markers are added at the position of the last point (makes easier to track plotting progress).


	update_only_on_visible (bool [https://docs.python.org/3/library/functions.html#bool]) – ig True, only update plot if the widget is visible.













	
setup_channels(channels, channel_indices=None)[source]

	Setup and complete plot channels settings (name, color, legend name)

channels is a dictionary {name: params}, where params is a parameter dictionary with the following possible keys:
"name" - channel name used in the controller GUI; "legend_name" - channel name used in the plotting window (legend and x-axis label);
"color" - channel plot color; "end_marker" - overrides global end_marker property of the plotter;
"factor" - rescaling factor applied before plotting.






	
on_reset

	Used by autodoc_mock_imports.






	
reset_history()

	Reset plot history.

Reset source (if specified) and emits on_reset signal.
Automatically called when Reset controller button is pressed.






	
get_enabled_channels()[source]

	Get list of enabled channels and update plot lines if necessary






	
get_required_channels()[source]

	Get list of channels required for plotting: all enabled channels plus ‘X axis’ and  ‘Order by’ channels






	
get_data_from_accum(table_accum)[source]

	Get data from the table accumulator, taking selected channels into account

Return dictionary {name: column}.






	
get_data_from_accum_thread(table_accum_thread)[source]

	Get data from the table accumulator thread, taking selected channels into account

Return dictionary {name: column}.






	
setup_data_source(src=None)[source]

	Setup data source.

Add a data source (TableAccumulator or TableAccumulatorThread instance used as a source of data for channels).
The source is used to automatically grab channel data and receive reset commands.
Not necessary, if the data is provided explicitly to update_plot().






	
get_data_from_source()[source]

	Get data from the default source.

Return dictionary {name: column}.






	
update_plot(data=None, idx_column=None)[source]

	Update plot data.


	Parameters

	
	data – dictionary {name: column} with the data. Should contain all selected channel and channels used for x-axis and order.
if not supplied, can be grabbed automatically from the default data source (if supplied).


	idx_column – name of the default index column; if the “order by” column name is the same as idx_column, no data re-ordering is performed.
doesn’t need to be supplied, but can improve plotting speed somewhat.
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Submodules



pylablib.aux_libs.gui.device_thread module


	
class pylablib.aux_libs.gui.device_thread.DeviceThread(name=None, devargs=None, devkwargs=None, signal_pool=None)[source]

	Bases: pylablib.core.gui.qt.thread.controller.QTaskThread

Expansion of QTaskThread equipped to deal with a single device.


	Parameters

	
	name – thread name


	devargs – args supplied to [image: setup_task] method


	devkwargs – keyword args supplied to [image: setup_task] method


	signal_pool – SignalPool for this thread (by default, use the default common pool)









	
device

	managed device. Its opening should be specified in an overloaded connect_device() method,
and it is actually opened by calling open_device() method (which also handles status updates and duplicate opening issues)






	
qd

	device query accessor, which routes device method call through a command
ctl.qd.method(*args,**kwarg) is equivalent to ctl.device.method(args,kwargs) called as a query in the device thread






	
qdi

	device query accessor, ignores and silences any exceptions (including missing /stopped controller); similar to .qi accessor for queries






	Methods to overload:

	setup_task: executed on the thread startup (between synchronization points "start" and "run")
finalize_task: executed on thread cleanup (attempts to execute in any case, including exceptions); by default, close the device connection if it is opened
connect_device: create the device class and assign it to .device attribute; if connection failed, can leave the attribute None
device_open: re-open currently closed device (by default, call .open method of the device)
device_close: close currently opened device (by default, call .close method of the device)



	Commands:

	open_device: open the device, if not already opened
close_device: close the device, if opened
get_settings: get device settings
get_full_info: get full info of the device






	
finalize_task()[source]

	Finalize the thread (always called on thread termination, regardless of the reason)






	
connect_device()[source]

	Connect the device and assign it to the self.device attribute.

Should be overloaded in subclasses.
In case of connection error, can leave self.device as None, which symbolizes connection failure.






	
device_open()[source]

	Open the device which has been previously closed.

By default, call .open method of the device.






	
device_close()[source]

	Close the device which is currently opened.

By default, call .close method of the device.






	
open_device()[source]

	Open the device by calling connect_device().

Return True if connection was a success (or the device is already connected) and False otherwise.






	
close_device()[source]

	Close the device.

Automatically called on the thread finalization, ususally shouldn’t be called explicitly.






	
get_settings()[source]

	Get device settings






	
setup_full_info_job(period=2.0, nodes=None)[source]

	Setup a job which periodically obtains full information (by calling get_full_info method) from the device

Useful if obtaining settings takes a lot of time, and they might be needed by some other thread on a short notice.


	Parameters

	
	period – job period


	node – specifies info nodes to be requested (by default, all available nodes)













	
update_full_info()[source]

	Update full info of the device.

A function for a job which is setup in DeviceThread.setup_full_info_job(). Normally doesn’t need to be called explicitly.






	
get_full_info()[source]

	Get full device info

If the full info job is set up using DeviceThread.setup_full_info_job(), use the last cached version of the full info;
otherwise, request a new version from the device.






	
class DeviceMethodAccessor(parent, ignore_errors=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Accessor object designed to simplify calling device commands.

Automatically created by the thread, so doesn’t need to be invoked externally.










	
class pylablib.aux_libs.gui.device_thread.RemoteDeviceThread(name=None, devargs=None, devkwargs=None, signal_pool=None)[source]

	Bases: pylablib.aux_libs.gui.device_thread.DeviceThread

Expansion of DeviceThread equipped to deal with a remote device (via RPyC library).

All arguments, attributes and commands are the same as in DeviceThread.


	
rpyc_device(remote, module, device, *args, **kwargs)[source]

	Create a remote device on a different PC via RPyC.

Can replace straightforward device creation for remote devices,
i.e., instead of self.device = DeviceModule.DeviceClass(*args,**kwargs)
one would call self.device = self.rpyc_device(host,"DeviceModule","DeviceClass",*args,**kwargs).


	Parameters

	
	remote – address of the remote host (it should be running RPyC server; see rpyc.run_device_service() for details)


	module – device class module name


	device – device class name


	args – arguments supplied to the device constructor.


	kwargs – keyword arguments supplied to the device constructor.













	
rpyc_obtain(obj)[source]

	Obtain (i.e., transfer to the local PC) an object returned by the device.

If current device is local, return obj as is.






	
finalize_task()[source]

	Finalize the thread (always called on thread termination, regardless of the reason)






	
get_settings()[source]

	Get device settings






	
update_full_info()[source]

	Update full info of the device.

A function for a job which is setup in DeviceThread.setup_full_info_job(). Normally doesn’t need to be called explicitly.






	
get_full_info()[source]

	Get full device info

If the full info job is set up using DeviceThread.setup_full_info_job(), use the last cached version of the full info;
otherwise, request a new version from the device.











pylablib.aux_libs.gui.gui_contoller module


	
class pylablib.aux_libs.gui.gui_contoller.IGUIController[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Basic layout of a controller object which coordinates interaction between different widgets working on the same task.


	
class TWidget(params_path)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
params_path

	








	
add_widget_desc(name, params_path=None)[source]

	Add a widget description under a given name.

If params_path` is not None, it specifies path under which the widget is stored in the parameters’ table
(by default, same as the widget’s name).






	
set_widget(name, widget)[source]

	Set the widget with the given name.

Description with the given name should be created beforehand (see add_widget_desc()).






	
get_widget(name, default=None)[source]

	Get the widget with the given name






	
get_all_values()[source]

	Get all widget parameter values






	
set_all_values(params)[source]

	Set all widget parameter values






	
get_all_indicators()[source]

	Get all GUI indicators as a dictionary











pylablib.aux_libs.gui.helpers module


	
class pylablib.aux_libs.gui.helpers.StreamFormerThread(name=None, setupargs=None, setupkwargs=None, signal_pool=None)[source]

	Bases: pylablib.core.gui.qt.thread.controller.QTaskThread

Thread that combines data from different sources and aligns it in complete rows.

Channels can be added using add_channel() function. Every time the new row is complete, it is added to the current block.
When the block is complete (determined by block_period attribute), on_new_block() is called.
Accumulated data can be accessed with get_data() and pop_data().


	Parameters

	
	name – thread name


	devargs – args supplied to [image: setup] method


	devkwargs – keyword args supplied to [image: setup] method


	signal_pool – SignalPool for this thread (by default, use the default common pool)









	
block_period

	size of a row block which causes on_new_block() call






	Commands:

	get_data: get the completed aligned data
pop_data: pop the completed aligned data (return the data and remove it from the internal storage)
clear_table: clear the table with the completed aligned data
clear_all: remove all data (table and all filled channels)
configure_channel: configure a channel behavior (enable or disable)
get_channel_status: get channel status (number of datapoints in the queue, maximal queue size, etc.)
get_source_status: get lengths of signal queues for all the data sources



	Methods to overload:

	setup(): set up the thread
cleanup(): clean up the thread
prepare_new_data(): modify a new data chunk (dictionary of columns) before adding it to the storage






	
setup()[source]

	Set up the thread






	
prepare_new_data(columns)[source]

	Prepare a newly acquired chunk.

column is a dictionary {name: data} of newly acquired data,
where name is a channel name, and data is a list of one or more newly acquired values.
Returned data should be in the same format.
By default, no modifications are made.






	
on_new_block()[source]

	Gets called every time a new block is complete






	
cleanup()[source]

	Clean up the thread






	
setup_task(*args, **kwargs)[source]

	Setup the thread (called before the main task loop)






	
finalize_task()[source]

	Finalize the thread (always called on thread termination, regardless of the reason)






	
class ChannelQueue(func=None, max_queue_len=1, required='auto', background=False, enabled=True, fill_on='started', latching=True, expand_list=False, pure_func=True, default=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Queue for a single channel.

Manages adding and updating new datapoints.
For arguments, see StreamFormerThread.add_channel().


	
class QueueStatus(queue_len, enabled, max_queue_len)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
enabled

	




	
max_queue_len

	




	
queue_len

	








	
add(value)[source]

	Add a new value (or list of values) to the queue






	
add_from_func(n=1)[source]

	Fill the queue from the function (if available)

n specifies number of values to add.






	
queued_len()[source]

	Get queue length






	
ready()[source]

	Check if at leas one datapoint is ready






	
ready_len()[source]

	Return length of the stored data.

Return 0 if no data is ready, or -1 if “infinite” amount of data is ready (e.g., channel is off)






	
enable(enable=True)[source]

	Enable or disable the queue






	
set_requried(required='auto')[source]

	Specify if receiving value is required






	
get(n=1)[source]

	Pop the oldest values

n specifies number of values to pop. Return list of values.






	
clear()[source]

	Clear the queue






	
get_status()[source]

	Get the queue status

Return tuple (queue_len, enabled, max_queue_len)










	
add_channel(name, func=None, max_queue_len=1, enabled=True, required='auto', background=False, fill_on='started', latching=True, expand_list=False, pure_func=True, default=None)[source]

	Add a new channel to the queue.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – channel name


	func – function used to get the channel value if no data has been suppled


	max_queue_len (int [https://docs.python.org/3/library/functions.html#int]) – maximal queue length


	enabled (bool [https://docs.python.org/3/library/functions.html#bool]) – determines if the channel is enabled by default (disabled channel always returns None)


	required – determines if the channel is required to receive the value to complete the row;
by default, False if func is specified and True otherwise


	background – if required==True, determines whether receiving a new sample in this channel starts a new row (if background==False),
or if it’s simply added; if all sample-receiving channels have background==True, the func-defined channels will effectively
be filled when the row is complete (corresponds to fill_on=="completed" regardless of its actual value).


	fill_on (str [https://docs.python.org/3/library/stdtypes.html#str]) – determines when func is called to get the channel value;
can be either "started" (when the new row is created) or "completed" (when the new row is complete)


	latching (bool [https://docs.python.org/3/library/functions.html#bool]) – determines value of non-required channel if func is not supplied;
if True, it is equal to the last received values; otherwise, it is default


	expand_list (bool [https://docs.python.org/3/library/functions.html#bool]) – if True and the received value is list, assume that it contains several datapoints and add them sequentially
(note that this would generally required setting max_queue_len>1, otherwise only the last received value will show up)


	pure_func (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, assume that fast consecutive calls to func return the same result, and the function has no side-effects
(in this case, several consecutive calls to func are approximated by a single call result repeated necessary number of times)


	default – default channel value













	
subscribe_source(name, srcs, dsts='any', tags=None, parse=None, filt=None)[source]

	Subscribe a source signal to a channels.

Called automatically for subscribed channels, so it is rarely called explicitly.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – channel name


	srcs (str [https://docs.python.org/3/library/stdtypes.html#str] or [str [https://docs.python.org/3/library/stdtypes.html#str]]) – signal source name or list of source names to filter the subscription;
can be "any" (any source) or "all" (only signals specifically having "all" as a source).


	dsts (str [https://docs.python.org/3/library/stdtypes.html#str] or [str [https://docs.python.org/3/library/stdtypes.html#str]]) – signal destination name or list of destination names to filter the subscription;
can be "any" (any destination) or "all" (only source specifically having "all" as a destination).


	tags – signal tag or list of tags to filter the subscription (any tag by default).


	parse – if not None, specifies a parsing function which takes 3 arguments (src, tag and value)
and returns a dictionary {name: value} of channel values to add
(useful is a single signal contains multiple channel values, e.g., multiple daq channels)
The function is called in the signal source thread, so it should be quick and non-blocking


	filt (callable) – additional filter function which takes 4 arguments: signal source, signal destination, signal tag, signal value,
and checks whether signal passes the requirements.













	
get_data(nrows=None, columns=None, copy=True)[source]

	Get accumulated data.


	Parameters

	
	nrows – number of rows to get; by default, all complete rows


	columns – list of channel names to get; by default all channels


	copy (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, return copy of the internal storage table (otherwise the returned data can increase in size).








Return dictionary {name: [value]} of channel value lists (all lists have the same length) if columns are not specified,
or a 2D numpy array if the columns are specified.






	
pop_data(nrows=None, columns=None)[source]

	Pop accumulated data.

Same as get_data(), but removes the returned data from the internal storage.






	
clear_table()[source]

	Clear table containing all complete rows






	
clear_all()[source]

	Clear everything: table of complete rows and all channel queues






	
configure_channel(name, enable=True, required='auto', clear=True)[source]

	Reconfigure existing channel.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – channel name


	enabled (bool [https://docs.python.org/3/library/functions.html#bool]) – determines if the channel is enabled by default (disabled channel always returns None)


	required – determines if the channel is required to receive the value to complete the row;
by default, False if func is specified and True otherwise


	clear (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, clear all channels after reconfiguring













	
get_channel_status()[source]

	Get channel status.

Return dictionary {name: status}, where status is a tuple (queue_len, enabled, max_queue_len).






	
get_source_status()[source]

	Get source incoming queues status.

Return dictionary {name: queue_le}.










	
class pylablib.aux_libs.gui.helpers.TableAccumulator(channels, memsize=1000000)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Data accumulator which receives data chunks and adds them into a common table.

Can receive either list of columns, or dictionary of named columns; designed to work with StreamFormerThread.


	Parameters

	
	channels ([str [https://docs.python.org/3/library/stdtypes.html#str]]) – channel names


	memsize (int [https://docs.python.org/3/library/functions.html#int]) – maximal number of rows to store









	
class ChannelData(memsize, chunk_size=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Single channel data manager.

Manages the internal buffer to keep continuous list, but reduce number of list appends / removals.


	
add_data(data)[source]

	Add data (list of values) to the buffer






	
reset_data()[source]

	Clean the buffer






	
get_data(l=None)[source]

	Get last at most l samples from the buffer (if l is None, get all samples)










	
add_data(data)[source]

	Add new data to the table.

Data can either be a list of columns, or a dictionary {name: [data]} with named columns.






	
change_channels(channels)[source]

	Change channels in the table.

All the accumulated data will be reset.






	
reset_data(maxlen=0)[source]

	Clear all data in the table






	
get_data_columns(channels=None, maxlen=None)[source]

	Get table data as a list of columns.


	Parameters

	
	channels – list of channels to get; all channels by default


	maxlen – maximal column length (if stored length is larger, return last maxlen rows)













	
get_data_rows(channels=None, maxlen=None)[source]

	Get table data as a list of rows.


	Parameters

	
	channels – list of channels to get; all channels by default


	maxlen – maximal column length (if stored length is larger, return last maxlen rows)













	
get_data_dict(channels=None, maxlen=None)[source]

	Get table data as a dictionary {name: column}.


	Parameters

	
	channels – list of channels to get; all channels by default


	maxlen – maximal column length (if stored length is larger, return last maxlen rows)

















	
class pylablib.aux_libs.gui.helpers.TableAccumulatorThread(name=None, setupargs=None, setupkwargs=None, signal_pool=None)[source]

	Bases: pylablib.core.gui.qt.thread.controller.QTaskThread

Table accumulator thread which provides async access to TableAccumulator instance.


	Parameters

	
	channels ([str [https://docs.python.org/3/library/stdtypes.html#str]]) – channel names


	data_source (str [https://docs.python.org/3/library/stdtypes.html#str]) – source thread which emits new data signals (typically, a name of StreamFormerThread thread)


	memsize (int [https://docs.python.org/3/library/functions.html#int]) – maximal number of rows to store









	
setup_task(channels, data_source, memsize=1000000)[source]

	Setup the thread (called before the main task loop)






	
start_streaming(path, source_trigger=False, append=False)[source]

	Start streaming data to the disk.


	Parameters

	
	path (str [https://docs.python.org/3/library/stdtypes.html#str]) – path to the file


	source_trigger (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, start streaming only after source "reset" signal; otherwise, start streaming immediately


	append (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, append new data to the existing file; otherwise, overwrite the file













	
stop_streaming()[source]

	Stop streaming data to the disk






	
preprocess_data(data)[source]

	Preprocess data before adding it to the table (to be overloaded)






	
get_data_sync(channels=None, maxlen=None, fmt='rows')[source]

	Get accumulated table data.


	Parameters

	
	channels – list of channels to get; all channels by default


	maxlen – maximal column length (if stored length is larger, return last maxlen rows)


	fmt (str [https://docs.python.org/3/library/stdtypes.html#str]) – return format; can be "rows" (list of rows), "columns" (list of columns), or "dict" (dictionary of named columns)













	
reset()[source]

	Clear all data in the table











pylablib.aux_libs.gui.script_thread module


	
exception pylablib.aux_libs.gui.script_thread.ScriptStopException[source]

	Bases: Exception [https://docs.python.org/3/library/exceptions.html#Exception]

Exception for stopping script execution






	
class pylablib.aux_libs.gui.script_thread.ScriptThread(name=None, setupargs=None, setupkwargs=None, signal_pool=None)[source]

	Bases: pylablib.core.gui.qt.thread.controller.QTaskThread

A script thread.

Designed to provide means of writing code which interacts with multiple device threads,
but reads similar to a standard single-threaded script.
To do that, it provides a mechanism of signal montors: one can suspend execution until a signal with certain properties has been received.
This can be used to implement, e.g., waiting until the next stream_format/daq sample or a next camera frame.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – thread name


	setupargs – args supplied to [image: setup_script] method


	setupkwargs – keyword args supplied to [image: setup_script] method


	signal_pool – SignalPool for this thread (by default, use the default common pool)









	
executing

	shows whether the script is executing right now;
useful in interrupt_script() to check whether it is while the script is running and is done / stopped by user / terminated (then it would be True),
or if the script was waiting to be executed / done executing (then it would be False)
Duplicates interrupt_reason attribute (executing==False if and only if interrupt_reason=="shutdown")


	Type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
stop_request

	shows whether stop has been requested from another thread (by calling stop_execution()).


	Type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
interrupt_reason

	shows the reason for calling interrupt_script();
can be "done" (called in the end of regularly executed script), "stopped" (called if the script is forcibly stopped),
"failed" (called if the thread is shut down while the script is active,
e.g., due to error in the script or any other thread, or if the application is closing),
or "shutdown" (called when the script is shut down while being inactive)


	Type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	Methods to overload:

	setup_script: executed on the thread startup (between synchronization points "start" and "run")
finalize_script: executed on thread cleanup (attempts to execute in any case, including exceptions); by default, call interrupt_script()
run_script: execute the script (can be run several times per script lifetime)
interrupt_script: executed when the script is finished or forcibly shut down (including due to exception or application shutdown)






	
process_message(tag, value)[source]

	Process a new message.

If the function returns False, the message is put in the corresponding queue.
Otherwise, the the message is considered to be already, and it gets ‘absorbed’.






	
setup_script(*args, **kwargs)[source]

	Setup script thread (to be overloaded in subclasses)






	
finalize_script()[source]

	Finalize script thread (to be overloaded in subclasses)

By default, calls interrupt_script().






	
run_script()[source]

	Execute script (to be overloaded in subclasses)






	
interrupt_script(kind='default')[source]

	Finalize script execution (the thread is still running, i.e., the script might be started again)






	
check_stop(check_messages=True)[source]

	Check if the script stop is requested.

If it is, raise ScriptStopException which effectively stops execution past this point
(the exception is properly caught and processed elsewhere in the service code).
To only check if the stop has been requested without exception raising, use stop_request attribute.
If check_messages==True, check for new messages from other threads first.






	
setup_task(*args, **kwargs)[source]

	Setup the thread (called before the main task loop)






	
finalize_task()[source]

	Finalize the thread (always called on thread termination, regardless of the reason)






	
class MonitoredSignal(uid)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]






	
add_signal_monitor(mon, srcs='any', dsts='any', tags=None, filt=None)[source]

	Add a new signal monitor.

The monitoring isn’t started until start_monitoring() is called.
mon specifies monitor name; the rest of the arguments are the same as SignalPool.subscribe()






	
remove_signal_monitor(mon)[source]

	Remove signal monitor with a given name






	
class TWaitResult(monitor, message)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
message

	




	
monitor

	








	
wait_for_signal_monitor(mons, timeout=None)[source]

	Wait for a signal to be received on a given monitor or several monitors

If several monitors are given (mon is a list), wait for a signal on any of them.
After waiting is done, pop and return signal value (see pop_monitored_signal()).






	
new_monitored_signals_number(mon)[source]

	Get number of received signals at a given monitor






	
pop_monitored_signal(mon, n=None)[source]

	Pop data from the given signal monitor queue.

n specifies number of signals to pop (by default, only one).
Each signal is a tuple (mon, sig) of monitor name and signal,
where sig is in turn tuple (src, tag, value) describing the signal.






	
reset_monitored_signal(mon)[source]

	Reset monitored signal (clean its received signals queue)






	
pause_monitoring(mon, paused=True)[source]

	Pause or un-pause signal monitoring






	
start_monitoring(mon)[source]

	Start signal monitoring






	
start_execution()[source]

	Request starting script execution






	
stop_execution()[source]

	Request stopping script execution
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	pylablib.aux_libs.devices package
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pylablib.core.dataproc package


Submodules



pylablib.core.dataproc.callable module


	
class pylablib.core.dataproc.callable.ICallable[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Fit function generalization.

Has a set of mandatory argument with no default values and
a set of parameters with default values (there may or may not be an explicit list of them).

All the arguments are passed explicitly by name. Passed value supersede default values.
Extra arguments (not used in the calculations) are ignored.

Assumed (but not enforced) to be immutable: changes after creation can break the behavior.

Implements (possibly; depends on subclasses) call namelist binding boosting:
if the function is to be called many times with the same parameter names list,
one can first bind parameters list, and then call bound function with the corresponding arguments.
This way, callable(**p) should be equivalent to callable.bind(p.keys())(*p.values()).


	
has_arg(arg_name)[source]

	Determine if the function has an argument arg_name (of all 3 categories).






	
filter_args_dict(args)[source]

	Filter argument names dictionary to leave only the arguments that are used.






	
get_mandatory_args()[source]

	Return list of mandatory arguments (these are the ones without default values).






	
is_mandatory_arg(arg_name)[source]

	Check if the argument arg_name is mandatory.






	
get_arg_default(arg_name)[source]

	Return default value of the argument arg_name.

Raise KeyError [https://docs.python.org/3/library/exceptions.html#KeyError] if the argument is not defined or ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] if it has no default value.






	
bind(arg_names, **bound_params)[source]

	Bind function to a given parameters set, leaving arg_names as free parameters (in the given order).






	
class NamesBoundCall(func, names, bound_params)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]






	
bind_namelist(arg_names, **bound_params)[source]

	Bind namelist to boost subsequent calls.

Similar to bind(arg_names), but bound function doesn’t accept additional parameters and can be boosted.










	
class pylablib.core.dataproc.callable.MultiplexedCallable(func, multiplex_by, join_method='stack')[source]

	Bases: pylablib.core.dataproc.callable.ICallable

Multiplex a single callable based on a single parameter.

If the function is called with this parameter as an iterable,
then the underlying callable will be called for each value of the parameter separately,
and the results will be joined into a single array
(if return the values are scalar, they’re joined in 1D array; otherwise, they’re joined using join_method).


	Parameters

	
	func (callable) – Function to be parallelized.


	multiplex_by (str [https://docs.python.org/3/library/stdtypes.html#str]) – Name of the argument to be multiplexed by.


	join_method (str [https://docs.python.org/3/library/stdtypes.html#str]) – Method for combining individual results together if they’re non-scalars.
Can be either 'list' (combine the results in a single list),
'stack' (combine using numpy.column_stack() [https://numpy.org/doc/stable/reference/generated/numpy.column_stack.html#numpy.column_stack], i.e., add dimension to the result),
or 'concatenate' (concatenate the return values; the dimension of the result stays the same).








Multiplexing also makes use of call signatures for underlying function even if __call__ is used.

Note that this operation is slow, and should be used only for high-dimensional multiplexing;
for 1D case it’s much better to just use numpy arrays as arguments and rely on numpy parallelizing.


	
has_arg(arg_name)[source]

	Determine if the function has an argument arg_name (of all 3 categories).






	
get_mandatory_args()[source]

	Return list of mandatory arguments (these are the ones without default values).






	
get_arg_default(arg_name)[source]

	Return default value of the argument arg_name.

Raise KeyError [https://docs.python.org/3/library/exceptions.html#KeyError] if the argument is not defined or ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] if it has no default value.






	
class NamesBoundCall(func, names, bound_params)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]










	
class pylablib.core.dataproc.callable.JoinedCallable(funcs, join_method='stack')[source]

	Bases: pylablib.core.dataproc.callable.ICallable

Join several callables sharing the same arguments list.

The results will be joined into a single array
(if return the values are scalar, they’re joined in 1D array; otherwise, they’re joined using join_method).


	Parameters

	
	funcs ([callable]) – List of functions to be joined together.


	join_method (str [https://docs.python.org/3/library/stdtypes.html#str]) – Method for combining individual results together if they’re non-scalars.
Can be either 'list' (combine the results in a single list),
'stack' (combine using numpy.column_stack() [https://numpy.org/doc/stable/reference/generated/numpy.column_stack.html#numpy.column_stack], i.e., add dimension to the result),
or 'concatenate' (concatenate the return values; the dimension of the result stays the same).









	
has_arg(arg_name)[source]

	Determine if the function has an argument arg_name (of all 3 categories).






	
get_mandatory_args()[source]

	Return list of mandatory arguments (these are the ones without default values).






	
get_arg_default(arg_name)[source]

	Return default value of the argument arg_name.

Raise KeyError [https://docs.python.org/3/library/exceptions.html#KeyError] if the argument is not defined or ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] if it has no default value.






	
class NamesBoundCall(func, names, bound_params)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]










	
class pylablib.core.dataproc.callable.FunctionCallable(func, function_signature=None, defaults=None, alias=None)[source]

	Bases: pylablib.core.dataproc.callable.ICallable

Callable based on a function or a method.


	Parameters

	
	func – Function to be wrapped.


	function_signature – A FunctionSignature object supplying information
about function’s argument names and default values, if they’re different from what’s extracted from its signature.


	defaults (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – A dictionary {name: value} of additional default parameters values. Override the defaults from the signature.
All default values must be pass-able to the function as a parameter


	alias (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – A dictionary {alias: original} for renaming some of the original arguments.
Original argument names can’t be used if aliased (though, multi-aliasing can be used explicitly, e.g., alias={'alias':'arg','arg':'arg'}).
A name can be blocked (its usage causes error) if it’s aliased to None (alias={'blocked_name':None}).








Optional non-named arguments in the form *args are not supported, since all the arguments are passed to the function by keywords.

Optional named arguments in the form **kwargs are supported only if their default values are explicitly provided in defaults
(otherwise it would be unclear whether argument should be added into **kwargs or ignored altogether).


	
has_arg(arg_name)[source]

	Determine if the function has an argument arg_name (of all 3 categories).






	
get_mandatory_args()[source]

	Return list of mandatory arguments (these are the ones without default values).






	
get_arg_default(arg_name)[source]

	Return default value of the argument arg_name.

Raise KeyError [https://docs.python.org/3/library/exceptions.html#KeyError] if the argument is not defined or ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] if it has no default value.






	
class NamesBoundCall(func, names, bound_params)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]










	
class pylablib.core.dataproc.callable.MethodCallable(method, function_signature=None, defaults=None, alias=None)[source]

	Bases: pylablib.core.dataproc.callable.FunctionCallable

Similar to FunctionCallable, but accepts class method instead of a function.

The only addition is that now object’s attributes can also parameters to the function:
all the parameters which are not explicitly mentioned in the method signature are assumed to be object’s attributes.

The parameters are affected by alias, but NOT affected by defaults
(since it’s impossible to ensure that all object’s attributes are kept constant,
and it’s impractical to reset them all to default values at every function call).


	Parameters

	
	method – Method to be wrapped.


	function_signature – A FunctionSignature object supplying information
about function’s argument names and default values, if they’re different from what’s extracted from its signature.
If it’s assumed that the first self argument is already excluded.


	defaults (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – A dictionary {name: value} of additional default parameters values. Override the defaults from the signature.
All default values must be pass-able to the function as a parameter


	alias (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – A dictionary {alias: original} for renaming some of the original arguments.
Original argument names can’t be used if aliased (though, multi-aliasing can be used explicitly, e.g., alias={'alias':'arg','arg':'arg'}).
A name can be blocked (its usage causes error) if it’s aliased to None (alias={'blocked_name':None}).








This callable is implemented largely to be used with TheoryCalculator class (currently deprecated).


	
has_arg(arg_name)[source]

	Determine if the function has an argument arg_name (of all 3 categories).






	
get_arg_default(arg_name)[source]

	Return default value of the argument arg_name.

Raise KeyError [https://docs.python.org/3/library/exceptions.html#KeyError] if the argument is not defined or ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] if it has no default value.






	
class NamesBoundCall(func, names, bound_params)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]










	
pylablib.core.dataproc.callable.to_callable(func)[source]

	Convert a function to an ICallable instance.

If it’s already ICallable, return unchanged.
Otherwise, return FunctionCallable or MethodCallable depending on whether it’s a function or a bound method.







pylablib.core.dataproc.feature module

Traces feature detection: peaks, baseline, local extrema.


	
class pylablib.core.dataproc.feature.Baseline[source]

	Bases: pylablib.core.dataproc.feature.Baseline

Baseline (background) for a trace.

position is the background level, and width is its noise width.






	
pylablib.core.dataproc.feature.get_baseline_simple(trace, find_width=True)[source]

	Get the baseline of the 1D trace.

If find_width==True, calculate its width as well.






	
pylablib.core.dataproc.feature.subtract_baseline(trace)[source]

	Subtract baseline from the trace (make its background zero).






	
class pylablib.core.dataproc.feature.Peak[source]

	Bases: pylablib.core.dataproc.feature.Peak

A trace peak.

kernel defines its shape (for, e.g., generation purposes).






	
pylablib.core.dataproc.feature.find_peaks_cutoff(trace, cutoff, min_width=0, kind='peak', subtract_bl=True)[source]

	Find peaks in the data using cutoff.


	Parameters

	
	trace – 1D data array.


	cutoff (float [https://docs.python.org/3/library/functions.html#float]) – Cutoff value for the peak finding.


	min_width (int [https://docs.python.org/3/library/functions.html#int]) – Minimal uninterrupted width (in datapoints) of a peak. Any peaks this width are ignored.


	kind (str [https://docs.python.org/3/library/stdtypes.html#str]) – Peak kind. Can be 'peak' (positive direction), 'dip' (negative direction) or 'both' (both directions).


	subtract_bl (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, subtract baseline of the trace before checking cutoff.






	Returns

	List of Peak objects.










	
pylablib.core.dataproc.feature.rescale_peak(peak, xoff=0.0, xscale=1.0, yoff=0, yscale=1.0)[source]

	Rescale peak’s position, width and height.

xscale rescales position and width, xoff shifts position, yscale and yoff affect peak height.






	
pylablib.core.dataproc.feature.peaks_sum_func(peaks, peak_func='lorentzian')[source]

	Create a function representing sum of peaks.

peak_func determines default peak kernel (used if peak.kernel=="generic").
Kernel is either a name string or a function taking 3 arguments (x, width, height).






	
pylablib.core.dataproc.feature.get_kernel(width, kernel_width=None, kernel='lorentzian')[source]

	Get a finite-sized kernel.

Return 1D array of length 2*kernel_width+1 containing the given kernel.
By default, kernel_width=int(width*3).






	
pylablib.core.dataproc.feature.get_peakdet_kernel(peak_width, background_width, norm_width=None, kernel_width=None, kernel='lorentzian')[source]

	Get a peak detection kernel.

Return 1D array of length 2*kernel_width+1 containing the kernel.
The kernel is a sum of narrow positive peak (with the width peak_width) and a broad negative peak (with the width background_width);
both widths are specified in datapoints (index).
Each peak is normalized to have unit sum, i.e., the kernel has zero total sum.
By default, kernel_width=int(background_width*3).






	
pylablib.core.dataproc.feature.multi_scale_peakdet(trace, widths, background_ratio, kind='peak', norm_ratio=None, kernel='lorentzian')[source]

	Detect multiple peak widths using get_peakdet_kernel() kernel.


	Parameters

	
	trace – 1D data array.


	widths ([float [https://docs.python.org/3/library/functions.html#float]]) – Array of possible peak widths.


	background_ratio (float [https://docs.python.org/3/library/functions.html#float]) – ratio of the background_width to the peak_width in get_peakdet_kernel().


	kind (str [https://docs.python.org/3/library/stdtypes.html#str]) – Peak kind. Can be 'peak' (positive direction) or 'dip' (negative direction).


	norm_ratio (float [https://docs.python.org/3/library/functions.html#float]) – if not None, defines the width of the “normalization region” (in units of the kernel width, same as for the background kernel);
it is then used to calculate a local trace variance to normalize the peaks magnitude.


	kernel – Peak matching kernel.






	Returns

	Filtered trace which shows peak ‘affinity’ at each point.










	
pylablib.core.dataproc.feature.find_local_extrema(wf, region_width=3, kind='max', min_distance=None)[source]

	Find local extrema (minima or maxima) of 1D waveform.

kind can be "min" or "max" and determines the kind of the extrema.
Local minima (maxima) are defined as points which are smaller (greater) than all other points in the region of width region_width around it.
region_width is always round up to an odd integer.
min_distance defines the minimal distance between the exterma (region_width//2 by default).
If there are several exterma within min_distance, their positions are averaged together.






	
pylablib.core.dataproc.feature.find_state_hysteretic(wf, threshold_off, threshold_on, normalize=True)[source]

	Determine on/off state in 1D array with hysteretic threshold algorithm.

Return a state array containing +1 for ‘on’ states and -1 for ‘off’ states.
The states switches from ‘off’ to ‘on’ when the value goes above threshold_on, and from ‘on’ to ‘off’ when the value goes below threshold_off.
The intermediate states are determined by the nearest neighbor.






	
pylablib.core.dataproc.feature.trigger_hysteretic(wf, threshold_on, threshold_off, init_state='undef', result_kind='separate')[source]

	Determine indices of rise and fall trigger events with hysteresis thresholds.

Return either two arrays (rise_trig, fall_trig) containing trigger indices (if result_kind=="separate"),
or a single array of tuples [(dir,pos)], where dir is the trigger direction (+1 or -1) and pos is its index  (if result_kind=="joined").
Triggers happen when a state switch from ‘high’ to ‘low’ (rising) or vice versa (falling).
The state switches from ‘low’ to ‘high’ when the trace value goes above threshold_on, and from ‘high’ to ‘low’ when the trace value goes below threshold_off.
init_state specifies the initial state: "low", "high", or "undef" (undefined state).







pylablib.core.dataproc.filters module

Routines for filtering arrays (mostly 1D data).


	
pylablib.core.dataproc.filters.convolve1d(wf, kernel, mode='reflect', cval=0.0)[source]

	Convolution filter.

Convolves wf with the given kernel (1D array). mode and cval determine how the endpoints are handled.
Simply a wrapper around the standard scipy.ndimage.convolve() [https://docs.scipy.org/doc/scipy/reference/generated/scipy.ndimage.convolve.html#scipy.ndimage.convolve] that handles complex arguments.






	
pylablib.core.dataproc.filters.convolution_filter(wf, width=1.0, kernel='gaussian', kernel_span='auto', mode='reflect', cval=0.0, kernel_height=None)[source]

	Convolution filter.


	Parameters

	
	wf – Waveform for filtering.


	width (float [https://docs.python.org/3/library/functions.html#float]) – Kernel width (second parameter to the kernel function).


	kernel – Either a string defining the kernel function (see specfunc.get_kernel_func() for possible kernels),
or a function taking 3 arguments (pos, width, height), where height can be None (assumes normalization by area).


	kernel_span – The cutoff for the kernel function. Either an integer (number of points) or 'auto'.


	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Convolution mode (see scipy.ndimage.convolve() [https://docs.scipy.org/doc/scipy/reference/generated/scipy.ndimage.convolve.html#scipy.ndimage.convolve]).


	cval (float [https://docs.python.org/3/library/functions.html#float]) – Convolution fill value (see scipy.ndimage.convolve() [https://docs.scipy.org/doc/scipy/reference/generated/scipy.ndimage.convolve.html#scipy.ndimage.convolve]).


	kernel_height – Height parameter to be passed to the kernel function. None means normalization by area.













	
pylablib.core.dataproc.filters.gaussian_filter(wf, width=1.0, mode='reflect', cval=0.0)[source]

	Simple gaussian filter. Can handle complex data.

Equivalent to a convolution with a gaussian. Equivalent to scipy.ndimage.gaussian_filter1d() [https://docs.scipy.org/doc/scipy/reference/generated/scipy.ndimage.gaussian_filter1d.html#scipy.ndimage.gaussian_filter1d], uses convolution_filter().






	
pylablib.core.dataproc.filters.gaussian_filter_nd(wf, width=1.0, mode='reflect', cval=0.0)[source]

	Simple gaussian filter. Can’t handle complex data.

Equivalent to a convolution with a gaussian. Wrapper around scipy.ndimage.gaussian_filter() [https://docs.scipy.org/doc/scipy/reference/generated/scipy.ndimage.gaussian_filter.html#scipy.ndimage.gaussian_filter].






	
pylablib.core.dataproc.filters.low_pass_filter(wf, t=1.0, mode='reflect', cval=0.0)[source]

	Simple single-pole low-pass filter.

t is the filter time constant, mode and cval are the waveform expansion parameters (only from the left).
Implemented as a recursive digital filter, so its performance doesn’t depend strongly on t.
Works only for 1D arrays.






	
pylablib.core.dataproc.filters.high_pass_filter(wf, t=1.0, mode='reflect', cval=0.0)[source]

	Simple single-pole high-pass filter (equivalent to subtracting a low-pass filter).

t is the filter time constant, mode and cval are the waveform expansion parameters (only from the left).
Implemented as a recursive digital filter, so its performance doesn’t depend strongly on t.
Works only for 1D arrays.






	
pylablib.core.dataproc.filters.integrate(wf)[source]

	Calculate the integral of the waveform.

Works only for 1D arrays.






	
pylablib.core.dataproc.filters.differentiate(wf)[source]

	Calculate the differential of the waveform.

Works only for 1D arrays.






	
pylablib.core.dataproc.filters.sliding_average(wf, width=1.0, mode='reflect', cval=0.0)[source]

	Simple sliding average filter

Equivalent to convolution with a rectangle peak function.






	
pylablib.core.dataproc.filters.median_filter(wf, width=1, mode='reflect', cval=0.0)[source]

	Median filter.

Wrapper around scipy.ndimage.median_filter() [https://docs.scipy.org/doc/scipy/reference/generated/scipy.ndimage.median_filter.html#scipy.ndimage.median_filter].






	
pylablib.core.dataproc.filters.sliding_filter(wf, n=1, dec_mode='bin', mode='reflect', cval=0.0)

	Perform sliding filtering on the data.


	Parameters

	
	wf – 1D array-like object.


	n (int [https://docs.python.org/3/library/functions.html#int]) – bin width.


	dec_mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – 
	Decimation mode. Can be

	
	'bin' or 'mean' - do a binning average;


	'sum' - sum points;


	'min' - leave min point;


	'max' - leave max point;


	'median' - leave median point (works as a median filter).











	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Expansion mode. Can be 'constant' (added values are determined by cval), 'nearest' (added values are endvalues of the waveform),
'reflect' (reflect waveform wrt its endpoint) or 'wrap' (wrap the values from the other size).


	cval (float [https://docs.python.org/3/library/functions.html#float]) – If mode=='constant', determines the expanded values.













	
pylablib.core.dataproc.filters.decimate(wf, n=1, dec_mode='skip', axis=0, mode='drop')

	Decimate the data.


	Parameters

	
	wf – Data.


	n (int [https://docs.python.org/3/library/functions.html#int]) – Decimation factor.


	dec_mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Decimation mode. Can be
- 'skip' - just leave every n’th point while completely omitting everything else;
- 'bin' or 'mean' - do a binning average;
- 'sum' - sum points;
- 'min' - leave min point;
- 'max' - leave max point;
- 'median' - leave median point (works as a median filter).


	axis (int [https://docs.python.org/3/library/functions.html#int]) – Axis along which to perform the decimation.


	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Determines what to do with the last bin if it’s incomplete. Can be either 'drop' (omit the last bin) or 'leave' (keep it).













	
pylablib.core.dataproc.filters.binning_average(wf, width=1, axis=0, mode='drop')[source]

	Binning average filter.

Equivalent to decimate() with dec_mode=='bin'.






	
pylablib.core.dataproc.filters.decimate_full(wf, dec_mode='skip', axis=0)[source]

	Completely decimate the data along a given axis


	Parameters

	
	wf – Data.


	dec_mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – 
	Decimation mode. Can be

	
	'skip' - just leave every n’th point while completely omitting everything else;


	'bin' or 'mean' - do a binning average;


	'sum' - sum points;


	'min' - leave min point;


	'max' - leave max point;


	'median' - leave median point (works as a median filter).











	axis (int [https://docs.python.org/3/library/functions.html#int]) – Axis along which to perform the decimation.













	
pylablib.core.dataproc.filters.decimate_datasets(wfs, dec_mode='mean')[source]

	Decimate datasets with the same shape element-wise (works only for 1D or 2D arrays).

dec_mode has the same values and meaning as in decimate().






	
pylablib.core.dataproc.filters.collect_into_bins(values, distance, preserve_order=False, to_return='value')[source]

	Collect all values into bins separated at least by distance.

Return the extent of each bin.
If preserve_order==False, values are sorted before splitting.
If to_return="value", the extent is given in values;
if to_return="index", it is given in indices (only useful if preserve_order=True, as otherwise the indices correspond to a sorted array).
If distance is a tuple, then it denotes the minimal and the maximal separation between consecutive elements;
otherwise, it is a single number denoting maximal absolute distance (i.e., it corresponds to a tuple (-distance,distance)).






	
pylablib.core.dataproc.filters.split_into_bins(values, max_span, max_size=None)[source]

	Split values into bins of the span at most max_span and number of elements at most max_size.

If max_size is None, it’s assumed to be infinite.
Return array of indices for each bin. Values are sorted before splitting.






	
pylablib.core.dataproc.filters.fourier_filter(trace, response, preserve_real=True)[source]

	Apply filter to a trace in frequency domain.

response is a (possibly) complex function with single 1D real numpy array as a frequency argument.

If preserve_real==True, then the response for negative frequencies is automatically taken to be
complex conjugate of the response for positive frequencies (so that the real trace stays real).






	
pylablib.core.dataproc.filters.fourier_make_response_real(response)[source]

	Turn a frequency filter function into a real one (in the time domain).

Done by reflecting and complex conjugating positive frequency part to negative frequencies.
response is a function with a single argument (frequency), return value is a modified function.






	
pylablib.core.dataproc.filters.fourier_filter_bandpass(pass_range_min, pass_range_max)[source]

	Generate a bandpass filter function (hard cutoff).

The function is symmetric, so that it corresponds to a real response in time domain.






	
pylablib.core.dataproc.filters.fourier_filter_bandstop(stop_range_min, stop_range_max)[source]

	Generate a bandstop filter function (hard cutoff).

The function is symmetric, so that it corresponds to a real response in time domain.







pylablib.core.dataproc.fitting module

Universal function fitting interface.


	
class pylablib.core.dataproc.fitting.Fitter(func, xarg_name=None, fit_parameters=None, fixed_parameters=None, scale=None, limits=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Fitter object.

Can handle variety of different functions, complex arguments or return values, array arguments.


	Parameters

	
	func (callable) – Fit function. Can be anything callable (function, method, object with __call__ method, etc.).


	xarg_name (str [https://docs.python.org/3/library/stdtypes.html#str] or list [https://docs.python.org/3/library/stdtypes.html#list]) – Name (or multiple names) for x arguments. These arguments are passed to func (as named arguments) when calling for fitting.
Can be a string (single argument) or a list (arbitrary number of arguments, including zero).


	fit_parameters (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Dictionary {name: value} of parameters to be fitted (value is the starting value for the fitting procedure).
If value is None, try and get the default value from the func.


	fixed_parameters (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Dictionary {name: value} of parameters to be fixed during the fitting procedure.
If value is None, try and get the default value from the func.


	scale (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Defines typical scale of fit parameters (used to normalize fit parameters supplied of scipy.optimize.least_squares() [https://docs.scipy.org/doc/scipy/reference/generated/scipy.optimize.least_squares.html#scipy.optimize.least_squares]).
Note: for complex parameters scale must also be a complex number, with re and im parts of the scale variable corresponding to the scale of the re and im part.


	limits (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Boundaries for the fit parameters (missing entries are assumed to be unbound). Each boundary parameter is a tuple (lower, upper).
lower or upper can be None, numpy.nan or numpy.inf (with the appropriate sign), which implies no bounds in the given direction.
Note: for compound data types (such as lists) the entries are still tuples of 2 elements,
each of which is either None (no bound for any sub-element) or has the same structure as the full parameter.
Note: for complex parameters limits must also be complex numbers (or None), with re and im parts of the limits variable corresponding to the limits of the re and im part.









	
set_xarg_name(xarg_name)[source]

	Set names of x arguments.

Can be a string (single argument) or a list (arbitrary number of arguments, including zero).






	
use_xarg()[source]

	Return True if the function requires x arguments.






	
set_fixed_parameters(fixed_parameters)[source]

	Change fixed parameters.






	
update_fixed_parameters(fixed_parameters)[source]

	Update the dictionary of fixed parameters.






	
del_fixed_parameters(fixed_parameters)[source]

	Remove fixed parameters.






	
set_fit_parameters(fit_parameters)[source]

	Change fit parameters.






	
update_fit_parameters(fit_parameters)[source]

	Update the dictionary of fit parameters.






	
del_fit_parameters(fit_parameters)[source]

	Remove fit parameters.






	
fit(x=None, y=0, fit_parameters=None, fixed_parameters=None, scale='default', limits='default', weight=1.0, parscore=None, return_stderr=False, return_residual=False, **kwargs)[source]

	Fit the data.


	Parameters

	
	x – x arguments. If the function has single x argument, x is an array-like object;
otherwise, x is a list of array-like objects (can be None if there are no x parameters).


	y – Target function values.


	fit_parameters (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Adds to the default fit_parameters of the fitter (has priority on duplicate entries).


	fixed_parameters (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Adds to the default fixed_parameters of the fitter (has priority on duplicate entries).


	scale (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Defines typical scale of fit parameters (used to normalize fit parameters supplied of scipy.optimize.least_squares() [https://docs.scipy.org/doc/scipy/reference/generated/scipy.optimize.least_squares.html#scipy.optimize.least_squares]).
Note: for complex parameters scale must also be a complex number, with re and im parts of the scale variable corresponding to the scale of the re and im part.
If value is "default", use the value supplied on the fitter creation.


	limits (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Boundaries for the fit parameters (missing entries are assumed to be unbound). Each boundary parameter is a tuple (lower, upper).
lower or upper can be None, numpy.nan or numpy.inf (with the appropriate sign), which implies no bounds in the given direction.
Note: for compound data types (such as lists) the entries are still tuples of 2 elements,
each of which is either None (no bound for any sub-element) or has the same structure as the full parameter.
Note: for complex parameters limits must also be complex numbers (or None), with re and im parts of the limits variable corresponding to the limits of the re and im part.
If value is "default", use the value supplied on the fitter creation.


	weight (list [https://docs.python.org/3/library/stdtypes.html#list] or numpy.ndarray [https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray]) – Determines the weights of y-points.
Can be either an array broadcastable to y (e.g., a scalar or an array with the same shape as y),
in which case it’s interpreted as list of individual point weights (which multiply residuals before they are squared).
Or it can be an array with number of elements which is square of the number of elements in y,
in which case it’s interpreted as a weight matrix (which matrix-multiplies residuals before they are squared).


	parscore (callable) – parameter score function, whose value is added to the mean-square error (sum of all residuals squared) after applying weights.
Takes the same parameters as the fit function, only without the x-arguments, and return an array-like value. Can be used for, e.g., ‘soft’ fit parameter constraining.


	return_stderr (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, append stderr to the output.


	return_residual – If not False, append residual to the output.


	**kwargs – arguments passed to scipy.optimize.least_squares() [https://docs.scipy.org/doc/scipy/reference/generated/scipy.optimize.least_squares.html#scipy.optimize.least_squares] function.






	Returns

	
	(params, bound_func[, stderr][, residual]):

	
	params: a dictionary {name: value} of the parameters supplied to the function (both fit and fixed).


	bound_func: the fit function with all the parameters bound (i.e., it only requires x parameters).


	
	stderr: a dictionary {name: error} of standard deviation for fit parameters to the return parameters.

	If the fitting routine returns no residuals (usually for a bad or an underconstrained fit), all residuals are set to NaN.







	
	residual: either a full array of residuals func(x,**params)-y (if return_residual=='full'),

	a mean magnitude of the residuals mean(abs(func(x,**params)-y)**2) (if return_residual==True or return_residual=='mean'),
or the total residuals including weights mean(abs((func(x,**params)-y)*weight)**2) (if return_residual=='weighted').

















	Return type

	tuple [https://docs.python.org/3/library/stdtypes.html#tuple]










	
initial_guess(fit_parameters=None, fixed_parameters=None, return_stderr=False, return_residual=False)[source]

	Return the initial guess for the fitting.


	Parameters

	
	fit_parameters (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Overrides the default fit_parameters of the fitter.


	fixed_parameters (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Overrides the default fixed_parameters of the fitter.


	return_stderr (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, append stderr to the output.


	return_residual – If not False, append residual to the output.






	Returns

	(params, bound_func).



	params: a dictionary {name: value} of the parameters supplied to the function (both fit and fixed).


	bound_func: the fit function with all the parameters bound (i.e., it only requires x parameters).


	
	stderr: a dictionary {name: error} of standard deviation for fit parameters to the return parameters.

	Always zero, added for better compatibility with fit().







	
	residual: either a full array of residuals func(x,**params)-y (if return_residual=='full') or

	a mean magnitude of the residuals mean(abs(func(x,**params)-y)**2) (if return_residual==True or return_residual=='mean').
Always zero, added for better compatibility with fit().
















	Return type

	tuple [https://docs.python.org/3/library/stdtypes.html#tuple]














	
pylablib.core.dataproc.fitting.huge_error(x, factor=100.0)[source]

	




	
pylablib.core.dataproc.fitting.get_best_fit(x, y, fits)[source]

	Select the best (lowest residual) fit result.

x and y are the argument and the value of the bound fit function. fits is the list of fit results (tuples returned by Fitter.fit()).







pylablib.core.dataproc.fourier module

Routines for Fourier transform.


	
pylablib.core.dataproc.fourier.truncate_len_pow2(trace, truncate_power=None)[source]

	Truncate trace length to the the nearest power of 2.

If truncate_power is not None, it determines the minimal power of 2 that has to divide the length.
(if it is None, than it’s the maximal possible power).






	
pylablib.core.dataproc.fourier.normalize_fourier_transform(ft, normalization='none')[source]

	Normalize the Fourier transform data.

ft is a 2D data with 2 columns: frequency and complex amplitude.
normalization can be 'none' (none done), 'sum' (the power sum is preserved: sum(abs(ft)**2)==sum(abs(trace)**2))
or 'density' (power spectral density normalization).






	
pylablib.core.dataproc.fourier.apply_window(trace_values, window='rectangle', window_power_compensate=True)[source]

	Apply FT window to the trace.

If window_power_compensate==True, multiply the data is multiplied by a compensating factor to preserve power in the spectrum.






	
pylablib.core.dataproc.fourier.fourier_transform(trace, truncate=False, truncate_power=None, normalization='none', no_time=False, single_sided=False, window='rectangle', window_power_compensate=True)[source]

	Calculate a fourier transform of the trace.


	Parameters

	
	trace – Time trace to be transformed. Either an Nx2 array, where trace[:,0] is time and trace[:,1] is data (real or complex),
or an Nx3 array, where trace[:,0] is time, trace[:,1] is the real part of the signal and trace[:,2] is the imaginary part.


	truncate (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, cut the data to the power of 2.


	truncate_power – If None, cut to the nearest power of 2; otherwise, cut to the largest possible length that divides 2**truncate_power.
Only relevant if truncate==True.


	normalization (str [https://docs.python.org/3/library/stdtypes.html#str]) – Fourier transform normalization:


	'none': no normalization;


	'sum': then norm of the data is conserved (sum(abs(ft[:,1])**2)==sum(abs(trace[:,1])**2));


	'density': power spectral density normalization, in x/rtHz (sum(abs(ft[:,1])**2)*df==mean(abs(trace[:,1])**2));


	'dBc': like 'density', but normalized to the mean trace value.







	no_time (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, assume that the time axis is missing and use the standard index instead (if trace is 1D data, no_time is always True).


	single_sided (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, only leave positive frequency side of the transform.


	window (str [https://docs.python.org/3/library/stdtypes.html#str]) – FT window. Can be 'rectangle' (essentially, no window), 'hann' or 'hamming'.


	window_power_compensate (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, the data is multiplied by a compensating factor to preserve power in the spectrum.






	Returns

	a two-column array, where the first column is frequency, and the second is complex FT data.










	
pylablib.core.dataproc.fourier.flip_fourier_transform(ft)[source]

	Flip the fourier transform (analogous to making frequencies negative and flipping the order).






	
pylablib.core.dataproc.fourier.inverse_fourier_transform(ft, truncate=False, truncate_power=None, no_freq=False, zero_loc=None, symmetric_time=False)[source]

	Calculate an inverse fourier transform of the trace.


	Parameters

	
	ft – Fourier transform data to be inverted. Is an Nx2 array, where ft[:,0] is frequency and ft[:,1] is fourier transform (real or complex).


	truncate (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, cut the data to the power of 2.


	truncate_power – If None, cut to the nearest power of 2; otherwise, cut to the largest possible length that divides 2**truncate_power.
Only relevant if truncate==True.


	no_freq (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, assume that the frequency axis is missing and use the standard index instead (if trace is 1D data, no_freq is always True).


	zero_loc (bool [https://docs.python.org/3/library/functions.html#bool]) – Location of the zero frequency point. Can be None (the one with the value of f-axis closest to zero), 'center' (mid-point)
or an integer index.


	symmetric_time (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, make time axis go from (-0.5/df, 0.5/df) rather than (0, 1./df).






	Returns

	a two-column array, where the first column is frequency, and the second is the complex-valued trace data.










	
pylablib.core.dataproc.fourier.power_spectral_density(trace, truncate=False, truncate_power=None, normalization='density', no_time=False, single_sided=False, window='rectangle', window_power_compensate=True)[source]

	Calculate a power spectral density of the trace.


	Parameters

	
	trace – Time trace to be transformed. Either an Nx2 array, where trace[:,0] is time and trace[:,1] is data (real or complex),
or an Nx3 array, where trace[:,0] is time, trace[:,1] is the real part of the signal and trace[:,2] is the imaginary part.


	truncate (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, cut the data to the power of 2.


	truncate_power – If None, cut to the nearest power of 2; otherwise, cut to the largest possible length that divides 2**truncate_power.
Only relevant if truncate==True.


	normalization (str [https://docs.python.org/3/library/stdtypes.html#str]) – Fourier transform normalization:


	'none': no normalization;


	'sum': then norm of the data is conserved (sum(PSD[:,1]))==sum(abs(trace[:,1])**2));


	'density': power spectral density normalization, in x/rtHz (sum(PSD[:,1])*df==mean(abs(trace[:,1])**2));


	'dBc': like 'density', but normalized to the mean trace value.







	no_time (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, assume that the time axis is missing and use the standard index instead (if trace is 1D data, no_time is always True).


	single_sided (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, only leave positive frequency side of the PSD.


	window (str [https://docs.python.org/3/library/stdtypes.html#str]) – FT window. Can be 'rectangle' (essentially, no window), 'hann' or 'hamming'.


	window_power_compensate (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, the data is multiplied by a compensating factor to preserve power in the spectrum.






	Returns

	a two-column array, where the first column is frequency, and the second is positive PSD.










	
pylablib.core.dataproc.fourier.get_real_part(ft)[source]

	Get the fourier transform of the real part only from the fourier transform of a complex variable.






	
pylablib.core.dataproc.fourier.get_imag_part(ft)[source]

	Get the fourier transform of the imaginary part only from the fourier transform of a complex variable.






	
pylablib.core.dataproc.fourier.get_correlations(ft_a, ft_b, zero_mean=True, normalization='none')[source]

	Calculate the correlation function of the two variables given their fourier transforms.


	Parameters

	
	ft_a – first variable fourier transform


	ft_b – second variable fourier transform


	zero_mean (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, the value corresponding to the zero frequency is set to zero (only fluctuations around means of a and b are calculated).


	normalization (str [https://docs.python.org/3/library/stdtypes.html#str]) – Can be 'whole' (correlations are normalized by product of PSDs derived from ft_a and ft_b)
or 'individual' (normalization is done for each frequency individually, so that the absolute value is always 1).














pylablib.core.dataproc.iir_transform module

Digital recursive filter.

Implemented using Numba library (JIT high-performance compilation); used to be a precompiled C-package.


	
pylablib.core.dataproc.iir_transform.iir_apply_complex(trace, xcoeff, ycoeff)[source]

	Apply digital, (possibly) recursive filter with coefficients xcoeff and ycoeff along the first axis.

Result is filtered signal y with y[n]=sum_j x[n-j]*xcoeff[j] + sum_k y[n-k-1]*ycoeff[k].







pylablib.core.dataproc.image module


	
pylablib.core.dataproc.image.convert_shape_indexing(shape, src, dst)[source]

	Convert image indexing style.

shape is the source image shape (2-tuple), src and dst are current format and desired format.
Formats can be "rcb" (first index is row, second is column, rows count from the bottom), "rct" (same, but rows count from the top).
"xyb" (first index is column, second is row, rows count from the bottom), or "xyt" (same but rows count form the top).
"rc" is interpreted as "rct", "xy" as "xyt"






	
pylablib.core.dataproc.image.convert_image_indexing(img, src, dst)[source]

	Convert image indexing style.

img is the source image (2D numpy array), src and dst are current format and desired format.
Formats can be "rcb" (first index is row, second is column, rows count from the bottom), "rct" (same, but rows count from the top).
"xyb" (first index is column, second is row, rows count from the bottom), or "xyt" (same but rows count form the top).
"rc" is interpreted as "rct", "xy" as "xyt"






	
class pylablib.core.dataproc.image.ROI(imin=0, imax=None, jmin=0, jmax=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
copy()[source]

	




	
center(shape=None)[source]

	




	
size(shape=None)[source]

	




	
area(shape=None)[source]

	




	
tup(shape=None)[source]

	




	
ispan(shape=None)[source]

	




	
jspan(shape=None)[source]

	




	
classmethod from_centersize(center, size, shape=None)[source]

	




	
classmethod intersect(*args)[source]

	




	
limit(shape)[source]

	








	
pylablib.core.dataproc.image.get_region(image, center, size, axis=(-2, -1))[source]

	Get part of the image with the given center and size (both are tuples (i, j)).

The region is automatically reduced if a part of it is outside of the image.






	
pylablib.core.dataproc.image.get_region_sum(image, center, size, axis=(-2, -1))[source]

	Sum part of the image with the given center and size (both are tuples (i, j)).

The region is automatically reduced if a part of it is outside of the image.
Return tuple (sum, area), where area is the actual summer region are (in pixels).







pylablib.core.dataproc.interpolate module


	
pylablib.core.dataproc.interpolate.interpolate1D_func(x, y, kind='linear', axis=-1, copy=True, bounds_error=True, fill_values=nan, assume_sorted=False)[source]

	1D interpolation.

Simply a wrapper around scipy.interpolate.interp1d [https://docs.scipy.org/doc/scipy/reference/generated/scipy.interpolate.interp1d.html#scipy.interpolate.interp1d].


	Parameters

	
	x – 1D arrays of x coordinates for the points at which to find the values.


	y – array of values corresponding to x points (can have more than 1 dimension, in which case the output values are (N-1)-dimensional)


	kind – Interpolation method.


	axis – axis in y-data over which to interpolate.


	copy – if True, make internal copies of x and y.


	bounds_error – if True, raise error if interpolation function arguments are outside of x bounds.


	fill_values – values to fill the outside-bounds regions if bounds_error==False.


	assume_sorted – if True, assume that data is sorted.






	Returns

	A 1D array with interpolated data.










	
pylablib.core.dataproc.interpolate.interpolate1D(data, x, kind='linear', bounds_error=True, fill_values=nan, assume_sorted=False)[source]

	1D interpolation.


	Parameters

	
	data – 2-column array [(x,y)], where y is a function of x.


	x – Arrays of x coordinates for the points at which to find the values.


	kind – Interpolation method.


	bounds_error – if True, raise error if x values are outside of data bounds.


	fill_values – values to fill the outside-bounds regions if bounds_error==False


	assume_sorted – if True, assume that data is sorted.






	Returns

	A 1D array with interpolated data.










	
pylablib.core.dataproc.interpolate.interpolate2D(data, x, y, method='linear', fill_value=nan)[source]

	Interpolate data in 2D.

Simply a wrapper around scipy.interpolate.griddata() [https://docs.scipy.org/doc/scipy/reference/generated/scipy.interpolate.griddata.html#scipy.interpolate.griddata].


	Parameters

	
	data – 3-column array [(x,y,z)], where z is a function of x and y.


	x/y – Arrays of x and y coordinates for the points at which to find the values.


	method – Interpolation method.






	Returns

	A 2D array with interpolated data.










	
pylablib.core.dataproc.interpolate.interpolateND(data, xs, method='linear')[source]

	Interpolate data in N dimensions.

Simply a wrapper around scipy.interpolate.griddata() [https://docs.scipy.org/doc/scipy/reference/generated/scipy.interpolate.griddata.html#scipy.interpolate.griddata].


	Parameters

	
	data – (N+1)-column array [(x_1,..,x_N,y)], where y is a function of x_1, ... ,x_N.


	xs – N-tuple of arrays of coordinates for the points at which to find the values.


	method – Interpolation method.






	Returns

	An ND array with interpolated data.










	
pylablib.core.dataproc.interpolate.regular_grid_from_scatter(data, x_points, y_points, x_range=None, y_range=None, method='nearest')[source]

	Turn irregular scatter-points data into a regular 2D grid function.


	Parameters

	
	data – 3-column array [(x,y,z)], where z is a function of x and y.


	x_points/y_points – Number of points along x/y axes.


	x_range/y_range – If not None, a tuple specifying the desired range of the data (all points in data outside the range are excluded).


	method – Interpolation method (see scipy.interpolate.griddata() [https://docs.scipy.org/doc/scipy/reference/generated/scipy.interpolate.griddata.html#scipy.interpolate.griddata] for options).






	Returns

	A nested tuple (data, (x_grid, y_grid)), where all entries are 2D arrays (either with data or with gridpoint locations).










	
pylablib.core.dataproc.interpolate.interpolate_trace(trace, step, rng=None, x_column=0, select_columns=None, kind='linear', assume_sorted=False)[source]

	Interpolate trace data over a regular grid with the given step.

rng specifies interpolation range (by default, whole data range).
x_column specifies column index for x-data.
select_column specifies which columns to interpolate and keep at the output (by default, all data).
If assume_sorted==True, assume that x-data is sorted.
kind specifies interpolation method.






	
pylablib.core.dataproc.interpolate.average_interpolate_1D(data, step, rng=None, avg_kernel=1, min_weight=0, kind='linear')[source]

	1D interpolation combined with pre-averaging.


	Parameters

	
	data – 2-column array [(x,y)], where y is a function of x.


	step – distance between the points in the interpolated data (all resulting x-coordinates are multiples of step).


	rng – if not None, specifies interpolation range (by default, whole data range).


	avg_kernel – kernel used for initial averaging. Can be either a 1D array, where each point corresponds to the relative bin weight,
or an integer, which specifies simple rectangular kernel of the given width.


	min_weight – minimal accumulated weight in the bin to consider it ‘valid’
(if the bin is invalid, its accumulated value is ignored, and its value is obtained by the interpolation step).
min_weight of 0 implies any non-zero weight; otherwise, weight >=min_weight.


	kind – Interpolation method.






	Returns

	A 2-column array with the interpolated data.











pylablib.core.dataproc.specfunc module

Specific useful functions.


	
pylablib.core.dataproc.specfunc.gaussian_k(x, sigma=1.0, height=None)[source]

	Gaussian kernel function.

Normalized by the area if height is None, otherwise height is the value at 0.






	
pylablib.core.dataproc.specfunc.rectangle_k(x, width=1.0, height=None)[source]

	”
Symmetric rectangle kernel function.

Normalized by the area if height is None, otherwise height is the value at 0.






	
pylablib.core.dataproc.specfunc.lorentzian_k(x, gamma=1.0, height=None)[source]

	Lorentzian kernel function

Normalized by the area if height is None, otherwise height is the value at 0.






	
pylablib.core.dataproc.specfunc.complex_lorentzian_k(x, gamma=1.0, amplitude=1j)[source]

	Complex Lorentzian kernel function.






	
pylablib.core.dataproc.specfunc.exp_decay_k(x, width=1.0, height=None, mode='causal')[source]

	Exponential decay kernel function

Normalized by area if height=None (if possible), otherwise height is the value at 0.


	Mode determines value for x<0:

	
	'causal' - it’s 0 for x<0;


	'step' - it’s constant for x<=0;


	'continue' - it’s a continuous decaying exponent;


	'mirror' - function is symmetric: exp(-|x|/width).













	
pylablib.core.dataproc.specfunc.get_kernel_func(kernel)[source]

	Get a kernel function by its name.

Available functions are: 'gaussian', 'rectangle', 'lorentzian', 'exp_decay', 'complex_lorentzian'.






	
pylablib.core.dataproc.specfunc.rectangle_w(x, N, ft_compensated=False)[source]

	Rectangle FT window function.






	
pylablib.core.dataproc.specfunc.gen_hamming_w(x, N, alpha, beta, ft_compensated=False)[source]

	Generalized Hamming FT window function.

If ft_compensated==True, multiply the window function by a compensating factor to preserve power in the spectrum.






	
pylablib.core.dataproc.specfunc.hann_w(x, N, ft_compensated=False)[source]

	Hann FT window function.

If ft_compensated==True, multiply the window function by a compensating factor to preserve power in the spectrum.






	
pylablib.core.dataproc.specfunc.hamming_w(x, N, ft_compensated=False)[source]

	Specific Hamming FT window function.

If ft_compensated==True, multiply the window function by a compensating factor to preserve power in the spectrum.






	
pylablib.core.dataproc.specfunc.get_window_func(window)[source]

	Get a window function by its name.

Available functions are: 'hamming', 'rectangle', 'hann'.






	
pylablib.core.dataproc.specfunc.gen_hamming_w_ft(f, t, alpha, beta)[source]

	Get Fourier Transform of a generalized Hamming FT window function.

f is the argument, t is the total window size.






	
pylablib.core.dataproc.specfunc.rectangle_w_ft(f, t)[source]

	Get Fourier Transform of the rectangle FT window function.

f is the argument, t is the total window size.






	
pylablib.core.dataproc.specfunc.hann_w_ft(f, t)[source]

	Get Fourier Transform of the Hann FT window function.

f is the argument, t is the total window size.






	
pylablib.core.dataproc.specfunc.hamming_w_ft(f, t)[source]

	Get Fourier Transform of the specific Hamming FT window function.

f is the argument, t is the total window size.






	
pylablib.core.dataproc.specfunc.get_window_ft_func(window)[source]

	Get a Fourier Transform of a window function by its name.

Available functions are: 'hamming', 'rectangle', 'hann'.







pylablib.core.dataproc.waveforms module

Generic utilities for dealing with numerical arrays.


	
pylablib.core.dataproc.waveforms.is_ascending(wf)

	Check the if waveform is ascending.

If it has more than 1 dimension, check all lines along 0’th axis.






	
pylablib.core.dataproc.waveforms.is_descending(wf)

	Check if the waveform is descending.

If it has more than 1 dimension, check all lines along 0’th axis.






	
pylablib.core.dataproc.waveforms.is_ordered(wf)[source]

	Check if the waveform is ordered (ascending or descending).

If it has more than 1 dimension, check all lines along 0’th axis.






	
pylablib.core.dataproc.waveforms.is_linear(wf)

	Check if the waveform is linear (values go with a constant step).

If it has more than 1 dimension, check all lines along 0’th axis (with the same step for all).






	
pylablib.core.dataproc.waveforms.get_x_column(wf, x_column=None, idx_default=False)

	Get x column of the waveform.


	x_column can be

	
	an array: return as is;


	'#': return index array;


	None: equivalent to ‘#’ for 1D data if idx_default==False, or to 0 otherwise;


	integer: return the column with this index.













	
pylablib.core.dataproc.waveforms.get_y_column(wf, y_column=None)[source]

	Get y column of the waveform.


	y_column can be

	
	an array: return as is;


	'#': return index array;


	None: return wf for 1D data, or the column 1 otherwise;


	integer: return the column with this index.













	
pylablib.core.dataproc.waveforms.sort_by(wf, x_column=None, reverse=False, stable=False)[source]

	Sort 2D array using selected column as a key and preserving rows.

If reverse==True, sort in descending order. x_column values are described in waveforms.get_x_column().
If stable==True, use stable sort (could be slower and uses more memory)






	
pylablib.core.dataproc.waveforms.filter_by(wf, columns=None, pred=None, exclude=False)[source]

	Filter 1D or 2D array using a predicate.

If the data is 2D, columns contains indices of columns to be passed to the pred function.
If exclude==False, drop all of the rows satisfying pred rather than keep them.






	
pylablib.core.dataproc.waveforms.unique_slices(wf, u_column)[source]

	Split a table into subtables with different values in a given column.

Return a list of wf subtables, each of which has a different (and equal among all rows in the subtable) value in u_column.






	
pylablib.core.dataproc.waveforms.merge(wfs, idx=None)[source]

	Merge several tables column-wise.

If idx is not None, then it is a list of index columns (one column per table) used for merging.
The rows that have the same value in the index columns are merged; if some values aren’t contained in all the wfs, the corresponding rows are omitted.

If idx is None, just join the tables together (they must have the same number of rows).






	
class pylablib.core.dataproc.waveforms.Range(start=None, stop=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Single data range.

If start or stop are None, it’s implied that they’re at infinity (i.e., Range(None,None) is infinite).
If the range object is None, it’s implied that the range is empty


	
start

	




	
stop

	




	
contains(x)[source]

	Check if x is in the range.






	
intersect(*rngs)[source]

	Find an intersection of multiple ranges.

If the intersection is empty, return None.






	
rescale(mult=1.0, shift=0.0)[source]

	




	
tup()[source]

	








	
pylablib.core.dataproc.waveforms.find_closest_arg(xs, x, approach='both', ordered=False)[source]

	Find the index of a value in xs that is closest to x.

approach can take values 'top', 'bottom' or 'both' and denotes from which side should array elements approach x
(meaning that the found array element should be >x, <x or just the closest one).
If there are no elements lying on the desired side of x (e.g. approach=='top' and all elements of xs are less than x), the function returns None.
if ordered==True, then xs is assumed to be in ascending or descending order, and binary search is implemented (works only for 1D arrays).
if there are recurring elements, return any of them.






	
pylablib.core.dataproc.waveforms.find_closest_arg_linear(params, x, approach='both')[source]

	Same as find_closest_arg(), but works for linear column data.






	
pylablib.core.dataproc.waveforms.find_closest_value(xs, x, approach='both', ordered=False)[source]

	




	
pylablib.core.dataproc.waveforms.get_range_indices(xs, xs_range, ordered=False)[source]

	Find waveform indices correspoding to the given range.

The range is defined as xs_range[0]:xs_range[1], or infinite if xs_range=None (so the data is returned unchanged in that case).
If ordered_x==True, then the function assumes that x_column in ascending order.






	
pylablib.core.dataproc.waveforms.cut_to_range(wf, xs_range, x_column=None, ordered=False)

	Cut the waveform to the given range based on x_column.

The range is defined as xs_range[0]:xs_range[1], or infinite if xs_range=None.
x_column is used to determine which colmn’s values to use to check if the point is in range (see waveforms.get_x_column()).
If ordered_x==True, then the function assumes that x_column in ascending order.






	
pylablib.core.dataproc.waveforms.cut_out_regions(wf, regions, x_column=None, ordered=False, multi_pass=True)

	Cut the regions out of the wf based on x_column.

x_column is used to determine which colmn’s values to use to check if the point is in range (see waveforms.get_x_column()).
If ordered_x==True, then the function assumes that x_column in ascending order.
If multi_pass==False, combine all indices before deleting the data in a single operation (works faster, but only for non-intersecting regions).






	
pylablib.core.dataproc.waveforms.find_discrete_step(wf, min_fraction=1e-08, tolerance=1e-05)[source]

	Try to find a minimal divisor of all steps in a 1D waveform.

min_fraction is the minimal possible size of the divisor (relative to the minimal non-zero step size).
tolerance is the tolerance of the division.
Raise an ArithmeticError [https://docs.python.org/3/library/exceptions.html#ArithmeticError] if no such value was found.






	
pylablib.core.dataproc.waveforms.unwrap_mod_data(wf, wrap_range)[source]

	Unwrap data given wrap_range.

Assume that every jump greater than 0.5*wrap_range is not real and is due to value being restricted.
Can be used to, e.g., unwrap the phase data.






	
pylablib.core.dataproc.waveforms.expand_waveform(wf, size=0, mode='constant', cval=0.0, side='both')[source]

	Expand 1D waveform for different convolution techniques.


	Parameters

	
	wf – 1D array-like object.


	size (int [https://docs.python.org/3/library/functions.html#int]) – Expansion size. Can’t be greater than len(wf) (truncated automatically).


	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Expansion mode. Can be 'constant' (added values are determined by cval), 'nearest' (added values are endvalues of the waveform),
'reflect' (reflect waveform wrt its endpoint) or 'wrap' (wrap the values from the other size).


	cval (float [https://docs.python.org/3/library/functions.html#float]) – If mode=='constant', determines the expanded values.


	side (str [https://docs.python.org/3/library/stdtypes.html#str]) – Expansion side. Can be 'left', 'right' or 'both'.













	
pylablib.core.dataproc.waveforms.xy2c(wf)[source]

	Convert the waveform from xy representation to a single complex data.

wf is a 2D array with either 2 columns (x and y) or 3 columns (index, x and y).
Return 2D array with either 1 column (c) or 2 columns (index and c).






	
pylablib.core.dataproc.waveforms.c2xy(wf)[source]

	Convert the waveform from c representation to a split x and y data.

wf is either 1D array (c data) or a 2D array with either 1 column (c) or 2 columns (index and c).
Return 2D array with either 2 column (x and y) or 3 columns (index, x and y).







Module contents


	
pylablib.core.dataproc.cut_out_regions(wf, regions, x_column=None, ordered=False, multi_pass=True)

	Cut the regions out of the wf based on x_column.

x_column is used to determine which colmn’s values to use to check if the point is in range (see waveforms.get_x_column()).
If ordered_x==True, then the function assumes that x_column in ascending order.
If multi_pass==False, combine all indices before deleting the data in a single operation (works faster, but only for non-intersecting regions).






	
pylablib.core.dataproc.cut_to_range(wf, xs_range, x_column=None, ordered=False)

	Cut the waveform to the given range based on x_column.

The range is defined as xs_range[0]:xs_range[1], or infinite if xs_range=None.
x_column is used to determine which colmn’s values to use to check if the point is in range (see waveforms.get_x_column()).
If ordered_x==True, then the function assumes that x_column in ascending order.






	
pylablib.core.dataproc.decimate(wf, n=1, dec_mode='skip', axis=0, mode='drop')

	Decimate the data.


	Parameters

	
	wf – Data.


	n (int [https://docs.python.org/3/library/functions.html#int]) – Decimation factor.


	dec_mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Decimation mode. Can be
- 'skip' - just leave every n’th point while completely omitting everything else;
- 'bin' or 'mean' - do a binning average;
- 'sum' - sum points;
- 'min' - leave min point;
- 'max' - leave max point;
- 'median' - leave median point (works as a median filter).


	axis (int [https://docs.python.org/3/library/functions.html#int]) – Axis along which to perform the decimation.


	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Determines what to do with the last bin if it’s incomplete. Can be either 'drop' (omit the last bin) or 'leave' (keep it).













	
pylablib.core.dataproc.get_x_column(wf, x_column=None, idx_default=False)

	Get x column of the waveform.


	x_column can be

	
	an array: return as is;


	'#': return index array;


	None: equivalent to ‘#’ for 1D data if idx_default==False, or to 0 otherwise;


	integer: return the column with this index.













	
pylablib.core.dataproc.is_ascending(wf)

	Check the if waveform is ascending.

If it has more than 1 dimension, check all lines along 0’th axis.






	
pylablib.core.dataproc.is_descending(wf)

	Check if the waveform is descending.

If it has more than 1 dimension, check all lines along 0’th axis.






	
pylablib.core.dataproc.is_linear(wf)

	Check if the waveform is linear (values go with a constant step).

If it has more than 1 dimension, check all lines along 0’th axis (with the same step for all).






	
pylablib.core.dataproc.sliding_filter(wf, n=1, dec_mode='bin', mode='reflect', cval=0.0)

	Perform sliding filtering on the data.


	Parameters

	
	wf – 1D array-like object.


	n (int [https://docs.python.org/3/library/functions.html#int]) – bin width.


	dec_mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – 
	Decimation mode. Can be

	
	'bin' or 'mean' - do a binning average;


	'sum' - sum points;


	'min' - leave min point;


	'max' - leave max point;


	'median' - leave median point (works as a median filter).











	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Expansion mode. Can be 'constant' (added values are determined by cval), 'nearest' (added values are endvalues of the waveform),
'reflect' (reflect waveform wrt its endpoint) or 'wrap' (wrap the values from the other size).


	cval (float [https://docs.python.org/3/library/functions.html#float]) – If mode=='constant', determines the expanded values.
















          

      

      

    

  

    
      
          
            
  
pylablib.core.datatable package


Submodules



pylablib.core.datatable.column module

Single column classes. Used in ColumnDataTableStorage.


	
class pylablib.core.datatable.column.IDataColumn[source]

	Bases: pylablib.core.utils.numclass.NumClass


	
expand(length)[source]

	Expand column. Usually fill with zeros, unless the column values can be auto-predicted.






	
subcolumn(idx, force_copy=False)[source]

	Return value(s) at idx as a column object.






	
insert(idx, val)[source]

	Add a value val to the column at a position given by idx.






	
append(val)[source]

	Append a value to the column






	
as_array(force_copy=False)[source]

	Turn the column into a numpy array






	
copy()[source]

	




	
shape

	




	
nrows()[source]

	




	
ndim

	




	
classmethod add_array_function(func, alias=None, wrap_into_column=False, as_property=False, doc=None)[source]

	Turns a function into a method, which is automatically applied to the array representation.


	Parameters

	
	func (callable) – a function which takes the column converted into a numpy array as a first argument, and then the rest if the supplied arguments


	alias (str [https://docs.python.org/3/library/stdtypes.html#str]) – the method name; by default, it’s func.__name__


	wrap_into_column (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, the returned result is wrapped into ArrayDataColumn


	as_property (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, the function is added as a property getter instead


	doc (str [https://docs.python.org/3/library/stdtypes.html#str]) – the method docstring; by default, it’s func.__doc__













	
argmax(*args, **vargs)

	Same as numpy.argmax() [https://numpy.org/doc/stable/reference/generated/numpy.argmax.html#numpy.argmax].






	
argmin(*args, **vargs)

	Same as numpy.argmin() [https://numpy.org/doc/stable/reference/generated/numpy.argmin.html#numpy.argmin].






	
argsort(*args, **vargs)

	Same as numpy.argsort() [https://numpy.org/doc/stable/reference/generated/numpy.argsort.html#numpy.argsort].






	
conjugate(*args, **vargs)

	Same as numpy.conj [https://numpy.org/doc/stable/reference/generated/numpy.conj.html#numpy.conj].






	
cut_out_regions(regions, x_column=None, ordered=False, multi_pass=True)

	Cut the regions out of the wf based on x_column.

x_column is used to determine which colmn’s values to use to check if the point is in range (see waveforms.get_x_column()).
If ordered_x==True, then the function assumes that x_column in ascending order.
If multi_pass==False, combine all indices before deleting the data in a single operation (works faster, but only for non-intersecting regions).






	
cut_to_range(xs_range, x_column=None, ordered=False)

	Cut the waveform to the given range based on x_column.

The range is defined as xs_range[0]:xs_range[1], or infinite if xs_range=None.
x_column is used to determine which colmn’s values to use to check if the point is in range (see waveforms.get_x_column()).
If ordered_x==True, then the function assumes that x_column in ascending order.






	
decimate(n=1, dec_mode='skip', axis=0, mode='drop')

	Decimate the data.


	Parameters

	
	wf – Data.


	n (int [https://docs.python.org/3/library/functions.html#int]) – Decimation factor.


	dec_mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Decimation mode. Can be
- 'skip' - just leave every n’th point while completely omitting everything else;
- 'bin' or 'mean' - do a binning average;
- 'sum' - sum points;
- 'min' - leave min point;
- 'max' - leave max point;
- 'median' - leave median point (works as a median filter).


	axis (int [https://docs.python.org/3/library/functions.html#int]) – Axis along which to perform the decimation.


	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Determines what to do with the last bin if it’s incomplete. Can be either 'drop' (omit the last bin) or 'leave' (keep it).













	
find_closest_arg(*args, **vargs)

	Find the index of a value in xs that is closest to x.

approach can take values 'top', 'bottom' or 'both' and denotes from which side should array elements approach x
(meaning that the found array element should be >x, <x or just the closest one).
If there are no elements lying on the desired side of x (e.g. approach=='top' and all elements of xs are less than x), the function returns None.
if ordered==True, then xs is assumed to be in ascending or descending order, and binary search is implemented (works only for 1D arrays).
if there are recurring elements, return any of them.






	
get_range_indices(xs_range, ordered=False)

	Find waveform indices correspoding to the given range.

The range is defined as xs_range[0]:xs_range[1], or infinite if xs_range=None (so the data is returned unchanged in that case).
If ordered_x==True, then the function assumes that x_column in ascending order.






	
imag

	Same as numpy.imag() [https://numpy.org/doc/stable/reference/generated/numpy.imag.html#numpy.imag].






	
is_ascending(*args, **vargs)

	Check the if waveform is ascending.

If it has more than 1 dimension, check all lines along 0’th axis.






	
is_descending(*args, **vargs)

	Check if the waveform is descending.

If it has more than 1 dimension, check all lines along 0’th axis.






	
is_linear(*args, **vargs)

	Check if the waveform is linear (values go with a constant step).

If it has more than 1 dimension, check all lines along 0’th axis (with the same step for all).






	
is_ordered()

	Check if the waveform is ordered (ascending or descending).

If it has more than 1 dimension, check all lines along 0’th axis.






	
max(*args, **vargs)

	Same as numpy.amax() [https://numpy.org/doc/stable/reference/generated/numpy.amax.html#numpy.amax].






	
mean(*args, **vargs)

	Same as numpy.mean() [https://numpy.org/doc/stable/reference/generated/numpy.mean.html#numpy.mean].






	
min(*args, **vargs)

	Same as numpy.amin() [https://numpy.org/doc/stable/reference/generated/numpy.amin.html#numpy.amin].






	
nonzero(*args, **vargs)

	Same as numpy.nonzero() [https://numpy.org/doc/stable/reference/generated/numpy.nonzero.html#numpy.nonzero].






	
real

	Same as numpy.real() [https://numpy.org/doc/stable/reference/generated/numpy.real.html#numpy.real].






	
sliding_filter(n=1, dec_mode='bin', mode='reflect', cval=0.0)

	Perform sliding filtering on the data.


	Parameters

	
	wf – 1D array-like object.


	n (int [https://docs.python.org/3/library/functions.html#int]) – bin width.


	dec_mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – 
	Decimation mode. Can be

	
	'bin' or 'mean' - do a binning average;


	'sum' - sum points;


	'min' - leave min point;


	'max' - leave max point;


	'median' - leave median point (works as a median filter).











	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Expansion mode. Can be 'constant' (added values are determined by cval), 'nearest' (added values are endvalues of the waveform),
'reflect' (reflect waveform wrt its endpoint) or 'wrap' (wrap the values from the other size).


	cval (float [https://docs.python.org/3/library/functions.html#float]) – If mode=='constant', determines the expanded values.













	
std(*args, **vargs)

	Same as numpy.std() [https://numpy.org/doc/stable/reference/generated/numpy.std.html#numpy.std].






	
sum(*args, **vargs)

	Same as numpy.sum() [https://numpy.org/doc/stable/reference/generated/numpy.sum.html#numpy.sum].






	
unique(*args, **vargs)

	Same as numpy.unique() [https://numpy.org/doc/stable/reference/generated/numpy.unique.html#numpy.unique].










	
class pylablib.core.datatable.column.WrapperDataColumn(column)[source]

	Bases: pylablib.core.datatable.column.IDataColumn

Wraps potentially mutable column types and proxies all the requests to them.

Used when the underlying column object can change in the runtime (e.g., to accommodate a new element type).


	
insert(idx, val)

	Only supports adding at a single specific location.






	
expand(length)[source]

	Expand column. Usually fill with zeros, unless the column values can be auto-predicted.






	
subcolumn(idx, force_copy=False, wrap=True)[source]

	Return value(s) at idx as a column object.






	
as_array(force_copy=False)[source]

	Turn the column into a numpy array






	
copy()[source]

	




	
shape

	




	
real

	Same as numpy.real() [https://numpy.org/doc/stable/reference/generated/numpy.real.html#numpy.real].






	
imag

	Same as numpy.imag() [https://numpy.org/doc/stable/reference/generated/numpy.imag.html#numpy.imag].






	
conjugate()[source]

	Return the complex-conjugate of the column










	
class pylablib.core.datatable.column.IStoredDataColumn[source]

	Bases: pylablib.core.datatable.column.IDataColumn

Abstract class to distinguish data columns with stored data, as opposed to the ones with generated data.






	
class pylablib.core.datatable.column.ArrayDataColumn(column)[source]

	Bases: pylablib.core.datatable.column.IStoredDataColumn

Column which stores its data in a numpy array.

Automatically expands the stored data type (int -> float -> complex) if needed.


	
copy()[source]

	




	
shape

	








	
class pylablib.core.datatable.column.ListDataColumn(column)[source]

	Bases: pylablib.core.datatable.column.IStoredDataColumn

Column which stores its data in a list.


	
subcolumn(idx, force_copy=False)[source]

	Return value(s) at idx as a column object.






	
as_array(force_copy=False)[source]

	Turn the column into a numpy array






	
copy()[source]

	




	
shape

	




	
real

	Same as numpy.real() [https://numpy.org/doc/stable/reference/generated/numpy.real.html#numpy.real].






	
imag

	Same as numpy.imag() [https://numpy.org/doc/stable/reference/generated/numpy.imag.html#numpy.imag].






	
conjugate()[source]

	Return the complex-conjugate of the column










	
class pylablib.core.datatable.column.LinearDataColumn(length, start=0, step=1)[source]

	Bases: pylablib.core.datatable.column.IDataColumn

A linear data column.

Represents a linear data (essentially, a range object). Doesn’t store the full data, just the length, start and step.
Automatically increments upon expansion.


	
expand(length)[source]

	Expand column. Usually fill with zeros, unless the column values can be auto-predicted.






	
subcolumn(idx, force_copy=False)[source]

	Return value(s) at idx as a column object.






	
as_array(force_copy=False)[source]

	Turn the column into a numpy array






	
copy()[source]

	




	
shape

	




	
real

	Same as numpy.real() [https://numpy.org/doc/stable/reference/generated/numpy.real.html#numpy.real].






	
imag

	Same as numpy.imag() [https://numpy.org/doc/stable/reference/generated/numpy.imag.html#numpy.imag].






	
conjugate()[source]

	Return the complex-conjugate of the column






	
decimate(n=1, dec_mode='skip', axis=0, mode='drop')

	Decimate a linear column data.

For parameters, see filters.decimate().






	
find_closest_arg(x, approach='both', ordered=None)

	




	
get_range_indices(xs_range, ordered=None)

	




	
is_ascending()

	




	
is_descending()

	




	
is_linear()

	








	
pylablib.core.datatable.column.as_linear_column(column)[source]

	Try and turn a column into a linear column.

If it is not linear, raise ValueError [https://docs.python.org/3/library/exceptions.html#ValueError].






	
pylablib.core.datatable.column.as_column(column, force_numpy=True, try_linear=False, force_copy=False)[source]

	Turn an object into a column.

If column is a list and force_numpy==True, turn it into a numpy array and return ArrayDataColumn
(by default lists are wrapped into ListDataColumn).
If try_linear==True, try to represent it as a linear data first.
If force_copy==True, create the copy of the data.






	
pylablib.core.datatable.column.crange(*args)[source]

	[start,] stop[, step]

Analogue of range which creates a linear data column.






	
pylablib.core.datatable.column.zeros(length)[source]

	Create a column of the given length filled with zeros.







pylablib.core.datatable.datatable_utils module


	
pylablib.core.datatable.datatable_utils.as_array(data, force_copy=False, try_object=True)[source]

	Turn data into a numpy array.

If force_copy==True, copy the data if it’s already a numpy array.
If try_object==False, only try to convert to numerical numpy arrays; otherwise, generic numpy arrays (with dtype=="object") are acceptable.






	
pylablib.core.datatable.datatable_utils.get_shape(data, strict=False)[source]

	Get the data shape.

If the data is a nested list and strict==True, raise an error unless all sublists have the same length (i.e., the data is rectangular).







pylablib.core.datatable.indexing module

Processing and normalization of different indexing styles.


	
pylablib.core.datatable.indexing.string_list_idx(names_to_find, names_list, only_exact=False)[source]

	Index through a list of strings in names_list.

Return corresponding numerical indices.
Case sensitive; first look for exact matching, then for prefix matching (unless only_exact=True).






	
pylablib.core.datatable.indexing.is_slice(idx)[source]

	Check if idx is slice.






	
pylablib.core.datatable.indexing.is_range(idx)[source]

	Check if idx is iterable (list, numpy array, or builtins.range).






	
pylablib.core.datatable.indexing.is_bool_array(idx)[source]

	Check if idx is a boolean array.






	
pylablib.core.datatable.indexing.to_range(idx, length)[source]

	Turn list, array, builtins.range, slice into an iterable.






	
pylablib.core.datatable.indexing.covers_all(idx, length, strict=False, ordered=True)[source]

	Check if idx covers all of the elements (indices from 0 to length).

If strict==True, strictly checks the condition;
otherwise may return False even if idx actually covers everything, but takes less time (i.e., can be used for optimization).
If ordered==True, only returns True when indices follow in order.






	
class pylablib.core.datatable.indexing.IIndex[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A generic index object.

Used to transform a variety of indexes into a subset applicable for specific objects (numpy arrays or lists).


	Allowed input index types:

	
	scalar: integer, string


	vector: integer lists or numpy arrays, bool lists or numpy arrays, string lists or numpy arrays, builtin.ranges, slices and string slices









	
tup()[source]

	Represent index as a tuple for easy unpacking.










	
class pylablib.core.datatable.indexing.NumpyIndex(idx, ndim=None)[source]

	Bases: pylablib.core.datatable.indexing.IIndex

NumPy compatible index: allows for integers, slices, numpy integer or boolean arrays, integer lists or builtin.ranges






	
pylablib.core.datatable.indexing.to_numpy_idx(idx)[source]

	




	
class pylablib.core.datatable.indexing.ListIndex(idx, names=None, ndim=None)[source]

	Bases: pylablib.core.datatable.indexing.IIndex

List compatible index: allows for integers, slices, numpy integer arrays, integer lists or builtin.ranges;






	
pylablib.core.datatable.indexing.to_list_idx(idx, names=None)[source]

	




	
class pylablib.core.datatable.indexing.ListIndexNoSlice(idx, names=None, length=None, ndim=None)[source]

	Bases: pylablib.core.datatable.indexing.ListIndex

List compatible index with slice unwrapped into bultin.range: allows for integers, numpy integer arrays, integer lists or builtin.ranges;






	
pylablib.core.datatable.indexing.to_list_idx_noslice(idx, names=None, length=None)[source]

	




	
pylablib.core.datatable.indexing.to_double_index(idx, names)[source]

	





pylablib.core.datatable.table module


	
class pylablib.core.datatable.table.DataTable(data=None, column_names=None, transposed='auto', force_copy=True, storage_type=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A data table which is designed to store data in several named heterogeneous columns.


	Differences from the regular numpy array:

	
	The columns have names which can be used for indexing; this proves to be more convenient for large (10+ columns) datatables


	Different columns can have different types, so, e.g., non-numeric datatypes (such as str) still allow to preserve the rest of the data as numeric


	Automatic typecasting for assignment (e.g., if the table starts as int, part of it can be assigned float without re-creating the whole table)


	Various useful methods: insert, append, modified.









	Parameters

	
	data – table data; can be a numpy array, a list of columns, a 2D list, or a dict of data columns (in which case column_names determines which columns to get from the dict)


	column_names (list [https://docs.python.org/3/library/stdtypes.html#list]) – list of column names; by default, the column names are autogenerated: "col00", "col01", etc.


	transposed – if True, the columns arguments is assumed to be column-wise (list of columns)
if False, the columns arguments is assumed to be row-wise (list of rows)
if "auto", assumed to be False for numpy arrays and True otherwise


	force_copy (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, make sure that the supplied data is copied


	storage_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – determines the type of underlying DataTable storage:
'columns' (default) stores each column separately in an IDataColumn object;
'array' stores all the data in a 2D numpy array (limited functionality, but faster execution)









	
shape

	




	
ndim

	




	
nrows()[source]

	Get number of rows.






	
ncols()[source]

	Get number of columns.






	
idx()[source]

	Create an index column (analogous to numpy.arange(len(table))).






	
as_array(force_copy=False)[source]

	Turn the table into a numpy array.

If force_copy==True, ensure that the result is a copy of the data.






	
as_pandas(force_copy=False)[source]

	Turn the table into a pandas DataFrame.

If force_copy==True, ensure that the result is a copy of the data.






	
class RowAccessor(storage, return_numpy=True)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A row accessor: creates a simple interface to treat the table row-wise (append/insert/delete/iterate over rows).

Generated automatically for each table on creation, doesn’t need to be created explicitly.


	
insert(idx, val)[source]

	Insert a row or a list of rows to index idx (1D).






	
append(val)[source]

	Append a row or a list of rows to the end of the table.






	
idx()[source]

	Create an index column (analogous to numpy.arange(len(table))).










	
class ColumnAccessor(storage, return_numpy=True)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A column accessor: creates a simple interface to treat the table column-wise (append/insert/delete/iterate over columns).

Generated automatically for each table on creation, doesn’t need to be created explicitly.


	
keys()[source]

	Get keys (column names)






	
iterkeys()[source]

	Iterate over keys (column names)






	
itervalues()[source]

	Iterate over values (IDataColumn objects)






	
iteritems()[source]

	Iterate over items (tuples of column names and corresponding IDataColumn objects)






	
insert(idx, val, names=None, transposed='auto')[source]

	Add new columns at index idx (1D).

Columns data is given by val and their names are given by names (a string for a single column, or a list of strings for multiple columns).
If transposed==True, val is assumed to be arranged column-wise (list of columns).
If transposed==False, val is assumed to be arranged row-wise (list of rows).
If transposed=="auto", it is assumed to be True if val is a 2D numpy array, and False otherwise.






	
append(val, names=None, transposed='auto')[source]

	Append a column or a list of column to the end of the table.

See IDataTableStorage.add_columns() for description.






	
move(source, dest)[source]

	Move a column with the source index to the dest position (should be integer).

The column names are adjusted accordingly.






	
idx()[source]

	Create an index row (analogous to numpy.arange(table.shape[1])).










	
class TableAccessor(storage, return_numpy=True)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A table accessor: acessing the table data through this interface returns DataTable objects (acessing DataTable object directly returns numpy objects for better compatibility).

Generated automatically for each table on creation, doesn’t need to be created explicitly.


	
idx()[source]

	








	
expand(length)[source]

	Expand the table by length. Usually fill with zeros, unless the column values can be auto-predicted.






	
resize(length)[source]

	Resize the table to length.

If the current length is larger, the table is truncated. Otherwise, it’s expanded (using expand()).






	
get_column_names(idx=None)[source]

	Return the list of column names at index idx (by default, all of the names).






	
set_column_names(new_names)[source]

	Return the list of column names.






	
change_column_names(idx, val)[source]

	Change names of columns at index idx.






	
swap_columns(idx1, idx2)[source]

	Swap two columns at indices idx1 and idx2.

Names are adjusted accordingly.






	
rearrange_columns(idx)[source]

	Rearrange columns according to the new index (analogous to replacing the table by its subtable given by index idx).






	
modified(idx, val, names=None, force_copy=True)[source]

	Return a copy of this table with the columns at index idx modified.

val can be either a single number or column (if idx is a single index), or a list of numbers or columns (if idx is a list of indices).
names specifices new names of modified columns (by default the old names are preserved).
If force_copy==True, all of the table data is deep-copied.






	
set_x_column_name(idx='#')[source]

	Set the dedicated x column.

Can be either a valid column name (or numeric index), or "#" which means the index column (returned by idx()).






	
get_x_column_name()[source]

	Get the name of the dedicated.






	
get_x_column(x_column=None, idx_default=False)[source]

	Get the dedicated x column.






	
copy(copy_columns=True)[source]

	Copy the table.

If y_columns==True, deep-copy the columns as well.






	
concatenate(table, diff_columns_action='exclude', fill_value=nan)[source]

	




	
classmethod add_array_function(func, alias=None, doc=None)[source]

	Turns a function into a method, which is automatically applied to the array representation.


	Parameters

	
	func (callable) – a function which takes the column converted into a numpy array as a first argument, and then the rest if the supplied arguments


	alias (str [https://docs.python.org/3/library/stdtypes.html#str]) – the method name; by default, it’s func.__name__


	doc (str [https://docs.python.org/3/library/stdtypes.html#str]) – the method docstring; by default, it’s func.__doc__













	
classmethod add_columnwise_function(func, alias=None, collection_type='list', column_arg_name=None, doc=None)[source]

	Add function to the class definition, which is automatically applied to each column.


	Parameters

	
	func (callable) – a function which takes the column converted into a numpy array as a first argument, and then the rest if the supplied arguments


	alias (str [https://docs.python.org/3/library/stdtypes.html#str]) – the method name; by default, it’s func.__name__


	collection_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – determines the type of the result; can be "list", "array", or "table"


	column_arg_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – name of the column argument supplied to the function, in which case it is only applied to this specified column (by default, the function has no such argument)


	doc (str [https://docs.python.org/3/library/stdtypes.html#str]) – the method docstring; by default, it’s func.__doc__













	
classmethod add_column_function(func, alias=None, column_arg_name='column', column_arg_default=None, doc=None)[source]

	Add function to the class definition, which is automatically applied to a single column.
Column number should be given as a first argument of the function.


	Parameters

	
	func (callable) – a function which takes the column converted into a numpy array as a first argument, and then the rest if the supplied arguments


	alias (str [https://docs.python.org/3/library/stdtypes.html#str]) – the method name; by default, it’s func.__name__


	column_arg_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – name of the column argument supplied to the function, in which case it is only applied to this specified column


	column_arg_default – default name of the column, if no column argument os supplied to the function


	doc (str [https://docs.python.org/3/library/stdtypes.html#str]) – the method docstring; by default, it’s func.__doc__













	
argmax(*args, **vargs)

	Same as numpy.argmax() [https://numpy.org/doc/stable/reference/generated/numpy.argmax.html#numpy.argmax].






	
argmin(*args, **vargs)

	Same as numpy.argmin() [https://numpy.org/doc/stable/reference/generated/numpy.argmin.html#numpy.argmin].






	
argsort(*args, **vargs)

	Same as numpy.argsort() [https://numpy.org/doc/stable/reference/generated/numpy.argsort.html#numpy.argsort].






	
cut_out_regions(regions, x_column=None, ordered=False, multi_pass=True)

	Cut the regions out of the wf based on x_column.

x_column is used to determine which colmn’s values to use to check if the point is in range (see waveforms.get_x_column()).
If ordered_x==True, then the function assumes that x_column in ascending order.
If multi_pass==False, combine all indices before deleting the data in a single operation (works faster, but only for non-intersecting regions).






	
cut_to_range(xs_range, x_column=None, ordered=False)

	Cut the waveform to the given range based on x_column.

The range is defined as xs_range[0]:xs_range[1], or infinite if xs_range=None.
x_column is used to determine which colmn’s values to use to check if the point is in range (see waveforms.get_x_column()).
If ordered_x==True, then the function assumes that x_column in ascending order.






	
decimate(*args, **vargs)

	Decimate the data.


	Parameters

	
	wf – Data.


	n (int [https://docs.python.org/3/library/functions.html#int]) – Decimation factor.


	dec_mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Decimation mode. Can be
- 'skip' - just leave every n’th point while completely omitting everything else;
- 'bin' or 'mean' - do a binning average;
- 'sum' - sum points;
- 'min' - leave min point;
- 'max' - leave max point;
- 'median' - leave median point (works as a median filter).


	axis (int [https://docs.python.org/3/library/functions.html#int]) – Axis along which to perform the decimation.


	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Determines what to do with the last bin if it’s incomplete. Can be either 'drop' (omit the last bin) or 'leave' (keep it).













	
filter_by(columns=None, pred=None, exclude=False)

	Filter 1D or 2D array using a predicate.

If the data is 2D, columns contains indices of columns to be passed to the pred function.
If exclude==False, drop all of the rows satisfying pred rather than keep them.






	
max(*args, **vargs)

	Same as numpy.amax() [https://numpy.org/doc/stable/reference/generated/numpy.amax.html#numpy.amax].






	
mean(*args, **vargs)

	Same as numpy.mean() [https://numpy.org/doc/stable/reference/generated/numpy.mean.html#numpy.mean].






	
min(*args, **vargs)

	Same as numpy.amin() [https://numpy.org/doc/stable/reference/generated/numpy.amin.html#numpy.amin].






	
nonzero(*args, **vargs)

	Same as numpy.nonzero() [https://numpy.org/doc/stable/reference/generated/numpy.nonzero.html#numpy.nonzero].






	
sliding_filter(*args, **vargs)

	Perform sliding filtering on the data.


	Parameters

	
	wf – 1D array-like object.


	n (int [https://docs.python.org/3/library/functions.html#int]) – bin width.


	dec_mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – 
	Decimation mode. Can be

	
	'bin' or 'mean' - do a binning average;


	'sum' - sum points;


	'min' - leave min point;


	'max' - leave max point;


	'median' - leave median point (works as a median filter).











	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Expansion mode. Can be 'constant' (added values are determined by cval), 'nearest' (added values are endvalues of the waveform),
'reflect' (reflect waveform wrt its endpoint) or 'wrap' (wrap the values from the other size).


	cval (float [https://docs.python.org/3/library/functions.html#float]) – If mode=='constant', determines the expanded values.













	
sort_by(x_column=None, reverse=False, stable=False)

	Sort 2D array using selected column as a key and preserving rows.

If reverse==True, sort in descending order. x_column values are described in waveforms.get_x_column().
If stable==True, use stable sort (could be slower and uses more memory)






	
std(*args, **vargs)

	Same as numpy.std() [https://numpy.org/doc/stable/reference/generated/numpy.std.html#numpy.std].






	
sum(*args, **vargs)

	Same as numpy.sum() [https://numpy.org/doc/stable/reference/generated/numpy.sum.html#numpy.sum].






	
unique(*args, **vargs)

	Same as numpy.unique() [https://numpy.org/doc/stable/reference/generated/numpy.unique.html#numpy.unique].






	
unique_slices(u_column)

	Split a table into subtables with different values in a given column.

Return a list of wf subtables, each of which has a different (and equal among all rows in the subtable) value in u_column.











pylablib.core.datatable.table_storage module

Data table storage.
Does not implement any indexing or iterator interface (it’s delegated to IDataTable).
Should not be accessed directly by users of DataTable.


	
class pylablib.core.datatable.table_storage.IDataTableStorage[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
shape

	




	
ndim

	




	
as_array(force_copy=False)[source]

	Turn the storage into a numpy array.

If force_copy==True, ensure that the result is a copy of the data.






	
as_pandas(force_copy=False)[source]

	Turn the storage into a pandas DataFrame.

If force_copy==True, ensure that the result is a copy of the data.






	
get_item(idx)[source]

	Return the data at the index idx (1D or 2D) as a numpy array.






	
set_item(idx, val)[source]

	Return the data at the index idx (1D or 2D)  to val.






	
get_columns(idx)[source]

	Return a column or a list of columns at the index idx (1D).






	
get_single_column(idx)[source]

	Return a single column at the index idx (1D).

Same as get_columns(), but only accepts single column index.






	
set_columns(idx, val)[source]

	Set a column or a list of columns at the index idx (1D) to val.






	
add_columns(idx, val, names, transposed, force_copy=False)[source]

	Add new columns at index idx (1D).

Columns data is given by val and their names are given by names (a string for a single column, or a list of strings for multiple columns).
If transposed==True, val is assumed to be arranged column-wise (list of columns).
If transposed==False, val is assumed to be arranged row-wise (list of rows).
If transposed=="auto", it is assumed to be True if val is a 2D numpy array, and False otherwise.
If force_copy==True, make sure that val data is copied.






	
del_columns(idx)[source]

	Delete a column or a list of columns at the index idx (1D)






	
get_rows(idx)[source]

	Return a row or a list of rows at the index idx (1D).

Each row is represented as a tuple.






	
get_single_row(idx)[source]

	Return a single row at the index idx (1D) as a tuple.

Same as get_rows(), but only accepts single column index.






	
get_single_row_item(idx)[source]

	Return a single row at the index idx (1D) as a numpy array.

Same as get_item(), but only accepts single column index.






	
set_rows(idx, val)[source]

	Set a row or a list of rows at the index idx (1D) to val.






	
add_rows(idx, val)[source]

	Add new rows at index idx (1D).






	
del_rows(idx)[source]

	Delete a row or a list of rows at the index idx (1D)






	
get_subtable(idx)[source]

	Return the data at the index idx (1D or 2D) as an IDataTableStorage object of the same type.






	
expand(length)[source]

	Expand the table by length. Usually fill with zeros, unless the column values can be auto-predicted.






	
get_column_names(idx=None)[source]

	Return the list of column names at index idx (by default, all of the names).






	
get_column_indices(idx=None)[source]

	Return the list of column numerical indices corresponding to the index idx.






	
set_column_names(new_names)[source]

	Set new column names.






	
swap_columns(idx1, idx2)[source]

	Swap two columns at indices idx1 and idx2.






	
copy()[source]

	








	
class pylablib.core.datatable.table_storage.ColumnDataTableStorage(columns=None, names=None, transposed='auto', force_copy=True)[source]

	Bases: pylablib.core.datatable.table_storage.IDataTableStorage

Table storage which stores the data as a list of columns (defined in datatable.column).

More flexible compared to the ArrayDataTableStorage, but potentially slower.


	Parameters

	
	columns – table data; can be a numpy array, a list of columns, or a 2D list


	names (list [https://docs.python.org/3/library/stdtypes.html#list]) – list of column names; by default, the column names are autogenerated: "col00", "col01", etc.


	transposed – if True, the columns arguments is assumed to be column-wise (list of columns)
if False, the columns arguments is assumed to be row-wise (list of rows)
if "auto", assumed to be False for numpy arrays and True otherwise


	force_copy (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, make sure that the supplied data is copied









	
shape

	




	
as_pandas(force_copy=False)[source]

	Turn the storage into a pandas DataFrame.

If force_copy==True, ensure that the result is a copy of the data.






	
get_column_names(idx=None)[source]

	Return the list of column names.






	
get_column_indices(idx=None)[source]

	Return the list of column numerical indices corresponding to the index idx.






	
set_column_names(new_names)[source]

	Set new column names.






	
swap_columns(idx1, idx2)[source]

	Swap two columns at indices idx1 and idx2.






	
copy()[source]

	




	
get_item(idx)[source]

	Return the data at the index idx (1D or 2D) as a numpy array.






	
set_item(idx, val)[source]

	Return the data at the index idx (1D or 2D) to val.






	
get_columns(idx)[source]

	Return a column or a list of columns at the index idx (1D).






	
get_single_column(idx)[source]

	Return a single column at the index idx (1D).

Same as get_columns(), but only accepts single column index.






	
set_columns(idx, val, force_copy=False)[source]

	Set a column or a list of columns at the index idx (1D) to val.






	
add_columns(idx, val, names, transposed='auto', force_copy=False)[source]

	Add new columns at index idx (1D).

Columns data is given by val and their names are given by names (a string for a single column, or a list of strings for multiple columns).
If transposed==True, val is assumed to be arranged column-wise (list of columns).
If transposed==False, val is assumed to be arranged row-wise (list of rows).
If transposed=="auto", it is assumed to be False if val is a 2D numpy array, and True otherwise.
If force_copy==True, make sure that val data is copied.






	
del_columns(idx)[source]

	Delete a column or a list of columns at the index idx (1D)






	
get_rows(idx)[source]

	Return a row or a list of rows at the index idx (1D).

Each row is represented as a tuple.






	
get_single_row(idx)[source]

	Return a single row at the index idx (1D) as a tuple.

Same as get_rows(), but only accepts single column index.






	
get_single_row_item(idx)[source]

	Return a single row at the index idx (1D) as a numpy array.

Same as get_item(), but only accepts single column index.






	
add_rows(idx, val)[source]

	Add new rows at index idx (1D).






	
del_rows(idx)[source]

	Delete a row or a list of rows at the index idx (1D)






	
get_subtable(idx, force_copy=False)[source]

	Return the data at the index idx (1D or 2D) as an IDataTableStorage object of the same type.






	
expand(length)[source]

	Expand the table. Usually fill with zeros, unless the column values can be auto-predicted.










	
class pylablib.core.datatable.table_storage.ArrayDataTableStorage(columns=None, names=None, transposed='auto', force_copy=True)[source]

	Bases: pylablib.core.datatable.table_storage.IDataTableStorage

Table storage which stores the data as a 2D numpy array.

Faster, but less flexible than ColumnDataTableStorage.
Indexing is only numpy-style or column-wise.
All columns have the same datatype and are stored in the same array.
All columns and rows are returned as numpy arrays.


	Parameters

	
	columns – table data; can be a numpy array, a list of columns, or a 2D list


	names (list [https://docs.python.org/3/library/stdtypes.html#list]) – list of column names; by default, the column names are autogenerated: "col00", "col01", etc.


	transposed – if True, the columns arguments is assumed to be column-wise (list of columns)
if False, the columns arguments is assumed to be row-wise (list of rows)
if "auto", assumed to be False for numpy arrays and True otherwise


	force_copy (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, make sure that the supplied data is copied









	
shape

	




	
get_column_names(idx=None)[source]

	Return the list of column names.






	
get_column_indices(idx=None)[source]

	Return the list of column numerical indices corresponding to the index idx.






	
set_column_names(new_names)[source]

	Set new column names.






	
swap_columns(idx1, idx2)[source]

	Swap two columns at indices idx1 and idx2.






	
copy()[source]

	




	
get_item(idx)[source]

	Return the data at the index idx (1D or 2D) as a numpy array.






	
set_item(idx, val)[source]

	Return the data at the index idx (1D or 2D) to val.






	
get_columns(idx)[source]

	Return a column or a list of columns at the index idx (1D).






	
get_single_column(idx)[source]

	Return a single column at the index idx (1D).

Same as get_columns(), but only accepts single column index.






	
set_columns(idx, val, force_copy=False)[source]

	Set a column or a list of columns at the index idx (1D) to val.






	
add_columns(idx, val, names, transposed='auto', force_copy=False)[source]

	Add new columns at index idx (1D).

Columns data is given by val and their names are given by names (a string for a single column, or a list of strings for multiple columns).
If transposed==True, val is assumed to be arranged column-wise (list of columns).
If transposed==False, val is assumed to be arranged row-wise (list of rows).
If transposed=="auto", it is assumed to be True if val is a 2D numpy array, and False otherwise.
If force_copy==True, make sure that val data is copied.






	
del_columns(idx)[source]

	Delete a column or a list of columns at the index idx (1D)






	
get_rows(idx)

	Return the data at the index idx (1D or 2D) as a numpy array.






	
get_single_row(idx)[source]

	Return a single row at the index idx (1D) as a tuple.

Same as get_rows(), but only accepts single column index.






	
get_single_row_item(idx)[source]

	Return a single row at the index idx (1D) as a numpy array.

Same as get_item(), but only accepts single column index.






	
add_rows(idx, val)[source]

	Add new rows at index idx (1D).






	
del_rows(idx)[source]

	Delete a row or a list of rows at the index idx (1D)






	
get_subtable(idx, force_copy=True)[source]

	Return the data at the index idx (1D or 2D) as an IDataTableStorage object of the same type.






	
expand(length)[source]

	Expand the table. Usually fill with zeros, unless the column values can be auto-predicted.











pylablib.core.datatable.wrapping module

Utilities for uniform treatment of DataTable and numpy array objects for functions which can deal with them both.


	
class pylablib.core.datatable.wrapping.IGenWrapper(container)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

The interface for a wrapper that gives a uniform access to basic methods of wrapped objects’.


	
get_type()[source]

	Get a string representing the wrapped object type






	
copy(wrapped=True)[source]

	Copy the object. If wrapped==True, return a new wrapper contating the object copy; otherwise, just return the copy.






	
ndim()[source]

	




	
shape()[source]

	








	
class pylablib.core.datatable.wrapping.I1DWrapper(container)[source]

	Bases: pylablib.core.datatable.wrapping.IGenWrapper

A wrapper containing a 1D object (a 1D numpy array or a IDataColumn object).

Provides a uniform access to basic methods of a wrapped object.


	
class Accessor(wrapper)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

An accessor: creates a simple uniform interface to treat the wrapped object element-wise (get/set/iterate over elements).

Generated automatically for each table on creation, doesn’t need to be created explicitly.






	
subcolumn(idx, wrapped=True)[source]

	Return a subcolumn at index idx.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
static from_array(array, force_copy=False, force_numpy=True, try_optimizing=False, wrapped=True)[source]

	Build a new object of the type corresponding to the wrapper from the supplied array (a 1D numpy array or a list).

If force_copy==True, make a copy of supplied array.
For a Column1DWrapper, if column is a list and force_numpy==True, turn it into a numpy array and return ArrayDataColumn
(by default lists are wrapped into ListDataColumn).
For a Column1DWrapper, if try_optimizing==True, check if the column can be turned into a LinearDataColumn.
If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
classmethod from_columns(columns, column_names=None, wrapped=True)[source]

	Build a new object of the type corresponding to the wrapper from the supplied columns (a list of columns; only length-1 lists is supported).

column_names parameter is ignored.
If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
array_replaced(array, force_copy=False, force_numpy=True, try_optimizing=False, wrapped=True)[source]

	Return a copy of the column with the data replaced by array.

All of the parameters are the same as in from_array().






	
get_type()[source]

	Get a string representing the wrapped object type






	
copy(wrapped=True)[source]

	Copy the object. If wrapped==True, return a new wrapper contating the object copy; otherwise, just return the copy.






	
ndim()[source]

	








	
class pylablib.core.datatable.wrapping.Array1DWrapper(container)[source]

	Bases: pylablib.core.datatable.wrapping.I1DWrapper

A wrapper for a 1D numpy array.

Provides a uniform access to basic methods of a wrapped object.


	
get_deleted(idx, wrapped=True)[source]

	Return a copy of the column with the data at index idx deleted.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
get_inserted(idx, val, wrapped=True)[source]

	Return a copy of the column with the data val added at index idx.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
insert(idx, val)[source]

	Add data val to index idx.






	
get_appended(val, wrapped=True)[source]

	Return a copy of the column with the data val appended at the end.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
append(val)[source]

	Append data val to the end.






	
subcolumn(idx, wrapped=True)[source]

	Return a subcolumn at index idx.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
static from_array(array, force_copy=False, force_numpy=True, try_optimizing=False, wrapped=True)[source]

	Build a new object of the type corresponding to the wrapper from the supplied array (a 1D numpy array or a list).

If force_copy==True, make a copy of supplied array.
If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.
force_numpy and try_optimizing parameters are ignored.






	
get_type()[source]

	Get a string representing the wrapped object type






	
copy(wrapped=True)[source]

	Copy the object. If wrapped==True, return a new wrapper contating the object copy; otherwise, just return the copy.










	
class pylablib.core.datatable.wrapping.Column1DWrapper(container)[source]

	Bases: pylablib.core.datatable.wrapping.I1DWrapper

A wrapper for an IDataColumn object.

Provides a uniform access to basic methods of a wrapped object.


	
get_deleted(idx, wrapped=True)[source]

	Return a copy of the column with the data at index idx deleted.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
get_inserted(idx, val, wrapped=True)[source]

	Return a copy of the column with the data val added at index idx.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
insert(idx, val)[source]

	Add data val to index idx.






	
get_appended(val, wrapped=True)[source]

	Return a copy of the column with the data val appended at the end.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
append(val)[source]

	Append data val to the end.






	
subcolumn(idx, wrapped=True)[source]

	Return a subcolumn at index idx.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
static from_array(array, force_copy=False, force_numpy=True, try_optimizing=False, wrapped=True)[source]

	Build a new object of the type corresponding to the wrapper from the supplied array (a 1D numpy array or a list).

If force_copy==True, make a copy of supplied array.
If column is a list and force_numpy==True, turn it into a numpy array and return ArrayDataColumn
(by default lists are wrapped into ListDataColumn).
If try_optimizing==True, check if the column can be turned into a LinearDataColumn.
If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
get_type()[source]

	Get a string representing the wrapped object type






	
copy(wrapped=True)[source]

	Copy the object. If wrapped==True, return a new wrapper contating the object copy; otherwise, just return the copy.










	
class pylablib.core.datatable.wrapping.Series1DWrapper(container)[source]

	Bases: pylablib.core.datatable.wrapping.I1DWrapper

A wrapper for a pandas Series object.

Provides a uniform access to basic methods of a wrapped object.


	
get_deleted(idx, wrapped=True)[source]

	Return a copy of the column with the data at index idx deleted.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
get_inserted(idx, val, wrapped=True)[source]

	Return a copy of the column with the data val added at index idx.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
get_appended(val, wrapped=True)[source]

	Return a copy of the column with the data val appended at the end.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
subcolumn(idx, wrapped=True)[source]

	Return a subcolumn at index idx.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
static from_array(array, force_copy=False, force_numpy=True, try_optimizing=False, wrapped=True)[source]

	Build a new object of the type corresponding to the wrapper from the supplied array (a 1D numpy array or a list).

If force_copy==True, make a copy of supplied array.
If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.
force_numpy and try_optimizing parameters are ignored.






	
get_type()[source]

	Get a string representing the wrapped object type






	
copy(wrapped=True)[source]

	Copy the object. If wrapped==True, return a new wrapper contating the object copy; otherwise, just return the copy.










	
class pylablib.core.datatable.wrapping.I2DWrapper(container, r=None, c=None, t=None)[source]

	Bases: pylablib.core.datatable.wrapping.IGenWrapper

A wrapper containing a 2D object (a 2D numpy array or a DataTable object).

Provides a uniform access to basic methods of a wrapped object.


	
static from_columns(columns, column_names=None, wrapped=True)[source]

	Build a new object of the type corresponding to the wrapper from the supplied columns (a list of columns).

column_names supplies names of the columns (only relevant for Table2DWrapper).
If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
columns_replaced(columns, wrapped=True)[source]

	Return copy of the object with the data replaced by columns.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
static from_array(array, column_names=None, force_copy=False, wrapped=True)[source]

	Build a new object of the type corresponding to the wrapper from the supplied array (a list of rows or a 2D numpy array).

column_names supplies names of the columns (only relevant for Table2DWrapper).
If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
array_replaced(array, force_copy=False, wrapped=True)[source]

	Return a copy of the column with the data replaced by array.

All of the parameters are the same as in from_array().






	
get_type()[source]

	Get a string representing the wrapped object type






	
copy(wrapped=True)[source]

	Copy the object. If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
column(idx, wrapped=True)[source]

	Get a column at index idx.

Return a 1D numpy array for a 2D numpy array object, and an IDataColumn object for a DataTable.
If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
subtable(idx, wrapped=True)[source]

	Return a subtable at index idx.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
ndim()[source]

	








	
class pylablib.core.datatable.wrapping.Array2DWrapper(container)[source]

	Bases: pylablib.core.datatable.wrapping.I2DWrapper

A wrapper for a 2D numpy array.

Provides a uniform access to basic methods of a wrapped object.


	
set_container(cont)[source]

	




	
class RowAccessor(wrapper, storage)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A row accessor: creates a simple uniform interface to treat the wrapped object row-wise (append/insert/delete/iterate over rows).

Generated automatically for each table on creation, doesn’t need to be created explicitly.


	
get_deleted(idx, wrapped=True)[source]

	Return a new table with the rows at idx deleted.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
get_inserted(idx, val, wrapped=True)[source]

	Return a new table with new rows given by val inserted at idx.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
insert(idx, val)[source]

	Insert new rows given by val at index idx.






	
get_appended(val, wrapped=True)[source]

	Return a new table with new rows given by val appended to the end of the table.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
append(val)[source]

	Insert new rows given by val to the end of the table.










	
class ColumnAccessor(wrapper, storage)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A column accessor: creates a simple uniform interface to treat the wrapped object column-wise (append/insert/delete/iterate over columns).

Generated automatically for each table on creation, doesn’t need to be created explicitly.


	
get_deleted(idx, wrapped=True)[source]

	Return a new table with the columns at idx deleted.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
get_inserted(idx, val, wrapped=True)[source]

	Return a new table with new columns given by val inserted at idx.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
insert(idx, val)[source]

	Insert new columns given by val at index idx.






	
get_appended(val, wrapped=True)[source]

	Return a new table with new columns given by val appended to the end of the table.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
append(val)[source]

	Insert new columns given by val to the end of the table.






	
set_names(names)[source]

	Set column names (does nothing).






	
get_names()[source]

	Get column names (all names are None).






	
get_index(idx)[source]

	Get number index for a given column index










	
class TableAccessor(storage)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A table accessor: acessing the table data through this interface returns an object of the appropriate type
(numpy array for numpy wrapped object, and DataTable for DataTable wrapped object).

Generated automatically for each table on creation, doesn’t need to be created explicitly.






	
subtable(idx, wrapped=True)[source]

	Return a subtable at index idx of the appropriate type (2D numpy array).

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
column(idx, wrapped=True)[source]

	Get a column at index idx as a 1D numpy array.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
static from_columns(columns, column_names=None, wrapped=True)[source]

	Build a new object of the type corresponding to the wrapper from the supplied columns (a list of columns).

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.
column_names parameter is ignored.






	
static from_array(array, column_names=None, force_copy=False, wrapped=True)[source]

	Build a new object of the type corresponding to the wrapper from the supplied array (a list of rows or a 2D numpy array).

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.
column_names parameter is ignored.






	
get_type()[source]

	Get a string representing the wrapped object type






	
copy(wrapped=True)[source]

	Copy the object. If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.










	
class pylablib.core.datatable.wrapping.Table2DWrapper(container)[source]

	Bases: pylablib.core.datatable.wrapping.I2DWrapper

A wrapper for a DataTable object.

Provides a uniform access to basic methods of a wrapped object.


	
class RowAccessor(wrapper, storage)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A row accessor: creates a simple uniform interface to treat the wrapped object row-wise (append/insert/delete/iterate over rows).

Generated automatically for each table on creation, doesn’t need to be created explicitly.


	
get_deleted(idx, wrapped=True)[source]

	Return a new table with the rows at idx deleted.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
get_inserted(idx, val, wrapped=True)[source]

	Return a new table with new rows given by val inserted at idx.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
insert(idx, val)[source]

	Insert new rows given by val at index idx.






	
get_appended(val, wrapped=True)[source]

	Return a new table with new rows given by val appended to the end of the table.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
append(val)[source]

	Insert new rows given by val to the end of the table.










	
class ColumnAccessor(wrapper, storage)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A column accessor: creates a simple uniform interface to treat the wrapped object column-wise (append/insert/delete/iterate over columns).

Generated automatically for each table on creation, doesn’t need to be created explicitly.


	
get_deleted(idx, wrapped=True)[source]

	Return a new table with the columns at idx deleted.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
get_inserted(idx, val, wrapped=True)[source]

	Return a new table with new columns given by val inserted at idx.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
insert(idx, val)[source]

	Insert new columns given by val at index idx.






	
get_appended(val, wrapped=True)[source]

	Return a new table with new columns given by val appended to the end of the table.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
append(val)[source]

	Insert new columns given by val to the end of the table.






	
set_names(names)[source]

	Set column names.






	
get_names()[source]

	Get column names.






	
get_index(idx)[source]

	Get number index for a given column index










	
class TableAccessor(storage)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A table accessor: acessing the table data through this interface returns an object of the appropriate type
(numpy array for numpy wrapped object, and DataTable for DataTable wrapped object).

Generated automatically for each table on creation, doesn’t need to be created explicitly.






	
subtable(idx, wrapped=True)[source]

	Return a subtable at index idx of the appropriate type (DataTable).

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
column(idx, wrapped=True)[source]

	Get a column at index idx as an IDataColumn object.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
static from_columns(columns, column_names=None, wrapped=True)[source]

	Build a new object of the type corresponding to the wrapper from the supplied columns (a list of columns).

column_names supplies names of the columns (only relevant for Table2DWrapper).
If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
static from_array(array, column_names=None, force_copy=False, wrapped=True)[source]

	Build a new object of the type corresponding to the wrapper from the supplied array (a list of rows or a 2D numpy array).

column_names supplies names of the columns (only relevant for Table2DWrapper).
If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
get_type()[source]

	Get a string representing the wrapped object type






	
copy(wrapped=True)[source]

	Copy the object. If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.










	
class pylablib.core.datatable.wrapping.DataFrame2DWrapper(container)[source]

	Bases: pylablib.core.datatable.wrapping.I2DWrapper

A wrapper for a pandas DataFrame object.

Provides a uniform access to basic methods of a wrapped object.


	
class RowAccessor(wrapper, storage)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A row accessor: creates a simple uniform interface to treat the wrapped object row-wise (append/insert/delete/iterate over rows).

Generated automatically for each table on creation, doesn’t need to be created explicitly.


	
get_deleted(idx, wrapped=True)[source]

	Return a copy of the column with the data at index idx deleted.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
get_inserted(idx, val, wrapped=True)[source]

	Return a new table with new rows given by val inserted at idx.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
insert(idx, val)[source]

	Insert new rows given by val at index idx.






	
get_appended(val, wrapped=True)[source]

	Return a new table with new rows given by val appended to the end of the table.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
append(val)[source]

	Insert new rows given by val to the end of the table.










	
class ColumnAccessor(wrapper, storage)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A column accessor: creates a simple uniform interface to treat the wrapped object column-wise (append/insert/delete/iterate over columns).

Generated automatically for each table on creation, doesn’t need to be created explicitly.


	
get_deleted(idx, wrapped=True)[source]

	Return a new table with the columns at idx deleted.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
get_inserted(idx, val, column_name=None, wrapped=True)[source]

	Return a new table with new columns given by val inserted at idx.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
insert(idx, val, column_name=None)[source]

	Insert new columns given by val at index idx.






	
get_appended(val, column_name=None, wrapped=True)[source]

	Return a new table with new columns given by val appended to the end of the table.

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
append(val, column_name=None)[source]

	Insert new columns given by val to the end of the table.






	
set_names(names)[source]

	Set column names.






	
get_names()[source]

	Get column names.






	
get_index(idx)[source]

	Get number index for a given column index










	
class TableAccessor(storage)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A table accessor: acessing the table data through this interface returns an object of the appropriate type
(numpy array for numpy wrapped object, and DataTable for DataTable wrapped object).

Generated automatically for each table on creation, doesn’t need to be created explicitly.






	
subtable(idx, wrapped=True)[source]

	Return a subtable at index idx of the appropriate type (DataTable).

If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
column(idx, wrapped=True)[source]

	Get a column at index idx as an IDataColumn object.

If wrapped==True, return a new wrapper contating the column; otherwise, just return the column.






	
static from_columns(columns, column_names=None, wrapped=True)[source]

	Build a new object of the type corresponding to the wrapper from the supplied columns (a list of columns).

column_names supplies names of the columns (only relevant for DataFrame2DWrapper).
If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
static from_array(array, column_names=None, force_copy=False, wrapped=True)[source]

	Build a new object of the type corresponding to the wrapper from the supplied array (a list of rows or a 2D numpy array).

column_names supplies names of the columns (only relevant for DataFrame2DWrapper).
If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.






	
get_type()[source]

	Get a string representing the wrapped object type






	
copy(wrapped=True)[source]

	Copy the object. If wrapped==True, return a new wrapper contating the table; otherwise, just return the table.










	
pylablib.core.datatable.wrapping.wrap1d(container)[source]

	Wrap a 1D container (a 1D numpy array or an IDataColumn) into an appropriate wrapper.






	
pylablib.core.datatable.wrapping.wrap2d(container)[source]

	Wrap a 2D container (a 2D numpy array or a DataTable) into an appropriate wrapper.






	
pylablib.core.datatable.wrapping.wrap(container)[source]

	Wrap container (a numpy array, an IDataColumn or a DataTable) into an appropriate wrapper.
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pylablib.core.devio package


Submodules



pylablib.core.devio.SCPI module


	
class pylablib.core.devio.SCPI.SCPIDevice(conn, term_write=None, term_read=None, wait_callback=None, backend='visa', failsafe=None, timeout=None, backend_params=None)[source]

	Bases: pylablib.core.devio.backend.IBackendWrapper

A base class for a device controlled with the usual SCPI syntax.


	Implements two functions:

	
	deals with composing and parsing of standard SCPI commands.


	implements automatic re-sending and reconnecting on communication failures (fail-safe mode)









	Parameters

	
	conn – Connection parameters (depend on the backend). Can also be an opened backend.IDeviceBackend class for a custom backend.


	term_write (str [https://docs.python.org/3/library/stdtypes.html#str]) – Line terminator for writing operations.


	wait_callback (callable) – A function to be called periodically (every 300ms by default) while waiting for operations to complete.


	backend (str [https://docs.python.org/3/library/stdtypes.html#str]) – Connection backend ('serial' or 'visa').


	failsafe (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, the device is working in a fail-safe mode:
if an operation times out, attempt to repeat it several times before raising error.
If None, use the class value _default_failsafe (False by default).


	timeout (float [https://docs.python.org/3/library/functions.html#float]) – Default timeout (in seconds).









	
reconnect(new_instrument=True)[source]

	Remake the connection.

If new_instrument==True, create a new backend instance.






	
sleep(delay)[source]

	Wait for delay seconds.






	
using_write_buffer()[source]

	Context manager for using a write buffer.

While it’s active, all the consecutive write() operations are bundled together with ; delimiter.
The actual write is performed at the read()/ask() operation or at the end of the block.






	
get_id(timeout=None)[source]

	Get the device IDN. (query SCPI '*IDN?' command).






	
reset()[source]

	Reset the device (by default, "*RST" command)






	
get_esr(timeout=None)[source]

	Get the device status register (by default, "*ESR?" command)






	
wait_sync(timeout=None, wait_callback=None)[source]

	Pause execution of the script until device overlapped commands (e.g., taking sweeps) are complete.

timeout and wait_callback override default constructor parameters.






	
wait_dev()[source]

	Pause execution of the device commands until device overlapped commands (e.g., taking sweeps) are complete.






	
wait(wait_type='sync', timeout=None, wait_callback=None)[source]

	Pause execution until device overlapped commands are complete.

wait_type is either 'sync' (perform wait_sync()), 'dev' (perform wait_dev()) or 'none' (do nothing).






	
static get_arg_type(arg)[source]

	




	
write(msg, arg=None, arg_type=None, unit=None, fmt=None, bool_selector=('OFF', 'ON'), read_echo=False, read_echo_delay=0.0)[source]

	Send a command.


	Parameters

	
	msg (str [https://docs.python.org/3/library/stdtypes.html#str]) – Text message.


	arg – Optional argument to append in the end.


	arg_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – Argument type. Can be 'raw' (in which case data is sent raw), 'string', 'int', 'float',
'bool' or 'value'.


	unit (str [https://docs.python.org/3/library/stdtypes.html#str]) – If arg_type=='value', use it as a unit to append after the value.


	fmt (str [https://docs.python.org/3/library/stdtypes.html#str]) – If not None, is a str.format() [https://docs.python.org/3/library/stdtypes.html#str.format] string to convert arg.


	bool_selector (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – A tuple (false_value, true_value) of two strings to represent bool argument.


	read_echo (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, read a single line after write.


	read_echo_delay (float [https://docs.python.org/3/library/functions.html#float]) – The delay between write and read if read_echo==True.













	
read(data_type='string', timeout=None)[source]

	Read data from the device.

data_type determines the type of the data. Can be 'raw' (just raw data), 'string' (with trailing and leading spaces stripped),
'int', 'float', 'bool' (interprets 0 or 'off' as False, anything else as True), or
'value' (returns tuple (value, unit), where value is float).
timeout overrides the default value.






	
ask(msg, data_type='string', delay=0.0, timeout=None, read_echo=False)[source]

	Write a message and read a reply.

msg is the query message, delay is the delay between write and read. Other parameters are the same as in read().
If read_echo==True, assume that the device first echoes the input and skip it.






	
flush(one_line=False)[source]

	Flush the read buffer (read all the available data and return the number of bytes read).

If one_line==True, read only a single line.






	
static parse_trace_data(data, fmt)[source]

	Parse the data returned by the device. fmt is DataFormat description.

The data is assumed to be in a (somewhat) standard SCPI format:
b'#', then a single digit s denoting length of the size block,
then s digits denoting length of the data (in bytes) followed by the actual data.






	
apply_settings(settings)[source]

	Apply the settings.

settings is a dict {name: value} of the available device settings.
Non-applicable settings are ignored.











pylablib.core.devio.backend module

Routines for defining a unified interface across multiple backends.


	
class pylablib.core.devio.backend.IDeviceBackend(conn, timeout=None, term_write=None, term_read=None, datatype='auto')[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

An abstract class for a device communication backend.

Connection is automatically opened on creation.


	Parameters

	
	conn – Connection parameters (depend on the backend).


	timeout (float [https://docs.python.org/3/library/functions.html#float]) – Default timeout (in seconds).


	term_write (str [https://docs.python.org/3/library/stdtypes.html#str]) – Line terminator for writing operations.


	term_read (str [https://docs.python.org/3/library/stdtypes.html#str]) – Line terminator for reading operations.


	datatype (str [https://docs.python.org/3/library/stdtypes.html#str]) – Type of the returned data; can be "bytes" (return bytes object), "str" (return str object),
or "auto" (default Python result: str in Python 2 and bytes in Python 3)









	
Error

	alias of builtins.RuntimeError






	
classmethod combine_conn(conn1, conn2)[source]

	




	
open()[source]

	Open the connection.






	
close()[source]

	Close the connection.






	
is_opened()[source]

	Check if the device is connected






	
lock(timeout=None)[source]

	Lock the access to the device from other threads/processes (isn’t necessarily implemented).






	
unlock()[source]

	Unlock the access to the device from other threads/processes (isn’t necessarily implemented).






	
locking(timeout=None)[source]

	Context manager for lock & unlock.






	
cooldown()[source]

	Cooldown between the operations (usually, some short time delay).






	
set_timeout(timeout)[source]

	Set operations timeout (in seconds).






	
get_timeout()[source]

	Get operations timeout (in seconds).






	
using_timeout(timeout=None)[source]

	Context manager for usage of a different timeout inside a block.






	
readline(remove_term=True, timeout=None, skip_empty=True)[source]

	Read a single line from the device.


	Parameters

	
	remove_term (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, remove terminal characters from the result.


	timeout – Operation timeout. If None, use the default device timeout.


	skip_empty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, ignore empty lines (works only for remove_term==True).













	
readlines(lines_num, remove_term=True, timeout=None, skip_empty=True)[source]

	Read multiple lines from the device.

Parameters are the same as in readline().






	
read(size=None)[source]

	Read data from the device.

If size is not None, read size bytes (the standard timeout applies); otherwise, read all available data (return immediately).






	
flush_read()[source]

	Flush the device output (read all the available data; return the number of bytes read).






	
write(data, flush=True, read_echo=False, read_echo_delay=0, read_echo_lines=1)[source]

	Write data to the device.

If flush==True, flush the write buffer.
If read_echo==True, wait for read_echo_delay seconds and then perform readline() (read_echo_lines times).






	
ask(query, delay=0.0, read_all=False)[source]

	Perform a write followed by a read, with delay in between.

If read_all==True, read all the available data; otherwise, read a single line.






	
static list_resources(desc=False)[source]

	List all availabe resources for this backend.

If desc==False, return list of connections (usually strings), which can be used to connect to the device.
Otherwise, return a list of descriptions, which have more info, but can be backend-dependent.

Might not be implemented (depending on the backend), in which case returns None.










	
pylablib.core.devio.backend.remove_longest_term(msg, terms)[source]

	Remove the longest terminator among terms from the end of the message.






	
exception pylablib.core.devio.backend.IBackendOpenError[source]

	Bases: OSError [https://docs.python.org/3/library/exceptions.html#OSError]






	
exception pylablib.core.devio.backend.VisaBackendOpenError(e)[source]

	Bases: pylablib.core.devio.backend.IBackendOpenError, object [https://docs.python.org/3/library/functions.html#object]

Visa backend opening error






	
class pylablib.core.devio.backend.VisaDeviceBackend(conn, timeout=10.0, term_write=None, term_read=None, do_lock=None, datatype='auto')[source]

	Bases: pylablib.core.devio.backend.IDeviceBackend

NIVisa backend (via pyVISA).

Connection is automatically opened on creation.


	Parameters

	
	conn (str [https://docs.python.org/3/library/stdtypes.html#str]) – Connection string.


	timeout (float [https://docs.python.org/3/library/functions.html#float]) – Default timeout (in seconds).


	term_write (str [https://docs.python.org/3/library/stdtypes.html#str]) – Line terminator for writing operations; appended to the data


	term_read (str [https://docs.python.org/3/library/stdtypes.html#str]) – Line terminator for reading operations (specifies when readline() stops).


	do_lock (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, employ locking operations; otherwise, locking function does nothing.


	datatype (str [https://docs.python.org/3/library/stdtypes.html#str]) – Type of the returned data; can be "bytes" (return bytes object), "str" (return str object),
or "auto" (default Python result: str in Python 2 and bytes in Python 3)









	
Error

	alias of builtins.object






	
BackendOpenError

	alias of VisaBackendOpenError






	
static list_resources(desc=False)[source]

	List all availabe resources for this backend.

If desc==False, return list of connections (usually strings), which can be used to connect to the device.
Otherwise, return a list of descriptions, which have more info, but can be backend-dependent.

Might not be implemented (depending on the backend), in which case returns None.






	
open()[source]

	Open the connection.






	
close()[source]

	Close the connection.






	
is_opened()[source]

	Check if the device is connected






	
lock(timeout=None)[source]

	Lock the access to the device from other threads/processes.






	
unlock()[source]

	Unlock the access to the device from other threads/processes.






	
locking(timeout=None)[source]

	Context manager for lock & unlock.






	
cooldown()[source]

	Cooldown between the operations.

Sleeping for a short time defined by _operation_cooldown attribute (30 ms by default).
Also can be defined class-wide by _default_operation_cooldown class attribute.






	
set_timeout(timeout)[source]

	Set operations timeout (in seconds).






	
get_timeout()[source]

	Get operations timeout (in seconds).






	
readline(remove_term=True, timeout=None, skip_empty=True)[source]

	Read a single line from the device.


	Parameters

	
	remove_term (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, remove terminal characters from the result.


	timeout – Operation timeout. If None, use the default device timeout.


	skip_empty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, ignore empty lines (works only for remove_term==True).













	
read(size=None)[source]

	Read data from the device.

If size is not None, read size bytes (the standard timeout applies); otherwise, read all available data (return immediately).






	
write(data, flush=True, read_echo=False, read_echo_delay=0, read_echo_lines=1)[source]

	Write data to the device.

If flush==True, flush the write buffer.
If read_echo==True, wait for read_echo_delay seconds and then perform readline() (read_echo_lines times).










	
exception pylablib.core.devio.backend.SerialBackendOpenError(e)[source]

	Bases: pylablib.core.devio.backend.IBackendOpenError, object [https://docs.python.org/3/library/functions.html#object]

Serial backend opening error






	
class pylablib.core.devio.backend.SerialDeviceBackend(conn, timeout=10.0, term_write=None, term_read=None, connect_on_operation=False, open_retry_times=3, no_dtr=False, datatype='auto')[source]

	Bases: pylablib.core.devio.backend.IDeviceBackend

Serial backend (via pySerial).

Connection is automatically opened on creation.


	Parameters

	
	conn – Connection parameters. Can be either a string (for a port),
or a list/tuple (port, baudrate, bytesize, parity, stopbits, xonxoff, rtscts, dsrdtr) supplied to the serial connection
(default is ('COM1',19200,8,'N',1,0,0,0)),
or a dict with the same parameters.


	timeout (float [https://docs.python.org/3/library/functions.html#float]) – Default timeout (in seconds).


	term_write (str [https://docs.python.org/3/library/stdtypes.html#str]) – Line terminator for writing operations; appended to the data


	term_read (str [https://docs.python.org/3/library/stdtypes.html#str]) – List of possible single-char terminator for reading operations (specifies when readline() stops).


	connect_on_operation (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, the connection is normally closed, and is opened only on the operations
(normally two processes can’t be simultaneously connected to the same device).


	open_retry_times (int [https://docs.python.org/3/library/functions.html#int]) – Number of times the connection is attempted before giving up.


	no_dtr (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, turn off DTR status line before opening (e.g., turns off reset-on-connection for Arduino controllers).


	datatype (str [https://docs.python.org/3/library/stdtypes.html#str]) – Type of the returned data; can be "bytes" (return bytes object), "str" (return str object),
or "auto" (default Python result: str in Python 2 and bytes in Python 3)









	
Error

	alias of builtins.object






	
BackendOpenError

	alias of SerialBackendOpenError






	
open()[source]

	Open the connection.






	
close()[source]

	Close the connection.






	
is_opened()[source]

	Check if the device is connected






	
single_op()[source]

	Context manager for a single operation.

If connect_on_operation==True during creation, wrapping several command in single_op
prevents the connection from being closed and reopened between the operations (only opened in the beginning and closed in the end).






	
cooldown()[source]

	Cooldown between the operations.

Sleeping for a short time defined by _operation_cooldown attribute (no cooldown by default).
Also defined class-wide by _default_operation_cooldown class attribute.






	
set_timeout(timeout)[source]

	Set operations timeout (in seconds).






	
get_timeout()[source]

	Get operations timeout (in seconds).






	
readline(remove_term=True, timeout=None, skip_empty=True, error_on_timeout=True)[source]

	Read a single line from the device.


	Parameters

	
	remove_term (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, remove terminal characters from the result.


	timeout – Operation timeout. If None, use the default device timeout.


	skip_empty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, ignore empty lines (works only for remove_term==True).


	error_on_timeout (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, return an incomplete line instead of raising the error on timeout.













	
read(size=None, error_on_timeout=True)[source]

	Read data from the device.

If size is not None, read size bytes (usual timeout applies); otherwise, read all available data (return immediately).






	
read_multichar_term(term, remove_term=True, timeout=None, error_on_timeout=True)[source]

	Read a single line with multiple possible terminators.


	Parameters

	
	term – Either a string (single multi-char terminator) or a list of strings (multiple terminators).


	remove_term (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, remove terminal characters from the result.


	timeout – Operation timeout. If None, use the default device timeout.


	error_on_timeout (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, return an incomplete line instead of raising the error on timeout.













	
write(data, flush=True, read_echo=False, read_echo_delay=0, read_echo_lines=1)[source]

	Write data to the device.

If flush==True, flush the write buffer.
If read_echo==True, wait for read_echo_delay seconds and then perform readline() (read_echo_lines times).






	
static list_resources(desc=False)[source]

	List all availabe resources for this backend.

If desc==False, return list of connections (usually strings), which can be used to connect to the device.
Otherwise, return a list of descriptions, which have more info, but can be backend-dependent.

Might not be implemented (depending on the backend), in which case returns None.










	
exception pylablib.core.devio.backend.FT232BackendOpenError(e)[source]

	Bases: pylablib.core.devio.backend.IBackendOpenError, object [https://docs.python.org/3/library/functions.html#object]

FT232 backend opening error






	
class pylablib.core.devio.backend.FT232DeviceBackend(conn, timeout=10.0, term_write=None, term_read=None, open_retry_times=3, datatype='auto')[source]

	Bases: pylablib.core.devio.backend.IDeviceBackend

FT232 backend (via pyft232).

Connection is automatically opened on creation.


	Parameters

	
	conn – Connection parameters. Can be either a string (for a port),
or a list/tuple (port, baudrate, bytesize, parity, stopbits, xonxoff, rtscts, dsrdtr) supplied to the serial connection
(default is ('COM1',19200,8,'N',1,0,0,0)),
or a dict with the same parameters.


	timeout (float [https://docs.python.org/3/library/functions.html#float]) – Default timeout (in seconds).


	term_write (str [https://docs.python.org/3/library/stdtypes.html#str]) – Line terminator for writing operations; appended to the data


	term_read (str [https://docs.python.org/3/library/stdtypes.html#str]) – List of possible single-char terminator for reading operations (specifies when readline() stops).


	connect_on_operation (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, the connection is normally closed, and is opened only on the operations
(normally two processes can’t be simultaneously connected to the same device).


	open_retry_times (int [https://docs.python.org/3/library/functions.html#int]) – Number of times the connection is attempted before giving up.


	no_dtr (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, turn off DTR status line before opening (e.g., turns off reset-on-connection for Arduino controllers).


	datatype (str [https://docs.python.org/3/library/stdtypes.html#str]) – Type of the returned data; can be "bytes" (return bytes object), "str" (return str object),
or "auto" (default Python result: str in Python 2 and bytes in Python 3)









	
Error

	alias of builtins.object






	
BackendOpenError

	alias of FT232BackendOpenError






	
open()[source]

	Open the connection.






	
close()[source]

	Close the connection.






	
is_opened()[source]

	Check if the device is connected






	
single_op()[source]

	Context manager for a single operation.

Does nothing.






	
cooldown()[source]

	Cooldown between the operations.

Sleeping for a short time defined by _operation_cooldown attribute (no cooldown by default).
Also defined class-wide by _default_operation_cooldown class attribute.






	
set_timeout(timeout)[source]

	Set operations timeout (in seconds).






	
get_timeout()[source]

	Get operations timeout (in seconds).






	
readline(remove_term=True, timeout=None, skip_empty=True, error_on_timeout=True)[source]

	Read a single line from the device.


	Parameters

	
	remove_term (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, remove terminal characters from the result.


	timeout – Operation timeout. If None, use the default device timeout.


	skip_empty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, ignore empty lines (works only for remove_term==True).


	error_on_timeout (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, return an incomplete line instead of raising the error on timeout.













	
read(size=None, error_on_timeout=True)[source]

	Read data from the device.

If size is not None, read size bytes (usual timeout applies); otherwise, read all available data (return immediately).






	
read_multichar_term(term, remove_term=True, timeout=None, error_on_timeout=True)[source]

	Read a single line with multiple possible terminators.


	Parameters

	
	term – Either a string (single multi-char terminator) or a list of strings (multiple terminators).


	remove_term (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, remove terminal characters from the result.


	timeout – Operation timeout. If None, use the default device timeout.


	error_on_timeout (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, return an incomplete line instead of raising the error on timeout.













	
write(data, flush=True, read_echo=False, read_echo_delay=0, read_echo_lines=1)[source]

	Write data to the device.

If flush==True, flush the write buffer.
If read_echo==True, wait for read_echo_delay seconds and then perform readline() (read_echo_lines times).






	
static list_resources(desc=False)[source]

	List all availabe resources for this backend.

If desc==False, return list of connections (usually strings), which can be used to connect to the device.
Otherwise, return a list of descriptions, which have more info, but can be backend-dependent.

Might not be implemented (depending on the backend), in which case returns None.










	
exception pylablib.core.devio.backend.NetworkBackendOpenError(e)[source]

	Bases: pylablib.core.devio.backend.IBackendOpenError, OSError [https://docs.python.org/3/library/exceptions.html#OSError]

Network backend opening error






	
class pylablib.core.devio.backend.NetworkDeviceBackend(conn, timeout=10.0, term_write=None, term_read=None, datatype='auto')[source]

	Bases: pylablib.core.devio.backend.IDeviceBackend

Serial backend (via pySerial).

Connection is automatically opened on creation.


	Parameters

	
	conn – Connection parameters. Can be either a string "IP:port" (e.g., "127.0.0.1:80"), or a tuple (IP,port), where IP is a string and port is a number.


	timeout (float [https://docs.python.org/3/library/functions.html#float]) – Default timeout (in seconds).


	term_write (str [https://docs.python.org/3/library/stdtypes.html#str]) – Line terminator for writing operations; appended to the data


	term_read (str [https://docs.python.org/3/library/stdtypes.html#str]) – List of possible single-char terminator for reading operations (specifies when readline() stops).


	datatype (str [https://docs.python.org/3/library/stdtypes.html#str]) – Type of the returned data; can be "bytes" (return bytes object), "str" (return str object),
or "auto" (default Python result: str in Python 2 and bytes in Python 3)









Note

If term_read is a string, its behavior is different from the VISA backend:
instead of being a multi-char terminator it is assumed to be a set of single-char terminators.
If multi-char terminator is required, term_read should be a single-element list instead of a string.




	
Error

	alias of builtins.OSError






	
BackendOpenError

	alias of NetworkBackendOpenError






	
open()[source]

	Open the connection.






	
close()[source]

	Close the connection.






	
is_opened()[source]

	Check if the device is connected






	
cooldown()[source]

	Cooldown between the operations.

Sleeping for a short time defined by _operation_cooldown attribute (no cooldown by default).
Also defined class-wide by _default_operation_cooldown class attribute.






	
set_timeout(timeout)[source]

	Set operations timeout (in seconds).






	
get_timeout()[source]

	Get operations timeout (in seconds).






	
readline(remove_term=True, timeout=None, skip_empty=True, error_on_timeout=True)[source]

	Read a single line from the device.


	Parameters

	
	remove_term (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, remove terminal characters from the result.


	timeout – Operation timeout. If None, use the default device timeout.


	skip_empty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, ignore empty lines (works only for remove_term==True).


	error_on_timeout (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, return an incomplete line instead of raising the error on timeout.













	
read(size=None, error_on_timeout=True)[source]

	Read data from the device.

If size is not None, read size bytes (usual timeout applies); otherwise, read all available data (return immediately).






	
read_multichar_term(term, remove_term=True, timeout=None, error_on_timeout=True)[source]

	Read a single line with multiple possible terminators.


	Parameters

	
	term – Either a string (single multi-char terminator) or a list of strings (multiple terminators).


	remove_term (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, remove terminal characters from the result.


	timeout – Operation timeout. If None, use the default device timeout.


	error_on_timeout (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, return an incomplete line instead of raising the error on timeout.













	
write(data, flush=True, read_echo=False, read_echo_delay=0, read_echo_lines=1)[source]

	Write data to the device.

If read_echo==True, wait for read_echo_delay seconds and then perform readline() (read_echo_lines times).
flush parameter is ignored.










	
pylablib.core.devio.backend.autodetect_backend(conn)[source]

	Try to determine the backend by the connection.

The assumed default backend is 'visa'.






	
pylablib.core.devio.backend.new_backend(conn, timeout=None, backend='auto', **kwargs)[source]

	Build new backend with the supplied parameters.


	Parameters

	
	conn – Connection parameters (depend on the backend).


	timeout (float [https://docs.python.org/3/library/functions.html#float]) – Default timeout (in seconds).


	backend (str [https://docs.python.org/3/library/stdtypes.html#str]) – Backend type. Available backends are 'auto' (try to autodetect), 'visa', 'serial', 'ft232', and 'network'.


	**kwargs – parameters sent to the backend.













	
class pylablib.core.devio.backend.IBackendWrapper(instr)[source]

	Bases: pylablib.core.devio.interface.IDevice

A base class for an instrument using a communication backend.


	Parameters

	instr – Backend (assumed to be already opened).






	
open()[source]

	Open the backend.






	
close()[source]

	Close the backend.






	
is_opened()[source]

	Check if the device is connected






	
lock(timeout=None)[source]

	Lock the access to the device from other threads/processes (isn’t necessarily implemented).






	
unlock()[source]

	Unlock the access to the device from other threads/processes (isn’t necessarily implemented).






	
locking(timeout=None)[source]

	Context manager for lock & unlock.











pylablib.core.devio.data_format module

Library for binary data encoding/decoding for device communication.


	
class pylablib.core.devio.data_format.DataFormat(size, kind, byteorder)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Describes data encoding for device communications.


	Parameters

	
	size (int [https://docs.python.org/3/library/functions.html#int]) – Size of a single element (in bytes).


	kind (str [https://docs.python.org/3/library/stdtypes.html#str]) – Kind of the element. Can be
'i' (integer), 'u' (unsigned integer), 'f' (floating point) or 'ascii' (text representation).


	byteorder (str [https://docs.python.org/3/library/stdtypes.html#str]) – Byte order: '>' is big-endian (MSB first), '>' is little-endian (LSB first).









	
flip_byteorder()[source]

	Flip byteorder of the description.






	
is_ascii()[source]

	Check of the format is textual.






	
static from_desc(desc, str_type='numpy')[source]

	Build the format from the string description.

str_type is the description format. Can be
'numpy' (numpy dtype description),
'struct' (struct [https://docs.python.org/3/library/struct.html#module-struct] description) or
'SCPI' (the standard SCPI description).






	
static from_desc_SCPI(desc, border='norm')[source]

	Build the format from the string SCPI description.

border describes byte order (either 'norm' or 'swap').






	
to_desc(str_type='auto')[source]

	Build a description string of this format.

str_type can be 'auto' (similar to 'numpy', but also accepts 'ascii'),
'numpy', 'struct' or 'SCPI' (return tuple (desc, border)).






	
convert_from_str(data)[source]

	Convert the string data into an array.






	
convert_to_str(data, ascii_format='.5f')[source]

	Convert the array into a string data.

ascii_format is the str.format() [https://docs.python.org/3/library/stdtypes.html#str.format] string for textual representation.











pylablib.core.devio.interface module


	
class pylablib.core.devio.interface.IDevice[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A base class for an instrument.

Contains some useful functions for dealing with device settings.


	
open()[source]

	Open the connection






	
close()[source]

	Close the connection






	
is_opened()[source]

	Check if the device is connected






	
get_settings(nodes=None)[source]

	Get dict {name: value} containing all the device settings.

nodes specifies nodes to acquire.






	
get_full_status(nodes=None)[source]

	Get dict {name: value} containing the device status (including settings).

nodes specifies nodes to acquire.






	
get_full_info(nodes=None)[source]

	Get dict {name: value} containing full device information (including status and settings).

nodes specifies nodes to acquire.






	
apply_settings(settings)[source]

	Apply the settings.

settings is the dict {name: value} of the device available settings.
Non-applicable settings are ignored.











pylablib.core.devio.units module

Routines for conversion of physical units.


	
pylablib.core.devio.units.split_units(value)[source]

	Split string dimensionful value.

Return tuple (val, unit), where val is the float part of the value, and unit is the string representing units.






	
pylablib.core.devio.units.convert_length_units(value, value_unit='m', result_unit='m', case_sensitive=True)[source]

	Convert value from value_unit to result_unit.

The possible length units are 'm',``’mm’, ``'um', 'nm', 'pm', 'fm'.
If case_sensitive==True, matching units is case sensitive.






	
pylablib.core.devio.units.convert_time_units(value, value_unit='s', result_unit='s', case_sensitive=True)[source]

	Convert value from value_unit to result_unit.

The possible time units are 's',``’ms’, ``'us', 'ns', 'ps', 'fs', 'as'.
If case_sensitive==True, matching units is case sensitive.






	
pylablib.core.devio.units.convert_frequency_units(value, value_unit='Hz', result_unit='Hz', case_sensitive=True)[source]

	Convert value from value_unit to result_unit.

The possible frequency units are 'Hz',``’kHz’, ``'MHz', 'GHz'.
If case_sensitive==True, matching units is case sensitive.






	
pylablib.core.devio.units.convert_power_units(value, value_unit='dBm', result_unit='dBm', case_sensitive=True, impedance=50.0)[source]

	Convert value from value_unit to result_unit.

For conversion between voltage and power, assume RMS voltage and the given impedance.
The possible power units are 'dBm', 'dBmV', 'dBuV', 'W', 'mW', 'uW', 'nW', 'mV', 'nV'.
If case_sensitive==True, matching units is case sensitive.
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pylablib.core.fileio package


Submodules



pylablib.core.fileio.binio module

Binary files input/output


	
pylablib.core.fileio.binio.write_num(x, f, dtype)[source]

	Write a number x into file f.

dtype is the textual representation of data type (numpy-style).






	
pylablib.core.fileio.binio.write_str(s, f, dtype, strict=False)[source]

	Write a string s into a file f.

dtype is the textual representation of data type. Can be "s" (simply translate into bytes and write),
"sp"+sdtype (e.g., "sp<u2"), where the string is prepended by its length written using sdtype format,
or "s"+len (e.g., "s16"), where len is the textual representation of string length (written data is equivalent to "s" format).

If strict==True, raise error if string length is incompatible with the format
(too long for a given "sp"-type prefix, or doesn’t agree with "s"-type length).






	
pylablib.core.fileio.binio.write_pickle(v, f, dtype)[source]

	Write a value v into file f as a Python pickle object.

dtype is the textual representation of data type (numpy-style), and should be "pk"+proto+sdtype (e.g., "pk3<u2"),
where proto is the textual representation of the pickle protocol,
and sdtype is the data type of the prepended string length (see "sp"+sdtype type in write_str()).






	
pylablib.core.fileio.binio.write_val(v, f, dtype)[source]

	Write an arbitrary value v into file f using the supplied dtype.

Storage type depends on dtype: can be string (see write_str()), number (see write_num()), or pickled value (see write_pickle()).
In addition, dtype can be a tuple of dtypes with length equal to the length of v, in which case the values in v are written sequentially.






	
pylablib.core.fileio.binio.read_num(f, dtype)[source]

	Read a number from file f.

dtype is the textual representation of data type (numpy-style).






	
pylablib.core.fileio.binio.read_str(f, dtype)[source]

	Read a string from file f.

dtype is the textual representation of data type.
Can be "sp"+sdtype (e.g., "sp<u2"), where the string is prepended by its length written using sdtype format,
or "s"+len (e.g., "s16"), where len is the textual representation of string length (i.e., read len bytes and translate the result into string).






	
pylablib.core.fileio.binio.read_pickle(f, dtype)[source]

	Read a value from file f as a Python pickle object.

dtype is the textual representation of data type (numpy-style), and should be "pk"+proto+sdtype (e.g., "pk3<u2"),
where proto is the textual representation of the pickle protocol (ignored, added for compatibility with write_pickle()),
and sdtype is the data type of the prepended string length (see "sp"+sdtype type in write_str()).






	
pylablib.core.fileio.binio.read_val(f, dtype)[source]

	Read an arbitrary value from file f using the supplied dtype.

Storage type depends on dtype: can be string (see read_str()), number (see read_num()), or pickled value (see read_pickle()).
In addition, dtype can be a tuple of dtypes with length equal to the length of v, in which case the values in v are read sequentially.






	
pylablib.core.fileio.binio.size_prepend(f, dtype, added=0)[source]

	Context manager that prepends the data written inside the block with its size (after the writing is done).

dtype specifies size format; added is added to the size when saving.
Note that this method requires back-seeking, so it doesn’t work if the file is opened in append ("a") mode;
use "w" or "r+" mode instead.







pylablib.core.fileio.datafile module


	
class pylablib.core.fileio.datafile.DataFile(data, filepath=None, filetype=None, creation_time=None, comments=None, props=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Describes a single datafile.


	Parameters

	
	data – The main data of the file (usually DataTable or Dictionary).


	filepath (str [https://docs.python.org/3/library/stdtypes.html#str]) – absolute path


	filetype (str [https://docs.python.org/3/library/stdtypes.html#str]) – a source type


	creation_time (datetime.datetime [https://docs.python.org/3/library/datetime.html#datetime.datetime]) – File creation time


	props (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – all the metainfo about the file (extracted from comments, filename etc.)


	comments (list [https://docs.python.org/3/library/stdtypes.html#list]) – all the comments excluding the ones containing props









	
addprop(name, value)[source]

	Add a property to the dictionary






	
getprop(name, default=None)[source]

	Get a property from the dictionary. Use default value if it’s not found











pylablib.core.fileio.dict_entry module

Classes for dealing with the Dictionary entries with special conversion rules when saved or loaded.
Used to redefine how certain objects (e.g., tables) are written into files and read from files.


	
pylablib.core.fileio.dict_entry.special_load_rules(branch)[source]

	Detect if the branch requires special conversion rules.






	
class pylablib.core.fileio.dict_entry.InlineTable(table)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Simple marker class that denotes that the wrapped numpy 2D array should be written inline






	
class pylablib.core.fileio.dict_entry.IDictionaryEntry(data=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A generic Dictionary entry.


	
set_data(data=None)[source]

	Set internal data.






	
get_data()[source]

	Get internal data.






	
to_dict(dict_ptr, loc)[source]

	Convert data to a dictionary branch on saving.

Virtual method, to be defined in subclasses.


	Parameters

	
	dict_ptr (DictionaryPointer) – Pointer to the dictionary location for the entry.


	loc – Location for the data to be saved.













	
classmethod build_entry(data, **kwargs)[source]

	Create a DictionaryEntry object based on the supplied data and arguments.


	Parameters

	data – Data to be saved.










	
classmethod from_dict(dict_ptr, loc, **kwargs)[source]

	Convert a dictionary branch to a specific DictionaryEntry object.


	Parameters

	
	dict_ptr (DictionaryPointer) – Pointer to the dictionary location for the entry.


	loc – Location for the data to be loaded.

















	
pylablib.core.fileio.dict_entry.add_entry_class(cls, branch_predicate, object_predicate=None)[source]

	Add an entry class which is automatically used in the build_entry() and from_dict() functions
to delegate work for converting objects and dictionary branches into dictionary entries.


	Parameters

	
	cls – the IDictionaryEntry subclass whose :meth:`build_entry and from_dict() methods will be used


	branch_predicate – predicate used to determine whether the specified subclass is used in`:func:from_dict function;
it is a function which takes a single argument (dictionary branch) and returns True if the conversion should be delegated to the subclass
can be a string or a tuple of strings, in which case it is interpreted as passing branches with a given "_data_type__" value.


	object_predicate – predicate used to determine whether the specified subclass is used in`:func:build_entry function;
it is a function which takes a single argument (an object to be converted) and returns True if the conversion should be delegated to the subclass
can be a type or a tuple of types, in which case it is interpreted as passing object of the given type;
can also be None, which means that the predicate always returns False
(i.e., this dictionary entries aren’t created automatically on dictionary saving, but need to be created manually)













	
pylablib.core.fileio.dict_entry.build_entry(data, **kwargs)[source]

	Create a DictionaryEntry object based on the supplied data and arguments.


	Parameters

	
	data – Data to be saved.


	dict_ptr (DictionaryPointer) – Pointer to the dictionary location for the entry.


	loc – Location for the data to be saved.













	
pylablib.core.fileio.dict_entry.from_dict(dict_ptr, loc, **kwargs)[source]

	Convert a dictionary branch to a specific DictionaryEntry object.


	Parameters

	
	dict_ptr (DictionaryPointer) – Pointer to the dictionary location for the entry.


	loc – Location for the data to be loaded.













	
class pylablib.core.fileio.dict_entry.ITableDictionaryEntry(data=None, columns=None)[source]

	Bases: pylablib.core.fileio.dict_entry.IDictionaryEntry

A generic table Dictionary entry.


	Parameters

	
	data – Table data.


	columns (list [https://docs.python.org/3/library/stdtypes.html#list]) – If not None, list of column names (if None and data is a DataTable object, get column names from that).









	
classmethod build_entry(data, table_format='inline', **kwargs)[source]

	Create a DictionaryEntry object based on the supplied data and arguments.


	Parameters

	
	data – Data to be saved.


	dict_ptr (DictionaryPointer) – Pointer to the dictionary location for the entry.


	loc – Location for the data to be saved.


	table_format (str [https://docs.python.org/3/library/stdtypes.html#str]) – Method of saving the table. Can be either
'inline' (table is saved directly in the dictionary file),
'csv' (table is saved in an external CSV file) or
'bin' (table is saved in an external binary file).













	
classmethod from_dict(dict_ptr, loc, out_type='table', **kwargs)[source]

	Convert a dictionary branch to a specific DictionaryEntry object.


	Parameters

	
	dict_ptr (DictionaryPointer) – Pointer to the dictionary location for the entry.


	loc – Location for the data to be loaded.


	out_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – Output format of the data ('array' for numpy arrays or 'table' for DataTable objects).

















	
class pylablib.core.fileio.dict_entry.InlineTableDictionaryEntry(data=None, columns=None)[source]

	Bases: pylablib.core.fileio.dict_entry.ITableDictionaryEntry

An inlined table Dictionary entry.


	Parameters

	
	data – Table data.


	columns (list [https://docs.python.org/3/library/stdtypes.html#list]) – If not None, a list of column names (if None and data is a DataTable object, get column names from that).









	
to_dict(dict_ptr, loc)[source]

	Convert the data to a dictionary branch and write the table to the file.






	
classmethod from_dict(dict_ptr, loc, out_type='table', **kwargs)[source]

	Build an InlineTableDictionaryEntry object from the dictionary and read the inlined data.


	Parameters

	
	dict_ptr (DictionaryPointer) – Pointer to the dictionary location for the entry.


	loc – Location for the data to be loaded.


	out_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – Output format of the data ('array' for numpy arrays or 'table' for DataTable objects).

















	
class pylablib.core.fileio.dict_entry.IExternalTableDictionaryEntry(data, file_format, name, columns, force_name=True, **kwargs)[source]

	Bases: pylablib.core.fileio.dict_entry.ITableDictionaryEntry


	
classmethod from_dict(dict_ptr, loc, out_type='table', **kwargs)[source]

	Convert a dictionary branch to a specific DictionaryEntry object.


	Parameters

	
	dict_ptr (DictionaryPointer) – Pointer to the dictionary location for the entry.


	loc – Location for the data to be loaded.


	out_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – Output format of the data ('array' for numpy arrays or 'table' for DataTable objects).

















	
class pylablib.core.fileio.dict_entry.ExternalTextTableDictionaryEntry(data=None, file_format='csv', name='', columns=None, force_name=True, **kwargs)[source]

	Bases: pylablib.core.fileio.dict_entry.IExternalTableDictionaryEntry

An external text table Dictionary entry.


	Parameters

	
	data – Table data.


	file_format (str [https://docs.python.org/3/library/stdtypes.html#str]) – Output file format.


	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – Name template for the external file (default is the full path connected with "_" symbol).


	columns (list [https://docs.python.org/3/library/stdtypes.html#list]) – If not None, a list of column names (if None and data is a DataTable object, get column names from that).


	force_name (bool [https://docs.python.org/3/library/functions.html#bool]) – If False and the target file already exists, generate a new unique name; otherwise, overwrite the file.









	
to_dict(dict_ptr, loc)[source]

	Convert the data to a dictionary branch and save the table to an external file.






	
classmethod from_dict(dict_ptr, loc, out_type='table')[source]

	Build an ExternalTextTableDictionaryEntry object from the dictionary and load the external data.


	Parameters

	
	dict_ptr (DictionaryPointer) – Pointer to the dictionary location for the entry.


	loc – Location for the data to be loaded.


	out_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – Output format of the data ('array' for numpy arrays or 'table' for DataTable objects).

















	
class pylablib.core.fileio.dict_entry.ExternalBinTableDictionaryEntry(data=None, file_format='bin', name='', columns=None, force_name=True, **kwargs)[source]

	Bases: pylablib.core.fileio.dict_entry.IExternalTableDictionaryEntry

An external binary table Dictionary entry.


	Parameters

	
	data – Table data.


	file_format (str [https://docs.python.org/3/library/stdtypes.html#str]) – Output file format.


	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – Name template for the external file (default is the full path connected with "_" symbol).


	columns (list [https://docs.python.org/3/library/stdtypes.html#list]) – If not None, a list of column names (if None and data is a DataTable object, get column names from that).


	force_name (bool [https://docs.python.org/3/library/functions.html#bool]) – If False and the target file already exists, generate a new unique name; otherwise, overwrite the file.









	
to_dict(dict_ptr, loc)[source]

	Convert the data to a dictionary branch and save the table to an external file.






	
classmethod from_dict(dict_ptr, loc, out_type='table', **kwargs)[source]

	Build an ExternalBinTableDictionaryEntry object from the dictionary and load the external data.


	Parameters

	
	dict_ptr (DictionaryPointer) – Pointer to the dictionary location for the entry.


	loc – Location for the data to be loaded.


	out_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – Output format of the data ('array' for numpy arrays or 'table' for DataTable objects).

















	
class pylablib.core.fileio.dict_entry.IExternalFileDictionaryEntry(data, name='', force_name=True, **kwargs)[source]

	Bases: pylablib.core.fileio.dict_entry.IDictionaryEntry

Generic dictionary entry for data in an external file.


	Parameters

	
	data – Stored data.


	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – Name template for the external file (default is the full path connected with "_" symbol).


	force_name (bool [https://docs.python.org/3/library/functions.html#bool]) – If False and the target file already exists, generate a new unique name; otherwise, overwrite the file.









	
file_format = None

	




	
static add_file_format(subclass)[source]

	Register an IExternalFileDictionaryEntry as a possible stored file format.

Used to automatically invoke a correct loader when loading the dictionary file.
Only needs to be done once after the subclass declaration.






	
to_dict(dict_ptr, loc)[source]

	Convert the data to a dictionary branch and save the data to an external file.






	
classmethod from_dict(dict_ptr, loc, **kwargs)[source]

	Build an IExternalFileDictionaryEntry object from the dictionary and load the external data.


	Parameters

	
	dict_ptr (DictionaryPointer) – Pointer to the dictionary location for the entry.


	loc – Location for the data to be loaded.













	
get_preamble()[source]

	Generate preamble (dictionary with supplementary data which allows to load the data from the file)






	
save_file(loc_file)[source]

	Save stored data into the given location.

Virtual method, should be overloaded in subclasses






	
classmethod load_file(loc_file, preamble, **kwargs)[source]

	Load stored data from the given location, using the supplied preamble.

Virtual method, should be overloaded in subclasses










	
class pylablib.core.fileio.dict_entry.ExternalNumpyDictionaryEntry(data, name='', force_name=True, dtype=None, **kwargs)[source]

	Bases: pylablib.core.fileio.dict_entry.IExternalFileDictionaryEntry

A dictionary entry which stores the numpy array data into an external file in binary format.


	Parameters

	
	data – Numpy array data.


	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – Name template for the external file (default is the full path connected with "_" symbol).


	force_name (bool [https://docs.python.org/3/library/functions.html#bool]) – If False and the target file already exists, generate a new unique name; otherwise, overwrite the file.


	dtype – numpy dtype to load/save the data (by default, dtype of the supplied data).









	
file_format = 'numpy'

	




	
get_preamble()[source]

	Generate preamble (dictionary with supplementary data which allows to load the data from the file)






	
save_file(loc_file)[source]

	Save stored data into the given location.






	
classmethod load_file(loc_file, preamble, **kwargs)[source]

	Load stored data from the given location, using the supplied preamble.










	
class pylablib.core.fileio.dict_entry.ExpandedContainerDictionaryEntry(data, **kwargs)[source]

	Bases: pylablib.core.fileio.dict_entry.IDictionaryEntry

A dictionary entry which expands containers (lists, tuples, dictionaries) into subdictionaries.

Useful when the data in the containers is complex, so writing it into one line (as is default for lists and tuples) wouldn’t work.


	Parameters

	data – Container data.






	
to_dict(dict_ptr, loc)[source]

	Convert the stored container to a dictionary branch.






	
classmethod from_dict(dict_ptr, loc, **kwargs)[source]

	Build an ExpandedContainerDictionaryEntry object from the dictionary.











pylablib.core.fileio.loadfile module

Utilities for reading data files.


	
class pylablib.core.fileio.loadfile.IInputFileFormat[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Generic class for an input file format.

Based on file_format or autodetection, calls one of its subclasses to read the file.


	
static read_file(location_file, file_format, **kwargs)[source]

	








	
class pylablib.core.fileio.loadfile.ITextInputFileFormat[source]

	Bases: pylablib.core.fileio.loadfile.IInputFileFormat

Generic class for a text input file format.

Based on file_format or autodetection, calls one of its subclasses to read the file.


	
static read_file(location_file, file_format, **kwargs)[source]

	








	
class pylablib.core.fileio.loadfile.CSVTableInputFileFormat[source]

	Bases: pylablib.core.fileio.loadfile.ITextInputFileFormat

Class for CSV input file format.


	
static read_file(location_file, out_type='default', dtype='numeric', columns=None, delimiters=None, empty_entry_substitute=None, ignore_corrupted_lines=True, skip_lines=0, **kwargs)[source]

	Read CSV file.

See parse_csv.load_table() for more description.


	Parameters

	
	location_file – Location of the data.


	out_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – type of the result: 'array' for numpy array, 'pandas' for pandas DataFrame, 'table' for DataTable object,
or 'default' (determined by the library default; 'table' by default)


	dtype – dtype of entries; can be either a single type, or a list of types (one per column).
Possible dtypes are: 'int', 'float', 'complex',
'numeric' (tries to coerce to minimal possible numeric type, raises error if data can’t be converted to complex),
'generic' (accept arbitrary types, including lists, dictionaries, escaped strings, etc.),
'raw' (keep raw string).


	columns – either a number if columns, or a list of columns names.


	delimiters (str [https://docs.python.org/3/library/stdtypes.html#str]) – Regex string which recognizes entries delimiters (by default r"\s*,\s*|\s+", i.e., commas and whitespaces).


	empty_entry_substitute – Substitute for empty table entries. If None, all empty table entries are skipped.


	ignore_corrupted_lines (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, skip corrupted (e.g., non-numeric for numeric dtype, or with too few entries) lines;
otherwise, raise ValueError [https://docs.python.org/3/library/exceptions.html#ValueError].


	skip_lines (int [https://docs.python.org/3/library/functions.html#int]) – Number of lines to skip from the beginning of the file.

















	
class pylablib.core.fileio.loadfile.DictionaryInputFileFormat[source]

	Bases: pylablib.core.fileio.loadfile.ITextInputFileFormat

Class for Dictionary input file format.


	
static read_file(location_file, case_normalization=None, inline_dtype='generic', entry_format='value', skip_lines=0, **kwargs)[source]

	Read Dictionary file.


	Parameters

	
	location_file – Location of the data.


	case_normalization (str [https://docs.python.org/3/library/stdtypes.html#str]) – If None, the dictionary paths are case-sensitive;
otherwise, defines the way the entries are normalized ('lower' or 'upper').


	inline_dtype (str [https://docs.python.org/3/library/stdtypes.html#str]) – dtype for inlined tables.


	entry_format (str [https://docs.python.org/3/library/stdtypes.html#str]) – Determines the way for dealing with dict_entry.IDictionaryEntry objects
(objects transformed into dictionary branches with special recognition rules). Can be
'branch' (don’t attempt to recognize those object, leave dictionary as in the file),
'dict_entry' (recognize and leave as dict_entry.IDictionaryEntry objects) or
'value' (recognize and keep the value).


	skip_lines (int [https://docs.python.org/3/library/functions.html#int]) – Number of lines to skip from the beginning of the file.

















	
class pylablib.core.fileio.loadfile.BinaryTableInputFileFormatter[source]

	Bases: pylablib.core.fileio.loadfile.IInputFileFormat

Class for binary input file format.


	
static read_file(location_file, out_type='default', dtype='>f8', columns=None, packing='flatten', preamble=None, skip_bytes=0, **kwargs)[source]

	Read binary file.


	Parameters

	
	location_file – Location of the data.


	out_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – type of the result: 'array' for numpy array, 'pandas' for pandas DataFrame, 'table' for DataTable object,
or 'default' (determined by the library default; 'table' by default)


	dtype – numpy.dtype [https://numpy.org/doc/stable/reference/generated/numpy.dtype.html#numpy.dtype] describing the data.


	columns – either number if columns, or a list of columns names.


	packing (str [https://docs.python.org/3/library/stdtypes.html#str]) – The way the 2D array is packed. Can be either
'flatten' (data is stored row-wise) or
'transposed' (data is stored column-wise).


	preamble (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – If not None, defines binary file parameters that supersede the parameteres supplied to the function.
The defined parameters are 'dtype', 'packing', 'ncols' (number of columns) and 'nrows' (number of rows).


	skip_bytes (int [https://docs.python.org/3/library/functions.html#int]) – Number of bytes to skip from the beginning of the file.

















	
pylablib.core.fileio.loadfile.load(path=None, input_format=None, loc='file', return_file=False, **kwargs)[source]

	Load data from the file.


	Parameters

	
	path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the file.


	input_format (str [https://docs.python.org/3/library/stdtypes.html#str]) – Input file format. If None, attempt to auto-detect file format (same as 'generic').


	loc (str [https://docs.python.org/3/library/stdtypes.html#str]) – Location type.


	return_file (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return DataFile object (contains some metainfo);
otherwise, return just the file data.








**kwargs are passed to the file formatter used to read the data
(see CSVTableInputFileFormat.read_file(), DictionaryInputFileFormat.read_file() and BinaryTableInputFileFormatter.read_file() for the possible arguments).
The default format names are:



	'generic': Generic file format. Attempt to autodetect, raise IOError [https://docs.python.org/3/library/exceptions.html#IOError] if unsuccessful;


	'txt': Generic text file. Attempt to autodetect, raise IOError [https://docs.python.org/3/library/exceptions.html#IOError] if unsuccessful


	'csv': CSV file, corresponds to CSVTableInputFileFormat;


	'dict': Dictionary file, corresponds to DictionaryInputFileFormat;


	'bin': Binary  file, corresponds to BinaryTableInputFileFormatter













pylablib.core.fileio.location module

Classes for describing a generic file location.


	
class pylablib.core.fileio.location.LocationName(path=None, ext=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

File name inside a location.


	Parameters

	
	path – Path inside the location. Gets normalized according to the Dictionary rules (not case-sensitive; '/' and '\' are the delimiters).


	ext (str [https://docs.python.org/3/library/stdtypes.html#str]) – Name extension (None is default).









	
get_path(default_path='', sep='/')[source]

	Get the string path.

If the object’s path is None, use default_path instead.
If sep is not None, use it to join the path entries; otherwise, return the path in a list form.






	
get_ext(default_ext='')[source]

	Get the extension.

If the object’s ext is None, use default_ext instead.






	
to_string(default_path='', default_ext='', path_sep='/', ext_sep='|', add_empty_ext=True)[source]

	Convert the path to a string representation.


	Parameters

	
	default_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Use it as path if the object’s path is None.


	default_ext (str [https://docs.python.org/3/library/stdtypes.html#str]) – Use it as path if the object’s ext is None.


	path_sep (str [https://docs.python.org/3/library/stdtypes.html#str]) – Use it to join the path entries.


	ext_sep (str [https://docs.python.org/3/library/stdtypes.html#str]) – Use it to join path and extension.


	add_empty_ext (str [https://docs.python.org/3/library/stdtypes.html#str]) – If False and the extension is empty, don’t add ext_sep in the end.













	
to_path(default_path='', default_ext='', ext_sep='|', add_empty_ext=True)[source]

	Convert the path to a list representation.

Extension is added with ext_sep to the last entry in the path.


	Parameters

	
	default_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Use it as path if the object’s path is None.


	default_ext (str [https://docs.python.org/3/library/stdtypes.html#str]) – Use it as path if the object’s ext is None.


	ext_sep (str [https://docs.python.org/3/library/stdtypes.html#str]) – Use it to join path and extension.


	add_empty_ext (str [https://docs.python.org/3/library/stdtypes.html#str]) – If False and the extension is empty, don’t add ext_sep in the end.













	
static from_string(expr, ext_sep='|')[source]

	Create a LocationName object from a string representation.

ext_sep defines extension separator; the path separators are '/' and '\'.
Empty path or extension translate into None.






	
static from_object(obj)[source]

	Create a LocationName object from an object.

obj can be a LocationName (return unchanged), tuple or list (use as construct arguments),
string (treat as a string representation) or None (return empty name).






	
copy()[source]

	








	
class pylablib.core.fileio.location.LocationFile(loc, name=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A file at a location.

Can be opened for reading or writing.


	Parameters

	
	loc – File location.


	name – File’s name inside the location.









	
get_path()[source]

	Get file path in a string representation.






	
open(mode='read', data_type='text')[source]

	Open the file.


	Parameters

	
	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Opening mode. Can be 'read', 'write' or 'append'.


	data_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – Either 'text' or 'binary'.













	
close()[source]

	Close the file.






	
opening(mode='read', data_type='text')[source]

	Context for working with opened file (file is closed automatically on exitting a with block),


	Parameters

	
	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Opening mode. Can be 'read', 'write' or 'append'.


	data_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – Either 'text' or 'binary'.

















	
class pylablib.core.fileio.location.IDataLocation[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Generic location.


	
is_name_free(name=None)[source]

	Check if the name is unoccupied.






	
generate_new_name(prefix_name, idx=0)[source]

	Generate a new name inside the location using the given prefix and starting index.

If idx is None, check just the prefix_name first before starting to append indices.






	
open_file(mode, name=None, data_type='text')[source]

	Open a location file.


	Parameters

	
	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Opening mode. Can be 'read', 'write' or 'append'.


	name – File name inside the location.


	data_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – Either 'text' or 'binary'.













	
close_file(name)[source]

	Close a location file.






	
get_opened_files()[source]

	Get a list for files opened in that location.










	
class pylablib.core.fileio.location.IFileSystemDataLocation[source]

	Bases: pylablib.core.fileio.location.IDataLocation

A generic filesystem data location.

A single file name describes a single file in the filesystem.


	
get_filesystem_path(name=None, path_type='absolute')[source]

	Get the filesystem path corresponding to a given name.

path_type can be 'absolute' (return absolute path),
'relative' (return relative path; level depends on the location) or
'name' (only return path inside the location).






	
is_name_free(name=None)[source]

	Check if the name is unoccupied.






	
open_file(mode, name=None, data_type='text')[source]

	Open a location file.

See IDataLocation.open_file() for arguments.






	
close_file(name)[source]

	Close a location file.






	
get_opened_files()[source]

	Get a list for files opened in that location.










	
class pylablib.core.fileio.location.SingleFileSystemDataLocation(file_path)[source]

	Bases: pylablib.core.fileio.location.IFileSystemDataLocation

A location describing a single file.

Any use of a non-default name raises ValueError [https://docs.python.org/3/library/exceptions.html#ValueError].


	Parameters

	file_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – The path to the file.






	
get_filesystem_path(name=None, path_type='absolute')[source]

	Get the filesystem path corresponding to a given name.

path_type can be 'absolute' (return absolute path),
'relative' (return relative path; level depends on the location) or
'name' (only return path inside the location).










	
class pylablib.core.fileio.location.PrefixedFileSystemDataLocation(file_path, prefix_template='{0}_{1}')[source]

	Bases: pylablib.core.fileio.location.IFileSystemDataLocation

A location describing a set of prefixed files.


	Parameters

	
	file_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – A master path. Its name is used as a prefix, and its extension is used as a default.


	prefix_template (str [https://docs.python.org/3/library/stdtypes.html#str]) – A str.format() [https://docs.python.org/3/library/stdtypes.html#str.format] string for generating prefixed files. Has two arguments:
the first is the master name, the second is the sub_location.








Multi-level paths translate into nested folders (the top level folder is combined from the file_path prefix and the first path entry).


	
get_filesystem_path(name=None, path_type='absolute')[source]

	Get the filesystem path corresponding to a given name.

path_type can be 'absolute' (return absolute path),
'relative' (return relative path; level depends on the location) or
'name' (only return path inside the location).










	
class pylablib.core.fileio.location.FolderFileSystemDataLocation(folder_path, default_name='', default_ext='')[source]

	Bases: pylablib.core.fileio.location.IFileSystemDataLocation

A location describing a single folder.


	Parameters

	
	folder_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – A path to the folder.


	default_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – The default file name.


	default_ext (str [https://docs.python.org/3/library/stdtypes.html#str]) – The default file extension.








Multi-level paths translate into nested subfolders.


	
get_filesystem_path(name=None, path_type='absolute')[source]

	Get the filesystem path corresponding to a given name.

path_type can be 'absolute' (return absolute path),
'relative' (return relative path; level depends on the location) or
'name' (only return path inside the location).










	
pylablib.core.fileio.location.get_location(loc, path, *args, **kwargs)[source]

	Build a location.

If loc or path are instances of IDataLocation, return them unchanged.
If loc is a string, it describes location kind:



	'single_file': SingleFileSystemDataLocation with the given path.


	'file' or 'prefixed_file': PrefixedFileSystemDataLocation with the given path as a master path.


	'folder': FolderFileSystemDataLocation with the given folder path.







Any additional arguments are relayed to the constructors.







pylablib.core.fileio.logfile module


	
class pylablib.core.fileio.logfile.LogFile(path, default_fmt=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Expanding file.


	Parameters

	
	path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the destination file.


	default_fmt (list [https://docs.python.org/3/library/stdtypes.html#list]) – If not None, it’s a defult value of fmt for write_dataline() method.









	
write_lines(lines, header='', add_timestamp=True)[source]

	Write a single line into the file.

Create the file if it doesn’t exist.


	Parameters

	
	line (str [https://docs.python.org/3/library/stdtypes.html#str]) – Data line to be added.


	header (str [https://docs.python.org/3/library/stdtypes.html#str]) – If non-empty, add it to the beginning of the file on creation.


	add_timestamp (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, add the UNIX timestamp in the beginning of the line.













	
write_dataline(data, columns=None, fmt=None, add_timestamp=True)[source]

	Write a single data line into the file.

Create the file if it doesn’t exist.


	Parameters

	
	data (list [https://docs.python.org/3/library/stdtypes.html#list] or numpy.ndarray [https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray]) – Data row to be added.


	columns (list [https://docs.python.org/3/library/stdtypes.html#list]) – If not None, it’s a list of column names to be added as a header on creation.


	fmt (str [https://docs.python.org/3/library/stdtypes.html#str]) – If not None, it’s a list of format strings for the line entries.


	add_timestamp (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, add the UNIX timestamp in the beginning of the line.













	
write_multi_datalines(data, columns=None, fmt=None, add_timestamp=True)[source]

	Write a multiple data lines into the file.

Create the file if it doesn’t exist.


	Parameters

	
	data ([list [https://docs.python.org/3/library/stdtypes.html#list]]) – Data rows to be added.


	columns (list [https://docs.python.org/3/library/stdtypes.html#list]) – If not None, it’s a list of column names to be added as a header on creation.


	fmt (str [https://docs.python.org/3/library/stdtypes.html#str]) – If not None, it’s a list of format strings for the line entries.


	add_timestamp (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, add the UNIX timestamp in the beginning of the line.


















pylablib.core.fileio.parse_csv module

Utilities for parsing CSV files.


	
pylablib.core.fileio.parse_csv.read_table_and_comments(f, delimiters=re.compile('\\s*, \\s*|\\s+'), empty_entry_substitute=None, stop_comment=None, chunk_size=None, as_text=True, simple_entries=True)[source]

	Load data table (in text format) and comments from the opened file f (must be open as binary).

Comment lines are the ones starting with #.


	Parameters

	
	delimiters (str [https://docs.python.org/3/library/stdtypes.html#str]) – Regex string which recognizes delimiters (by default r"\s*,\s*|\s+", i.e., commas and whitespaces).


	empty_entry_substitute – Substitute for empty table entries. If None, all empty table entries are skipped.


	stop_comment (str [https://docs.python.org/3/library/stdtypes.html#str]) – Regex string for the stopping comment.
If not None. the function will stop if comment satisfying stop_comment regex is encountered.


	chunk_size (int [https://docs.python.org/3/library/functions.html#int]) – Maximal size (number of lines) of the data to read.


	as_text (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, return entries as strings; otherwise, convert them into values.


	simple_entries (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, assume that there are no escaped strings or parenthesis structures in the files,
so line splitting routine is simplified.






	Returns

	
	(data, comments, finished), where data is 2D-list of table entries (already recognized unless as_text==True)

	and comments is a list of strings. Data lines may have different lengths.
finished indicates if file has been read through the end (it’s True unless chunk_size is not None).









	Return type

	tuple [https://docs.python.org/3/library/stdtypes.html#tuple]










	
class pylablib.core.fileio.parse_csv.ChunksAccumulator(dtype='numeric', ignore_corrupted_lines=True)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Class for accumulating data chunks into a single array.


	Parameters

	
	dtype – dtype of entries; can be either a single type, or a list of types (one per column).
Possible dtypes are: 'int', 'float', 'complex',
'numeric' (tries to coerce to minimal possible numeric type, raises error if data can’t be converted to complex),
'generic' (accept arbitrary types, including lists, dictionaries, escaped strings, etc.), 'raw' (keep raw string).


	ignore_corrupted_lines – If True, skip corrupted (e.g., non-numeric for numeric dtype, or with too few entries) lines;
otherwise, raise ValueError [https://docs.python.org/3/library/exceptions.html#ValueError].









	
corrupted_number()[source]

	




	
convert_columns(raw_columns)[source]

	Convert raw columns into appropriate data structure (numpy array for numeric dtypes, list for generic and raw).






	
add_columns(columns)[source]

	Append columns (lists or numpy arrays) to the existing data.






	
add_chunk(chunk)[source]

	Add a chunk (2D list) to the pre-existing data.










	
pylablib.core.fileio.parse_csv.load_columns(f, dtype, delimiters='\\s*, \\s*|\\s+', empty_entry_substitute=None, ignore_corrupted_lines=True, stop_comment=None)[source]

	Load columns from the file stream f.


	Parameters

	
	dtype – dtype of entries; can be either a single type, or a list of types (one per column).
Possible dtypes are: 'int', 'float', 'complex',
'numeric' (tries to coerce to minimal possible numeric type, raises error if data can’t be converted to complex),
'generic' (accept arbitrary types, including lists, dictionaries, escaped strings, etc.), 'raw' (keep raw string).


	delimiters (str [https://docs.python.org/3/library/stdtypes.html#str]) – Regex string which recognizes delimiters (by default r"\s*,\s*|\s+", i.e., commas and whitespaces).


	empty_entry_substitute – Substitute for empty table entries. If None, all empty table entries are skipped.


	ignore_corrupted_lines – If True, skip corrupted (e.g., non-numeric for numeric dtype, or with too few entries) lines;
otherwise, raise ValueError [https://docs.python.org/3/library/exceptions.html#ValueError].


	stop_comment (str [https://docs.python.org/3/library/stdtypes.html#str]) – Regex string for the stopping comment.
If not None. the function will stop if comment satisfying stop_comment regex is encountered.






	Returns

	(columns, comments, corrupted_lines).


columns is a list of columns with data.

comments is a list of comment strings.

corrupted_lines is a dict {'size':list, 'type':list} of corrupted lines (already split into entries),
based on the corruption type ('size' means too small size, 'type' means it couldn’t be converted using provided dtype).








	Return type

	tuple [https://docs.python.org/3/library/stdtypes.html#tuple]










	
pylablib.core.fileio.parse_csv.columns_to_table(data, columns=None, out_type='table')[source]

	Convert data (columns list) into a table.


	Parameters

	
	columns – either number if columns, or a list of columns names.


	out_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – type of the result: 'array' for numpy array, 'pandas' for pandas DataFrame, 'table' for DataTable object.













	
pylablib.core.fileio.parse_csv.load_table(f, dtype='numeric', columns=None, out_type='table', delimiters='\\s*, \\s*|\\s+', empty_entry_substitute=None, ignore_corrupted_lines=True, stop_comment=None)[source]

	Load table from the file stream f.

Arguments are the same as in load_columns() and columns_to_table().


	Returns

	(table, comments, corrupted_lines).


table is a table of the format out_type.

corrupted_lines is a dict {'size':list, 'type':list} of corrupted lines (already split into entries),
based on the corruption type ('size' means too small size, 'type' means it couldn’t be converted using provided dtype).

comments is a list of comment strings.








	Return type

	tuple [https://docs.python.org/3/library/stdtypes.html#tuple]











pylablib.core.fileio.savefile module

Utilities for writing data files.


	
class pylablib.core.fileio.savefile.IOutputFileFormat(format_name, default_kwargs=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Generic class for an output file format.


	Parameters

	
	format_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – The name of the format (to be defined in subclasses).


	default_kwargs (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Default **kwargs values for the write() method.









	
write_file(location_file, to_save, *args, **kwargs)[source]

	




	
write(location_file, data, *args, **kwargs)[source]

	








	
class pylablib.core.fileio.savefile.ITextOutputFileFormat(format_name, save_props=True, save_comments=True, save_time=True, new_time=True, default_kwargs=None)[source]

	Bases: pylablib.core.fileio.savefile.IOutputFileFormat

Generic class for a text output file format.


	Parameters

	
	format_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – The name of the format (to be defined in subclasses).


	save_props (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and saving ~datafile.DataFile object, save its props metainfo.


	save_comments (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and saving ~datafile.DataFile object, save its comments metainfo.


	save_time (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, append the file creation time in the end.


	new_time (bool [https://docs.python.org/3/library/functions.html#bool]) – If saving ~datafile.DataFile object, determines if the time should be updated to the current time.


	default_kwargs (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Default **kwargs values for the IOutputFileFormat.write() method.









	
get_comment_line(comment)[source]

	




	
get_prop_line(name, value)[source]

	




	
get_time_line(time)[source]

	




	
static write_line(stream, line)[source]

	




	
write_comments(stream, comments)[source]

	




	
write_props(stream, props)[source]

	




	
write_time(stream, time)[source]

	




	
write_file(location_file, to_save, *args, **vargs)[source]

	




	
write_data(location_file, data, **kwargs)[source]

	








	
class pylablib.core.fileio.savefile.CSVTableOutputFileFormat(save_props=True, save_comments=True, save_time=True, save_columns=True, columns_delimiter='t', custom_reps=None, use_rep_classes=False, **kwargs)[source]

	Bases: pylablib.core.fileio.savefile.ITextOutputFileFormat

Class for CSV output file format.


	Parameters

	
	save_props (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and saving ~datafile.DataFile object, save its props metainfo.


	save_comments (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and saving ~datafile.DataFile object, save its comments metainfo.


	save_time (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, append the file creation time in the end.


	columns_delimiter (str [https://docs.python.org/3/library/stdtypes.html#str]) – Used to separate entries in a row.


	custom_reps (str [https://docs.python.org/3/library/stdtypes.html#str]) – If not None, defines custom representations to be passed to utils.string.to_string() function.


	use_rep_classes (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, use representation classes for Dictionary entries (e.g., numpy arrays will be represented as "array([1, 2, 3])" instead of just "[1, 2, 3]");
This improves storage fidelity, but makes result harder to parse (e.g., by external string parsers).


	**kwargs (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Default **kwargs values for the IOutputFileFormat.write() method.









	
get_table_line(line)[source]

	




	
get_columns_line(columns)[source]

	




	
write_data(location_file, data, columns=None, **kwargs)[source]

	Write data to a CSV file.


	Parameters

	
	location_file – Location of the destination.


	data – Data to be saved. Can be DataTable or an arbitrary 2D array (numpy array, 2D list, etc.).


	columns ([str [https://docs.python.org/3/library/stdtypes.html#str]]) – If not None, the list of column names.
If None and data is of type DataTable, use its columns names.
If None and data is of other type, don’t put the column line in the output.

















	
class pylablib.core.fileio.savefile.DictionaryOutputFileFormat(save_props=True, save_comments=True, save_time=True, table_format='inline', inline_columns_delimiter='t', inline_reps=None, param_reps=None, use_rep_classes=False, **kwargs)[source]

	Bases: pylablib.core.fileio.savefile.ITextOutputFileFormat

Class for Dictionary output file format.


	Parameters

	
	save_props (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and saving ~datafile.DataFile object, save its props metainfo.


	save_comments (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and saving ~datafile.DataFile object, save its comments metainfo.


	save_time (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, append the file creation time in the end.


	table_format (str [https://docs.python.org/3/library/stdtypes.html#str]) – Default format for table (numpy arrays or DataTable objects) entries. Can be
'inline' (table is written inside the file),
'csv' (external CSV file) or
'bin' (external binary file).


	inline_columns_delimiter (str [https://docs.python.org/3/library/stdtypes.html#str]) – Used to separate entries in a row for inline tables.


	inline_reps (str [https://docs.python.org/3/library/stdtypes.html#str]) – If not None, defines custom representations to be passed to utils.string.to_string() function when writing inline tables.


	param_reps (str [https://docs.python.org/3/library/stdtypes.html#str]) – If not None, defines custom representations to be passed to utils.string.to_string() function when writing Dictionary entries.


	use_rep_classes (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, use representation classes for Dictionary entries (e.g., numpy arrays will be represented as "array([1, 2, 3])" instead of just "[1, 2, 3]");
This improves storage fidelity, but makes result harder to parse (e.g., by external string parsers).


	**kwargs (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Default **kwargs values for the IOutputFileFormat.write() method.









	
get_dictionary_line(path, value)[source]

	




	
write_data(loc_file, data, **kwargs)[source]

	Write data to a Dictionary file.


	Parameters

	
	location_file – Location of the destination.


	data – Data to be saved. Can be DataTable or an arbitrary 2D array (numpy array, 2D list, etc.).

















	
class pylablib.core.fileio.savefile.IBinaryOutputFileFormat(format_name, default_kwargs=None)[source]

	Bases: pylablib.core.fileio.savefile.IOutputFileFormat


	
get_preamble(loc_file, data)[source]

	








	
class pylablib.core.fileio.savefile.TableBinaryOutputFileFormat(dtype=None, transposed=False, **kwargs)[source]

	Bases: pylablib.core.fileio.savefile.IBinaryOutputFileFormat

Class for binary output file format.


	Parameters

	
	dtype – numpy.dtype [https://numpy.org/doc/stable/reference/generated/numpy.dtype.html#numpy.dtype] describing the data. By default, '>f8' for real data and '>c16' for complex data.


	transposed (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, write the data row-wise; otherwise, write it column-wise.


	**kwargs (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Default **kwargs values for the IOutputFileFormat.write() method.









	
get_dtype(table)[source]

	




	
get_preamble(loc_file, data)[source]

	Generate a preamble (dictionary describing the file format).

The parameters are 'dtype', 'packing' ('transposed' or 'flatten', depending on the transposed attribute),
'ncol' (number of columns) and 'nrows' (number of rows).






	
write_table(location_file, data)[source]

	Write data to a binary file.


	Parameters

	
	location_file – Location of the destination.


	data – Data to be saved. Can be DataTable or an arbitrary 2D array (numpy array, 2D list, etc.).
Converted to numpy array before saving.













	
write_file(location_file, to_save, **kwargs)[source]

	








	
pylablib.core.fileio.savefile.get_output_format(data, output_format, **kwargs)[source]

	




	
pylablib.core.fileio.savefile.save(data, path='', output_format=None, loc='file', **kwargs)[source]

	Save data to a file.


	Parameters

	
	data – Data to be saved.


	path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the file.


	output_format (str [https://docs.python.org/3/library/stdtypes.html#str]) – Output file format. Can be either
None (defaults to 'csv' for table data and 'dict' for Dictionary data),
a string with one of the default format names, or
an already prepared IOutputFileFormat object.


	loc (str [https://docs.python.org/3/library/stdtypes.html#str]) – Location type.








**kwargs are passed to the file formatter constructor
(see CSVTableOutputFileFormat, DictionaryOutputFileFormat and TableBinaryOutputFileFormat for the possible arguments).
The default format names are:



	'csv': CSV file, corresponds to CSVTableOutputFileFormat;


	'dict': Dictionary file, corresponds to DictionaryOutputFileFormat;


	'bin': Binary  file, corresponds to TableBinaryOutputFileFormat
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pylablib.core.gui.qt.thread package


Submodules



pylablib.core.gui.qt.thread.callsync module


	
class pylablib.core.gui.qt.thread.callsync.QCallResultSynchronizer(skippable=True)[source]

	Bases: pylablib.core.gui.qt.thread.synchronizing.QThreadNotifier


	
get_progress()[source]

	Get the progress of the call execution.

Can be "waiting" (call is not done executing), "done" (call done successfully),
"fail" (call failed, probably due to thread being stopped), "skip" (call was skipped),
or "exception" (call raised an exception).






	
skipped()[source]

	Check if the call was skipped






	
failed()[source]

	Check if the call failed






	
get_value_sync(timeout=None, default=None, error_on_fail=True, error_on_skip=True, pass_exception=True)[source]

	Wait (with the given timeout) for the value passed by the notifier

If error_on_fail==True and the controlled thread notifies of a fail (usually, if it’s stopped before it executed the call),
raise qt.thread.threadprop.NoControllerThreadError; otherwise, return default.
If error_on_skip==True and the call was skipped (e.g., due to full call queue), raise qt.thread.threadprop.SkippedCallError; otherwise, return default.
If pass_exception==True and the returned value represents exception, re-raise it in the caller thread; otherwise, return default.










	
class pylablib.core.gui.qt.thread.callsync.QDummyResultSynchronizer[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Dummy result synchronizer for call which don’t require result synchronization (e.g., signals)


	
notify(value)[source]

	








	
class pylablib.core.gui.qt.thread.callsync.QScheduledCall(func, args=None, kwargs=None, result_synchronizer=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Object representing a scheduled remote call.


	Parameters

	
	func – callable to be invoked in the destination thread


	args – arguments to be passed to func


	kwargs – keyword arguments to be passed to func


	result_synchronizer – result synchronizer object; can be None (create new QCallResultSynchronizer),
"async" (no result synchronization), or a QCallResultSynchronizer object.









	
class TCallback(func, pass_result, call_on_fail)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
call_on_fail

	




	
func

	




	
pass_result

	








	
add_callback(callback, pass_result=True, call_on_fail=False, position=None)[source]

	Set the callback to be executed after the main call is done.

Callback is not provided with any arguments.
If pass_result==True, pass function result to the callback (or None if call failed); otherwise, pass no arguments.
If callback_on_fail==True, call it even if the original call raised an exception.
position specifies callback position in the call list (by default, end of the list).






	
fail()[source]

	Notify that the call is failed (invoked by the destination thread)






	
skip()[source]

	Notify that the call is skipped (invoked by the destination thread)










	
class pylablib.core.gui.qt.thread.callsync.TDefaultCallInfo(call_time)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
call_time

	








	
class pylablib.core.gui.qt.thread.callsync.QScheduler(call_info_argname=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Generic call scheduler.

Two methods are used by the external scheduling routines: build_call() to create a QScheduledCall with appropriate parameters,
and schedule(), which takes a call and schedules it.
The schedule() method should return True if the scheduling was successfull (at least, for now), and False otherwise.


	Parameters

	call_info_argname – if not None, supplies a name of a keyword argument
via which call info (generated by build_call_info()) is passed on function call






	
build_call_info()[source]

	Build call info tuple which can be passed to scheduled calls






	
build_call(func, args=None, kwargs=None, callback=None, pass_result=True, callback_on_fail=True, sync_result=True)[source]

	Build QScheduledCall for subsequent scheduling.


	Parameters

	
	func – function to be called


	args – arguments to be passed to func


	kwargs – keyword arguments to be passed to func


	callback – optional callback to be called when func is done


	pass_result (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, pass func result as a single argument to the callback; otherwise, give no arguments


	callback_on_fail (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, execute the callback on call fail or skip (if it requires an argument, None is supplied);
otherwise, only execute it if the call was successfull


	sync_result – if True, the call has a default result synchronizer; otherwise, no synchronization is made.













	
schedule(call)[source]

	Schedule the call






	
clear()[source]

	Clear the scheduler










	
class pylablib.core.gui.qt.thread.callsync.QDirectCallScheduler(call_info_argname=None)[source]

	Bases: pylablib.core.gui.qt.thread.callsync.QScheduler

Simplest call scheduler: directly executes the calls on scheduling


	Parameters

	call_info_argname – if not None, supplies a name of a keyword argument
via which call info (generated by QScheduler.build_call_info()) is passed on function call






	
build_call(func, args=None, kwargs=None, callback=None, pass_result=True, callback_on_fail=True, sync_result=False)[source]

	Build QScheduledCall for subsequent scheduling.


	Parameters

	
	func – function to be called


	args – arguments to be passed to func


	kwargs – keyword arguments to be passed to func


	callback – optional callback to be called when func is done


	pass_result (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, pass func result as a single argument to the callback; otherwise, give no arguments


	callback_on_fail (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, execute the callback on call fail or skip (if it requires an argument, None is supplied);
otherwise, only execute it if the call was successfull


	sync_result – if True, the call has a default result synchronizer; otherwise, no synchronization is made.













	
schedule(call)[source]

	Schedule the call










	
class pylablib.core.gui.qt.thread.callsync.QQueueScheduler(on_full_queue='current', call_info_argname=None)[source]

	Bases: pylablib.core.gui.qt.thread.callsync.QScheduler

Call scheduler with a builtin call queue.

Supports placing the calls and retrieving them (from the destination thread).
Has ability to skip some calls if, e.g., the queue is too full. Whether the call should be skipped is determined
by can_schedule() (should be overloaded in subclasses).
Used as a default command scheduler.


	Parameters

	
	on_full_queue – action to be taken if the call can’t be scheduled (i.e., can_schedule() returns False);
can be "skip_current" (skip the call which is being scheduled), "skip_newest" (skip the most recent call; place the current)
"skip_oldest" (skip the oldest call in the queue; place the current),
"wait" (wait until the call can be scheduled, which is checked after every call removal from the queue; place the call),
or "call" (execute the call directly in the calling thread; should be used with caution).


	call_info_argname – if not None, supplies a name of a keyword argument
via which call info (generated by QScheduler.build_call_info()) is passed on function call









	Methods to overload:

	can_schedule: check if the call can be scheduled
call_added: called when a new call has been added to the queue
call_popped: called when a call has been removed from the queue (either for execution, or for skipping)






	
can_schedule(call)[source]

	Check if the call can be scheduled






	
call_added(call)[source]

	Called whenever call has been added to the queue






	
call_popped(call, head)[source]

	Called whenever call has been removed from the queue

head determines whether the call has been removed from the queue head, or from the queue tail.






	
schedule(call)[source]

	Schedule a call






	
pop_call()[source]

	Pop the call from the queue head.

If the queue is empty, return None






	
has_calls()[source]

	Check if there are queued calls






	
clear(close=True)[source]

	Clear the call queue.

If close==True, mark the queue as closed (any attempt to schedule more calls fails automatically) and fail all calls in the queue;
otherwise, skip all calls currently in the queue.










	
class pylablib.core.gui.qt.thread.callsync.QQueueLengthLimitScheduler(max_len=1, on_full_queue='skip_current', call_info_argname=None)[source]

	Bases: pylablib.core.gui.qt.thread.callsync.QQueueScheduler

Queued call scheduler with a length limit.


	Parameters

	
	max_len – maximal queue length; non-positive values are interpreted as no limit


	on_full_queue – action to be taken if the call can’t be scheduled (the queue is full);
can be "skip_current" (skip the call which is being scheduled), "skip_newest" (skip the most recent call; place the current)
"skip_oldest" (skip the oldest call in the queue; place the current), "wait" (wait until the queue has space; place the call),
or "call" (execute the call directly in the calling thread; should be used with caution).


	call_info_argname – if not None, supplies a name of a keyword argument
via which call info (generated by QScheduler.build_call_info()) is passed on function call









	
change_max_len(max_len)[source]

	Change maximal length of the call queue (doesn’t affect already scheduled calls)






	
get_current_len()[source]

	Get current number of calls in the queue






	
can_schedule(call)[source]

	Check if the call can be scheduled










	
class pylablib.core.gui.qt.thread.callsync.QQueueSizeLimitScheduler(max_size=1, size_calc=None, on_full_queue='skip_current', call_info_argname=None)[source]

	Bases: pylablib.core.gui.qt.thread.callsync.QQueueScheduler

Queued call scheduler with a generic size limit; similar to QQueueLengthLimitScheduler,
but more flexible and can implement more restrictions (e.g., queue length and arguments RAM size).


	Parameters

	
	max_size – maximal total size of the arguments; can be either a single number, or a tuple (if several different size metrics are involved);
non-positive values are interpreted as no limit


	size_calc – function that takes a single argument (call to be placed) and returns its size; can be either a single number,
or a tuple (if several different size metrics are involved);
by default, simply returns 1, which makes the scheduler behavior identical to QQueueLengthLimitScheduler


	on_full_queue – action to be taken if the call can’t be scheduled (the queue is full);
can be "skip_current" (skip the call which is being scheduled), "skip_newest" (skip the most recent call; place the current)
"skip_oldest" (skip the oldest call in the queue; place the current), "wait" (wait until the queue has space; place the call),
or "call" (execute the call directly in the calling thread; should be used with caution).


	call_info_argname – if not None, supplies a name of a keyword argument
via which call info (generated by QScheduler.build_call_info()) is passed on function call









	
change_max_size(max_size)[source]

	Change size restrictions






	
get_current_size()[source]

	Get current size metrics






	
call_added(call)[source]

	Called whenever call has been added to the queue






	
call_popped(call, head)[source]

	Called whenever call has been removed from the queue

head determines whether the call has been removed from the queue head, or from the queue tail.






	
can_schedule(call)[source]

	Check if the call can be scheduled










	
class pylablib.core.gui.qt.thread.callsync.QThreadCallScheduler(thread=None, tag=None, priority=0, call_info_argname=None)[source]

	Bases: pylablib.core.gui.qt.thread.callsync.QScheduler

Call scheduler via thread calls (QThreadController.call_in_thread_callback())


	Parameters

	
	thread – destination thread (by default, thread which creates the scheduler)


	tag – if supplied, send the call in a message with the given tag; otherwise, use the interrupt call (generally, higher priority method).


	priority – message priority (only when tag is not None)


	call_info_argname – if not None, supplies a name of a keyword argument
via which call info (generated by QScheduler.build_call_info()) is passed on function call









	
schedule(call)[source]

	Schedule the call










	
class pylablib.core.gui.qt.thread.callsync.QSignalThreadCallScheduler(thread=None, limit_queue=1, tag=None, priority=0, call_info_argname=None)[source]

	Bases: pylablib.core.gui.qt.thread.callsync.QThreadCallScheduler

Extended call scheduler via thread calls, which can limit number of queued calls.


	Parameters

	
	thread – destination thread (by default, thread which creates the scheduler)


	limit_queue – call queue limit (non-positive numbers are interpreted as no limit)


	tag – if supplied, send the call in a message with the given tag; otherwise, use the interrupt call (generally, higher priority method).


	priority – message priority (only when tag is not None)


	call_info_argname – if not None, supplies a name of a keyword argument
via which call info (generated by QScheduler.build_call_info()) is passed on function call









	
schedule(call)[source]

	Schedule the call











pylablib.core.gui.qt.thread.controller module


	
pylablib.core.gui.qt.thread.controller.exint(error_msg_template='{}:')[source]

	Context that intercepts exceptions and stops the execution in a controlled manner (quitting the main thread)






	
pylablib.core.gui.qt.thread.controller.exsafe(func)[source]

	Decorator that intercepts exceptions raised by func and stops the execution in a controlled manner (quitting the main thread)






	
pylablib.core.gui.qt.thread.controller.exsafeSlot(*slargs, **slkwargs)[source]

	Wrapper around PyQt5.QtCore.pyqtSlot which intercepts exceptions and stops the execution in a controlled manner






	
class pylablib.core.gui.qt.thread.controller.QThreadControllerThread(controller)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject


	
finalized

	Used by autodoc_mock_imports.






	
run()[source]

	




	
quit_sync()[source]

	








	
pylablib.core.gui.qt.thread.controller.remote_call(func)[source]

	Decorator that turns a controller method into a remote call (call from a different thread is passed synchronously)






	
pylablib.core.gui.qt.thread.controller.call_in_thread(thread_name)[source]

	Decorator that turns any function into a remote call in a thread with a given name (call from a different thread is passed synchronously)






	
pylablib.core.gui.qt.thread.controller.call_in_gui_thread(func)

	Decorator that turns any function into a remote call in a GUI thread (call from a different thread is passed synchronously)






	
pylablib.core.gui.qt.thread.controller.gui_thread_method(func)[source]

	Decorator for an object’s method that checks if the object’s gui_thread_safe attribute is true, in which case the call is routed to the GUI thread






	
class pylablib.core.gui.qt.thread.controller.QThreadController(name=None, kind='loop', signal_pool=None)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Generic Qt thread controller.

Responsible for all inter-thread synchronization. There is one controller per thread, and


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – thread name (by default, generate a new unique name);
this name can be used to obtain thread controller via get_controller()


	kind (str [https://docs.python.org/3/library/stdtypes.html#str]) – thread kind; can be "loop" (thread is running in the Qt message loop; behavior is implemented in process_message() and remote calls),
"run" (thread executes run() method and quits after it is complete), or "main" (can only be created in the main GUI thread)


	signal_pool – SignalPool for this thread (by default, use the default common pool)









	Methods to overload:

	on_start: executed on the thread startup (between synchronization points "start" and "run")
on_finish: executed on thread cleanup (attempts to execute in any case, including exceptions)
run: executed once per thread; thread is stopped afterwards (only if kind=="run")
process_message: function that takes 2 arguments (tag and value) of the message and processes it; returns True if the message has been processed and False otherwise (in which case it is stored and can be recovered via wait_for_message()/pop_message()); by default, always return False
process_interrupt: function that tales 2 arguments (tag and value) of the interrupt message (message with a tag starting with "interrupt.") and processes it; by default, assumes that any value with tag "execute" is a function and executes it



	Signals:

	started: emitted on thread start (after on_start() is executed)
finished: emitted on thread finish (before on_finish() is executed)






	
started

	Used by autodoc_mock_imports.






	
finished

	Used by autodoc_mock_imports.






	
wait_for_message(tag, timeout=None)[source]

	Wait for a single message with a given tag.

Return value of a received message with this tag.
If timeout is passed, raise threadprop.TimeoutThreadError.






	
new_messages_number(tag)[source]

	Get the number of queued messages with a given tag.






	
pop_message(tag)[source]

	Pop the latest message with the given tag.

Select the message with the highest priority, and among those the oldest one.
If no messages are available, raise threadprop.NoMessageThreadError.






	
wait_for_sync(tag, uid, timeout=None)[source]

	Wait for synchronization signal with the given tag and UID.

This method is rarely invoked directly, and is usually used by synchronizers code.
If timeout is passed, raise threadprop.TimeoutThreadError.






	
wait_for_any_message(timeout=None)[source]

	Wait for any message (including synchronization messages or pokes).

If timeout is passed, raise threadprop.TimeoutThreadError.






	
wait_until(check, timeout=None)[source]

	Wait until a given condition is true.

Condition is given by the check function, which is called after every new received message and should return True if the condition is met.
If timeout is passed, raise threadprop.TimeoutThreadError.






	
check_messages()[source]

	Receive new messages.

Runs the underlying message loop to process newly received message and signals (and place them in corresponding queues if necessary).
This method is rarely invoked, and only should be used periodically during long computations to not ‘freeze’ the thread.






	
sleep(timeout)[source]

	Sleep for a given time (in seconds).

Unlike time.sleep() [https://docs.python.org/3/library/time.html#time.sleep], constantly checks the event loop for new messages (e.g., if stop or interrupt commands are issued).






	
process_interrupt(tag, value)[source]

	




	
process_message(tag, value)[source]

	Process a new message.

If the function returns False, the message is put in the corresponding queue.
Otherwise, the the message is considered to be already, and it gets ‘absorbed’.






	
on_start()[source]

	Method invoked on the start of the thread.






	
on_finish()[source]

	Method invoked in the end of the thread.

Called regardless of the stopping reason (normal finishing, exception, application finishing).






	
run()[source]

	Method called to run the main thread code (only for "run" thread kind).






	
subscribe(callback, srcs='any', dsts=None, tags=None, filt=None, priority=0, limit_queue=1, add_call_info=False, id=None)[source]

	Subscribe synchronous callback to a signal.

See SignalPool.subscribe() for details.
By default, the subscribed destination is the thread’s name.






	
subscribe_nonsync(callback, srcs='any', dsts=None, tags=None, filt=None, priority=0, scheduler=None, id=None)[source]

	Subscribe asynchronous callback to a signal.

See SignalPool.subscribe_nonsync() for details.
By default, the subscribed destination is the thread’s name.






	
unsubscribe(id)[source]

	Unsubscribe from a subscription with a given ID.






	
send_signal(dst='any', tag=None, value=None, src=None)[source]

	Send a signal to the signal pool.

See SignalPool.signal() for details.
By default, the signal source is the thread’s name.






	
set_variable(name, value, notify=False, notify_tag='changed/*')[source]

	Set thread variable.

Can be called in any thread (controlled or external).
If notify==True, send a signal with the given notify_tag (where "*" symbol is replaced by the variable name).






	
set_func_variable(name, func, use_lock=True)[source]

	Set a ‘function’ variable.

Acts as a thread variable to the external user, but instead of reading a stored value, it executed a function instead.
Note, that the function is executed in the caller thread (i.e., the thread which tries to access the variable),
so use of synchronization methods (commands, signals, locks) is highly advised.

If use_lock==True, then the function call will be wrapped into the usual variable lock,
i.e., it won’t run concurrently with other variable access.






	
send_message(tag, value, priority=0)[source]

	Send a message to the thread with a given tag, value and priority






	
send_sync(tag, uid)[source]

	Send a synchronization signal with the given tag and UID.

This method is rarely invoked directly, and is usually used by synchronizers code.






	
get_variable(name, default=None, copy_branch=True, missing_error=False)[source]

	Get thread variable.

Can be called in any thread (controlled or external).
If missing_error==False and no variable exists, return default; otherwise, raise and error.
If copy_branch==True and the variable is a Dictionary branch, return its copy to ensure that it stays unaffected on possible further variable assignments.






	
wait_for_variable(name, pred, timeout=None)[source]

	Wait until thread variable with the given name satisfies the given condition.

pred is a function which takes one argument (variable value) and returns whether the condition is satisfied.






	
start()[source]

	Start the thread.






	
request_stop()[source]

	Request thread stop (send a stop command).






	
stop(code=0)[source]

	Stop the thread.

If called from the thread, stop immediately by raising a qt.thread.threadprop.InterruptExceptionStop exception. Otherwise, schedule thread stop.
If the thread kind is "main", stop the whole application with the given exit code. Otherwise, stop the thread.






	
poke()[source]

	Send a dummy message to the thread.

A cheap way to notify the thread that something happened (useful for, e.g., making thread leave wait_for_any_message() method).






	
running()[source]

	Check if the thread is running.






	
is_controlled()[source]

	Check if this controller corresponds to the current thread.






	
notify_exec(point)[source]

	Mark the given execution point as passed.

Automatically invoked points include "start" (thread starting), "run" (thread setup and ready to run), and "stop" (thread finished),
but can be extended for arbitrary points.
Any given point can be notified only once, the repeated notification causes error.






	
sync_exec(point, timeout=None, counter=1)[source]

	Wait for the given execution point.

Automatically invoked points include "start" (thread starting), "run" (thread setup and ready to run), and "stop" (thread finished).
If timeout is passed, raise threadprop.TimeoutThreadError.
counter specifies the minimal number of pre-requisite notify_exec() calls to finish the waiting (by default, a single call is enough).
Return actual number of notifier calls up to date.






	
add_stop_notifier(func, call_if_stopped=True)[source]

	Add stop notifier: a function which is called when the thread is about to be stopped (left the main message loop).

The function is called in the controlled thread close to its shutdown, so it should be short, non-blocking, and thread-safe.
If the thread is already stopped and call_if_stopped==True, call func immediately (from the caller’s thread).
Return True if the thread is still running and the notifier is added, and False otherwise.






	
remove_stop_notifier(func)[source]

	Remove the stop notifier from this controller.

Return True if the notifier was in this thread and is now removed, and False otherwise.






	
is_in_controlled()[source]

	Check if the thread execution this code is controlled by this controller






	
call_in_thread_callback(func, args=None, kwargs=None, callback=None, tag=None, priority=0)[source]

	Call a function in this thread with the given arguments.

If callback is supplied, call it with the result as a single argument (call happens in the controller thread).
If tag is supplied, send the call in a message with the given tag; otherwise, use the interrupt call (generally, higher priority method).






	
call_in_thread_sync(func, args=None, kwargs=None, sync=True, callback=None, timeout=None, default_result=None, pass_exception=True, tag=None, priority=0, error_on_stopped=True, same_thread_shortcut=True)[source]

	Call a function in this thread with the given arguments.

If sync==True, calling thread is blocked until the controlled thread executes the function, and the function result is returned
(in essence, the fact that the function executes in a different thread is transparent).
Otherwise, exit call immediately, and return a synchronizer object (QCallResultSynchronizer),
which can be used to check if the call is done (method is_done) and obtain the result (method QCallResultSynchronizer.get_value_sync()).
If callback is not None, call it after the function is successfully executed (from the target thread), with a single parameter being function result.
If pass_exception==True and func raises and exception, re-raise it in the caller thread (applies only if sync==True).
If tag is supplied, send the call in a message with the given tag and priority; otherwise, use the interrupt call (generally, higher priority method).
If error_on_stopped==True and the controlled thread is stopped before it executed the call, raise qt.thread.threadprop.NoControllerThreadError; otherwise, return default_result.
If same_thread_shortcut==True (default), the call is synchronous, and the caller thread is the same as the controlled thread, call the function directly.










	
class pylablib.core.gui.qt.thread.controller.QMultiRepeatingThreadController(name=None, signal_pool=None)[source]

	Bases: pylablib.core.gui.qt.thread.controller.QThreadController

Thread which allows to set up and run jobs and batch jobs with a certain time period, and execute commands in the meantime.

Mostly serves as a base to a much more flexible QTaskThread class; should rarely be considered directly.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – thread name (by default, generate a new unique name)


	signal_pool – SignalPool for this thread (by default, use the default common pool)









	Methods to overload:

	on_start: executed on the thread startup (between synchronization points "start" and "run")
on_finish: executed on thread cleanup (attempts to execute in any case, including exceptions)
check_commands: executed once a scheduling cycle to check for new commands / events and execute them






	
add_job(name, job, period, initial_call=True)[source]

	Add a recurrent job which is called every period seconds.

The job starts running automatically when the main thread loop start executing.
If initial_call==True, call job once immediately after adding.






	
change_job_period(name, period)[source]

	Change the period of the job name






	
remove_job(name)[source]

	Change the job name from the roster






	
add_batch_job(name, job, cleanup=None, min_runtime=0)[source]

	Add a batch job which is executed once, but with continuations.

After this call the job is just created, but is not running. To start it, call start_batch_job().
If specified, cleanup is a finalizing function which is called both when the job terminates normally,
and when it is forcibly stopped (including thread termination).
min_runtime specifies minimal expected runtime of a job; if a job executes faster than this time,
it is repeated again unless at least min_runtime seconds passed; useful for high-throughput jobs,
as it reduces overhead from the job scheduling mechanism (repeating within min_runtime time window is fast)

Unlike the usual recurrent jobs, here job is a generator (usually defined by a function with yield statement).
When the job is running, the generator is periodically called until it raises StopIteration [https://docs.python.org/3/library/exceptions.html#StopIteration] exception, which signifies that the job is finished.
From generator function point of view, after the job is started, the function is executed once normally,
but every time yield statement is encountered, the execution is suspended for period seconds (specified in start_batch_job()).






	
change_batch_job_params(name, job=None, cleanup=None, min_runtime=None, stop=False, restart=False)[source]

	Change parameters (main body, cleanup function, and minimal runtime) of the batch job.

The parameters are the same as for add_batch_job(). If any of them are None, don’t change them.
If stop==True, stop the job before changing the parameters;
otherwise the job is continued with the previous parameters (including cleanup) until it is stopped and restarted.
If restart==True, restart the job after changing the parameteres.






	
start_batch_job(name, period, *args, **kwargs)[source]

	Start the batch job with the given name.

period specifies suspension period. Optional arguments are passed to the job and the cleanup functions.






	
batch_job_running(name)[source]

	Check if a given batch job running






	
stop_batch_job(name, error_on_stopped=False)[source]

	Stop a given batch job.

If error_on_stopped==True and the job is not currently running, raise an error. Otherwise, do nothing.






	
check_commands()[source]

	Check for commands to execute.

Called once every scheduling cycle: after any recurrent or batch job, but at least every self._new_jobs_check_period seconds (by default 20ms).






	
run()[source]

	Main scheduling loop






	
on_finish()[source]

	Method invoked in the end of the thread.

Called regardless of the stopping reason (normal finishing, exception, application finishing).










	
class pylablib.core.gui.qt.thread.controller.QTaskThread(name=None, setupargs=None, setupkwargs=None, signal_pool=None)[source]

	Bases: pylablib.core.gui.qt.thread.controller.QMultiRepeatingThreadController

Thread which allows to set up and run jobs and batch jobs with a certain time period, and execute commands in the meantime.

Extension of QMultiRepeatingThreadController with more powerful command scheduling and more user-friendly interface.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – thread name (by default, generate a new unique name)


	setupargs – args supplied to [image: setup_task] method


	setupkwargs – keyword args supplied to [image: setup_task] method


	signal_pool – SignalPool for this thread (by default, use the default common pool)









	
c

	command accessor, which makes calls more function-like;
ctl.c.comm(*args,**kwarg) is equivalent to ctl.call_command("comm",args,kwargs)






	
q

	query accessor, which makes calls more function-like;
ctl.q.comm(*args,**kwarg) is equivalent to ctl.call_query("comm",args,kwargs)






	
qs

	query accessor which is made ‘exception-safe’ via exsafe() wrapper (i.e., safe to directly connect to slots)
ctl.qi.comm(*args,**kwarg) is equivalent to with exint(): ctl.call_query("comm",args,kwargs)






	
qi

	query accessor which ignores and silences any exceptions (including missing /stopped controller)
useful for sending queries during thread finalizing / application shutdown, when it’s not guaranteed that the query recipient is running
(commands already ignore any errors, unless their results are specifically requested)






	
m

	method accessor; directly calles the method corresponding to the command;
ctl.m.comm(*args,**kwarg) is equivalent to ctl.call_command("comm",*args,**kwargs), which is often also equivalent to ctl.comm(*args,**kwargs);
for most practical purposes it’s the same as directly invoking the class method, but it makes intent more explicit
(as command methods are usually not called directly from other threads), and it doesn’t invoke warning about calling method instead of query from another thread.






	Methods to overload:

	setup_task: executed on the thread startup (between synchronization points "start" and "run")
finalize_task: executed on thread cleanup (attempts to execute in any case, including exceptions)
process_signal: process a directed signal (signal with dst equal to this thread name); by default, does nothing






	
setup_task(*args, **kwargs)[source]

	Setup the thread (called before the main task loop)






	
process_signal(src, tag, value)[source]

	Process a named signal (with dst equal to the thread name) from the signal pool






	
finalize_task()[source]

	Finalize the thread (always called on thread termination, regardless of the reason)






	
update_status(kind, status, text=None, notify=True)[source]

	Update device status represented in thread variables.

kind is the status kind and status is its value.
Status variable name is "status/"+kind.
If text is not None, it specifies new status text stored in "status/"+kind+"_text".
If notify==True, send a signal about the status change.






	
on_start()[source]

	Method invoked on the start of the thread.






	
on_finish()[source]

	Method invoked in the end of the thread.

Called regardless of the stopping reason (normal finishing, exception, application finishing).






	
add_command(name, command=None, scheduler=None, limit_queue=None, on_full_queue='skip_current', priority=0)[source]

	Add a new command to the command set (by default same set applies both to commands and queries).


	Parameters

	
	command – command function; is None, look for the method with the given name.


	scheduler – a command scheduler; by default, it is a QQueueLengthLimitScheduler,
which maintains a call queue with the given length limit and full queue behavior


	limit_queue – command call queue limit; None means no limit


	on_full_queue – call queue overflow behavior; can be "skip_current" (skip the call which is being scheduled),
"skip_newest" (skip the most recent call, place the current), "skip_oldest" (skip the oldest call in the queue, place the current),
"wait" (wait until queue has at least one free spot, place the call),
or "call" (execute the call directly in the calling thread; should be used with caution).


	priority – command priority; higher-priority signals and commands are always executed before the lower-priority ones.













	
check_commands()[source]

	Check for commands to execute.

Called once every scheduling cycle: after any recurrent or batch job, but at least every self._new_jobs_check_period seconds (by default 20ms).






	
subscribe_commsync(callback, srcs='any', dsts=None, tags=None, filt=None, priority=0, scheduler=None, limit_queue=1, on_full_queue='skip_current', add_call_info=False, id=None)[source]

	Subscribe callback to a signal which is synchronized with commands and jobs execution.

Unlike the standard QThreadController.subscribe() method, the subscribed callback will only be executed between jobs or commands, not during one of these.


	Parameters

	
	callback – callback function, which takes 3 arguments: signal source, signal tag, signal value.


	srcs (str [https://docs.python.org/3/library/stdtypes.html#str] or [str [https://docs.python.org/3/library/stdtypes.html#str]]) – signal source name or list of source names to filter the subscription;
can be "any" (any source) or "all" (only signals specifically having "all" as a source).


	dsts (str [https://docs.python.org/3/library/stdtypes.html#str] or [str [https://docs.python.org/3/library/stdtypes.html#str]]) – signal destination name or list of destination names to filter the subscription;
can be "any" (any destination) or "all" (only source specifically having "all" as a destination).


	tags – signal tag or list of tags to filter the subscription (any tag by default).


	filt (callable) – additional filter function which takes 4 arguments: signal source, signal destination, signal tag, signal value,
and checks whether signal passes the requirements.


	priority (int [https://docs.python.org/3/library/functions.html#int]) – subscribed signal priority; higher-priority signals and commands are always executed before the lower-priority ones.


	limit_queue (int [https://docs.python.org/3/library/functions.html#int]) – limits the maximal number of scheduled calls
0 or negative value means no limit (not recommended, as it can unrestrictedly bloat the queue)


	on_full_queue – action to be taken if the call can’t be scheduled (i.e., QQueueScheduler.can_schedule() returns False);
can be "skip_current" (skip the call which is being scheduled), "skip_newest" (skip the most recent call; place the current)
"skip_oldest" (skip the oldest call in the queue; place the current),
"wait" (wait until the call can be scheduled, which is checked after every call removal from the queue; place the call),
or "call" (execute the call directly in the calling thread; should be used with caution).


	add_call_info (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, add a fourth argument containing a call information (tuple with a single element, a timestamps of the call).


	id (int [https://docs.python.org/3/library/functions.html#int]) – subscription ID (by default, generate a new unique name).













	
unsubscribe(id)[source]

	Unsubscribe from a subscription with a given ID.






	
call_command_direct(name, args=None, kwargs=None)[source]

	Invoke a command directly and immediately in the current thread.






	
call_command(name, args=None, kwargs=None, callback=None)[source]

	Invoke command call with the given name and arguments

If callback is not None, call it after the command is successfully executed (from the target thread), with a single parameter being the command result.
Return QCallResultSynchronizer object which can be used to wait for and read the command result.






	
call_query(name, args=None, kwargs=None, timeout=None, ignore_errors=False)[source]

	Invoke query call with the given name and arguments, and return the result.

Unlike call_command(), wait until the call is done before returning.
If ignore_errors==True, ignore all possible problems with the call (controller stopped, call raised an exception, call was skipped) and return None instead.






	
class CommandAccess(parent, sync, direct=False, timeout=None, safe=False, ignore_errors=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Accessor object designed to simplify command and query syntax.

Automatically created by the thread, so doesn’t need to be invoked externally.










	
pylablib.core.gui.qt.thread.controller.get_controller(name=None, wait=True, timeout=None, sync=None)[source]

	Find a controller with a given name.

If name is not supplied, yield current controller instead.
If the controller is not present and wait==True, wait (with the given timeout) until the controller is running;
otherwise, raise error if the controller is not running.
If sync is not None, synchronize to the thread sync point (usually, "run") before returning.






	
pylablib.core.gui.qt.thread.controller.get_gui_controller(wait=False, timeout=None, create_if_missing=True)[source]

	Get GUI thread controller.

If the controller is not present and wait==True, wait (with the given timeout) until the controller is running.
If the controller is still not present and create_if_missing==True, initialize the standard GUI controller.






	
pylablib.core.gui.qt.thread.controller.stop_controller(name, code=0, sync=True, require_controller=False)[source]

	Stop a controller with a given name.

code specifies controller exit code (only applies to the main thread controller).
If require_controller==True and the controller is not present, raise and error; otherwise, do nothing.
If sync==True, wait until the controller is stopped.






	
pylablib.core.gui.qt.thread.controller.stop_all_controllers(sync=True, concurrent=True, stop_self=True)[source]

	Stop all running threads.

If sync==True, wait until the all of the controller are stopped.
If sync==True and concurrent==True stop threads in concurrent manner (first issue stop messages to all of them, then wait until all are stopped).
If sync==True and concurrent==False stop threads in consecutive manner (wait for each thread to stop before stopping the next one).
If stop_self==True stop current thread after stopping all other threads.






	
pylablib.core.gui.qt.thread.controller.stop_app()[source]

	Initialize stopping the application.

Do this either by stopping the GUI controller (if it exists), or by stopping all controllers.







pylablib.core.gui.qt.thread.mthread module


	
pylablib.core.gui.qt.thread.mthread.get_app()[source]

	Get current application instance.






	
pylablib.core.gui.qt.thread.mthread.is_gui_running()[source]

	Check if GUI is running.






	
pylablib.core.gui.qt.thread.mthread.is_gui_thread()[source]

	Check if the current thread is the one running the GUI loop.






	
pylablib.core.gui.qt.thread.mthread.is_gui_controlled_thread()[source]

	Check if the current thread is controlled by a GUI controller.






	
class pylablib.core.gui.qt.thread.mthread.CallerObject[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Auxiliary object for making remote calls in the GUI thread.


	
call_signal

	Used by autodoc_mock_imports.






	
on_call(func)[source]

	




	
on_app_stop()[source]

	




	
call_after(func)[source]

	








	
pylablib.core.gui.qt.thread.mthread.setup_call_after()[source]

	Setup the call_after() functionality.

Needs to be called once in the GUI thread.






	
pylablib.core.gui.qt.thread.mthread.call_after(func, *args, **kwargs)[source]

	Call the function func with the given arguments in a GUI thread.

Return immediately. If synchronization is needed, use call_in_gui_thread().
Analogue of wx.CallAfter.






	
pylablib.core.gui.qt.thread.mthread.call_in_gui_thread(func, args=None, kwargs=None, to_return='result', note=None, on_stopped='error')[source]

	Call the function func with the given arguments in a GUI thread.


	to_return specifies the return value parameters:

	
	"none": execute immediately, return nothing, no synchronization is performed;


	
	"syncher": execute immediately, return a synchronizer object (ValueSynchronizer),

	which can be used to check if the execution is done and to obtain the result.







	"result": pause until the function has been executed, return the result. Mostly equivalent to a simple function call.








If note is not None, it specific a callback function to be called after the execution is done, or (if it’s a string), a message tag which is sent after the execution is done.






	
pylablib.core.gui.qt.thread.mthread.gui_func(to_return='result', note=None, on_stopped='error')[source]

	Decorator for a function which makes it execute through a call_in_gui_thread() call.

Effectively, makes a GUI-realted function thread-safe (can be called from any thread, but the execution is done in the GUI thread).






	
pylablib.core.gui.qt.thread.mthread.gui_func_sync(func)

	




	
class pylablib.core.gui.qt.thread.mthread.GUIThreadController(name='gui', setup=None, cleanup=None)[source]

	Bases: pylablib.core.mthread.controller.IThreadController

Thread controller optimized for a GUI thread (uses GUI message loop).


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – thread name (can be used to, e.g., get the controller from a different thread).


	setup (callable) – if not None, function to be called when the thread is starting.


	cleanup (callable) – if not None, function to be called when the thread is stopped (regardless of the stopping reason).








Any thread creation and synchronization should be done after the controller has started, hence, it should be put into the setup function.


	
static get_current()[source]

	




	
check_messages(tags=None, filt=None, on_broken='error')[source]

	




	
add_message(msg, sync=True, on_broken='error', request_message_check='none')[source]

	Add the message to the queue.

If sync is True, do the synchronization (wait for receiving and scheduling) after sending the message.
on_broken decides what happens if thethread is stopped or hasn’t started yet (see threadprop.on_error()).

Called from any thread.






	
add_new_message(tag, value=None, priority=0, schedule_sync='wait', receive_sync='none', sync=True, timeout=None, on_broken='error', request_message_check='auto')[source]

	Create a new message, add it to the thread’s queue, and return it.

If sync is True, do the synchronization (wait for receiving and scheduling) after sending the message.
on_broken decides what happens if thethread is stopped or hasn’t started yet (see threadprop.on_error()).

Called from any thread.






	
run()[source]

	Body of the thread.

Automatically called by the controller; to be overridden in subclasses.






	
finalize()[source]

	Finalize the thread execution (regardless of the stopping reason).

Automatically called by the controller; to be overridden in subclasses.






	
start(setup=None)[source]

	Start the controller.

if as_dependent is True, the new thread becomes dependent on the caller thread (it stops when the caller thread stops).
if as_deamon is True, the new thread becomes a daemon (if only daemon threads are running, they get stopped).











pylablib.core.gui.qt.thread.signal_pool module


	
class pylablib.core.gui.qt.thread.signal_pool.TSignal(src, tag, value)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
src

	




	
tag

	




	
value

	








	
class pylablib.core.gui.qt.thread.signal_pool.SignalPool[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Signal dispatcher (somewhat similar in functionality to Qt signals).

Manages dispatching signals between sources and destinations (callback functions).
Each signal has defined source, destination (both can also be "all" or "any", see methods descriptions for details), tag and value.
Any thread can send a signal or subscribe for a signal with given filters (source, destination, tag, additional filters).
If a signal is emitted, it is checked against filters for all subscribers, and the passing ones are then called.


	
subscribe_nonsync(callback, srcs='any', dsts='any', tags=None, filt=None, priority=0, scheduler=None, id=None)[source]

	Subscribe asynchronous callback to a signal.

If signal is sent, callback is called from the sending thread (not subscribed thread). Therefore, should be used with care.
In Qt, analogous to making signal connection with a direct call.


	Parameters

	
	callback – callback function, which takes 3 arguments: signal source, signal tag, signal value.


	src (str [https://docs.python.org/3/library/stdtypes.html#str] or [str [https://docs.python.org/3/library/stdtypes.html#str]]) – signal source or list of sources (controller names) to filter the subscription;
can be "any" (any source) or "all" (only signals specifically having "all" as a source).


	src – signal destination or list of destinations (controller names) to filter the subscription;
can be "any" (any destination) or "all" (only source specifically having "all" as a destination).


	tags – signal tag or list of tags to filter the subscription (any tag by default).


	filt (callable) – additional filter function which takes 4 arguments: signal source, signal destination, signal tag, signal value,
and checks whether signal passes the requirements.


	priority (int [https://docs.python.org/3/library/functions.html#int]) – subscription priority (higher priority subscribers are called first).


	scheduler – if defined, signal call gets scheduled using this scheduler instead of being called directly (which is the default behavior)


	id (int [https://docs.python.org/3/library/functions.html#int]) – subscription ID (by default, generate a new unique name).






	Returns

	subscription ID, which can be used to unsubscribe later.










	
subscribe(callback, srcs='any', dsts='any', tags=None, filt=None, priority=0, limit_queue=1, dest_controller=None, call_tag=None, add_call_info=False, id=None)[source]

	Subscribe synchronous callback to a signal.

If signal is sent, callback is called from the dest_controller thread (by default, thread which is calling this function)
via the thread call mechanism (QThreadController.call_in_thread_callback()).
In Qt, analogous to making signal connection with a queued call.


	Parameters

	
	callback – callback function, which takes 3 arguments: signal source, signal tag, signal value.


	srcs (str [https://docs.python.org/3/library/stdtypes.html#str] or [str [https://docs.python.org/3/library/stdtypes.html#str]]) – signal source name or list of source names to filter the subscription;
can be "any" (any source) or "all" (only signals specifically having "all" as a source).


	dsts (str [https://docs.python.org/3/library/stdtypes.html#str] or [str [https://docs.python.org/3/library/stdtypes.html#str]]) – signal destination name or list of destination names to filter the subscription;
can be "any" (any destination) or "all" (only source specifically having "all" as a destination).


	tags – signal tag or list of tags to filter the subscription (any tag by default).


	filt (callable) – additional filter function which takes 4 arguments: signal source, signal destination, signal tag, signal value,
and checks whether signal passes the requirements.


	priority (int [https://docs.python.org/3/library/functions.html#int]) – subscription priority (higher priority subscribers are called first).


	limit_queue (int [https://docs.python.org/3/library/functions.html#int]) – limits the maximal number of scheduled calls
(if the signal is sent while at least limit_queue callbacks are already in queue to be executed, ignore it)
0 or negative value means no limit (not recommended, as it can unrestrictedly bloat the queue)


	call_tag (str [https://docs.python.org/3/library/stdtypes.html#str] or None [https://docs.python.org/3/library/constants.html#None]) – tag used for the synchronized call; by default, use the interrupt call (which is the default of call_in_thread).


	add_call_info (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, add a fourth argument containing a call information (tuple with a single element, a timestamps of the call).


	id (int [https://docs.python.org/3/library/functions.html#int]) – subscription ID (by default, generate a new unique name).






	Returns

	subscription ID, which can be used to unsubscribe later.










	
unsubscribe(id)[source]

	Unsubscribe from a subscription with a given ID.






	
signal(src, dst='any', tag=None, value=None)[source]

	Send a signal.


	Parameters

	
	src (str [https://docs.python.org/3/library/stdtypes.html#str]) – signal source; can be a name, "all" (will pass all subscribers’ source filters),
or "any" (will only be passed to subscribers specifically subscribed to signal with "any" source).


	dst (str [https://docs.python.org/3/library/stdtypes.html#str]) – signal destination; can be a name, "all" (will pass all subscribers’ destination filters),
or "any" (will only be passed to subscribers specifically subscribed to signal with "any" destination).


	tag (str [https://docs.python.org/3/library/stdtypes.html#str]) – signal tag.


	value – signal value.


















pylablib.core.gui.qt.thread.synchronizing module


	
class pylablib.core.gui.qt.thread.synchronizing.QThreadNotifier(skippable=True)[source]

	Bases: pylablib.core.mthread.notifier.ISkippableNotifier

Wait-notify thread synchronizer for controlled Qt threads based on notifier.ISkippableNotifier.

Like notifier.ISkippableNotifier, the main functions are ISkippableNotifier.wait() (wait in a message loop until notified or until timeout expires)
and ISkippableNotifier.notify() (notify the waiting thread). Both of these can only be called once and will raise and error otherwise.
Along with notifying a variable can be passed, which can be accessed using get_value() and get_value_sync().


	Parameters

	skippable (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, allows for skippable wait events
(if ISkippableNotifier.notify() is called before ISkippableNotifier.wait(), neither methods are actually called).






	
get_value()[source]

	Get the value passed by the notifier (doesn’t check if it has been passed already)






	
get_value_sync(timeout=None)[source]

	Wait (with the given timeout) for the value passed by the notifier










	
class pylablib.core.gui.qt.thread.synchronizing.QMultiThreadNotifier[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Wait-notify thread synchronizer that can be used for multiple threads and called multiple times.

Performs similar function to conditional variables.
The synchronizer has an internal counter which is incread by 1 every time it is notified.
The wait functions have an option to wait until the counter reaches the specific counter value (usually, 1 above the last wait call).


	
wait(state=1, timeout=None)[source]

	Wait until notifier counter is equal to at least state

Return current counter state plus 1, which is the next smallest value resulting in waiting.






	
wait_until(condition, timeout=None)[source]

	Wait until condition is met.

condition is a function which is called (in the waiting thread) every time the synchronizer is notified.
If it return non-False, the waiting is complete and its result is returned.






	
notify()[source]

	Notify all waiting threads











pylablib.core.gui.qt.thread.threadprop module


	
exception pylablib.core.gui.qt.thread.threadprop.ThreadError(msg=None)[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic thread error.






	
exception pylablib.core.gui.qt.thread.threadprop.NoControllerThreadError(msg=None)[source]

	Bases: pylablib.core.gui.qt.thread.threadprop.ThreadError

Thread error for a case of thread having no conrollers.






	
exception pylablib.core.gui.qt.thread.threadprop.DuplicateControllerThreadError(msg=None)[source]

	Bases: pylablib.core.gui.qt.thread.threadprop.ThreadError

Thread error for a case of a duplicate thread controller.






	
exception pylablib.core.gui.qt.thread.threadprop.TimeoutThreadError(msg=None)[source]

	Bases: pylablib.core.gui.qt.thread.threadprop.ThreadError

Thread error for a case of a wait timeout.






	
exception pylablib.core.gui.qt.thread.threadprop.NoMessageThreadError(msg=None)[source]

	Bases: pylablib.core.gui.qt.thread.threadprop.ThreadError

Thread error for a case of trying to get a non-existant message.






	
exception pylablib.core.gui.qt.thread.threadprop.SkippedCallError(msg=None)[source]

	Bases: pylablib.core.gui.qt.thread.threadprop.ThreadError

Thread error for a case of external call getting skipped (unscheduled).






	
exception pylablib.core.gui.qt.thread.threadprop.InterruptException(msg=None)[source]

	Bases: Exception [https://docs.python.org/3/library/exceptions.html#Exception]

Generic interrupt exception (raised by some function to signal interrupts from other threads).






	
exception pylablib.core.gui.qt.thread.threadprop.InterruptExceptionStop(msg=None)[source]

	Bases: pylablib.core.gui.qt.thread.threadprop.InterruptException

Interrupt exception denoting thread stop request.






	
pylablib.core.gui.qt.thread.threadprop.get_app()[source]

	Get current application instance.






	
pylablib.core.gui.qt.thread.threadprop.get_gui_thread()[source]

	Get main (GUI) thread, or None if Application is not running.






	
pylablib.core.gui.qt.thread.threadprop.is_gui_running()[source]

	Check if GUI is running.






	
pylablib.core.gui.qt.thread.threadprop.is_gui_thread()[source]

	Check if the current thread is the one running the GUI loop.






	
pylablib.core.gui.qt.thread.threadprop.current_controller(require_controller=True)[source]

	Get controller of the current thread.

If the current thread has not controller and `require_controller==True`, raise an error; otherwise, return None.
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pylablib.core.gui.qt.widgets package


Submodules



pylablib.core.gui.qt.widgets.edit module


	
class pylablib.core.gui.qt.widgets.edit.LVTextEdit(parent, value=None)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Expanded text edit.

Maintains internally stored consistent value (which can be, e.g., accessed from different threads).


	
keyPressEvent(event)[source]

	




	
value_entered

	Signal emitted when value is entered (regardless of whether it stayed the same)






	
value_changed

	Signal emitted when value is changed






	
get_value()[source]

	Get current numerical value






	
show_value(interrupt_edit=False)[source]

	Display currently stored numerical value

If interrupt_edit==True and the edit is currently being modified by the user, don’t update the display.






	
set_value(value, notify_value_change=True, interrupt_edit=False)[source]

	Set current numerical value.

If notify_value_change==True, emit the value_changed signal; otherwise, change value silently.
If interrupt_edit==True and the edit is currently being modified by the user, don’t update the display (but still update the internally stored value).










	
class pylablib.core.gui.qt.widgets.edit.LVNumEdit(parent, value=None, num_limit=None, num_format=None)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Labview-style numerical edit.

Maintains internally stored consistent value (which can be, e.g., accessed from different threads).
Supports different number representations, metric perfixes (in input or output), keyboard shortcuts (up/down for changing number, escape for cancelling).


	
keyPressEvent(event)[source]

	




	
change_limiter(limiter, new_value=None)[source]

	Change current numerical limiter






	
set_number_limit(lower_limit=None, upper_limit=None, action='ignore', value_type=None)[source]

	Set number limit.

lower_limit and upper_limit set the value limits (None means no limit).
action specifies the action on out-of-limit: either "ignore" (return to the previously stored value), or "coerce" (coerce to the closest limit)
value_type can be either "float" (any floating point number is accepted), or "int" (round to the nearest integer).






	
change_formatter(formatter)[source]

	Change current numerical formatter






	
set_number_format(kind='float', *args, **kwargs)[source]

	Set numerical format

kind specifies the format kind ("float" or "int"), and the additional arguments are passed to the corresponding formatter.
See format.FloatFormatter and format.IntegerFormatter for details.






	
get_cursor_order()[source]

	Get a decimal order of the text cursor






	
set_cursor_order(order)[source]

	Move text cursor to a given decimal order






	
repr_value(value)[source]

	Return representation of value according to the current numerical format






	
value_entered

	Signal emitted when value is entered (regardless of whether it stayed the same)






	
value_changed

	Signal emitted when value is changed






	
get_value()[source]

	Get current numerical value






	
show_value(interrupt_edit=False, preserve_cursor_order=True)[source]

	Display currently stored numerical value

If interrupt_edit==True and the edit is currently being modified by the user, don’t update the display.
If preserve_cursor_order==True and the display value is being edited, keep the decimal order of the cursor position after change.






	
set_value(value, notify_value_change=True, interrupt_edit=False, preserve_cursor_order=True)[source]

	Set and display current numerical value.

If notify_value_change==True, emit the value_changed signal; otherwise, change value silently.
If interrupt_edit==True and the edit is currently being modified by the user, don’t update the display (but still update the internally stored value).
If preserve_cursor_order==True and the display value is being edited, keep the decimal order of the cursor position after change.











pylablib.core.gui.qt.widgets.label module


	
class pylablib.core.gui.qt.widgets.label.LVNumLabel(parent, value=None, num_limit=None, num_format=None, allow_text=True)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Labview-style numerical label.

Supports different number representations and metric perfixes.


	
change_limiter(limiter)[source]

	Change current numerical limiter






	
set_number_limit(lower_limit=None, upper_limit=None, action='ignore', value_type=None)[source]

	Set number limit.

lower_limit and upper_limit set the value limits (None means no limit).
action specifies the action on out-of-limit: either "ignore" (return to the previously stored value), or "coerce" (coerce to the closest limit)
value_type can be either "float" (any floating point number is accepted), or "int" (round to the nearest integer).






	
change_formatter(formatter)[source]

	Change current numerical formatter






	
set_number_format(kind='float', *args, **kwargs)[source]

	Set numerical format

kind specifies the format kind ("float" or "int"), and the additional arguments are passed to the corresponding formatter.
See format.FloatFormatter and format.IntegerFormatter for details.






	
repr_value(value)[source]

	Return representation of value according to the current numerical format






	
get_value()[source]

	Get current numerical value






	
set_value(value)[source]

	Set and display current numerical value











pylablib.core.gui.qt.widgets.plot module


	
class pylablib.core.gui.qt.widgets.plot.MPLFigureCanvas(parent=None)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Simple widget wrapper for MPL plotting canvas.


	
redraw(force=False)[source]

	Replot the data.

If force==False, and less than self.redraw_period (10ms by default) passed since the last replot event, do nothing.










	
class pylablib.core.gui.qt.widgets.plot.MPLFigureToolbarCanvas(parent=None)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Simple widget wrapper for MPL plotting canvas with the toolbar (for plot zooming/panning)


	
redraw_period

	Set redraw period






	
redraw(force=False)[source]

	Replot the data.

If force==False, and less than self.redraw_period (10ms by default) passed since the last replot event, do nothing.
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pylablib.core.gui.qt package


Subpackages



	pylablib.core.gui.qt.thread package
	Submodules

	pylablib.core.gui.qt.thread.callsync module

	pylablib.core.gui.qt.thread.controller module

	pylablib.core.gui.qt.thread.mthread module

	pylablib.core.gui.qt.thread.signal_pool module

	pylablib.core.gui.qt.thread.synchronizing module

	pylablib.core.gui.qt.thread.threadprop module
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Submodules



pylablib.core.gui.qt.utils module


	
pylablib.core.gui.qt.utils.delete_layout_item(layout, idx)[source]

	Remove and item with the given index (completely delete it)






	
pylablib.core.gui.qt.utils.clean_layout(layout, delete_layout=False)[source]

	Delete all items from the layout.

If delete_layout==True, delete the layout as well.






	
pylablib.core.gui.qt.utils.is_layout_row_empty(layout, row)[source]

	Check if the given row in a grid layout is empty






	
pylablib.core.gui.qt.utils.get_last_filled_row(layout, start_row=0)[source]

	Find the last non-empty row in a grid layout after start_row (inclusive).

If all rows after (and including) start_row are empty, return None .






	
pylablib.core.gui.qt.utils.get_first_empty_row(layout, start_row=0)[source]

	Find the first completely empty row in a grid layout after start_row (inclusive)






	
pylablib.core.gui.qt.utils.insert_layout_row(layout, row)[source]

	Insert row in a grid layout at a given tow index.

Any multi-column item spanning over the row (i.e., starting at least one row before row and ending at least on row after row) gets stretched.
Anything else either stays in place (if it’s above row), or gets moved one row down.






	
pylablib.core.gui.qt.utils.compress_grid_layout(layout)[source]

	Find all empty rows in a grid layout and shift them to the bottom







pylablib.core.gui.qt.values module

Uniform representation of values from different widgets: numerical and text edits and labels, combo and check boxes, buttons.


	
pylablib.core.gui.qt.values.build_children_tree(root, types_include, is_atomic=None, is_excluded=None, self_node='#')[source]

	




	
pylablib.core.gui.qt.values.has_methods(widget, methods_sets)[source]

	Chick if the widget has methods from given set.

methods_sets is a list of method sets. The function returns True iff the widget has at least one method from each of the sets.






	
pylablib.core.gui.qt.values.get_method_kind(method, add_args=0)[source]

	Determine whether the method takes name as its argument

add_args specifies number of additional required arguments.
Return "named" is the method has at least add_args+1 arguments, and the first one is called "name".
Otherwise, return "simple".






	
class pylablib.core.gui.qt.values.IValueHandler(widget)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Generic handler of a widget value.

Has method to get and set the value (or all values, if the widget has internal value structure), representing values as strings, and value changed signal.


	Parameters

	widget – handled widget.






	
get_value(name=None)[source]

	Get widget value.

If name is not None, it specifies the name of the value parameter inside the widget (for complex widgets).






	
get_all_values()[source]

	Get all values of the widget.

Return widget value for simple widgets, or a dictionary of all internal values for complex widgets.






	
set_value(value, name=None)[source]

	Set widget value.

If name is not None, it specifies the name of the value parameter inside the widget (for complex widgets).






	
set_all_values(value)[source]

	Set all values of the widget.

value is a target value for simple widgets, or a dictionary of values for complex widgets.






	
repr_value(value, name=None)[source]

	Return textual representation of the value.

If name is not None, it specifies the name of the value parameter inside the widget (for complex widgets).






	
value_changed_signal()[source]

	Get the pyQt signal emitted when the value is changed.










	
class pylablib.core.gui.qt.values.VirtualValueHandler(value=None, complex_value=False)[source]

	Bases: pylablib.core.gui.qt.values.IValueHandler

Virtual value handler (to simulate controls which are not present in the GUI).


	Parameters

	
	value – initial value


	complex_value (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, the internal value is assumed to be complex, so it is forced to be a Dictionary.









	
get_value(name=None)[source]

	Get widget value.

If name is not None, it specifies the name of the value parameter inside the widget (for complex widgets).






	
set_value(value, name=None)[source]

	Set widget value.

If name is not None, it specifies the name of the value parameter inside the widget (for complex widgets).






	
value_changed_signal()[source]

	Get the pyQt signal emitted when the value is changed.










	
class pylablib.core.gui.qt.values.IDefaultValueHandler(widget, default_name=None)[source]

	Bases: pylablib.core.gui.qt.values.IValueHandler

Default value handler, typically used for custom widgets.

To implement getting and setting values, looks for get/set_value and get/set_all_values methods for the widget and uses them accordingly.


	Parameters

	
	widget – handled widget


	default_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – default name to be supplied to get/set_value and get/set_all_values methods if they require a name argument.









	
get_value(name=None)[source]

	Get widget value.

If name is not None, it specifies the name of the value parameter inside the widget (for complex widgets).






	
get_all_values()[source]

	Get all values of the widget.

Return widget value for simple widgets, or a dictionary of all internal values for complex widgets.






	
set_value(value, name=None)[source]

	Set widget value.

If name is not None, it specifies the name of the value parameter inside the widget (for complex widgets).






	
set_all_values(value)[source]

	Set all values of the widget.

value is a target value for simple widgets, or a dictionary of values for complex widgets.






	
repr_value(value, name=None)[source]

	Return textual representation of the value.

If name is not None, it specifies the name of the value parameter inside the widget (for complex widgets).










	
class pylablib.core.gui.qt.values.ISingleValueHandler(widget)[source]

	Bases: pylablib.core.gui.qt.values.IValueHandler

Base class for single-value widget handler, typically used for built-in pyQt widgets.

Defines new functions get/set_single_value which don’t take a name argument; raises an error if the name is supplied to any of the standard functions.


	Parameters

	widget – handled widget






	
get_single_value()[source]

	Get the widget value






	
get_value(name=None)[source]

	Get widget value.

If name is not None raise an error.






	
set_single_value(value)[source]

	Set the widget value






	
set_value(value, name=None)[source]

	Set widget value.

If name is not None raise an error.






	
repr_single_value(value)[source]

	Represent the widget value as a string






	
repr_value(value, name=None)[source]

	Return textual representation of the value.

If name is not None raise an error.










	
class pylablib.core.gui.qt.values.LineEditValueHandler(widget)[source]

	Bases: pylablib.core.gui.qt.values.ISingleValueHandler

Value handler for QLineEdit widget


	
get_single_value()[source]

	Get the widget value






	
set_single_value(value)[source]

	Set the widget value






	
value_changed_signal()[source]

	Get the pyQt signal emitted when the value is changed.










	
class pylablib.core.gui.qt.values.LabelValueHandler(widget)[source]

	Bases: pylablib.core.gui.qt.values.ISingleValueHandler

Value handler for QLabel widget


	
get_single_value()[source]

	Get the widget value






	
set_single_value(value)[source]

	Set the widget value










	
class pylablib.core.gui.qt.values.IBoolValueHandler(widget, labels=('Off', 'On'))[source]

	Bases: pylablib.core.gui.qt.values.ISingleValueHandler

Generic value handler for widgets with boolean values


	
repr_single_value(value)[source]

	Represent the widget value as a string










	
class pylablib.core.gui.qt.values.CheckboxValueHandler(widget, labels=('Off', 'On'))[source]

	Bases: pylablib.core.gui.qt.values.IBoolValueHandler

Value handler for QCheckBox widget


	
get_single_value()[source]

	Get the widget value






	
set_single_value(value)[source]

	Set the widget value






	
value_changed_signal()[source]

	Get the pyQt signal emitted when the value is changed.










	
class pylablib.core.gui.qt.values.PushButtonValueHandler(widget, labels=('Off', 'On'))[source]

	Bases: pylablib.core.gui.qt.values.IBoolValueHandler

Value handler for QPushButton widget


	
get_single_value()[source]

	Get the widget value






	
set_single_value(value)[source]

	Set the widget value






	
value_changed_signal()[source]

	Get the pyQt signal emitted when the value is changed.






	
repr_single_value(value)[source]

	Represent the widget value as a string










	
class pylablib.core.gui.qt.values.ToolButtonValueHandler(widget, labels=('Off', 'On'))[source]

	Bases: pylablib.core.gui.qt.values.IBoolValueHandler

Value handler for QToolButton widget


	
get_single_value()[source]

	Get the widget value






	
set_single_value(value)[source]

	Set the widget value






	
value_changed_signal()[source]

	Get the pyQt signal emitted when the value is changed.






	
repr_single_value(value)[source]

	Represent the widget value as a string










	
class pylablib.core.gui.qt.values.ComboBoxValueHandler(widget)[source]

	Bases: pylablib.core.gui.qt.values.ISingleValueHandler

Value handler for QComboBox widget


	
get_single_value()[source]

	Get the widget value






	
set_single_value(value)[source]

	Set the widget value






	
value_changed_signal()[source]

	Get the pyQt signal emitted when the value is changed.






	
repr_single_value(value)[source]

	Represent the widget value as a string










	
class pylablib.core.gui.qt.values.ProgressBarValueHandler(widget)[source]

	Bases: pylablib.core.gui.qt.values.ISingleValueHandler

Value handler for QProgressBar widget


	
get_single_value()[source]

	Get the widget value






	
set_single_value(value)[source]

	Set the widget value










	
pylablib.core.gui.qt.values.is_handled_widget(widget)[source]

	Check if the widget can be handles by IDefaultValueHandler






	
pylablib.core.gui.qt.values.get_default_value_handler(widget)[source]

	Autodetect value handler for the given widget






	
class pylablib.core.gui.qt.values.ValuesTable(gui_thread_safe=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A table of values which can be used to manipulate many value handlers at once and represent them as a hierarchical structure.

Has two container-like accessor:
.v for settings/getting values
(i.e., self.get_value(name) is equivalent to self.v[name], and self.set_value(name, value) is equivalent to self.v[name]=value)
and .w for getting the underlying widget
(i.e., self.get_widget(name) is equivalent to self.w[name])


	Parameters

	gui_thread_safe (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, all value-access calls (get/set_value, get/set_all_values)
are automatically called in the GUI thread.






	
add_handler(name, handler)[source]

	Add a value handler under a given name






	
remove_handler(name)[source]

	Remove the value handler with a given name






	
get_handler(name)[source]

	Get the value hander with the given name






	
add_widget(name, widget)[source]

	Add a widget under a given name (value handler type is auto-detected)






	
get_widget(name)[source]

	Get the widget corresponding to the handler under the given name






	
add_table(name, table)[source]

	Add a nested ValuesTable under a given name






	
add_virtual_element(name, value=None)[source]

	Add a virtual value element.

Doesn’t correspond to any actual widget, but behaves very similarly from the application point of view
(its value can be set or read, it has on-change events, it can have indicator).






	
add_all_children(root, root_name=None, types_include=None, types_exclude=(), names_exclude=None)[source]

	Add a widget and all its children to the table.


	Parameters

	
	root – root widget


	root_name – path to the sub-branch where the values will be placed


	types_include – if not None, specifies list of widget classes to include in the table


	types_include – specifies list of widget classes to exclude from the table


	names_exclude – if not None, specifies list of widget names to exclude from the table













	
get_value(name)

	Get value under a given name.

Automatically handles complex widgets and sub-names






	
get_all_values(root='', include=None)

	Get all values in a subtree with the given root (all table values by default).

If supplied, include is a container specifies which specifies names (relative to the root) to include in the result; by default, include everything.
Return a Dictionary object containing tree structure of the names.






	
set_value(name, value)

	Set value under a given name.

Automatically handles complex widgets and sub-names






	
set_all_values(values, root='', include=None)

	Set all values in a subtree with the given root (all table values by default).

values is a dictionary with values (can only contain some values out of the ones the table).
If supplied, include is a container specifies which specifies names (relative to the root) to include in the result; by default, include everything.






	
repr_value(name, value)[source]

	Get a textual representation of a value under a given name.

Automatically handles complex widgets and sub-names






	
changed_event(name)[source]

	Get changed events for a value under a given name.






	
update_value(name)[source]

	Send update signal for a handler with a given name (emit a changed signal with the current value)










	
class pylablib.core.gui.qt.values.IIndicatorHandler[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Generic handler of an indicator.

Has methods to get and set the indicator value.


	
get_value(name=None)[source]

	Get indicator value.

If name is not None, it specifies the name of the indicator parameter inside the widget (for complex widgets).






	
set_value(value, name=None)[source]

	Set indicator value.

If name is not None, it specifies the name of the indicator parameter inside the widget (for complex widgets).










	
pylablib.core.gui.qt.values.VirtualIndicatorHandler

	alias of pylablib.core.gui.qt.values.VirtualValueHandler






	
class pylablib.core.gui.qt.values.IDefaultIndicatorHandler(widget, default_name=None)[source]

	Bases: pylablib.core.gui.qt.values.IIndicatorHandler

Default indicator handler, typically used for custom widgets.

To implement getting and setting values, looks for get/set_indicator methods for the widget and uses them accordingly.


	Parameters

	
	widget – handled widget


	default_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – default name to be supplied to get/set_indicator methods if they require a name argument.









	
get_value(name=None)[source]

	Get indicator value.

If name is not None, it specifies the name of the indicator parameter inside the widget (for complex widgets).






	
set_value(value, name=None)[source]

	Set indicator value.

If name is not None, it specifies the name of the indicator parameter inside the widget (for complex widgets).










	
class pylablib.core.gui.qt.values.FuncLabelIndicatorHandler(label, repr_func=None, repr_value_name=None)[source]

	Bases: pylablib.core.gui.qt.values.IIndicatorHandler

Indicator handler which uses a label to show the value.

To takes optional function which converts values into strings (by default, use the standard string conversion).


	Parameters

	
	label – widget or value hander used to represent the value (takes string values)


	repr_func – if not None, specifies function used to convert values into strings


	repr_value_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – default name to be supplied to repr_func if it requires a name argument and name is not supplied.









	
get_value(name=None)[source]

	Get indicator value.

If name is not None, it specifies the name of the indicator parameter inside the widget (for complex widgets).






	
repr_value(value, name=None)[source]

	Represent a value with a given name






	
set_value(value, name=None)[source]

	Set indicator value.

If name is not None, it specifies the name of the indicator parameter inside the widget (for complex widgets).










	
class pylablib.core.gui.qt.values.WidgetLabelIndicatorHandler(label, widget=None, repr_value_name=None)[source]

	Bases: pylablib.core.gui.qt.values.IIndicatorHandler

Indicator handler which uses a label to show the value.

To takes optional widget or widget handler which converts values into strings using its repr_value method
(by default, use the standard string conversion).


	Parameters

	
	label – widget or value hander used to represent the value (takes string values)


	widget – if not None, specifies widget used to convert values into strings


	repr_value_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – default name to be supplied to repr_value if it requires a name argument and name is not supplied.









	
get_value(name=None)[source]

	Get indicator value.

If name is not None, it specifies the name of the indicator parameter inside the widget (for complex widgets).






	
repr_value(value, name=None)[source]

	Represent a value with a given name






	
set_value(value, name=None)[source]

	Set indicator value.

If name is not None, it specifies the name of the indicator parameter inside the widget (for complex widgets).










	
pylablib.core.gui.qt.values.get_default_indicator_handler(widget, label=None, require_setter=False)[source]

	Autodetect indicator handler for the given widget and label






	
class pylablib.core.gui.qt.values.IndicatorValuesTable(gui_thread_safe=False)[source]

	Bases: pylablib.core.gui.qt.values.ValuesTable

A table of values which can also handle indicators. Inherits ValuesTable

Has an additional container-like accessor .i for settings/getting indicator values
(i.e., self.get_indicator(name) is equivalent to self.i[name], and self.set_indicator(name, value) is equivalent to self.i[name]=value)


	Parameters

	gui_thread_safe (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, all value-access and indicator-access calls
(get/set_value, get/set_all_values, get/set_indicator, get/set_all_indicators, and update_indicators)
are automatically called in the GUI thread.






	
add_indicator_handler(name, handler, ind_name='__default__')[source]

	Add indicator handler with a given name.

ind_name can distinguish different sub-indicators with the same name, if the same value has multiple indicators.






	
remove_indicator_handler(name, ind_name=None)[source]

	Remove indicator handler with a given name.

ind_name can distinguish different sub-indicators with the same name, if the same value has multiple indicators.
By default, remove all indicators with this name






	
add_widget_indicator(name, widget, label=None, ind_name='__default__')[source]

	Add widget-based indicator with a given name.

If label is None, use widget’s set_indicator and get_indicator functions to indicate the value.
Otherwise, use WidgetLabelIndicatorHandler with the given label (label is used to show the value, widget is used to represent it).
ind_name can distinguish different sub-indicators with the same name, if the same value has multiple indicators.






	
add_label_indicator(name, label, repr_func=None, ind_name='__default__')[source]

	Add label-based indicator with a given name.

repr_func can specify representation function which turns values into text.
ind_name can distinguish different sub-indicators with the same name, if the same value has multiple indicators.






	
add_widget(name, widget)[source]

	Add a widget under a given name (value handler type is auto-detected)






	
add_virtual_element(name, value=None)[source]

	Add a virtual value element.

Doesn’t correspond to any actual widget, but behaves very similarly from the application point of view
(its value can be set or read, it has on-change events, it can have indicator).






	
add_table(name, table)[source]

	Add a nested ValuesTable under a given name






	
get_indicator(name, ind_name='__default__')

	Get indicator value with a given name.

ind_name can distinguish different sub-indicators with the same name, if the same value has multiple indicators.






	
get_all_indicators(root='', ind_name='__default__', include=None)

	Get all indicator values in a subtree with the given root (all table values by default).

ind_name can distinguish different sub-indicators with the same name, if the same value has multiple indicators.
If supplied, include is a container specifies which specifies names (relative to the root) to include in the result; by default, include everything.
Return a Dictionary object containing tree structure of the names.






	
set_indicator(name, value, ind_name=None)

	Set indicator value with a given name.

ind_name can distinguish different sub-indicators with the same name, if the same value has multiple indicators.
By default, set all sub-indicators to the given value.






	
set_all_indicators(values, root='', include=None)

	Set all indicator values in a subtree with the given root (all table values by default).

values is a dictionary with indicated values (can only contain some values out of the ones the table).
If supplied, include is a container specifies which specifies names (relative to the root) to include in the result; by default, include everything.






	
update_indicators(root='', include=None)

	Update all indicators in a subtree with the given root (all table values by default) to represent current values.
If supplied, include is a container specifies which specifies names (relative to the root) to include in the result; by default, include everything.
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Submodules



pylablib.core.gui.format module


	
pylablib.core.gui.format.parse_float(s)[source]

	Parse string as a float, with metric prefixes recognition.

Return tuple (sign, integer, dot, fractional, exponent, prefix), where each entry has structure (begin, end, text).
Return None if string is unrecognizable.






	
pylablib.core.gui.format.pos_to_order(s, pos)[source]

	For a given string representation of a float and position in the string, get the decimal order for this position.

Return None if string is un-parsable or position is out of range (not in mantissa section of the number).






	
pylablib.core.gui.format.order_to_pos(s, order)[source]

	For a given string representation of float and decimal order, get the position in the string corresponding to this order.

If order is out of range for a given representation, truncates to most/least significant digit position.
Return None if string is un-parsable.






	
pylablib.core.gui.format.str_to_float(s)[source]

	Return float value of a string, with metric prefixes recognition.

Raise ValueError if string is unrecognizable.






	
pylablib.core.gui.format.is_integer(n, tolerance=0.0)[source]

	Check if n is less than tolerance away from the nearest integer.






	
pylablib.core.gui.format.float_to_str_SI(n, digits=9, trailing_zeros=False)[source]

	Represent float using SI metric prefixes.

For orders >=27 and <-24 use usual scientific notation with order being multiple of 3.
If trailing_zeros==True, then digits define precision, rather than number significant digits






	
class pylablib.core.gui.format.FloatFormatter(output_format='auto', digits=9, add_trailing_zeros=True, leading_zeros=0, explicit_sign=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Floating point number formatter.

Callable object with takes a number as an argument and returns is string representation.


	Parameters

	
	output_format (str [https://docs.python.org/3/library/stdtypes.html#str]) – can be "auto" (use standard Python conversion), "SI" (use SI prefixes if possible), or "sci" (scientific “E” notation).


	digits (int [https://docs.python.org/3/library/functions.html#int]) – if trailing_zeros==False, determines the number of significant digits; otherwise, determines precision (number of digits after decimal point).


	add_trailing_zeros (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, always show fixed number of digits after the decimal point, with zero padding if necessary.


	leading_zeros (bool [https://docs.python.org/3/library/functions.html#bool]) – determines the minimal size of the integer part (before the decimal point) of the number; pads with zeros if necessary.


	explicit_sign (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, always add explicit plus sign.













	
class pylablib.core.gui.format.IntegerFormatter[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Simple integer number formatter.

Callable object with takes a number as an argument and returns is string representation.

For more flexibility (e.g., adding leading zeros) it is possible to use FloatFormatter with digits=0 and add_trailing_zeros=True.






	
pylablib.core.gui.format.as_formatter(formatter)[source]

	Turn an object into a formatter.

Can be a callable object (returned as is), a string ("float" or "int"),
or a tuple starting with "float" which contains arguments to the FloatFormatter.







pylablib.core.gui.limit module


	
exception pylablib.core.gui.limit.LimitError(value, lower_limit=None, upper_limit=None)[source]

	Bases: ArithmeticError [https://docs.python.org/3/library/exceptions.html#ArithmeticError]

Error raised when the value is out of limits and can’t be coerced.






	
class pylablib.core.gui.limit.NumberLimit(lower_limit=None, upper_limit=None, action='ignore', value_type=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Number limiter, which checks validity of user inputs.

Callable object with takes a number as an argument and either returns its coerced version (or the number itself, if it is within limits),
or raises LimitError if it should be ignored.


	Parameters

	
	lower_limit – lower limit (inclusive), or None if there is no limit.


	upper_limit – upper limit (inclusive), or None if there is no limit.


	action (str [https://docs.python.org/3/library/stdtypes.html#str]) – action taken if the number is out of limits; either "coerce" (return the closest valid value),
or "ignore" (raise LimitError).


	value_type (str [https://docs.python.org/3/library/stdtypes.html#str]) – determines value type coercion; can be None (do nothing, only check limits), "float" (cast to float), or "int" (cast to integer).









	
cast(value)[source]

	








	
pylablib.core.gui.limit.filter_limiter(pred)[source]

	Turn a predicator into a limiter.

Returns a function that raises LimitError if the predicate is false.






	
pylablib.core.gui.limit.as_limiter(limiter)[source]

	Turn an object into a limiter.

Can be a callable object (returned as is) or a tuple which is used as a list of arguments to the NumberLimit object.
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pylablib.core.mthread package


Submodules



pylablib.core.mthread.controller module


	
class pylablib.core.mthread.controller.IThreadController(name=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Generic thread controller.

Deals with correctly initializing and destroying the message queue, processing standard messages, and synchronizing with other threads.


	Parameters

	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – thread name (can be used to, e.g., get the controller from a different thread).






	
limit_queue_length(tag, length)[source]

	Set length limit for a given tag.






	
process_interrupt(msg)[source]

	Process interrupt message (automatically called for all messages with tag starting with "interrupt").

Automatically called by the controller; to be overridden in subclasses.






	
process_message(_)[source]

	Instant message processing.

If return value is True, the message is assumed to be processed internally (i.e., it doesn’t get explicitly received).

Automatically called by the controller; to be overridden in subclasses.






	
exhaust_messages(tags=None, filt=None)[source]

	Read and return (instantaneously) all available messages which satisfy the filter filt.

Called from the controlled thread.






	
wait_for_message(tags=None, timeout=None, filt=None, exhaust=False, discard_on_timeout=False)[source]

	Wait for a message with given tags and satisfying the filter filt.

if exhaust is True, returns list of all messages satisfying filt, if several of them are available immediately.
if discard_on_timeout is True and the wait timed out, mark the message for discarding using filt (see tag_queue.TaggedQueue.get()).

Called from the controlled thread.






	
check_interrupt()[source]

	Check for interrupt messages.

Useful to insert in the middle of computationally-heavy code with no synchronization, to respond to interrupts from other threads (e.g., stopping requests).

Called from the controlled thread.






	
sleep(delay)[source]

	Sleep while still receiving interrupts.

Called from the controlled thread.






	
run()[source]

	Body of the thread.

Automatically called by the controller; to be overridden in subclasses.






	
finalize()[source]

	Finalize the thread execution (regardless of the stopping reason).

Automatically called by the controller; to be overridden in subclasses.






	
add_message(msg, sync=True, on_broken='error')[source]

	Add the message to the queue.

If sync is True, do the synchronization (wait for receiving and scheduling) after sending the message.
on_broken decides what happens if thethread is stopped or hasn’t started yet (see threadprop.on_error()).

Called from any thread.






	
add_new_message(tag, value=None, priority=0, schedule_sync='wait', receive_sync='none', sync=True, timeout=None, on_broken='error')[source]

	Create a new message, add it to the thread’s queue, and return it.

If sync is True, do the synchronization (wait for receiving and scheduling) after sending the message.
on_broken decides what happens if thethread is stopped or hasn’t started yet (see threadprop.on_error()).

Called from any thread.






	
send_message(tag, value=None, priority=0, schedule_sync='wait', receive_sync='none', sync=True, timeout=None, on_broken='error')

	Create a new message, add it to the thread’s queue, and return it.

If sync is True, do the synchronization (wait for receiving and scheduling) after sending the message.
on_broken decides what happens if thethread is stopped or hasn’t started yet (see threadprop.on_error()).

Called from any thread.






	
start(as_dependent=False, as_daemon=False)[source]

	Start the controller.

if as_dependent is True, the new thread becomes dependent on the caller thread (it stops when the caller thread stops).
if as_deamon is True, the new thread becomes a daemon (if only daemon threads are running, they get stopped).






	
start_continuing(stop_after_run=True)[source]

	Start the current controller in the current non-controlled thread.

If stop_after_run is True, the controller is stopped after the run() function is done;
otherwise, th controller continues (e.g., run() can be empty, which means that this function simply initializes the controller).






	
interrupt(subclass, value, sync=True, priority=0, timeout=None, on_broken='error')[source]

	Send an interrupt with the given subclass and value.

If sync is True, wait until the interrupt is received (with the given timeout).
on_broken decides what happens if thethread is stopped or hasn’t started yet (see threadprop.on_error()).

Called from any thread.






	
call_from_thread(func, args=None, kwargs=None, sync_recv=True, sync_done=False, as_interrupt=False, priority=0, on_broken='error')[source]

	Call a function func with the arguments (args and kwargs) in in this controller thread.

Called from any thread.






	
stop(sync=True)[source]

	Stop the thread.

If called from the current thread, stop self.
If called from a different thread, send a stop interrupt. In this case, if sync is True, wait until the thread received the message.






	
sync(point='interrupt', timeout=None, on_broken='error')[source]

	Synchronize with the thread.

point determines where the synchronization happens. Can be either "interrupt" (sync on any interrupt),
"start" (synchronize with the thread after its start), or "stop" (synchronize with the thread after its stop).

Called from a non-controlled thread.






	
add_dependent_thread(dependent=None)[source]

	Add a dependent thread (caller’s thread by default) to this controller.

A dependent thread is automatically stopped after this thread is stopped.

Called from a non-controlled thread.






	
set_as_dependent()[source]

	Set this thread as a dependent for the caller thread.

A dependent thread is automatically stopped after the caller thread is stopped.

Called from a non-controlled thread.






	
current_stage()[source]

	Return current stage of the process.


	Can have following values:

	
	"created": thread is created, but not started


	"starting": thread is starting, but is not running yet (notifying waiting threads)


	"running": thread is executing its run code


	"stopping": thread has done running and is currently stopping (notifying waiting threads, cleaning up dependent threads and daemons)


	"cleaning": cleaning the message queue; communication is impossible at this point


	"broken": thread is finished executing








Called from any thread.






	
passed_stage(stage)[source]

	Check if the thread passed the given stage.

For stage description, see current_stage().

Called from any thread.






	
running()[source]

	Check if the thread is running,

Called from any thread.






	
is_daemon()[source]

	Check if the thread is daemon,

Called from any thread.










	
pylablib.core.mthread.controller.wait_for_thread_name(name)[source]

	Wait until a thread with the given name starts.






	
class pylablib.core.mthread.controller.SimpleThreadController(name, job, cleanup=None, args=None, kwargs=None, self_as_arg=False)[source]

	Bases: pylablib.core.mthread.controller.IThreadController

Simple thread.

Runs a single task, with a possible cleanup after the end.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – thread name (can be used to, e.g., get the controller from a different thread).


	job (callable) – function to be executed in the thread.


	cleanup (callable) – if not None, function to be called when the thread is stopped (regardless of the stopping reason).


	args (list [https://docs.python.org/3/library/stdtypes.html#list]) – arguments for job and cleanup functions.


	kwargs (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – keyword arguments for job and cleanup functions.


	self_as_arg (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, pass this controller as a first argument to the job and cleanup functions.









	
run()[source]

	Body of the thread.

Automatically called by the controller; to be overridden in subclasses.






	
finalize()[source]

	Finalize the thread execution (regardless of the stopping reason).

Automatically called by the controller; to be overridden in subclasses.










	
class pylablib.core.mthread.controller.ServiceThreadController(name, reply, setup=None, cleanup=None, args=None, kwargs=None, stopped_recipient_action='ignore')[source]

	Bases: pylablib.core.mthread.controller.IThreadController

Service thread.

Receives and processes messages, and replies using a reply function.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – thread name (can be used to, e.g., get the controller from a different thread).


	reply (callable) – message processing function; if it returns a tuple, interpret it as tag and value for a reply message.


	setup (callable) – if not None, function to be called when the thread is starting.


	cleanup (callable) – if not None, function to be called when the thread is stopped (regardless of the stopping reason).


	args (list [https://docs.python.org/3/library/stdtypes.html#list]) – arguments for reply, startup and cleanup functions.


	kwargs (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – keyword arguments for reply, startup and cleanup functions.


	stopped_recipient_action (str [https://docs.python.org/3/library/stdtypes.html#str]) – action to take if the reply recipient has stopped;
can be "error" (raise an error), "stop" (stop the thread; similar to th previous) or "ignore" (ignore and continue).









	
process_request(tag, value)[source]

	




	
run()[source]

	Body of the thread.

Automatically called by the controller; to be overridden in subclasses.






	
finalize()[source]

	Finalize the thread execution (regardless of the stopping reason).

Automatically called by the controller; to be overridden in subclasses.










	
class pylablib.core.mthread.controller.RepeatingThreadController(name, job, delay=0, setup=None, cleanup=None, args=None, kwargs=None, self_as_arg=False)[source]

	Bases: pylablib.core.mthread.controller.IThreadController

Recurring task thread.

Periodically repeats a single function.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – thread name (can be used to, e.g., get the controller from a different thread).


	job (callable) – periodically called function.


	delay (float [https://docs.python.org/3/library/functions.html#float]) – calling period.


	setup (callable) – if not None, function to be called when the thread is starting.


	cleanup (callable) – if not None, function to be called when the thread is stopped (regardless of the stopping reason).


	args (list [https://docs.python.org/3/library/stdtypes.html#list]) – arguments for job, startup and cleanup functions.


	kwargs (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – keyword arguments for job, startup and cleanup functions.


	self_as_arg (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, pass this controller as a first argument to the job and cleanup functions.









	
execute()[source]

	




	
process_message(msg)[source]

	Instant message processing.

If return value is True, the message is assumed to be processed internally (i.e., it doesn’t get explicitly received).

Automatically called by the controller; to be overridden in subclasses.






	
run()[source]

	Body of the thread.

Automatically called by the controller; to be overridden in subclasses.






	
finalize()[source]

	Finalize the thread execution (regardless of the stopping reason).

Automatically called by the controller; to be overridden in subclasses.






	
control(value, sync=True, priority=0)[source]

	Send a control signal to the thread.

If sync is True, wait until the signal is received before continuing.

Called from a non-controlled thread.






	
pause(do_pause=True, sync=True)[source]

	Pause or resume the thread (depending on do_pause value).






	
resume(sync=True)[source]

	Resume the thread execution if it’s paused.






	
trigger(sync=True)[source]

	Trigger an execution cycle immediately (without waiting for the required delay).

The execution is only performed if the thread is not paused.






	
single(sync=True)[source]

	Trigger a single execution cycle and pause afterwards.






	
sync(point='waiting')[source]

	Synchronize with the thread.

point determines where the synchronization happens. Can be either "interrupt" (sync on any interrupt),
"start" (synchronize with the thread after its start), or "stop" (synchronize with the thread after its stop).

Called from a non-controlled thread.






	
set_delay(delay)[source]

	Set the repetition delay.






	
start(as_dependent=False, as_daemon=False, paused=False, skip_first=None)[source]

	Start the thread.

if as_dependent is True, the new thread becomes dependent on the caller thread (it stops when the caller thread stops).
if as_deamon is True, the new thread becomes a daemon (if only daemon threads are running, they get stopped).
If paused is True, the thread starts in a paused state (but it will still execute the first cycle, unless skip_first is True).
If skip_first is True, skip the first cycle execution (by default True if paused==True and False otherwise).










	
class pylablib.core.mthread.controller.MultiRepeatingThreadController(name, setup=None, cleanup=None, args=None, kwargs=None, self_as_arg=False)[source]

	Bases: pylablib.core.mthread.controller.IThreadController


	
add_job(name, job, period)[source]

	




	
run()[source]

	Body of the thread.

Automatically called by the controller; to be overridden in subclasses.






	
finalize()[source]

	Finalize the thread execution (regardless of the stopping reason).

Automatically called by the controller; to be overridden in subclasses.










	
class pylablib.core.mthread.controller.TimerThreadController(period, callback, setup=None, cleanup=None, name=None)[source]

	Bases: pylablib.core.mthread.controller.RepeatingThreadController

Timer thread.

Simplified version of the RepeatingThreadController. Doesn’t require a name, starts as a dependent and a daemon by default.


	Parameters

	
	period (float [https://docs.python.org/3/library/functions.html#float]) – calling period.


	callback (callable) – periodically called function.


	setup (callable) – if not None, function to be called when the thread is starting.


	cleanup (callable) – if not None, function to be called when the thread is stopped (regardless of the stopping reason).


	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – thread name (can be used to, e.g., get the controller from a different thread). By default, a unique identifier.









	
start(as_dependent=True, as_daemon=True, skip_first=None, single=False)[source]

	Start the thread.

if as_dependent is True, the new thread becomes dependent on the caller thread (it stops when the caller thread stops).
if as_deamon is True, the new thread becomes a daemon (if only daemon threads are running, they get stopped).
If skip_first is True, skip the first cycle execution.
If single is True, start in a single mode (only execute once). In combination with skip_first=True, performs one callback function call after the period delay.










	
pylablib.core.mthread.controller.timer_message_notifier(period, tag='timer', listener=None, queue_limit=None, name=None)[source]

	Build a timer notifier thread.

This thread (TimerThreadController) sends notification messages to a listener thread (caller thread by default) with a given period.
tag specifies the message tag. If queue_limit is not None, sets the limit to how many notification messages can be in the queue at a given time.







pylablib.core.mthread.message module


	
class pylablib.core.mthread.message.CallNotifier(wait=None, notify=None, skippable=False)[source]

	Bases: pylablib.core.mthread.notifier.ISkippableNotifier

Wrapper for notifier.ISkippableNotifier, with external functions provided for _do_wait and _do_notify methods.


	Parameters

	
	wait (callable) – function to be called for waiting; if None, nothing is called.


	notify (callable) – function to be called for notifying; if None, nothing is called.


	skippable (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, allows for skippable wait events
(if notifier.ISkippableNotifier.notify() is called before notifier.ISkippableNotifier.wait(), neither methods are actually called).













	
pylablib.core.mthread.message.build_notifier(note_tag, note_value, sync, notification_controller)[source]

	Build a notifier object.


	sync can be:

	
	a callable object, in which case it is called as a notifier (waiting is absent);


	
	a tuple (note_tag, note_value), in which case it is interpreted as a "message" notifier with the corresponding tags (see below),

	while the note_tag and note_value arguments are ignored;







	
	a string, in which case it determines a synchronization primitive type. Possible types are:

	
	"none": ‘dummy’ synchronizer (no waiting, return immediately);


	
	"wait_event": standard wait-notify pattern (wait() call waits until the notify() is called from a different thread).

	Waiting is implemented using the standard python threading.Event primitive (completely synchronous, can’t be interrupted; should be used carefully);







	
	"wait": standard wait-notify pattern (wait() call waits until the notify() is called from a different thread).

	Waiting is implemented using the thread message queue; (synchronous, but still responds to interrupts);







	"message": send notifying message, but don’t do any waiting (asynchronous)




note_tag and note_value arguments are used for "wait" and "message" synchronizers













notification_controller is a thread controller for the thread to be waiting/notified using this primitive.
If it’s a no_thread_controller, sync types are coerced: "wait" is interpreted as "wait_even", and "message" is interpreted as "none".






	
class pylablib.core.mthread.message.Message(tag='', value=None, priority=0, sender=None, schedule_sync=None, receive_sync=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A message object.


	Parameters

	
	tags (str [https://docs.python.org/3/library/stdtypes.html#str]) – message tag (used for control in the message queue).


	value – message value (if appropriate).


	priority (int [https://docs.python.org/3/library/functions.html#int]) – message priority (standard is 0).


	sender – sender controller.


	schedule_sync (CallNotifier) – object which is notified when the message is scheduled (None means no notifier).


	receive_sync (CallNotifier) – object which is notified when the message is received (None means no notifier).









	
scheduled()[source]

	Notify the message of being scheduled.

Called internally by the message queue.






	
received()[source]

	Notify the message of being received.

Called internally by the message queue.






	
sync()[source]

	Wait until this message is scheduled and received by the target thread.











pylablib.core.mthread.message_queue module


	
class pylablib.core.mthread.message_queue.MessageQueue(owner)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Mostly a wrapper around tag_queue.TaggedQueue, with several routines specifically for dealing with messages.


	Parameters

	owner – owner thread controller.






	
limit_length(tag, length)[source]

	Set length limit for a given tag.






	
static build_notifier(uid, sync, event_type, notification_controller)[source]

	Create a notifier for a message with an ID uid.

If sync is a tuple (tag, value), it specifies the notifier message parameters (see message.build_notifier()).
Otherwise, they are determined by the uid.

Called from the sender thread.






	
static build_message(tag, value=None, priority=0, schedule_sync='wait', receive_sync='none', sender=None)[source]

	Create a message.

tag and value determine the message contents, priority is its priority for scheduling.
schedule_sync and receive_sync specify synchronizers for scheduling and receiving this message (see message.build_notifier()).
sender is the sender thread controller (current controller by default).

Called from a sender thread.






	
add_message(msg, sync=True)[source]

	Add the message to the queue.

If sync is True, do the synchronization (wait for receiving and scheduling) after sending the message.

Called from a sender thread.






	
exhaust_messages(filt, interrupt_check)[source]

	Read and return (instantaneously) all available messages which satisfy the filter filt.

interrupt_check is an interrupt filter function, which pre-processes the message and return True if it was an interrupt
(in which case it’s omitted in the output).

Called from the receiver thread.






	
wait_for_message(filt, interrupt_check, timeout=None, exhaust=False, discard_on_timeout=False, discard_filt=None)[source]

	Wait for a message satisfying the filter filt.

interrupt_check is an interrupt filter function, which pre-processes the message and return True if it was an interrupt
(in which case the waiting continues).
if exhaust is True, returns list of all messages satisfying filt, if several of them are available immediately.
if discard_on_timeout is True and the wait timed out, mark the message for discarding using discard_filt (see tag_queue.TaggedQueue.get()).

Called from the receiver thread.






	
clear(notify_all=True, ignore_exceptions=True, mark_broken=True)[source]

	Clear the queue.

See tag_queue.TaggedQueue.clear()






	
broken()[source]

	Check if the queue is broken.

See tag_queue.TaggedQueue.broken()






	
fix()[source]

	Fix broken queue.

See tag_queue.TaggedQueue.fix()










	
pylablib.core.mthread.message_queue.send_message(dest, tag, value=None, priority=0, schedule_sync='wait', receive_sync='none', sync=True, on_broken='error')[source]

	Send a message to the thread dest from the current thread.

See MessageQueue.add_message().






	
pylablib.core.mthread.message_queue.exhaust_messages(tags=None, filt=None)[source]

	Exhaust messages for the current thread.

See MessageQueue.exhaust_messages().






	
pylablib.core.mthread.message_queue.wait_for_message(tags=None, timeout=None, filt=None, exhaust=False, discard_on_timeout=False)[source]

	Wait for a message for the current thread.

See MessageQueue.wait_for_message().







pylablib.core.mthread.notifier module


	
class pylablib.core.mthread.notifier.ISkippableNotifier(skippable=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Generic skippable notifier.

The main methods are wait() (wait until the event happend) and notify() (notify that the event happend).
Only calls underlying waiting and notifying methods once, duplicate calls are ignored.


	Parameters

	skippable (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, allows for skippable wait events
(if notify() is called before wait(), neither methods are actually called).






	
wait(*args, **kwargs)[source]

	Wait for the notification.

Can only be called once per notifier lifetime.
If the notifier allows skipping, and this method is called after notify(), return immediately.






	
notify(*args, **kwargs)[source]

	Notify the waiting process.

Can only be called once per notifier lifetime.
If the notifier allows skipping, and this method is called before wait(), return immediately.






	
waiting()[source]

	Check if waiting is in progress.






	
done_wait()[source]

	Check if waiting is done.






	
success_wait()[source]

	Check if waiting is done successfully.






	
done_notify()[source]

	Check if notifying is done.






	
waiting_state()[source]

	




	
notifying_state()[source]

	









pylablib.core.mthread.sync_primitives module


	
class pylablib.core.mthread.sync_primitives.ValueSynchronizer(sync=True, note=None, receiver=None)[source]

	Bases: pylablib.core.mthread.notifier.ISkippableNotifier


	
wait(timeout=None)[source]

	Wait for the notification.

Can only be called once per notifier lifetime.
If the notifier allows skipping, and this method is called after notify(), return immediately.






	
notify(value=None)[source]

	Notify the waiting process.

Can only be called once per notifier lifetime.
If the notifier allows skipping, and this method is called before wait(), return immediately.






	
get_value()[source]

	




	
uid()[source]

	








	
class pylablib.core.mthread.sync_primitives.SyncCall(func, args=None, kwargs=None, sync=True, note=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
value(sync=True, timeout=None, default=None)[source]

	




	
wait(timeout=None)[source]

	




	
done()[source]

	








	
class pylablib.core.mthread.sync_primitives.BasicSynchronizer(receiver=None, blocking_sync=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
wait(timeout=None)[source]

	




	
notify()[source]

	




	
uid()[source]

	








	
class pylablib.core.mthread.sync_primitives.PendingSynchronizerPool(wait_func, notify_func, blocking_sync=False, recursive_calls=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
pending_num()[source]

	




	
wait(blocking=True, timeout=None, blocking_sync=None, *args, **vargs)[source]

	




	
notify(*args, **vargs)[source]

	








	
class pylablib.core.mthread.sync_primitives.ResourceSynchronizerPool(grab_func, free_func, blocking_sync=False, recursive_calls=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
pending_num()[source]

	




	
grab(blocking=True, timeout=None, blocking_sync=None, *args, **vargs)[source]

	




	
free(*args, **vargs)[source]

	








	
class pylablib.core.mthread.sync_primitives.ISyncObject[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
acquire(blocking=True, timeout=None, blocking_sync=None)[source]

	




	
release()[source]

	








	
class pylablib.core.mthread.sync_primitives.IResourceSyncObject(blocking_sync=False)[source]

	Bases: pylablib.core.mthread.sync_primitives.ISyncObject


	
acquire(blocking=True, timeout=None, blocking_sync=None)[source]

	




	
release()[source]

	








	
class pylablib.core.mthread.sync_primitives.Lock(blocking_sync=False)[source]

	Bases: pylablib.core.mthread.sync_primitives.IResourceSyncObject






	
class pylablib.core.mthread.sync_primitives.RLock(blocking_sync=False)[source]

	Bases: pylablib.core.mthread.sync_primitives.IResourceSyncObject


	
recursion_depth()[source]

	




	
full_release()[source]

	




	
full_acquire(n, blocking=True, timeout=None)[source]

	








	
class pylablib.core.mthread.sync_primitives.Semaphore(value, upper_bound=None, blocking_sync=False)[source]

	Bases: pylablib.core.mthread.sync_primitives.IResourceSyncObject






	
class pylablib.core.mthread.sync_primitives.Event(flag=False, blocking_sync=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
wait(blocking=True, timeout=None, blocking_sync=None)[source]

	




	
set()[source]

	




	
clear()[source]

	








	
class pylablib.core.mthread.sync_primitives.VersionEvent(blocking_sync=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
current_version()[source]

	




	
wait(version=None, blocking=True, timeout=None, blocking_sync=None)[source]

	




	
update()[source]

	








	
class pylablib.core.mthread.sync_primitives.TaskSet(blocking_sync=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
wait(blocking=True, timeout=None, blocking_sync=None)[source]

	




	
set(value)[source]

	




	
get()[source]

	




	
done(number=1)[source]

	




	
add(number=1)[source]

	








	
class pylablib.core.mthread.sync_primitives.Condition(lock=None, blocking_sync=False)[source]

	Bases: pylablib.core.mthread.sync_primitives.ISyncObject


	
acquire(blocking=True, timeout=None, blocking_sync=None)[source]

	




	
release()[source]

	




	
wait(timeout=None, blocking_sync=None)[source]

	




	
notify(n=1)[source]

	




	
notify_all()[source]

	








	
exception pylablib.core.mthread.sync_primitives.BrokenBarrierError(msg=None)[source]

	Bases: Exception [https://docs.python.org/3/library/exceptions.html#Exception]






	
class pylablib.core.mthread.sync_primitives.Barrier(parties, blocking_sync=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
class SyncState[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]






	
wait(blocking=True, timeout=None, blocking_sync=None)[source]

	








	
exception pylablib.core.mthread.sync_primitives.QueueEmptyError(msg=None)[source]

	Bases: Exception [https://docs.python.org/3/library/exceptions.html#Exception]






	
exception pylablib.core.mthread.sync_primitives.QueueFullError(msg=None)[source]

	Bases: Exception [https://docs.python.org/3/library/exceptions.html#Exception]






	
class pylablib.core.mthread.sync_primitives.Queue(max_size=None, blocking_sync=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
qsize()[source]

	




	
empty()[source]

	




	
full()[source]

	




	
get(blocking=True, timeout=None, blocking_sync=None)[source]

	




	
put(item, blocking=True, timeout=None, blocking_sync=None)[source]

	








	
class pylablib.core.mthread.sync_primitives.ThreadObserverPool(expand_tuple=True)[source]

	Bases: pylablib.core.utils.observer_pool.ObserverPool


	
add_observer(callback, name=None, filt=None, priority=0, attr=None, cacheable=False)[source]

	Add the observer callback.

Same as observer_pool.ObserverPool.add_observer(), but callback can be a string,
in which case it’s interpreted as sending a message to a thread with the given name.










	
class pylablib.core.mthread.sync_primitives.StateUIDGenerator(thread_safe=True)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
disable()[source]

	




	
enable()[source]

	




	
is_enabled()[source]

	




	
wait_enabled(timeout=None)[source]

	




	
up(enable=True)[source]

	




	
check(value, allow_disabled=False)[source]

	









pylablib.core.mthread.tag_queue module

Tagged queue with priority and size limitation (set tag-wise).


	
exception pylablib.core.mthread.tag_queue.BrokenQueueError(msg=None)[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

An error signalizing that the queue is in a broken (shut down) state.






	
class pylablib.core.mthread.tag_queue.TaggedQueue[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Tagged queue with priority and size limitation (set tag-wise).

Supports multi-thread adding, but only single-thread extracting (receiving function is completely synchronous).
Item is assumed to have tag and priority properties, and scheduled() and received() methods (callbacks).

Extraction and discarding is based on filter functions. These should be as simple as possible and have short determined runtime (no synchronization or locks) to prevent deadlocks.
When item is scheduled (i.e., added and passes length limitation), item.scheduled() method is called;
when item is extracted, item.received() method is called;
under various circumstances, both of these methods may be called in either adding thread, or extracting thread.
It is guaranteed that scheduled() is called before received(), and both methods are called eventually if the message is ever extracted or discarded.


	
limit_length(tag, length)[source]

	Set length limit for a given tag.






	
put(item)[source]

	Put an item in the queue.

This function doesn’t perform synchronization waits as long as scheduled() and received() methods of item don’t perfrom them.






	
get(filt=None, timeout=None, discard_on_timeout=False, discard_filt=None)[source]

	Extract an item from the queue which satisfies filt filter function.

If timeout is not None, it determines the wait time. If it is passed before an item has been acquired, the return None.
If discard_on_timeout is True and timeout is passed, marks discard_filt (same as filt by default) for discarding;
this means that the next time a single message satisfying discard_filt is scheduled (either directly during put(), or from scheduling queue during get()),
it is silently ‘received’ (notified of scheduling and receiving, but never explicitly passed to the destination thread).






	
remove(item, only_unscheduled=False)[source]

	Remove the item if it is in the queue without calling its scheduled or received methods.

Return True if removal is successful, and False otherwise.
If only_unscheduled==True, only remove item if it hasn’t been scheduled yet.






	
clear(notify_all=True, ignore_exceptions=True, mark_broken=True)[source]

	Clear the queue.

If notify_all==True, behave as if all the messages are received or discarded; otherwise, just remove them silently (equivalent to remove() method).
If ignore_exceptions==True, ignore exceptions on scheduling and receiving (e.g., if the notified thread is stopped); the queue is cleaned regardless.
If mark_broken==True, mark the queue as broken (any subsequent calls to its methods raise BrokenQueueError).






	
broken()[source]

	Check if the queue is broken.






	
fix()[source]

	Fix broken queue.

Should be used carefully, since it can introduce problems with outside logic that relies on a broken queue staying broken.










	
pylablib.core.mthread.tag_queue.build_filter(tags=None, filt=None, uncond_tags=None, tag_separator=None)[source]

	Build a filter function.


	Parameters

	
	tags ([str [https://docs.python.org/3/library/stdtypes.html#str]]) – list of prefixes that match message tags.


	filt (callable) – an additional filter function which needs to be satisfied (checking, e.g., message content to decide if it should be extracted).


	uncond_tags ([str [https://docs.python.org/3/library/stdtypes.html#str]]) – works like tags, but independently of filt function (allows message even if filt returns False).


	tag_separator (str [https://docs.python.org/3/library/stdtypes.html#str]) – a separator used to divide tag levels (usually '.' or '/').
If it’s not None, tags are matched only either exactly, or if they’re followed by tag separator (i.e., each tag level is treated as an indivisible word).














pylablib.core.mthread.threadprop module


	
exception pylablib.core.mthread.threadprop.ThreadError(msg=None)[source]

	Bases: RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]

Generic thread error.






	
exception pylablib.core.mthread.threadprop.NotRunningThreadError(msg=None)[source]

	Bases: pylablib.core.mthread.threadprop.ThreadError

Thread error for a case of a missing or stopped thread.






	
exception pylablib.core.mthread.threadprop.NoControllerThreadError(msg=None)[source]

	Bases: pylablib.core.mthread.threadprop.ThreadError

Thread error for a case of thread having no conrollers.






	
pylablib.core.mthread.threadprop.on_error(action, error_object=None)[source]

	React to an error depending on the action.

action can be 'error' (raise error_object if it’s supplied, or ThreadError by default),
'stop' (raise an appropriate exception to stop the thread), 'return_error' (return error_object) or 'ignore' (do nothing).






	
exception pylablib.core.mthread.threadprop.InterruptException(msg=None)[source]

	Bases: Exception [https://docs.python.org/3/library/exceptions.html#Exception]

Generic interrupt exception (raised by some function to signal interrupts from other threads).






	
exception pylablib.core.mthread.threadprop.InterruptExceptionStop(msg=None)[source]

	Bases: pylablib.core.mthread.threadprop.InterruptException

Interrupt exception denoting thread stop request.






	
class pylablib.core.mthread.threadprop.NoThreadController[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A ‘dummy’ thread controller implementing the most standard function for a thread without any explicitly created controller.


	
add_message(msg, sync=True, on_broken='error')[source]

	




	
add_new_message(tag, value=None, priority=0, schedule_sync='wait', receive_sync='none', sender=None, sync=True, on_broken='error')[source]

	




	
sleep(delay)[source]

	Sleep for delay seconds.






	
stop()[source]

	Stop the thread.










	
pylablib.core.mthread.threadprop.current_controller(require_controller=False)[source]

	Return the controller of the current thread.

If the thread has no controller and require_controller==False, return a NoThreadController object; otherwise, raise NoControllerThreadError.






	
pylablib.core.mthread.threadprop.has_controller(thread)[source]

	Check if the current thread has a controller.






	
pylablib.core.mthread.threadprop.all_controllers()[source]

	Return a list of all the available thread controllers.






	
pylablib.core.mthread.threadprop.controller_by_name(name, require_controller=False)[source]

	Return a controller for a given name.

If the controller is not found and require_controller==False, return a NoThreadController object; otherwise, raise NoControllerThreadError.






	
pylablib.core.mthread.threadprop.as_controller(ctrl, require_controller=False)[source]

	Return a controller corresponding to ctrl.

ctrl can be None (return current thread controller), a thread name, or a  thread controller instance.
If the cooresponding controller doesn’t exist and require_controller==False, return a NoThreadController object; otherwise, raise NoControllerThreadError.






	
class pylablib.core.mthread.threadprop.NoMessageQueue(owner)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]






	
pylablib.core.mthread.threadprop.current_message_queue(require_queue=False)[source]

	Return a message queue corresponding to the current thread.

If the queue doesn’t exist and require_queue==False, return a NoMessageQueue object; otherwise, raise NoControllerThreadError.






	
pylablib.core.mthread.threadprop.sleep(delay)[source]

	Sleep for delay seconds.

Behavior depends on whether the thread has a controller.






	
pylablib.core.mthread.threadprop.stop()[source]

	Stop the current thread by raising an appropriate interrupt exception.

Behavior depends on whether the thread has a controller.






	
pylablib.core.mthread.threadprop.kill_thread(th, sync=True)[source]

	Stop thread th (can be a thread controller, or the thread name).

If sync==True, return only after the thread is stopped.
Ignore any errors if the thread is already stopped.






	
pylablib.core.mthread.threadprop.kill_all(sync=True, include_current=True)[source]

	Stop all threads.

If sync==True, return only after all threads are stopped.
If include_current==True, stop the current as well.







Module contents





          

      

      

    

  

    
      
          
            
  
pylablib.core.utils package


Submodules



pylablib.core.utils.ctypes_wrap module


	
pylablib.core.utils.ctypes_wrap.setup_func(func, argtypes, restype=None, errcheck=None)[source]

	Setup a ctypes function.

Assign argtypes (list of argument types), restype (return value type) and errcheck (error checking function called for the return value).






	
class pylablib.core.utils.ctypes_wrap.CTypesWrapper(argtypes=None, argnames=None, addargs=None, restype=None, return_res='auto', rvprep=None, rvconv=None, rvref=None, rvnames=None, tuple_single_retval=False, errcheck=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Wrapper object for ctypes function.

Constructor arguments coincide with the call arguments, and determine their default values.
For their meaning, see wrap().


	
setup(func, argtypes=None, restype=None, errcheck=None)[source]

	Setup a ctypes function.

Analogous to setup_func(), but uses wrapper’s default arguments.






	
wrap(func, argtypes=None, argnames=None, addargs=None, restype=None, return_res=None, rvprep=None, rvconv=None, rvref=None, rvnames=None, tuple_single_retval=None, errcheck=None)[source]

	Wrap C function in a Python call.


	Parameters

	
	func – C function


	argtypes (list [https://docs.python.org/3/library/stdtypes.html#list]) – list of func argument types;
if an argument is of return-by-pointer kind, it should be the value type (the pointer is added automatically), with the exception of the void pointer
(in which case, custom rvprep function should be supplied)


	argnames (list [https://docs.python.org/3/library/stdtypes.html#list]) – list of argument names of the function. Includes either strings (which are interpreted as argument names passed to the wrapper function),
or None (which mean that this argument is return-by-pointer).


	addargs (list [https://docs.python.org/3/library/stdtypes.html#list]) – list of additional arguments which are added to the wrapper function, but are not passed to the wrapped function (added in the end);
can be used for, e.g., rvprep or rvconv functions.


	restype – type of the return value. Can be None if the return value isn’t used.


	return_res (bool [https://docs.python.org/3/library/functions.html#bool]) – determines whether return the function return value. By default, it is returned only if there are no return-by-pointer arguments.


	rvprep (list [https://docs.python.org/3/library/stdtypes.html#list]) – list of functions which prepare return-by-pointer arguments before passing them to the function.
By default, these are standard ctypes initializer for the corresponding types (usually equivalent to zero).


	rvconv (list [https://docs.python.org/3/library/stdtypes.html#list]) – list of functions which convert the return-by-pointer values after the function call.
By default, simply get the corresponding Python value inside the ctypes wrapper.


	rvref ([bool [https://docs.python.org/3/library/functions.html#bool]]) – determines if the corresponding return-by-pointer arguments need to be wrapped into ctypes.byref() [https://docs.python.org/3/library/ctypes.html#ctypes.byref] (most common case),
or passed as is (e.g., for manually prepared buffers).


	rvnames ([str [https://docs.python.org/3/library/stdtypes.html#str]]) – names of returned values inside the returned named tuple. By default, return standard un-named tuple.
If any name is None, omit that value from the resulting tuple.


	tuple_single_retval (bool [https://docs.python.org/3/library/functions.html#bool]) – determines if a single return values gets turned into a single-element tuple.


	errcheck – error-checking function which is automatically called for the return value; no function by default.

















	
pylablib.core.utils.ctypes_wrap.strprep(l, ctype=None, unicode=False)[source]

	Make a string preparation function.

Return a function which creates a string with a fixed length of l bytes and returns a pointer to it.
ctype can specify the type of the result (by default, ctypes.c_char_p [https://docs.python.org/3/library/ctypes.html#ctypes.c_char_p]).






	
pylablib.core.utils.ctypes_wrap.buffprep(size_arg_pos, dtype)[source]

	Make a buffer preparation function.

Return a function which creates a string with a variable size (specified by an argument at a position size_arg_pos).
The buffer size is given in elements. dtype specifies the datatype of the buffer, whose size is used to determine buffer size in bytes.






	
pylablib.core.utils.ctypes_wrap.buffconv(size_arg_pos, dtype)[source]

	Make a buffer conversion function.

Return a function which converts a pointer of a variable size (specified by an argument at a position size_arg_pos) into a numpy array.
The buffer size is given in elements. dtype specifies the datatype of the resulting array.






	
pylablib.core.utils.ctypes_wrap.nullprep(*args, **kwrags)[source]

	NULL preperation function which always returns None






	
class pylablib.core.utils.ctypes_wrap.StructWrap(struct=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
to_struct()[source]

	




	
prep(struct)[source]

	




	
prepdict()[source]

	




	
conv()[source]

	




	
tupdict()[source]

	




	
tup()[source]

	




	
classmethod prep_struct(*args)[source]

	




	
classmethod tup_struct(struct, *args)[source]

	









pylablib.core.utils.dictionary module

Tree-like multi-level dictionary with advanced indexing options.


	
pylablib.core.utils.dictionary.split_path(path, omit_empty=True, sep=None)[source]

	Split generic path into individual path entries.


	Parameters

	
	path – Generic path. Lists and tuples (possible nested) are flattened;
strings are split according to separators; non-strings are converted into strings first.


	omit_empty (bool [https://docs.python.org/3/library/functions.html#bool]) – Determines if empty entries are skipped.


	sep (str [https://docs.python.org/3/library/stdtypes.html#str]) – If not None, defines regex for path separators; default separator is '/'.






	Returns

	A list of individual entries.



	Return type

	list [https://docs.python.org/3/library/stdtypes.html#list]










	
pylablib.core.utils.dictionary.normalize_path_entry(entry, case_sensitive=True, case_normalization='lower')[source]

	Normalize the case of the entry if it’s not case-sensitive. Normalization is either either 'lower' or 'upper'.






	
pylablib.core.utils.dictionary.normalize_path(path, omit_empty=True, case_sensitive=True, case_normalization='lower', sep=None, force=False)[source]

	Split and normalize generic path into individual path entries.


	Parameters

	
	path – Generic path. Lists and tuples (possible nested) are flattened;
strings are split according to separators; non-strings are converted into strings first.


	omit_empty (bool [https://docs.python.org/3/library/functions.html#bool]) – Determines if empty entries are skipped.


	case_sensitive (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, entries case is normalized according to case_normalization.


	case_normalization (str [https://docs.python.org/3/library/stdtypes.html#str]) – Normalization rules; either 'lower' or 'upper'.


	sep (str [https://docs.python.org/3/library/stdtypes.html#str]) – If not None, defines regex for path separators; default separator is '/'.


	force (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, treat lists as if they’re already normalized.






	Returns

	A list of individual normalized entries.



	Return type

	list [https://docs.python.org/3/library/stdtypes.html#list]










	
pylablib.core.utils.dictionary.is_dictionary(obj, generic=False)[source]

	Determine if the object is a dictionary.


	Parameters

	
	obj – object


	generic (bool [https://docs.python.org/3/library/functions.html#bool]) – if False, passes only Dictionary (or subclasses) objects;
otherwise, passes any dictionary-like object.






	Returns

	bool










	
pylablib.core.utils.dictionary.as_dictionary(obj, case_sensitive=True, case_normalization='lower')[source]

	Convert object into Dictionary with the given parameters.

If object is already a Dictionary (or its subclass), return unchanged, even if its parameters are different.






	
pylablib.core.utils.dictionary.as_dict(obj, style='nested', copy=True)[source]

	Convert object into standard dict with the given parameters.

If object is already a dict, return unchanged, even if the parameters are different.






	
class pylablib.core.utils.dictionary.Dictionary(root=None, case_sensitive=True, case_normalization='lower', copy=True)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Multi-level dictionary.

Access is done by path (all path elements are converted into strings and concatenated to form a single string path).
If dictionary is not case-sensitive, all inserted and accessed paths are normalized to lower or upper case.


	Parameters

	
	root (dict [https://docs.python.org/3/library/stdtypes.html#dict] or Dictionary) – Initial value.


	case_sensitive (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, entries case is normalized according to case_normalization.


	case_normalization (str [https://docs.python.org/3/library/stdtypes.html#str]) – Normalization rules; either 'lower' or 'upper'.


	copy (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, make copy of the supplied data; otherwise, just make it the root.









Warning

If copy==False, the root data is already assumed to be normalized. If it isn’t, the behavior might be incorrect.




	
static is_dictionary(obj, generic=True)[source]

	Determine if the object is a dictionary.


	Parameters

	
	obj – 


	generic (bool [https://docs.python.org/3/library/functions.html#bool]) – if False, passes only Dictionary (or subclasses) objects;
otherwise, passes any dictionary-like object.






	Returns

	bool










	
static as_dictionary(obj, case_sensitive=True, case_normalization='lower')[source]

	Convert object into Dictionary with the given parameters.

If object is already a Dictionary (or its subclass), return unchanged, even if its parameters are different.






	
add_entry(path, value, force=False, branch_option='normalize')[source]

	Add value to a given path (overwrite leaf value if necessary).

Doesn’t replace leaves with branches and vice-verse if force==False.


	Parameters

	
	path – 


	value – 


	force (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, change leaf into a branch and vice-versa; otherwise, raises ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] if the conversion is necessary.


	branch_option (str [https://docs.python.org/3/library/stdtypes.html#str]) – 
	Decides what to do if the value is dictionary-like:

	
	'attach' – just attach the root,


	'copy' – copy and attach,


	'normalize' – copy while normalizing all the keys according to the current rules.






















	
get_entry(path, as_pointer=False)[source]

	Get entry at a given path


	Parameters

	
	path – 


	as_pointer (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and entry is not a leaf, return Dictionary or DictionaryPointer













	
has_entry(path, kind='all')[source]

	Determine if the path is in the dictionary.

kind determines which kind of path to consider and can be 'leaf', 'branch' or 'all'.






	
get_max_prefix(path, kind='all')[source]

	Find the longest prefix of path contained in the dictionary.

Return tuple (prefix, rest), where both path entries are normalized according to the dictionary rules.
kind determines which kind of path to consider and can be 'leaf', 'branch' or 'all'. If the longest prefix is of a different kind, return (None,None).






	
del_entry(path)[source]

	Delete entry from the dictionary. Return True if the path was present.






	
size()[source]

	Return the total size of the dictionary (number of nodes).






	
get(path, default=None)[source]

	Analog of dict.get(): D.get(k,d) -> D[k] if k in D else d.






	
setdefault(path, default=None)[source]

	Analog of dict.setdefault(): D.setdefault(k,d) -> D.get(k,d), also sets D[k]=d if k is not in D.






	
viewitems(ordered=False, leafs=False, path_kind='split', wrap_branches=True)[source]

	Analog of dict.viewitems(), by default iterating only over the immediate children of the root.


	Parameters

	
	ordered (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over keys in alphabetic order.


	leafs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over leaf nodes (i.e., behave as ‘flat’ dictionary);
otherwise, loop over immediate children (i.e., behave as ‘nested’ dictionary)


	path_kind (str [https://docs.python.org/3/library/stdtypes.html#str]) – either "split" (each path is a tuple of individual keys), or "joined" (each path is a single string)


	wrap_branches (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, wrap sub-branches into DictionaryPointer objects; otherwise, return them as nested built-in dictionaries













	
iteritems(ordered=False, leafs=False, path_kind='split', wrap_branches=True)

	Analog of dict.viewitems(), by default iterating only over the immediate children of the root.


	Parameters

	
	ordered (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over keys in alphabetic order.


	leafs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over leaf nodes (i.e., behave as ‘flat’ dictionary);
otherwise, loop over immediate children (i.e., behave as ‘nested’ dictionary)


	path_kind (str [https://docs.python.org/3/library/stdtypes.html#str]) – either "split" (each path is a tuple of individual keys), or "joined" (each path is a single string)


	wrap_branches (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, wrap sub-branches into DictionaryPointer objects; otherwise, return them as nested built-in dictionaries













	
items(ordered=False, leafs=False, path_kind='split', wrap_branches=True)

	Analog of dict.viewitems(), by default iterating only over the immediate children of the root.


	Parameters

	
	ordered (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over keys in alphabetic order.


	leafs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over leaf nodes (i.e., behave as ‘flat’ dictionary);
otherwise, loop over immediate children (i.e., behave as ‘nested’ dictionary)


	path_kind (str [https://docs.python.org/3/library/stdtypes.html#str]) – either "split" (each path is a tuple of individual keys), or "joined" (each path is a single string)


	wrap_branches (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, wrap sub-branches into DictionaryPointer objects; otherwise, return them as nested built-in dictionaries













	
viewvalues(ordered=False, leafs=False, wrap_branches=True)[source]

	Analog of dict.viewvalues(), iterating only over the immediate children of the root.


	Parameters

	
	ordered (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over keys in alphabetic order.


	leafs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over leaf nodes (i.e., behave as ‘flat’ dictionary);
otherwise, loop over immediate children (i.e., behave as ‘nested’ dictionary)


	wrap_branches (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, wrap sub-branches into DictionaryPointer objects; otherwise, return them as nested built-in dictionaries













	
itervalues(ordered=False, leafs=False, wrap_branches=True)

	Analog of dict.viewvalues(), iterating only over the immediate children of the root.


	Parameters

	
	ordered (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over keys in alphabetic order.


	leafs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over leaf nodes (i.e., behave as ‘flat’ dictionary);
otherwise, loop over immediate children (i.e., behave as ‘nested’ dictionary)


	wrap_branches (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, wrap sub-branches into DictionaryPointer objects; otherwise, return them as nested built-in dictionaries













	
values(ordered=False, leafs=False, wrap_branches=True)

	Analog of dict.viewvalues(), iterating only over the immediate children of the root.


	Parameters

	
	ordered (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over keys in alphabetic order.


	leafs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over leaf nodes (i.e., behave as ‘flat’ dictionary);
otherwise, loop over immediate children (i.e., behave as ‘nested’ dictionary)


	wrap_branches (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, wrap sub-branches into DictionaryPointer objects; otherwise, return them as nested built-in dictionaries













	
viewkeys(ordered=False)[source]

	Analog of dict.viewkeys(), iterating only over the immediate children of the root.


	Parameters

	ordered (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over keys in alphabetic order.










	
iterkeys(ordered=False)

	Analog of dict.viewkeys(), iterating only over the immediate children of the root.


	Parameters

	ordered (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over keys in alphabetic order.










	
keys(ordered=False)

	Analog of dict.viewkeys(), iterating only over the immediate children of the root.


	Parameters

	ordered (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over keys in alphabetic order.










	
paths(ordered=False, topdown=False, path_kind='split')[source]

	Return list of all leaf paths.


	Parameters

	
	ordered (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over paths in alphabetic order.


	topdown (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return node’s leafs before its subtrees leafs.


	path_kind (str [https://docs.python.org/3/library/stdtypes.html#str]) – either "split" (each path is a tuple of individual keys), or "joined" (each path is a single string)













	
iternodes(to_visit='leafs', ordered=False, include_path=False, topdown=False)[source]

	Iterate over nodes.


	Parameters

	
	to_visit (str [https://docs.python.org/3/library/stdtypes.html#str]) – Can be 'leafs', 'branches' or 'all' and determines which parts of the dictionary are visited.


	ordered (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over paths in alphabetic order.


	include_path (bool [https://docs.python.org/3/library/functions.html#bool]) – Include in the return value.


	topdown (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, visit node and its leafs before its subtrees leafs.






	Yields

	Values for leafs and DictionaryPointer for branches.
If include_path==True, yields tuple (path, value), where path is in the form of a normalized list.










	
nodes(to_visit='leafs', ordered=False, include_path=False, topdown=False)

	Iterate over nodes.


	Parameters

	
	to_visit (str [https://docs.python.org/3/library/stdtypes.html#str]) – Can be 'leafs', 'branches' or 'all' and determines which parts of the dictionary are visited.


	ordered (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, loop over paths in alphabetic order.


	include_path (bool [https://docs.python.org/3/library/functions.html#bool]) – Include in the return value.


	topdown (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, visit node and its leafs before its subtrees leafs.






	Yields

	Values for leafs and DictionaryPointer for branches.
If include_path==True, yields tuple (path, value), where path is in the form of a normalized list.










	
merge_branch(source, branch='', overwrite=True, normalize_paths=True)[source]

	Attach source (dict [https://docs.python.org/3/library/stdtypes.html#dict] or other Dictionary) to a given branch; source is automatically deep-copied.


	Parameters

	
	source (dict [https://docs.python.org/3/library/stdtypes.html#dict] or Dictionary) – 


	branch (tuple [https://docs.python.org/3/library/stdtypes.html#tuple] or str [https://docs.python.org/3/library/stdtypes.html#str]) – Destination path.


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, replaces the old entries with the new ones (it only matters for leaf assignments).


	normalize_paths (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and the dictionary isn’t case sensitive, perform normalization if the source.













	
update(source, branch='', overwrite=True, normalize_paths=True)

	Attach source (dict [https://docs.python.org/3/library/stdtypes.html#dict] or other Dictionary) to a given branch; source is automatically deep-copied.


	Parameters

	
	source (dict [https://docs.python.org/3/library/stdtypes.html#dict] or Dictionary) – 


	branch (tuple [https://docs.python.org/3/library/stdtypes.html#tuple] or str [https://docs.python.org/3/library/stdtypes.html#str]) – Destination path.


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, replaces the old entries with the new ones (it only matters for leaf assignments).


	normalize_paths (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and the dictionary isn’t case sensitive, perform normalization if the source.













	
detach_branch(branch='')[source]

	Remove branch from the current dictionary and return it as a separate Dictionary.






	
branch_copy(branch='')[source]

	Get a copy of the branch as a Dictionary.






	
copy()[source]

	Get a full copy the dictionary.






	
updated(source, branch='', overwrite=True, normalize_paths=True)[source]

	Get a copy of the dictionary and attach a new branch to it.

Parameters are the same as in the Dictionary.merge_branch().






	
as_dict(style='nested', copy=True)[source]

	Convert into a dict [https://docs.python.org/3/library/stdtypes.html#dict] object.


	Parameters

	
	style (str [https://docs.python.org/3/library/stdtypes.html#str]) – 
	Determines style of the returned :

	
	'nested' – subtrees are turned into nested dictionaries,


	'flat' –  single dictionary is formed with full paths as keys.











	copy (bool [https://docs.python.org/3/library/functions.html#bool]) – If False and style=='nested', return the root dictionary.













	
as_pandas(index_key=True, as_series=True)[source]

	Convert into a pandas DataFrame or Series object.


	Parameters

	
	index_key (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, create a 2-column table with the first column ("key") containing string path
and the second column ("value") containing value; otherwise, move key to the table index.


	as_series (bool [https://docs.python.org/3/library/functions.html#bool]) – If index_key==True and as_series==True, convert the resulting DataFrame into 1D Series
(the key is the index); otherwise, keep it as a single-column table













	
get_path()[source]

	




	
branch_pointer(branch='')[source]

	Get a DictionaryPointer of a given branch.






	
map_self(func, to_visit='leafs', pass_path=False, topdown=False, branch_option='normalize')[source]

	Apply func to the nodes in the dictionary.


	Parameters

	
	func (callable) – Mapping function. Leafs are passed by value, branches (if visited) are passed as DictionaryPointer.


	to_visit (str [https://docs.python.org/3/library/stdtypes.html#str]) – Can be 'leafs', 'branches' or 'all' and determines which parts of the dictionary passed to the map function.


	pass_path (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, pass the node path (in the form of a normalized list) as a first argument to func.


	topdown (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, visit node and its leafs before its subtrees leafs.


	branch_option (str [https://docs.python.org/3/library/stdtypes.html#str]) – If the function returns a dict-like object, determines how to













	
filter_self(pred, to_visit='leafs', pass_path=False, topdown=False)[source]

	Remove all the nodes from the dictionary for which pred returns False.


	Parameters

	
	pred (callable) – Filter function. Leafs are passed to pred by value, branches (if visited) are passed as DictionaryPointer.


	to_visit (str [https://docs.python.org/3/library/stdtypes.html#str]) – Can be 'leafs', 'branches' or 'all' and determines which parts of the dictionary passed to the predicate.


	pass_path (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, pass the node path (in the form of a normalized list) as a first argument to pred.


	topdown (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, visit node and its leafs before its subtrees leafs.













	
class DictionaryDiff[source]

	Bases: pylablib.core.utils.dictionary.DictionaryDiff

Describes a difference between the two dictionaries.


	
same

	Contains the leafs which is the same.


	Type

	Dictionary










	
changed_from

	Contains the leafs from the first dictionary which have different values in the second dictionary.


	Type

	Dictionary










	
changed_to

	Contains the leafs from the second dictionary which have different values in the first dictionary.


	Type

	Dictionary










	
removed

	Contains the leafs from the first dictionary which are absent in the second dictionary.


	Type

	Dictionary










	
added

	Contains the leafs from the second dictionary which are absent in the first dictionary.


	Type

	Dictionary














	
diff(other)[source]

	Perform an element-wise comparison to another Dictionary.

If the other Dictionary has a different case sensitivity, raise ValueError [https://docs.python.org/3/library/exceptions.html#ValueError].


	Returns

	Dictionary.DictionaryDiff










	
static diff_flatdict(first, second)[source]

	Find the difference between flat dict [https://docs.python.org/3/library/stdtypes.html#dict] objects.


	Returns

	Dictionary.DictionaryDiff










	
class DictionaryIntersection[source]

	Bases: pylablib.core.utils.dictionary.DictionaryIntersection

Describes the result of finding intersection of multiple dictionaries.


	
common

	Contains the intersection of all dictionaries.


	Type

	Dictionary










	
individual

	Contains list of difference from intersection for all dictionaries.


	Type

	[Dictionary]














	
static find_intersection(dicts, use_flatten=False)[source]

	Find intersection of multiple dictionaries.


	Parameters

	
	dicts ([Dictionary]) – 


	use_flatten (bool [https://docs.python.org/3/library/functions.html#bool]) – If True flatten all dictionaries before comparison (works faster for a large number of dictionaries).






	Returns

	Dictionary.DictionaryIntersection










	
get_matching_paths(pattern, wildkey='*', wildpath='**', only_leaves=True)[source]

	Get all paths in the tree that match the provided pattern.


	Parameters

	
	wildkey (str [https://docs.python.org/3/library/stdtypes.html#str]) – Pattern symbol that matches any key.


	wildpath (str [https://docs.python.org/3/library/stdtypes.html#str]) – Pattern symbol that matches any subpath (possibly empty).


	only_leaves (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, only check leaf paths; otherwise, check subtree paths (i.e., incomplete leaf paths) as well.
Basically, only_leaves=False is analogous to adding wildpath at the end of the pattern.













	
get_matching_subtree(pattern, wildkey='*', wildpath='**', only_leaves=True)[source]

	Get a subtree containing nodes with paths matching the provided pattern.


	Parameters

	
	wildkey (str [https://docs.python.org/3/library/stdtypes.html#str]) – Pattern symbol that matches any key.


	wildpath (str [https://docs.python.org/3/library/stdtypes.html#str]) – Pattern symbol that matches any subpath (possibly empty).


	only_leaves (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, only check leaf paths; otherwise, check subtree paths (i.e., incomplete leaf paths) as well.
Basically, only_leaves=False is analogous to adding wildpath at the end of the pattern.

















	
class pylablib.core.utils.dictionary.DictionaryPointer(root=None, pointer=None, case_sensitive=True, case_normalization='lower', copy=True)[source]

	Bases: pylablib.core.utils.dictionary.Dictionary

Similar to Dictionary, but can point at one of the branches instead of the full dictionary.

Effect is mostly equivalent to prepending some path to all queries.


	Parameters

	
	root (dict [https://docs.python.org/3/library/stdtypes.html#dict] or Dictionary) – Complete tree.


	pointer – Path to the pointer location.


	case_sensitive (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, entries case is normalized according to case_normalization.


	case_normalization (str [https://docs.python.org/3/library/stdtypes.html#str]) – Normalization rules; either 'lower' or 'upper'.


	copy (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, make copy of the supplied data; otherwise, just make it the root.









Warning

If copy==False, the root data is already assumed to be normalized. If it isn’t, the behavior might be incorrect.




	
get_path()[source]

	Return pointer path in the whole dictionary.






	
move(path='', absolute=True)[source]

	Move the pointer to a new path.


	Parameters

	
	path – 


	absolute (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, path is specified with respect to the root;
otherwise, it’s specified with respect to the current position (and can only go deeper).













	
branch_pointer(branch='')[source]

	Get a DictionaryPointer of a given branch.










	
class pylablib.core.utils.dictionary.PrefixTree(root=None, case_sensitive=True, case_normalization='lower', wildcard='*', matchcard='.', copy=True)[source]

	Bases: pylablib.core.utils.dictionary.Dictionary

Expansion of a Dictionary designed to store data related to prefixes.

Each branch node can have a leaf with a name given by wildcard ('*' by default) or matchcard ('.' by default).
Wildcard assumes that the branch node path is a prefix; matchcard assumes exact match.
These leafs are inspected when specific prefix tree functions (find_largest_prefix and find_all_prefixes) are used.


	Parameters

	
	root (dict [https://docs.python.org/3/library/stdtypes.html#dict] or Dictionary) – Complete tree.


	case_sensitive (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, entries case is normalized according to case_normalization.


	case_normalization (str [https://docs.python.org/3/library/stdtypes.html#str]) – Normalization rules; either 'lower' or 'upper'.


	wildcard (str [https://docs.python.org/3/library/stdtypes.html#str]) – Symbol for a wildcard entry.


	matchcard (str [https://docs.python.org/3/library/stdtypes.html#str]) – Symbol for a matchcard entry.


	copy (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, make copy of the supplied data; otherwise, just make it the root.









Warning

If copy==False, the root data is already assumed to be normalized. If it isn’t, the behavior might be incorrect.




	
copy()[source]

	Get a full copy the prefix tree.






	
find_largest_prefix(path, default=None, allow_nomatch_exact=True, return_path=False, return_subpath=False)[source]

	Find the entry which is the largest prefix of a given path.


	Parameters

	
	path – 


	default – Default value if the path isn’t found.


	allow_nomatch_exact (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, just element with the given path can be returned;
otherwise, only elements stored under wildcards and matchcards are considered.


	return_path (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return path to the element (i.e., the largest prefix) instead of the element itself.


	return_subpath (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return tuple with a second element being part of the path left after subtraction of the prefix.













	
find_all_prefixes(path, allow_nomatch_exact=True, return_path=True, return_subpath=False)[source]

	Find list of all the entries which are prefixes of a given path.


	Parameters

	
	path – 


	default – Default value if the path isn’t found.


	allow_nomatch_exact (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, just element with the given path can be returned;
otherwise, only elements stored under wildcards and matchcards are considered.


	return_path (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return path to the element (i.e., the largest prefix) instead of the element itself.


	return_subpath (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return tuple with a second element being part of the path left after subtraction of the prefix.

















	
pylablib.core.utils.dictionary.combine_dictionaries(dicts, func, select='all', pass_missing=False)[source]

	Combine several dictionaries element-wise (only for leafs) using a given function.


	Parameters

	
	dicts (list [https://docs.python.org/3/library/stdtypes.html#list] or tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – list of dictionaries (Dictionary or dict) to be combined


	func (callable) – combination function. Takes a single argument, which is a list of elements to be combined.


	select (str [https://docs.python.org/3/library/stdtypes.html#str]) – determins which keys are selected for the resulting dictionary.
Can be either "all" (only keep keys which are present in all the dictionaries), or "any" (keep keys which are present in at least one dictionary).
Only keys that point to leafs count; if a key points to a non-leaf branch in some dictionary, it is considered absent from this dictionary.


	pass_missing (bool [https://docs.python.org/3/library/functions.html#bool]) – if select=="any", this parameter determines whether missing elements will be passed to func as None, or omitted entirely.













	
class pylablib.core.utils.dictionary.DictionaryNode(**vargs)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]






	
pylablib.core.utils.dictionary.dict_to_object_local(data, name=None, object_generator=<function _default_object_generator>)[source]

	




	
class pylablib.core.utils.dictionary.PrefixShortcutTree(shortcuts=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Convenient storage for dictionary path shortcuts.


	Parameters

	shortcuts (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Dictionary of shortcuts {shortcut: full_path}.






	
copy()[source]

	Return full copy.






	
add_shortcut(source, dest, exact=False)[source]

	Add a single shortcut.


	Parameters

	
	source – Shortcut path.


	dest – expanded path corresponding to the shortcut.


	exact (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, the shortcut works only for the exact path; otherwise, it works for any path with ‘source’ as a prefix.













	
add_shortcuts(shortcuts, exact=False)[source]

	Add a dictionary of shortcuts {shortcut: full_path}.

Arguments are the same as in PrefixShortcutTree.add_shortcut().






	
remove_shortcut(source)[source]

	Remove a shortcut from the tree






	
updated(shortcuts, exact=False)[source]

	Make a copy and add additional shortcuts.

Arguments are the same as in PrefixShortcutTree.add_shortcuts().










	
class pylablib.core.utils.dictionary.ItemAccessor(getter=None, setter=None, deleter=None, normalize_names=True, path_separator='/', allow_incomplete_paths=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
class ItemAccessorBranch(src, branch)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]






	
get(name, default=None)[source]

	









pylablib.core.utils.files module

Utilities for working with the file system: creating/removing/listing folders, comparing folders and files, working with zip archives.


	
pylablib.core.utils.files.eof(f, strict=False)[source]

	Standard EOF function.

Return True if the the marker is at the end of the file.
If strict==True, only return True if the marker is exactly at the end of file; otherwise, return True if it’s at the end of further.






	
pylablib.core.utils.files.get_file_creation_time(path, timestamp=True)[source]

	Try to find a file creation time. Return current time if an error occurs.

If timestamp==True, return UNIX timestamp; otherwise, return datetime.datetime [https://docs.python.org/3/library/datetime.html#datetime.datetime].






	
pylablib.core.utils.files.get_file_modification_time(path, timestamp=True)[source]

	Try to find a file modification time. Return current time if an error occurs.

If timestamp==True, return UNIX timestamp; otherwise, return datetime.datetime [https://docs.python.org/3/library/datetime.html#datetime.datetime]






	
pylablib.core.utils.files.touch(fname, times=None)[source]

	Update file access and modification times.


	Parameters

	times (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – Access and modification times; if times is None, use current time.










	
pylablib.core.utils.files.generate_indexed_filename(name_format, idx_start=0, folder='')[source]

	Generate an unused indexed filename in folder.

The name has name_format (using standard Python format() [https://docs.python.org/3/library/functions.html#format] rules), with index starting with idx_start.






	
pylablib.core.utils.files.generate_prefix_filename(prefix='', suffix='', idx_start=None, folder='')[source]

	Generate an unused filename in folder with the given prefix and suffix.

The format is prefix_{:d}_suffix, where the parameter is the index starting with idx_start.
If idx_start is None first check prefix+suffix name before using numbered indices.






	
pylablib.core.utils.files.generate_temp_filename(prefix='__tmp__', idx_start=0, idx_template='d', folder='')[source]

	Generate a temporary filename with a given prefix.

idx_template is the number index format (only the parameter itself, not the whole string).






	
pylablib.core.utils.files.fullsplit(path, ignore_empty=True)[source]

	Split path into list.

If ignore_empty==True, omit empty folder names.






	
pylablib.core.utils.files.normalize_path(p)[source]

	Normalize filesystem path (case and origin). If two paths are identical, they should be equal when normalized.






	
pylablib.core.utils.files.case_sensitive_path()[source]

	Check if OS path names are case-sensitive (e.g., Linux)






	
pylablib.core.utils.files.paths_equal(a, b)[source]

	Determine if the two paths are equal (can be local or have different case).






	
pylablib.core.utils.files.relative_path(a, b, check_paths=True)[source]

	Determine return path a as seen from b.

If check_paths==True, check if a is contained in b and raise the :exc:OSError if it isn’t.






	
class pylablib.core.utils.files.TempFile(folder='', name=None, mode='w', wait_time=None, rep_time=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Temporary file context manager.

Upon creation, generate an unused temporary filename.
Upon entry, create the file using supplied mode and return self.
Upon exit, close and remove the file.


	Parameters

	
	folder (str [https://docs.python.org/3/library/stdtypes.html#str]) – Containing folder.


	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – File name. If None, generate new temporary name.


	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – File opening mode.


	wait_time (float [https://docs.python.org/3/library/functions.html#float]) – Waiting time between attempts to create the file if the first try fails.


	rep_time (int [https://docs.python.org/3/library/functions.html#int]) – Number of attempts to create the file if the first try fails.









	
f

	File object.






	
name

	File name.


	Type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
full_name

	File name including containing folder.


	Type

	str [https://docs.python.org/3/library/stdtypes.html#str]














	
pylablib.core.utils.files.copy_file(source, dest, overwrite=True, cmp_on_overwrite=True)[source]

	Copy file, creating a containing folder if necessary. Return True if the operation was performed.


	Parameters

	
	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, overwrite existing file.


	cmp_on_overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and the two files are compared to be the same, don’t perform overwrite.













	
pylablib.core.utils.files.move_file(source, dest, overwrite=True, cmp_on_overwrite=True, preserve_if_not_move=False)[source]

	Move file, creating a containing folder if necessary. Returns True if the operation was performed.


	Parameters

	
	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, overwrite existing file (if the existing file isn’t overwritten, preserve the original).


	cmp_on_overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and the two files are compared to be the same, don’t perform overwrite.


	preserve_if_not_move (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and the files are identical, preserve the original.













	
pylablib.core.utils.files.ensure_dir_singlelevel(path, error_on_file=True)[source]

	




	
pylablib.core.utils.files.ensure_dir(path, error_on_file=True)[source]

	Ensure that the folder exists (create a new one if necessary).

If error_on_file==True, raise OSError [https://docs.python.org/3/library/exceptions.html#OSError] if there’s a file with the same name.






	
pylablib.core.utils.files.remove_dir(path, error_on_file=True)[source]

	Remove the folder recursively if it exists.

If error_on_file==True, raise OSError [https://docs.python.org/3/library/exceptions.html#OSError] if there’s a file with the same name.






	
pylablib.core.utils.files.remove_dir_if_empty(path, error_on_file=True)[source]

	Remove the folder only if it’s empty.

If error_on_file==True, raise OSError [https://docs.python.org/3/library/exceptions.html#OSError] if there’s a file with the same name.






	
pylablib.core.utils.files.clean_dir(path, error_on_file=True)[source]

	Remove the folder and then recreate it.

If error_on_file==True, raise OSError [https://docs.python.org/3/library/exceptions.html#OSError] if there’s a file with the same name.






	
class pylablib.core.utils.files.FolderList[source]

	Bases: pylablib.core.utils.files.FolderList

Describes folder content.






	
pylablib.core.utils.files.list_dir(folder='', folder_filter=None, file_filter=None, separate_kinds=True, error_on_file=True)[source]

	Return folder content filtered by folder_filter and file_filter.


	Parameters

	
	folder (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the folder.


	folder_filter – Folder filter function (more description at string.get_string_filter()).


	file_filter – File filter function (more description at string.get_string_filter()).


	separate_kinds (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, return FolderList with files and folder separate; otherwise, return a single list (works much faster).


	error_on_file (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, raise OSError [https://docs.python.org/3/library/exceptions.html#OSError] if there’s a file with the same name as the target folder.













	
pylablib.core.utils.files.dir_empty(folder, folder_filter=None, file_filter=None, level='single', error_on_file=True)[source]

	Check if the folder is empty (only checks content filtered by folder_filter and file_filter).


	Parameters

	
	folder (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the folder.


	folder_filter – Folder filter function (more description at string.get_string_filter()).


	file_filter – File filter function (more description at string.get_string_filter()).


	level (str [https://docs.python.org/3/library/stdtypes.html#str]) – if 'single', check only immediate folder content; if 'recursive', follow recursively in all folders passing folder_filter.


	error_on_file (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, raise OSError [https://docs.python.org/3/library/exceptions.html#OSError] if there’s a file with the same name as the target folder.













	
pylablib.core.utils.files.walk_dir(folder, folder_filter=None, file_filter=None, rel_path=True, topdown=True, visit_folder_filter=None, max_depth=None)[source]

	Modification of os.walk() [https://docs.python.org/3/library/os.html#os.walk] function.

Acts in a similar way, but followlinks is always False and errors of os.listdir() [https://docs.python.org/3/library/os.html#os.listdir] are always passed.


	Parameters

	
	folder (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the folder.


	folder_filter – Folder filter function (more description at string.get_string_filter()).


	file_filter – File filter function (more description at string.get_string_filter()).


	rel_path (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, the returned folder path is specified relative to the initial path.


	topdown (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return folder before its subfolders.


	visit_folder_filter – Filter for visiting folders (more description at string.get_string_filter()).
If not None, specifies filter for visiting folders which is different from  folder_filter (filter for returned folders).


	max_depth (int [https://docs.python.org/3/library/functions.html#int]) – If not None, limits the recursion depth.






	Yields

	
	For each folder (including the original) yields a tuple (folder_path, folders, files),

	where folder_path is the containing folder name and folders and files are its content (similar to list_dir()).














	
pylablib.core.utils.files.list_dir_recursive(folder, folder_filter=None, file_filter=None, topdown=True, visit_folder_filter=None, max_depth=None)[source]

	Recursive walk analog of list_dir().

Parameters are the same as walk_dir().


	Returns

	FolderList










	
pylablib.core.utils.files.copy_dir(source, dest, folder_filter=None, file_filter=None, overwrite=True, cmp_on_overwrite=True)[source]

	Copy files satisfying the filtering conditions.


	Parameters

	
	source (str [https://docs.python.org/3/library/stdtypes.html#str]) – Source path.


	dest (str [https://docs.python.org/3/library/stdtypes.html#str]) – Destination path.


	folder_filter – Folder filter function (more description at string.get_string_filter()).


	file_filter – File filter function (more description at string.get_string_filter()).


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, overwrite existing files.


	cmp_on_overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and the two files are compared to be the same, don’t perform overwrite.













	
pylablib.core.utils.files.move_dir(source, dest, folder_filter=None, file_filter=None, overwrite=True, cmp_on_overwrite=True, preserve_if_not_move=False)[source]

	Move files satisfying the filtering conditions.


	Parameters

	
	source (str [https://docs.python.org/3/library/stdtypes.html#str]) – Source path.


	dest (str [https://docs.python.org/3/library/stdtypes.html#str]) – Destination path.


	folder_filter – Folder filter function (more description at string.get_string_filter()).


	file_filter – File filter function (more description at string.get_string_filter()).


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, overwrite existing files (if the existing file isn’t overwritten, preserve the original).


	cmp_on_overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and the two files are compared to be the same, don’t perform overwrite.


	preserve_if_not_move (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and the files are identical, preserve the original.













	
pylablib.core.utils.files.combine_diff(d1, d2)[source]

	




	
pylablib.core.utils.files.cmp_dirs(a, b, folder_filter=None, file_filter=None, shallow=True, return_difference=False)[source]

	Compare the folders based on the content filtered by folder_filter and file_filter.


	Parameters

	
	a (str [https://docs.python.org/3/library/stdtypes.html#str]) – First folder path


	b (str [https://docs.python.org/3/library/stdtypes.html#str]) – Second folder path


	folder_filter – Folder filter function (more description at string.get_string_filter()).


	file_filter – File filter function (more description at string.get_string_filter()).


	shallow – If True, do shallow comparison of the files (see filecmp.cmp() [https://docs.python.org/3/library/filecmp.html#filecmp.cmp]).


	return_difference – If False, simply return bool; otherwise, return difference type ('=', '+', '-' or '*').













	
pylablib.core.utils.files.retry_copy(source, dest, overwrite=True, cmp_on_overwrite=True, try_times=5, delay=0.3)[source]

	Retrying version of copy_file().

If the operation raises error, wait for delay (in seconds) and call it again.
Try total of try_times times.






	
pylablib.core.utils.files.retry_move(source, dest, overwrite=True, cmp_on_overwrite=True, preserve_if_not_move=False, try_times=5, delay=0.3)[source]

	Retrying version of move_file() (see retry_copy() for details on retrying).






	
pylablib.core.utils.files.retry_remove(path, try_times=5, delay=0.3)[source]

	Retrying version of os.remove() [https://docs.python.org/3/library/os.html#os.remove] (see retry_copy() for details on retrying).






	
pylablib.core.utils.files.retry_ensure_dir(path, error_on_file=True, try_times=5, delay=0.3)[source]

	Retrying version of ensure_dir() (see retry_copy() for details on retrying).






	
pylablib.core.utils.files.retry_copy_dir(source, dest, folder_filter=None, file_filter=None, overwrite=True, cmp_on_overwrite=True, try_times=5, delay=0.3)[source]

	Retrying version of copy_dir() (see retry_copy() for details on retrying).






	
pylablib.core.utils.files.retry_move_dir(source, dest, folder_filter=None, file_filter=None, overwrite=True, cmp_on_overwrite=True, preserve_if_not_move=False, try_times=5, delay=0.3)[source]

	Retrying version of move_dir() (see retry_copy() for details on retrying).






	
pylablib.core.utils.files.retry_remove_dir(path, error_on_file=True, try_times=5, delay=0.3)[source]

	Retrying version of remove_dir() (see retry_copy() for details on retrying).






	
pylablib.core.utils.files.retry_remove_dir_if_empty(path, error_on_file=True, try_times=5, delay=0.3)[source]

	Retrying version of remove_dir_if_empty() (see retry_copy() for details on retrying).






	
pylablib.core.utils.files.retry_clean_dir(path, error_on_file=True, try_times=5, delay=0.3)[source]

	Retrying version of clean_dir() (see retry_copy() for details on retrying).






	
pylablib.core.utils.files.zip_folder(zip_path, source_path, inside_path='', folder_filter=None, file_filter=None, mode='a', compression=8)[source]

	Add a folder into a zip archive.


	Parameters

	
	zip_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the .zip file.


	source_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the source folder.


	inside_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Destination path inside the zip archive.


	folder_filter – Folder filter function (more description at string.get_string_filter()).


	file_filter – File filter function (more description at string.get_string_filter()).


	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Zip archive adding mode (see zipfile.ZipFile [https://docs.python.org/3/library/zipfile.html#zipfile.ZipFile]).


	compression – Zip archive compression (see zipfile.ZipFile [https://docs.python.org/3/library/zipfile.html#zipfile.ZipFile]).













	
pylablib.core.utils.files.zip_file(zip_path, source_path, inside_name=None, mode='a', compression=8)[source]

	Add a file into a zip archive.


	Parameters

	
	zip_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the .zip file.


	source_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the source file.


	inside_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – Destination file name inside the zip archive (source name on the top level by default).


	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Zip archive adding mode (see zipfile.ZipFile [https://docs.python.org/3/library/zipfile.html#zipfile.ZipFile]).


	compression – Zip archive compression (see zipfile.ZipFile [https://docs.python.org/3/library/zipfile.html#zipfile.ZipFile]).













	
pylablib.core.utils.files.zip_multiple_files(zip_path, source_paths, inside_names=None, mode='a', compression=8)[source]

	Add a multiple files into a zip archive.


	Parameters

	
	zip_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the .zip file.


	source_paths ([str [https://docs.python.org/3/library/stdtypes.html#str]]) – List of path to the source files.


	inside_names ([str [https://docs.python.org/3/library/stdtypes.html#str]] or None [https://docs.python.org/3/library/constants.html#None]) – List of destination file names inside the zip archive (source name on the top level by default).


	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Zip archive adding mode (see zipfile.ZipFile [https://docs.python.org/3/library/zipfile.html#zipfile.ZipFile]).


	compression – Zip archive compression (see zipfile.ZipFile [https://docs.python.org/3/library/zipfile.html#zipfile.ZipFile]).













	
pylablib.core.utils.files.unzip_folder(zip_path, dest_path, inside_path='', folder_filter=None, file_filter=None)[source]

	Extract a folder from a zip archive (create containing folder if necessary).


	Parameters

	
	zip_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the .zip file.


	dest_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the destination folder.


	inside_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Source path inside the zip archive; extracted data paths are relative (i.e., they don’t include inside_path).


	folder_filter – Folder filter function (more description at string.get_string_filter()).


	file_filter – File filter function (more description at string.get_string_filter()).













	
pylablib.core.utils.files.unzip_file(zip_path, dest_path, inside_path)[source]

	Extract a file from a zip archive (create containing folder if necessary).


	Parameters

	
	zip_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the .zip file.


	dest_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Destination file path.


	inside_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Source path inside the zip archive.













	
pylablib.core.utils.files.openfiledialog(**options)[source]

	Open file dialog, wrapper for tkFileDialog.






	
pylablib.core.utils.files.savefiledialog(**options)[source]

	Save file dialog, wrapper for tkFileDialog.






	
pylablib.core.utils.files.opendirdialog(**options)[source]

	Open directory dialog, wrapper for tkFileDialog.







pylablib.core.utils.funcargparse module

Contains routines for checking arguments passed into a function for better flexibility.


	
pylablib.core.utils.funcargparse.parameter_value_error(par_val, par_name, message=None, error_type=None)[source]

	Raise parameter value error (ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] by default).






	
pylablib.core.utils.funcargparse.parameter_range_error(par_val, par_name, par_set=None, message=None, error_type=None)[source]

	Raise parameter range error (ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] by default).






	
pylablib.core.utils.funcargparse.check_parameter_range(par_val, par_name, par_set, message=None, error_type=None)[source]

	Raise error if par_val is not in in the par_set (par_name is used in the error message).






	
pylablib.core.utils.funcargparse.getdefault(value, default_value, unassigned_value=None, conflict_action='ignore', message=None, error_type=None)[source]

	Analog of dict’s getdefault.

If value is unassigned_value, return default_value instead.
If conflict_action=='error' and value!=default_value, raise value error using message and error_type.






	
pylablib.core.utils.funcargparse.is_sequence(value, sequence_type='builtin;nostring')[source]

	Check if value is a sequence.


	sequence_type is semicolon separated list of possible sequence types:

	
	'builtin' - list, tuple or str


	'nostring' - str is not allows


	'array' - list, tuple or numpy.ndarray


	'indexable' - anything which can be indexed


	'haslength' - anything with length property













	
pylablib.core.utils.funcargparse.make_sequence(element, length=1, sequence_type='list')[source]

	Turn element into a sequence of sequence_type ('list' or 'tuple') repeated length times.






	
pylablib.core.utils.funcargparse.as_sequence(value, multiply_length=1, allowed_type='builtin;nostring', wrapping_type='list', length_conflict_action='ignore', message=None, error_type=None)[source]

	Ensure that value is a sequence.

If value is not a sequence of allowed_type (as checked by is_sequence()), turn it into a sequence specified by wrapping_type and multiply_length.

If value is a sequence and length_conflict_action=='error', raise error with error_type and error_message if the length doesn’t match multiply_length.
Otherwise, return value unchanged.







pylablib.core.utils.functions module

Utilities for dealing with function, methods and function signatures.


	
class pylablib.core.utils.functions.FunctionSignature(arg_names=None, defaults=None, varg_name=None, kwarg_name=None, kwonly_arg_names=None, cls=None, obj=None, name=None, doc=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Description of a function signature, including name, argument names, default values, names of varg and kwarg arguments, class and object (for methods) and docstring.


	Parameters

	
	arg_names (list [https://docs.python.org/3/library/stdtypes.html#list]) – Names of the arguments.


	default (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Dictionary {name: value} of default values.


	varg_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – Name of *varg parameter (None means no such parameter).


	kwarg_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – Name of **kwarg parameter (None means no such parameter).


	cls – Caller class, for methods.


	obj – Caller object, for methods.


	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – Function name.


	doc (str [https://docs.python.org/3/library/stdtypes.html#str]) – Function docstring.









	
get_defaults_list()[source]

	Get list of default values for arguments in the order specified in the signature.






	
signature(pass_order=None)[source]

	Get string containing a signature (arguments list) of the function (call or definition), including *vargs and **kwargs.

If pass_order is not None, it specifies the order in which the arguments are passed.






	
wrap_function(func, pass_order=None)[source]

	Wrap a function func into a containing function with this signature.

Sets function name, argument names, default values, object and class (for methods) and docstring.
If pass_order is not None, it determines the order in which the positional arguments are passed to the wrapped function.






	
mandatory_args_num()[source]

	Get minimal number of arguments which have to be passed to the function.

The mandatory arguments are the ones which are not bound to caller object (i.e., not self) and don’t have default values.






	
max_args_num(include_positional=True, include_keywords=True)[source]

	Get maximal number of arguments which can be passed to the function.


	Parameters

	
	include_positional (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and function accepts *vargs, return None (unlimited number of arguments).


	include_keywords (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and function accepts **kwargs, return None (unlimited number of arguments).













	
static from_function(func, follow_wrapped=True)[source]

	Get signature of the given function or method.

If follow_wrapped==True, follow __wrapped__ attributes until the innermost function
(useful for getting signatures of functions wrapped using functools methods).






	
copy()[source]

	Return a copy






	
as_simple_func()[source]

	Turn the signature into a simple function (as opposed to a bound method).

If the signature corresponds to a bound method, get rid of the first argument in the signature (self) and the bound object.
Otherwise, return unchanged.






	
static merge(inner, outer, add_place='front', merge_duplicates=True, overwrite=None, hide_outer_obj=False)[source]

	Merge two signatures (used for wrapping functions).

The signature describes the function would take arguments according to the outer signature and pass them accroding to the inner signature.


	The arguments are combined:

	
	if add_place=='front', the outer arguments are placed in the beginning, followed by inner arguments not already listed;


	if add_place=='back',  the inner arguments are placed in the beginning, followed by outer arguments not already listed.








The default values are joined, with the outer values superseding the inner values.

overwrite is a set or a list specifying which inner parameters are overwritten by the outer.
It includes 'name', 'doc', 'cls', 'obj', 'varg_name' and 'kwarg_name';
the default value is all parameters.

If the inner signature is a bound method and hide_inner_obj==True, treat it as a function (with self argument missing).
In this case, the wrapped signature .obj field will be None.


	Returns

	(signature, pass_order)

pass_order is the order in which the arguments of the combined signature may be passed to the inner signature;
it may be different from the signature order if add_place=='front'.
If merge_duplicates==True, duplicate entries in pass_order are omitted; otherwise, they’re repeated.





	Return type

	tuple [https://docs.python.org/3/library/stdtypes.html#tuple]














	
pylablib.core.utils.functions.funcsig(func, follow_wrapped=True)[source]

	Return a function signature object






	
pylablib.core.utils.functions.getargsfrom(source, **merge_params)[source]

	Decorator factory.

Returns decorator that conforms function signature to the source function.
**merge_params are passed to the FunctionSignature.merge() method merging wrapped and source signature.

The default behavior (conforming parameter names, default values args and kwargs names) is useful for wrapping universal functions like g(*args, **kwargs).

Example:

def f(x, y=2):
    return x+y

@getargsfrom(f)
def g(*args): # Now g has the same signature as f, including parameter names and default values.
    return prod(args)










	
pylablib.core.utils.functions.call_cut_args(func, *args, **kwargs)[source]

	Call func with the given arguments, omitting the ones that don’t fit its signature.






	
pylablib.core.utils.functions.getattr_call(obj, attr_name, *args, **vargs)[source]

	Call the getter for the attribute attr_name of obj.

If the attribute is a property, pass *args and **kwargs to the getter (fget); otherwise, ignore them.






	
pylablib.core.utils.functions.setattr_call(obj, attr_name, *args, **vargs)[source]

	Call the setter for the attribute attr_name of obj.

If the attribute is a propert, pass *args and **kwargs to the setter (fset);
otherwise, the set value is assumed to be either the first argument, or the keyword argument with the name 'value'.






	
pylablib.core.utils.functions.delattr_call(obj, attr_name, *args, **vargs)[source]

	Call the deleter for the attribute attr_name of obj.

If the attribute is a property, pass *args and **kwargs to the deleter (fdel); otherwise, ignore them.






	
class pylablib.core.utils.functions.IObjectCall[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Universal interface for object method call (makes methods, attributes and properties look like methods).

Should be called with an object as a first argument.






	
class pylablib.core.utils.functions.MethodObjectCall(method)[source]

	Bases: pylablib.core.utils.functions.IObjectCall

Object call created from an object method.


	Parameters

	method – Either a method object or a method name which is used for the call.










	
class pylablib.core.utils.functions.AttrObjectCall(name, as_getter)[source]

	Bases: pylablib.core.utils.functions.IObjectCall

Object call created from an object attribute (makes attributes and properties look like methods).


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – Attribute name.


	as_getter (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, call the getter when invoked; otherwise, call the setter.








If an attribute is a simple attribute, than getter gets no arguments and setter gets one argument
(either the first argument, or the keyword argument named 'value').
If it’s a property, pass all the parameters to the property call.






	
class pylablib.core.utils.functions.IObjectProperty[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Universal interface for an object property (makes methods, attributes and properties look like properties).

Can be used to get, set or remove a property.


	
get(obj, params=None)[source]

	




	
set(obj, value)[source]

	




	
rem(obj, params=None)[source]

	








	
class pylablib.core.utils.functions.MethodObjectProperty(getter=None, setter=None, remover=None, expand_tuple=True)[source]

	Bases: pylablib.core.utils.functions.IObjectProperty

Object property created from object methods (makes methods look like properties).


	Parameters

	
	getter (callable) – Method invoked on get(). If None, raise RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError] when called.


	setter (callable) – Method invoked on set(). If None, raise RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError] when called.


	remover (callable) – Method invoked on rem(). If None, raise RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError] when called.


	expand_tuple (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and if the first argument in the method call is a tuple,
expand it as an argument list for the underlying function call.









	
get(obj, params=None)[source]

	




	
set(obj, value)[source]

	




	
rem(obj, params=None)[source]

	








	
class pylablib.core.utils.functions.AttrObjectProperty(name, use_getter=True, use_setter=True, use_remover=True, expand_tuple=True)[source]

	Bases: pylablib.core.utils.functions.IObjectProperty

Object property created from object attribute. Works with attributes or properties.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – Attribute name.


	use_getter (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, raise RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError] when calling get method.


	use_setter (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, raise RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError] when calling set method.


	use_remover (bool [https://docs.python.org/3/library/functions.html#bool]) – If False, raise RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError] when calling rem method.


	expand_tuple (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and if the first argument in the method call is a tuple,
expand it as an argument list for the underlying function call.









	
get(obj, params=None)[source]

	




	
set(obj, value)[source]

	




	
rem(obj, params=None)[source]

	








	
pylablib.core.utils.functions.empty_object_property(value=None)[source]

	Dummy property which does nothing and returns value on get (None by default).






	
pylablib.core.utils.functions.obj_prop(*args, **kwargs)[source]

	Build an object property wrapper.

If no arguments (or a single None argument) are suppled, return a dummy property.
If one argument is supplied, return AttrObjectProperty for a property with a given name.
Otherwise, return MethodObjectProperty property.






	
pylablib.core.utils.functions.as_obj_prop(value)[source]

	Turn value into an object property using obj_prop() function.

If it’s already IObjectProperty, return unchanged.
If value is a tuple, expand as an argument list.






	
pylablib.core.utils.functions.delaydef(gen)[source]

	Wrapper for a delayed definition of a function inside of a module.

Useful if defining a function is computationally costly.
The wrapped function should be a generator of the target function rather than the function itself.

On the first call the generator is executed to define the target function, which is then substituted for all subsequent calls.







pylablib.core.utils.general module

Collection of small utilities.


	
pylablib.core.utils.general.set_props(obj, prop_names, props)[source]

	Set multiple attributes of obj.

Names are given by prop_names list and values are given by props list.






	
pylablib.core.utils.general.get_props(obj, prop_names)[source]

	Get multiple attributes of obj.

Names are given by prop_names list.






	
pylablib.core.utils.general.try_method_wrapper(func, method_name=None, inherit_signature=True)[source]

	Decorator that makes the function attempt to call the first argument’s method instead of func.

Before calling the function, try and call a method of the first argument named method_name (func name by default).
If the method exists, call it instead of the wrapped function.
If inherit_signature==True, completely copy the signature of the wrapped method (name, args list, docstring, etc.).






	
pylablib.core.utils.general.to_predicate(x)[source]

	Turn x into a predicate.

If x is callable, it will be called with a single argument and returned value determines if the argument passes.
If x is a container, an argument passes if it’s contained in x.






	
pylablib.core.utils.general.map_container(value, func)[source]

	Map values  in the container.

value can be a tuple, a list or a dict (mapping is applied to the values)
raises ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] if it’s something else.






	
pylablib.core.utils.general.recursive_map(value, func)[source]

	Map container recursively.

value can be a tuple, a list or a dict (mapping is applied to the values).






	
pylablib.core.utils.general.any_item(d)[source]

	Return arbitrary tuple (key, value) contained in the dictionary (works both in Python 2 and 3)






	
pylablib.core.utils.general.merge_dicts(*dicts)[source]

	Combine multiple dict objects together.

If multiple dictionaries have the same keys, later arguments have higher priority.






	
pylablib.core.utils.general.filter_dict(pred, d, exclude=False)[source]

	Filter dictionary based on a predicate.

pred can be a callable or a container (in which case the predicate is true if a value is in the container).
If exclude==True, the predicate is inverted.






	
pylablib.core.utils.general.map_dict_keys(func, d)[source]

	Map dictionary keys with func






	
pylablib.core.utils.general.map_dict_values(func, d)[source]

	Map dictionary values with func






	
pylablib.core.utils.general.to_dict(d, default=None)[source]

	Convert a dict or a list of pairs or single keys (or mixed) into a dict.

If a list element is single, default value is used.






	
pylablib.core.utils.general.to_pairs_list(d, default=None)[source]

	Convert a dict or a list of pairs or single keys (or mixed) into a list of pairs.

If a list element is single, default value is used.
When converting list into list, the order is preserved.






	
pylablib.core.utils.general.invert_dict(d, kmap=None)[source]

	Invert dictionary (switch keys and values).

If kmap is supplied, it’s a function mapping dictionary values into inverted dictionary keys (identity by default).






	
pylablib.core.utils.general.flatten_list(l)[source]

	Flatten nested list/tuple structure into a single list.






	
pylablib.core.utils.general.partition_list(pred, l)[source]

	Split the lis` l into two parts based on the predicate.






	
pylablib.core.utils.general.split_in_groups(key_func, l, continuous=True, max_group_size=None)[source]

	Split the list l into groups according to the key_func.

Go over the list and group the elements with the same key value together.
If continuous==False, groups all elements with the same key together regardless of where they are in the list.
otherwise, group only continuous sequences of the elements with the same key together (element with different key in the middle will result in two groups).
If continuous==True and max_group_size is not None, it determines the maximal size of a group; larger groups are split into separate groups.






	
pylablib.core.utils.general.sort_set_by_list(s, l, keep_duplicates=True)[source]

	Convert the set s into a list ordered by a list l.

Elements in s which are not in l are omitted.
If keep_duplicates==True, keep duplicate occurrences in l in the result; otherwise, only keep the first occurrence.






	
pylablib.core.utils.general.compare_lists(l1, l2, sort_lists=False, keep_duplicates=True)[source]

	Return three lists (l1 and l2, l1-l2, l2-l1).

If sort_lists==True, sort the first two lists by l1, and the last one by l2; otherwise, the order is undefined.
If sort_lists==True, keep_duplicated determines if duplicate elements show up in the result.






	
class pylablib.core.utils.general.DummyResource[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Object that acts as a resource (has __enter__ and __exit__ methods), but doesn’t do anything.

Analog of:

@contextlib.contextmanager
def dummy_resource():
    yield










	
class pylablib.core.utils.general.RetryOnException(tries=None, exceptions=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Wrapper for repeating the same block of code several time if an exception occurs

Useful for filesystem or communication operations, where retrying a failed operation is a valid option.


	Parameters

	
	tries (int [https://docs.python.org/3/library/functions.html#int]) – Determines how many time will the chunk of code execute before re-rasing the exception;
None (default) means no limit


	exceptions (Exception [https://docs.python.org/3/library/exceptions.html#Exception] or list [https://docs.python.org/3/library/stdtypes.html#list]) – A single exception class or a list of exception classes which are going to be silenced.








Example:

for t in RetryOnException(tries,exceptions):
    with t:
        ... do stuff ...





is analogue of:

for i in range(tries):
    try:
        ... do stuff ...
    except exceptions:
        if i==tries-1:
            raise






	
class ExceptionCatcher(retrier, try_number)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
reraise()[source]

	












	
pylablib.core.utils.general.retry_wait(func, try_times=1, delay=0.0, exceptions=None)[source]

	Try calling function (with no arguments) at most try_times as long as it keeps raising exception.

If exceptions is not None, it specifies which exception types should be silenced.
If an exception has been raised, wait delay seconds before retrying.






	
class pylablib.core.utils.general.SilenceException(exceptions=None, on_exception=None, reraise=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Context which silences exceptions raised in a block of code.


	Parameters

	
	exceptions (Exception [https://docs.python.org/3/library/exceptions.html#Exception] or list [https://docs.python.org/3/library/stdtypes.html#list]) – A single exception class or a list of exception classes which are going to be silenced.


	on_exception (callable) – A callback to be invoked if an exception occurs.


	reraise (bool [https://docs.python.org/3/library/functions.html#bool]) – Defines if the exception is re-rased after the callback has been invoked.








A simple bit of syntax sugar. The code:

with SilenceException(exceptions,on_exception,reraise):
    ... do stuff ...





is exactly analogous to:

try:
    ... do stuff ...
except exceptions:
    on_exception()
    if reraise:
        raise










	
pylablib.core.utils.general.full_exit(code=<Signals.SIGTERM: 15>)[source]

	Terminate the current process and all of its threads.

Doesn’t perform any cleanup or resource release; should only be used if the process is irrevocably damaged.






	
pylablib.core.utils.general.topological_order(graph, visit_order=None)[source]

	Get a topological order of a graph.

Return a list of nodes where each node is listed after its children.
If visit_order is not None, it is a list specifying nodes visiting order (nodes earlier in the list are visited first). Otherwise, the visit order is undefined.
graph is a dictionary {node: [children]}.
If graph contains loops, raise ValueError [https://docs.python.org/3/library/exceptions.html#ValueError].






	
class pylablib.core.utils.general.UIDGenerator(thread_safe=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Generator of unique numeric IDs.


	Parameters

	thread_safe (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, using lock to ensure that simultaneous calls from different threads are handled properly.










	
class pylablib.core.utils.general.NamedUIDGenerator(name_template='{0}{1:03d}', thread_safe=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Generator of unique string IDs based on a name.


	Parameters

	
	name_template (str [https://docs.python.org/3/library/stdtypes.html#str]) – Format string with two parameters (name and numeric ID) used to generate string IDs.


	thread_safe (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, using lock to ensure that simultaneous calls from different threads are handled properly.













	
pylablib.core.utils.general.call_every(func, times=1, cooldown=0.0, default=None)[source]

	Wrap func such that calls to it are forwarded only under certain conditions.

If times>1, then func is called after at least times calls to the wrapped function.
If cooldown>0, then func is called after at least cooldown seconds passed since the last call.
If both conditions are specified, they should be satisfied simultaneously.
default specifies return value if func wasn’t called.






	
pylablib.core.utils.general.call_limit(func, times=1, cooldown=0.0, limit=None, default=None)[source]

	Wrap func such that calls to it are forwarded only under certain conditions.

If times>1, then func is called after at least times calls to the wrapped function.
If cooldown>0, then func is called after at least cooldown seconds passed since the last call.
if limit is not None, then func is called only first limit times.
If several conditions are specified, they should be satisfied simultaneously.
default specifies return value if func wasn’t called.
Returned function also has an added method reset, which resets the internal call and time counters.






	
pylablib.core.utils.general.doc_inherit(parent)[source]

	Wrapper for inheriting docstrings from parent classes.

Takes parent class as an argument and replaces the docstring of the wrapped function
by the docstring of the same-named function from the parent class (if available).






	
class pylablib.core.utils.general.Countdown(timeout)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Object for convenient handling of timeouts and countdowns with interrupts.


	Parameters

	timeout (float [https://docs.python.org/3/library/functions.html#float]) – Countdown timeout; if None, assumed to be infinite.






	
reset()[source]

	




	
time_left(bound_below=True)[source]

	Return the amount of time left. For infinite timeout, return None.

If bound_below==True, instead of negative time return zero.






	
time_passed()[source]

	Return the amount of time passed since the countdown start/reset.






	
passed()[source]

	Check if the timeout has passed.










	
class pylablib.core.utils.general.Timer(period, skip_first=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Object for keeping time of repeating tasks.


	Parameters

	period (float [https://docs.python.org/3/library/functions.html#float]) – Timer period.






	
change_period(period, method='current')[source]

	Change the timer period.

method specifies the changing method. Could be "current" (change the period of the ongoing tick), "next" (change the period starting from the next tick),
"reset_skip" (reset the timer and skip the first tick) or "reset_noskip" (reset the timer and don’t skip the first tick).






	
reset(skip_first=False)[source]

	Reset the timer.

If skip_first==False, timer ticks immediately; otherwise, it starts ticking only after one period.






	
time_left(t=None, bound_below=True)[source]

	Return the amount of time left before the next tick.

If bound_below==True, instead of negative time return zero.






	
passed(t=None)[source]

	Return the number of ticks passed.

If timer period is zero, always return 1.






	
acknowledge(n=None, nmin=0)[source]

	Acknowledge the timer tick.

n specifies the number of tick to acknowledge (by default, all passed).
Return number of actually acknowledged ticks (0 if the timer hasn’t ticked since the last acknowledgement).










	
class pylablib.core.utils.general.StreamFileLogger(path, stream=None, lock=None, autoflush=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Steam logger that replaces standard output stream (usually stdout or stderr) and logs them into a file.


	Parameters

	
	path – path to the destination logfile. The file is always appended.


	stream – an optional output stream into which the output will be duplicated; usually, the original stream which is being replaced


	lock – a thread lock object, which is used for any file writing operation;
necessary if replacing standard streams (such as sys.stdout or sys.stderr) in a multithreading environment.


	autoflush – if True, flush after any write operation into stream








It is also possible to subclass the file and overload write_header() method to write a header before the first file write operation during the execution.

The intended use is to log stdout or stderr streams:

import sys, threading
sys.stderr = StreamFileLogger("error_log.txt", stream=sys.stderr, lock=threading.Lock())






	
write_header(f)[source]

	Write header to file stream f






	
add_path(path)[source]

	Add another logging path to the list






	
remove_path(path)[source]

	Remove logging path to the list






	
write(s)[source]

	




	
flush()[source]

	








	
pylablib.core.utils.general.setbp()

	




	
pylablib.core.utils.general.wait_for_keypress(message='Waiting...')[source]

	





pylablib.core.utils.ipc module

Universal interface for inter-process communication.

Focus on higher throughput for large numpy arrays via shared memory.


	
class pylablib.core.utils.ipc.IIPCChannel[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Generic IPC channel interface


	
send(data)[source]

	Send data






	
recv(timeout=None)[source]

	Receive data






	
send_numpy(data)[source]

	Send numpy array






	
recv_numpy(timeout=None)[source]

	Receive numpy array






	
get_peer_args()[source]

	Get arguments required to create a peer connection






	
classmethod from_args(*args)[source]

	Create a peer connection from teh supplied arguments










	
class pylablib.core.utils.ipc.TPipeMsg(id, data)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
data

	




	
id

	








	
class pylablib.core.utils.ipc.PipeIPCChannel(pipe_conn=None)[source]

	Bases: pylablib.core.utils.ipc.IIPCChannel

Generic IPC channel interface using pipe.


	
get_peer_args()[source]

	Get arguments required to create a peer connection






	
send(data)[source]

	Send data






	
recv(timeout=None)[source]

	Receive data










	
class pylablib.core.utils.ipc.SharedMemIPCChannel(pipe_conn=None, arr=None, arr_size=None)[source]

	Bases: pylablib.core.utils.ipc.PipeIPCChannel

Generic IPC channel interface using pipe and shared memory for large arrays.


	
get_peer_args()[source]

	Get arguments required to create a peer connection






	
send_numpy(data, method='auto', timeout=None)[source]

	Send numpy array






	
recv_numpy(timeout=None)[source]

	Receive numpy array










	
class pylablib.core.utils.ipc.TShmemVarDesc(offset, size, kind, fixed_size)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
fixed_size

	




	
kind

	




	
offset

	




	
size

	








	
class pylablib.core.utils.ipc.SharedMemIPCTable(pipe_conn=None, arr=None, arr_size=None, lock=True)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Shared memory table for exchanging shared variables between processes.

Can be used instead of channels for variables which are rarely changed but frequently checked (e.g., status),
or when synchronization of sending and receiving might be difficult


	
add_variable(name, size, kind='pickle')[source]

	Add a variable with a given name.

The variable info is also communicated to the other endpoint.
size determines maximal variable size in bytes. If the actual size ever exceeds it, an exception will be raised.
kind determines the way to convert variable into bytes; can be "pickle" (universal, but large size overhead),
"nps_###"` (where ### can be any numpy scalar dtype description, e.g., "float" or "<u2") for numpy scalars,
or "npa_###"` (where ### means the same as for nps) for numpy arrays (in this case the array size and shape need to be communicated separately).






	
set_variable(name, value)[source]

	Set a variable with a given name.

If the variable is missing, raise an exception.






	
get_variable(name, default=None)[source]

	Get a variable with a given name.

If the variable is missing, return default.






	
is_peer_connected()[source]

	Check if the peer is connected (i.e., the other side of the pipe is initialized)






	
close_connection()[source]

	Mark the connection as closed






	
is_peer_closed()[source]

	Check if the peer is closed






	
get_peer_args()[source]

	Get arguments required to create a peer connection






	
classmethod from_args(*args)[source]

	Create a peer connection from teh supplied arguments











pylablib.core.utils.iterator module

Class for building common iterators


	
class pylablib.core.utils.iterator.AccessIterator(obj, access_function=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Simple sequential access iterator with customizable access function (by default it’s 1D indexing).

Determines end of iterations by IndexError [https://docs.python.org/3/library/exceptions.html#IndexError].


	Parameters

	
	obj – Container to be iterated over.


	access_function (callable) – A function which takes two parameteres obj and idx
and either returns the element or raises IndexError [https://docs.python.org/3/library/exceptions.html#IndexError]. By default, a simple __getitem__ operation.









	
next()

	









pylablib.core.utils.library_parameters module

Storage for global library parameters


	
class pylablib.core.utils.library_parameters.LibraryParametersStorage(root_name)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Global library parameters storage.


	Parameters

	root_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – name of the root module





On creation goes through the root module and all of its submodules and checks if any have '_module_parameters' variable.
If they do, this variable is interpreted as a dictionary with parameters from that module.
All of the found dictionaries are stored together and the contained parameters can be transparently read and changed.


	
refresh()[source]

	Repeat the modules scan (should be called if any of the modules are reloaded)






	
update(d)[source]

	Update parameters with the supplied dictionary











pylablib.core.utils.log module

Logging class that incorporates making file and console logs.
The actions taken can be altered for different message types and level ranges.


	
pylablib.core.utils.log.normalize_level(level)[source]

	




	
class pylablib.core.utils.log.ILogAction[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

The interface for a log action.


	
report(message='', origin=None, kind=None, level='note', display=None, continued=False)[source]

	Report an event.


	Parameters

	
	message (str [https://docs.python.org/3/library/stdtypes.html#str]) – log message


	origin (str [https://docs.python.org/3/library/stdtypes.html#str]) – origin of the message. Can be anything, generally specifies position in the code/runtime


	kind (str [https://docs.python.org/3/library/stdtypes.html#str]) – kind of the message. Can be anything, predefined kinds are:
'progress' (general execution flow), 'debug' (debugging messages), 'unexpected' (unexpected situation),
'info' (generic information), 'exectime' (execution timing)


	level (int [https://docs.python.org/3/library/functions.html#int] or str [https://docs.python.org/3/library/stdtypes.html#str]) – severity of the event. Can be an integer between 0 and 50, or one of the predefined levels:
'misc' (0), 'note' (10), 'warning' (20), 'error' (30), 'failure' (40)


	display (str [https://docs.python.org/3/library/stdtypes.html#str] or tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – message display parameters, which overrides default class parameters.
List of symbols specifying which elements show up in the log record:
't' (event time), 'l' (level), 'k' (kind), 'o' (origin)
If display is a tuple, it defines two formats: for a full record, and for a continued record (added after a record with continued==True)


	continued (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, the event is assumed to be incomplete, and the next report will continue the current record
(applicable to console or file logging, but not error raising)

















	
class pylablib.core.utils.log.LogAction_None[source]

	Bases: pylablib.core.utils.log.ILogAction

Log action that does nothing.


	
report(message='', origin=None, kind=None, level='note', display=None, continued=False)[source]

	Report an event.


	Parameters

	
	message (str [https://docs.python.org/3/library/stdtypes.html#str]) – log message


	origin (str [https://docs.python.org/3/library/stdtypes.html#str]) – origin of the message. Can be anything, generally specifies position in the code/runtime


	kind (str [https://docs.python.org/3/library/stdtypes.html#str]) – kind of the message. Can be anything, predefined kinds are:
'progress' (general execution flow), 'debug' (debugging messages), 'unexpected' (unexpected situation),
'info' (generic information), 'exectime' (execution timing)


	level (int [https://docs.python.org/3/library/functions.html#int] or str [https://docs.python.org/3/library/stdtypes.html#str]) – severity of the event. Can be an integer between 0 and 50, or one of the predefined levels:
'misc' (0), 'note' (10), 'warning' (20), 'error' (30), 'failure' (40)


	display (str [https://docs.python.org/3/library/stdtypes.html#str] or tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – message display parameters, which overrides default class parameters.
List of symbols specifying which elements show up in the log record:
't' (event time), 'l' (level), 'k' (kind), 'o' (origin)
If display is a tuple, it defines two formats: for a full record, and for a continued record (added after a record with continued==True)


	continued (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, the event is assumed to be incomplete, and the next report will continue the current record
(applicable to console or file logging, but not error raising)

















	
class pylablib.core.utils.log.IMessageLogAction(display=('lko', ''), min_display=('', ''))[source]

	Bases: pylablib.core.utils.log.ILogAction

A generic log action that generates a text message.

Operation performed on the text is defined in subclass by overloading report_text().


	Parameters

	
	display (str [https://docs.python.org/3/library/stdtypes.html#str] or tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – default display format (see report() for details)


	min_display (str [https://docs.python.org/3/library/stdtypes.html#str] or tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – default “minimal” display format (applied to all messages regardless of other display parameters)









	
format_time(time=None)[source]

	Build a time string.






	
format_level(level)[source]

	Build a level string.






	
format_kind(kind)[source]

	Build a kind string.






	
format_origin(origin)[source]

	Build an origin string.






	
special_format(message)[source]

	Build a format string.






	
format_message(message='', origin=None, kind=None, level='note', display=None)[source]

	Build a report string.

Parameters are the same as report(), except for the missing continuing parameter.






	
report_text(txt)[source]

	Report the generated text.

To be overloaded in subclasses.






	
report(message='', origin=None, kind=None, level='note', display=None, continued=False)[source]

	Report an event.


	Parameters

	
	message (str [https://docs.python.org/3/library/stdtypes.html#str]) – log message


	origin (str [https://docs.python.org/3/library/stdtypes.html#str]) – origin of the message. Can be anything, generally specifies position in the code/runtime


	kind (str [https://docs.python.org/3/library/stdtypes.html#str]) – kind of the message. Can be anything, predefined kinds are:
'progress' (general execution flow), 'debug' (debugging messages), 'unexpected' (unexpected situation),
'info' (generic information), 'exectime' (execution timing)


	level (int [https://docs.python.org/3/library/functions.html#int] or str [https://docs.python.org/3/library/stdtypes.html#str]) – severity of the event. Can be an integer between 0 and 50, or one of the predefined levels:
'misc' (0), 'note' (10), 'warning' (20), 'error' (30), 'failure' (40)


	display (str [https://docs.python.org/3/library/stdtypes.html#str] or tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – message display parameters, which overrides default class parameters.
List of symbols specifying which elements show up in the log record:
't' (event time), 'l' (level), 'k' (kind), 'o' (origin)
If display is a tuple, it defines two formats: for a full record, and for a continued record (added after a record with continued==True)


	continued (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, the event is assumed to be incomplete, and the next report will continue the current record
(applicable to console or file logging, but not error raising)

















	
class pylablib.core.utils.log.LogAction_Console[source]

	Bases: pylablib.core.utils.log.IMessageLogAction

The log action that generates a report text and writes it to the console.


	
report_text(txt)[source]

	Write the message to the console.










	
class pylablib.core.utils.log.LogAction_File(path=None, display=('tlko', ''), min_display=('tlko', ''))[source]

	Bases: pylablib.core.utils.log.IMessageLogAction

The log action that generates a report text and writes it to a log file.


	Parameters

	
	path (str [https://docs.python.org/3/library/stdtypes.html#str]) – path to the log file. The file is always appended.


	display (str [https://docs.python.org/3/library/stdtypes.html#str] or tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – default display format (see IMessageLogAction.report() for details)


	min_display (str [https://docs.python.org/3/library/stdtypes.html#str] or tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – default “minimal” display format (applied to all messages regardless of other display parameters)









	
report_text(txt)[source]

	Write the message to the log file.










	
exception pylablib.core.utils.log.LogError(message)[source]

	Bases: Exception [https://docs.python.org/3/library/exceptions.html#Exception]

The standard log exception. Raised on LogAction_Exception action.






	
class pylablib.core.utils.log.LogAction_Exception(display='tlko')[source]

	Bases: pylablib.core.utils.log.IMessageLogAction

The log action that generates a report text and raises a LogError exception with it.


	
report_text(txt)[source]

	Report the generated text.

To be overloaded in subclasses.










	
class pylablib.core.utils.log.Log(enabled=True)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Log object.

Handles dispatching of report to appropriate actions according to the set rules (see add_rule()).


	Actions can be added using add_named_action(). The pre-existing actions are:

	
	'console' (prints the message to the console, see LogAction_Console)


	'file' (writes the message to a log file, see LogAction_File)


	'exception' (raises message as an exception, see LogAction_Exception).









	Parameters

	enabled (bool [https://docs.python.org/3/library/functions.html#bool]) – determines if the logger is enabled by default (a disabled logger never invokes any actions).






	
enable(enabled=True)[source]

	Enable or disable the log.






	
add_named_action(name, action)[source]

	Add an action to the log under the given name






	
get_named_action(name)[source]

	Get the action with the given name






	
set_logfile(path, name='file')[source]

	Set the log file path of the log action with the given name.






	
add_rule(action, origin='', kind='*', level_range=None, **kwargs)[source]

	Add a reporting rule.


	Parameters

	
	action (str [https://docs.python.org/3/library/stdtypes.html#str]) – name of the action invoked


	origin (str [https://docs.python.org/3/library/stdtypes.html#str]) – origin prefix specifying the rule domain (by default, empty prefix, i.e., any origin)


	kind (str [https://docs.python.org/3/library/stdtypes.html#str]) – a kind name or '*' (all kinds; default) for which the action is invoked


	level_range (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – a range (lower and upper bound) of levels for which the action is invoked


	**kwargs – additional arguments passed to the action report method (override the default action arguments, but are overridden by the report arguments)








If several rules are applicable to the same message, all of them are invoked.






	
remove_rule(action=None, origin='', kind='*', level_range=None)[source]

	Remove a reporting rule.


	Parameters

	
	action (str [https://docs.python.org/3/library/stdtypes.html#str]) – name of the action to be removed


	origin (str [https://docs.python.org/3/library/stdtypes.html#str]) – origin prefix specifying the rule domain (by default, empty prefix, i.e., any origin)


	kind (str [https://docs.python.org/3/library/stdtypes.html#str]) – a kind name or '*' (all kinds; default) for which the action is removed


	level_range (tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – a range (lower and upper bound) of levels for which the action will be removed













	
report(message='', origin=None, kind=None, level='note', display=None, continued=False, action=None)[source]

	Report an event.


	Parameters

	
	message (str [https://docs.python.org/3/library/stdtypes.html#str]) – log message


	origin (str [https://docs.python.org/3/library/stdtypes.html#str]) – origin of the message. Can be anything, generally specifies position in the code/runtime


	kind (str [https://docs.python.org/3/library/stdtypes.html#str]) – kind of the message. Can be anything, predefined kinds are:
'progress' (general execution flow), 'debug' (debugging messages), 'unexpected' (unexpected situation),
'info' (generic information), 'exectime' (execution timing)


	level (int [https://docs.python.org/3/library/functions.html#int] or str [https://docs.python.org/3/library/stdtypes.html#str]) – severity of the event. Can be an integer between 0 and 50, or one of the predefined levels:
'misc' (0), 'note' (10), 'warning' (20), 'error' (30), 'failure' (40)


	display (str [https://docs.python.org/3/library/stdtypes.html#str] or tuple [https://docs.python.org/3/library/stdtypes.html#tuple]) – message display parameters, which overrides default class parameters.
List of symbols specifying which elements show up in the log record:
't' (event time), 'l' (level), 'k' (kind), 'o' (origin)
If display is a tuple, it defines two formats: for a full record, and for a continued record (added after a record with continued==True)


	continued (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, the event is assumed to be incomplete, and the next report will continue the current record
(applicable to console or file logging, but not error raising)













	
error(message='', origin=None, kind='unexpected', level='error', display=None, continued=False, action=None)[source]

	Generate an error report (same as report(), but with different default arguments).






	
prog(message='', origin=None, kind='progress', level='note', display=('o', ''), continued=False, action=None)[source]

	Generate a progress report (same as report(), but with different default arguments).






	
progc(message='', origin=None, kind='progress', level='note', display=('o', ''), continued=True, action=None)[source]

	Generate a continued progress report (same as report(), but with different default arguments).






	
info(message='', origin=None, kind='info', level='note', display=('o', ''), continued=False, action=None)[source]

	Generate an info report (same as report(), but with different default arguments).






	
infoc(message='', origin=None, kind='info', level='note', display=('o', ''), continued=True, action=None)[source]

	Generate a continued info report (same as report(), but with different default arguments).






	
debug(message='', origin=None, kind='debug', level='note', display=('o', ''), continued=False, action=None)[source]

	Generate a debug report (same as report(), but with different default arguments).






	
debugc(message='', origin=None, kind='debug', level='note', display=('o', ''), continued=True, action=None)[source]

	Generate a continued debug report (same as report(), but with different default arguments).






	
etime(message='', origin=None, kind='exectime', level='note', display=('to', ''), continued=False, action=None)[source]

	Generate an execution time report (same as report(), but with different default arguments).






	
etimec(message='', origin=None, kind='exectime', level='note', display=('to', ''), continued=True, action=None)[source]

	Generate a continued execution time report (same as report(), but with different default arguments).






	
enable_kind(kind, enable=True, level=0, action='console', **kwargs)[source]

	








	
pylablib.core.utils.log.default_log = <pylablib.core.utils.log.Log object>

	Default logger.

Raises exception on any reports with level=='error'; prints to console on any reports with kind=='unexpected'.






	
pylablib.core.utils.log.read_log(path, strict=True, required=None, bad_line_action='append')[source]

	Read the log file.

Return a list of lines, where each line is a dictionary {'time':time, 'level':level, 'kind':kind, 'origin':origin, 'message':message'}.
If some elements of the line are missing from the message, set them to None.
Try to convert the time string into a datetime.datetime [https://docs.python.org/3/library/datetime.html#datetime.datetime] object and the level string into an integer.


	Parameters

	
	path (str [https://docs.python.org/3/library/stdtypes.html#str]) – path to the file.


	strict (bool [https://docs.python.org/3/library/functions.html#bool]) – if True and time or level can’t be converted, treat the line as invalid


	required (list [https://docs.python.org/3/library/stdtypes.html#list]) – list of required non-None line items to consider it valid


	bad_line_action (str [https://docs.python.org/3/library/stdtypes.html#str]) – if 'ingore', ignore all bad lines; if 'append', append bad lines to messages of the previous valid lines
(i.e., assume that the messages can span several lines)














pylablib.core.utils.module module

Library for dealing with python module properties.


	
pylablib.core.utils.module.get_package_version(pkg)[source]

	Get the version of the package.

If the package version is unavailable, return None.






	
pylablib.core.utils.module.cmp_versions(ver1, ver2)[source]

	Compare two package versions.

Return '<' if the first version is older (smaller), '>' if it’s younger (larger) or '=' if it’s the same.






	
pylablib.core.utils.module.cmp_package_version(pkg, ver)[source]

	Compare current package version to ver.

ver should be a name of the package (rather than the module).
Return '<' if current version is older (smaller), '>' if it’s younger (larger) or '=' if it’s the same.
If the package version is unavailable, return None.






	
pylablib.core.utils.module.expand_relative_path(module_name, rel_path)[source]

	Turn a relative module path into an absolute one.

module_name is the absolute name of the reference module, rel_path is the path relative to this module.






	
pylablib.core.utils.module.get_loaded_package_modules(pkg_name)[source]

	Get all modules in the package pkg_name.

Returns a dict {name: module}.






	
pylablib.core.utils.module.get_reload_order(modules)[source]

	Find reload order for modules which respects dependencies (a module is loaded before its dependants).

modules is a dict {name: module}.

The module dependencies (i.e., the modules which the current module depends on) are described in the variable _depends_local defined at its toplevel
(missing variable means no dependencies).






	
pylablib.core.utils.module.reload_package_modules(pkg_name, ignore_errors=False)[source]

	Reload package pkg_name, while respecting dependencies of its submodules.

If ignore_errors=True, ignore ImportError [https://docs.python.org/3/library/exceptions.html#ImportError] exceptions during the reloading process.






	
pylablib.core.utils.module.unload_package_modules(pkg_name, ignore_errors=False)[source]

	Reload package pkg_name, while respecting dependencies of its submodules.

If ignore_errors=True, ignore ImportError [https://docs.python.org/3/library/exceptions.html#ImportError] exceptions during the reloading process.






	
pylablib.core.utils.module.get_library_path()[source]

	Get a filesystem path for the pyLabLib library (the one containing current the module).






	
pylablib.core.utils.module.get_library_name()[source]

	Get the name for the pyLabLib library (the one containing current the module).






	
pylablib.core.utils.module.pip_install(pkg, upgrade=True)[source]

	Call pip install for a given package.

If upgrade==True, call with --upgrade key (upgrade current version if it is already installed).






	
pylablib.core.utils.module.install_if_older(pkg, min_ver='')[source]

	Install pkg from the default PyPI repository if its version is lower that min_ver

If min_ver is None, upgrade to the newest version regardless; if min_ver=="", install only if no version is installed







pylablib.core.utils.net module

A wrapper for built-in TCP/IP routines.


	
exception pylablib.core.utils.net.SocketError[source]

	Bases: OSError [https://docs.python.org/3/library/exceptions.html#OSError]

Base socket error class.






	
exception pylablib.core.utils.net.SocketTimeout[source]

	Bases: pylablib.core.utils.net.SocketError

Socket timeout error.






	
pylablib.core.utils.net.get_local_addr()[source]

	Get local IP address.






	
pylablib.core.utils.net.get_all_local_addr()[source]

	Get a list of all local IP address.






	
pylablib.core.utils.net.get_local_hostname()[source]

	Get a local host name.






	
class pylablib.core.utils.net.ClientSocket(sock=None, timeout=None, wait_callback=None, send_method='decllen', recv_method='decllen', datatype='auto', nodelay=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A client socket (used to connect to a server socket).


	Parameters

	
	sock (socket.socket) – If not None, use already created socket.


	timeout (float [https://docs.python.org/3/library/functions.html#float]) – The timeout used for connecting and sending/receiving (None means no timeout).


	wait_callback (callable) – Called periodically (every 100ms by default) while waiting for connecting or sending/receiving.


	send_method (str [https://docs.python.org/3/library/stdtypes.html#str]) – Default sending method.


	recv_method (str [https://docs.python.org/3/library/stdtypes.html#str]) – Default receiving method.


	datatype (str [https://docs.python.org/3/library/stdtypes.html#str]) – Type of the returned data; can be "bytes" (return bytes object), "str" (return str object),
or "auto" (default Python result: str in Python 2 and bytes in Python 3)


	nodelay (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to enable TCP_NODELAY.









	Possible sending/receiving methods are:

	
	'fixedlen': data is sent as is, and receiving requires to know the length of the message;


	'decllen': data is prepended by a length, and receiving reads this length and doesn’t need predetermined length info.









	
sock

	Correpsonding Python socket.


	Type

	socket.socket










	
decllen_bo

	Byteorder of the prependend length for 'decllen' sending method.
Can be either '>' (big-endian, default) or '<'.


	Type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
decllen_ll

	Length of the prependend length for 'decllen' sending method; default is 4 bytes.


	Type

	int [https://docs.python.org/3/library/functions.html#int]










	
set_wait_callback(wait_callback=None)[source]

	Set callback function for waiting during connecting or sending/receiving.






	
set_timeout(timeout=None)[source]

	Set timeout for connecting or sending/receiving.






	
get_timeout()[source]

	Get timeout for connecting or sending/receiving.






	
using_timeout(timeout=None)[source]

	Context manager for usage of a different timeout inside a block.






	
connect(host, port)[source]

	Connect to a remote host.






	
close()[source]

	Close the connection.






	
is_connected()[source]

	Check if the connection is opened






	
get_local_name()[source]

	Return IP address and port of this socket.






	
get_peer_name()[source]

	Return IP address and port of the peer socket.






	
recv_fixedlen(l)[source]

	Receive fixed-length message of length l.






	
recv_delimiter(delim, lmax=None, chunk_l=1024, strict=False)[source]

	Receive a single message ending with a delimiter delim (can be several characters, or list several possible delimiter strings).

lmax specifies the maximal received length (None means no limit).
chunk_l specifies the size of data chunk to be read in one try.
If strict==False, keep receiving as much data as possible until a delimiter is found in the end (only works properly if a single line is expected);
otherwise, receive the data byte-by-byte and stop as soon as a delimiter is found (equivalent ot setting chunk_l=1).






	
recv_decllen()[source]

	Receive variable-length message (prepended by its length).

Length format is described by decllen_bo and decllen_ll attributes.






	
recv(l=None)[source]

	Receive a message using the default method.






	
recv_all(chunk_l=1024)[source]

	Receive all of the data currently in the socket.

chunk_l specifies the size of data chunk to be read in one try.
For technical reasons, use 1ms timeout (i.e., this operation takes 1ms).






	
recv_ack(l=None)[source]

	Receive a message using the default method and send an acknowledgement (message length).






	
send_fixedlen(msg)[source]

	Send a message as is.






	
send_decllen(msg)[source]

	Send a message as a variable-length (prepending its length in the sent message).

Length format is described by decllen_bo and decllen_ll attributes.






	
send_delimiter(msg, delimiter)[source]

	Send a message with a delimiter delim (can be several characters).






	
send(msg)[source]

	Send a message using the default method.






	
send_ack(msg)[source]

	Send a message using default method and wait for acknowledgement (message length).

If the acknowledgement message length doesn’t agree, raise SocketError.










	
pylablib.core.utils.net.recv_JSON(socket, chunk_l=1024, strict=True)[source]

	Receive a complete JSON token from the socket.

chunk_l specifies the size of data chunk to be read in one try.
If strict==False, keep receiving as much data as possible until the received data forms a complete JSON token.
otherwise, receive the data byte-by-byte and stop as soon as a token is formed (equivalent ot setting chunk_l=1).






	
pylablib.core.utils.net.listen(host, port, conn_func, port_func=None, wait_callback=None, timeout=None, backlog=10, wrap_socket=True, connections_number=None, socket_args=None)[source]

	Run a server socket at the given host and port.


	Parameters

	
	host (str [https://docs.python.org/3/library/stdtypes.html#str]) – Server host address. If None, use the local host defined by socket.gethostname() [https://docs.python.org/3/library/socket.html#socket.gethostname].


	port (int [https://docs.python.org/3/library/functions.html#int]) – Server port. If 0, generate an arbitrary free port.


	conn_func (callable) – Called with the client socket as a single argument every time a connection is established.


	port_func (callable) – Called with the port as a single argument when the listening starts (useful with port=0).


	wait_callback (callable) – A callback function which is called periodically (every 100ms by default) while awaiting for connections.


	timeout (float [https://docs.python.org/3/library/functions.html#float]) – Timeout for waiting for the connections (None is no timeout).


	backlog (int [https://docs.python.org/3/library/functions.html#int]) – Backlog length for the socket (see socket.socket.listen() [https://docs.python.org/3/library/socket.html#socket.socket.listen]).


	wrap_socket (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, wrap the client socket of the connection into ClientSocket class;
otherwise, return socket.socket object.


	connections_number (int [https://docs.python.org/3/library/functions.html#int]) – Specifies maximal number of connections before the listening function returns (by default, the number is unlimited).


	socket_args (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – parameters passed to ClientSocket constructor.








Checking for connections is paused until conn_func returns.
If multiple connections are expected, conn_func should spawn a separate processing thread and return.







pylablib.core.utils.numclass module

Contains utilities for simplifying emulation of numerical classes.


	
pylablib.core.utils.numclass.iadd(a, b)[source]

	




	
pylablib.core.utils.numclass.isub(a, b)[source]

	




	
pylablib.core.utils.numclass.imul(a, b)[source]

	




	
pylablib.core.utils.numclass.idiv(a, b)[source]

	




	
pylablib.core.utils.numclass.ipow(a, b)[source]

	




	
pylablib.core.utils.numclass.ifloordiv(a, b)[source]

	




	
pylablib.core.utils.numclass.imod(a, b)[source]

	




	
pylablib.core.utils.numclass.ilshift(a, b)[source]

	




	
pylablib.core.utils.numclass.irshift(a, b)[source]

	




	
pylablib.core.utils.numclass.iand(a, b)[source]

	




	
pylablib.core.utils.numclass.ior(a, b)[source]

	




	
pylablib.core.utils.numclass.ixor(a, b)[source]

	




	
class pylablib.core.utils.numclass.NumClass[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Simplifies numerical class emulation.

Defines all of the built-in arithmetic functions and generic methods for handling them.

The most generic method is


	
_perform_numop(x, op_func, op_sym)[source]

	Perform a numeric operation.

Abstract method, has to be overloaded in subclasses.


	Parameters

	
	x – A second argument (None if the operation is unary).


	op_func (callable) – A default function which performs the operation
(e.g., lambda (x, y): x + y for addition).


	op_sym (str [https://docs.python.org/3/library/stdtypes.html#str]) – A symbol for the operation.












The other more specialized methods are (by default they all invoke _perform_numop()):


	
_perform_numop_l()[source]

	Binary operations with the object as the first argument (e.g., obj + x).






	
_perform_numop_r()[source]

	Binary operations with the object as the second argument (e.g., x + obj).






	
_perform_numop_i()[source]

	Binary in-place operations (e.g., obj += x).






	
_perform_numop_u()[source]

	Unary operations (e.g., -obj).






	
_perform_numop_comp()[source]

	Binary comparison operation (e.g., obj < x).





A class-level set _numops_impl contains symbols for operations which are implemented.
By default, the operations not contained in _numops_impl raise NotImplementedError [https://docs.python.org/3/library/exceptions.html#NotImplementedError].


	The operation symbols are:

	
	
	arithmetic binary operations with the object as the first argument:

	'l+', 'l-', 'l*', 'l/', 'l**', 'l//', 'l%'
(contained in constant _numops_arith_l)







	
	arithmetic binary operations with the object as the second argument:

	'r+', 'r-', 'r*', 'r/', 'r**', 'r//', 'r%'
(contained in constant _numops_arith_r)







	
	arithmetic binary in-place operations:

	'i+', 'i-', 'i*', 'i/', 'i**', 'i//', 'i%'
(contained in constant _numops_arith_i)







	
	arithmetic unary operations:

	'u+', 'u-', 'uabs'
(contained in constant _numops_arith_u)







	
	bitwise binary operations with the object as the first argument:

	'l<<', 'l>>', 'l&', 'l|', 'l^'
(contained in constant _numops_bitwise_l)







	
	bitwise binary operations with the object as the second argument:

	'r<<', 'r>>', 'r&', 'r|', 'r^'
(contained in constant _numops_bitwise_r)







	
	bitwise binary in-place operations:

	'i<<', 'i>>', 'i&', 'i|', 'i^'
(contained in constant _numops_bitwise_i)







	
	bitwise unary operations:

	'u~'
(contained in constant _numops_bitwise_u)







	
	comparison operations:

	'<', '<=', '>', '>=', '==', '!='
(contained in constant _numpos_comp)



















pylablib.core.utils.numerical module

Numerical functions that don’t deal with sequences (those are contained in waveforms.general).


	
pylablib.core.utils.numerical.gcd(*numbers)[source]

	Euclid’s algorithm for GCD. Arguments are cast to integer.






	
pylablib.core.utils.numerical.integer_distance(x)[source]

	Get distance to the closes integer






	
pylablib.core.utils.numerical.gcd_approx(a, b, min_fraction=1e-08, tolerance=1e-05)[source]

	Approximate Euclid’s algorithm for possible non-integer values.

Try to find a number d such that a/d and b/d are less than tolerance away from a closest integer.
If GCD becomes less than min_fraction * min(a, b), raise ArithmeticError [https://docs.python.org/3/library/exceptions.html#ArithmeticError].






	
pylablib.core.utils.numerical.round_significant(x, n)[source]

	Rounds x to n significant digits (not the same as n decimal places!).






	
pylablib.core.utils.numerical.limit_to_range(x, min_val=None, max_val=None, default=0)[source]

	Confine x to the given limit.

Default limit values are None, which means no limit.






	
class pylablib.core.utils.numerical.infinite_list(start=0, step=1)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Mimics the behavior of the usual list, but is infinite and immutable.

Supports accessing elements, slicing (including slices giving infinite lists) and iterating.
Iterating over it naturally leads to an infinite loop, so it should only be used either for finite slices or for loops with break condition.


	Parameters

	
	start – The first element of the list.


	step – List step.









	
class counter(lst)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
next()

	












	
pylablib.core.utils.numerical.unity()[source]

	Return a unity function






	
pylablib.core.utils.numerical.constant(c)[source]

	Return a function which returns a constant c.

c can only be either a scalar, or an array-like object with the shape matching the expected argument.






	
pylablib.core.utils.numerical.polynomial(coeffs)[source]

	Return a polynomial function which with coefficients coeffs.

Coefficients are list lowest-order first, so that coeffs[i] is the coefficient in front of x**i.







pylablib.core.utils.observer_pool module

A simple observer pool (notification pool) implementeation.


	
class pylablib.core.utils.observer_pool.ObserverPool(expand_tuple=True)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

An observer pool.

Stores notification functions (callbacks), and calls them whenever notify() is called.
The callbacks can have priority (higher priority ones are called first) and filter (observer is only called if the filter function passes the notification tag).


	Parameters

	expand_tuple (bool [https://docs.python.org/3/library/functions.html#bool]) – if True and the notification value is a tuple, treat it as an argument list for the callback functions.






	
class Observer(filt, callback, priority, attr, cacheable)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
attr

	




	
cacheable

	




	
callback

	




	
filt

	




	
priority

	








	
add_observer(callback, name=None, filt=None, priority=0, attr=None, cacheable=False)[source]

	Add the observer callback.


	Parameters

	
	callback (callable) – callback function; takes at least one argument (notification tag), and possible more depending on the notification value.


	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – stored callback name; by default, a unique name is auto-generated


	filt (callable or None [https://docs.python.org/3/library/constants.html#None]) – a filter function for this observer (the observer is called only if the notify() function tag and value pass the filter); by default, all tags are accepted


	priority (int [https://docs.python.org/3/library/functions.html#int]) – callback priority; higher priority callback are invoked first.


	attr – additional observer attributes (can be used by ObserverPool subclasses to change their behavior).


	cacheable (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, assumes that the filter function only depends on the tag, so its calls can be cached.






	Returns

	callback name (equal to name if supplied; an automatically generated name otherwise).










	
remove_observer(name)[source]

	Remove the observer callback with the given name.






	
find_observers(tag, value)[source]

	




	
notify(tag, value=())[source]

	Notify the obserevers by calling their callbacks.

Return a dictionary of the callback results.
By default the value is an empty tuple: for expand_tuple==True this means that only one argument (tag) is passed to the callbacks.











pylablib.core.utils.plotting module

Utilities for matplotlib plotting.


	
class pylablib.core.utils.plotting.IRecurrentPlot(fig=None, auto_clear=True, auto_relim=True, auto_layout=True)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Recurrent plot.

Can be used to plot multiple similar datasets in the same plot.

First ploting call creates figure and axes (calling plot_prepare() method);
all consecutive calls only change the data (calling plot_next() method).
This way the figure is preserved between the plotting calls, which decreases resource consumption and minimizes matplotlib memory leaks.


	Parameters

	
	fig (matplotlib.figure.Figure [https://matplotlib.org/api/figure_api.html#matplotlib.figure.Figure]) – If not None, the figure to use for plotting.


	auto_clear (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, clear plot (empty data) before each subsequent plotting.


	auto_relim (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, rescale plot after each plotting.


	auto_layout (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, call tight_layout after each plotting.









	
plot_prepare(*args, **vargs)[source]

	Prepare plot.

Abstract method, has to be overloaded in subclasses.

Called once before the first plotting happens.






	
plot_clear()[source]

	Clear the ploted data.






	
plot_next(*args, **kwargs)[source]

	Plot data.

Abstract method, has to be overloaded in subclasses.

Called every time the data is updated.






	
setup_figure()[source]

	Create a figure if it hasn’t been created already.






	
setup_prepare(*args, **kwargs)[source]

	Prepare the plot if it hasn’t been prepared already.






	
plot(*args, **kwargs)[source]

	Plot the data.

The supplied arguments are redirected to the overloaded methods plot_prepare() and plot_next().






	
savefig(path, *args, **kwargs)[source]

	Save the figure to the location defined by path.

Arguments are passed to matplotlib.figure.Figure.savefig() [https://matplotlib.org/api/figure_api.html#matplotlib.figure.Figure.savefig].






	
close()[source]

	Clear and close the figure.










	
class pylablib.core.utils.plotting.GenericPlotter(axes_num=1, plots_num=1, axes_names=None, log_x=False, log_y=False, xlabel='', ylabel='', legend=None, xscale=1.0, yscale=1.0, fig=None)[source]

	Bases: pylablib.core.utils.plotting.IRecurrentPlot

Generic multi-axes plotter.


	Parameters

	
	axes_num (int [https://docs.python.org/3/library/functions.html#int]) – Number of axes in the figure (all are aligned vertically).


	plots_num – Number of plot lines;
can be either an integer (all plots have the same number of lines) or an integer list of length axes_num.


	axes_names ([str [https://docs.python.org/3/library/stdtypes.html#str]]) – Names of axes for referencing in plotting (ordered integers by default).


	log_x/log_y – Use log scale for x/y axes;
can be either a single bool (all plots have the same scale) or list of a bool list of length axes_num.


	xlabel/ylabel – Labels for for x/y axes;
can be either a single string (all plots have the same axes labels) or a string list with length axes_num.


	legend ([str [https://docs.python.org/3/library/stdtypes.html#str]]) – Plot legends


	xscale/yscale – Scales for x/y axes (supplied data is multiplied by these scales before plotting);
can be either a single float (all axes have the same scale)
or list of floats with length axes_num (all plots in the same axes have the same scale)
or list of lists of floats (specifies scale for each line in each plot separately)


	fig (matplotlib.figure.Figure [https://matplotlib.org/api/figure_api.html#matplotlib.figure.Figure]) – If not None, the figure to use for plotting.









	
plot_prepare(*args, **kwargs)[source]

	Prepare the plot if it hasn’t been prepared already.






	
plot_next(data, legend=None)[source]

	Plot data.

Data is a list of lists [axes_num][plot_num] of 1D or 2D 2-columns array.










	
pylablib.core.utils.plotting.add_all_subplots(fig, r, c=None, *args, **vargs)[source]

	




	
pylablib.core.utils.plotting.iterlabels(obj, include=['axes', 'ticks', 'title'])[source]

	Iterate over text labels in obj.


	Parameters

	
	obj – can be a single Axes or a Figure (in which case iteration goes over all contained axes).


	include ([str [https://docs.python.org/3/library/stdtypes.html#str]]) – determines which kind of labels are iterated over. Can contain "axes" (axes label), "ticks" (axes tick labels) and "title" (plot title).













	
pylablib.core.utils.plotting.plot_func(func, rng, *args, **kwargs)[source]

	Plot a callable function over a given range.

rng is a tuple (start, stop, points_number) passed to numpy.linspace() [https://numpy.org/doc/stable/reference/generated/numpy.linspace.html#numpy.linspace] to generate plot points.
The rest of the arguments is the same as in matplotlib.pyplot.plot() [https://matplotlib.org/api/_as_gen/matplotlib.pyplot.plot.html#matplotlib.pyplot.plot].






	
pylablib.core.utils.plotting.plot_columns(data, x_column, y_column, *args, **kwargs)[source]

	Plot two data columns vs each other.







pylablib.core.utils.pstorage module

Implements names lifting feature (works both for attributes and for methods), similar to the standard class inheritance.
The goal is solely to simplify syntax (shortcut access to parameters deep in the subarguments tree).
Multiple inclusion is allowed (e.g., A->B->C and A->D->C), but recursive containment (A->B->C->A) is not.


	
class pylablib.core.utils.pstorage.ParametersStorage[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

The basic class that stores local parameters and references to other (imported) storages.






	
class pylablib.core.utils.pstorage.ParametersStorageInterface[source]

	Bases: pylablib.core.utils.pstorage.ParametersStorage

An interface of the ParametersStorage.

Lets access parameters as if they were attributes or container items, and implements __dir__ method for autocomplete.
By default, the attribute interface (s.p=0) adds a usual attribute, while the container interface (s["p"]=0) adds a new local parameter.


	
descriptor_to_storage(desc_name, stored_name=None)[source]

	Add a descriptor (usually a property) with the name desc_name to the storage.

If stored_name is not None, use it as the name of the parameter inside the storage.










	
pylablib.core.utils.pstorage.init(init_func)[source]

	__init__ function decorator.







pylablib.core.utils.py3 module

Dealing with Python2 / Python3 compatibility.


	
pylablib.core.utils.py3.as_str(data)[source]

	




	
pylablib.core.utils.py3.as_bytes(data)[source]

	




	
pylablib.core.utils.py3.as_builtin_bytes(data)[source]

	




	
pylablib.core.utils.py3.as_datatype(data, datatype)[source]

	





pylablib.core.utils.rpyc module

Routines and classes related to RPyC package


	
pylablib.core.utils.rpyc.obtain(proxy, serv=None)[source]

	Obtain a remote netfref object by value (i.e., copy it to the local Python instance).

Wrapper around rpyc.utils.classic.obtain() [https://rpyc.readthedocs.io/en/latest/api/utils_classic.html#rpyc.utils.classic.obtain] with some special cases handling.
serv specifies the current remote service. If it is of type SocketTunnelService, use its socket tunnel for faster transfer.






	
pylablib.core.utils.rpyc.transfer(obj, serv)[source]

	Send a local object to the remote PC by value (i.e., copy it to the remote Python instance).

A ‘reversed’ version of obtain().






	
class pylablib.core.utils.rpyc.SocketTunnelService(server=False)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Extension of the standard rpyc.core.service.SlaveService [https://rpyc.readthedocs.io/en/latest/api/core_service.html#rpyc.core.service.SlaveService] with built-in network socket tunnel for faster data transfer.

In order for the tunnel to work, services on both ends need to be subclasses of SocketTunnelService.
Because of the initial setup protocol, the two services are asymmetric: one should be ‘server’ (corresponding to the listening server),
and one should be ‘client’ (external connection). The roles are decided by the server constructor parameter.


	
tunnel_send(obj, packer=None)[source]

	Send data through the socket tunnel.

If packer is not None, it defines a function to convert obj to a bytes string.






	
tunnel_recv(unpacker=None)[source]

	Receive data sent through the socket tunnel.

If unpacker is not None, it defines a function to convert the received bytes string into an object.






	
obtain(proxy)[source]

	Execute obtain() on the local instance






	
transfer(obj)[source]

	Execute transfer() on the local instance






	
on_connect(conn)[source]

	




	
on_disconnect(conn)[source]

	








	
class pylablib.core.utils.rpyc.DeviceService(verbose=False)[source]

	Bases: pylablib.core.utils.rpyc.SocketTunnelService

Device RPyC service.

Expands on SocketTunnelService by adding get_device() method,
which opens local devices, tracks them, and closes them automatically on disconnect.


	
on_connect(conn)[source]

	




	
on_disconnect(conn)[source]

	




	
get_device(module, cls, *args, **kwargs)[source]

	Connect to a device.

cls and module are names of the device class and the containing module
(for module name the "pylablib.aux_libs.devices" prefix can be omitted)










	
pylablib.core.utils.rpyc.run_device_service(port=18812, verbose=False)[source]

	Start DeviceService at the given port






	
pylablib.core.utils.rpyc.connect_device_service(addr, port=18812, timeout=3, attempts=2)[source]

	Connect to the DeviceService running at the given address and port

timeout and attempts define respectively timeout of a single connection attempt, and the number of attempts
(RPyC default is 3 seconds timeout and 6 attempts).







pylablib.core.utils.serializable module

Mixing class for converting object into dict structure.
If an attribute of an object is also serializable, it is going to be added to the top level of the dict.
Avoid recursive attributes (x.a=y; y.b=x), since they will lead to errors while trying to load an object.
Avoid recursive containers (x[0]=y; y[0]=x), since they will lead to an infinite loop while serializing.
Choice of the attributes to serialize is the same for all objects of the same class


	
class pylablib.core.utils.serializable.Serializable(name=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A serializable object: can be converted to/from a dictionary structure.






	
pylablib.core.utils.serializable.init_name(object_name_arg='name')[source]

	__init__ function decorator.






	
pylablib.core.utils.serializable.init(init_func)

	




	
pylablib.core.utils.serializable.to_dict(objects, full_dict=None, deep_copy=True)[source]

	Serialize the list of objects into the dictionary.

Return full_dict.
If deep_copy==True, attempt to copy (call .copy() method) all non-serializable attributes before storing them in the dictionary.
Only Serializable objects get serialized.






	
pylablib.core.utils.serializable.from_dict(full_dict, case_sensitive=True, deep_copy=True)[source]

	Deserialize objects from the dictionary.

Return a dictionary {name: object} containing the extracted objects.
If deep_copy==True, attempt to copy (call .copy() method) all non-serializable attributes before assigning them as objects attributes.
Only Serializable objects get deserialized.







pylablib.core.utils.strdump module

Utils for converting variables into standard python objects (lists, dictionaries, strings, etc.) and back (e.g., for a more predictable LAN transfer).
Provides an extension for pickle for more customized classes (numpy arrays, Datatable, Dictionary).


	
class pylablib.core.utils.strdump.StrDumper[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Class for dumping and loading an object.

Stores procedures for dumping and loading, i.e.,
conversion from complex classes (such as Dictionary) to simple built-in classes (such as dict [https://docs.python.org/3/library/stdtypes.html#dict] or str [https://docs.python.org/3/library/stdtypes.html#str]).


	
add_class(cls, dumpf=None, loadf=None, name=None, allow_subclass=True, recursive=False)[source]

	Add a rule for dumping/loading an object of class cls.


	Parameters

	
	cls – 


	dumpf (callable) – Function for dumping an object of the class; None means identity function.


	loadf (callable) – Function for loading an object of the class; None means identity function.


	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – Name of class, which is stored in the packed data (cls.__name__ by default).


	allow_subclass (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, this rule is also used for subclasses of this class.


	recursive (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, the functions are given a second argument, which is a dumping/loading function for their sub-elements.













	
dump(obj)[source]

	Convert an object into a dumped value.






	
load(obj)[source]

	Convert a dumped value into an object.






	
loads(s)[source]

	Convert a pickled string of a damped object into an object.






	
dumps(obj)[source]

	Dumps an object into a pickled string.










	
pylablib.core.utils.strdump.dumper = <pylablib.core.utils.strdump.StrDumper object>

	Default dumper for converting  into standard Python classes and pickling.

Converts numpy.ndarray [https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray], Dictionary and DataTable objects
(these conversion routines are defined when corresponding modules are imported).
The converted values include non-printable characters (conversion uses numpy.ma.loads() and numpy.ma.dumps()),
so they can’t be saved into text files. However, they’re suited for pickling.






	
pylablib.core.utils.strdump.dump(obj)[source]

	Convert obj into standard Python classes using default dumper.






	
pylablib.core.utils.strdump.load(s)[source]

	Convert standard Python class representation s into an object using default dumper.






	
pylablib.core.utils.strdump.dumps(obj)[source]

	Convert obj into a pickled string using default dumper.






	
pylablib.core.utils.strdump.loads(s)[source]

	Convert a pickled string into an object. using default dumper







pylablib.core.utils.string module

String search, manipulation and conversion routines.


	
pylablib.core.utils.string.string_equal(name1, name2, case_sensitive=True, as_prefix=False)[source]

	Determine if name1 and name2 are equal with taking special rules (case_sensitive and as_prefix) into account.

If as_prefix==True, strings match even if name1 is just a prefix of name2.






	
pylablib.core.utils.string.find_list_string(name, str_list, case_sensitive=True, as_prefix=False, first_matched=False)[source]

	Find name in the string list.

Comparison parameters are defined in string_equal().
If first_matched==True, stop at the first match; otherwise if multiple occurrences happen, raise ValueError [https://docs.python.org/3/library/exceptions.html#ValueError].


	Returns

	tuple (index, value).










	
pylablib.core.utils.string.find_dict_string(name, str_dict, case_sensitive=True, as_prefix=False)[source]

	Find name in the string list.

Comparison parameters are defined in string_equal(). If multiple occurrences happen, raise ValueError [https://docs.python.org/3/library/exceptions.html#ValueError].


	Returns

	tuple (key, value).










	
pylablib.core.utils.string.find_first_entry(line, elements, start=0, not_found_value=-1)[source]

	Find the index of the earliest position inside the line of any of the strings in elements, starting from start.

If none are found, return not_found_value.






	
pylablib.core.utils.string.translate_string_filter(filt, syntax, match_case=True, default=False)[source]

	Turns filt into a matching function.

The matching function takes single str [https://docs.python.org/3/library/stdtypes.html#str] argument, returns bool [https://docs.python.org/3/library/functions.html#bool] value.


	filt can be

	
	None: function always returns default,


	bool [https://docs.python.org/3/library/functions.html#bool]: function always returns this value,


	str [https://docs.python.org/3/library/stdtypes.html#str]: pattern, determined by syntax,


	anything else: returned as is (assumed to already be a callable).








syntax can be 're' (re [https://docs.python.org/3/library/re.html#module-re]), 'glob' (glob [https://docs.python.org/3/library/glob.html#module-glob]) or 'pred' (simply matching predicate).
match_case determines whether the filter cares about the string case when matching.






	
class pylablib.core.utils.string.StringFilter(include=None, exclude=None, syntax='re', match_case=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

String filter function.

Matches string if it matches include (matches all strings by default) and doesn’t match exclude (matches nothing by default).


	Parameters

	
	include – Inclusion filter (translated by translate_string_filter(); regex by default).


	exclude – Exclusion filter (translated by translate_string_filter(); regex by default).


	syntax – Default syntax for pattern filters.


	match_case (bool [https://docs.python.org/3/library/functions.html#bool]) – Determines whether filter ignores case when matching.













	
pylablib.core.utils.string.get_string_filter(include=None, exclude=None, syntax='re', match_case=False)[source]

	Generate StringFilter with the given parameters.

If the first argument is already StringFilter, return as is. If it’s a tuple, expand as argument list.






	
pylablib.core.utils.string.sfglob(include=None, exclude=None)[source]

	Return string filter based on glob [https://docs.python.org/3/library/glob.html#module-glob] syntax.






	
pylablib.core.utils.string.sfregex(include=None, exclude=None, match_case=False)[source]

	Return string filter based on re [https://docs.python.org/3/library/re.html#module-re] syntax.






	
pylablib.core.utils.string.filter_string_list(l, filt)[source]

	Filter string list based on the filter.






	
pylablib.core.utils.string.escape_string(value, location='element', quote_type='"')[source]

	Escape string.


	Escaping can be partially skipped depending on location:

	
	
	"parameter": escape only if it contains hard delimiters ("\n\t\v\r") anywhere

	or _border_escaped (", ' or space) on the sides (suited for parameters taking the full string);







	"entry": same as above, plus containing soft delimiters anywhere (suited for entries of a table);


	"element": always escaped






	If quote_type is not None, automatically put the string into the specified quotation marks;

	if quote_type is None, all quotation marks are escaped; if it’s not None, only quote_type marks are escaped.










	
class pylablib.core.utils.string.TConversionClass(label, cls, to_str, from_str)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
cls

	




	
from_str

	




	
label

	




	
to_str

	








	
pylablib.core.utils.string.to_string(value, location='element', custom_representations=None, parenthesis_rules='text', use_classes=False)[source]

	Convert value to string with an option of modifying format string.


	Parameters

	
	value – 


	location (str [https://docs.python.org/3/library/stdtypes.html#str]) – Used for converting strings (see escape_string()).


	custom_representations (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – dictionary {value_type: fmt},
where value type can be 'int', 'float' or 'complex' and fmt is a str.format() [https://docs.python.org/3/library/stdtypes.html#str.format] string.


	parenthesis_rules (str [https://docs.python.org/3/library/stdtypes.html#str]) – determine how to deal with single-element tuples and complex numbers
can be "text" (single-element tuples are represented with simple parentheses, e.g., "(1)"; complex number are represented without parentheses, e.g., "1+2j")
or "python" (single-element tuples are represented with a comma in the end, e.g., "(1,)"; complex number are represented with parentheses, e.g., "(1+2j)")


	use_classes (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, use additional representation classes for special objects
(e.g., numpy arrays will be represented as "array([1, 2, 3])" instead of just "[1, 2, 3]").
This improves conversion fidelity, but makes result harder to parse (e.g., by external string parsers).













	
pylablib.core.utils.string.is_convertible(value)[source]

	Check if the value can be converted to a string using standard to_string() function.






	
pylablib.core.utils.string.extract_escaped_string(line, start=0)[source]

	Extract escaped string in quotation marks from the line, starting from start.

line[start] should be a quotation mark (' or ") or b followed by a quotation mark (for binary strings).


	Returns

	tuple (end position, un-escaped string).










	
pylablib.core.utils.string.unescape_string(value)[source]

	Un-escape string.

Assume that all quotation marks have been escaped.






	
pylablib.core.utils.string.to_range(range_tuple)[source]

	




	
pylablib.core.utils.string.from_string(value, case_sensitive=True, parenthesis_rules='text', use_classes=True)[source]

	Parse a string.

Recognizes integers, floats, complex numbers (with i or j for complex part), strings (in quotation marks), dicts, sets, list and tuples, booleans and None.
If item is unrecognizable, assumed to be a string.

case_sensitive is applied when compared to None, True or False.


	parenthesis_rules determine how to deal with empty entries (e.g., [1,,3]) and complex number representation ("1+2j" vs. "(1+2j)"):

	
	
	'text': any empty entries are translated into empty_string (i.e., [,] -> [empty_string, empty_string]), except for completely empty structures ([] or ());

	complex numbers are represented without parentheses, so that "(1+2j)" will be interpreted as a single-element tuple (1+2j,).







	
	'python': empty entries in the middle are not allowed; empty entries at the end are ignored (i.e., [2,] -> [2])

	(single-element tuple can still be expressed in two ways: (e,) or (e));
complex numbers are by default represented with parentheses, so that "(1+2j)" will be interpreted as a complex number,
and only (1+2j,), ((1+2j)) or ((1+2j),) as a single-element tuple.











	use_classes: if True, try to find additional representation classes for special objects

	(e.g., numpy arrays will be represented as "array([1, 2, 3])" instead of just "[1, 2, 3]").










	
pylablib.core.utils.string.from_string_partial(value, delimiters=re.compile('\\s*, \\s*|\\s+'), case_sensitive=True, parenthesis_rules='text', use_classes=True, return_string=False)[source]

	Convert the first part of the supplied string (bounded by delimiters) into a value.

delimites is a string or a regexp (default is "\s*,\s*|\s+").

If return_string==False, return tuple (end position, converted value); else, return tuple (end position, value string).

The rest of the parameters is the same as in from_string().






	
pylablib.core.utils.string.from_row_string(value, delimiters=re.compile('\\s*, \\s*|\\s+'), case_sensitive=True, parenthesis_rules='text', use_classes=True, return_string=False)[source]

	Convert the row string into a list of values, separated by delimiters.

If return_string==False, return list of converted objects; otherwise, return list of unconverted strings.

The rest of the parameters is the same as in from_string_partial().







pylablib.core.utils.strpack module

Utilities for packing values into bitstrings.
Small extension of the struct module.


	
pylablib.core.utils.strpack.int2bytes(val, l, bo='>')[source]

	Convert integer into a list of bytes of length l.

bo determines byte order: '>' is big-endian (MSB first), '<' is little-endian (LSB first).






	
pylablib.core.utils.strpack.bytes2int(val, bo='>')[source]

	Convert a list of bytes into an integer.

bo determines byte order: '>' is big-endian (MSB first), '<' is little-endian (LSB first).






	
pylablib.core.utils.strpack.int2bits(val, l, bo='>')[source]

	Convert integer into a list of bits of length l.

bo determines byte (and bit) order: '>' is big-endian (MSB first), '<' is little-endian (LSB first).






	
pylablib.core.utils.strpack.bits2int(val, bo='>')[source]

	Convert a list of bits into an integer.

bo determines byte (and bit) order: '>' is big-endian (MSB first), '<' is little-endian (LSB first).






	
pylablib.core.utils.strpack.pack_uint(val, l, bo='>')[source]

	Convert an unsigned integer into a bytestring of length l.

Return bytes object in Py3 and builtins.bytes object in Py2.
bo determines byte order: '>' is big-endian (MSB first), '<' is little-endian (LSB first).






	
pylablib.core.utils.strpack.pack_int(val, l, bo='>')[source]

	Convert a signed integer into a bytestring of length l.

Return bytes object in Py3 and builtins.bytes object in Py2.
bo determines byte order: '>' is big-endian (MSB first), '<' is little-endian (LSB first).






	
pylablib.core.utils.strpack.unpack_uint(msg, bo='>')[source]

	Convert a bytestring into an unsigned integer.

bo determines byte order: '>' is big-endian (MSB first), '<' is little-endian (LSB first).






	
pylablib.core.utils.strpack.unpack_int(msg, bo='>')[source]

	Convert a bytestring into an signed integer.

bo determines byte order: '>' is big-endian (MSB first), '<' is little-endian (LSB first).






	
pylablib.core.utils.strpack.unpack_numpy_u12bit(buffer, byteorder='<', count=-1)[source]

	





pylablib.core.utils.thread module

Simple threading routines.

A more extensive threading library is contained in the core.mthread package.


	
class pylablib.core.utils.thread.PeriodicThread[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

A thread that runs in an infinite loop (until externally stopped) and executes its task with a given periodicity.

To use, it needs to be inherited, with the subclass redefining execute() or process_message() method.


	
execute()[source]

	Perform a single iteration of the loop.

To be overridden in subclasses.






	
process_message(msg)[source]

	Process a message sent from the parent thread.

To be overridden in subclasses.






	
loop(period, sync)[source]

	Main loop methods. Called automatically in a new thread when start() is invoked.






	
wait_for_execution()[source]

	Synchronize with the thread (wait until the current iteration is executed).






	
send_message(msg, sync=True)[source]

	Send a message to the thread.

The message is processed by the thread in the process_message() method (by default does nothing).
If sync==True, wait until the thread received (not necessarily processed) the message.






	
start(period, sync=True)[source]

	Start the thread.

period specifies the job execution period, in seconds.
If sync==True, wait until the thread is started.






	
stop(sync=True)[source]

	Stop the thread.

If sync==True, wait until the thread is stopped.






	
pause(sync=True)[source]

	Pause the thread execution.

If sync==True, wait until the thread is paused.






	
resume(sync=True)[source]

	Resume the thread execution.

If sync==True, wait until the thread is resumed.






	
is_looping()[source]

	Check if the thread is actively executing (not paused).






	
is_running()[source]

	Check if the thread is running (possibly paused).











pylablib.core.utils.versioning module

Fetching, storing and recalling different script and library configurations.


	
pylablib.core.utils.versioning.generate_version_idx()[source]

	Generate a unique string id based on the current time and a random number.






	
class pylablib.core.utils.versioning.VersionConfig(store_path='.', lib_path='lib', libs=None, additional_scripts=None, versions=None, comments=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Current version configuration.

Combines information about included library packages, additional scripts, package versions, and comments.


	Parameters

	
	store_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – root folder of the configuration


	lib_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – library path inside the root folder


	libs (list [https://docs.python.org/3/library/stdtypes.html#list] or None [https://docs.python.org/3/library/constants.html#None]) – included packages inside the library (any package includes all of its sub-packages);
by default, includes the 'core' package and all individual 'aux_libs' sub-packages


	additional_scripts (list [https://docs.python.org/3/library/stdtypes.html#list] or None [https://docs.python.org/3/library/constants.html#None]) – additional scripts (outside of the included libraries); by default, none are included


	versions (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – list of versions of versions (e.g., of library packages); by default, none are supplied


	comments (str [https://docs.python.org/3/library/stdtypes.html#str]) – config comment.









	
to_file(f)[source]

	Save the config data to a file.






	
static from_path(path, **additional_args)[source]

	Build the config data from the folder.

additional_args include arguments supplied to the VersionConfig constructor overriding the ones extracted from the config file (if it’s present).






	
update(other, override=True)[source]

	Merge this config with the other one.

Combine information about libraries, comments, and additional scripts.
If override==True, the priority versions data is taken from the other config; otherwise, it’s taken from this config.






	
copy()[source]

	




	
update_versions(parts, force_update=True)[source]

	Update versions to a new unique idx.






	
includes(other)[source]

	Check if this config includes the other one.






	
get_lib_path(spec_lib='', relative=False)[source]

	Generate a library path in this version config.






	
common_lib_folders()[source]

	Return all of the libs folders, including intermediate containing folders.






	
common_lib_files(path_type='absolute')[source]

	Return all of the files in lib folders and intermediate containing folders (i.e., all files potentially used by libs).






	
template_script_files()[source]

	Get all script files in the main folder.






	
script_files()[source]

	Get all included standalone script files (all script files in the main folder and the additional scripts).






	
exists()[source]

	Check if this configuration exists on the hard drive.










	
class pylablib.core.utils.versioning.RevisionDiff(libs_diff=None, common_lib_files_diff='=', scripts_diff='=')[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Describes the difference between two different script folder states.


	Parameters

	
	lib_diffs (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – dictionary with four entries:
- "+" - list of libraries which are added in the first state compared to the second one;
- "-" - list of libraries which are removed in the first state compared to the second one;
- "*" - list of libraries which are changed in the first state compared to the second one;
- "=" - list of libraries which are the same in both states;


	common_lib_files_diff (str [https://docs.python.org/3/library/stdtypes.html#str]) – difference in the common library files (files in the folders containing library subfolders).
Can be "+", "-", "*", or "="; the meaning is the same as for lib_diffs.


	scripts_diff (str [https://docs.python.org/3/library/stdtypes.html#str]) – difference in the script files (files outside of the root library folder); the meaning is the same as for common_lib_files_diff.









	
all_libs_diff()[source]

	Combine all library difference into one verdict.






	
all_diff()[source]

	Combine all differences (libraries and files) into one verdict.






	
coverage(replace=True)[source]

	Get the coverage required to store changes of the first revision if it is to be replaced with the second one.

Return either 'script' (only store scripts, libraries are the same) or 'full' (store both scripts and libraries).
If replace==True, assume that the new revision completely replaces the current one; otherwise, assume that it’s added
(i.e., if the current revision is larger than the new one, no need to store it).










	
pylablib.core.utils.versioning.set_history_size(full=None, script=None)[source]

	Set the size of the history shelf.

If not None, full and script define the size of the corresponding coverage shelves.
Values <=0 mean no limit.






	
pylablib.core.utils.versioning.get_history_size()[source]

	Get the sizes of the history shelves.

Returns tuple (full_history_size, script_history_size).
Values <=0 mean no limit.






	
pylablib.core.utils.versioning.store(shelf, label=None, coverage='full', source_path='.', cleanup_shelf=False, **config_params)[source]

	Store the code to the shelf with a given label.


	Parameters

	
	shelf (str [https://docs.python.org/3/library/stdtypes.html#str]) – Storage shelf (folder).


	label (str [https://docs.python.org/3/library/stdtypes.html#str]) – Snapshot label to be appended to the default filename (date and time of creation).


	coverage (str [https://docs.python.org/3/library/stdtypes.html#str]) – Either 'script' (include only application scripts) or 'full' (include libraries as well).


	source_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – The code root folder.


	cleanup_shelf (bool [https://docs.python.org/3/library/functions.html#bool]) – If True and the shelf size is above the limit, remove the oldest entries.








**config_params are passed to the version config parameters.






	
pylablib.core.utils.versioning.recall_from_folder(source_path, dest_path='.', replace=False, overwrite=True, source_config_params=None, recall_config_params=None)[source]

	Recall code from the source folder to the dest folder.

If the configuration is changed, store the current state on the history shelf before changing it.


	Parameters

	
	source_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the source folder.


	dest_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the destination folder.


	replace (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, remove all parts of the dest revision which are different from the source; otherwise, source is added to dest.


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, overwrite the old files.


	source_config_params (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Overrides source version config parameters.


	recall_config_params (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Overrides merged version config parameters.













	
pylablib.core.utils.versioning.recall_from_file(file_name, dest_path='.', replace=False, overwrite=True, source_config_params=None, recall_config_params=None)[source]

	Recall code from the zip file.

If the configuration is changed, store the current state on the history shelf before changing it.

Arguments are the same as in recall_from_folder(), only instead of folder path it’s zip file path.






	
pylablib.core.utils.versioning.recall_from_shelf(shelf, name, coverage, dest_path='.', replace=False, overwrite=True, source_config_params=None, recall_config_params=None)[source]

	Recall code from the shelf.

If the configuration is changed, store the current state on the history shelf before changing it.

Arguments are the same as in recall_from_file(), only instead of a path the file is specified by shelf, name and coverage.






	
pylablib.core.utils.versioning.recall(shelf, name, coverage=None, replace=False, overwrite=True, **recall_config_params)[source]

	Alias for recall_from_shelf().






	
pylablib.core.utils.versioning.fetch(source_path, dest_path='.', overwrite=True, preserve_libs=True, **recall_config_params)[source]

	Fetch code library.

If the configuration is changed, store the current state on the history shelf before changing it.


	Parameters

	
	source_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the library root.


	dest_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the destination folder.


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, overwrite the old files.


	preserve_libs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, preserve sub-libraries even if they are not specified in the recall_config_params.


	recall_config_params (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Overrides merged version config parameters (see VersionConfig).













	
pylablib.core.utils.versioning.diff_from_latest(store_path='.', coverage=None)[source]

	Compare current revision with the latest item on the history shelf.


	Parameters

	
	store_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the revision to check.


	coverage (str [https://docs.python.org/3/library/stdtypes.html#str]) – Defines coverage levels to check. None means both 'script' and 'full'.













	
pylablib.core.utils.versioning.store_script_if_changed(store_path='.', coverage=None)[source]

	Store script files (not library) if they are different from the latest revision.

When storing changes, the shelves sizes are limited, and if the limit is exceeded, the oldest entries are deleted.
For more details, see get_history_size() and set_history_size().


	Parameters

	
	store_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the revision to check.


	coverage (str [https://docs.python.org/3/library/stdtypes.html#str]) – Defines coverage levels to check. None means both 'script' and 'full'.













	
pylablib.core.utils.versioning.fetch_and_store_script(source_path=None, dest_path='.', overwrite=True, once_per_run=True, preserve_libs=True, **recall_config_params)[source]

	Fetch code library from the source_path (current library path by default); store any recent changes of script or library on the history shelf.

When storing changes, the shelves sizes are limited, and if the limit is exceeded, the oldest entries are deleted.
For more details, see get_history_size() and set_history_size().


	Parameters

	
	source_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the library root. None means the current library path (library containing this module).


	dest_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to the destination folder.


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, overwrite the old files.


	once_per_run (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, only perform operation once per run of the script. All subsequent call will return immediately.


	preserve_libs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, preserve sub-libraries even if they are not specified in the recall_config_params.


	recall_config_params (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Overrides merged version config parameters (see VersionConfig).














Module contents


	
pylablib.core.utils.setbp()

	







          

      

      

    

  

    
      
          
            
  
pylablib.core package


Subpackages



	pylablib.core.dataproc package
	Submodules

	pylablib.core.dataproc.callable module

	pylablib.core.dataproc.feature module

	pylablib.core.dataproc.filters module

	pylablib.core.dataproc.fitting module

	pylablib.core.dataproc.fourier module

	pylablib.core.dataproc.iir_transform module

	pylablib.core.dataproc.image module

	pylablib.core.dataproc.interpolate module

	pylablib.core.dataproc.specfunc module

	pylablib.core.dataproc.waveforms module

	Module contents





	pylablib.core.datatable package
	Submodules

	pylablib.core.datatable.column module

	pylablib.core.datatable.datatable_utils module

	pylablib.core.datatable.indexing module

	pylablib.core.datatable.table module

	pylablib.core.datatable.table_storage module

	pylablib.core.datatable.wrapping module

	Module contents





	pylablib.core.devio package
	Submodules

	pylablib.core.devio.SCPI module

	pylablib.core.devio.backend module

	pylablib.core.devio.data_format module

	pylablib.core.devio.interface module

	pylablib.core.devio.units module

	Module contents





	pylablib.core.fileio package
	Submodules

	pylablib.core.fileio.binio module

	pylablib.core.fileio.datafile module

	pylablib.core.fileio.dict_entry module

	pylablib.core.fileio.loadfile module

	pylablib.core.fileio.location module

	pylablib.core.fileio.logfile module

	pylablib.core.fileio.parse_csv module

	pylablib.core.fileio.savefile module

	Module contents





	pylablib.core.gui package
	Subpackages
	pylablib.core.gui.qt package
	Subpackages

	Submodules

	pylablib.core.gui.qt.utils module

	pylablib.core.gui.qt.values module

	Module contents









	Submodules

	pylablib.core.gui.format module

	pylablib.core.gui.limit module

	Module contents





	pylablib.core.mthread package
	Submodules

	pylablib.core.mthread.controller module

	pylablib.core.mthread.message module

	pylablib.core.mthread.message_queue module

	pylablib.core.mthread.notifier module

	pylablib.core.mthread.sync_primitives module

	pylablib.core.mthread.tag_queue module

	pylablib.core.mthread.threadprop module

	Module contents





	pylablib.core.utils package
	Submodules

	pylablib.core.utils.ctypes_wrap module

	pylablib.core.utils.dictionary module

	pylablib.core.utils.files module

	pylablib.core.utils.funcargparse module

	pylablib.core.utils.functions module

	pylablib.core.utils.general module

	pylablib.core.utils.ipc module

	pylablib.core.utils.iterator module

	pylablib.core.utils.library_parameters module

	pylablib.core.utils.log module

	pylablib.core.utils.module module

	pylablib.core.utils.net module

	pylablib.core.utils.numclass module

	pylablib.core.utils.numerical module

	pylablib.core.utils.observer_pool module

	pylablib.core.utils.plotting module

	pylablib.core.utils.pstorage module

	pylablib.core.utils.py3 module

	pylablib.core.utils.rpyc module

	pylablib.core.utils.serializable module

	pylablib.core.utils.strdump module

	pylablib.core.utils.string module

	pylablib.core.utils.strpack module

	pylablib.core.utils.thread module

	pylablib.core.utils.versioning module

	Module contents











Submodules



pylablib.core.version module

Current version and function that defines compatibility with previous version.
To be changed in future packages.


	
pylablib.core.version.is_compatible(v, package=None, module=None)[source]

	




	
pylablib.core.version.write_version(f)[source]

	





Module contents


	
pylablib.core.cut_out_regions(wf, regions, x_column=None, ordered=False, multi_pass=True)

	Cut the regions out of the wf based on x_column.

x_column is used to determine which colmn’s values to use to check if the point is in range (see waveforms.get_x_column()).
If ordered_x==True, then the function assumes that x_column in ascending order.
If multi_pass==False, combine all indices before deleting the data in a single operation (works faster, but only for non-intersecting regions).






	
pylablib.core.cut_to_range(wf, xs_range, x_column=None, ordered=False)

	Cut the waveform to the given range based on x_column.

The range is defined as xs_range[0]:xs_range[1], or infinite if xs_range=None.
x_column is used to determine which colmn’s values to use to check if the point is in range (see waveforms.get_x_column()).
If ordered_x==True, then the function assumes that x_column in ascending order.






	
pylablib.core.decimate(wf, n=1, dec_mode='skip', axis=0, mode='drop')

	Decimate the data.


	Parameters

	
	wf – Data.


	n (int [https://docs.python.org/3/library/functions.html#int]) – Decimation factor.


	dec_mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Decimation mode. Can be
- 'skip' - just leave every n’th point while completely omitting everything else;
- 'bin' or 'mean' - do a binning average;
- 'sum' - sum points;
- 'min' - leave min point;
- 'max' - leave max point;
- 'median' - leave median point (works as a median filter).


	axis (int [https://docs.python.org/3/library/functions.html#int]) – Axis along which to perform the decimation.


	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Determines what to do with the last bin if it’s incomplete. Can be either 'drop' (omit the last bin) or 'leave' (keep it).













	
pylablib.core.get_x_column(wf, x_column=None, idx_default=False)

	Get x column of the waveform.


	x_column can be

	
	an array: return as is;


	'#': return index array;


	None: equivalent to ‘#’ for 1D data if idx_default==False, or to 0 otherwise;


	integer: return the column with this index.













	
pylablib.core.is_ascending(wf)

	Check the if waveform is ascending.

If it has more than 1 dimension, check all lines along 0’th axis.






	
pylablib.core.is_descending(wf)

	Check if the waveform is descending.

If it has more than 1 dimension, check all lines along 0’th axis.






	
pylablib.core.is_linear(wf)

	Check if the waveform is linear (values go with a constant step).

If it has more than 1 dimension, check all lines along 0’th axis (with the same step for all).






	
pylablib.core.setbp()

	




	
pylablib.core.sliding_filter(wf, n=1, dec_mode='bin', mode='reflect', cval=0.0)

	Perform sliding filtering on the data.


	Parameters

	
	wf – 1D array-like object.


	n (int [https://docs.python.org/3/library/functions.html#int]) – bin width.


	dec_mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – 
	Decimation mode. Can be

	
	'bin' or 'mean' - do a binning average;


	'sum' - sum points;


	'min' - leave min point;


	'max' - leave max point;


	'median' - leave median point (works as a median filter).











	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Expansion mode. Can be 'constant' (added values are determined by cval), 'nearest' (added values are endvalues of the waveform),
'reflect' (reflect waveform wrt its endpoint) or 'wrap' (wrap the values from the other size).


	cval (float [https://docs.python.org/3/library/functions.html#float]) – If mode=='constant', determines the expanded values.
















          

      

      

    

  

    
      
          
            
  
pylablib package


Subpackages



	pylablib.aux_libs package
	Subpackages
	pylablib.aux_libs.devices package
	Submodules

	pylablib.aux_libs.devices.AgilentElectronics module

	pylablib.aux_libs.devices.AgilentLasers module

	pylablib.aux_libs.devices.Altera module

	pylablib.aux_libs.devices.Andor module

	pylablib.aux_libs.devices.AndorSDK3_lib module

	pylablib.aux_libs.devices.AndorShamrock module

	pylablib.aux_libs.devices.AndorShamrock_lib module

	pylablib.aux_libs.devices.Andor_lib module

	pylablib.aux_libs.devices.Arcus module

	pylablib.aux_libs.devices.Arduino module

	pylablib.aux_libs.devices.Attocube module

	pylablib.aux_libs.devices.Cryomagnetics module

	pylablib.aux_libs.devices.DCAM module

	pylablib.aux_libs.devices.DCAM_lib module

	pylablib.aux_libs.devices.DCAM_lib_const module

	pylablib.aux_libs.devices.HighFinesse module

	pylablib.aux_libs.devices.IMAQ module

	pylablib.aux_libs.devices.IMAQ_lib module

	pylablib.aux_libs.devices.IMAQ_lib_const module

	pylablib.aux_libs.devices.IMAQdx module

	pylablib.aux_libs.devices.IMAQdx_lib module

	pylablib.aux_libs.devices.Janis module

	pylablib.aux_libs.devices.Lakeshore module

	pylablib.aux_libs.devices.LaserQuantum module

	pylablib.aux_libs.devices.LighthousePhotonics module

	pylablib.aux_libs.devices.M2 module

	pylablib.aux_libs.devices.MKS module

	pylablib.aux_libs.devices.NI module

	pylablib.aux_libs.devices.NuPhoton module

	pylablib.aux_libs.devices.OZOptics module

	pylablib.aux_libs.devices.Olimex module

	pylablib.aux_libs.devices.Ophir module

	pylablib.aux_libs.devices.PCO_SC2 module

	pylablib.aux_libs.devices.PCO_SC2_lib module

	pylablib.aux_libs.devices.Pfeiffer module

	pylablib.aux_libs.devices.PhotonFocus module

	pylablib.aux_libs.devices.PurePhotonics module

	pylablib.aux_libs.devices.Rigol module

	pylablib.aux_libs.devices.Sirah module

	pylablib.aux_libs.devices.SmarAct module

	pylablib.aux_libs.devices.Tektronix module

	pylablib.aux_libs.devices.Thorlabs module

	pylablib.aux_libs.devices.Trinamic module

	pylablib.aux_libs.devices.UBNT module

	pylablib.aux_libs.devices.Vaunix module

	pylablib.aux_libs.devices.ZurichInstruments module

	pylablib.aux_libs.devices.device_manager module

	pylablib.aux_libs.devices.interfaces module

	pylablib.aux_libs.devices.misc module

	pylablib.aux_libs.devices.pfcam_lib module

	Module contents





	pylablib.aux_libs.file_formats package
	Submodules

	pylablib.aux_libs.file_formats.cam module

	pylablib.aux_libs.file_formats.ecam module

	pylablib.aux_libs.file_formats.waveguide module

	pylablib.aux_libs.file_formats.zi module

	Module contents





	pylablib.aux_libs.gui package
	Subpackages

	Submodules

	pylablib.aux_libs.gui.device_thread module

	pylablib.aux_libs.gui.gui_contoller module

	pylablib.aux_libs.gui.helpers module

	pylablib.aux_libs.gui.script_thread module

	Module contents









	Module contents





	pylablib.core package
	Subpackages
	pylablib.core.dataproc package
	Submodules

	pylablib.core.dataproc.callable module

	pylablib.core.dataproc.feature module

	pylablib.core.dataproc.filters module

	pylablib.core.dataproc.fitting module

	pylablib.core.dataproc.fourier module

	pylablib.core.dataproc.iir_transform module

	pylablib.core.dataproc.image module

	pylablib.core.dataproc.interpolate module

	pylablib.core.dataproc.specfunc module

	pylablib.core.dataproc.waveforms module

	Module contents





	pylablib.core.datatable package
	Submodules

	pylablib.core.datatable.column module

	pylablib.core.datatable.datatable_utils module

	pylablib.core.datatable.indexing module

	pylablib.core.datatable.table module

	pylablib.core.datatable.table_storage module

	pylablib.core.datatable.wrapping module

	Module contents





	pylablib.core.devio package
	Submodules

	pylablib.core.devio.SCPI module

	pylablib.core.devio.backend module

	pylablib.core.devio.data_format module

	pylablib.core.devio.interface module

	pylablib.core.devio.units module

	Module contents





	pylablib.core.fileio package
	Submodules

	pylablib.core.fileio.binio module

	pylablib.core.fileio.datafile module

	pylablib.core.fileio.dict_entry module

	pylablib.core.fileio.loadfile module

	pylablib.core.fileio.location module

	pylablib.core.fileio.logfile module

	pylablib.core.fileio.parse_csv module

	pylablib.core.fileio.savefile module

	Module contents





	pylablib.core.gui package
	Subpackages

	Submodules

	pylablib.core.gui.format module

	pylablib.core.gui.limit module

	Module contents





	pylablib.core.mthread package
	Submodules

	pylablib.core.mthread.controller module

	pylablib.core.mthread.message module

	pylablib.core.mthread.message_queue module

	pylablib.core.mthread.notifier module

	pylablib.core.mthread.sync_primitives module

	pylablib.core.mthread.tag_queue module

	pylablib.core.mthread.threadprop module

	Module contents





	pylablib.core.utils package
	Submodules

	pylablib.core.utils.ctypes_wrap module

	pylablib.core.utils.dictionary module

	pylablib.core.utils.files module

	pylablib.core.utils.funcargparse module

	pylablib.core.utils.functions module

	pylablib.core.utils.general module

	pylablib.core.utils.ipc module

	pylablib.core.utils.iterator module

	pylablib.core.utils.library_parameters module

	pylablib.core.utils.log module

	pylablib.core.utils.module module

	pylablib.core.utils.net module

	pylablib.core.utils.numclass module

	pylablib.core.utils.numerical module

	pylablib.core.utils.observer_pool module

	pylablib.core.utils.plotting module

	pylablib.core.utils.pstorage module

	pylablib.core.utils.py3 module

	pylablib.core.utils.rpyc module

	pylablib.core.utils.serializable module

	pylablib.core.utils.strdump module

	pylablib.core.utils.string module

	pylablib.core.utils.strpack module

	pylablib.core.utils.thread module

	pylablib.core.utils.versioning module

	Module contents









	Submodules

	pylablib.core.version module

	Module contents











Submodules



pylablib.deploy module



Module contents


	
pylablib.reload_all(from_load_path=True, keep_parameters=True)[source]

	Reload all loaded modules.

If keep_parameters==True, keep the current library parameters (pylablib.par); otherwise, reset them to default.






	
pylablib.unload_all()[source]

	Reload all loaded modules.






	
pylablib.cut_out_regions(wf, regions, x_column=None, ordered=False, multi_pass=True)

	Cut the regions out of the wf based on x_column.

x_column is used to determine which colmn’s values to use to check if the point is in range (see waveforms.get_x_column()).
If ordered_x==True, then the function assumes that x_column in ascending order.
If multi_pass==False, combine all indices before deleting the data in a single operation (works faster, but only for non-intersecting regions).






	
pylablib.cut_to_range(wf, xs_range, x_column=None, ordered=False)

	Cut the waveform to the given range based on x_column.

The range is defined as xs_range[0]:xs_range[1], or infinite if xs_range=None.
x_column is used to determine which colmn’s values to use to check if the point is in range (see waveforms.get_x_column()).
If ordered_x==True, then the function assumes that x_column in ascending order.






	
pylablib.decimate(wf, n=1, dec_mode='skip', axis=0, mode='drop')

	Decimate the data.


	Parameters

	
	wf – Data.


	n (int [https://docs.python.org/3/library/functions.html#int]) – Decimation factor.


	dec_mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Decimation mode. Can be
- 'skip' - just leave every n’th point while completely omitting everything else;
- 'bin' or 'mean' - do a binning average;
- 'sum' - sum points;
- 'min' - leave min point;
- 'max' - leave max point;
- 'median' - leave median point (works as a median filter).


	axis (int [https://docs.python.org/3/library/functions.html#int]) – Axis along which to perform the decimation.


	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Determines what to do with the last bin if it’s incomplete. Can be either 'drop' (omit the last bin) or 'leave' (keep it).













	
pylablib.get_x_column(wf, x_column=None, idx_default=False)

	Get x column of the waveform.


	x_column can be

	
	an array: return as is;


	'#': return index array;


	None: equivalent to ‘#’ for 1D data if idx_default==False, or to 0 otherwise;


	integer: return the column with this index.













	
pylablib.is_ascending(wf)

	Check the if waveform is ascending.

If it has more than 1 dimension, check all lines along 0’th axis.






	
pylablib.is_descending(wf)

	Check if the waveform is descending.

If it has more than 1 dimension, check all lines along 0’th axis.






	
pylablib.is_linear(wf)

	Check if the waveform is linear (values go with a constant step).

If it has more than 1 dimension, check all lines along 0’th axis (with the same step for all).






	
pylablib.setbp()

	




	
pylablib.sliding_filter(wf, n=1, dec_mode='bin', mode='reflect', cval=0.0)

	Perform sliding filtering on the data.


	Parameters

	
	wf – 1D array-like object.


	n (int [https://docs.python.org/3/library/functions.html#int]) – bin width.


	dec_mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – 
	Decimation mode. Can be

	
	'bin' or 'mean' - do a binning average;


	'sum' - sum points;


	'min' - leave min point;


	'max' - leave max point;


	'median' - leave median point (works as a median filter).











	mode (str [https://docs.python.org/3/library/stdtypes.html#str]) – Expansion mode. Can be 'constant' (added values are determined by cval), 'nearest' (added values are endvalues of the waveform),
'reflect' (reflect waveform wrt its endpoint) or 'wrap' (wrap the values from the other size).


	cval (float [https://docs.python.org/3/library/functions.html#float]) – If mode=='constant', determines the expanded values.
















          

      

      

    

  

    
      
          
            
  All modules for which code is available

	PyQt5

	builtins

	pylablib

	pylablib.aux_libs.devices.AgilentElectronics

	pylablib.aux_libs.devices.AgilentLasers

	pylablib.aux_libs.devices.Altera

	pylablib.aux_libs.devices.Andor

	pylablib.aux_libs.devices.AndorShamrock

	pylablib.aux_libs.devices.AndorShamrock_lib

	pylablib.aux_libs.devices.Arcus

	pylablib.aux_libs.devices.Arduino

	pylablib.aux_libs.devices.Attocube

	pylablib.aux_libs.devices.Cryomagnetics

	pylablib.aux_libs.devices.DCAM

	pylablib.aux_libs.devices.HighFinesse

	pylablib.aux_libs.devices.IMAQ

	pylablib.aux_libs.devices.IMAQdx

	pylablib.aux_libs.devices.Janis

	pylablib.aux_libs.devices.Lakeshore

	pylablib.aux_libs.devices.LaserQuantum

	pylablib.aux_libs.devices.LighthousePhotonics

	pylablib.aux_libs.devices.M2

	pylablib.aux_libs.devices.MKS

	pylablib.aux_libs.devices.NI

	pylablib.aux_libs.devices.NuPhoton

	pylablib.aux_libs.devices.OZOptics

	pylablib.aux_libs.devices.Olimex

	pylablib.aux_libs.devices.Ophir

	pylablib.aux_libs.devices.PCO_SC2

	pylablib.aux_libs.devices.Pfeiffer

	pylablib.aux_libs.devices.PhotonFocus

	pylablib.aux_libs.devices.PurePhotonics

	pylablib.aux_libs.devices.Rigol

	pylablib.aux_libs.devices.Sirah

	pylablib.aux_libs.devices.SmarAct

	pylablib.aux_libs.devices.Tektronix

	pylablib.aux_libs.devices.Thorlabs

	pylablib.aux_libs.devices.Trinamic

	pylablib.aux_libs.devices.UBNT

	pylablib.aux_libs.devices.Vaunix

	pylablib.aux_libs.devices.ZurichInstruments

	pylablib.aux_libs.devices.device_manager

	pylablib.aux_libs.devices.interfaces

	pylablib.aux_libs.devices.misc

	pylablib.aux_libs.file_formats.cam

	pylablib.aux_libs.file_formats.ecam

	pylablib.aux_libs.file_formats.waveguide

	pylablib.aux_libs.file_formats.zi

	pylablib.aux_libs.gui.device_thread

	pylablib.aux_libs.gui.gui_contoller

	pylablib.aux_libs.gui.helpers

	pylablib.aux_libs.gui.script_thread

	pylablib.aux_libs.gui.widgets.custom_controls

	pylablib.aux_libs.gui.widgets.image_plotter

	pylablib.aux_libs.gui.widgets.line_plotter

	pylablib.aux_libs.gui.widgets.param_table

	pylablib.aux_libs.gui.widgets.trace_plotter

	pylablib.core.dataproc.callable

	pylablib.core.dataproc.feature

	pylablib.core.dataproc.filters

	pylablib.core.dataproc.fitting

	pylablib.core.dataproc.fourier

	pylablib.core.dataproc.iir_transform

	pylablib.core.dataproc.image

	pylablib.core.dataproc.interpolate

	pylablib.core.dataproc.specfunc

	pylablib.core.dataproc.waveforms

	pylablib.core.datatable.column

	pylablib.core.datatable.datatable_utils

	pylablib.core.datatable.indexing

	pylablib.core.datatable.table

	pylablib.core.datatable.table_storage

	pylablib.core.datatable.wrapping
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  Source code for pylablib

import os
import os.path
from .core.utils import module as module_utils, library_parameters  #@UnresolvedImport

from .core import *

_load_path=os.path.abspath(os.curdir)

par=library_parameters.LibraryParametersStorage(__name__)
[docs]def reload_all(from_load_path=True, keep_parameters=True):
    """
    Reload all loaded modules.

    If ``keep_parameters==True``, keep the current library parameters (``pylablib.par``); otherwise, reset them to default.
    """
    if keep_parameters:
        old_par=par[""].as_dict("flat")
    if from_load_path:
        cur_dir=os.path.abspath(os.curdir)
        os.chdir(_load_path)
        try:
            module_utils.reload_package_modules(__name__)
        finally:
            os.chdir(cur_dir)
    else:
        module_utils.reload_package_modules(__name__)
    par.refresh()
    if keep_parameters:
        for k,v in old_par.items():
            try:
                par[k]=v
            except KeyError:
                pass


[docs]def unload_all():
    """
    Reload all loaded modules.
    """
    module_utils.unload_package_modules(__name__)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.AgilentElectronics

from builtins import range

from ...core.devio import SCPI, units, data_format  #@UnresolvedImport
from ...core.utils import general, funcargparse  #@UnresolvedImport

import numpy as np

_depends_local=["...core.devio.SCPI"]





[docs]class AWG33220A(SCPI.SCPIDevice):
    """
    Agilent AWG33220A Arbitrary Wave Generator.

    Also partially works with compatible AWGs such as Agilent 33500, Rigol D1000, etc.
    """
    def __init__(self, addr):
        SCPI.SCPIDevice.__init__(self,addr,term_write="\n")
        self._add_settings_node("output_on",self.get_output,None)
        self._add_scpi_parameter("output_polarity",":OUTPUT:POLARITY",kind="enum",options={"NORM":"norm","INV":"inv"},add_node=True)
        self._add_scpi_parameter("output_sync",":OUTPUT:SYNC",kind="bool",add_node=True)
        self._add_settings_node("range",self.get_range,self.set_range,multiarg=False)
        self._add_settings_node("load",self.get_load,self.set_load)
        self._add_settings_node("frequency",self.get_frequency,self.set_frequency)
        self._add_settings_node("phase",self.get_phase,self.set_phase)
        functions={"SIN":"sine","SQU":"square","RAMP":"ramp","PULS":"pulse","NOIS":"noise","PRBS":"prbs","DC":"DC","USER":"user","ARB":"arb"}
        self._add_scpi_parameter("function",":FUNCTION",kind="enum",options=functions,add_node=True)
        self._add_scpi_parameter("duty_cycle",":FUNCTION:SQUARE:DCYCLE",add_node=True)
        self._add_scpi_parameter("ramp_symmetry",":FUNCTION:RAMP:SYMMETRY",add_node=True)
        self._add_scpi_parameter("burst_enabled",":BURST:STATE",kind="bool",add_node=True)
        self._add_scpi_parameter("burst_mode",":BURST:MODE",kind="enum",options={"TRIG":"trig","GAT":"gate"},add_node=True)
        self._add_settings_node("burst_ncycles",self.get_burst_ncycles,self.set_burst_ncycles)
        self._add_scpi_parameter("gate_polarity",":BURST:GATE:POL",kind="enum",options={"NORM":"norm","INV":"inv"},add_node=True)
        self._add_scpi_parameter("trigger_source",":TRIG:SOURCE",kind="enum",options={"IMM":"imm","EXT":"ext","BUS":"bus"},add_node=True)
        self._add_scpi_parameter("trigger_slope",":TRIG:SLOPE",kind="enum",options={"POS":"pos","NEG":"neg"},add_node=True)
        self._add_scpi_parameter("trigger_output",":OUTPUT:TRIG",kind="bool",add_node=True)
        self._add_scpi_parameter("output_trigger_slope",":OUTPUT:TRIG:SLOPE",kind="enum",options={"POS":"pos","NEG":"neg"},add_node=True)
    
[docs]    def get_output(self):
        """Check if the output is enabled"""
        return self.ask(":OUTPUT?","bool")

[docs]    def set_output(self, enabled=True):
        """Turn the output on or off"""
        self.write(":OUTPUT",enabled)
        return self.get_output()


    
[docs]    def get_output_polarity(self):
        """
        Get output polarity.

        Can be either ``"norm"`` or ``"inv"``.
        """
        return self._get_scpi_parameter("output_polarity")

[docs]    def set_output_polarity(self, polarity="norm"):
        """
        Set output polarity.

        Can be either ``"norm"`` or ``"inv"``.
        """
        return self._set_scpi_parameter("output_polarity",polarity)

[docs]    def is_sync_output_enabled(self):
        """Check if SYNC output is enabled"""
        return self._get_scpi_parameter("sync_output")

[docs]    def enable_sync_output(self, enabled=True):
        """Enable or disable SYNC output"""
        return self._set_scpi_parameter("sync_output",enabled)

        
[docs]    def get_load(self):
        """Get the output load"""
        return self.ask("OUTPUT:LOAD?","float")

[docs]    def set_load(self, load=None):
        """Set the output load (``None`` means High-Z)"""
        if load is None:
            self.write("OUTPUT:LOAD INF")
        else:
            self.write("OUTPUT:LOAD",load,"float")
        return self.get_load()

        
[docs]    def get_function(self):
        """
        Get output function.

        Can be one of the following: ``"sine"``, ``"square"``, ``"ramp"``, ``"pulse"``, ``"noise"``, ``"prbs"``, ``"DC"``, ``"user"``, ``"arb"``.
        Not all functions can be available, depending on the particular model of the generator.
        """
        return self._get_scpi_parameter("function")

[docs]    def set_function(self, func):
        """
        Set output function.

        Can be one of the following: ``"sine"``, ``"square"``, ``"ramp"``, ``"pulse"``, ``"noise"``, ``"prbs"``, ``"DC"``, ``"user"``, ``"arb"``.
        Not all functions can be available, depending on the particular model of the generator.
        """
        return self._set_scpi_parameter("function",func)

    
[docs]    def get_amplitude(self):
        """Get output amplitude"""
        self.write(":VOLTAGE:UNIT VPP")
        return self.ask(":VOLTAGE?","float")/2.

[docs]    def set_amplitude(self, amplitude):
        """Set output amplitude"""
        self.write(":VOLTAGE",amplitude*2.,"float",unit="Vpp")
        return self.get_amplitude()

[docs]    def get_offset(self):
        """Get output offset"""
        return self.ask(":VOLTAGE:OFFSET?","float")

[docs]    def set_offset(self, offset):
        """Set output offset"""
        return self.write(":VOLTAGE:OFFSET",offset,"float")

[docs]    def get_range(self):
        """
        Get output voltage range.
        
        Return tuple ``(vmin, vmax)`` with the low and high voltage values (i.e., ``offset-amplitude`` and ``offset+amplitude``).
        """
        return self.ask(":VOLTAGE:LOW?","float"),self.ask(":VOLTAGE:HIGH?","float")

[docs]    def set_range(self, rng):
        """
        Set output voltage range.
        
        If span is less than ``1E-4``, automatically switch to DC mode.
        """
        try:
            low,high=min(rng),max(rng)
        except TypeError:
            low,high=rng,rng
        if abs(high-low)<1E-4:
            self.set_function("DC")
            self.set_amplitude(10E-3)
            self.set_offset((high+low)/2.)
        else:
            curr_rng=self.get_range()
            if low<curr_rng[1]:
                self.write("VOLTAGE:LOW",low,"float")
                self.write("VOLTAGE:HIGH",high,"float")
            else:
                self.write("VOLTAGE:HIGH",high,"float")
                self.write("VOLTAGE:LOW",low,"float")
        return self.get_range()

    
[docs]    def get_frequency(self):
        """Get output frequency"""
        value,unit=self.ask(":FREQUENCY?","value")
        return units.convert_frequency_units(value,unit or "Hz","Hz")

[docs]    def set_frequency(self, frequency):
        """Set output frequency"""
        self.write(":FREQUENCY",frequency,"float",unit="Hz")
        return self.get_frequency()

[docs]    def get_phase(self):
        """Get output phase (in degrees)"""
        self.write(":UNIT:ANGLE DEG")
        return self.ask(":PHASE?","float")

[docs]    def set_phase(self, phase):
        """Set output phase (in degrees)"""
        self.write(":UNIT:ANGLE DEG")
        self.write(":PHASE",phase,"float")
        return self.get_phase()

    
[docs]    def get_duty_cycle(self):
        """
        Get output duty cycle (in percent).

        Only applies to ``"square"`` output function.
        """
        return self._get_scpi_parameter("duty_cycle")

[docs]    def set_duty_cycle(self, dcycle):
        """
        Set output duty cycle (in percent).

        Only applies to ``"square"`` output function.
        """
        return self._set_scpi_parameter("duty_cycle",dcycle)

[docs]    def get_ramp_symmetry(self):
        """
        Get output ramp symmetry (in percent).

        Only applies to ``"ramp"`` output function.
        """
        return self._get_scpi_parameter("ramp_symmetry")

[docs]    def set_ramp_symmetry(self, rsymm):
        """
        Set output ramp symmetry (in percent).

        Only applies to ``"ramp"`` output function.
        """
        return self._set_scpi_parameter("ramp_symmetry",rsymm)


[docs]    def is_burst_enabled(self):
        """Check if the burst mode is enabled"""
        return self._get_scpi_parameter("burst_enabled")

[docs]    def enable_burst(self, enabled=True):
        """Enable burst mode"""
        return self._set_scpi_parameter("burst_enabled",enabled)

[docs]    def get_burst_mode(self):
        """
        Get burst mode.

        Can be either ``"trig"`` or ``"gate"``.
        """
        return self._get_scpi_parameter("burst_mode")

[docs]    def set_burst_mode(self, mode):
        """
        Set burst mode.

        Can be either ``"trig"`` or ``"gate"``.
        """
        return self._set_scpi_parameter("burst_mode",mode)

[docs]    def get_burst_ncycles(self):
        """
        Get burst mode ncycles.

        Infinite corresponds to a large value (>1E37).
        """
        return self.ask(":BURST:NCYC?","float")

[docs]    def set_burst_ncycles(self, ncycles=1):
        """
        Set burst mode ncycles.

        Infinite corresponds to ``None``
        """
        if ncycles is None or ncycles>1E37:
            self.write(":BURST:NCYC INF")
        else:
            self.write(":BURST:NCYC",ncycles)
        return self.get_burst_ncycles()

[docs]    def get_gate_polarity(self):
        """
        Get burst gate polarity.

        Can be either ``"norm"`` or ``"inv"``.
        """
        return self._get_scpi_parameter("gate_polarity")

[docs]    def set_gate_polarity(self, polarity="norm"):
        """
        Set burst gate polarity.

        Can be either ``"norm"`` or ``"inv"``.
        """
        return self._set_scpi_parameter("gate_polarity",polarity)

    
    
[docs]    def get_trigger_source(self):
        """
        Get trigger source.

        Can be either ``"imm"``, ``"ext"``, or ``"bus"``.
        """
        return self._get_scpi_parameter("trigger_source")

[docs]    def set_trigger_source(self, src):
        """
        Set trigger source.

        Can be either ``"imm"``, ``"ext"``, or ``"bus"``.
        """
        return self._set_scpi_parameter("trigger_source",src)

[docs]    def get_trigger_slope(self):
        """
        Get trigger slope.

        Can be either ``"pos"``, or ``"neg"``.
        """
        return self._get_scpi_parameter("trigger_slope")

[docs]    def set_trigger_slope(self, slope):
        """
        Set trigger slope.

        Can be either ``"pos"``, or ``"neg"``.
        """
        return self._set_scpi_parameter("trigger_slope",slope)

[docs]    def is_trigger_output_enabled(self):
        """Check if the trigger output is enabled"""
        return self._get_scpi_parameter("trigger_output")

[docs]    def enable_trigger_output(self, enabled=True):
        """Enable trigger output"""
        return self._set_scpi_parameter("trigger_output",enabled)

[docs]    def get_output_trigger_slope(self):
        """
        Get output trigger slope.

        Can be either ``"pos"``, or ``"neg"``.
        """
        return self._get_scpi_parameter("output_trigger_slope")

[docs]    def set_output_trigger_slope(self, slope):
        """
        Set output trigger slope.

        Can be either ``"pos"``, or ``"neg"``.
        """
        return self._set_scpi_parameter("output_trigger_slope",slope)



        
[docs]    def apply_settings(self, settings):
        if "output_on" in settings and not settings["output_on"]:
            self.set_output(False)
        SCPI.SCPIDevice.apply_settings(self,settings)
        if "output_on" in settings and settings["output_on"]:
            self.set_output(True)
        return self.get_settings()







[docs]class AMP33502A(SCPI.SCPIDevice):
    """
    Agilent AMP3350A amplifier.
    """
    def __init__(self, addr):
        SCPI.SCPIDevice.__init__(self,addr)
    
[docs]    def get_output(self, channel=None):
        return self.ask("OUTPUT{}:STATE?".format(channel+1),"bool")

[docs]    def set_output(self, channel, enabled=True):
        self.write("OUTPUT{}:STATE".format(channel+1),enabled)
        return self.get_output(channel)

[docs]    def get_path(self, channel):
        return self.ask("ROUTE{}:PATH?".format(channel+1),"string").lower()

[docs]    def set_path(self, channel, path):
        funcargparse.check_parameter_range(path,"path",{"dir","ampl"})
        self.write("ROUTE{}:PATH".format(channel+1),path.upper())
        return self.get_path(channel)

        
[docs]    def get_coupling(self, channel):
        return self.ask("INPUT{}:COUPLING?".format(channel+1),"string").lower()

[docs]    def set_coupling(self, channel, coupling):
        funcargparse.check_parameter_range(coupling,"coupling",{"ac","dc"})
        self.write("INPUT{}:COUPLING".format(channel+1),coupling.upper())
        return self.get_coupling(channel)

[docs]    def get_impedance(self, channel):
        return self.ask("INPUT{}:IMPEDANCE?".format(channel+1),"float")

[docs]    def set_impedance(self, channel, impedance):
        self.write("INPUT{}:IMPEDANCE".format(channel+1),impedance)
        return self.get_impedance(channel)

        
    
[docs]    def get_settings(self):
        settings=SCPI.SCPIDevice.get_settings(self)
        settings["output_on"]=[self.get_output(ch) for ch in [0,1]]
        settings["path"]=[self.get_path(ch) for ch in [0,1]]
        settings["coupling"]=[self.get_coupling(ch) for ch in [0,1]]
        settings["impedance"]=[self.get_impedance(ch) for ch in [0,1]]
        return settings

[docs]    def apply_settings(self, settings):
        for ch in [0,1]:
            ch_settings={}
            for k in {"output_on","path","coupling","impedance"}:
                if k in settings:
                    if isinstance(settings[k],list):
                        ch_settings[k]=settings[k][ch]
                    else:
                        ch_settings[k]=settings[k]
            if "output_on" in ch_settings and not ch_settings["output_on"]:
                self.set_output(False)
            if "path" in ch_settings:
                self.set_path(ch,ch_settings["path"])
            if "coupling" in ch_settings:
                self.set_coupling(ch,ch_settings["coupling"])
            if "impedance" in ch_settings:
                self.set_impedance(ch,ch_settings["impedance"])
            if "output_on" in ch_settings and ch_settings["output_on"]:
                self.set_output(True)
        return self.get_settings()







[docs]class N9310A(SCPI.SCPIDevice):
    """
    Agilent N9310A microwave generator.
    """
    def __init__(self, addr):
        SCPI.SCPIDevice.__init__(self,addr)
        self._add_settings_node("power_on",self.get_output,None)
        self._add_settings_node("power",self.get_output_level,self.set_output_level)
        self._add_settings_node("frequency",self.get_frequency,self.set_frequency)
    
[docs]    def get_output(self):
        return self.ask(":RFOUTPUT:STATE?","bool")

[docs]    def set_output(self, enabled=True):
        self.write(":RFOUTPUT:STATE",enabled)

[docs]    def get_output_level(self):
        value,unit=self.ask(":AMPLITUDE:CW?","value")
        return units.convert_power_units(value,unit or "dBm","dBm")

[docs]    def set_output_level(self, level):
        if level is None:
            self.set_output(False)
            return None
        else:
            self.write(":AMPLITUDE:CW",level,"float",unit="dBm")
            return self.get_output_level()

    
[docs]    def get_frequency(self):
        value,unit=self.ask(":FREQUENCY:CW?","value")
        return units.convert_frequency_units(value,unit or "Hz","Hz")

[docs]    def set_frequency(self, frequency):
        self.write(":FREQUENCY:CW",frequency/1E3,"float",unit="kHz")
        return self.get_frequency()

        
[docs]    def apply_settings(self, settings):
        if "power_on" in settings and not settings["power_on"]:
            self.set_output(False)
        SCPI.SCPIDevice.apply_settings(self,settings)
        if "power_on" in settings and settings["power_on"]:
            self.set_output(True)
        return self.get_settings()







[docs]class HP8712B(SCPI.SCPIDevice):
    """
    HP8712B Vector Network Analyzer.
    """
    def __init__(self, addr):
        SCPI.SCPIDevice.__init__(self,addr)
        self.channel=1
        self.data_fmt="<f4"
        self._add_settings_node("power_on",self.get_output,None)
        self._add_settings_node("power",self.get_output_level,self.set_output_level)
        self._add_settings_node("frequency_range",self.get_frequency_range,self.set_frequency_range)
        self._add_settings_node("bandwidth",self.get_bandwidth,self.set_bandwidth)
        self._add_settings_node("sweep_points",self.get_sweep_points,self.set_sweep_points)
        self._add_settings_node("avg",self.get_avg,self.set_avg)
        self._add_settings_node("channel_format",self.get_channel_format,self.set_channel_format)
        self._add_settings_node("electrical_delay",self.get_electrical_delay,self.set_electrical_delay)
        self._add_settings_node("channel_format",self.get_phase_offset,self.set_phase_offset)
        
[docs]    def select_channel(self, channel):
        self.channel=channel

[docs]    def current_channel(self):
        return self.channel

    
[docs]    def sweep_single(self, wait_type="sync", count=1):
        if count is None:
            count=1
        self.write(":ABORT;:INIT:CONT OFF;")
        for _ in range(count):
            self.write(":INIT")
            self.wait(wait_type)

[docs]    def sweep_reset(self, wait_type="sync"):
        self.write(":ABORT;:INIT")
        self.wait(wait_type)

[docs]    def sweep_continuous(self, enable=True):
        self.write(":INIT:CONT",enable)
        if not enable:
            self.write(":ABORT")

[docs]    def is_continuous(self):
        return self.ask(":INIT:CONT?","bool")

        
        
[docs]    def get_output(self):
        return self.ask(":OUTPUT?","bool")

[docs]    def set_output(self, enabled=True):
        self.write(":OUTPUT",enabled)

[docs]    def get_output_level(self):
        return self.ask(":SOURCE:POWER?","float")

[docs]    def set_output_level(self, level):
        if level is None:
            self.set_output(False)
            return None
        else:
            self.write("SOURCE:POWER",level)
            return self.get_output_level()

    
    
[docs]    def get_avg(self):
        avg_on=self.ask(":SENSE{0}:AVERAGE?".format(self.channel),"bool")
        avg_samples=self.ask(":SENSE{0}:AVERAGE:COUNT?".format(self.channel),"int")
        return (avg_on,avg_samples)

[docs]    def restart_avg(self):
        self.write(":SENSE{0}:AVERAGE:CLEAR".format(self.channel))

[docs]    def set_avg(self, avg=None):
        try:
            avg_on,avg_samples=avg
        except TypeError:
            if (not avg) or avg<=1:
                avg_on=False
                avg_samples=None
            else:
                avg_on=True
                avg_samples=None if avg is True else avg
        self.write(":SENSE{0}:AVERAGE".format(self.channel),avg_on)
        if avg_samples is not None:
            self.write(":SENSE{0}:AVERAGE:COUNT".format(self.channel),avg)
        return self.get_avg()

            
        
[docs]    def get_frequency_range(self):
        start=self.ask(":SENSE:FREQ:START?","float")
        stop=self.ask(":SENSE:FREQ:STOP?","float")
        return start,stop

[docs]    def set_frequency_range(self, frequency):
        try:
            start,stop=min(frequency),max(frequency)
        except TypeError:
            start,stop=frequency,frequency
        self.write(":SENSE:FREQ:START {0:E};:SENSE:FREQ:STOP {1:E}".format(start,stop))
        return self.get_frequency_range()

    
[docs]    def get_sweep_points(self):
        return self.ask(":SENSE:SWEEP:POINTS?","int")

[docs]    def set_sweep_points(self, pts):
        self.write(":SENSE:SWEEP:POINTS",int(pts))
        return self.get_sweep_points()

        
[docs]    def get_bandwidth(self):
        return self.ask(":SENSE:BWIDTH?","float")

[docs]    def set_bandwidth(self, bwidth):
        self.write(":SENSE:BWIDTH",bwidth)
        return self.get_bandwidth()

        
[docs]    def get_channel_format(self):
        return self.ask(":CALC{0}:FORMAT?".format(self.channel)).lower()

[docs]    def set_channel_format(self, chan_fmt):
        self.write(":CALC{0}:FORMAT {1}".format(self.channel, chan_fmt))
        return self.get_channel_format()

    
[docs]    def get_phase_offset(self):
        return self.ask("SENSE{0}:CORR:OFFS:PHAS?","float")

[docs]    def set_phase_offset(self, offset):
        self.write("SENSE{0}:CORR:OFFS:PHAS",offset)
        return self.get_phase_offset()

[docs]    def get_electrical_delay(self):
        return self.ask("SENSE{0}:CORR:EDEL:TIME?".format(self.channel),"float")

[docs]    def set_electrical_delay(self, delay):
        self.write("SENSE{0}:CORR:EDEL:TIME".format(self.channel),delay)
        return self.get_electrical_delay()

        
    
    
[docs]    def set_data_format(self, fmt=None):
        fmt=funcargparse.getdefault(fmt,self.data_fmt)
        fmt=data_format.DataFormat.from_desc(fmt)
        if not (fmt.is_ascii() or fmt.to_desc()[1:] in ["f4","f8","i2"]):
            raise ValueError("Format {0} isn't supported".format(fmt))
        self.write(":FORMAT:DATA {0};:FORMAT:BORDER {1}".format(*fmt.to_desc("SCPI")))

[docs]    def get_data_format(self):
        enc=self.ask(":FORMAT:DATA?")
        border=self.ask(":FORMAT:BORDER?")
        return data_format.DataFormat.from_desc_SCPI(enc,border).to_desc()

[docs]    def request_data(self, source="data", fmt=None):
        fmt=funcargparse.getdefault(fmt,self.data_fmt)
        self.set_data_format(fmt)
        if source=="data":
            data=self.ask(":TRACE:DATA? CH{0}FDATA".format(self.channel),"raw")
        elif source=="memory":
            data=self.ask(":TRACE:DATA? CH{0}FDMEM".format(self.channel),"raw")
        return self.parse_trace_data(data,fmt)

            
            
[docs]    def read_sweep(self, transfer_fmt="xy"):
        original_channel_fmt=self.get_channel_format()
        if transfer_fmt=="xy":
            channel_fmts=["real","imag"]
        elif transfer_fmt=="rp":
            channel_fmts=["mlin","phase"]
        else:
            raise ValueError("unrecognized read format: {0}".format(transfer_fmt))
        pts=self.get_sweep_points()
        data=[]
        for chf in channel_fmts:
            self.set_channel_format(chf)
            trace=self.request_data()
            if len(trace)!=pts:
                raise RuntimeError("received data length {0} is not equal to the number of points {1}".format(len(trace),pts))
            data.append(trace)
        freq_range=self.get_frequency_range()
        freqs=np.linspace(freq_range[0],freq_range[1],pts)
        data=np.column_stack(( freqs,data[0],data[1] ))
        self.set_channel_format(original_channel_fmt)
        return data

[docs]    def grab_single_sweep(self, transfer_fmt="xy", count=None):
        self.wait()
        if count is None:
            do_avg,avg_count=self.get_avg()
            count=avg_count if do_avg else 1
        cont=self.is_continuous()
        self.sweep_single(count=count)
        data=self.read_sweep(transfer_fmt=transfer_fmt)
        self.sweep_continuous(cont)
        return data

        
    
[docs]    def apply_settings(self, settings):
        if "power_on" in settings and not settings["power_on"]:
            self.set_output(False)
        SCPI.SCPIDevice.apply_settings(self,settings)
        if "power_on" in settings and settings["power_on"]:
            self.set_output(True)
        self.wait()
        return self.get_settings()







[docs]class HP8722D(SCPI.SCPIDevice):
    """
    HP8722D Vector Network Analyzer.
    """
    def __init__(self, addr):
        SCPI.SCPIDevice.__init__(self,addr)
        self.data_fmt="<f4"
        self._add_settings_node("power_on",self.get_output,None)
        self._add_settings_node("power",self.get_output_level,self.set_output_level)
        self._add_settings_node("frequency_range",self.get_frequency_range,self.set_frequency_range)
        self._add_settings_node("bandwidth",self.get_bandwidth,self.set_bandwidth)
        self._add_settings_node("sweep_points",self.get_sweep_points,self.set_sweep_points)
        self._add_settings_node("avg",self.get_avg,self.set_avg)
        self._add_settings_node("channel_format",self.get_channel_format,self.set_channel_format)
        self._add_settings_node("measurement",self.get_measurement,self.set_measurement)
        self._add_settings_node("electrical_delay",self.get_electrical_delay,self.set_electrical_delay)
        self._add_settings_node("phase_offset",self.get_phase_offset,self.set_phase_offset)
        
[docs]    def select_channel(self, channel):
        self.write("CHAN{:d}".format(channel))
        self.wait_sync()

[docs]    def current_channel(self):
        for ch in range(1,5):
            if self.ask("CHAN{:d}?".format(ch),bool):
                return ch
        return None

    
    _wait_sync_comm="OPC?;NOOP"
[docs]    def wait_dev(self):
        raise NotImplementedError("HP8722D.wait_dev")

        
        
[docs]    def sweep_single(self, wait_type="sync", count=1):
        if count is None:
            count=1
        self.write("NUMG",count)
        self.wait(wait_type)

[docs]    def sweep_continuous(self, enable=True):
        if enable:
            self.write("CONT")
        else:
            self.write("HOLD")

[docs]    def is_continuous(self):
        return self.ask("CONT?","bool")

        
        
    
[docs]    def get_output(self):
        return self.ask("SOUP?","bool")

[docs]    def set_output(self, enabled=True):
        self.write("SOUP",enabled)
        return self.get_output() if self._setter_echo else None

[docs]    def get_output_level(self):
        return self.ask("POWE?","float")

[docs]    def set_output_level(self, level):
        if level is None:
            self.set_output(False)
            return None
        else:
            self.write("PWRR ON;POWE",level)
            return self.get_output_level() if self._setter_echo else None

            
[docs]    def set_measurement(self, meas):
        self.write(meas)
        return self.get_measurement() if self._setter_echo else None

[docs]    def get_measurement(self):
        for meas in ["S11","S12","S21","S22"]:
            if self.ask(meas+"?","bool"):
                return meas
        return None

            
            
[docs]    def get_avg(self):
        avg_on=self.ask("AVERO?","bool")
        avg_samples=self.ask("AVERFACT?","int")
        return (avg_on,avg_samples)

[docs]    def restart_avg(self):
        self.write("AVERREST")

[docs]    def set_avg(self, avg=None):
        try:
            avg_on,avg_samples=avg
        except TypeError:
            if avg is True:
                avg_on=True
                avg_samples=None
            elif (not avg) or avg<=1:
                avg_on=False
                avg_samples=None
            else:
                avg_on=True
                avg_samples=avg
        self.write("AVERO",avg_on)
        if avg_samples is not None:
            self.write("AVERFACT",avg)
        return self.get_avg() if self._setter_echo else None

            
[docs]    def get_frequency_range(self):
        start=self.ask("STAR?","float")
        stop=self.ask("STOP?","float")
        return start,stop

[docs]    def set_frequency_range(self, frequency):
        try:
            start,stop=min(frequency),max(frequency)
        except TypeError:
            start,stop=frequency,frequency
        self.write("LINFREQ; STAR {0:E};STOP {1:E}".format(start,stop))
        return self.get_frequency_range() if self._setter_echo else None

        
[docs]    def get_sweep_points(self):
        return self.ask("POIN?","int")

[docs]    def set_sweep_points(self, pts):
        self.write("POIN",int(pts))
        return self.get_sweep_points() if self._setter_echo else None

        
[docs]    def get_bandwidth(self):
        return self.ask("IFBW?","float")

[docs]    def set_bandwidth(self, bwidth):
        self.write("IFBW",bwidth)
        return self.get_bandwidth() if self._setter_echo else None

        
    _channel_formats={"real":"REAL","imag":"IMAG","mlin":"LINM","mlog":"LOGM","phase":"PHAS"}
[docs]    def get_channel_format(self):
        for fmt,comm in self._channel_format.items():
            if self.ask(comm+"?","bool"):
                return fmt
        return None

[docs]    def set_channel_format(self, chan_fmt):
        self.write(self._channel_formats[chan_fmt])
        return self.get_channel_format() if self._setter_echo else None

    
[docs]    def get_phase_offset(self):
        return self.ask("PHAO?","float")

[docs]    def set_phase_offset(self, offset):
        self.write("PHAO",offset)
        return self.get_phase_offset() if self._setter_echo else None

[docs]    def get_electrical_delay(self):
        return self.ask("ELED?","float")

[docs]    def set_electrical_delay(self, delay):
        self.write("ELED",delay)
        return self.get_electrical_delay() if self._setter_echo else None

        
        
        
[docs]    def set_data_format(self, fmt=None):
        fmt=funcargparse.getdefault(fmt,self.data_fmt)
        fmt=data_format.DataFormat.from_desc(fmt)
        if fmt.is_ascii():
            self.write("FORM4")
        elif fmt.to_desc()[1:]=="f4":
            self.write("FORM2")
        elif fmt.to_desc()[1:]=="f8":
            self.write("FORM3")
        else:
            raise ValueError("Format {0} isn't supported".format(fmt))

[docs]    @staticmethod
    def parse_trace_data(data, fmt):
        fmt=data_format.DataFormat.from_desc(fmt)
        if fmt.is_ascii():
            return fmt.convert_from_str(data)
        fmt.byteorder=">" # the only byteorder the device understands
        if data[:2]!=b"#A":
            raise ValueError("malformatted data")
        length=data_format.DataFormat.from_desc(">i2").convert_from_str(data[2:4])
        data=data[4:]
        if len(data)!=length:
            raise ValueError("data length {0} doesn't agree with declared length {1}".format(len(data),length))
        return fmt.convert_from_str(data)

[docs]    def request_data(self, fmt=None):
        fmt=funcargparse.getdefault(fmt,self.data_fmt)
        self.set_data_format(fmt)
        data=self.ask("OUTPDATA","raw")
        return self.parse_trace_data(data,fmt)

        
        
[docs]    def read_sweep(self):
        pts=self.get_sweep_points()
        trace=self.request_data().reshape((-1,2))
        freq_range=self.get_frequency_range()
        freqs=np.linspace(freq_range[0],freq_range[1],pts)
        ctrace=trace[:,0]+1j*trace[:,1]
        ctrace=ctrace*np.exp(1j*2*np.pi*(freqs*self.get_electrical_delay()-self.get_phase_offset()/360.)) # manual offset; network analyzer doesn't do it for OUTPDATA
        data=np.column_stack(( freqs,ctrace.real,ctrace.imag ))
        return data

[docs]    def grab_single_sweep(self, count=None):
        self.wait()
        if count is None:
            do_avg,avg_count=self.get_avg()
            count=avg_count if do_avg else 1
        cont=self.is_continuous()
        self.sweep_single(count=count)
        data=self.read_sweep()
        self.sweep_continuous(cont)
        return data

        
        
[docs]    def apply_settings(self, settings):
        if "power_on" in settings and not settings["power_on"]:
            self.set_output(False)
        SCPI.SCPIDevice.apply_settings(self,settings)
        if "power_on" in settings and settings["power_on"]:
            self.set_output(True)
        self.wait()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.AgilentLasers

from __future__ import print_function
from builtins import range

from ...core.devio import SCPI, units  #@UnresolvedImport

_depends_local=["...core.devio.SCPI"]


[docs]class HP8168F(SCPI.SCPIDevice):
    """
    HP8168F tunable laser.
    """
    _allow_concatenate_write=False
    def __init__(self, addr):
        SCPI.SCPIDevice.__init__(self,addr)
        self.max_wavelength_step=100E-12
        self._add_settings_node("power_on",self.get_output,None)
        self._add_settings_node("power",self.get_output_level,self.set_output_level)
        self._add_settings_node("wavelength",self.get_wavelength,self.set_wavelength)
    
[docs]    def get_output(self):
        return self.ask(":OUTPUT:STATE?","bool")

[docs]    def set_output(self, enabled=True, force=False):
        if not force:
            if self.get_output()==enabled:
                return enabled
        self.write(":OUTPUT:STATE",enabled)
        return self.get_output()

[docs]    def get_output_level(self):
        value,unit=self.ask(":SOURCE:POWER:LEVEL:IMM:AMP?","value")
        return units.convert_power_units(value,unit or "W","W",case_sensitive=False)

[docs]    def set_output_level(self, level, force=False):
        if level is None:
            self.set_output(False,force=force)
            return None
        else:
            if not force:
                result=self.get_output_level()
                if abs(result-level)<1E-6:
                    return result
            self.write(":SOURCE:POWER:LEVEL:IMM:AMP",level,"float",unit="W")
            return self.get_output_level()

    
[docs]    def get_wavelength(self):
        value,unit=self.ask(":SOURCE:WAVELENGTH?","value")
        return units.convert_length_units(value,unit or "m","m",case_sensitive=False)

[docs]    def set_wavelength(self, wavelength, force=False):
        if not force:
            result=self.get_wavelength()
            if abs(result-wavelength)<0.5E-12:
                return result
        self.write(":SOURCE:WAVELENGTH",wavelength,"float",unit="M")
        result=self.get_wavelength()
        if abs(result-wavelength)>0.5E-12:
            raise ValueError("can't set wavelength {}; the device is set at {}".format(wavelength,result))
        return result

[docs]    def step_wavelength(self, step):
        if abs(step)<=self.max_wavelength_step:
            return self.set_wavelength(self.get_wavelength()+step)
        else:
            return self.get_wavelength()

[docs]    def sweep_wavelength(self, start, step_size, steps_number, delay, print_period=None):
        self.set_wavelength(start)
        for n in range(steps_number):
            self.sleep(delay)
            wl=self.step_wavelength(step_size)
            if print_period is not None and (n+1)%print_period==0:
                print("Wavelength is {:.3f}nm".format(wl*1E9))
        return self.get_wavelength()

[docs]    def cycle_wavelength(self, step):
        self.step_wavelength(step)
        return self.step_wavelength(-step)

        
        
[docs]    def apply_settings(self, settings):
        if "power_on" in settings and not settings["power_on"]:
            self.set_output(False)
        SCPI.SCPIDevice.apply_settings(self,settings)
        if "power_on" in settings and settings["power_on"]:
            self.set_output(True)
        return self.get_settings()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Altera

"""
Home-built Altera NIOS soft-core device.
"""

from ...core.devio import backend  #@UnresolvedImport
from ...core.utils import numerical  #@UnresolvedImport

import struct, math, time

import numpy as np

_depends_local=["...core.devio.backend"]


[docs]def float_to_sfixed(val, high, low):
    l=high-low+1
    val=val/(2.**low)
    ival=int(math.ceil(val))
    ival=numerical.limit_to_range(ival,-(1<<(l-1)),(1<<(l-1))-1)
    ival=ival%(1<<l)
    return ival

[docs]def float_to_ufixed(val, high, low):
    l=high-low+1
    val=val/(2**low)
    ival=int(math.ceil(val))
    ival=numerical.limit_to_range(ival,0,(1<<l)-1)
    return ival

    
[docs]def sfixed_to_float(ival, high, low):
    l=high-low+1
    ival=ival%int(2**l)
    if ival>=int(2**(l-1)):
        ival=ival-2**l
    return ival*(2**low)

[docs]def ufixed_to_float(ival, high, low):
    l=high-low+1
    ival=ival%int(2**l)
    return ival*(2**low)

    

[docs]class NIOSDevice(backend.IBackendWrapper):
    def __init__(self, port_addr, timeout=3.):
        instr=backend.SerialDeviceBackend((port_addr,57600),timeout=timeout,term_write="",term_read="\n",connect_on_operation=True)
        backend.IBackendWrapper.__init__(self,instr)
    
    _ops={"nop":0x00,"reset":0x01,
          "read_memreg":0x10,"read_mmapreg":0x11,"write_memreg":0x18,
          "read_stream":0x20,"write_stream":0x28,
          "periph_comm":0x40,"debug":0xE0}
    @staticmethod
    def _build_comm_msg(op, addr, p1, p2):
        op=NIOSDevice._ops.get(op,op)
        return struct.pack("<H",op&0xFFFF)+struct.pack("<H",addr&0xFFFF)+struct.pack("<I",p1&0xFFFFFFFF)+struct.pack("<I",p2&0xFFFFFFFF)
    @staticmethod
    def _check_response(resp):
        if resp.startswith("OK"):
            return resp
        if resp.startswith("ERR"):
            raise RuntimeError("command returned error: {}".format(resp))
        raise ValueError("unrecognized response: {}".format(resp))
    def _send_read(self, msg, bin_length=0, timeout=None):
        with self.instr.single_op():
            self.instr.flush_read()
            self.instr.write(msg[:1],flush=False)
            if len(msg)>1:
                self.instr.write(msg[1:],flush=False)
            if bin_length:
                resp=self.instr.read(bin_length)
            else:
                resp=""
            resp=resp+self.instr.readline(timeout=timeout)
            self.instr.flush_read()
        return resp
    
    
[docs]    def comm(self, op, addr=0, p1=0, p2=0, timeout=1.):
        c="C"+self._build_comm_msg(op,addr,p1,p2)
        resp=self._send_read(c,timeout=timeout)
        return self._check_response(resp)

[docs]    def query(self, op, addr=0, p1=0, p2=0, timeout=1.):
        q="Q"+self._build_comm_msg(op,addr,p1,p2)
        resp=self._send_read(q,bin_length=4,timeout=timeout)
        self._check_response(resp[4:])
        return struct.unpack("<I",resp[:4])[0]

[docs]    def upstream(self, data, timeout=1.):
        l=len(data)//4
        c="U"+struct.pack("<I",l)
        #resp=self._send_read(s,timeout=timeout)
        with self.instr.single_op():
            self.instr.flush_read()
            self.instr.write(c[:1],flush=False)
            self.instr.write(c[1:],flush=False)
            with self.instr.using_timeout(40.):
                self.instr.write(data,flush=False)
            resp=self.instr.readline(timeout=timeout)
            self.instr.flush_read()
        return self._check_response(resp)

[docs]    def downstream(self, length, timeout=1.):
        s="D"+struct.pack("<I",length)
        with self.instr.single_op():
            self.instr.flush_read()
            self.instr.write(s[:1],flush=False)
            self.instr.write(s[1:],flush=False)
            with self.instr.using_timeout(40.):
                data=self.instr.read(length*4)
            resp=self.instr.readline(timeout=timeout)
            self.instr.flush_read()
        self._check_response(resp)
        return data

[docs]    def peripheral_comm(self, dev, write_data="", read_length=0, timeout=1.):
        write_length=len(write_data)
        s="P"+struct.pack("<I",dev)+struct.pack("<I",write_length)+struct.pack("<I",read_length)
        with self.instr.single_op():
            self.instr.flush_read()
            self.instr.write(s[:1],flush=False)
            self.instr.write(s[1:],flush=False)
            if write_length:
                self.instr.write(write_data,flush=False)
            if read_length:
                with self.instr.using_timeout(40.):
                    data=self.instr.read(read_length)
            else:
                data=""
            resp=self.instr.readline(timeout=timeout)
            self.instr.flush_read()
        self._check_response(resp)
        return data

[docs]    def restart(self, full=False):
        if full:
            resp=self._send_read("R\x01")
        else:
            resp=self._send_read("R\x00")
        return self._check_response(resp)

    
[docs]    def write_ram(self, addr, value, mask=0xFFFFFFFF):
        return self.comm("write_memreg",addr,value,mask)

[docs]    def read_ram(self, addr):
        return self.query("read_memreg",addr)

[docs]    def write_ram_sfixed(self, addr, value, high, low, shift=0, mask=None):
        value=float_to_sfixed(value,high,low)
        if mask is None:
            mask=(1<<(high-low+1))-1
        self.comm("write_memreg",addr,value<<shift,mask<<shift)
        return sfixed_to_float(value,high,low)

[docs]    def read_ram_sfixed(self, addr, high, low, shift=0, mask=None):
        value=self.query("read_memreg",addr)
        if mask is None:
            mask=(1<<(high-low+1))-1
        return sfixed_to_float((value>>shift)&mask,high,low)

        
[docs]    def upstream_ram_bank(self, bank, data, start=0):
        if isinstance(data,np.ndarray):
            data=data.astype("<i4").tostring()
        l=len(data)//4
        self.comm("write_stream",bank,start,l)
        return self.upstream(data)

[docs]    def zero_ram_bank(self, bank, size, start=0):
        data="\x00"*(size*4)
        return self.upstream_ram_bank(bank,data,start=start)

[docs]    def downstream_ram_bank(self, bank, size, start=0):
        l=size//4
        self.comm("read_stream",bank,start,l)
        return self.downstream(l)


        
        
        
[docs]class FPGAController(NIOSDevice):
    _reg_map={ "DSP_mode":(0x05,2,8),
            "adc1_offset":(0x10,(15,0)),
            "adc1_scale":(0x10,(1,-14),16),
            "adc2_offset":(0x11,(15,0)),
            "adc2_scale":(0x11,(1,-14),16),
            "adc1_jitter":(0x18,(15,0)),
            "dac_offset":(0x14,(18,0)),
            "dac_scale":(0x13,(2,-15)),
            "PID_P":(0x15,(8,-15)),
            "PID_I":(0x16,(0,-23)),
            "PID_D":(0x17,(20,-3)),
            "osc_step":(0x12,),
            "pulses_period":(0x20,),
            "pulse1_end":(0x21,),
            "pulse2_start":(0x22,),
            "pulse2_end":(0x23,),

            "LEDR":(0x00,16)}
    _default_reg=(0x00,32,0)
    _reg_enums={"DSP_mode":{"gen":0,"PID":1,"transf":2}}
    @classmethod
    def _get_reg_desc(cls, reg):
        if reg in cls._reg_map:
            r=cls._reg_map[reg]
            return r+cls._default_reg[len(r):]
        else:
            raise ValueError("unrecognized register: {}".format(reg))
            
[docs]    def set_reg(self, reg, value):
        addr,size,shift=self._get_reg_desc(reg)
        if reg in self._reg_enums:
            value=self._reg_enums.get(value,value)
        if isinstance(size,tuple):
            self.write_ram_sfixed(addr,value,size[0],size[1],shift=shift)
        else:
            mask=(1<<(size+1))-1
            value=value<<shift
            self.write_ram(addr,int(value),mask)

[docs]    def get_reg(self, reg, translate_enum=True):
        addr,size,shift=self._get_reg_desc(reg)
        if isinstance(size,tuple):
            return self.read_ram_sfixed(addr,size[0],size[1],shift=shift)
        else:
            mask=(1<<(size+1))-1
            value=(self.read_ram(addr)>>shift)&mask
            if translate_enum and reg in self._reg_enums:
                pass
            return value

    __setitem__=set_reg
    __getitem__=get_reg
        
        
[docs]    def set_pulses(self, period, w1, d, w2=None):
        w2=w1 if w2 is None else w2
        self["pulses_period"]=int(period*100E6)-1
        self["pulse1_end"]=int(w1*100E6)
        self["pulse2_start"]=int(d*100E6)
        self["pulse2_end"]=int(d*100E6)+int(w2*100E6)

    
[docs]    def set_feedback_setpoint(self, setpoint):
        self["adc2_offset"]=0x8000-(0x10000/5.*setpoint)
        self["adc2_scale"]=1.

[docs]    def enable_feedback(self, enabled=True, base_level=3.):
        self["dac_offset"]=(1<<17)/20.*base_level
        self["dac_scale"]=1. if enabled else 0.

[docs]    def teach_feedback(self, delay=10., reset=True):
        if reset:
            self.write_ram(0x05,0x01,0x01)
            self.zero_ram_bank(0x10,0x1000)
            self.write_ram(0x05,0x00,0x01)
        self["PID_I"]=-5E-3
        time.sleep(delay)
        self["PID_I"]=0

        
        

[docs]    def W5500_read(self, block, addr, l):
        comm=struct.pack(">H",addr)+struct.pack("B",(block<<3)&0xFF)
        return self.peripheral_comm(0x0110,comm,l)

[docs]    def W5500_write(self, block, addr, data, readback=True):
        comm=struct.pack(">H",addr)+struct.pack("B",((block<<3)&0xFF)|0x04)+data
        self.peripheral_comm(0x0110,comm)
        return self.W5500_read(block,addr,len(data)) if readback else ""






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Andor

from .Andor_lib import lib, AndorLibError
from .AndorSDK3_lib import lib as lib3, AndorSDK3LibError, AndorSDK3_feature_types, nb_read_uint12, read_uint12

from ...core.devio import data_format
from ...core.devio.interface import IDevice
from ...core.utils import funcargparse, py3, dictionary, strpack, general
from ...core.dataproc import image as image_utils

_depends_local=[".Andor_lib",".AndorSDK3_lib","...core.devio.interface"]

import numpy as np
import collections
import contextlib
import ctypes
import threading
import time

[docs]class AndorError(RuntimeError):
    "Generic Andor camera error."

[docs]class AndorTimeoutError(AndorError):
    "Timeout while waiting."

[docs]class AndorNotSupportedError(AndorError):
    "Option not supported."


[docs]def get_cameras_number():
    """Get number of connected Andor cameras"""
    lib.initlib()
    return lib.GetAvailableCameras()


[docs]class AndorCamera(IDevice):
    """
    Andor camera.

    Caution: the manufacturer DLL is designed such that if the camera is not closed on the program termination, the allocated resources are never released.
    If this happens, these resources are blocked until the complete OS restart.

    Args:
        idx(int): camera index (use :func:`get_cameras_number` to get the total number of connected cameras)
        ini_path(str): path to .ini file, if required by the camera
    """
    def __init__(self, idx=0, ini_path=""):
        IDevice.__init__(self)
        lib.initlib()
        self.idx=idx
        self.ini_path=ini_path
        self.handle=None
        self._minh=0
        self._minv=0
        self.open()
        self.image_indexing="rct"
        
        self._nodes_ignore_error={"get":(AndorNotSupportedError,),"set":(AndorNotSupportedError,)}
        self._add_full_info_node("model_data",self.get_model_data)
        self._add_full_info_node("capabilities",self.get_capabilities)
        self._add_full_info_node("amp_modes",self.get_all_amp_modes,ignore_error=AndorLibError)
        self._add_full_info_node("pixel_size",self.get_pixel_size)
        self._add_settings_node("temperature",self.get_temperature_setpoint,self.set_temperature)
        self._add_status_node("temperature_monitor",self.get_temperature,ignore_error=AndorLibError)
        self._add_status_node("temperature_status",self.get_temperature_status,ignore_error=AndorLibError)
        self._add_settings_node("cooler",self.is_cooler_on,self.set_cooler,ignore_error=AndorLibError)
        self._add_settings_node("channel",lambda:self.channel,lambda x:self.set_amp_mode(channel=x))
        self._add_settings_node("oamp",lambda:self.oamp,lambda x:self.set_amp_mode(oamp=x))
        self._add_settings_node("hsspeed",lambda:self.hsspeed,lambda x:self.set_amp_mode(hsspeed=x))
        self._add_settings_node("preamp",lambda:self.preamp,lambda x:self.set_amp_mode(preamp=x),ignore_error=AndorLibError)
        self._add_settings_node("vsspeed",lambda:self.vsspeed,self.set_vsspeed)
        self._add_settings_node("EMCCD_gain",lambda:self.EMCCD_gain,self.set_EMCCD_gain)
        self._add_settings_node("shutter",lambda:self.shutter_mode,self.set_shutter)
        self._add_settings_node("fan_mode",lambda:self.fan_mode,self.set_fan_mode)
        self._add_settings_node("trigger_mode",lambda:self.trigger_mode,self.set_trigger_mode)
        self._add_settings_node("acq_parameters/accum",lambda:self.acq_params["accum"],self.setup_accum_mode)
        self._add_settings_node("acq_parameters/kinetics",lambda:self.acq_params["kinetics"],self.setup_kinetic_mode)
        self._add_settings_node("acq_parameters/fast_kinetics",lambda:self.acq_params["fast_kinetics"],self.setup_fast_kinetic_mode)
        self._add_settings_node("acq_parameters/cont",lambda:self.acq_params["cont"],self.setup_cont_mode)
        self._add_settings_node("acq_mode",lambda:self.acq_mode,self.set_acquisition_mode)
        self._add_status_node("acq_status",self.get_status)
        self._add_settings_node("frame_transfer",lambda:self.frame_transfer_mode,self.enable_frame_transfer_mode)
        self._add_settings_node("exposure",self.get_exposure,self.set_exposure)
        self._add_status_node("timings",self.get_timings)
        self._add_status_node("readout_time",self.get_readout_time)
        self._add_settings_node("read_parameters/single_track",lambda:self.read_params["single_track"],self.setup_single_track_mode)
        self._add_settings_node("read_parameters/multi_track",lambda:self.read_params["multi_track"],self.setup_multi_track_mode)
        self._add_settings_node("read_parameters/random_track",lambda:self.read_params["random_track"],self.setup_random_track_mode)
        self._add_settings_node("read_parameters/image",lambda:self.read_params["image"],self.setup_image_mode)
        self._add_settings_node("roi",self.get_roi,self.set_roi)
        self._add_status_node("roi_limits",self.get_roi_limits)
        self._add_settings_node("read_mode",lambda:self.read_mode,self.set_read_mode)
        self._add_status_node("data_dimensions",self.get_data_dimensions)
        self._add_status_node("buffer_size",self.get_buffer_size)
        self._add_full_info_node("detector_size",self.get_detector_size)

    def _setup_default_settings(self):
        self.capabilities=self.get_capabilities()
        self.model_data=self.get_model_data()
        try:
            self._strict_option_check=False
            self.temperature_setpoint=None
            self.set_temperature(-100)
            self.channel=None
            self.oamp=None
            self.hsspeed=None
            self.preamp=None
            self.vsspeed=None
            self.init_speeds()
            self.EMCCD_gain=None
            self.set_EMCCD_gain(0)
            self.set_EMCCD_gain(0,False)
            self.fan_mode=None
            self.set_fan_mode("off")
            self.shutter_mode=None
            self.set_shutter("close")
            self.trigger_mode=None
            self.set_trigger_mode("int")
            self.set_exposure(10E-3)
            self.acq_mode=None
            self.set_acquisition_mode("cont")
            self.acq_params=dict(zip(self._acq_modes,[()]*len(self._acq_modes)))
            self.setup_accum_mode(1)
            self.setup_kinetic_mode(1)
            self.setup_fast_kinetic_mode(1)
            self.setup_cont_mode()
            self.frame_transfer_mode=None
            self.enable_frame_transfer_mode(False)
            self.read_mode=None
            self.set_read_mode("image")
            self.read_params=dict(zip(self._read_modes,[()]*len(self._read_modes)))
            self.setup_image_mode()
            self.setup_single_track_mode()
            self.setup_multi_track_mode()
            self.setup_random_track_mode()
            self.flush_buffer()
            self.last_buffer_size=0
            self.get_buffer_size()
            self._minh=self._find_min_roi_end("h")
            self._minv=self._find_min_roi_end("v")
        finally:
            self._strict_option_check=True

    def _camsel(self):
        if self.handle is None:
            raise AndorError("camera is not opened")
        if lib.GetCurrentCamera()!=self.handle:
            lib.SetCurrentCamera(self.handle)
    def _has_option(self, kind, option):
        if kind=="acq":
            opt=self.capabilities.AcqModes
        elif kind=="read":
            opt=self.capabilities.ReadModes
        elif kind=="trig":
            opt=self.capabilities.TriggerModes
        elif kind=="set":
            opt=self.capabilities.SetFunctions
        elif kind=="get":
            opt=self.capabilities.GetFunctions
        elif kind=="feat":
            opt=self.capabilities.Features
        else:
            raise AndorError("unknown option kind: {}".format(kind))
        return option in opt
    def _check_option(self, kind, option):
        has_option=self._has_option(kind,option)
        if (not has_option) and self._strict_option_check:
            raise AndorNotSupportedError("option {}.{} is not supported by {}".format(kind,option,self.model_data.head_model))
        return has_option
[docs]    def open(self):
        """Open connection to the camera"""
        ncams=get_cameras_number()
        if self.idx>=ncams:
            raise AndorError("camera index {} is not available ({} cameras exist)".format(self.idx,ncams))
        self.handle=lib.GetCameraHandle(self.idx)
        self._camsel()
        lib.Initialize(py3.as_builtin_bytes(self.ini_path))
        self._setup_default_settings()

[docs]    def close(self):
        """Close connection to the camera"""
        try:
            self._camsel()
        except AndorError:
            return
        try:
            lib.ShutDown()
        except AndorLibError as e:
            if e.text_code!="DRV_NOT_INITIALIZED":
                raise
        self.handle=None

[docs]    def is_opened(self):
        """Check if the device is connected"""
        return self.handle is not None


    ModelData=collections.namedtuple("ModelData",["controller_model","head_model","serial_number"])
[docs]    def get_model_data(self):
        """
        Get camera model data.

        Return tuple ``(controller_mode, head_model, serial_number)``.
        """
        self._camsel()
        control_model=py3.as_str(lib.GetControllerCardModel())
        head_model=py3.as_str(lib.GetHeadModel())
        serial_number=lib.GetCameraSerialNumber()
        return self.ModelData(control_model,head_model,serial_number)

        

    ### Generic controls ###
[docs]    def get_status(self):
        """
        Get camera status.

        Return either ``"idle"`` (no acquisition), ``"acquiring"`` (acquisition in progress) or ``"temp_cycle"`` (temperature cycle in progress).
        """
        self._camsel()
        if not self._check_option("feat","AC_FEATURES_POLLING"): return
        status=lib.GetStatus()
        text_status=lib.Andor_statuscodes[status]
        if text_status=="DRV_IDLE":
            return "idle"
        if text_status=="DRV_TEMPCYCLE":
            return "temp_cycle"
        if text_status=="DRV_ACQUIRING":
            return "acquiring"
        raise AndorLibError("GetStatus",status)

[docs]    def get_capabilities(self):
        """
        Get camera capabilities.

        For description of the structure, see Andor SDK manual.
        """
        self._camsel()
        return lib.GetCapabilities()

[docs]    def get_pixel_size(self):
        """Get camera pixel size (in m)"""
        self._camsel()
        return (s*1E-6 for s in lib.GetPixelSize())


    ### Cooler controls ###
[docs]    def is_cooler_on(self):
        """Check if the cooler is on"""
        self._camsel()
        if not self._check_option("set","AC_SETFUNCTION_TEMPERATURE"): return
        return bool(lib.IsCoolerOn())

[docs]    def set_cooler(self, on=True):
        """Set the cooler on or off"""
        self._camsel()
        if not self._check_option("get","AC_GETFUNCTION_TEMPERATURE"): return
        if on:
            lib.CoolerON()
        else:
            lib.CoolerOFF()

    _temp_status={"DRV_TEMPERATURE_OFF":"off","DRV_TEMPERATURE_NOT_REACHED":"not_reached","DRV_TEMPERATURE_NOT_STABILIZED":"not_stabilized",
                    "DRV_TEMPERATURE_DRIFT":"drifted","DRV_TEMPERATURE_STABILIZED":"stabilized",}
[docs]    def get_temperature_status(self):
        """
        Get temperature status.

        Can return ``"off"`` (cooler off), ``"not_reached"`` (cooling in progress), ``"not_stabilized"`` (reached but not stabilized yet),
        ``"stabilized"`` (completely stabilized) or ``"drifted"``.
        """
        self._camsel()
        if not self._check_option("get","AC_GETFUNCTION_TEMPERATURE"): return
        status=lib.GetTemperature()[1]
        return self._temp_status[status]

[docs]    def get_temperature(self):
        """Get the current camera temperature"""
        self._camsel()
        if not self._check_option("get","AC_GETFUNCTION_TEMPERATURE"): return
        return lib.GetTemperatureF()[0]

[docs]    def set_temperature(self, temperature, enable_cooler=True):
        """
        Change the temperature setpoint.

        If ``enable_cooler==True``, turn the cooler on automatically.
        """
        self._camsel()
        if not self._check_option("set","AC_SETFUNCTION_TEMPERATURE"): return
        if not self._check_option("get","AC_GETFUNCTION_TEMPERATURERANGE"): return
        rng=lib.GetTemperatureRange()
        temperature=max(temperature,rng[0])
        temperature=min(temperature,rng[1])
        self.temperature_setpoint=int(temperature)
        lib.SetTemperature(self.temperature_setpoint)
        if enable_cooler:
            self.set_cooler(True)

[docs]    def get_temperature_setpoint(self):
        return self.temperature_setpoint

    
    ### Amplifiers/shift speeds controls ###
[docs]    def get_all_amp_modes(self):
        """
        Get all available pream modes.

        Each preamp mode is characterized by an AD channel index, amplifier index, channel speed (horizontal scan speed) index and preamp gain index.
        Return list of tuples ``(channel, channel_bitdepth, oamp, oamp_kind, hsspeed, hsspeed_MHz, preamp, preamp_gain)``,
        where ``channel``, ``oamp``, ``hsspeed`` and ``preamp`` are indices, while ``channel_bitdepth``, ``oamp_kind``, ``hsspeed_MHz`` and ``preamp_gain`` are descriptions.
        """
        self._camsel()
        return lib.get_all_amp_modes()

[docs]    def get_max_vsspeed(self):
        """Get  maximal recommended vertical scan speed"""
        self._camsel()
        return lib.GetFastestRecommendedVSSpeed()[0]

[docs]    def set_amp_mode(self, channel=None, oamp=None, hsspeed=None, preamp=None):
        """
        Setup preamp mode.

        Can specify AD channel index, amplifier index, channel speed (horizontal scan speed) index and preamp gain index.
        ``None`` (default) means leaving the current value.
        """
        self._camsel()
        channel=self.channel if channel is None else channel
        oamp=self.oamp if oamp is None else oamp
        hsspeed=self.hsspeed if hsspeed is None else hsspeed
        preamp=self.preamp if preamp is None else preamp
        if not self._has_option("set","AC_SETFUNCTION_PREAMPGAIN"):
            preamp=None
        if not self._has_option("set","AC_SETFUNCTION_HREADOUT"):
            hsspeed=None
        lib.set_amp_mode((channel,oamp,hsspeed,preamp))
        self.channel=channel
        self.oamp=oamp
        self.hsspeed=hsspeed
        self.preamp=preamp

[docs]    def set_vsspeed(self, vsspeed):
        """Set vertical scan speed index"""
        self._camsel()
        if not self._check_option("set","AC_SETFUNCTION_VREADOUT"): return
        lib.SetVSSpeed(vsspeed)
        self.vsspeed=vsspeed


[docs]    def get_channel_bitdepth(self, channel=None):
        """Get channel bit depth corresponding to the given channel index (current by default)"""
        self._camsel()
        return lib.GetBitDepth(self.channel if channel is None else channel)

[docs]    def get_oamp_desc(self, oamp=None):
        """Get output amplifier kind corresponding to the given oamp index (current by default)"""
        return lib._oamp_kinds[self.oamp if oamp is None else oamp]

[docs]    def get_hsspeed_frequency(self, hsspeed=None):
        """Get horizontal scan frequency (in Hz) corresponding to the given hsspeed index (current by default)"""
        self._camsel()
        return lib.GetHSSpeed(self.channel,self.oamp,self.hsspeed if hsspeed is None else hsspeed)*1E6

[docs]    def get_preamp_gain(self, preamp=None):
        """Get preamp gain corresponding to the given preamp index (current by default)"""
        self._camsel()
        return lib.GetPreAmpGain(self.preamp if preamp is None else preamp)

[docs]    def get_vsspeed_period(self, vsspeed=None):
        """Get vertical scan period corresponding to the given vsspeed index (current by default)"""
        self._camsel()
        return lib.GetVSSpeed(self.vsspeed if vsspeed is None else vsspeed)


[docs]    def get_EMCCD_gain(self):
        """
        Get current EMCCD gain.

        Return tuple ``(gain, advanced)``.
        """
        self._camsel()
        if not self._check_option("get","AC_GETFUNCTION_EMCCDGAIN"): return
        return lib.get_EMCCD_gain()

[docs]    def set_EMCCD_gain(self, gain, advanced=None):
        """
        Set EMCCD gain.

        Gain goes up to 300 if ``advanced==False`` or higher if ``advanced==True`` (in this mode the sensor can be permanently damaged by strong light).
        """
        self._camsel()
        gain=int(gain)
        if not self._check_option("set","AC_SETFUNCTION_EMCCDGAIN"): return
        if (advanced is not None) and not self._check_option("set","AC_SETFUNCTION_EMADVANCED"): return
        lib.set_EMCCD_gain(gain,advanced)
        self.EMCCD_gain=(gain,advanced)


[docs]    def init_speeds(self):
        """Initialize the camera channel, frequencies and amp settings to some default mode"""
        mode=self.get_all_amp_modes()[0]
        self.set_amp_mode(mode.channel,mode.oamp,mode.hsspeed,mode.preamp)
        vsspeed=self.get_max_vsspeed()
        self.set_vsspeed(vsspeed)
        self.set_EMCCD_gain(0,advanced=False)


    ### Shutter controls ###
[docs]    def get_min_shutter_times(self):
        """Get minimal shutter opening and closing times"""
        self._camsel()
        if not self._check_option("feat","AC_FEATURES_SHUTTER"): return
        return lib.GetShutterMinTimes()

[docs]    def set_shutter(self, mode, ttl_mode=0, open_time=None, close_time=None):
        """
        Setup shutter.

        `mode` can be ``"auto"``, ``"open"`` or ``"close"``, ttl_mode can be 0 (low is open) or 1 (high is open),
        `open_time` and `close_time` specify opening and closing times (required to calculate the minimal exposure times).
        By default, these time are minimal allowed times.
        """
        self._camsel()
        if not self._check_option("feat","AC_FEATURES_SHUTTER"): return
        if mode in [0,False]:
            mode="close"
        if mode in [1,True]:
            mode="open"
        shutter_modes=["auto","open","close"]
        funcargparse.check_parameter_range(mode,"state",shutter_modes)
        min_open_time,min_close_time=self.get_min_shutter_times()
        open_time=min_open_time if open_time is None else open_time
        close_time=min_close_time if close_time is None else close_time
        lib.SetShutter(ttl_mode,shutter_modes.index(mode),open_time,close_time)
        self.shutter_mode=mode


    ### Misc controls ###
[docs]    def set_fan_mode(self, mode):
        """
        Set fan mode.

        Can be ``"full"``, ``"low"`` or ``"off"``.
        """
        self._camsel()
        if not self._check_option("feat","AC_FEATURES_FANCONTROL"): return
        text_modes=["full","low","off"]
        funcargparse.check_parameter_range(mode,"mode",text_modes)
        lib.SetFanMode(text_modes.index(mode))
        self.fan_mode=mode


[docs]    def read_in_aux_port(self, port):
        """Get state at a given auxiliary port"""
        self._camsel()
        return lib.InAuxPort(port)

[docs]    def set_out_aux_port(self, port, state):
        """Set state at a given auxiliary port"""
        self._camsel()
        return lib.OutAuxPort(port,state)


    ### Trigger controls ###
[docs]    def set_trigger_mode(self, mode):
        """
        Set trigger mode.

        Can be ``"int"`` (internal), ``"ext"`` (external), ``"ext_start"`` (external start), ``"ext_exp"`` (external exposure),
        ``"ext_fvb_em"`` (external FVB EM), ``"software"`` (software trigger) or ``"ext_charge_shift"`` (external charge shifting).

        For description, see Andor SDK manual.
        """
        trigger_modes={"int":0,"ext":1,"ext_start":6,"ext_exp":7,"ext_fvb_em":9,"software":10,"ext_charge_shift":12}
        trigger_modes_cap={"int":"AC_TRIGGERMODE_INTERNAL","ext":"AC_TRIGGERMODE_EXTERNAL",
            "ext_start":"AC_TRIGGERMODE_EXTERNALSTART","ext_exp":"AC_TRIGGERMODE_EXTERNALEXPOSURE",
            "ext_fvb_em":"AC_TRIGGERMODE_EXTERNAL_FVB_EM","software":"AC_TRIGGERMODE_INTERNAL"}
        funcargparse.check_parameter_range(mode,"mode",trigger_modes.keys())
        self._camsel()
        if not self._check_option("trig",trigger_modes_cap[mode]): return
        lib.SetTriggerMode(trigger_modes[mode])
        self.trigger_mode=mode

[docs]    def get_trigger_level_limits(self):
        """Get limits on the trigger level"""
        self._camsel()
        return lib.GetTriggerLevelRange()

[docs]    def setup_ext_trigger(self, level, invert, term_highZ=True):
        """Setup external trigger (level, inversion, and high-Z termination)"""
        self._camsel()
        lib.SetTriggerLevel(level)
        lib.SetTriggerInvert(invert)
        lib.SetExternalTriggerTermination(term_highZ)

[docs]    def send_software_trigger(self):
        """Send software trigger signal"""
        self._camsel()
        lib.SendSoftwareTrigger()


    ### Acquisition mode controls ###
    _acq_modes={"single":1,"accum":2,"kinetics":3,"fast_kinetics":4,"cont":5}
    _acq_modes_cap={"single":"AC_ACQMODE_SINGLE", "accum":"AC_ACQMODE_ACCUMULATE",
        "kinetics":"AC_ACQMODE_KINETIC", "fast_kinetics":"AC_ACQMODE_FASTKINETICS",
        "cont":"AC_ACQMODE_VIDEO"}
[docs]    def set_acquisition_mode(self, mode):
        """
        Set acquisition mode.

        Can be ``"single"``, ``"accum"``, ``"kinetics"``, ``"fast_kinetics"`` or ``"cont"`` (continuous).
        For description of each mode, see Andor SDK manual and corresponding setup_*_mode functions.
        """
        funcargparse.check_parameter_range(mode,"mode",self._acq_modes.keys())
        self._camsel()
        if not self._check_option("acq",self._acq_modes_cap[mode]): return
        lib.SetAcquisitionMode(self._acq_modes[mode])
        self.acq_mode=mode

[docs]    def setup_accum_mode(self, num, cycle_time=0):
        """
        Setup accum acquisition mode.
        
        `num` is the number of accumulated frames, `cycle_time` is the acquisition period
        (by default the minimal possible based on exposure and transfer time).
        """
        self._camsel()
        if not self._check_option("acq","AC_ACQMODE_ACCUMULATE"): return
        self.set_acquisition_mode("accum")
        lib.SetNumberAccumulations(num)
        lib.SetAccumulationCycleTime(cycle_time)
        self.acq_params["accum"]=(num,cycle_time)

[docs]    def setup_kinetic_mode(self, num, cycle_time=0., num_acc=1, cycle_time_acc=0, num_prescan=0):
        """
        Setup kinetic acquisition mode.
        
        `num` is the number of kinetic cycles frames, `cycle_time` is the acquisition period between accum frames,
        `num_accum` is the number of accumulated frames, `cycle_time_acc` is the accum acquisition period,
        `num_prescan` is the number of prescans.
        """
        self._camsel()
        if not self._check_option("acq","AC_ACQMODE_KINETIC"): return
        self.set_acquisition_mode("kinetics")
        lib.SetNumberKinetics(num)
        lib.SetNumberAccumulations(num_acc)
        lib.SetNumberPrescans(num_prescan)
        lib.SetKineticCycleTime(cycle_time)
        lib.SetAccumulationCycleTime(cycle_time_acc)
        self.acq_params["kinetics"]=(num,cycle_time,num_acc,cycle_time_acc,num_prescan)

[docs]    def setup_fast_kinetic_mode(self, num, cycle_time_acc=0.):
        """
        Setup fast kinetic acquisition mode.
        
        `num` is the number of accumulated frames, `cycle_time` is the acquisition period
        (by default the minimal possible based on exposure and transfer time).
        """
        self._camsel()
        if not self._check_option("acq","AC_ACQMODE_FASTKINETICS"): return
        self.set_acquisition_mode("fast_kinetics")
        lib.SetNumberKinetics(num)
        lib.SetAccumulationCycleTime(cycle_time_acc)
        self.acq_params["fast_kinetics"]=(num,cycle_time_acc)

[docs]    def setup_cont_mode(self, cycle_time=0):
        """
        Setup continuous acquisition mode.
        
        `cycle_time` is the acquisition period (by default the minimal possible based on exposure and transfer time).
        """
        self._camsel()
        if not self._check_option("acq","AC_ACQMODE_VIDEO"): return
        self.set_acquisition_mode("cont")
        lib.SetKineticCycleTime(cycle_time)
        self.acq_params["cont"]=cycle_time

    def _setup_acquisition(self, acq_mode=None, params=None):
        acq_mode=acq_mode or self.acq_mode
        params=params or self.acq_params[self.acq_mode]
        if acq_mode=="accum":
            self.setup_accum_mode(*params)
        elif acq_mode=="kinetics":
            self.setup_kinetic_mode(*params)
        elif acq_mode=="fast_kinetics":
            self.setup_fast_kinetic_mode(*params)
        elif acq_mode=="cont":
            self.setup_cont_mode(params)
[docs]    def set_exposure(self, exposure):
        """Set camera exposure"""
        self._camsel()
        lib.SetExposureTime(exposure)

[docs]    def get_exposure(self):
        """Get current exposure"""
        return self.get_timings()[0]

[docs]    def enable_frame_transfer_mode(self, enable=True):
        """
        Enable frame transfer mode.

        For description, see Andor SDK manual.
        """
        self._camsel()
        if not self._check_option("acq","AC_ACQMODE_FRAMETRANSFER"): return
        lib.SetFrameTransferMode(enable)
        self.frame_transfer_mode=enable

    AcqTimes=collections.namedtuple("AcqTimes",["exposure","accum_cycle_time","kinetic_cycle_time"])
[docs]    def get_timings(self):
        """
        Get acquisition timing.

        Return tuple ``(exposure, accum_cycle_time, kinetic_cycle_time)``.
        In continuous mode, the relevant cycle time is ``kinetic_cycle_time``.
        """
        self._camsel()
        return self.AcqTimes(*lib.GetAcquisitionTimings())

[docs]    def get_readout_time(self):
        """Get frame readout time"""
        self._camsel()
        return lib.GetReadOutTime()

[docs]    def get_keepclean_time(self):
        """Get sensor keep-clean time"""
        self._camsel()
        return lib.GetKeepCleanTime()


    ### Acquisition process controls ###
[docs]    def prepare_acquisition(self):
        """
        Prepare acquisition.
        
        Isn't required (called automatically on acquisition start), but decreases time required for starting acquisition later.
        """
        self._camsel()
        lib.PrepareAcquisition()

[docs]    def start_acquisition(self, setup=True):
        """
        Start acquisition.

        If ``setup==True``, setup the acquisition parameters before the start
        (they don't apply automatically when the mode is changed).
        """
        self._camsel()
        if setup:
            self._setup_acquisition()
        self.get_buffer_size()
        lib.StartAcquisition()

[docs]    def stop_acquisition(self):
        """Stop acquisition"""
        self._camsel()
        if self.get_status()=="acquiring":
            lib.AbortAcquisition()

    AcqProgress=collections.namedtuple("AcqProgress",["frames_done","cycles_done"])
[docs]    def get_progress(self):
        """
        Get acquisition progress.

        Return tuple ``(frames_done, cycles_done)`` (these are different in accum or kinetic mode).
        """
        self._camsel()
        return self.AcqProgress(*lib.GetAcquisitionProgress())

[docs]    def wait_for_frame(self, since="lastwait", timeout=20.):
        """
        Wait for a new camera frame.

        `since` specifies what constitutes a new frame.
        Can be ``"lastread"`` (wait for a new frame after the last read frame), ``"lastwait"`` (wait for a new frame after last :meth:`wait_for_frame` call),
        or ``"now"`` (wait for a new frame acquired after this function call).
        If `timeout` is exceeded, raise :exc:`AndorTimeoutError`.
        """
        funcargparse.check_parameter_range(since,"since",{"lastread","lastwait","now"})
        if since=="lastwait":
            self._camsel()
            if timeout is None:
                lib.WaitForAcquisitionByHandle(self.handle)
            else:
                try:
                    lib.WaitForAcquisitionByHandleTimeOut(self.handle,int(timeout*1E3))
                except AndorLibError as e:
                    if e.text_code=="DRV_NO_NEW_DATA":
                        raise AndorTimeoutError
                    else:
                        raise
        elif since=="lastread":
            self._camsel()
            while not self.get_new_images_range():
                self.wait_for_frame(since="lastwait",timeout=timeout)
        else:
            rng=self.get_new_images_range()
            last_img=rng[1] if rng else None
            while True:
                self.wait_for_frame(since="lastwait",timeout=timeout)
                rng=self.get_new_images_range()
                if rng and (last_img is None or rng[1]>last_img):
                    return

[docs]    def cancel_wait(self):
        """Cancel wait"""
        self._camsel()
        lib.CancelWait()

[docs]    @contextlib.contextmanager
    def pausing_acquisition(self):
        """
        Context manager which temporarily pauses acquisition during execution of ``with`` block.

        Useful for applying certain settings which can't be changed during the acquisition.
        """
        acq=self.get_status()=="acquiring"
        try:
            self.stop_acquisition()
            yield
        finally:
            if acq:
                self.start_acquisition()


    ### Image settings and transfer controls ###
[docs]    def get_detector_size(self):
        """Get camera detector size (in pixels) as a tuple ``(width, height)``"""
        self._camsel()
        if not self._check_option("get","AC_GETFUNCTION_DETECTORSIZE"): return
        return lib.GetDetector()

    _read_modes=["fvb","multi_track","random_track","single_track","image"]
    _read_modes_cap={"fvb":"AC_READMODE_FVB", "multi_track":"AC_READMODE_MULTITRACK",
        "random_track":"AC_READMODE_RANDOMTRACK", "single_track":"AC_READMODE_SINGLETRACK",
        "image":"AC_READMODE_FULLIMAGE"}
[docs]    def set_read_mode(self, mode):
        """
        Set camera read mode.

        Can be ``"fvb"`` (average all image vertically and return it as one row), ``"single_track"`` (read a single row or several rows averaged together),
        ``"multi_track"`` (read multiple rows or averaged sets of rows), ``"random_track"`` (read several arbitrary lines),
        or ``"image"`` (read a whole image or its rectangular part).
        """
        funcargparse.check_parameter_range(mode,"mode",self._read_modes)
        self._camsel()
        if not self._check_option("read",self._read_modes_cap[mode]): return
        lib.SetReadMode(self._read_modes.index(mode))
        self.read_mode=mode

[docs]    def setup_single_track_mode(self, center=0, width=1):
        """
        Setup singe-track read mode.

        `center` and `width` specify selection of the rows to be averaged together.
        """
        self._camsel()
        if not self._check_option("read","AC_READMODE_FULLIMAGE"): return
        lib.SetSingleTrack(center+1,width)
        self.read_params["single_track"]=(center,width)

[docs]    def setup_multi_track_mode(self, number=1, height=1, offset=1):
        """
        Setup multi-track read mode.

        `number` is the number of rows (or row sets) to read, `height` is number of one row set (1 for a single row),
        `offset` is the distance between the row sets.
        """
        self._camsel()
        if not self._check_option("read","AC_READMODE_MULTITRACK"): return
        res=lib.SetMultiTrack(number,height,offset)
        self.read_params["multi_track"]=(number,height,offset)
        return res

[docs]    def setup_random_track_mode(self, tracks=None):
        """
        Setup random track read mode.

        `tracks` is a list of tuples ``(start, stop)`` specifying track span (start are inclusive, stop are exclusive, starting from 0)
        """
        self._camsel()
        if not self._check_option("read","AC_READMODE_RANDOMTRACK"): return
        tracks=tracks or [(0,1)]
        lib.SetRandomTracks([(t[0]+1,t[1]) for t in tracks])
        self.read_params["random_track"]=list(tracks)

[docs]    def setup_image_mode(self, hstart=0, hend=None, vstart=0, vend=None, hbin=1, vbin=1):
        """
        Setup image read mode.

        `hstart` and `hend` specify horizontal image extent, `vstart` and `vend` specify vertical image extent
        (start are inclusive, stop are exclusive, starting from 0), `hbin` and `vbin` specify binning.
        """
        hdet,vdet=self.get_detector_size()
        if not self._check_option("read","AC_READMODE_FULLIMAGE"): return
        hend=hdet if hend is None else hend
        vend=vdet if vend is None else vend
        hend=min(hdet,hend) # truncate the image size
        vend=min(vdet,vend)
        if (hstart,hend,vstart,vend)!=(0,hdet,0,vdet):
            if not self._check_option("read","AC_READMODE_SUBIMAGE"): return
        hend-=(hend-hstart)%hbin # make size divisible by bin
        hend=max(hend,hstart+hbin*self._minh)
        vend-=(vend-vstart)%vbin
        vend=max(vend,vstart+vbin*self._minv)
        lib.SetImage(hbin,vbin,hstart+1,hend,vstart+1,vend)
        self.read_params["image"]=(hstart,hend,vstart,vend,hbin,vbin)

    
[docs]    def get_roi(self):
        """
        Get current ROI.

        Return tuple ``(hstart, hend, vstart, vend, hbin, vbin)``.
        """
        return self.read_params["image"]

[docs]    def set_roi(self, hstart=0, hend=None, vstart=0, vend=None, hbin=1, vbin=1):
        """
        Setup camera ROI.

        `hstart` and `hend` specify horizontal image extent, `vstart` and `vend` specify vertical image extent
        (start are inclusive, stop are exclusive, starting from 0), `hbin` and `vbin` specify binning.
        By default, all non-supplied parameters take extreme values.
        """
        self.setup_image_mode(hstart,hend,vstart,vend,hbin,vbin)
        self.set_read_mode("image")

    def _find_min_roi_end(self, kind="h"):
        roi=self.get_roi()
        smin,smax=1,self.get_detector_size()[0 if kind=="h" else 1]
        while smin<smax-1:
            smid=(smin+smax)//2
            try:
                if kind=="h":
                    self.set_roi(hend=smid)
                else:
                    self.set_roi(vend=smid)
                smax=smid
            except AndorLibError:
                smin=smid
        self.set_roi(*roi)
        return smax
[docs]    def get_roi_limits(self):
        """
        Get the minimal and maximal ROI parameters.

        Return tuple ``(min_roi, max_roi)``, where each element is in turn 6-tuple describing the ROI.
        """
        xdet,ydet=self.get_detector_size()
        roi=self.get_roi()
        min_roi=(0,0,roi[4]*self._minh,roi[5]*self._minv,1,1)
        maxbin=int(min(xdet//self._minh,ydet//self._minv,32)) if (self._minh and self._minv) else 32
        max_roi=(xdet-min_roi[2],xdet-min_roi[3],xdet,ydet,maxbin,maxbin)
        return (min_roi,max_roi)


    def _get_data_dimensions_rc(self, mode=None, params=None):
        if mode is None:
            mode=self.read_mode
        if params is None:
            params=self.read_params[mode]
        hdet,_=self.get_detector_size()
        if mode in {"fvb","single_track"}:
            return (1,hdet)
        if mode=="multi_track":
            return (params[0],hdet)
        if mode=="random_track":
            return (len(params),hdet)
        if mode=="image":
            (hstart,hend,vstart,vend,hbin,vbin)=params
            return (vend-vstart)//vbin,(hend-hstart)//hbin
[docs]    def get_data_dimensions(self, mode=None, params=None):
        """Get readout data dimensions for given read mode and read parameters (current by default)"""
        return image_utils.convert_shape_indexing(self._get_data_dimensions_rc(mode=mode,params=params),"rc",self.image_indexing)

[docs]    def read_newest_image(self, peek=False):
        """
        Read the newest image.

        If ``peek==True``, return the image but not mark it as read.
        """
        dim=self._get_data_dimensions_rc()
        self._camsel()
        if peek:
            data=lib.GetMostRecentImage16(dim[0]*dim[1])
            img=data.reshape((dim[0],dim[1]))
            return image_utils.convert_image_indexing(img,"rcb",self.image_indexing)
        else:
            rng=self.get_new_images_range()
            if rng:
                return self.read_multiple_images([rng[1],rng[1]])[0,:,:]

[docs]    def read_oldest_image(self):
        """
        Read the oldest un-read image in the buffer.

        `dim` specifies image dimensions (by default use dimensions corresponding to the current camera settings).
        """
        dim=self._get_data_dimensions_rc()
        self._camsel()
        data=lib.GetOldestImage16(dim[0]*dim[1])
        img=data.reshape((dim[0],dim[1]))
        return image_utils.convert_image_indexing(img,"rcb",self.image_indexing)

[docs]    def get_buffer_size(self):
        """Get the size of the image ring buffer"""
        self._camsel()
        try:
            self.last_buffer_size=lib.GetSizeOfCircularBuffer()
        except AndorLibError:
            pass
        return self.last_buffer_size

[docs]    def get_new_images_range(self):
        """
        Get the range of the new images.
        
        Return tuple ``(first, last)`` with images range (inclusive).
        If no images are available, return ``None``.
        """
        self._camsel()
        try:
            rng=lib.GetNumberNewImages()
            return (rng[0]-1,rng[1]-1)
        except AndorLibError as e:
            if e.text_code=="DRV_NO_NEW_DATA":
                return None
            raise

[docs]    def read_multiple_images(self, rng=None):
        """
        Read multiple images specified by `rng` (by default, all un-read images).

        `dim` specifies images dimensions (by default use dimensions corresponding to the current camera settings).
        """
        self._camsel()
        if rng is None:
            rng=self.get_new_images_range()
        dim=self._get_data_dimensions_rc()
        if rng is None:
            return np.zeros((0,dim[0],dim[1]))
        data,vmin,vmax=lib.GetImages16(rng[0]+1,rng[1]+1,dim[0]*dim[1]*(rng[1]-rng[0]+1))
        imgs=data.reshape((-1,dim[0],dim[1]))
        return np.asarray([image_utils.convert_image_indexing(im,"rcb",self.image_indexing) for im in imgs])


[docs]    def flush_buffer(self):
        """Flush the camera buffer (restart the acquisition)"""
        acq_mode=self.acq_mode
        if acq_mode=="cont":
            self.set_acquisition_mode("single")
        else:
            self.set_acquisition_mode("cont")
        self.prepare_acquisition()
        self.set_acquisition_mode(acq_mode)
        self.prepare_acquisition()


    ### Combined functions ###
[docs]    def snap(self):
        """Snap a single image (with preset image read mode parameters)"""
        self.set_acquisition_mode("single")
        self.set_read_mode("image")
        self.start_acquisition()
        self.wait_for_frame()
        self.stop_acquisition()
        return self.read_newest_image()












_open_cams_SDKs=0

[docs]def get_cameras_number_SDK3():
    """Get number of connected Andor cameras"""
    lib3.initlib()
    lib3.AT_InitialiseLibrary()
    return lib3.AT_GetInt(1,"DeviceCount")


[docs]class AndorSDK3Camera(IDevice):
    """
    Andor SDK3 camera.

    Args:
        idx(int): camera index (use :func:`get_cameras_number_SDK3` to get the total number of connected cameras)
    """
    def __init__(self, idx=0):
        IDevice.__init__(self)
        lib3.initlib()
        self.idx=idx
        self.handle=None
        self._default_nframes=100
        self._buffer_overflow=10
        self._buffer_mgr=self.BufferManager(self)
        self._last_wait_frame=-1
        self._reg_cb=None
        self._acq_mode=None
        self.open()
        self.image_indexing="rct"
        self.v=dictionary.ItemAccessor(self.get_value,self.set_value)

        self._nodes_ignore_error={"get":(AndorNotSupportedError,),"set":(AndorNotSupportedError,)}
        self._add_full_info_node("model_data",self.get_model_data)
        self._add_full_info_node("values",self.get_all_values)
        self._add_settings_node("trigger_mode",self.get_trigger_mode,self.set_trigger_mode)
        self._add_settings_node("shutter",self.get_shutter,self.set_shutter)
        self._add_settings_node("temperature",self.get_temperature_setpoint,self.set_temperature)
        self._add_status_node("temperature_monitor",self.get_temperature)
        self._add_settings_node("cooler",self.is_cooler_on,self.set_cooler)
        self._add_status_node("is_acquiring",self.is_acquiring)
        self._add_status_node("timings",self.get_timings)
        self._add_status_node("data_dimensions",self.get_data_dimensions)
        self._add_settings_node("roi",self.get_roi,self.set_roi)
        self._add_status_node("roi_limits",self.get_roi_limits)
        self._add_settings_node("exposure",self.get_exposure,self.set_exposure)
        self._add_settings_node("readout_time",self.get_readout_time,self.set_readout_time)
        self._add_status_node("frame_counter_status",self.get_frame_counter_status)
        self._add_status_node("buffer_size",self.get_buffer_size)
        self._add_full_info_node("detector_size",self.get_detector_size)



    _open_cams=0
[docs]    def open(self):
        """Open connection to the camera"""
        self.close()
        ncams=get_cameras_number_SDK3()
        if self.idx>=ncams:
            raise AndorError("camera index {} is not available ({} cameras exist)".format(self.idx,ncams))
        lib3.AT_InitialiseLibrary()
        self.handle=lib3.AT_Open(self.idx)
        self._open_cams+=1
        self._register_events()

[docs]    def close(self):
        """Close connection to the camera"""
        if self.handle is not None:
            self.stop_acquisition()
            self._unregister_events()
            lib3.AT_Close(self.handle)
            self._open_cams-=1
            if self._open_cams<=0:
                lib3.AT_FinaliseLibrary()
        self.handle=None

[docs]    def is_opened(self):
        """Check if the device is connected"""
        return self.handle is not None


[docs]    def is_feature_available(self, name):
        """Check if given feature is available"""
        return lib3.AT_IsImplemented(self.handle,name)

[docs]    def is_feature_readable(self, name):
        """Check if given feature is available"""
        return lib3.AT_IsImplemented(self.handle,name) and lib3.AT_IsReadable(self.handle,name) 

[docs]    def is_feature_writable(self, name):
        """Check if given feature is available"""
        return lib3.AT_IsImplemented(self.handle,name) and lib3.AT_IsWritable(self.handle,name) 

    def _check_feature(self, name, writable=False):
        if not self.is_feature_available(name) or (writable and not self.is_feature_writable(name)):
            raise AndorNotSupportedError("feature {} is not supported by camera {}".format(name,self.get_model_data().camera_model))
[docs]    def get_value(self, name, kind="auto", enum_str=True, default="error"):
        """
        Get current value of the given feature.
        
        `kind` determines feature kind, can be ``"int"``, ``"float"``, ``"str"``, ``"bool"`` or ``"enum``";
        by default (``"auto"``), auto-determine value kind (might not work for newer features).
        If ``enum_str==True``, return enum values as strings; otherwise, return as indices.
        If ``default=="error"``, raise :exc:`AndorError` if the feature is not implemented; otherwise, return `default` if it is not implemented.
        """
        if kind=="auto":
            if name in AndorSDK3_feature_types:
                kind=AndorSDK3_feature_types[name]
            else:
                raise AndorError("can't determine feature kind: {}".format(name))
        if not lib3.AT_IsImplemented(self.handle,name):
            if default=="error":
                raise AndorError("feature is not implemented: {}".format(name))
            else:
                return default
        if not lib3.AT_IsReadable(self.handle,name):
            raise AndorError("feature is not readable: {}".format(name))
        if kind=="int":
            return lib3.AT_GetInt(self.handle,name)
        if kind=="float":
            return lib3.AT_GetFloat(self.handle,name)
        if kind=="str":
            strlen=lib3.AT_GetStringMaxLength(self.handle,name)
            return lib3.AT_GetString(self.handle,name,strlen)
        if kind=="bool":
            return bool(lib3.AT_GetBool(self.handle,name))
        if kind=="enum":
            val=lib3.AT_GetEnumIndex(self.handle,name)
            if enum_str:
                val=lib3.AT_GetEnumStringByIndex(self.handle,name,val,512)
            return val
        raise AndorError("can't read feature '{}' with kind '{}'".format(name,kind))

[docs]    def set_value(self, name, value, kind="auto", not_implemented_error=True):
        """
        Set current value of the given feature.
        
        `kind` determines feature kind, can be ``"int"``, ``"float"``, ``"str"``, ``"bool"`` or ``"enum``";
        by default (``"auto"``), auto-determine value kind (might not work for newer features).

        If ``not_implemented_error==True`` and the feature is not implemented, raise :exc:`AndorError`; otherwise, do nothing.
        """
        if kind=="auto":
            if name in AndorSDK3_feature_types:
                kind=AndorSDK3_feature_types[name]
            else:
                raise AndorError("can't determine feature kind: {}".format(name))
        if not lib3.AT_IsImplemented(self.handle,name):
            if not_implemented_error:
                raise AndorError("feature is not implemented: {}".format(name))
            else:
                return
        if not lib3.AT_IsWritable(self.handle,name):
            raise AndorError("feature is not writable: {}".format(name))
        if kind=="int":
            lib3.AT_SetInt(self.handle,name,int(value))
        elif kind=="float":
            lib3.AT_SetFloat(self.handle,name,float(value))
        elif kind=="str":
            lib3.AT_SetString(self.handle,name,value)
        elif kind=="bool":
            lib3.AT_SetBool(self.handle,name,bool(value))
        elif kind=="enum":
            if isinstance(value,py3.anystring):
                lib3.AT_SetEnumString(self.handle,name,value)
            else:
                lib3.AT_SetEnumIndex(self.handle,name,int(value))
        else:
            raise AndorError("can't read feature '{}' with kind '{}'".format(name,kind))

[docs]    def command(self, name):
        """Execute given command"""
        if not lib3.AT_IsImplemented(self.handle,name):
            raise AndorError("command is not implemented: {}".format(name))
        lib3.AT_Command(self.handle,name)

[docs]    def get_value_range(self, name, kind="auto", enum_str=True):
        """
        Get allowed rande of the given value.
        
        `kind` determines feature kind, can be ``"int"``, ``"float"``, ``"str"``, ``"bool"`` or ``"enum``";
        by default (``"auto"``), auto-determine value kind (might not work for newer features).

        For ``"int"`` or ``"float"`` values return tuple ``(min, max)`` (inclusive); for ``"enum"`` return list of possible values
        (if ``enum_str==True``, return list of string values, otherwise return list of indices).
        For all other value kinds return ``None``.
        """
        if kind=="auto":
            if name in AndorSDK3_feature_types:
                kind=AndorSDK3_feature_types[name]
            else:
                raise AndorError("can't determine feature kind: {}".format(name))
        if not lib3.AT_IsImplemented(self.handle,name):
            raise AndorError("feature is not implemented: {}".format(name))
        if kind=="int":
            return (lib3.AT_GetIntMin(self.handle,name),lib3.AT_GetIntMax(self.handle,name))
        if kind=="float":
            return (lib3.AT_GetFloatMin(self.handle,name),lib3.AT_GetFloatMax(self.handle,name))
        if kind=="enum":
            count=lib3.AT_GetEnumCount(self.handle,name)
            available=[i for i in range(count) if lib3.AT_IsEnumIndexAvailable(self.handle,name,i)]
            if enum_str:
                available=[lib3.AT_GetEnumStringByIndex(self.handle,name,i,512) for i in available]
            return available

[docs]    def limit_value(self, name, value):
        """Limit value to lie within the allowed range"""
        vmin,vmax=self.get_value_range(name)
        return min(max(value,vmin),vmax)


[docs]    def get_all_values(self, enum_str=True):
        """
        Get all readable values.

        If ``enum_str==True``, return enum values as strings; otherwise, return as indices.
        """
        values={}
        for v in AndorSDK3_feature_types:
            if AndorSDK3_feature_types[v]!="comm" and lib3.AT_IsImplemented(self.handle,v) and lib3.AT_IsReadable(self.handle,v):
                try:
                    values[v]=self.get_value(v,enum_str=enum_str)
                except AndorSDK3LibError:
                    pass
        return values


    ModelData=collections.namedtuple("ModelData",["camera_model","serial_number","firmware_version","software_version"])
[docs]    def get_model_data(self, enum_str=True):
        """
        Get camera model data.

        Return tuple ``(camera_model, serial_number, firmware_version, software_version)``.
        """
        camera_model=self.get_value("CameraModel")
        serial_number=self.get_value("SerialNumber")
        firmware_version=self.get_value("FirmwareVersion")
        strlen=lib3.AT_GetStringMaxLength(1,"SoftwareVersion")
        software_version=lib3.AT_GetString(1,"SoftwareVersion",strlen)
        return self.ModelData(camera_model,serial_number,firmware_version,software_version)

        


    _trigger_modes={"int":"Internal","ext":"External","software":"Software","ext_start":"External start","ext_exp":"External Exposure"}
    _inv_trigger_modes=general.invert_dict(_trigger_modes)
[docs]    def get_trigger_mode(self):
        """
        Get trigger mode.

        Can be ``"int"`` (internal), ``"ext"`` (external), ``"software"`` (software trigger),
            ``"ext_start"`` (external start), or ``"ext_exp"`` (external exposure).
        """
        tm=self.get_value("TriggerMode")
        tm=self._inv_trigger_modes.get(tm,tm)
        return tm

[docs]    def set_trigger_mode(self, mode):
        """
        Set trigger mode.

        Can be ``"int"`` (internal), ``"ext"`` (external), or ``"software"`` (software trigger).
        """
        funcargparse.check_parameter_range(mode,"mode",self._trigger_modes)
        self.set_value("TriggerMode",self._trigger_modes[mode])
        return self.get_trigger_mode()

    _shutter_modes={"open":"Open","closed":"Closed","auto":"Auto"}
    _inv_shutter_modes=general.invert_dict(_trigger_modes)
[docs]    def get_shutter(self):
        """Get current shutter mode"""
        self._check_feature("ShutterMode")
        sm=self.get_value("ShutterMode")
        return self._inv_shutter_modes(sm)

[docs]    def set_shutter(self, mode):
        """
        Set trigger mode.

        Can be ``"open"``, ``"closed"``, or ``"auto"``.
        """
        self._check_feature("ShutterMode")
        funcargparse.check_parameter_range(mode,"mode",self._shutter_modes)
        self.set_value("ShutterMode",self._shutter_modes[mode])
        return self.get_shutter()



    ### Cooler controls ###
[docs]    def is_cooler_on(self):
        """Check if the cooler is on"""
        self._check_feature("SensorCooling")
        return self.get_value("SensorCooling")

[docs]    def set_cooler(self, on=True):
        """Set the cooler on or off"""
        self._check_feature("SensorCooling")
        self.set_value("SensorCooling",on)
        return self.get_value("SensorCooling")


[docs]    def get_temperature(self):
        """Get the current camera temperature"""
        self._check_feature("SensorTemperature")
        return self.get_value("SensorTemperature")

[docs]    def get_temperature_setpoint(self):
        """Get current temperature setpoint."""
        self._check_feature("TargetSensorTemperature")
        return self.get_value("TargetSensorTemperature")

[docs]    def set_temperature(self, temperature, enable_cooler=True):
        """
        Change the temperature setpoint.

        If ``enable_cooler==True``, turn the cooler on automatically.
        """
        self._check_feature("TargetSensorTemperature")
        if self.get_value("TargetSensorTemperature")!=temperature:
            self._check_feature("TargetSensorTemperature",writable=True)
            self.set_value("TargetSensorTemperature",temperature)
        if enable_cooler:
            self.set_cooler(True)
        return self.get_value("TargetSensorTemperature")



[docs]    def get_exposure(self):
        """Get current exposure"""
        return self.get_value("ExposureTime")

[docs]    def set_exposure(self, exposure, set_min_readout_time=True):
        """Set camera exposure"""
        self.set_readout_time(0)
        exposure=self.limit_value("ExposureTime",exposure)
        self.set_value("ExposureTime",exposure)
        return self.get_exposure()

[docs]    def get_readout_time(self):
        return 1./self.get_value("FrameRate")

[docs]    def set_readout_time(self, readout_time):
        if not self.is_feature_writable("FrameRate"):
            return
        fr_rng=self.get_value_range("FrameRate")
        ro_rng=1./fr_rng[1],1./fr_rng[0]
        readout_time=max(min(readout_time,ro_rng[1]),ro_rng[0])
        self.set_value("FrameRate",1./readout_time)
        return self.get_readout_time()

    AcqTimes=collections.namedtuple("AcqTimes",["exposure","accum_cycle_time","kinetic_cycle_time"])
[docs]    def get_timings(self):
        """
        Get acquisition timing.

        Return tuple ``(exposure, accum_cycle_time, kinetic_cycle_time)``.
        In continuous mode, the relevant cycle time is ``kinetic_cycle_time``.
        """
        return self.AcqTimes(self.get_exposure(),0,self.get_readout_time())



    
    ### Frame counting ###
[docs]    class BufferManager(object):
        """Buffer manager: stores, constantly reads and re-schedules buffers, keeps track of acquired and read frames, and of buffer overflow events"""
        def __init__(self, cam):
            object.__init__(self)
            self.buffers=None
            self.queued_buffers=0
            self.size=0
            self.acq_frames=0
            self.read_frames=0
            self.missed_frames=0
            self.buffer_overflows=0
            self.stop_requested=False
            self.overflow_detected=False
            self.cam=cam
            self._cnt_lock=threading.RLock()
            self._buffer_loop_thread=None
[docs]        def allocate_buffers(self, nbuff, size, queued_buffers=None):
            """
            Allocate and queue buffers.

            `queued_buffers`` specifies number of allocated buffers to keep queued at aagiven time (by default, all of them)
            """
            with self._cnt_lock:
                self.deallocate_buffers()
                self.buffers=[ctypes.create_string_buffer(size) for _ in range(nbuff)]
                self.queued_buffers=queued_buffers or len(self.buffers)
                self.size=size        
                for b in self.buffers[:self.queued_buffers]:
                    lib3.AT_QueueBuffer(self.cam.handle,ctypes.cast(b,ctypes.POINTER(ctypes.c_uint8)),self.size)

[docs]        def deallocate_buffers(self):
            """Deallocated buffers (flushing should be done manually)"""
            with self._cnt_lock:
                if self.buffers:
                    self.stop_loop()
                    self.buffers=None
                    self.size=0

[docs]        def reset(self, buffer_overflows=0):
            """Reset counter (on frame acquisition)"""
            self.acq_frames=0
            self.read_frames=0
            self.missed_frames=0
            self.buffer_overflows=buffer_overflows
            self.overflow_detected=False

        def _acq_loop(self):
            while not self.stop_requested:
                try:
                    # buff,size=lib3.AT_WaitBuffer(self.cam.handle,300)
                    # buff_addr=ctypes.cast(buff,ctypes.c_void_p).value
                    # next_buff=self.buffers[self.acq_frames%len(self.buffers)]
                    # next_buff_addr=ctypes.addressof(next_buff)
                    # if buff_addr!=next_buff_addr:
                    #     all_addr=[ctypes.addressof(rb) for rb in self.buffers]
                    #     exp_id=all_addr.index(next_buff_addr)
                    #     act_id=all_addr.index(buff_addr)
                    #     raise AndorError("unexpected buffer address: expected {}[{}], got {}[{}] (difference of {})".format(next_buff_addr,exp_id,buff_addr,act_id,next_buff_addr-buff_addr))
                    # if size!=self.size:
                    #     raise AndorError("unexpected buffer size: expected {}, got {}".format(self.size,size))
                    _,size=lib3.AT_WaitBuffer(self.cam.handle,300)
                    if size!=self.size:
                        raise AndorError("unexpected buffer size: expected {}, got {}".format(self.size,size))
                except AndorSDK3LibError as e:
                    if e.code!=13:
                        raise
                    continue
                next_buff=self.buffers[(self.acq_frames+self.queued_buffers)%len(self.buffers)]
                lib3.AT_QueueBuffer(self.cam.handle,ctypes.cast(next_buff,ctypes.POINTER(ctypes.c_uint8)),self.size)
                with self._cnt_lock:
                    self.acq_frames+=1
                    if self.acq_frames-self.read_frames>len(self.buffers)-self.cam._buffer_overflow:
                        self.missed_frames+=1
                        self.read_frames+=1
[docs]        def read(self, skip=False):
            """Return the oldest available acuqired but not read buffer, and mark it as read"""
            buff_idx=None
            with self._cnt_lock:
                if self.buffers and self.read_frames<self.acq_frames:
                    buff_idx=self.read_frames%len(self.buffers)
                    self.read_frames+=1
            if (buff_idx is not None) and not skip:
                return ctypes.string_at(self.buffers[buff_idx],self.size)
            return None

[docs]        def start_loop(self):
            """Start buffer scheduling loop"""
            self.stop_loop()
            self.stop_requested=False
            self._buffer_loop_thread=threading.Thread(target=self._acq_loop,daemon=True)
            self._buffer_loop_thread.start()

[docs]        def stop_loop(self):
            """Stop buffer scheduling loop"""
            if self._buffer_loop_thread is not None:
                self.stop_requested=True
                self._buffer_loop_thread.join()
                self._buffer_loop_thread=None
            self.reset()

[docs]        def overflow(self):
            """Process buffer overflow event"""
            with self._cnt_lock:
                self.overflow_detected=True

[docs]        def new_overflow(self):
            """Check if acquisition restart is needed (buffer overflowed)"""
            with self._cnt_lock:
                return self.overflow_detected

[docs]        def get_status(self):
            """Get counter status: tuple ``(acquired, read, missed, buffer_size, buffer_overflows)``"""
            with self._cnt_lock:
                return self.acq_frames,self.read_frames,self.missed_frames,len(self.buffers or []),self.buffer_overflows


    def _register_events(self):
        self._unregister_events()
        self.set_value("EventSelector","BufferOverflowEvent")
        self.set_value("EventEnable",True)
        buff_cb=lib3.AT_RegisterFeatureCallback(self.handle,"BufferOverflowEvent",lambda *args: self._buffer_mgr.overflow())
        self._reg_cb=buff_cb
        self._buffer_mgr.reset()
    def _unregister_events(self):
        if self._reg_cb is not None:
            lib3.AT_UnregisterFeatureCallback(self.handle,"BufferOverflowEvent",self._reg_cb)
            self.set_value("EventSelector","BufferOverflowEvent")
            self.set_value("EventEnable",False)
            self._reg_cb=None
            self._buffer_mgr.reset()

[docs]    def start_acquisition(self, mode="sequence", nframes=None):
        """
        Start acquisition.

        `mode` can be either ``"snap"`` (since frame or sequency acquisition) or ``"sequence"`` (continuous acquisition).
        `nframes` determines number of frames to acquire in ``"snap"`` mode, or size of the ring buffer in the ``"sequence"`` mode (by default, 100).
        """
        self.stop_acquisition()
        acq_modes=["sequence","snap"]
        funcargparse.check_parameter_range(mode,"mode",acq_modes)
        if mode=="snap":
            self.set_value("CycleMode","Fixed")
            self.set_value("FrameCount",nframes or 1)
        else:
            # self.set_value("CycleMode","Continuous") # Zyla bug doesn't allow continuous mode with >1000 FPS
            self.set_value("CycleMode","Fixed")
            self.set_value("FrameCount",self.get_value_range("FrameCount")[1])
        self.create_ring_buffer(nframes)
        self._buffer_mgr.reset()
        self._last_wait_frame=-1
        self._buffer_mgr.start_loop()
        self.command("AcquisitionStart")
        self._acq_mode=(mode,nframes)

[docs]    def stop_acquisition(self):
        """Stop acquisition"""
        if self.get_value("CameraAcquiring"):
            self.command("AcquisitionStop")
            self._buffer_mgr.stop_loop()
            self.remove_ring_buffer()
        self._acq_mode=None

[docs]    def is_acquiring(self):
        """Check if acquisition is in progress"""
        return self.get_value("CameraAcquiring")

[docs]    @contextlib.contextmanager
    def pausing_acquisition(self):
        """
        Context manager which temporarily pauses acquisition during execution of ``with`` block.

        Useful for applying certain settings which can't be changed during the acquisition.
        """
        acq_mode=self._acq_mode
        try:
            self.stop_acquisition()
            yield
        finally:
            if acq_mode:
                self.start_acquisition(*acq_mode)

[docs]    def wait_for_frame(self, since="lastread", timeout=20., period=1E-3):
        """
        Wait for a new camera frame.

        `since` specifies what constitutes a new frame.
        Can be ``"lastread"`` (wait for a new frame after the last read frame),
        ``"lastwait"`` (wait for a new frame after last :meth:`wait_for_frame` call),
        or ``"now"`` (wait for a new frame acquired after this function call).
        If `timeout` is exceeded, raise :exc:`AndorTimeoutError`.
        `period` specifies camera polling period.
        """
        ctd=general.Countdown(timeout)
        last_acq_frame=self._buffer_mgr.get_status()[0]
        while not ctd.passed():
            acq_frame,read_frame=self._buffer_mgr.get_status()[:2]
            since_last_wait=acq_frame-self._last_wait_frame
            self._last_wait_frame=acq_frame
            if since=="lastread" and acq_frame>read_frame:
                return
            if since=="now" and acq_frame>last_acq_frame:
                return
            if since=="lastwait" and since_last_wait>0:
                return
            time.sleep(min(period,ctd.time_left()))
        raise AndorTimeoutError()

    
[docs]    def create_ring_buffer(self, nframes=None):
        """
        Create and set up a new ring buffer.

        If a ring buffer is already allocated, remove it and create a new one.
        Called automatically on acquisition start, doesn't usually need to be called explicitly.
        """
        self.remove_ring_buffer()
        nframes=nframes or self._default_nframes
        frame_size=self.get_value("ImageSizeBytes")
        self._buffer_mgr.allocate_buffers(nframes+self._buffer_overflow,frame_size,queued_buffers=nframes)

[docs]    def remove_ring_buffer(self):
        """
        Remove the ring buffer and clean up the memory.

        Called automatically on acquisition stop, doesn't usually need to be called explicitly.
        """
        lib3.flush_buffers(self.handle)
        self._buffer_mgr.deallocate_buffers()

[docs]    def get_buffer_size(self):
        """Get ring buffer size"""
        return len(self._buffer_mgr.buffers or [])

[docs]    def get_frame_counter_status(self):
        """
        Get frame counter status.

        Return tuple ``(acquired, read, missed, buffer_size, buffer_overflows)`` with number of acquired frames,
        read (or skipped) frames, missed frame, and number of buffer overflows.
        """
        return self._buffer_mgr.get_status()



    def _parse_image(self, img):
        if img is None:
            return None
        height,width=self._get_data_dimensions_rc()
        metadata_enabled=self.get_value("MetadataEnable",default=False)
        imlen=len(img)
        if metadata_enabled:
            chunks={}
            read_len=0
            while read_len<imlen:
                clen=strpack.unpack_uint(img[imlen-read_len-4:imlen-read_len  ],"<")
                cid =strpack.unpack_uint(img[imlen-read_len-8:imlen-read_len-4],"<")
                chunks[cid]=img[imlen-read_len-clen-4:imlen-read_len-8]
                read_len+=clen+4
            if 0 not in chunks:
                raise AndorError("missing image data")
            img=chunks.pop(0)
            metadata=chunks
        else:
            metadata={}
        bpp=self.get_value("BytesPerPixel")
        if bpp not in [1,1.5,2,4]:
            raise ValueError("unexpected pixel byte size: {}".format(bpp))
        stride=self.get_value("AOIStride")
        if stride<int(np.ceil(bpp*width)):
            raise AndorError("unexpected stride: expected at least {}x{}={}, got {}".format(width,bpp,int(np.ceil(width*bpp)),stride))
        exp_len=int(stride*height)
        if len(img)!=exp_len:
            if len(img)<exp_len or len(img)>=exp_len+8: # sometimes image size gets rounded to nearest 4/8 bytes
                raise AndorError("unexpected image byte size: expected {}x{}={}, got {}".format(stride,height,int(stride*height),len(img)))
        if bpp==1.5:
            img=nb_read_uint12(np.frombuffer(img,"u1",count=exp_len).reshape(-1,stride),width=width)
        else:
            dtype=data_format.DataFormat(int(bpp),"u","<")
            if stride==bpp*width:
                img=np.frombuffer(img,dtype=dtype.to_desc("numpy"),count=width*height).reshape(height,width)
            elif stride%bpp==0:
                img=np.frombuffer(img,dtype=dtype.to_desc("numpy"),count=(stride//bpp)*height).reshape(height,-1)[:,:width]
            else: # only possible with bpp==2 or 4 and non-divisible stride
                bpp=int(bpp)
                byteimg=np.frombuffer(img,dtype="u1",count=exp_len).reshape(height,stride)
                byteimg=byteimg[:,:width*bpp].astype(dtype)
                if bpp==2:
                    img=(byteimg[:,::2])+(byteimg[:,1::2]<<8)
                else:
                    img=byteimg[:,::bpp]
                    for b in range(1,bpp):
                        img+=byteimg[:,b::bpp]<<(b*8)
        img=image_utils.convert_image_indexing(img,"rct",self.image_indexing)
        return img,metadata

    def _get_data_dimensions_rc(self):
        return self.get_value("AOIHeight"),self.get_value("AOIWidth")
[docs]    def get_data_dimensions(self):
        """Get readout data dimensions"""
        return image_utils.convert_shape_indexing(self._get_data_dimensions_rc(),"rc",self.image_indexing)

[docs]    def get_detector_size(self):
        """Get camera detector size (in pixels) as a tuple ``(width, height)``"""
        return int(self.get_value("SensorWidth")),int(self.get_value("SensorHeight"))

[docs]    def get_roi(self):
        """
        Get current ROI.

        Return tuple ``(hstart, hend, vstart, vend, hbin, vbin)``.
        """
        hbin=int(self.get_value("AOIHBin"))
        vbin=int(self.get_value("AOIVBin"))
        hstart=int(self.get_value("AOILeft"))-1
        hend=hstart+int(self.get_value("AOIWidth"))*hbin
        vstart=int(self.get_value("AOITop"))-1
        vend=vstart+int(self.get_value("AOIHeight"))*vbin
        return (hstart,hend,vstart,vend,hbin,vbin)

[docs]    def set_roi(self, hstart=0, hend=None, vstart=0, vend=None, hbin=1, vbin=1):
        """
        Set current ROI.

        By default, all non-supplied parameters take extreme values. Binning is the same for both axes.
        """
        self.remove_ring_buffer()
        det_size=self.get_detector_size()
        hend=hend or det_size[0]
        vend=vend or det_size[1]
        minw=self.get_value_range("AOIWidth")[0]
        minh=self.get_value_range("AOIHeight")[0]
        self.set_value("AOIWidth",minw)
        self.set_value("AOIHeight",minh)
        self.set_value("AOILeft",1)
        self.set_value("AOITop",1)
        self.set_value("AOIHBin",hbin)
        self.set_value("AOIVBin",vbin)
        self.set_value("AOILeft",hstart+1)
        self.set_value("AOITop",vstart+1)
        self.set_value("AOIWidth",max((hend-hstart)//hbin,minw))
        self.set_value("AOIHeight",max((vend-vstart)//vbin,minh))
        return self.get_roi()

[docs]    def get_roi_limits(self):
        """
        Get the minimal and maximal ROI parameters.

        Return tuple ``(min_roi, max_roi)``, where each element is in turn 6-tuple describing the ROI.
        """
        params=["AOILeft","AOITop","AOIWidth","AOIHeight","AOIHBin","AOIVBin"]
        minp,maxp=[list(p) for p in zip(*[self.get_value_range(p) for p in params])]
        bin=[self.get_value(p) for p in params[-2:]]
        for i in range(2):
            minp[i]-=1
            maxp[i]-=1
        for i in range(4):
            minp[i]*=bin[i%2]
            maxp[i]*=bin[i%2]
        min_roi=(0,0)+tuple(minp[2:])
        max_roi=(maxp[2]-minp[2],maxp[3]-minp[3],maxp[2],maxp[3],maxp[4],maxp[5])
        return (min_roi,max_roi)


[docs]    def get_new_images_range(self):
        """
        Get the range of the new images.
        
        Return tuple ``(first, last)`` with images range (inclusive).
        If no images are available, return ``None``.
        """
        acq_frames,read_frames=self._buffer_mgr.get_status()[:2]
        if acq_frames>read_frames:
            return (read_frames,acq_frames-1)
        else:
            return None

            
[docs]    def read_multiple_images(self, rng=None, return_metadata=False):
        """
        Read multiple images specified by `rng` (by default, all un-read images).
        
        If ``return_metadata==True``, return raw metadata along with images.
        Metadata is a dictionary ``{section: data}``, where ``section`` is the section number (usually 1 or 7), and ``data`` is the corresponding binary data string.
        """
        if rng is None:
            rng=self.get_new_images_range()
        dim=self.get_data_dimensions()
        images,metadata=np.zeros((0,dim[0],dim[1])),[]
        if rng is not None:
            acq_frames,read_frames=self._buffer_mgr.get_status()[:2]
            rng=max(rng[0],read_frames),min(rng[1],acq_frames-1)
            if self._buffer_mgr.new_overflow():
                bovf=self._buffer_mgr.buffer_overflows
                self.start_acquisition(*self._acq_mode)
                self._buffer_mgr.buffer_overflows+=bovf+1
            for _ in range(read_frames,rng[0]):
                self._buffer_mgr.read(skip=True)
            frames=[self._parse_image(self._buffer_mgr.read()) for _ in range(rng[1]-rng[0]+1)]
            frames=[f for f in frames if f is not None]
            if frames:
                images,metadata=list(zip(*frames))
                images=np.asarray(images)
        return (images,metadata) if return_metadata else images


    ### Combined functions ###
[docs]    def snap(self):
        """Snap a single image (with preset image read mode parameters)"""
        self.start_acquisition("snap",1)
        self.wait_for_frame()
        img=self.read_multiple_images()[0]
        self.stop_acquisition()
        return img






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.AndorShamrock

from .AndorShamrock_lib import lib, ShamrockLibError

from ...core.devio import data_format
from ...core.devio.interface import IDevice
from ...core.utils import funcargparse, py3, dictionary, strpack, general
from ...core.dataproc import image as image_utils

_depends_local=[".AndorShamrock_lib","...core.devio.interface"]

import numpy as np
import collections
import contextlib
import ctypes
import threading
import time

[docs]class ShamrockError(RuntimeError):
    "Generic Andor Shamrock error."

[docs]class ShamrockNotSupportedError(ShamrockError):
    "Option not supported."


[docs]def get_spectrographs_number():
    """Get number of connected Andor cameras"""
    with lib.using_handle():
        return lib.ShamrockGetNumberDevices()


[docs]class ShamrockSpectrograph(IDevice):
    """
    Shaprock spectrograph.

    Args:
        idx(int): spectrograph index (starting from 0; use :func:`get_spectrographs_number` to get the total number of connected spectrogaphs)
    """
    def __init__(self, idx=0):
        IDevice.__init__(self)
        self.idx=idx
        self._opened=False
        self.open()
        
        self._add_full_info_node("model_data",self.get_model_data)
        self._add_full_info_node("optical_parameters",self.get_optical_parameters)
        self._add_full_info_node("gratings_number",self.get_gratings_number)
        self._add_status_node("grating_infos",lambda: [self.get_grating_info(g) for g in range(1,self.get_gratings_number()+1)])
        self._add_settings_node("grating",self.get_grating,self.set_grating)
        self._add_settings_node("grating_offsets",self._get_all_grating_offsets,self._set_all_grating_offsets)
        self._add_settings_node("detector_offset",self.get_detector_offset,self.set_detector_offset)
        self._add_full_info_node("wavelength_present",self.is_wavelength_control_present)
        self._add_full_info_node("wavelength_limits",lambda: [self.get_wavelength_limits(g) for g in range(1,self.get_gratings_number()+1)],ignore_error=(ShamrockError,))
        self._add_settings_node("wavelength",self.get_wavelength,self.set_wavelength,ignore_error=(ShamrockError,))
        self._add_status_node("zero_order",self.is_at_zero_order,ignore_error=(ShamrockError,))
        self._add_full_info_node("slits_present",lambda: [self.is_slit_present(s) for s in range(1,5)])
        self._add_settings_node("slit_widths",self._get_all_slit_widths,self._set_all_slit_widths)
        self._add_full_info_node("shutter_present",self.is_shutter_present)
        self._add_settings_node("shutter_mode",self.get_shutter,self.set_shutter,ignore_error=(ShamrockError,))
        self._add_full_info_node("filter_present",self.is_filter_present)
        self._add_settings_node("filter",self.get_filter,self.set_filter,ignore_error=(ShamrockError,))
        self._add_full_info_node("flippers_present",lambda: [self.is_flipper_present(s) for s in range(1,3)])
        self._add_settings_node("flipper_ports",self._get_all_flipper_ports,self._set_all_flipper_ports)
        self._add_full_info_node("accessory_present",self.is_accessory_present)
        self._add_settings_node("accessory_states",self._get_all_accessory_states,self._set_all_accessory_states)
        self._add_settings_node("pixel_width",self.get_pixel_width,self.set_pixel_width)
        self._add_settings_node("number_pixels",self.get_number_pixels,self.set_number_pixels)
        self._add_status_node("calibration",self.get_calibration)

[docs]    def open(self):
        """Open connection to the camera"""
        if not self._opened:
            lib.open_handle()
            ncams=get_spectrographs_number()
            if self.idx>=ncams:
                lib.close_handle()
                raise ShamrockError("spectrograph index {} is not available ({} spectrograph exist)".format(self.idx,ncams))
            self._opened=True

[docs]    def close(self):
        """Close connection to the camera"""
        if self._opened:
            lib.close_handle()
            self._opened=False

[docs]    def is_opened(self):
        """Check if the device is connected"""
        return self._opened


    ModelData=collections.namedtuple("ModelData",["serial_number"])
[docs]    def get_model_data(self):
        """
        Get camera model data.

        Return tuple ``(serial_number)``.
        """
        serial_number=lib.ShamrockGetSerialNumber(self.idx)
        return self.ModelData(serial_number)

    OpticalParameters=collections.namedtuple("OpticalParameters",["focal_length","angular_deviation","focal_tilt"])
[docs]    def get_optical_parameters(self):
        """
        Get device optical parameters.

        Return tuple ``(focal_length, angular_deviation, focal_tilt)``.
        """
        params=lib.ShamrockEepromGetOpticalParams(self.idx)
        return self.OpticalParameters(*params)

        
    
    ### Grating control ###
[docs]    def get_gratings_number(self):
        """Get number of gratings"""
        return lib.ShamrockGetNumberGratings(self.idx)

    def _check_grating(self, grating):
        if grating is None:
            return self.get_grating()
        if grating<1 or grating>self.get_gratings_number():
            raise ValueError("incorrect grating index: {}; should be between 1 and {}".format(grating,self.get_gratings_number()))
        return grating
[docs]    def get_grating(self):
        """Get current grating index (counting from 1)"""
        return lib.ShamrockGetGrating(self.idx)

[docs]    def set_grating(self, grating, force=False):
        """
        Set current grating (counting from 1)
        
        Call blocks until the grating is exchanged (up to 10-20 seconds).
        If ``force==False`` and the current grating index is the same as requested, skip the call;
        otherwise, call the grating set command regardless (takes about a second in the grating is unchaged).
        """
        grating=self._check_grating(grating)
        if force or self.get_grating()!=grating:
            lib.ShamrockSetGrating(self.idx,grating)
        return self.get_grating()

    GratingInfo=collections.namedtuple("GratingInfo",["lines","blaze_wavelength","home","offset"])
[docs]    def get_grating_info(self, grating=None):
        """
        Get info of a given grating (by default, current grating).

        Return tuple ``(lines, blaze_wavelength, home, offset)`` (blazing wavelength is in nm).
        """
        grating=self._check_grating(grating)
        return self.GratingInfo(*lib.ShamrockGetGratingInfo(self.idx,grating))

[docs]    def get_grating_offset(self, grating=None):
        """Get grating offset (in steps) for a given grating (by default, current grating)"""
        grating=self._check_grating(grating)
        return lib.ShamrockGetGratingOffset(self.idx,grating)

[docs]    def set_grating_offset(self, offset, grating=None):
        """Set grating offset (in steps) for a given grating (by default, current grating)"""
        grating=self._check_grating(grating)
        lib.ShamrockSetGratingOffset(self.idx,grating,offset)
        return self.get_grating_offset(grating)

    def _get_all_grating_offsets(self):
        return [self.get_grating_offset(g) for g in range(1,self.get_gratings_number()+1)]
    def _set_all_grating_offsets(self, offsets):
        for g,o in enumerate(offsets,start=1):
            if o is not None:
                self.set_grating_offset(g,o)
[docs]    def get_detector_offset(self):
        """Get detector offset (in steps)"""
        return lib.ShamrockGetDetectorOffset(self.idx)

[docs]    def set_detector_offset(self, offset):
        """Set detector offset (in steps)"""
        lib.ShamrockSetDetectorOffset(self.idx,offset)
        return self.get_detector_offset()

[docs]    def get_turret(self):
        """Get turrent"""
        return lib.ShamrockGetTurret(self.idx)

[docs]    def set_turret(self, turret):
        """Set turret"""
        lib.ShamrockSetTurret(self.idx,turret)
        return self.get_turret()

        
    
    ### Wavelength control ###
[docs]    def is_wavelength_control_present(self):
        """Check if wavelength control is present"""
        return bool(lib.ShamrockWavelengthIsPresent(self.idx))

    def _check_wavelength(self):
        if not self.is_wavelength_control_present():
            raise ShamrockError("wavelength control is not preset")
[docs]    def get_wavelength(self):
        """Get current central wavelength (in m)"""
        self._check_wavelength()
        return lib.ShamrockGetWavelength(self.idx)*1E-9

[docs]    def set_wavelength(self, wavelength):
        """Get current central wavelength (in m)"""
        self._check_wavelength()
        lib.ShamrockSetWavelength(self.idx,wavelength/1E-9)
        return self.get_wavelength()

[docs]    def get_wavelength_limits(self, grating=None):
        """Get wavelength limits (in m) for a given grating (by default, current grating)"""
        self._check_wavelength()
        grating=self._check_grating(grating)
        lim=lib.ShamrockGetWavelengthLimits(self.idx,grating)
        return lim[0]*1E-9,lim[1]*1E-9

[docs]    def reset_wavelength(self):
        """Reset current wavelength to 0 nm"""
        self._check_wavelength()
        lib.ShamrockWavelengthReset(self.idx)
        return self.get_wavelength()

[docs]    def is_at_zero_order(self):
        """Check if current grating is at zero order"""
        self._check_wavelength()
        return bool(lib.ShamrockAtZeroOrder(self.idx))

[docs]    def goto_zero_order(self):
        """Set current grating to zero order"""
        self._check_wavelength()
        lib.ShamrockGotoZeroOrder(self.idx)
        return self.is_at_zero_order()

        

    ### Slit control ###
    _default_slits={"input_side":1,"input_direct":2,"output_side":3,"output_direct":4}
    def _slit_idx(self, slit):
        return self._default_slits.get(slit,slit)
[docs]    def is_slit_present(self, slit):
        """
        Check if the slit is present.

        `slit` cen be either a slit index (starting from 1), or one of the following: ``"input_side"``, ``"input_direct"``, ``"output_side"``, or ``"output_direct"``.
        """
        slit=self._slit_idx(slit)
        return bool(lib.ShamrockAutoSlitIsPresent(self.idx,slit))

    def _check_slit(self, slit):
        if not self.is_slit_present(slit):
            raise ShamrockError("slit {} is not preset".format(slit))
        return self._slit_idx(slit)
[docs]    def get_slit_width(self, slit):
        """
        Get slit width (in m).

        `slit` cen be either a slit index (starting from 1), or one of the following: ``"input_side"``, ``"input_direct"``, ``"output_side"``, or ``"output_direct"``.
        """
        slit=self._check_slit(slit)
        return lib.ShamrockGetAutoSlitWidth(self.idx,slit)*1E-6

[docs]    def set_slit_width(self, slit, width):
        """
        Set slit width (in m).

        `slit` cen be either a slit index (starting from 1), or one of the following: ``"input_side"``, ``"input_direct"``, ``"output_side"``, or ``"output_direct"``.
        """
        slit=self._check_slit(slit)
        lib.ShamrockSetAutoSlitWidth(self.idx,slit,width/1E-6)
        return self.get_slit_width(slit)

    def _get_all_slit_widths(self):
        return [self.get_slit_width(s) if self.is_slit_present(s) else None for s in range(1,5)]
    def _set_all_slit_widths(self, widths):
        for s,w in enumerate(widths,start=1):
            if w is not None:
                self.set_slit_width(s,w)
[docs]    def reset_slit(self, slit):
        """
        Reset slit to the default width (10 um).

        `slit` cen be either a slit index (starting from 1), or one of the following: ``"input_side"``, ``"input_direct"``, ``"output_side"``, or ``"output_direct"``.
        """
        slit=self._check_slit(slit)
        lib.ShamrockAutoSlitReset(self.idx,slit)
        return self.get_slit_width(slit)

        

    ### Shutter control ###
[docs]    def is_shutter_present(self):
        """Check if the shutter is present"""
        return bool(lib.ShamrockShutterIsPresent(self.idx))

    def _check_shutter(self):
        if not self.is_shutter_present():
            raise ShamrockError("shutter is not preset")
    _shutter_modes={0:"closed",1:"opened",-1:"not_set"}
[docs]    def get_shutter(self):
        """
        Get shutter mode.

        Can return ``"closed"``, ``"opened"``, or ``"not_set"``.
        """
        self._check_shutter()
        mode=lib.ShamrockGetShutter(self.idx)
        return self._shutter_modes[mode]

[docs]    def set_shutter(self, mode):
        """Set shutter mode"""
        self._check_shutter()
        mode=0 if mode in [False,"closed"] else 1
        lib.ShamrockSetShutter(self.idx,mode)
        return self.get_shutter()

        

    ### Filter control ###
[docs]    def is_filter_present(self):
        """Check if the filter is present"""
        return bool(lib.ShamrockFilterIsPresent(self.idx))

    def _check_filter(self):
        if not self.is_filter_present():
            raise ShamrockError("filter is not preset")
[docs]    def get_filter(self):
        """Get current filter"""
        self._check_filter()
        return lib.ShamrockGetFilter(self.idx)

[docs]    def set_filter(self, filter):
        """Set current flilter"""
        self._check_filter()
        lib.ShamrockSetFilter(self.idx,filter)
        return self.get_filter()

[docs]    def get_filter_info(self, filter):
        """Get info of the given filter"""
        self._check_filter()
        return lib.ShamrockGetFilterInfo(self.idx,filter)

[docs]    def reset_filter(self):
        """Reset flilter to default position"""
        self._check_filter()
        lib.ShamrockFilterReset(self.idx)
        return self.get_filter()

        

    ### Filpper control ###
    _default_filpperss={"input":1,"output":2}
    def _flipper_idx(self, flipper):
        return self._default_filpperss.get(flipper,flipper)
[docs]    def is_flipper_present(self, flipper):
        """
        Check if the flipper is present.

        `flipper` cen be either a flipper index (starting from 1), or one of the following: ``"input"``, or `"output"``.
        """
        flipper=self._flipper_idx(flipper)
        return bool(lib.ShamrockFlipperMirrorIsPresent(self.idx,flipper))

    def _check_flipper(self, flipper):
        if not self.is_flipper_present(flipper):
            raise ShamrockError("flipper {} is not preset".format(flipper))
        return self._slit_idx(flipper)
    _flipper_ports={0:"direct",1:"size"}
[docs]    def get_flipper_port(self, flipper):
        """
        Get flipper port.

        `flipper` cen be either a flipper index (starting from 1), or one of the following: ``"input"``, or `"output"``.
        Return either ``"direct"`` or ``"side"``.
        """
        flipper=self._check_flipper(flipper)
        port=lib.ShamrockGetFlipperMirror(self.idx,flipper)
        return self._flipper_ports[port]

[docs]    def set_flipper_port(self, flipper, port):
        """
        Set flipper port.

        `flipper` cen be either a flipper index (starting from 1), or one of the following: ``"input"``, or `"output"``.
        Port can be a numerical value (0 or 1), ``"direct"``, or ``"side"``.
        """
        flipper=self._check_flipper(flipper)
        port=0 if port in [0,False,"direct"] else 1
        lib.ShamrockSetFlipperMirror(self.idx,flipper,port)
        return self.get_flipper_port(flipper)

    def _get_all_flipper_ports(self):
        return [self.get_flipper_port(f) if self.is_flipper_present(f) else None for f in range(1,3)]
    def _set_all_flipper_ports(self, ports):
        for f,p in enumerate(ports,start=1):
            if p is not None:
                self.set_flipper_port(f,p)
[docs]    def reset_flipper(self, flipper):
        """
        Reset flipper to the default state.

        `flipper` cen be either a flipper index (starting from 1), or one of the following: ``"input"``, or `"output"``.
        """
        flipper=self._check_flipper(flipper)
        lib.ShamrockFlipperMirrorReset(self.idx,flipper)
        return self.get_flipper_port(flipper)

        

    ### Accessory control ###
[docs]    def is_accessory_present(self):
        """Check if the accessory is present"""
        return bool(lib.ShamrockAccessoryIsPresent(self.idx))

    def _check_accessory(self):
        if not self.is_accessory_present():
            raise ShamrockError("accessory is not preset")
[docs]    def get_accessory_state(self, line):
        """Get current accessory state on a given line (1 or 2)"""
        self._check_accessory()
        return lib.ShamrockGetAccessoryState(self.idx,line)

[docs]    def set_accessory_state(self, line, state):
        """Set current accessory state (0 or 1) on a given line (1 or 2)"""
        self._check_accessory()
        lib.ShamrockSetAccessory(self.idx,line,state)
        return self.get_accessory_state(line)

    def _get_all_accessory_states(self):
        return [self.get_accessory_state(l) if self.is_accessory_present() else None for l in range(1,3)]
    def _set_all_accessory_states(self, states):
        for l,s in enumerate(states,start=1):
            if s is not None:
                self.set_accessory_state(l,s)


    ### Calibration ###
[docs]    def get_pixel_width(self):
        """Get current set detector pixel width (in m)"""
        return lib.ShamrockGetPixelWidth(self.idx)*1E-6

[docs]    def set_pixel_width(self, width):
        """Set current detector pixel width (in m)"""
        lib.ShamrockSetPixelWidth(self.idx,width/1E-6)
        return self.get_pixel_width()

[docs]    def get_number_pixels(self):
        """Get current set detector number of pixels"""
        return lib.ShamrockGetNumberPixels(self.idx)

[docs]    def set_number_pixels(self, number):
        """Set current detector number of pixels"""
        lib.ShamrockSetNumberPixels(self.idx,number)
        return self.get_number_pixels()

[docs]    def setup_from_camera(self, cam):
        """Setup detector parameters (number of pixels, pixel width) from the camera"""
        pixel_size=cam.get_pixel_size()
        det_size=cam.get_detector_size()
        self.set_pixel_width(pixel_size[0])
        self.set_number_pixels(det_size[0])
        return self.get_pixel_width(),self.get_number_pixels()

[docs]    def get_calibration(self):
        """
        Get wavelength calibration.

        Return numpy array with number equal preset number of detector pixels, which specifies wavelength (in m) corresponding to each pixel.
        """
        return np.array(lib.ShamrockGetCalibration(self.idx,self.get_number_pixels()))*1E-9






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.AndorShamrock_lib

from ...core.utils import ctypes_wrap
from .misc import default_placing_message, load_lib

import ctypes
import os.path
import contextlib
import platform


##### Constants #####

Shamrock_errorcodes = {
		20201: "SHAMROCK_COMMUNICATION_ERROR",
		20202: "SHAMROCK_SUCCESS",
		20266: "SHAMROCK_P1INVALID",
		20267: "SHAMROCK_P2INVALID",
		20268: "SHAMROCK_P3INVALID",
		20269: "SHAMROCK_P4INVALID",
		20275: "SHAMROCK_NOT_INITIALIZED",
		20292: "SHAMROCK_NOT_AVAILABLE",
}


##### Errors #####

[docs]class ShamrockLibError(RuntimeError):
	"""Generic Andor Shamrock library error"""
	def __init__(self, func, code):
		self.func=func
		self.code=code
		self.text_code=Shamrock_errorcodes.get(code,"UNKNOWN")
		msg="function '{}' raised error {}({})".format(func,code,self.text_code)
		RuntimeError.__init__(self,msg)

[docs]def errcheck(passing=None):
	"""
	Build an error checking function.

	Return a function which checks return codes of Andor Shamrock library functions.
	`passing` is a list specifying which return codes are acceptable (by default only 20002, which is success code, is acceptable).
	"""
	passing=set(passing) if passing is not None else set()
	passing.add(20202) # always allow success
	def checker(result, func, arguments):
		if result not in passing:
			raise ShamrockLibError(func.__name__,result)
		return Shamrock_errorcodes[result]
	return checker



##### Library #####

[docs]class ShamrockLib(object):
	def __init__(self):
		object.__init__(self)
		self._initialized=False
		self._opened_handles_num=0

[docs]	def initlib(self):
		if self._initialized:
			return
		arch=platform.architecture()[0]
		winarch="64bit" if platform.machine().endswith("64") else "32bit"
		if arch=="32bit" and winarch=="64bit":
			solis_path=r"C:\Program Files (x86)\Andor SOLIS"
		else:
			solis_path=r"C:\Program Files\Andor SOLIS"
		shamrock_path=os.path.join(solis_path,r"Drivers\Shamrock")
		error_message="The library is supplied with Andor Solis software;\n{}".format(default_placing_message)
		self.lib=load_lib(("atspectrograph.dll","shamrockcif{}.dll".format("" if arch[:2]=="32" else arch[:2])),
			locations=(solis_path,shamrock_path,"local","global"),call_conv="stdcall",locally=True,error_message=error_message,check_order="name")
		lib=self.lib

		self.Shamrock_errorcodes=Shamrock_errorcodes

		wrapper=ctypes_wrap.CTypesWrapper(restype=ctypes.c_uint32,errcheck=errcheck())
		strprep=ctypes_wrap.strprep(256)
		c_float_p=ctypes.POINTER(ctypes.c_float)

		self.ShamrockInitialize=wrapper(lib.ShamrockInitialize, [ctypes.c_char_p], ["dir"])
		self.ShamrockClose=wrapper(lib.ShamrockClose)
		self.ShamrockGetNumberDevices=wrapper(lib.ShamrockGetNumberDevices, [ctypes.c_int32], [None])
		self.ShamrockGetFunctionReturnDescription=wrapper(lib.ShamrockGetFunctionReturnDescription, [ctypes.c_uint32,ctypes.c_char_p,ctypes.c_int32], ["code",None,None],
			rvprep=[strprep,256], rvref=[False,False], rvnames=["desc",None])

		self.ShamrockGetSerialNumber=wrapper(lib.ShamrockGetSerialNumber, [ctypes.c_int32,ctypes.c_char_p], ["idx",None], rvprep=[strprep], rvref=[False])
		self.ShamrockEepromGetOpticalParams=wrapper(lib.ShamrockEepromGetOpticalParams, [ctypes.c_int32,ctypes.c_float,ctypes.c_float,ctypes.c_float], ["idx",None,None,None])

		self.ShamrockGetNumberGratings=wrapper(lib.ShamrockGetNumberGratings, [ctypes.c_int32,ctypes.c_int32], ["idx",None])
		self.ShamrockGetGratingInfo=wrapper(lib.ShamrockGetGratingInfo, [ctypes.c_int32,ctypes.c_int32,ctypes.c_float,ctypes.c_char_p,ctypes.c_int32,ctypes.c_int32],
			["idx","grating",None,None,None,None], rvprep=[None,strprep,None,None], rvref=[True,False,True,True])
		self.ShamrockGratingIsPresent=wrapper(lib.ShamrockGratingIsPresent, [ctypes.c_int32,ctypes.c_int32], ["idx",None])
		self.ShamrockGetTurret=wrapper(lib.ShamrockGetTurret, [ctypes.c_int32,ctypes.c_int32], ["idx",None])
		self.ShamrockSetTurret=wrapper(lib.ShamrockSetTurret, [ctypes.c_int32,ctypes.c_int32], ["idx","turret"])
		self.ShamrockGetGrating=wrapper(lib.ShamrockGetGrating, [ctypes.c_int32,ctypes.c_int32], ["idx",None])
		self.ShamrockSetGrating=wrapper(lib.ShamrockSetGrating, [ctypes.c_int32,ctypes.c_int32], ["idx","grating"])
		self.ShamrockGetGratingOffset=wrapper(lib.ShamrockGetGratingOffset, [ctypes.c_int32,ctypes.c_int32,ctypes.c_int32], ["idx","grating",None])
		self.ShamrockSetGratingOffset=wrapper(lib.ShamrockSetGratingOffset, [ctypes.c_int32,ctypes.c_int32,ctypes.c_int32], ["idx","grating","offset"])
		self.ShamrockGetDetectorOffset=wrapper(lib.ShamrockGetDetectorOffset, [ctypes.c_int32,ctypes.c_int32], ["idx",None])
		self.ShamrockSetDetectorOffset=wrapper(lib.ShamrockSetDetectorOffset, [ctypes.c_int32,ctypes.c_int32], ["idx","offset"])
		self.ShamrockGetDetectorOffsetPort2=wrapper(lib.ShamrockGetDetectorOffsetPort2, [ctypes.c_int32,ctypes.c_int32], ["idx",None])
		self.ShamrockSetDetectorOffsetPort2=wrapper(lib.ShamrockSetDetectorOffsetPort2, [ctypes.c_int32,ctypes.c_int32], ["idx","offset"])
		self.ShamrockWavelengthReset=wrapper(lib.ShamrockWavelengthReset, [ctypes.c_int32], ["idx"])

		self.ShamrockWavelengthIsPresent=wrapper(lib.ShamrockWavelengthIsPresent, [ctypes.c_int32,ctypes.c_int32], ["idx",None])
		self.ShamrockGetWavelength=wrapper(lib.ShamrockGetWavelength, [ctypes.c_int32,ctypes.c_float], ["idx",None])
		self.ShamrockGetWavelengthLimits=wrapper(lib.ShamrockGetWavelengthLimits, [ctypes.c_int32,ctypes.c_int32,ctypes.c_float,ctypes.c_float], ["idx","grating",None,None])
		self.ShamrockSetWavelength=wrapper(lib.ShamrockSetWavelength, [ctypes.c_int32,ctypes.c_float], ["idx","wavelength"])
		self.ShamrockAtZeroOrder=wrapper(lib.ShamrockAtZeroOrder, [ctypes.c_int32,ctypes.c_int32], ["idx",None])
		self.ShamrockGotoZeroOrder=wrapper(lib.ShamrockGotoZeroOrder, [ctypes.c_int32], ["idx"])

		self.ShamrockAutoSlitIsPresent=wrapper(lib.ShamrockAutoSlitIsPresent, [ctypes.c_int32,ctypes.c_int32,ctypes.c_int32], ["idx","slit",None])
		self.ShamrockAutoSlitReset=wrapper(lib.ShamrockAutoSlitReset, [ctypes.c_int32,ctypes.c_int32], ["idx","slit"])
		self.ShamrockGetAutoSlitWidth=wrapper(lib.ShamrockGetAutoSlitWidth, [ctypes.c_int32,ctypes.c_int32,ctypes.c_float], ["idx","slit",None])
		self.ShamrockSetAutoSlitWidth=wrapper(lib.ShamrockSetAutoSlitWidth, [ctypes.c_int32,ctypes.c_int32,ctypes.c_float], ["idx","slit","width"])

		self.ShamrockShutterIsPresent=wrapper(lib.ShamrockShutterIsPresent, [ctypes.c_int32,ctypes.c_int32], ["idx",None])
		self.ShamrockIsModePossible=wrapper(lib.ShamrockIsModePossible, [ctypes.c_int32,ctypes.c_int32,ctypes.c_int32], ["idx","mode",None])
		self.ShamrockGetShutter=wrapper(lib.ShamrockGetShutter, [ctypes.c_int32,ctypes.c_int32], ["idx",None])
		self.ShamrockSetShutter=wrapper(lib.ShamrockSetShutter, [ctypes.c_int32,ctypes.c_int32], ["idx","shutter"])

		self.ShamrockFilterIsPresent=wrapper(lib.ShamrockFilterIsPresent, [ctypes.c_int32,ctypes.c_int32], ["idx",None])
		self.ShamrockFilterReset=wrapper(lib.ShamrockFilterReset, [ctypes.c_int32], ["idx"])
		self.ShamrockGetFilter=wrapper(lib.ShamrockGetFilter, [ctypes.c_int32,ctypes.c_int32], ["idx",None])
		self.ShamrockSetFilter=wrapper(lib.ShamrockSetFilter, [ctypes.c_int32,ctypes.c_int32], ["idx","filter"])
		self.ShamrockGetFilterInfo=wrapper(lib.ShamrockGetFilterInfo, [ctypes.c_int32,ctypes.c_int32,ctypes.c_char_p], ["idx","filter",None], rvprep=[strprep], rvref=[False])
		self.ShamrockSetFilterInfo=wrapper(lib.ShamrockSetFilterInfo, [ctypes.c_int32,ctypes.c_int32,ctypes.c_char_p], ["idx","filter","info"])

		self.ShamrockFlipperMirrorIsPresent=wrapper(lib.ShamrockFlipperMirrorIsPresent, [ctypes.c_int32,ctypes.c_int32,ctypes.c_int32], ["idx","flipper",None])
		self.ShamrockFlipperMirrorReset=wrapper(lib.ShamrockFlipperMirrorReset, [ctypes.c_int32,ctypes.c_int32], ["idx","flipper"])
		self.ShamrockGetFlipperMirror=wrapper(lib.ShamrockGetFlipperMirror, [ctypes.c_int32,ctypes.c_int32,ctypes.c_int32], ["idx","flipper",None])
		self.ShamrockSetFlipperMirror=wrapper(lib.ShamrockSetFlipperMirror, [ctypes.c_int32,ctypes.c_int32,ctypes.c_int32], ["idx","flipper","port"])
		self.ShamrockGetCCDLimits=wrapper(lib.ShamrockGetCCDLimits, [ctypes.c_int32,ctypes.c_int32,ctypes.c_float,ctypes.c_float], ["idx","port",None,None])
		
		self.ShamrockAccessoryIsPresent=wrapper(lib.ShamrockAccessoryIsPresent, [ctypes.c_int32,ctypes.c_int32], ["idx",None])
		self.ShamrockGetAccessoryState=wrapper(lib.ShamrockGetAccessoryState, [ctypes.c_int32,ctypes.c_int32,ctypes.c_int32], ["idx","accessory",None])
		self.ShamrockSetAccessory=wrapper(lib.ShamrockSetAccessory, [ctypes.c_int32,ctypes.c_int32,ctypes.c_int32], ["idx","accessory","state"])

		self.ShamrockGetPixelWidth=wrapper(lib.ShamrockGetPixelWidth, [ctypes.c_int32,ctypes.c_float], ["idx",None])
		self.ShamrockSetPixelWidth=wrapper(lib.ShamrockSetPixelWidth, [ctypes.c_int32,ctypes.c_float], ["idx","width"])
		self.ShamrockGetNumberPixels=wrapper(lib.ShamrockGetNumberPixels, [ctypes.c_int32,ctypes.c_int32], ["idx",None])
		self.ShamrockSetNumberPixels=wrapper(lib.ShamrockSetNumberPixels, [ctypes.c_int32,ctypes.c_int32], ["idx","number"])
		self.ShamrockGetCalibration=wrapper(lib.ShamrockGetCalibration, [ctypes.c_int32,c_float_p,ctypes.c_int32], ["idx",None,"number"],
			rvprep=[lambda _,n: (ctypes.c_float*n)()], rvref=[False], rvconv=[lambda v,*_: v[:]])

		self._initialized=True


[docs]	def open_handle(self, path=""):
		self._opened_handles_num+=1
		if self._opened_handles_num==1:
			self.initlib()
			self.ShamrockInitialize(path)

[docs]	def close_handle(self):
		self._opened_handles_num-=1
		if self._opened_handles_num==0:
			lib.ShamrockClose()

[docs]	@contextlib.contextmanager
	def using_handle(self):
		try:
			self.open_handle()
			yield
		finally:
			self.close_handle()





lib=ShamrockLib()




          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Arcus

from .misc import default_placing_message, load_lib
from ...core.utils import py3
from ...core.devio.interface import IDevice

import os.path
import ctypes
import time
import sys
import struct

[docs]class ArcusError(RuntimeError):
    """Generic Arcus error."""


HANDLE=ctypes.c_void_p
BOOL=ctypes.c_int
DWORD=ctypes.c_int

[docs]class GenericPerformaxStage(IDevice):
    """
    Generic Arcus Performax translation stage.

    Args:
        lib_path(str): path to the PerformaxCom.dll (default is to use the library supplied with the package)
        idx(int): stage index
    """
    _default_operation_cooldown=0.01
    def __init__(self, lib_path=None, idx=0):
        IDevice.__init__(self)
        self._operation_cooldown=self._default_operation_cooldown
        self.dll=self._load_dll(lib_path=lib_path)
        self.dll.fnPerformaxComOpen.argtypes=[DWORD,ctypes.c_char_p]
        self.dll.fnPerformaxComOpen.restype=BOOL
        self.dll.fnPerformaxComClose.argtypes=[HANDLE]
        self.dll.fnPerformaxComClose.restype=BOOL
        self.dll.fnPerformaxComSendRecv.argtypes=[HANDLE,ctypes.c_char_p,DWORD,DWORD,ctypes.c_char_p]
        self.dll.fnPerformaxComSendRecv.restype=BOOL
        self.dll.fnPerformaxComSetTimeouts.argtypes=[DWORD,DWORD]
        self.dll.fnPerformaxComSetTimeouts.restype=BOOL
        self.dll.fnPerformaxComFlush.argtypes=[HANDLE]
        self.dll.fnPerformaxComFlush.restype=BOOL
        self.dll.fnPerformaxComGetProductString.argtypes=[DWORD,ctypes.c_char_p,DWORD]
        self.dll.fnPerformaxComGetProductString.restype=BOOL
        self.idx=idx
        self.handle=None
        self.rbuff=ctypes.create_string_buffer(65536)
        self.open()
        self._add_full_info_node("device_id",self.get_device_id)


    @staticmethod
    def _load_dll(lib_path=None):
        error_message="The library is supplied on on Arcus website;\nAdditional required library: SiUSBXp.dll\n{}".format(default_placing_message)
        if lib_path is None:
            return load_lib("PerformaxCom.dll",locations=("local","global"),call_conv="stdcall",locally=True,error_message=error_message)
        else:
            return load_lib(lib_path,call_conv="stdcall",locally=True,error_message=error_message)
[docs]    @staticmethod
    def get_devices_num(lib_path=None):
        """Get number of connected Arcus devices"""
        ndev=DWORD(0)
        dll=GenericPerformaxStage._load_dll(lib_path=lib_path)
        dll.fnPerformaxComGetNumDevices.argtypes=[ctypes.POINTER(DWORD)]
        dll.fnPerformaxComGetNumDevices.restype=BOOL
        dll.fnPerformaxComGetNumDevices(ctypes.byref(ndev))
        return ndev.value

[docs]    def open(self):
        """Open the connection to the stage"""
        self.close()
        self.dll.fnPerformaxComSetTimeouts(5000,5000)
        phandle=ctypes.create_string_buffer(b"\x00"*8)
        hlen=ctypes.sizeof(ctypes.c_void_p)
        for _ in range(5):
            code=self.dll.fnPerformaxComOpen(DWORD(int(self.idx)),phandle)
            if code:
                self.handle=struct.unpack("P",phandle.raw[:hlen])[0]
                self.dll.fnPerformaxComFlush(self.handle)
                return
            time.sleep(0.3)
        raise ArcusError("can't connect to the stage with index {}, return code {}".format(self.idx,code))

[docs]    def close(self):
        """Close the connection to the stage"""
        if self.handle:
            for _ in range(5):
                if self.dll.fnPerformaxComClose(self.handle):
                    self.handle=None
                    return
                time.sleep(0.3)
            raise ArcusError("can't disconnect from the stage with index {}".format(self.idx))

[docs]    def is_opened(self):
        return self.handle is not None

    def _check_handle(self):
        if self.handle is None:
            raise ArcusError("device is not opened")

[docs]    def get_device_id(self):
        """Get the device ID"""
        devs=[]
        for n in range(5):
            time.sleep(self._operation_cooldown)
            if not self.dll.fnPerformaxComGetProductString(self.idx,self.rbuff,n):
                raise ArcusError("can't get info for the device with index {}".format(self.idx))
            devs.append(py3.as_str(self.rbuff.value))
        return devs

[docs]    def query(self, comm):
        """Send a query to the stage and return the reply"""
        self._check_handle()
        time.sleep(self._operation_cooldown)
        comm=py3.as_builtin_bytes(comm)+b"\x00"
        if self.dll.fnPerformaxComSendRecv(self.handle,comm,len(comm),64,self.rbuff):
            return py3.as_str(self.rbuff.value)
        else:
            raise ArcusError("error sending command {}".format(comm))




[docs]class Performax4EXStage(GenericPerformaxStage):
    """
    Arcus Performax 4EX translation stage.

    Args:
        lib_path(str): path to the PerformaxCom.dll (default is to use the library supplied with the package)
        idx(int): stage index
    """
    def __init__(self, lib_path=None, idx=0):
        GenericPerformaxStage.__init__(self,lib_path=lib_path,idx=idx)
        self.set_absolute_mode()
        self.enable_all_outputs()
        self.ignore_limit_errors()
        self._add_settings_node("ignore_limit_errors",self.is_ignoring_limit_errors,self.ignore_limit_errors)
        self._add_status_node("positions",self.get_position,mux=("XYZU",))
        self._add_settings_node("global_speed",self.get_speed,self.set_speed)
        self._add_settings_node("axis_speed",self.get_axis_speed,self.set_axis_speed,mux=("XYZU",0))
        self._add_status_node("axis_status",self.get_status,mux=("XYZU",0))
        self._add_status_node("moving",self.is_moving,mux=("XYZU",0))

    @staticmethod
    def _check_axis(axis):
        if axis.lower() not in ["x","y","z","u"]:
            raise ArcusError("unrecognized axis: {}".format(axis))
        return axis.upper()

[docs]    def set_absolute_mode(self):
        """Set absolute motion mode"""
        self.query("ABS")

[docs]    def ignore_limit_errors(self, do_ignore=True):
        """
        Switch ignoring limit errors on or off.

        If on, limit error on one axis doesn't stop other axes.
        """
        self.query("IERR={}".format("1" if do_ignore else "0"))

[docs]    def is_ignoring_limit_errors(self):
        """
        Check if ignoring limit errors is on.

        If on, limit error on one axis doesn't stop other axes.
        """
        return self.query("IERR")=="1"

[docs]    def enable_output(self, axis, enable=True):
        """
        Enable axis output.

        If the output is disabled, the steps are generated by the controller, but not sent to the motors.
        """
        axis=self._check_axis(axis)
        axisn="XYZU".index(axis)+1
        self.query("EO{}={}".format(axisn,"1" if enable else "0"))

[docs]    def enable_all_outputs(self, enable=True):
        """Enable output on all axes"""
        self.query("EO={}".format("15" if enable else "0"))
        for axis in "xyzu":
            self.enable_output(axis,enable=enable)


[docs]    def get_position(self, axis):
        """Get the current axis position"""
        axis=self._check_axis(axis)
        return int(self.query("P"+axis))

[docs]    def set_position_reference(self, axis, position=0):
        """
        Set the current axis position as a reference.
        
        Re-calibrate the position encoder so that the current position is set as `position` (0 by default).
        """
        axis=self._check_axis(axis)
        self.query("P{}={:.0f}".format(axis,position))

[docs]    def move_to(self, axis, position):
        """Move a given axis to a given position"""
        axis=self._check_axis(axis)
        self.query("{}{:.0f}".format(axis,position))

[docs]    def move(self, axis, steps=1):
        """Move a given axis for a given number of steps"""
        self.move_to(axis,self.get_position(axis)+steps)

[docs]    def jog(self, axis, direction):
        """
        Jog a given axis in a given direction.
        
        `direction` can be either ``"-"`` (negative) or ``"+"`` (positive).
        The motion continues until it is explicitly stopped, or unitl a limit is hit.
        """
        axis=self._check_axis(axis)
        if not direction: # 0 or False also mean left
            direction="-"
        if direction in [1, True]:
            direction="+"
        if direction not in ["+","-"]:
            raise ArcusError("unrecognized direction: {}".format(direction))
        self.query("J{}{}".format(axis,direction))

[docs]    def stop(self, axis):
        """Stop motion of a given axis"""
        axis=self._check_axis(axis)
        self.query("STOP"+axis)

[docs]    def stop_all(self):
        """Stop motion of all axes"""
        for axis in "XYZU":
            self.query("STOP"+axis)


[docs]    def get_speed(self):
        """Get the global speed setting (in Hz)"""
        return int(self.query("HS"))

[docs]    def get_axis_speed(self, axis):
        """Get the individual axis speed setting (in Hz)"""
        axis=self._check_axis(axis)
        return int(self.query("HS"+axis))

[docs]    def set_speed(self, speed):
        """Set the global speed setting (in Hz)"""
        self.query("HS={:.0f}".format(speed))

[docs]    def set_axis_speed(self, axis, speed):
        """Set the individual axis speed setting (in Hz)"""
        axis=self._check_axis(axis)
        self.query("HS{}={:.0f}".format(axis,speed))


    _status_bits={  "accel":0x001,"decel":0x002,"moving":0x004,
                    "alarm":0x008,
                    "sw_plus_lim":0x010,"sw_minus_lim":0x020,"sw_home":0x040,
                    "err_plus_lim":0x080,"err_minus_lim":0x100,"err_alarm":0x200,
                    "TOC_timeout":0x800}
    def _get_full_status(self):
        stat=self.query("MST")
        return [int(x) for x in stat.split(":") if x]
[docs]    def get_status_n(self, axis):
        """Get the axis status as an integer"""
        axis=self._check_axis(axis)
        axis_n="XYZU".index(axis)
        return self._get_full_status()[axis_n]

[docs]    def get_status(self, axis):
        """Get the axis status as a set of string descriptors"""
        statn=self.get_status_n(axis)
        return [ k for k in self._status_bits if self._status_bits[k]&statn ]

[docs]    def is_moving(self, axis):
        """Check if a given axis is moving"""
        return bool(self.get_status_n(axis)&0x007)


[docs]    def check_limit_error(self, axis):
        """
        Check if the axis hit limit errors.

        Return ``""`` (not errors), ``"+"`` (positive limit error) or ``"-"`` (negative limit error).
        """
        stat=self.get_status_n(axis)
        err=""
        if stat&self._status_bits["err_plus_lim"]:
            err=err+"+"
        if stat&self._status_bits["err_minus_lim"]:
            err=err+"-"
        return err

[docs]    def clear_limit_error(self, axis):
        """Clear axis limit errors"""
        axis=self._check_axis(axis)
        self.query("CLR"+axis)



PerformaxStage=Performax4EXStage # for backwards compatibility




          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Arduino

"""
Home-built Arduino devices.
"""

from ...core.devio import backend  #@UnresolvedImport

import time
import collections

_depends_local=["...core.devio.backend"]


[docs]class IArduinoDevice(backend.IBackendWrapper):
    """
    Generic Arduino device.
    """
    def __init__(self, port_addr, rate=9600, timeout=10., term_write="\n", term_read="\n"):
        instr=backend.SerialDeviceBackend((port_addr,rate),timeout=timeout,term_write=term_write,term_read=term_read,connect_on_operation=True, no_dtr=True)
        instr._operation_cooldown=0.02
        self._flush_before_op=True
        backend.IBackendWrapper.__init__(self,instr)
    
[docs]    def ctrl_reset(self):
        self.instr.instr.setDTR(1)
        with self.instr.single_op():
            pass
        self.instr.instr.setDTR(0)

[docs]    def comm(self, comm, timeout=None, flush=False, flush_delay=0.02):
        comm=comm.strip()
        with self.instr.single_op():
            if self._flush_before_op:
                self.instr.flush_read()
            self.instr.write(comm)
            if flush:
                time.sleep(flush_delay)
                return self.instr.flush_read()

[docs]    def query(self, query, timeout=None, flush=False, flush_delay=0.02):
        query=query.strip()
        with self.instr.single_op():
            if self._flush_before_op:
                self.instr.flush_read()
            self.instr.write(query)
            resp=self.instr.readline(timeout=timeout)
            if flush:
                time.sleep(flush_delay)
                self.instr.flush_read()
        return resp.strip()


        
        





[docs]class FilterCavityLock(IArduinoDevice):
    def __init__(self, port_addr):
        IArduinoDevice.__init__(self,port_addr,timeout=3.)
    
    _modes=["no_laser","calibration","search","locked","sweep","idle"]
[docs]    def get_mode(self):
        imode=int(self.query("M"))
        return self._modes[imode]

[docs]    def wait_for_mode(self, mode, delay=0.5):
        while self.get_mode()!=mode:
            time.sleep(delay)

            
[docs]    def reset(self, sync=False):
        self.comm("C")
        if sync:
            self.wait_for_mode("locked")
            self.reset_stat()

[docs]    def lock(self, sync=False):
        self.comm("L")
        if sync:
            self.wait_for_mode("locked")

[docs]    def sweep(self):
        self.comm("S")

[docs]    def idle(self):
        self.comm("I")

        
[docs]    def reset_stat(self):
        self.comm("R")

    LevelStat=collections.namedtuple("LevelStat",["cal_min","cal_max","meas_min","meas_max"])
[docs]    def get_stat(self):
        stat=[float(x) for x in self.query("A").split()]
        return self.LevelStat(stat[0],stat[1],stat[4],stat[5]),self.LevelStat(stat[2]-stat[3],stat[2]+stat[3],stat[6],stat[7])

[docs]    def get_deviations(self):
        DCstat,PDHstat=self.get_stat()
        DCdev=(DCstat.meas_max-DCstat.meas_min)/(DCstat.cal_max-DCstat.cal_min)
        PDHdev=(PDHstat.meas_max-PDHstat.meas_min)/(PDHstat.cal_max-PDHstat.cal_min)
        return DCdev,PDHdev


        
        



[docs]class DAQDevice(IArduinoDevice):
    def __init__(self, port_addr):
        IArduinoDevice.__init__(self,port_addr,rate=57600,timeout=3.)
        self.instr._operation_cooldown=0.005
        self._flush_before_op=False
        
[docs]    def get_rate(self):
        return int(self.query("R"))

    
[docs]    def get_binning(self):
        return int(self.query("B?"))

[docs]    def set_binning(self, binning):
        self.comm("B {}".format(binning))

[docs]    def set_binning_time(self, binning_time, repeat=True):
        with self.instr.single_op():
            rate=self.get_rate()
            binning=max(1,binning_time*rate)
            self.set_binning(binning)
            if repeat:
                time.sleep(2.5)
                self.set_binning_time(binning_time,repeat=False)

    
[docs]    def get_active_channels(self):
        return int(self.query("C?"))

[docs]    def set_active_channels(self, channels):
        return self.comm("C {}".format(channels))

    
[docs]    def get_input(self, channel):
        return float(self.query("I {}".format(channel)))

[docs]    def get_all_inputs(self):
        inputs=self.query("IA")
        return [float(s.strip()) for s in inputs.strip().split()]

    
[docs]    def get_output(self, channel):
        return float(self.query("O? {}".format(channel)))

[docs]    def get_all_outputs(self):
        outputs=self.query("OA?")
        return [float(s.strip()) for s in outputs.strip().split()]

[docs]    def set_output(self, channel, value):
        with self.instr.single_op():
            self.comm("O {} {}".format(channel,value))
            return self.get_output(channel)


        
        


        
[docs]class OpticalSwitchController(IArduinoDevice):
    def __init__(self, port_addr):
        IArduinoDevice.__init__(self,port_addr,timeout=3.)
        self._add_settings_node("state",self.get_state,self.switch)
    
[docs]    def get_state(self):
        return bool(int(self.query("r",flush=True,flush_delay=0.1)))

[docs]    def switch(self, state):
        self.comm("s{}".format("1" if state else "0"),flush=True,flush_delay=0.1)
        return self.get_state()


        
        


        
[docs]class RelaylSwitchController(IArduinoDevice):
    """
    Arduino controller for the remote-controlled BNC inverter board.
    """
    def __init__(self, port_addr):
        IArduinoDevice.__init__(self,port_addr,timeout=3.)
        self._add_settings_node("state",self.get_state,self.switch)
    
[docs]    def get_state(self):
        """Get relay switch state"""
        return bool(int(self.query("R?")))

[docs]    def switch(self, state):
        """Set relay switch state"""
        self.comm("R{}".format("1" if state else "0"))
        return self.get_state()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Attocube

from ...core.devio import backend as backend_mod  #@UnresolvedImport
from ...core.utils import py3, general
from ...core.utils.strpack import pack_uint, unpack_uint, pack_int, unpack_int

import re
import collections
import time

_depends_local=["...core.devio.backend"]


[docs]class AttocubeError(RuntimeError):
    """Generic Attocube error"""


[docs]class ANC300(backend_mod.IBackendWrapper):
    """
    Attocube ANC300 controller.

    Args:
        conn: connection parameters; for Ethernet connection is a tuple ``(addr, port)`` or a string ``"addr:port"``
        backend(str): communication backend; by default, try to determine from the communication parameters
        pwd(str): connection password for Ethernet connection (default is ``"123456"``)
    """
    def __init__(self, conn, backend="auto", pwd="123456"):
        if backend=="auto":
            backend=backend_mod.autodetect_backend(conn)
        if backend=="network":
            conn=backend_mod.NetworkDeviceBackend.combine_conn(conn,{"port":7230})
        instr=backend_mod.new_backend(conn,backend=backend,timeout=3.,term_write="\r\n")
        self.pwd=pwd
        backend_mod.IBackendWrapper.__init__(self,instr)
        self.open()
        self._correction={}
        self._add_settings_node("voltages",self.get_all_voltages,self.set_all_voltages)
        self._add_settings_node("offsets",self.get_all_offsets,self.set_all_offsets)
        self._add_settings_node("frequencies",self.get_all_frequencies,self.set_all_frequencies)
        self._add_status_node("voltage_output",self.get_all_outputs)
        self._add_status_node("capacitance",self.get_all_capacitances)

[docs]    def open(self):
        """Open the connection to the stage"""
        res=self.instr.open()
        if self.instr._backend=="network" and self.pwd is not None:
            self.instr.write(self.pwd)
        self.instr.write("echo off")
        self.instr.flush_read()
        self.update_available_axes()
        return res

    
[docs]    def query(self, msg):
        """Send a query to the stage and return the reply"""
        self.instr.flush_read()
        self.instr.write(msg)
        reply=self.instr.read_multichar_term(["ERROR","OK"],remove_term=False)
        self.instr.flush_read()
        if reply.upper().endswith(b"ERROR"):
            raise AttocubeError(reply[:-5].strip())
        return reply[:-2].strip()

    
[docs]    def update_available_axes(self):
        """
        Update the list of available axes.
        
        Need to call only if the hardware configuration of the ANC module has changed.
        """
        axes=[]
        for ax in range(1,8):
            try:
                self.query("getm {}".format(ax))
                axes.append(ax)
            except AttocubeError:
                pass
        self.axes=list(axes)
        return axes


[docs]    def set_mode(self, axis="all", mode="stp"):
        """
        Set axis mode.

        `axis` is either an axis index (starting from 1), or ``"all"`` (all axes).
        `mode` is ``"gnd"`` (ground) or ``"stp"`` (step).
        """
        if axis=="all":
            for ax in self.axes:
                self.set_mode(ax,mode)
            return
        self.query("setm {} {}".format(axis,mode))

[docs]    def get_mode(self, axis="all"):
        """
        Get axis mode

        `axis` is either an axis index (starting from 1), or ``"all"`` (all axes).
        """
        if axis=="all":
            return [self.get_mode(ax) for ax in self.axes]
        reply=py3.as_str(self.query("getm {}".format(axis))).strip()
        if reply.startswith("mode = "):
            return reply[7:].strip()
        raise AttocubeError("unexpected reply: {}".format(reply))

[docs]    def enable_axis(self, axis, mode="stp"):
        """Enable specific axis (set to step mode)"""
        self.set_mode(axis,mode=mode)

[docs]    def disable_axis(self, axis):
        """Disable specific axis (set to ground mode)"""
        self.set_mode(axis,mode="gnd")

[docs]    def enable_all(self, mode="stp"):
        """Enable all axes (set to step mode)"""
        self.set_mode("all",mode=mode)

[docs]    def disable_all(self):
        """Disable all axes (set to ground mode)"""
        self.set_mode("all",mode="gnd")

[docs]    def measure_capacitance(self, axis="all", wait=True):
        """
        Measure axis capacitance; finish in the GND mode.
        
        If ``wait==True``, wait until the capacitance measurement is finished (takes about a second per axis).
        """
        if axis=="all":
            for ax in self.axes:
                self.measure_capacitance(ax,wait=wait)
            return
        self.set_mode(axis,mode="gnd")
        time.sleep(0.05)
        self.set_mode(axis,mode="cap")
        if wait:
            time.sleep(0.05)
            while self.get_mode(axis)!="gnd":
                time.sleep(0.1)


    def _parse_reply(self, reply, name, units):
        patt=name+r"\s*=\s*([\d.]+)\s*"+units
        reply=py3.as_str(reply)
        m=re.match(patt,reply,re.IGNORECASE)
        if not m:
            raise AttocubeError("unexpected reply: {}".format(reply))
        return float(m.groups()[0])
[docs]    def get_voltage(self, axis):
        """Get axis step voltage in Volts"""
        reply=self.query("getv {}".format(axis))
        return self._parse_reply(reply,"voltage","V")

[docs]    def set_voltage(self, axis, voltage):
        """Set axis step voltage in Volts"""
        self.query("setv {} {}".format(axis,voltage))
        return self.get_voltage(axis)

[docs]    def get_offset(self, axis):
        """Get axis offset voltage in Volts"""
        reply=self.query("geta {}".format(axis))
        return self._parse_reply(reply,"voltage","V")

[docs]    def set_offset(self, axis, voltage):
        """Set axis offset voltage in Volts"""
        self.query("seta {} {}".format(axis,voltage))
        return self.get_offset(axis)

[docs]    def get_output(self, axis):
        """Get axis current output voltage in Volts"""
        reply=self.query("geto {}".format(axis))
        return self._parse_reply(reply,"voltage","V")

[docs]    def get_frequency(self, axis):
        """Get axis step frequency in Hz"""
        reply=self.query("getf {}".format(axis))
        return self._parse_reply(reply,"frequency","Hz")

[docs]    def set_frequency(self, axis, freq):
        """Set axis step frequency in Hz"""
        self.query("setf {} {}".format(axis,freq))
        return self.get_frequency(axis)

[docs]    def get_capacitance(self, axis, measure=False):
        """
        Get capacitance measurement on the axis.
        
        If ``measure==True``, re-measure axis capacitance (takes about a second); otherwise, get the last measurement value.
        """
        if measure:
            self.measure_capacitance(axis,wait=True)
        reply=self.query("getc {}".format(axis))
        return self._parse_reply(reply,"capacitance","nF")*1E-9


    def _get_all_axes_data(self, getter):
        return dict([(a,getter(a)) for a in self.axes])
[docs]    def get_all_voltages(self):
        """Get the list of all axes step voltages"""
        return self._get_all_axes_data(self.get_voltage)

[docs]    def get_all_offsets(self):
        """Get the list of all axes offset voltages"""
        return self._get_all_axes_data(self.get_offset)

[docs]    def get_all_outputs(self):
        """Get the list of all axes offset voltages"""
        return self._get_all_axes_data(self.get_output)

[docs]    def get_all_frequencies(self):
        """Get the list of all axes step frequencies"""
        return self._get_all_axes_data(self.get_frequency)

[docs]    def get_all_capacitances(self, measure=False):
        """
        Get the list of all axes capacitances
        
        If ``measure==True``, re-measure axes capacitances (takes about a secon0d per axis); otherwise, get the last measurement values.
        """
        return self._get_all_axes_data(lambda axis: self.get_capacitance(axis,measure=measure))

    
    def _set_all_axes_data(self, setter, values):
        if isinstance(values,(tuple,list)):
            values=dict(zip([self.axes,values]))
        for a,v in values.items():
            setter(a,v)
[docs]    def set_all_voltages(self, voltages):
        """
        Get all axes step voltages.
        
        `voltages` is a list of step voltage, whose length is equal to the number of active (connected) axes.
        """
        self._set_all_axes_data(self.set_voltage,voltages)
        return self.get_all_voltages()

[docs]    def set_all_offsets(self, offsets):
        """
        Get all axes offset voltages
        
        `offsets` is a list of offset voltags, whose length is equal to the number of active (connected) axes.
        """
        self._set_all_axes_data(self.set_offset,offsets)
        return self.get_all_offsets()

[docs]    def set_all_frequencies(self, frequencies):
        """
        Get all axes step frequencies
        
        `frequencies` is a list of step frequencies, whose length is equal to the number of active (connected) axes.
        """
        self._set_all_axes_data(self.set_frequency,frequencies)
        return self.get_all_frequencies()


[docs]    def set_axis_correction(self, axis, factor=1.):
        """
        Set axis correction factor.

        The factor is automatically applied when the motion is in the negative direction.
        """
        self._correction[axis]=factor

[docs]    def move(self, axis, steps=1):
        """Move a given axis for a given number of steps"""
        if steps<0:
            steps*=self._correction.get(axis,1.)
        steps=int(steps)
        if not steps:
            return
        comm="stepu" if steps>0 else "stepd"
        self.query("{} {} {}".format(comm,axis,abs(steps)))

[docs]    def wait_for_axis(self, axis, timeout=30.):
        """
        Wait for a given axis to stop moving.

        If the motion is not finished after `timeout` seconds, raise a backend error.
        """
        with self.instr.using_timeout(timeout):
            self.query("stepw {}".format(axis))

[docs]    def is_moving(self, axis):
        """Check if a given axis is moving"""
        return self.get_output(axis)!=0.

[docs]    def stop(self, axis):
        """Stop motion of a given axis"""
        self.query("stop {}".format(axis))

[docs]    def stop_all(self):
        """Stop motion of all axes"""
        for ax in self.axes:
            self.stop(ax)



ANCDevice=ANC300





[docs]class ANC350(backend_mod.IBackendWrapper):
    """
    Attocube ANC350 controller.

    Args:
        conn: connection parameters - index of the Attocube ANC350 in the system (for a single controller leave 0)
        timeout(float): default operation timeout
    """
    def __init__(self, conn=0, timeout=5.):
        if isinstance(conn,int):
            conn=(0x16C0,0x055B,conn,0x86,0x02,"libusb0") # default device IDs
        backend_mod.IBackendWrapper.__init__(self,None)
        instr=backend_mod.new_backend(conn,backend="pyusb",timeout=timeout,check_read_size=False)
        self._corr_number=0
        self._tell_telegrams={}
        backend_mod.IBackendWrapper.__init__(self,instr)
        self.open()
        self.instr.read(512)
        self.set_value(0x000A,0,0)
        self.enable_updates(False)
        self.axes=[0,1,2]
        self._add_settings_node("voltages",self.get_all_voltages,self.set_all_voltages)
        self._add_settings_node("offsets",self.get_all_offsets,self.set_all_offsets)
        self._add_settings_node("frequencies",self.get_all_frequencies,self.set_all_frequencies)
        self._add_status_node("positions",self.get_all_positions)
        self._add_status_node("target_positions",self.get_all_target_positions)

    def _check_axis(self, axis):
        if axis not in self.axes:
            raise AttocubeError("invalid axis: {}".format(axis))

    def _make_telegram(self, opcode, address, index=0, data=b"", add_corr=True):
        data=data[:(len(data)//4)*4]
        l=16+len(data)
        if add_corr:
            self._corr_number=(self._corr_number%0xFFFF)+1
            corr_number=self._corr_number
        else:
            corr_number=0
        return b"".join([pack_uint(v,4,"<") for v in [l,opcode,address,index,corr_number]])+data
    Telegram=collections.namedtuple("Telegram",["opcode","address","index","data","corr_number"])
    def _parse_telegram(self, telegram):
        if len(telegram)<20:
            raise ValueError("data is too short: {}".format(len(telegram)))
        l,opcode,address,index,corr_number=[unpack_uint(telegram[i*4:i*4+4],"<") for i in range(5)]
        if len(telegram)!=l+4:
            raise ValueError("wrong telegram length: expected {}, got {}".format(l+4,len(telegram)))
        return self.Telegram(opcode,address,index,telegram[20:],corr_number)
    
    def _read_telegram(self, corr_number=None):
        ctd=general.Countdown(self.instr.timeout)
        while True:
            tg=self._parse_telegram(self.instr.read(512))
            if tg.opcode==3: # ACK
                if corr_number is None or tg.corr_number==corr_number:
                    return tg
                raise AttocubeError("gut unexpected correlation number: {}, expected {}".format(tg.corr_number,corr_number))
            if tg.opcode==4: # TELL
                if (tg.address>>8)!=0x0F:
                    self._tell_telegrams[(tg.address,tg.index)]=tg
            if ctd.passed():
                raise AttocubeError("timeout while read")
    Reply=collections.namedtuple("Reply",["address","index","reason","data"])
    def _write(self, opcode, address, index=0, data=b""):
        if isinstance(data, int):
            data=pack_int(data,4,"<")
        tg=self._make_telegram(opcode,address,index,data,add_corr=False)
        self.instr.write(tg)
    def _query(self, opcode, address, index=0, data=b""):
        if isinstance(data, int):
            data=pack_int(data,4,"<")
        tg=self._make_telegram(opcode,address,index,data)
        self.instr.write(tg)
        resp=self._read_telegram(self._corr_number)
        reason=unpack_uint(resp.data[:4],"<")
        return self.Reply(resp.address,resp.index,reason,resp.data[4:])

[docs]    def check_tell(self, timeout=0.01):
        """Check for queued TELL (periodic value update) commands"""
        try:
            with self.instr.using_timeout(timeout):
                self._read_telegram()
        except (AttocubeError,self.instr.Error):
            pass

[docs]    def set_value(self, address, index, value, ack=False, return_reason=False):
        """
        Set device value at the given address and index.
        
        If ``ack==True``, request ACK responds and return its value; otherwise, return immediately after set.
        If ``return_reason==True``, return tuple ``(result, reason)``; otherwise, simply return result.
        """
        if ack:
            resp=self._query(0,address,index,value)
            res=resp.data
            if isinstance(value,int):
                res=unpack_int(res,"<")
            return resp.reason,res
        else:
            self._write(0,address,index,value)

[docs]    def get_value(self, address, index, as_int=True, return_reason=False):
        """
        Get device value at the given address and index.
        
        If ``as_int==True``, convert the result into a signed integer; otherwise return raw byte string.
        If ``return_reason==True``, return tuple ``(result, reason)``; otherwise, simply return result.
        """
        resp=self._query(1,address,index)
        res=resp.data
        if as_int:
            res=unpack_int(res,"<")
        return (res,resp.reason) if return_reason else res

    def _read_register(self, address):
        idx=0
        res=b""
        while True:
            data=self.get_value(address,idx,as_int=False)
            eoln_pos=data.find(b"\x00")
            if eoln_pos>=0:
                res+=data[:eoln_pos]
                return res
            res+=data
            idx+=1


[docs]    def enable_updates(self, enabled=True):
        """Enable or disable periodic TELL updates"""
        self.set_value(0x0145,0,1 if enabled else 0)    

[docs]    def get_hardware_id(self):
        """Return device HWID (by default -1)"""
        return self.get_value(0x0168,0)

    
    
[docs]    def is_axis_connected(self, axis):
        """Check if axis is connected"""
        self._check_axis(axis)
        return bool(self.get_value(0x3002,axis))

[docs]    def enable_axis(self, axis):
        """Enable specific axis"""
        self._check_axis(axis)
        self.set_value(0x3030,axis,1)

[docs]    def disable_axis(self, axis):
        self._check_axis(axis)
        """Disable specific axis"""
        self.set_value(0x3030,axis,0)

[docs]    def enable_all(self):
        """Enable all axes (set to step mode)"""
        for ax in self.axes:
            self.enable_axis(ax)

[docs]    def disable_all(self):
        """Disable all axes (set to ground mode)"""
        for ax in self.axes:
            self.disable_axis(ax)


[docs]    def get_voltage(self, axis):
        """Get axis step voltage in Volts"""
        self._check_axis(axis)
        return self.get_value(0x0400,axis)*1E-3

[docs]    def set_voltage(self, axis, voltage):
        """Set axis step voltage in Volts"""
        self._check_axis(axis)
        self.set_value(0x0400,axis,int(voltage*1E3))
        return self.get_voltage(axis)

[docs]    def get_offset(self, axis):
        """Get axis offset voltage in Volts"""
        self._check_axis(axis)
        return self.get_value(0x0514,axis)*1E-3

[docs]    def set_offset(self, axis, voltage):
        """Set axis offset voltage in Volts"""
        self._check_axis(axis)
        self.set_value(0x0514,axis,int(voltage*1E3))
        return self.get_offset(axis)

[docs]    def get_frequency(self, axis):
        """Get axis step frequency in Hz"""
        self._check_axis(axis)
        return self.get_value(0x0401,axis)

[docs]    def set_frequency(self, axis, freq):
        """Set axis step frequency in Hz"""
        self._check_axis(axis)
        self.set_value(0x0401,axis,int(freq))
        return self.get_frequency(axis)

    
    def _get_all_axes_data(self, getter):
        return dict([(a,getter(a)) for a in self.axes])
[docs]    def get_all_voltages(self):
        """Get the list of all axes step voltages"""
        return self._get_all_axes_data(self.get_voltage)

[docs]    def get_all_offsets(self):
        """Get the list of all axes offset voltages"""
        return self._get_all_axes_data(self.get_offset)

[docs]    def get_all_frequencies(self):
        """Get the list of all axes step frequencies"""
        return self._get_all_axes_data(self.get_frequency)

[docs]    def get_all_positions(self):
        """Get the list of all axes positions"""
        return self._get_all_axes_data(self.get_position)

[docs]    def get_all_target_positions(self):
        """Get the list of all axes target positions"""
        return self._get_all_axes_data(self.get_target_position)


    def _set_all_axes_data(self, setter, values):
        if isinstance(values,(tuple,list)):
            values=dict(zip([self.axes,values]))
        for a,v in values.items():
            setter(a,v)
[docs]    def set_all_voltages(self, voltages):
        """
        Get all axes step voltages.
        
        `voltages` is a list of step voltage, whose length is equal to the number of active (connected) axes.
        """
        self._set_all_axes_data(self.set_voltage,voltages)
        return self.get_all_voltages()

[docs]    def set_all_offsets(self, offsets):
        """
        Get all axes offset voltages
        
        `offsets` is a list of offset voltags, whose length is equal to the number of active (connected) axes.
        """
        self._set_all_axes_data(self.set_offset,offsets)
        return self.get_all_offsets()

[docs]    def set_all_frequencies(self, frequencies):
        """
        Get all axes step frequencies
        
        `frequencies` is a list of step frequencies, whose length is equal to the number of active (connected) axes.
        """
        self._set_all_axes_data(self.set_frequency,frequencies)
        return self.get_all_frequencies()


[docs]    def get_position(self, axis):
        """Get axis position (in m)"""
        self._check_axis(axis)
        return self.get_value(0x0415,axis)*1E-9

[docs]    def move_to(self, axis, position):
        """Move to target position (in m)"""
        self._check_axis(axis)
        self.set_value(0x0408,axis,int(position*1E9))
        self.set_value(0x040D,axis,1)

[docs]    def move(self, axis, steps=1):
        """Move a given axis for a given number of steps"""
        self._check_axis(axis)
        steps=int(steps)
        if steps>=0:
            tg=self._make_telegram(0,0x0410,axis,b"\x01\x00\x00\x00",add_corr=False)
        else:
            tg=self._make_telegram(0,0x0411,axis,b"\x01\x00\x00\x00",add_corr=False)
            steps=-steps
        for _ in range(steps):
            self.instr.write(tg)

            
[docs]    def is_moving(self, axis):
        """Move a given axis for a given number of steps"""
        self._check_axis(axis)
        return bool(self.get_value(0x302E,axis))

[docs]    def get_target_position(self, axis):
        """Get the target position for the given axis"""
        self._check_axis(axis)
        return self.get_value(0x0408,axis)*1E-9

[docs]    def is_target_reached(self, axis, precision=1E-9):
        """
        Check if the target position is reached.
        
        Precision sets the final positioning precision (in m).
        """
        self._check_axis(axis)
        self.set_value(0x3036,axis,int(precision*1E9))
        return self.get_value(0x3037,axis)

[docs]    def wait_for_axis(self, axis, precision=1E-9, timeout=10., period=0.01):
        """
        Wait for a given axis to stop moving or to reach target position.

        If the motion is not finished after `timeout` seconds, raise a backend error.
        Precision sets the final positioning precision (in m).
        """
        self._check_axis(axis)
        ctd=general.Countdown(timeout)
        while True:
            if (not self.is_moving(axis)) or self.is_target_reached(axis):
                return
            if ctd.passed():
                raise AttocubeError("axis waiting timeout error")
            time.sleep(period)


    
[docs]    def stop(self, axis):
        """Stop motion of a given axis"""
        self._check_axis(axis)
        self.set_value(0x0410,axis,0)

[docs]    def stop_all(self):
        """Stop motion of all axes"""
        for axis in self.axes:
            self.stop(axis)

    
[docs]    def jog(self, axis, direction):
        """
        Jog a given axis in a given direction.
        
        `direction` can be either ``"-"`` (negative) or ``"+"`` (positive).
        The motion continues until it is explicitly stopped, or unitl a limit is hit.
        """
        if not direction: # 0 or False also mean left
            direction="-"
        if direction in [1, True]:
            direction="+"
        if direction not in ["+","-"]:
            raise AttocubeError("unrecognized direction: {}".format(direction))
        self._check_axis(axis)
        if direction=="+":
            self.set_value(0x040E,axis,1)
        else:
            self.set_value(0x040F,axis,1)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Cryomagnetics

from ...core.utils.py3 import textstring
from ...core.devio import SCPI, backend  #@UnresolvedImport

_depends_local=["...core.devio.SCPI"]


[docs]class LM500(SCPI.SCPIDevice):
    """
    Cryomagnetics LM500/510 level monitor.

    Channels are enumerated from 1.
    To abort filling or reset a timeout, call :meth:`.SCPIDevice.reset` method.

    Args:
        conn: serial connection parameters (usually port or a tuple containing port and baudrate)
    """
    def __init__(self, conn):
        conn=backend.SerialDeviceBackend.combine_conn(conn,("COM1",9600))
        SCPI.SCPIDevice.__init__(self,conn,backend="serial")
        self.instr.term_read="\n"
        self.instr.term_write="\n"
        try:
            self.write("ERROR 0")
            self.write("REMOTE")
        except self.instr.Error:
            self.close()
        self._add_settings_node("interval",self.get_interval,self.set_interval,ignore_error=(RuntimeError,))
        self._add_status_node("level",self.get_level,mux=([1,2],))
        self._add_status_node("fill_status",self.get_fill_status,mux=([1,2],))
        self._add_settings_node("high_level",self.get_high_level,self.set_high_level,mux=([1,2],1))
        self._add_settings_node("low_level",self.get_low_level,self.set_low_level,mux=([1,2],1))

[docs]    def close(self):
        """Close connection to the device"""
        try:
            self.write("LOCAL")
        finally:
            SCPI.SCPIDevice.close(self)

    _reset_comm="*RST;REMOTE"

    def _instr_write(self, msg):
        return self.instr.write(msg,read_echo=True,read_echo_delay=0.1)
    def _instr_read(self, raw=False):
        data=""
        while not data:
            data=self.instr.readline(remove_term=True).strip()
        return data

[docs]    def get_channel(self):
        """Get current measurement channel"""
        return self.ask("CHAN?","int")

[docs]    def set_channel(self, channel=1):
        """Set current measurement channel"""
        self.write("CHAN",channel)
        return self.get_channel()


[docs]    def get_type(self, channel=1):
        """Get channel type (``"LHe"`` or ``"LN"``)"""
        chan_type=self.ask("TYPE? {}".format(channel),"int")
        return ["LHe","LN"][chan_type]

    def _check_channel_LHe(self, op, channel=None):
        if channel is None:
            channel=self.get_channel()
        if self.get_type(channel)=="LN":
            raise RuntimeError("LN channel doesn't support {}".format(op))
    
[docs]    def get_mode(self):
        """Get measurement mode at the current channel (``"S"`` for sample/hold, ``"C"`` for continuous)"""
        self._check_channel_LHe("measurement modes")
        return self.ask("MODE?").upper()

[docs]    def set_mode(self, mode):
        """Set measurement mode at the current channel (``"S"`` for sample/hold, ``"C"`` for continuous)"""
        self._check_channel_LHe("measurement modes")
        self.write("MODE",mode)
        return self.get_mode()


    @staticmethod
    def _str_to_sec(s):
        s=s.strip().split(":")
        s=[int(n.strip()) for n in s]
        return s[0]*60**2+s[1]*60+s[2]
    @staticmethod
    def _sec_to_str(s):
        return "{:02d}:{:02d}:{:02d}".format(int(s/60.**2),int((s/60.)%60.),int(s%60.))
[docs]    def get_interval(self):
        """Get measurement interval in sample/hold mode (in seconds)"""
        self._check_channel_LHe("measurement intervals")
        return self._str_to_sec(self.ask("INTVL?"))

[docs]    def set_interval(self, intvl):
        """Set measurement interval in sample/hold mode (in seconds)"""
        self._check_channel_LHe("measurement intervals")
        if not isinstance(intvl,textstring):
            intvl=self._sec_to_str(intvl)
        self.write("INTVL",intvl)
        return self.get_interval()

    
[docs]    def start_meas(self, channel=1):
        """Initialize measurement on a given channel"""
        self.write("MEAS",channel)

    def _get_stb(self):
        return self.ask("*STB?","int")
[docs]    def wait_meas(self, channel=1):
        """Wait for a measurement on a given channel to finish"""
        mask=0x01 if channel==1 else 0x04
        while not self._get_stb()&mask:
            self.sleep(0.1)

[docs]    def get_level(self, channel=1):
        """Get level reading on a given channel"""
        res=self.ask("MEAS? {}".format(channel))
        return float(res.split()[0])

[docs]    def measure_level(self, channel=1):
        """Measure the level (initialize a measurement and return the result) on a given channel"""
        self.start_meas(channel=channel)
        self.wait_meas(channel=channel)
        return self.get_level(channel=channel)


[docs]    def start_fill(self, channel=1):
        """Initialize filling at a given channels"""
        self.write("FILL",channel)

[docs]    def get_fill_status(self, channel=1):
        """
        Get filling status at a given channels.
        
        Return either ``"off"`` (filling is off), ``"timeout"`` (filling timed out) or a float (time since filling started, in seconds)
        """
        res=self.ask("FILL? {}".format(channel)).lower()
        if res in {"off","timeout"}:
            return res
        spres=res.split()
        if len(spres)==1 or spres[1] in ["m","min"]:
            return float(spres[0])*60.
        if spres[1] in ["s","sec"]:
            return float(spres[0])
        raise ValueError("unexpected response: {}".format(res))


[docs]    def get_low_level(self, channel=1):
        """Get low level setting on a given channel"""
        self.set_channel(channel)
        return float(self.ask("LOW?").split()[0])

[docs]    def set_low_level(self, level, channel=1):
        """Set low level setting on a given channel"""
        self.set_channel(channel)
        self.write("LOW",level)

[docs]    def get_high_level(self, channel=1):
        """Get high level setting on a given channel"""
        self.set_channel(channel)
        return float(self.ask("HIGH?").split()[0])

[docs]    def set_high_level(self, level, channel=1):
        """Set high level setting on a given channel"""
        self.set_channel(channel)
        self.write("HIGH",level)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.DCAM

from ...core.devio.interface import IDevice
from ...core.utils import py3, funcargparse, dictionary, general
from ...core.dataproc import image as image_utils

_depends_local=[".DCAM_lib","...core.devio.interface"]

import numpy as np
import collections
import ctypes
import contextlib
import time
from future.utils import raise_from

from .DCAM_lib import lib, DCAMLibError

[docs]class DCAMError(RuntimeError):
    "Generic Hamamatsu camera error."

[docs]class DCAMTimeoutError(DCAMError):
    "Timeout while waiting."


[docs]def get_cameras_number():
    """Get number of connected Hamamatsu cameras"""
    lib.initlib()
    try:
        return lib.dcamapi_init()
    except DCAMLibError:
        return 0

_open_cameras=0

[docs]def restart_lib():
    global _open_cameras
    lib.dcamapi_uninit()
    _open_cameras=0


_rpyc=False

[docs]class DCAMCamera(IDevice):

    def __init__(self, idx=0):
        IDevice.__init__(self)
        lib.initlib()
        self.idx=idx
        self.handle=None
        self.dcamwait=None
        self.properties={}
        self._alloc_nframes=0
        self._default_nframes=100
        self._acq_mode=None
        self.open()
        self.image_indexing="rct"
        self._last_frame=None
        self.v=dictionary.ItemAccessor(self.get_value,self.set_value)

        self._add_full_info_node("model_data",self.get_model_data)
        self._add_status_node("properties",self.get_all_properties)
        self._add_settings_node("trigger_mode",self.get_trigger_mode,self.set_trigger_mode)
        self._add_settings_node("ext_trigger",self.get_ext_trigger_parameters,self.setup_ext_trigger)
        self._add_settings_node("exposure",self.get_exposure,self.set_exposure)
        self._add_settings_node("readout_speed",self.get_readout_speed,self.set_readout_speed)
        self._add_status_node("readout_time",self.get_readout_time)
        self._add_status_node("buffer_size",self.get_buffer_size)
        self._add_status_node("data_dimensions",self.get_data_dimensions)
        self._add_full_info_node("detector_size",self.get_detector_size)
        self._add_settings_node("roi",self.get_roi,self.set_roi)
        self._add_status_node("roi_limits",self.get_roi_limits)
        self._add_status_node("acq_status",self.get_status)
        self._add_status_node("transfer_info",self.get_transfer_info)
        
[docs]    def open(self):
        """Open connection to the camera"""
        global _open_cameras
        ncams=get_cameras_number()
        if self.idx>=ncams:
            raise DCAMError("camera index {} is not available ({} cameras exist)".format(self.idx,ncams))
        try:
            self.handle=lib.dcamdev_open(self.idx)
            _open_cameras+=1
            self.dcamwait=lib.dcamwait_open(self.handle)
            self._update_properties_list()
        except DCAMLibError:
            self.close()

[docs]    def close(self):
        """Close connection to the camera"""
        global _open_cameras
        if self.handle:
            lib.dcamwait_close(self.dcamwait.hwait)
            lib.dcamdev_close(self.handle)
            _open_cameras-=1
            if not _open_cameras:
                lib.dcamapi_uninit()
        self.handle=None

[docs]    def is_opened(self):
        """Check if the device is connected"""
        return self.handle is not None



    ModelData=collections.namedtuple("ModelData",["vendor","model","serial_number","camera_version"])
[docs]    def get_model_data(self):
        """
        Get camera model data.

        Return tuple ``(vendor, model, serial_number, camera_version)``.
        """
        vendor=py3.as_str(lib.dcamdev_getstring(self.handle,67109123))
        model=py3.as_str(lib.dcamdev_getstring(self.handle,67109124))
        serial_number=py3.as_str(lib.dcamdev_getstring(self.handle,67109122))
        camera_version=py3.as_str(lib.dcamdev_getstring(self.handle,67109125))
        model_data=self.ModelData(vendor,model,serial_number,camera_version)
        return tuple(model_data) if _rpyc else model_data



[docs]    class Property(object):
        def __init__(self, cam_handle, name, id, min, max, step, default, unit):
            object.__init__(self)
            self.cam_handle=cam_handle
            self.name=name
            self.id=id
            self.min=min
            self.max=max
            self.step=step
            self.default=default
            self.unit=unit
[docs]        def as_text(self, value=None):
            """Get property value as text (by default, current value)"""
            if value is None:
                value=self.get_value()
            return lib.dcamprop_getvaluetext(self.cam_handle,self.id,value)

[docs]        def get_value(self):
            """Get current property value"""
            return lib.dcamprop_getvalue(self.cam_handle,self.id)

[docs]        def set_value(self, value):
            """Set property value"""
            return lib.dcamprop_setgetvalue(self.cam_handle,self.id,value)

        def __repr__(self):
            return "{}(name='{}', id={}, min={}, max={}, unit={})".format(self.__class__.__name__,self.name,self.id,self.min,self.max,self.unit)


[docs]    def list_properties(self):
        """Return list of all available properties"""
        ids=lib.dcamprop_getallids(self.handle,0)
        names=[lib.dcamprop_getname(self.handle,i) for i in ids]
        props=[lib.dcamprop_getattr(self.handle,i) for i in ids]
        props=[self.Property(self.handle,name,idx,p.valuemin,p.valuemax,p.valuestep,p.valuedefault,p.iUnit) for (idx,name,p) in zip(ids,names,props)]
        return props

[docs]    def get_all_properties(self):
        props=self.list_properties()
        result={}
        for prop in props:    
            name=py3.as_str(prop.name).lower().replace(" ","_")
            result[name]={}
            result[name]["value"]=prop.get_value()
            try:
                result[name]["text_value"]=prop.as_text()
            except DCAMLibError:
                pass
        return result

    def _update_properties_list(self):
        props=self.list_properties()
        for p in props:
            self.properties[py3.as_str(p.name)]=p
[docs]    def get_value(self, name, error_on_missing=True, default=None):
        """
        Get value of a property with the given name.
        
        If the value doesn't exist and ``error_on_missing==True``, raise :exc:`DCAMError`; otherwise, return `default`.
        """
        if name not in self.properties:
            if error_on_missing:
                raise DCAMError("can't find property {}".format(name))
            else:
                return default
        return self.properties[name].get_value()

[docs]    def set_value(self, name, value, error_on_missing=True):
        """
        Set value of a property with the given name.
        
        If the value doesn't exist and ``error_on_missing==True``, raise :exc:`DCAMError`; otherwise, do nothing.
        """
        if name not in self.properties:
            if error_on_missing:
                raise DCAMError("can't find property {}".format(name))
            else:
                return
        return self.properties[name].set_value(value)



[docs]    def set_trigger_mode(self, mode):
        """
        Set trigger mode.

        Can be ``"int"`` (internal), ``"ext"`` (external), or ``"software"`` (software trigger).
        """
        trigger_modes={"int":1,"ext":2,"software":3}
        funcargparse.check_parameter_range(mode,"mode",trigger_modes.keys())
        self.set_value("TRIGGER SOURCE",trigger_modes[mode])
        return self.get_trigger_mode()

[docs]    def get_trigger_mode(self):
        """
        Get trigger mode.

        Can be ``"int"`` (internal), ``"ext"`` (external), or ``"software"`` (software trigger).
        """
        tm=int(self.get_value("TRIGGER SOURCE"))
        if tm in {1,2,3}:
            return ["int","ext","software"][tm-1]
        else:
            raise DCAMError("unknown trigger mode: {}".format(tm))

[docs]    def setup_ext_trigger(self, invert=False, delay=0.):
        """Setup external trigger (inversion and delay)"""
        self.set_value("TRIGGER POLARITY",2 if invert else 1)
        self.set_value("TRIGGER DELAY",delay,error_on_missing=False)

[docs]    def get_ext_trigger_parameters(self):
        """Return external trigger parameters (inversion and delay)"""
        invert=self.get_value("TRIGGER POLARITY")==2
        delay=self.get_value("TRIGGER DELAY",error_on_missing=False)
        return invert,delay

[docs]    def send_software_trigger(self):
        """Send software trigger signal"""
        lib.dcamcap_firetrigger(self.handle)

[docs]    def set_exposure(self, exposure):
        """Set camera exposure"""
        self.set_value("EXPOSURE TIME",exposure)
        return self.get_exposure()

[docs]    def get_exposure(self):
        """Set current exposure"""
        return self.get_value("EXPOSURE TIME")

[docs]    def set_readout_speed(self, speed="fast"):
        """Set readout speed (can be ``"fast"`` or ``"slow"``)"""
        self.set_value("READOUT SPEED",1 if speed=="slow" else 2,error_on_missing=False)
        return self.get_readout_speed()

[docs]    def get_readout_speed(self):
        """Set current readout speed"""
        return "fast" if self.get_value("READOUT SPEED",default=2,error_on_missing=False)==2 else "slow"

[docs]    def get_readout_time(self):
        """Set current readout time"""
        return self.get_value("TIMING READOUT TIME")

[docs]    def get_defect_correct_mode(self):
        """Check if the defect pixel correction mode is on"""
        return self.get_value("DEFECT CORRECT MODE",error_on_missing=False,default=1)==2

[docs]    def set_defect_correct_mode(self, enabled=True):
        """Enable or disable the defect pixel correction mode"""
        self.set_value("DEFECT CORRECT MODE",2 if enabled else 1,error_on_missing=False)
        return self.get_defect_correct_mode()


    def _allocate_buffer(self, nframes):
        self._deallocate_buffer()
        if nframes:
            lib.dcambuf_alloc(self.handle,nframes)
        self._alloc_nframes=nframes
    def _deallocate_buffer(self):
        lib.dcambuf_release(self.handle,0)
        self._alloc_nframes=0
        self._last_frame=None
    def _read_buffer(self, buffer):
        return lib.dcambuf_lockframe(self.handle,buffer)
    @contextlib.contextmanager
    def _reset_buffers(self):
        nframes=self._alloc_nframes
        self._deallocate_buffer()
        try:
            yield
        finally:
            self._allocate_buffer(nframes)
    def _buffer_to_array(self, buffer):
        bpp=int(buffer.bpp)
        if bpp==1:
            ct=ctypes.c_uint8*buffer.btot
        elif bpp==2:
            ct=ctypes.c_uint16*(buffer.btot//2)
        elif bpp==4:
            ct=ctypes.c_uint32*(buffer.btot//4)
        else:
            raise DCAMError("can't convert data with {} BBP into an array".format(bpp))
        data=ct.from_address(buffer.buf)
        img=np.array(data).reshape((buffer.height,buffer.width))
        return image_utils.convert_image_indexing(img,"rct",self.image_indexing)
[docs]    def get_buffer_size(self):
        """Get the size of the allocated ring buffer (0 if no buffer is allocated)"""
        return self._alloc_nframes

    FrameInfo=collections.namedtuple("FrameInfo",["framestamp","timestamp_us","camerastamp","left","top","pixeltype"])
[docs]    def get_frame(self, buffer, return_info=False):
        """
        Get a frame at the given buffer index.

        If ``return_info==True``, return tuple ``(data, info)``, where info is the :class:`FrameInfo` instance
        describing frame index and timestamp, camera stamp, frame location on the sensor, and pixel type.
        Does not advance the read frames counter.
        """
        sframe=self._read_buffer(buffer)
        info=self.FrameInfo(sframe.framestamp,sframe.timestamp[0]*10**6+sframe.timestamp[1],sframe.camerastamp,sframe.left,sframe.top,sframe.pixeltype)
        info=tuple(info) if _rpyc else info
        data=self._buffer_to_array(sframe)
        return (data,info) if return_info else data


[docs]    def get_data_dimensions(self):
        """Get the current data dimension (taking ROI and binning into account)"""
        dim=(int(self.get_value("IMAGE WIDTH")),int(self.get_value("IMAGE HEIGHT")))
        return image_utils.convert_shape_indexing(dim,"xy",self.image_indexing)

[docs]    def get_detector_size(self):
        """Get camera detector size (in pixels) as a tuple ``(width, height)``"""
        return (int(self.properties["SUBARRAY HSIZE"].max),int(self.properties["SUBARRAY VSIZE"].max))

[docs]    def get_roi(self):
        """
        Get current ROI.

        Return tuple ``(hstart, hend, vstart, vend, bin)`` (binning is the same for both axes).
        """
        hstart=int(self.get_value("SUBARRAY HPOS"))
        hend=hstart+int(self.get_value("SUBARRAY HSIZE"))
        vstart=int(self.get_value("SUBARRAY VPOS"))
        vend=vstart+int(self.get_value("SUBARRAY VSIZE"))
        bin=int(self.get_value("BINNING"))
        return (hstart,hend,vstart,vend,bin)

[docs]    def set_roi(self, hstart=0, hend=None, vstart=0, vend=None, bin=1):
        """
        Set current ROI.

        By default, all non-supplied parameters take extreme values. Binning is the same for both axes.
        """
        with self._reset_buffers():
            self.set_value("SUBARRAY MODE",2)
            hend=hend or self.properties["SUBARRAY HSIZE"].max
            vend=vend or self.properties["SUBARRAY VSIZE"].max
            min_roi,max_roi=self.get_roi_limits()
            if bin==3:
                bin=2
            hstart=(hstart//min_roi[2])*min_roi[2]
            hend=(hend//min_roi[2])*min_roi[2]
            self.set_value("SUBARRAY HSIZE",min_roi[2])
            self.set_value("SUBARRAY HPOS",hstart)
            self.set_value("SUBARRAY HSIZE",max(hend-hstart,min_roi[2]))
            vstart=(vstart//min_roi[3])*min_roi[3]
            vend=(vend//min_roi[3])*min_roi[3]
            self.set_value("SUBARRAY VSIZE",min_roi[3])
            self.set_value("SUBARRAY VPOS",(vstart//min_roi[3])*min_roi[3])
            self.set_value("SUBARRAY VSIZE",max(vend-vstart,min_roi[3]))
            self.set_value("BINNING",min(bin,max_roi[4]))
        return self.get_roi()

[docs]    def get_roi_limits(self):
        """
        Get the minimal and maximal ROI parameters.

        Return tuple ``(min_roi, max_roi)``, where each element is in turn 5-tuple describing the ROI.
        """
        params=["SUBARRAY HPOS","SUBARRAY VPOS","SUBARRAY HSIZE","SUBARRAY VSIZE","BINNING"]
        minp=tuple([self.properties[p].min for p in params])
        maxp=tuple([self.properties[p].max for p in params])
        min_roi=(0,0)+minp[2:]
        max_roi=maxp
        return (min_roi,max_roi)


[docs]    def start_acquisition(self, mode="sequence", nframes=None):
        """
        Start acquisition.

        `mode` can be either ``"snap"`` (since frame or sequency acquisition) or ``"sequence"`` (continuous acquisition).
        `nframes` determines number of frames to acquire in ``"snap"`` mode, or size of the ring buffer in the ``"sequence"`` mode (by default, 100).
        """
        acq_modes=["sequence","snap"]
        funcargparse.check_parameter_range(mode,"mode",acq_modes)
        if nframes:
            self._allocate_buffer(nframes)
        elif not self._alloc_nframes:
            self._allocate_buffer(self._default_nframes)
        lib.dcamcap_start(self.handle,0 if mode=="snap" else -1)
        self._last_frame=-1
        self._acq_mode=(mode,nframes)

[docs]    def stop_acquisition(self):
        """Stop acquisition"""
        lib.dcamcap_stop(self.handle)
        self._acq_mode=None

[docs]    @contextlib.contextmanager
    def pausing_acquisition(self):
        """
        Context manager which temporarily pauses acquisition during execution of ``with`` block.

        Useful for applying certain settings which can't be changed during the acquisition.
        """
        acq_mode=self._acq_mode
        try:
            self.stop_acquisition()
            yield
        finally:
            if acq_mode:
                self.start_acquisition(*acq_mode)

[docs]    def get_status(self):
        """
        Get acquisition status.

        Can be ``"busy"`` (capturing in progress), ``"ready"`` (ready for capturing),
        ``"stable"`` (not prepared for capturing), ``"unstable"`` (can't be prepared for capturing), or ``"error"`` (some other error).
        """
        status=["error","busy","ready","stable","unstable"]
        return status[lib.dcamcap_status(self.handle)]

[docs]    def get_transfer_info(self):
        """
        Get frame transfer info.

        Return tuple ``(last_buff, frame_count)``, where ``last_buff`` is the index of the last filled buffer,
        and ``frame_count`` is the total number of acquired frames.
        """
        return tuple(lib.dcamcap_transferinfo(self.handle,0))

[docs]    def get_new_images_range(self):
        """
        Get the range of the new images.
        
        Return tuple ``(first, last)`` with images range (inclusive).
        If no images are available, return ``None``.
        If some images were in the buffer were overwritten, exclude them from the range.
        """
        if self._last_frame is None:
            return None
        _,frame_count=self.get_transfer_info()
        oldest_frame=max(self._last_frame+1,frame_count-self.get_buffer_size())
        if oldest_frame==frame_count:
            return None
        return oldest_frame,frame_count-1




[docs]    def read_multiple_images(self, rng=None, return_info=False, peek=False):
        """
        Read multiple images specified by `rng` (by default, all un-read images).

        If ``return_info==True``, return tuple ``(data, info)``, where info is the :class:`FrameInfo` instance
        describing frame index and timestamp, camera stamp, frame location on the sensor, and pixel type.
        If ``peek==True``, return images but not mark them as read.
        """
        if rng is None:
            rng=self.get_new_images_range()
        dim=self.get_data_dimensions()
        if rng is None:
            return np.zeros((0,dim[0],dim[1]))
        frames=[self.get_frame(n%self._alloc_nframes,return_info=True) for n in range(rng[0],rng[1]+1)]
        images,infos=list(zip(*frames))
        images=np.array(images)
        if not peek:
            self._last_frame=max(self._last_frame,rng[1])
        return (images,infos) if return_info else images

[docs]    def wait_for_frame(self, since="lastread", timeout=20., period=1E-3):
        """
        Wait for a new camera frame.

        `since` specifies what constitutes a new frame.
        Can be ``"lastread"`` (wait for a new frame after the last read frame), ``"lastwait"`` (wait for a new frame after last :meth:`wait_for_frame` call),
        or ``"now"`` (wait for a new frame acquired after this function call).
        If `timeout` is exceeded, raise :exc:`DCAMTimeoutError`.
        """
        funcargparse.check_parameter_range(since,"since",{"lastread","lastwait","now"})
        if since=="lastwait":
            ctd=general.Countdown(timeout)
            while True:
                try:
                    lib.dcamwait_start(self.dcamwait.hwait,0x02,0) # default timeout doesn't work, it's either 0 (for timeout=0) or infinite (for timeout>0)
                    return
                except DCAMLibError as e:
                    if e.text_code=="DCAMERR_TIMEOUT":
                        if ctd.passed():
                            raise_from(DCAMTimeoutError,None)
                    else:
                        raise
                time.sleep(period)
        elif since=="lastread":
            while self.get_new_images_range() is None:
                self.wait_for_frame(since="lastwait",timeout=timeout)
        else:
            rng=self.get_new_images_range()
            last_img=rng[1] if rng else None
            while True:
                self.wait_for_frame(since="lastwait",timeout=timeout)
                rng=self.get_new_images_range()
                if rng and (last_img is None or rng[1]>last_img):
                    return


[docs]    def snap(self, nframes=None, return_info=False):
        """Snap a single image (with preset image read mode parameters)"""
        readframes=nframes or 1
        self.start_acquisition("snap",nframes=readframes)
        while self.get_new_images_range()!=(0,readframes-1):
            self.wait_for_frame(since="lastwait")
        frames=self.read_multiple_images(return_info=return_info)
        if nframes is None:
            frames=(frames[0][0],frames[1][0]) if return_info else frames[0]
        return frames






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.HighFinesse

from .misc import default_lib_folder, load_lib, default_placing_message
from ...core.devio.interface import IDevice
from ...core.utils import general

import os.path
import time
import ctypes


[docs]class HFError(RuntimeError):
    """Generic HighFinesse wavemeter error"""


[docs]class WS(IDevice):
    """
    HighFinesse WS6/7 precision wavemeter.

    Args:
        lib_path(str): path to the wlmData6.dll or wlmData7.dll (default is to use the library supplied with the package)
        idx(int): wavemeter input index (starts from 1)
        serv_path: path to server executable (last executed by default)
        version: wavemeter version (3-4 digit id number)
        hide_app: if ``True``, start the wavemeter application hidden; otherwise, start it on top
    """
    def __init__(self, lib_path=None, idx=1, serv_path=None, version=None, hide_app=False, timeout=10.):
        IDevice.__init__(self)
        error_message="The library is supplied with the designated HighFinesse wavemeter software;\n{}".format(default_placing_message)
        if lib_path in [6,7,None]:
            lib_path=("wlmData6.dll" if lib_path==6 else "wlmData7.dll"), "wlmData.dll"
            self.dll=load_lib(lib_path,locations=("local","global"),call_conv="stdcall",error_message=error_message)
        else:
            self.dll=load_lib(lib_path,call_conv="stdcall",error_message=error_message)
        
        self.dll.Instantiate.restype=ctypes.c_long
        self.dll.Instantiate.argtypes=[ctypes.c_long,ctypes.c_long,ctypes.c_long,ctypes.c_long]
        self.dll.ControlWLM.restype=ctypes.c_long
        self.dll.ControlWLM.argtypes=[ctypes.c_long,ctypes.c_char_p,ctypes.c_long]
        self.dll.Operation.restype=ctypes.c_long
        self.dll.Operation.argtypes=[ctypes.c_short]
        self.dll.GetFrequencyNum.restype=ctypes.c_double
        self.dll.GetFrequencyNum.argtypes=[ctypes.c_long,ctypes.c_double]
        self.dll.GetWavelengthNum.restype=ctypes.c_double
        self.dll.GetWavelengthNum.argtypes=[ctypes.c_long,ctypes.c_double]
        self.dll.GetExposureModeNum.restype=ctypes.c_long
        self.dll.GetExposureModeNum.argtypes=[ctypes.c_long,ctypes.c_bool]
        self.dll.SetExposureModeNum.restype=ctypes.c_long
        self.dll.SetExposureModeNum.argtypes=[ctypes.c_long,ctypes.c_bool]
        self.dll.GetExposureNum.restype=ctypes.c_long
        self.dll.GetExposureNum.argtypes=[ctypes.c_long,ctypes.c_long,ctypes.c_long]
        self.dll.SetExposureNum.restype=ctypes.c_long
        self.dll.SetExposureNum.argtypes=[ctypes.c_long,ctypes.c_long,ctypes.c_long]
        self.dll.GetSwitcherMode.restype=ctypes.c_bool
        self.dll.GetSwitcherMode.argtypes=[ctypes.c_long]
        self.dll.SetSwitcherMode.restype=ctypes.c_long
        self.dll.SetSwitcherMode.argtypes=[ctypes.c_long]
        self.idx=idx
        self.serv_path=serv_path
        self.version=version
        self.hide_app=hide_app
        self.timeout=timeout
        self.open()
        self._add_status_node("frequency",self.get_frequency)
        self._add_status_node("wavelength",self.get_wavelength)
        self._add_settings_node("exposure_mode",self.get_exposure_mode,self.set_exposure_mode)
        self._add_settings_node("exposure",self.get_exposure,self.set_exposure)
        self._add_settings_node("switcher_mode",self.get_switcher_mode,self.set_switcher_mode)

[docs]    def open(self):
        self.dll.ControlWLM(2 if self.hide_app else 1,self.serv_path,self.version or 0)
        ctd=general.Countdown(self.timeout)
        while True:
            if self.dll.Instantiate(-1,0,0,0):
                break
            time.sleep(0.1)
            if ctd.passed():
                raise HFError("Timeout on application start")
        self.start_measurement()

    
    _GetFunc_err={  0:"ErrNoValue: No value",
                            -1:"ErrNoSignal: No signal detected",
                            -2:"ErrBadSignal: No calculable signal detected",
                            -3:"ErrLowSignal: Signal too small / underexposed",
                            -4:"ErrBigSignal: Signal too big / overexposed",
                            -5:"ErrWlmMissing: Wavelength meter is not active", 
                            -6:"ErrNotAvailable: Function is not available", 
                            -8:"ErrNoPulse: Signal can't be separated into pulses", 
                            -7:"InfNothingChanged",
                            -13:"ErrDiv0", 
                            -14:"ErrOutOfRange", 
                            -15:"ErrUnitNotAvaliable"}
    def _check_getfunc_error(self, func_name, err):
        if err>=0:
            return
        if err in self._GetFunc_err:
            raise HFError("{} returned error: {} ({})".format(func_name,err,self._GetFunc_err[err]))
        else:
            raise HFError("{} returned unknown error: {}".format(func_name,err))
    _SetFunc_err={  0:"ResERR_NoErr: No error",
                    -1:"ResERR_WlmMissing: Wavelength meter is not active",
                    -2:"ResERR_CouldNotSet: Could not set value which should be accessible (contact Angstrom)",
                    -3:"ResERR_ParmOutOfRange: Parameter is out of range",
                    -4:"ResERR_WlmOutOfResources: Wavelength meter is out of memory or resources (contact Angstrom if persists)",
                    -5:"ResERR_WlmInternalError: Wavelength meter internal error (contact Angstrom)", 
                    -6:"ResERR_NotAvailable: Parameter setting is not available for this wavelength meter version", 
                    -7:"ResERR_WlmBusy: Wavelength meter is busy with another function (contact Angstrom if persists)", 
                    -8:"ResERR_NotInMeasurementMode: Call is not allowed in measurement mode", 
                    -9:"ResERR_OnlyInMeasurementMode: Call is only allowed in measurement mode", 
                    -10:"ResERR_ChannelNotAvailable: Given channel is not available for this device", 
                    -11:"ResERR_ChannelTemporarilyNotAvailable: Given channel is generally available, but the device is not in switch mode", 
                    -12:"ResERR_CalOptionNotAvailable: Wavelength meter does not dispose of this calibration option", 
                    -13:"ResERR_CalWavelengthOutOfRange: The given calibration wavelength is out of its allowed range", 
                    -14:"ResERR_BadCalibrationSignal: The given wavelength does not match the connected calibration laser or its signal is of bad quality", 
                    -15:"ResERR_UnitNotAvailable: This is not a proper result unit"}
    def _check_setfunc_error(self, func_name, err):
        if err>=0:
            return
        if err in self._SetFunc_err:
            raise HFError("{} returned error: {} ({})".format(func_name,err,self._SetFunc_err[err]))
        else:
            raise HFError("{} returned unknown error: {}".format(func_name,err))
[docs]    def get_frequency(self, return_exp_error=True):
        """
        Get the wavemeter readings (in Hz).

        If ``return_exp_error==True``, return ``"under"`` if the meter is underexposed or ``"over"`` is it is overexposed.
        Otherwise, raise an error.
        """
        res=self.dll.GetFrequencyNum(self.idx,0.)
        if int(res)<=0:
            err=int(res)
            if return_exp_error:
                if err==-1:
                    return "nosig"
                if err==-2:
                    return "badsig"
                if err==-3:
                    return "under"
                if err==-4:
                    return "over"
            self._check_getfunc_error("GetFrequencyNum",err)
        return res*1E12


[docs]    def get_wavelength(self, return_exp_error=True):
        """
        Get the wavemeter readings (in m, and in vacuum).

        If ``return_exp_error==True``, return ``"under"`` if the meter is underexposed or ``"over"`` is it is overexposed.
        Otherwise, raise an error.
        """
        res=self.dll.GetWavelengthNum(self.idx,0)
        if int(res)<=0:
            err=int(res)
            if return_exp_error:
                if err==-1:
                    return "nosig"
                if err==-2:
                    return "badsig"
                if err==-3:
                    return "under"
                if err==-4:
                    return "over"
            self._check_getfunc_error("GetWavelengthNum",err)
        return res*1E-9


[docs]    def start_measurement(self):
        self.dll.Operation(2)

[docs]    def stop_measurement(self):
        self.dll.Operation(0)


[docs]    def get_exposure_mode(self):
        """Get the exposure mode (0 for manual, 1 for auto)"""
        return bool(self.dll.GetExposureModeNum(self.idx,0))

[docs]    def set_exposure_mode(self, auto_exposure=True):
        """Get the exposure mode (manual or auto)"""
        err=self.dll.SetExposureModeNum(self.idx,1 if auto_exposure else 0)
        self._check_setfunc_error("SetExposureModeNum",err)
        return self.get_exposure_mode()


[docs]    def get_exposure(self, sensor=1):
        """Get the exposure for a given sensor (starting from 1)"""
        exposure=self.dll.GetExposureNum(self.idx,sensor,0)
        self._check_getfunc_error("GetExposureNum",exposure)
        return exposure

[docs]    def set_exposure(self, exposure, sensor=1):
        """Manually set the exposure for a given sensor (starting from 1)"""
        err=self.dll.SetExposureNum(self.idx,sensor,exposure)
        self._check_setfunc_error("SetExposureNum",err)
        return self.get_exposure()


[docs]    def get_switcher_mode(self):
        """Get the switcher mode (0 for off, 1 for on)"""
        return self.dll.GetSwitcherMode(0)

[docs]    def set_switcher_mode(self, switching=True):
        """Set the switcher mode (True or False)"""        
        err=self.dll.SetSwitcherMode(1 if switching else 0)
        self._check_setfunc_error("SetSwitcherMode",err)
        return self.get_switcher_mode()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.IMAQ

from ...core.utils import dictionary, py3, general, funcargparse
from ...core.devio import data_format, interface
from ...core.dataproc import image as image_utils

import numpy as np
import contextlib
import time
import collections
import ctypes
from future.utils import raise_from


from . import IMAQ_lib
lib=IMAQ_lib.lib
try:
    lib.initlib()
except (ImportError, OSError):
    pass
IMAQError=IMAQ_lib.IMAQLibError
[docs]class IMAQGenericError(RuntimeError):
    "Generic IMAQ camera error."

[docs]class IMAQTimeoutError(IMAQGenericError):
    "Timeout while waiting."


_depends_local=[".IMAQ_lib","...core.devio.interface"]



[docs]def list_cameras():
    """List all cameras available through IMAQ interface"""
    cameras=[]
    i=0
    try:
        while True:
            if_name=lib.imgInterfaceQueryNames(i)
            cameras.append(py3.as_str(if_name))
            i+=1
    except IMAQError:
        pass
    return cameras



[docs]class IMAQCamera(interface.IDevice):
    """
    Generic IMAQ camera interface.

    Args:
        name: interface name (can be learned by :func:`list_cameras`; usually, but not always, starts with ``"cam"``)
    """
    def __init__(self, name="img0"):
        interface.IDevice.__init__(self)
        self.init_done=False
        self.name=name
        self.ifid=None
        self.sid=None
        self.image_indexing="rct"
        self._buffers=[]
        self._buffer_allocation_size=2**20
        self._frame_size=None
        self._buffer_frames=None
        self._last_read_frame=None
        self._start_acq_count=None
        self._last_wait_frame=None
        self._lost_frames=None
        self._acq_params=None
        self.init_done=True
        self._triggers_in={}
        self._triggers_out={}
        self._serial_term_write=""
        self._serial_datatype="bytes"

        self.open()

        self._add_full_info_node("model_data",self.get_model_data)
        self._add_full_info_node("interface_name",lambda: self.name)
        self._add_status_node("buffer_size",lambda: self.get_buffer_status().size)
        self._add_status_node("buffer_status",self.get_buffer_status)
        self._add_settings_node("acquisition_parameters",self.get_acquisition_parameters,self.setup_acquisition)
        self._add_status_node("data_dimensions",self.get_data_dimensions)
        self._add_full_info_node("detector_size",self.get_detector_size)
        self._add_settings_node("roi",self.get_roi,self.set_roi)
        self._add_status_node("roi_limits",self.get_roi_limits)
        self._add_settings_node("triggers_in_cfg",self._get_triggers_in_cfg,self._set_triggers_in_cfg)
        self._add_settings_node("triggers_out_cfg",self._get_triggers_out_cfg,self._set_triggers_out_cfg)

        
[docs]    def open(self):
        """Open connection to the camera"""
        self.ifid=lib.imgInterfaceOpen(self.name)
        self.sid=lib.imgSessionOpen(self.ifid)
        self.post_open()

[docs]    def close(self):
        """Close connection to the camera"""
        if self.sid is not None:
            lib.imgClose(self.sid)
            self.sid=None
            lib.imgClose(self.ifid)
            self.ifid=None

[docs]    def reset(self):
        """Reset connection to the camera"""
        if self.ifid is not None:
            lib.imgClose(self.sid)
            self.sid=None
            lib.imgInterfaceReset(self.ifid)
            self.sid=lib.imgSessionOpen(self.ifid)

[docs]    def is_opened(self):
        """Check if the device is connected"""
        return self.sid is not None


[docs]    def post_open(self):
        """Action to automatically call on opening"""
        pass


    def _norm_attr(self, attr):
        if attr not in IMAQ_lib.IMAQ_attrs_inv and ("IMG_ATTR_"+attr) in IMAQ_lib.IMAQ_attrs_inv:
            return "IMG_ATTR_"+attr
        return attr
[docs]    def get_int_value(self, attr, default=None):
        """Get value of an integer attribute with a given name"""
        try:
            return lib.imgGetAttribute_uint32(self.sid,self._norm_attr(attr))
        except IMAQError:
            if default is None:
                raise
            return default

[docs]    def set_int_value(self, attr, value):
        """Set value of an integer attribute with a given name"""
        lib.imgSetAttribute2_uint32(self.sid,self._norm_attr(attr),value)
        return lib.imgGetAttribute_uint32(self.sid,self._norm_attr(attr))

[docs]    def get_float_value(self, attr, default=None):
        """Get value of a floating point attribute with a given name"""
        try:
            return lib.imgGetAttribute_double(self.sid,self._norm_attr(attr))
        except IMAQError:
            if default is None:
                raise
            return default

[docs]    def set_float_value(self, attr, value):
        """Set value of a floating point attribute with a given name"""
        lib.imgSetAttribute2_double(self.sid,self._norm_attr(attr),value)
        return lib.imgGetAttribute_double(self.sid,self._norm_attr(attr))

    
    ModelData=collections.namedtuple("ModelData",["serial"])
[docs]    def get_model_data(self):
        """
        Get camera model data.

        Return tuple ``(serial,)``.
        """
        serial=self.get_int_value("GETSERIAL")
        return self.ModelData(serial)


    def _get_data_dimensions_rc(self):
        return self.get_int_value("ROI_HEIGHT"),self.get_int_value("ROI_WIDTH")
[docs]    def get_data_dimensions(self):
        """Get the current data dimension (taking ROI and binning into account)"""
        return image_utils.convert_shape_indexing(self._get_data_dimensions_rc(),"rc",self.image_indexing)

[docs]    def get_detector_size(self):
        """Get camera detector size (in pixels) as a tuple ``(width, height)``"""
        _,_,mw,mh=lib.imgSessionFitROI(self.sid,0,0,0,2**31-1,2**31-1)
        return mw,mh

[docs]    def get_roi(self):
        """
        Get current ROI.

        Return tuple ``(hstart, hend, vstart, vend)``.
        """
        t,l,h,w=lib.imgSessionGetROI(self.sid)
        return l,l+w,t,t+h

[docs]    def set_roi(self, hstart=0, hend=None, vstart=0, vend=None):
        """
        Setup camera ROI.

        By default, all non-supplied parameters take extreme values.
        """
        
        det_size=self.get_detector_size()
        if hend is None:
            hend=det_size[0]
        if vend is None:
            vend=det_size[1]
        fit_roi=lib.imgSessionFitROI(self.sid,0,vstart,hstart,max(vend-vstart,1),max(hend-hstart,1))
        if lib.imgSessionGetROI(self.sid)!=fit_roi:
            lib.imgSessionConfigureROI(self.sid,*fit_roi)
        return self.get_roi()

[docs]    def get_roi_limits(self):
        """
        Get the minimal and maximal ROI parameters.

        Return tuple ``(min_roi, max_roi)``, where each element is in turn 4-tuple describing the ROI.
        """
        minp=lib.imgSessionFitROI(self.sid,0,0,0,1,1)
        detsize=self.get_detector_size()
        min_roi=(0,0)+minp[2:]
        max_roi=(detsize[0]-minp[2],detsize[1]-minp[3])+detsize
        return (min_roi,max_roi)


    _trigger_pol={"high":"IMG_TRIG_POLAR_ACTIVEH","low":"IMG_TRIG_POLAR_ACTIVEL"}
    _trigger_type={"none":"IMG_SIGNAL_NONE","ext":"IMG_SIGNAL_EXTERNAL","rtsi":"IMG_SIGNAL_RTSI","iso_in":"IMG_SIGNAL_ISO_IN",
        "iso_out":"IMG_SIGNAL_ISO_OUT","status":"IMG_SIGNAL_STATUS","software":"IMG_SIGNAL_SOFTWARE_TRIGGER"}
    _trigger_action={"none":"IMG_TRIG_ACTION_NONE","capture":"IMG_TRIG_ACTION_CAPTURE",
        "bufflist":"IMG_TRIG_ACTION_BUFLIST","buffer":"IMG_TRIG_ACTION_BUFFER","stop":"IMG_TRIG_ACTION_STOP"}
    _trigger_drive={"disable":"IMG_TRIG_DRIVE_DISABLED","acq_in_progress":"IMG_TRIG_DRIVE_AQ_IN_PROGRESS","acq_done":"IMG_TRIG_DRIVE_AQ_DONE",
        "unasserted":"IMG_TRIG_DRIVE_UNASSERTED","asserted":"IMG_TRIG_DRIVE_ASSERTED",
        "hsync":"IMG_TRIG_DRIVE_HSYNC","vsync":"IMG_TRIG_DRIVE_VSYNC","frame_start":"IMG_TRIG_DRIVE_FRAME_START","frame_done":"IMG_TRIG_DRIVE_FRAME_DONE"}


[docs]    def configure_trigger_in(self, trig_type, trig_line=0, trig_pol="high", action="none", timeout=None):
        """
        Configure input trigger.

        Args:
            trig_type(str): trigger source type; can be ``"ext"``, ``"rtsi"``, ``"iso_in"``, or ``"software"``
            trig_line(int): trigger line number
            trig_pol(str): trigger polarity; can be ``"high"`` or ``"low"``
            action(str): trigger action; can be ``"none"`` (disable trigger), ``"capture"`` (start capturing), ``"stop"`` (stop capturing),
                ``"buffer"`` (capture a single frame), or ``"bufflist"`` (capture the whole buffer list once)
            timeout(float): timeout in seconds; ``None`` means not timeout.
        """
        funcargparse.check_parameter_range(trig_type,"trig_type",{"ext","rtsi","iso_in","software"})
        funcargparse.check_parameter_range(trig_pol,"trig_pol",{"high","low"})
        funcargparse.check_parameter_range(action,"action",list(self._trigger_action))
        itrig_type=IMAQ_lib.IMAQ_signal_type_inv[self._trigger_type.get(trig_type,trig_type)]
        itrig_pol=IMAQ_lib.IMAQ_trig_pol_inv[self._trigger_pol.get(trig_pol,trig_pol)]
        iaction=IMAQ_lib.IMAQ_trig_action_inv[self._trigger_action.get(action,action)]
        timeout=int(timeout*1E3) if timeout is not None else IMAQ_lib.IMAQInfiniteTimout
        lib.imgSessionTriggerConfigure2(self.sid,itrig_type,trig_line,itrig_pol,timeout,iaction)
        self._triggers_in[(trig_type,trig_line)]=(trig_pol,action,timeout)

    def _get_triggers_in_cfg(self):
        return sorted(list(self._triggers_in.items()))
    def _set_triggers_in_cfg(self, cfg):
        for (tt,tl),(tp,act,to) in cfg:
            self.configure_trigger_in(tt,tl,tp,act,to)

[docs]    def configure_trigger_out(self, trig_type, trig_line=0, trig_pol="high", trig_drive="disable"):
        """
        Configure trigger output.

        Args:
            trig_type(str): trigger drive destination type; can be ``"ext"``, ``"rtsi"``, or ``"iso_out"``
            trig_line(int): trigger line number
            trig_pol(str): trigger polarity; can be ``"high"`` or ``"low"``
            trig_drive(str): trigger output signal; can be ``"disable"`` (disable drive),
                ``"acq_in_progress"`` (asserted when acquisition is started),``"acq_done"`` (asserted when acquisition is done),
                ``"unasserted"`` (force unasserted level), ``"asserted"`` (force asserted level),
                ``"hsync"`` (asserted on start of a single line start), ``"vsync"`` (asserted on start of a frame scan),
                ``"frame_start"`` (asserted when a single frame is captured), or ``"frame_done"`` (asserted when a single frame is done)
        """
        funcargparse.check_parameter_range(trig_type,"trig_type",{"ext","rtsi","iso_out"})
        funcargparse.check_parameter_range(trig_pol,"trig_pol",{"high","low"})
        funcargparse.check_parameter_range(trig_drive,"trig_drive",list(self._trigger_drive))
        itrig_type=IMAQ_lib.IMAQ_signal_type_inv[self._trigger_type.get(trig_type,trig_type)]
        itrig_pol=IMAQ_lib.IMAQ_trig_pol_inv[self._trigger_pol.get(trig_pol,trig_pol)]
        itrig_drive=IMAQ_lib.IMAQ_trig_drive_src_inv[self._trigger_drive.get(trig_drive,trig_drive)]
        lib.imgSessionTriggerDrive2(self.sid,itrig_type,trig_line,itrig_pol,itrig_drive)
        self._triggers_out[(trig_type,trig_line)]=(trig_pol,trig_drive)

    def _get_triggers_out_cfg(self):
        return sorted(list(self._triggers_out.items()))
    def _set_triggers_out_cfg(self, cfg):
        for (tt,tl),(tp,td) in cfg:
            self.configure_trigger_out(tt,tl,tp,td)

[docs]    def read_trigger(self, trig_type, trig_line=0, trig_pol="high"):
        """
        Read current value of a trigger (input or output).

        Args:
            trig_type(str): trigger drive destination type; can be ``"ext"``, ``"rtsi"``, ``"iso_in"``, or ``"iso_out"``
            trig_line(int): trigger line number
            trig_pol(str): trigger polarity; can be ``"high"`` or ``"low"``
        """
        funcargparse.check_parameter_range(trig_type,"trig_type",{"ext","rtsi","iso_in","iso_out"})
        funcargparse.check_parameter_range(trig_pol,"trig_pol",{"high","low"})
        itrig_type=IMAQ_lib.IMAQ_signal_type_inv[self._trigger_type.get(trig_type,trig_type)]
        itrig_pol=IMAQ_lib.IMAQ_trig_pol_inv[self._trigger_pol.get(trig_pol,trig_pol)]
        return lib.imgSessionTriggerRead2(self.sid,itrig_type,trig_line,itrig_pol)


[docs]    def clear_all_triggers(self):
        """Disable all triggers of the session"""
        lib.imgSessionTriggerClear(self.sid)
        self._triggers_in={}
        self._triggers_out={}



[docs]    def setup_serial_params(self, write_term="", datatype="bytes"):
        """
        Setup default serial communication parameters.

        Args:
            write_term: default termintor character to be added to the sent messages
            datatype: type of the result of read commands; can be ``"bytes"`` (return raw bytes), or ``"str"`` (convert into UTF-8 string)
        """
        self._serial_term_write=write_term
        self._serial_datatype=datatype

[docs]    def serial_write(self, msg, timeout=3., term=None):
        """
        Write message into CameraLink serial port.
        
        Args:
            timeout: operation timeout (in seconds)
            term: additional write terminator character to add to the message;
                if ``None``, use the value set up using :meth:`setup_serial_params` (by default, no additional terminator)
        """
        try:
            if term is None:
                term=self._serial_term_write
            msg=py3.as_builtin_bytes(msg)+py3.as_builtin_bytes(term)
            return lib.imgSessionSerialWrite(self.sid,msg,int(timeout*1000))
        except IMAQError as e:
            if e.name=="IMG_ERR_SERIAL_WRITE_TIMEOUT":
                raise_from(IMAQTimeoutError(),None)
            else:
                raise

[docs]    def serial_read(self, n, timeout=3., datatype=None):
        """
        Read specified number of bytes from CameraLink serial port.
        
        Args:
            n: number of bytes to read
            timeout: operation timeout (in seconds)
            datatype: return datatype; can be ``"bytes"`` (return raw bytes), or ``"str"`` (convert into UTF-8 string)
                if ``None``, use the value set up using :meth:`setup_serial_params` (by default, ``"bytes"``)
        """
        try:
            msg,_=lib.imgSessionSerialReadBytes(self.sid,int(timeout*1000),n)
            datatype=datatype or self._serial_datatype
            return msg if datatype=="bytes" else py3.as_str(msg)
        except IMAQError as e:
            if e.name=="IMG_ERR_SERIAL_READ_TIMEOUT":
                raise_from(IMAQTimeoutError(),None)
            else:
                raise

[docs]    def serial_readline(self, timeout=3., datatype=None):
        """
        Read bytes from CameraLink serial port until the termination character (defined in camera file) is encountered.
        
        Args:
            timeout: operation timeout (in seconds)
            datatype: return datatype; can be ``"bytes"`` (return raw bytes), or ``"str"`` (convert into UTF-8 string)
                if ``None``, use the value set up using :meth:`setup_serial_params` (by default, ``"bytes"``)
        """
        try:
            msg,_=lib.imgSessionSerialRead(self.sid,int(timeout*1000))
            datatype=datatype or self._serial_datatype
            return msg if datatype=="bytes" else py3.as_str(msg)
        except IMAQError as e:
            if e.name=="IMG_ERR_SERIAL_READ_TIMEOUT":
                raise_from(IMAQTimeoutError(),None)
            else:
                raise

[docs]    def serial_flush(self):
        """Flush CameraLink serial port"""
        lib.imgSessionSerialFlush(self.sid)



    def _get_ctypes_buffer(self):
        if self._buffers:
            cbuffs=(ctypes.c_char_p*self._buffer_frames)()
            frames_per_buff=len(self._buffers[0])//self._frame_size
            for i,b in enumerate(self._buffers):
                for j in range(frames_per_buff):
                    cbuffs[i*frames_per_buff+j]=ctypes.addressof(b)+j*self._frame_size
            return cbuffs
        else:
            return None
    def _deallocate_buffers(self):
        self._buffers=[]
        self._buffer_frames=None
        self._frame_size=None
        self._last_read_frame=None
        self._start_acq_count=None
        self._lost_frames=None
    def _allocate_buffers(self, n):
        self._deallocate_buffers()
        self._frame_size=self._get_buffer_size()
        frames_per_buff=max(self._buffer_allocation_size//self._frame_size,1)
        nbuffs=(n-1)//frames_per_buff+1
        if nbuffs==1:
            frames_per_buff=n
        self._buffers=[ctypes.create_string_buffer(frames_per_buff*self._frame_size) for _ in range(nbuffs)]
        self._buffer_frames=nbuffs*frames_per_buff
    def _acquired_frames(self):
        if self._start_acq_count is None:
            return 0
        return self.get_int_value("FRAME_COUNT",0)-self._start_acq_count
    def _get_buffer_num(self, frame):
        if not self._buffers:
            return -1
        return frame%self._buffer_frames
        


[docs]    def setup_acquisition(self, continuous, frames):
        """
        Setup acquisition mode.

        `continuous` determines whether acquisition runs continuously, or stops after the given number of frames
        (note that :meth:`.IMAQCamera.acquisition_in_progress` would still return ``True`` in this case, even though new frames are no longer acquired).
        `frames` sets up number of frame buffers.
        If ``start==True``, start acquisition directly after setup.
        """
        self.clear_acquisition()
        self._allocate_buffers(frames)
        cbuffs=self._get_ctypes_buffer()
        if continuous:
            lib.imgRingSetup(self.sid,len(cbuffs),cbuffs,0,0)
        else:
            skips=(ctypes.c_uint32*len(cbuffs))(0)
            lib.imgSequenceSetup(self.sid,len(cbuffs),cbuffs,skips,0,0)
        self._acq_params=(continuous,frames)
        self._last_read_frame=-1
        self._start_acq_count=0
        self._lost_frames=0
        self._last_wait_frame=-1

[docs]    def clear_acquisition(self):
        """Clear all acquisition details and free all buffers"""
        if self._acq_params:
            self.stop_acquisition()
            lib.imgSessionAbort(self.sid)
            self.clear_all_triggers()
            self._deallocate_buffers()
            self._acq_params=None

[docs]    def get_acquisition_parameters(self):
        """Return acquisition parameters ``(continuous, frames_buffer)``."""
        return self._acq_params

[docs]    def start_acquisition(self):
        """Start acquisition"""
        self.stop_acquisition()
        if self._acq_params is None:
            self.setup_acquisition(True,100)
        self._start_acq_count=self.get_int_value("FRAME_COUNT",0)
        self._last_read_frame=-1
        self._lost_frames=0
        lib.imgSessionStartAcquisition(self.sid)

[docs]    def stop_acquisition(self):
        """Stop acquisition"""
        lib.imgSessionStopAcquisition(self.sid)
        self._last_wait_frame=-1

[docs]    def acquisition_in_progress(self):
        """Check if acquisition is in progress"""
        return bool(lib.imgSessionStatus(self.sid)[0])

    
[docs]    @contextlib.contextmanager
    def pausing_acquisition(self):
        """
        Context manager which temporarily pauses acquisition during execution of ``with`` block.

        Useful for applying certain settings which can't be changed during the acquisition (e.g., ROI or bit depth).
        """
        acq_params=self._acq_params
        acq_in_progress=self.acquisition_in_progress()
        try:
            self.clear_acquisition()
            yield
        finally:
            if acq_params:
                self.setup_acquisition(*acq_params)
            if acq_in_progress:
                self.start_acquisition()


    TBufferStatus=collections.namedtuple("TBufferStatus",["unread","lost","size"])
[docs]    def get_buffer_status(self):
        """
        Get buffer fill status.

        Return tuple ``(unread, lost, size)``, where ``unread`` is the number of acquired but not read frames,
        ``lost`` is the number of lost (written over) frames and ``size`` is the total buffer size (in frames).
        """
        rng=self.get_new_images_range()
        unread=0 if rng is None else rng[1]-rng[0]+1
        if rng is not None:
            lost_frames=self._lost_frames+max(0,rng[1]-self._buffer_frames-self._last_read_frame)
        else:
            lost_frames=0
        return self.TBufferStatus(unread,lost_frames,self._buffer_frames)

[docs]    def get_new_images_range(self):
        """
        Get the range of the new images.
        
        Return tuple ``(first, last)`` with images range (inclusive).
        If no images are available, return ``None``.
        """
        frame_cnt=self._acquired_frames()
        if not self._buffers or frame_cnt<=0:
            return None
        if self._last_read_frame+1>=frame_cnt:
            return None
        if self._last_read_frame<frame_cnt-self._buffer_frames:
            return (frame_cnt-self._buffer_frames,frame_cnt-1)
        return (self._last_read_frame+1,frame_cnt-1)

[docs]    def wait_for_frame(self, since="lastread", timeout=20.):
        """
        Wait for a new camera frame.

        `since` specifies what constitutes a new frame.
        Can be ``"lastread"`` (wait for a new frame after the last read frame),
        ``"lastwait"`` (wait for a new frame after last :meth:`wait_for_frame` call),
        or ``"now"`` (wait for a new frame acquired after this function call).
        If `timeout` is exceeded, raise :exc:`.IMAQLibError`.
        `period` specifies camera polling period.
        """
        if not self.acquisition_in_progress():
            return
        last_acq_frame=self._acquired_frames()-1
        if since=="lastread" and last_acq_frame>self._last_read_frame:
            self._last_wait_frame=last_acq_frame
            return
        if since=="lastwait" and last_acq_frame>self._last_wait_frame:
            self._last_wait_frame=last_acq_frame
            return
        try:
            lib.imgSessionWaitSignal2(self.sid,4,11,0,int(timeout*1000))
        except IMAQError as e:
            if e.name=="IMG_ERR_TIMEOUT":
                raise_from(IMAQTimeoutError(),None)
            elif e.name=="IMG_ERR_BOARD_NOT_RUNNING" and not self.acquisition_in_progress():
                pass
            else:
                raise
        self._last_wait_frame=self._acquired_frames()-1
        return

        

    def _read_frame_data_raw(self, buffer_frame_num):
        """Return raw bytes string corresponding to the given buffer frame number"""
        frames_per_buff=len(self._buffers[0])//self._frame_size
        ibuff=buffer_frame_num//frames_per_buff
        jbuff=buffer_frame_num%frames_per_buff
        return self._buffers[ibuff][jbuff*self._frame_size:jbuff*self._frame_size+self._frame_size]
    def _read_buff_data_raw(self, buffer_frame_num, max_nframes):
        """
        Read raw bytes string containing one or several frames starting with the given buffer frame number.
        
        Read all the frames up to the end of the buffer containing given frame, or up to `max_nframes` frames, whichever is smaller.
        Return tuple ``(number_returned, raw_data)``, where `number_returned` is the total number of returned frames (between 1 and `max_n_frames`),
        and `raw_data` is a binary string of the size ``self._frame_size*number_returned``.

        Function exists only to speed up reading of large number of small frames.
        """
        frames_per_buff=len(self._buffers[0])//self._frame_size
        ibuff=buffer_frame_num//frames_per_buff
        jbuff=buffer_frame_num%frames_per_buff
        nread=min(max_nframes,frames_per_buff-jbuff)
        return nread,self._buffers[ibuff][jbuff*self._frame_size:(jbuff+nread)*self._frame_size]
    
    def _get_buffer_bpp(self):
        return self.get_int_value("BYTESPERPIXEL",1)
    def _get_buffer_dtype(self):
        return "<u{}".format(self._get_buffer_bpp())
    def _get_buffer_size(self):
        bpp=self._get_buffer_bpp()
        roi=self.get_roi()
        w,h=roi[1]-roi[0],roi[3]-roi[2]
        return w*h*bpp
    def _parse_buffer(self, buffer, dim=None, bpp=None, nframes=1):
        r,c=dim or self._get_data_dimensions_rc()
        bpp=bpp or self.get_int_value("BYTESPERPIXEL",1)
        if len(buffer)!=nframes*r*c*bpp:
            raise ValueError("wrong buffer size: expected {}x{}x{}x{}={}, got {}".format(nframes,r,c,bpp,nframes*r*c*bpp,len(buffer)))
        dt="<u{}".format(bpp)
        return np.frombuffer(buffer,dtype=dt).reshape((nframes,r,c))
    def _read_multiple_images_raw(self, rng=None, peek=False, missing_frame="skip"):
        """
        Read multiple images specified by `rng` (by default, all un-read images).

        If ``peek==True``, return images but not mark them as read.
        `missing_frame` determines what to do with frames which are out of range (missing or lost):
        can be ``"none"`` (replacing them with ``None``), ``"zero"`` (same as ``None``, added for compatibility with :meth:`read_multiple_images`),
        or ``"skip"`` (skipping them).
        """
        if not self._buffers:
            return None
        last_acq_frame=self._acquired_frames()-1
        last_valid_buffer=last_acq_frame-self._buffer_frames
        if rng is None:
            rng=self.get_new_images_range()
        if rng[1]<last_valid_buffer:
            read_rng=0,-1
        else:
            read_rng=max(rng[0],last_valid_buffer),rng[1]
        raw_frames=[self._read_frame_data_raw(self._get_buffer_num(n)) for n in range(read_rng[0],read_rng[1]+1)]
        if missing_frame=="none":
            raw_frames=[None]*(rng[1]-rng[0]-len(raw_frames))+raw_frames
        if not peek:
            if rng[1]>self._last_read_frame:
                passed_frames=rng[1]-self._last_read_frame
                read_frames=read_rng[1]-read_rng[0]+1
                if passed_frames>read_frames:
                    self._lost_frames+=passed_frames-read_frames
                self._last_read_frame=rng[1]
        return raw_frames
    def _read_multiple_images_raw_fastbuff(self, rng=None):
        """
        Read multiple images specified by `rng` (by default, all un-read images).

        Some frames in the result are "stuck together" in a single buffer, if their memory locations are continuous.
        Return list ``[(number_of_frames, raw_data)]``, where `number_of_frames` specifies number of frames in a given array element,
        and `raw_data` is the binary string corresponding to these frames (of the size ``self._frame_size*number_returned``).
        Compared to :meth:`_read_multiple_images_raw`, always assumes ``peek==False`` and ``missing_frame="skip"`` (default values).

        Function exists only to speed up reading of large number of small frames.
        """
        if not self._buffers:
            return None
        last_acq_frame=self._acquired_frames()-1
        last_valid_buffer=last_acq_frame-self._buffer_frames
        if rng is None:
            rng=self.get_new_images_range()
        if rng[1]<last_valid_buffer:
            read_rng=0,-1
        else:
            read_rng=max(rng[0],last_valid_buffer),rng[1]
        raw_frames=[]
        i=rng[0]
        while i<rng[1]+1:
            nread,data=self._read_buff_data_raw(self._get_buffer_num(i),rng[1]+1-i)
            i+=nread
            raw_frames.append((nread,data))
        if rng[1]>self._last_read_frame:
            passed_frames=rng[1]-self._last_read_frame
            read_frames=read_rng[1]-read_rng[0]+1
            if passed_frames>read_frames:
                self._lost_frames+=passed_frames-read_frames
            self._last_read_frame=rng[1]
        return raw_frames
[docs]    def read_multiple_images(self, rng=None, peek=False, missing_frame="skip"):
        """
        Read multiple images specified by `rng` (by default, all un-read images).

        If ``peek==True``, return images but not mark them as read.
        `missing_frame` determines what to do with frames which are out of range (missing or lost):
        can be ``"none"`` (replacing them with ``None``), ``"zero"`` (replacing them with zero-filled frame),
        or ``"skip"`` (skipping them).
        """
        raw_data=self._read_multiple_images_raw(rng=rng,peek=peek,missing_frame=missing_frame)
        if raw_data is None:
            return None
        dim=self._get_data_dimensions_rc()
        bpp=self.get_int_value("BYTESPERPIXEL",1)
        parsed_data=[(self._parse_buffer(b,dim=dim,bpp=bpp) if b is not None else None) for b in raw_data]
        if missing_frame=="zero":
            dt=self._get_buffer_dtype()
            parsed_data=[(np.zeros(dim,dtype=dt) if f is None else f) for f in parsed_data]
        if self.image_indexing!="rct":
            parsed_data=[(None if f is None else image_utils.convert_image_indexing(f,"rct",self.image_indexing)) for f in parsed_data]
        return parsed_data

[docs]    def read_multiple_images_fastbuff(self, rng=None):
        """
        Read multiple images specified by `rng` (by default, all un-read images).
        
        Some frames in the result are "stuck together" in a single buffer, if their memory locations are continuous.
        Return list ``[(number_of_frames, raw_data)]``, where `number_of_frames` specifies number of frames in a given array element,
        and `raw_data` is the binary string corresponding to these frames (of the size ``self._frame_size*number_returned``).
        Compared to :meth:`read_multiple_images`, always assumes ``peek==False`` and ``missing_frame="skip"`` (default values).
        Also, always return frames in ``"rct"`` format (row-first indexing, going from the top).

        Function exists only to speed up reading of large number of small frames.
        """
        raw_data=self._read_multiple_images_raw_fastbuff(rng=rng)
        if raw_data is None:
            return None
        dim=self._get_data_dimensions_rc()
        bpp=self.get_int_value("BYTESPERPIXEL",1)
        parsed_data=[(nread,self._parse_buffer(b,dim=dim,bpp=bpp,nframes=nread)) for (nread,b) in raw_data]
        return parsed_data


[docs]    def snap(self, timeout=20.):
        """Snap a single image (with preset image read mode parameters)"""
        return self.grab(1,frame_timeout=timeout)[0]


[docs]    def grab(self, n, buff_frames=5000, frame_timeout=20., missing_frame="none", return_buffer_status=False):
        """
        Snap `n` images (with preset image read mode parameters)
        
        `buff_frames` determines buffer size.
        Timeout is specified for a single-frame acquisition, not for the whole acquisition time.
        `missing_frame` determines what to do with frames which have been lost:
        can be ``"none"`` (replacing them with ``None``), ``"zero"`` (replacing them with zero-filled frame),
        or ``"skip"`` (skipping them, while still keeping total frames number to `n`).
        """
        buff_frames=min(n,buff_frames)
        frames=[]
        self.setup_acquisition(1 if buff_frames<n else 0,buff_frames)
        self.start_acquisition()
        try:
            while len(frames)<n:
                self.wait_for_frame(timeout=frame_timeout)
                frames+=self.read_multiple_images(missing_frame=missing_frame)
            return (frames[:n],self.get_buffer_status()) if return_buffer_status else frames[:n]
        finally:
            self.clear_acquisition()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.IMAQdx

from ...core.utils import dictionary, py3, general
from ...core.devio import data_format, interface
from ...core.dataproc import image as image_utils

import numpy as np
import contextlib
import time
import collections


from . import IMAQdx_lib
lib=IMAQdx_lib.lib
try:
    lib.initlib()
except (ImportError, OSError):
    pass
IMAQdxError=IMAQdx_lib.IMAQdxGenericError

_depends_local=[".IMAQdx_lib","...core.devio.interface"]

[docs]class IMAQdxAttribute(object):
    """
    Object representing an IMAQdx camera parameter.

    Allows to query and set values and get additional information.
    Usually created automatically by an :class:`IMAQdxCamera` instance, but could be created manually.

    Attributes:
        name: attribute name
        display_name: attribute display name (short description name)
        tooltip: longer attribute description
        description: full attribute description (usually, same as `tooltip`)
        units: attribute units (if applicable)
        readable (bool): whether attribute is readable
        writable (bool): whether attribute is writable
        min (float or int): minimal attribute value (if applicable)
        max (float or int): maximal attribute value (if applicable)
        inc (float or int): minimal attribute increment value (if applicable)
        values: list of possible attribute values (if applicable)
    """
    def __init__(self, sid, name):
        object.__init__(self)
        self.sid=sid
        self.name=name
        self.display_name=py3.as_str(lib.IMAQdxGetAttributeDisplayName(sid,name))
        self.tooltip=py3.as_str(lib.IMAQdxGetAttributeTooltip(sid,name))
        self.description=py3.as_str(lib.IMAQdxGetAttributeDescription(sid,name))
        self.units=py3.as_str(lib.IMAQdxGetAttributeUnits(sid,name))
        self.readable=lib.IMAQdxIsAttributeReadable(sid,name)
        self.writable=lib.IMAQdxIsAttributeWritable(sid,name)
        self._attr_type=lib.IMAQdxGetAttributeType(sid,name)
        self.type=IMAQdx_lib.IMAQdxAttributeType_enum[self._attr_type]
        if self._attr_type in [0,1,2,5]:
            self.min=lib.IMAQdxGetAttributeMinimum(sid,name,self._attr_type)
            self.max=lib.IMAQdxGetAttributeMaximum(sid,name,self._attr_type)
            self.inc=lib.IMAQdxGetAttributeIncrement(sid,name,self._attr_type)
        else:
            self.min=self.max=self.inc=None
        if self._attr_type==4:
            self.values=lib.IMAQdxEnumerateAttributeValues(sid,name)
        else:
            self.values=None
    
[docs]    def update_minmax(self):
        """Update minimal and maximal attribute limits"""
        if self._attr_type in [0,1,2,5]:
            self.min=lib.IMAQdxGetAttributeMinimum(self.sid,self.name,self._attr_type)
            self.max=lib.IMAQdxGetAttributeMaximum(self.sid,self.name,self._attr_type)
            self.inc=lib.IMAQdxGetAttributeIncrement(self.sid,self.name,self._attr_type)

[docs]    def truncate_value(self, value):
        """Truncate value to lie within attribute limits"""
        self.update_minmax()
        if self._attr_type in [0,1,2,5]:
            if value<self.min:
                value=self.min
            elif value>self.max:
                value=self.max
            else:
                inc=self.inc
                if inc>0:
                    value=((value-self.min)//inc)*inc+self.min
        return value


[docs]    def get_value(self, enum_as_str=True):
        """
        Get attribute value.
        
        If ``enum_as_str==True``, return enum-style values as strings; otherwise, return corresponding integer values.
        """
        if not self.readable:
            raise IMAQdxError("Attribute {} is not readable".format(self.name))
        val=lib.IMAQdxGetAttribute(self.sid,self.name,self._attr_type)
        if self._attr_type==4 and enum_as_str:
            val=val.Name
        return val

[docs]    def set_value(self, value, truncate=True):
        """
        Get attribute value.
        
        If ``truncate==True``, automatically truncate value to lie within allowed range.
        """
        if not self.writable:
            raise IMAQdxError("Attribute {} is not writable".format(self.name))
        if truncate:
            value=self.truncate_value(value)
        return lib.IMAQdxSetAttribute(self.sid,self.name,value,None)


    def __repr__(self):
        return "{}({})".format(self.__class__.__name__,self.name)





[docs]def list_cameras(connected=True):
    """List all cameras available through IMAQdx interface"""
    return lib.IMAQdxEnumerateCameras(connected)


[docs]class IMAQdxCamera(interface.IDevice):
    """
    Generic IMAQdx camera interface.

    Args:
        name: interface name (can be learned by :func:`list_cameras`; usually, but not always, starts with ``"cam"``)
        mode: connection mode; can be ``"controller"`` (full control) or ``"listener"`` (only reading)
        default_visibility: default attribute visibility when listing attributes;
            can be ``"simple"``, ``"intermediate"`` or ``"advanced"`` (higher mode exposes more attributes).
    """
    def __init__(self, name="cam0", mode="controller", default_visibility="simple"):
        interface.IDevice.__init__(self)
        self.init_done=False
        self.name=name
        self.mode=mode
        self.default_visibility=default_visibility
        self.sid=None
        self.open()
        self.image_indexing="rct"
        try:
            attrs=self.list_attributes()
            self.attributes=dictionary.Dictionary(dict([ (a.name.replace("::","/"),a) for a in attrs ]))
        except Exception:
            self.close()
            raise
        self.init_done=True
        self.acq_params=None
        self.frame_counter=0
        self.last_wait_frame=-1
        self.buffers_num=0
        self.post_open()
        self.v=dictionary.ItemAccessor(self.get_value,self.set_value)

        self._add_full_info_node("model_data",self.get_model_data)
        self._add_full_info_node("interface_name",lambda: self.name)
        self._add_status_node("attributes",self.get_all_attributes)
        self._add_status_node("buffer_size",lambda: self.buffers_num)
        self._add_status_node("data_dimensions",self.get_data_dimensions)
        self._add_full_info_node("detector_size",self.get_detector_size)
        self._add_settings_node("roi",self.get_roi,self.set_roi)
        self._add_status_node("roi_limits",self.get_roi_limits)
        self._add_status_node("last_frame",self._last_buffer)
        self._add_status_node("read_frames",lambda: self.frame_counter)

[docs]    def open(self, mode=None):
        """Open connection to the camera"""
        mode=self.mode if mode is None else mode
        mode=IMAQdx_lib.IMAQdxCameraControlMode_enum.get(mode,mode)
        self.sid=lib.IMAQdxOpenCamera(self.name,mode)
        self.post_open()

[docs]    def close(self):
        """Close connection to the camera"""
        if self.sid is not None:
            lib.IMAQdxCloseCamera(self.sid)
            self.sid=None

[docs]    def reset(self):
        """Reset connection to the camera"""
        self.close()
        lib.IMAQdxResetCamera(self.name,False)
        self.open()

[docs]    def is_opened(self):
        """Check if the device is connected"""
        return self.sid is not None


[docs]    def post_open(self):
        """Action to automatically call on opening"""
        pass


    # _builtin_attrs=["OffsetX","OffsetY","Width","Height","PixelFormat","PayloadSize"]
    _builtin_attrs=["OffsetX","OffsetY","Width","Height","PixelFormat","PayloadSize","StatusInformation::LastBufferNumber","AcquisitionAttributes::BitsPerPixel"]
[docs]    def list_attributes(self, root="", visibility=None, add_builtin=True):
        """
        List all attributes at a given root.

        Return list of :class:`IMAQdxAttribute` objects, which allow querying and settings values
        and getting additional information (description, limits, increment).
        """
        visibility=visibility or self.default_visibility
        visibility=IMAQdx_lib.IMAQdxAttributeVisibility_enum.get(visibility,visibility)
        root=root.replace("/","::")
        attrs=lib.IMAQdxEnumerateAttributes2(self.sid,root,visibility)
        attr_names=[a.Name for a in attrs]
        if add_builtin:
            builtin_attrs=[]
            for a in self._builtin_attrs:
                if a not in attr_names:
                    try:
                        lib.IMAQdxGetAttributeDisplayName(self.sid,a)
                        builtin_attrs.append(a)
                    except IMAQdxError:
                        pass
            attr_names+=builtin_attrs
        return [IMAQdxAttribute(self.sid,a) for a in attr_names]


[docs]    def get_value(self, name, default=None):
        """Get value of the attribute with a given name"""
        name=name.replace("::","/")
        if (default is not None) and (name not in self.attributes):
            return default
        if self.attributes.is_dictionary(self.attributes[name]):
            return self.get_all_attributes(root=name)
        v=self.attributes[name].get_value()
        if isinstance(v,py3.new_bytes):
            v=py3.as_str(v)
        return v

[docs]    def set_value(self, name, value, ignore_missing=False, truncate=True):
        """
        Set value of the attribute with a given name.
        
        If ``truncate==True``, truncate value to lie within attribute range.
        """
        name=name.replace("::","/")
        if (name in self.attributes) or (not ignore_missing):
            if self.attributes.is_dictionary(self.attributes[name]):
                self.set_all_attributes(value,root=name)
            else:
                self.attributes[name].set_value(value,truncate=truncate)


[docs]    def get_all_attributes(self, root="", as_dict=False):
        """
        Get values of all attributes with the given `root`.

        If ``as_dict==True``, return ``dict`` object; otherwise, return :class:`.Dictionary` object.
        """
        settings=self.attributes[root].copy().filter_self(lambda a: a.readable).map_self(lambda a: a.get_value())
        return settings.as_dict(style="flat") if as_dict else settings

[docs]    def set_all_attributes(self, settings, root="", truncate=True):
        """
        Set values of all attributes with the given `root`.
        
        If ``truncate==True``, truncate value to lie within attribute range.
        """
        settings=dictionary.as_dict(settings,style="flat",copy=False)
        for k in settings:
            if k in self.attributes[root] and self.attributes[root,k].writable:
                self.attributes[root,k].set_value(settings[k],truncate=truncate)


    ModelData=collections.namedtuple("ModelData",["vendor","model","serial_number","bus_type"])
[docs]    def get_model_data(self):
        """
        Get camera model data.

        Return tuple ``(vendor, model, serial_number, bus_type)``.
        """
        cam_info=self.v["CameraInformation"]
        return self.ModelData(cam_info["VendorName"],cam_info["ModelName"],(cam_info["SerialNumberHigh"],cam_info["SerialNumberLow"]),cam_info["BusType"])


    def _get_data_dimensions_rc(self):
        return self.v["Height"],self.v["Width"]
[docs]    def get_data_dimensions(self):
        """Get the current data dimension (taking ROI and binning into account)"""
        return image_utils.convert_shape_indexing(self._get_data_dimensions_rc(),"rc",self.image_indexing)

[docs]    def get_detector_size(self):
        """Get camera detector size (in pixels) as a tuple ``(width, height)``"""
        return self.attributes["Width"].max,self.attributes["Height"].max

[docs]    def get_roi(self):
        """
        Get current ROI.

        Return tuple ``(hstart, hend, vstart, vend)``.
        """
        ox=self.v.get("OffsetX",0)
        oy=self.v.get("OffsetY",0)
        w=self.v["Width"]
        h=self.v["Height"]
        return ox,ox+w,oy,oy+h

[docs]    def set_roi(self, hstart=0, hend=None, vstart=0, vend=None):
        """
        Setup camera ROI.

        By default, all non-supplied parameters take extreme values.
        """
        for a in ["Width","Height","OffsetX","OffsetY"]:
            if a not in self.attributes or not self.attributes[a].writable:
                return
        det_size=self.get_detector_size()
        if hend is None:
            hend=det_size[0]
        if vend is None:
            vend=det_size[1]
        with self.pausing_acquisition():
            self.v["Width"]=self.attributes["Width"].min
            self.v["Height"]=self.attributes["Height"].min
            self.v["OffsetX"]=hstart
            self.v["OffsetY"]=vstart
            self.v["Width"]=max(self.v["Width"],hend-hstart)
            self.v["Height"]=max(self.v["Height"],vend-vstart)
        return self.get_roi()

[docs]    def get_roi_limits(self):
        """
        Get the minimal and maximal ROI parameters.

        Return tuple ``(min_roi, max_roi)``, where each element is in turn 4-tuple describing the ROI.
        """
        params=["OffsetX","OffsetY","Width","Height"]
        minp=tuple([(self.attributes[p].min if p in self.attributes else 0) for p in params])
        maxp=tuple([(self.attributes[p].max if p in self.attributes else 0) for p in params])
        min_roi=(0,0)+minp[2:]
        max_roi=maxp
        return (min_roi,max_roi)

    

[docs]    def setup_acquisition(self, continuous, frames):
        """
        Setup acquisition mode.

        `continuous` determines whether acquisition runs continuously, or stops after the given number of frames
        (note that :meth:`.IMAQdxCamera.acquisition_in_progress` would still return ``True`` in this case, even though new frames are no longer acquired).
        `frames` sets up number of frame buffers.
        """
        lib.IMAQdxConfigureAcquisition(self.sid,continuous,frames)
        self.acq_params=(continuous,frames)
        self.buffers_num=frames

[docs]    def clear_acquisition(self):
        lib.IMAQdxUnconfigureAcquisition(self.sid)
        self.buffers_num=0

[docs]    def start_acquisition(self):
        if self.acq_params is None:
            self.setup_acquisition(True,100)
        lib.IMAQdxStartAcquisition(self.sid)
        self.frame_counter=0
        self.last_wait_frame=-1

[docs]    def stop_acquisition(self):
        lib.IMAQdxStopAcquisition(self.sid)
        self.frame_counter=0
        self.last_wait_frame=-1

[docs]    def acquisition_in_progress(self):
        """Check if acquisition is in progress"""
        return self.v["StatusInformation/AcqInProgress"]

[docs]    def refresh_acquisition(self, delay=0.005):
        """Stop and restart the acquisition, waiting `delay` seconds in between"""
        self.stop_acquisition()
        self.clear_acquisition()
        self.setup_acquisition(0,1)
        self.start_acquisition()
        time.sleep(delay)
        self.stop_acquisition()
        self.clear_acquisition()

    def _last_buffer(self):
        last_buffer=self.v["StatusInformation/LastBufferNumber"]
        return last_buffer if last_buffer<2**31 else -1
    
[docs]    @contextlib.contextmanager
    def pausing_acquisition(self):
        """
        Context manager which temporarily pauses acquisition during execution of ``with`` block.

        Useful for applying certain settings which can't be changed during the acquisition.
        """
        acq_params=self.acq_params
        acq_in_progress=self.acquisition_in_progress()
        try:
            self.stop_acquisition()
            self.clear_acquisition()
            yield
        finally:
            if acq_params:
                self.setup_acquisition(*acq_params)
            if acq_in_progress:
                self.start_acquisition()



[docs]    def get_new_images_range(self):
        """
        Get the range of the new images.
        
        Return tuple ``(first, last)`` with images range (inclusive).
        If no images are available, return ``None``.
        """
        newest_img=self._last_buffer()
        if not self.acquisition_in_progress() or newest_img<0:
            return None
        if self.frame_counter>newest_img:
            return None
        if self.buffer_valid(self.frame_counter):
            return (self.frame_counter,newest_img)
        if self.buffer_valid(newest_img-self.buffers_num+1) and not self.buffer_valid(newest_img-self.buffers_num):
            return (newest_img-self.buffers_num+1,newest_img)
        valid_buffer=self._get_oldest_valid_buffer(self.frame_counter,newest_img)
        return (valid_buffer,newest_img)

[docs]    def wait_for_frame(self, since="lastread", timeout=20., period=1E-3):
        """
        Wait for a new camera frame.

        `since` specifies what constitutes a new frame.
        Can be ``"lastread"`` (wait for a new frame after the last read frame),
        ``"lastwait"`` (wait for a new frame after last :meth:`wait_for_frame` call),
        or ``"now"`` (wait for a new frame acquired after this function call).
        If `timeout` is exceeded, raise :exc:`.IMAQdxGenericError`.
        `period` specifies camera polling period.
        """
        ctd=general.Countdown(timeout)
        last_call_frame=self._last_buffer()
        while not ctd.passed():
            last_frame=self._last_buffer()
            since_last_wait=last_frame-self.last_wait_frame
            self.last_wait_frame=last_frame
            if since=="lastread" and last_frame>=self.frame_counter:
                return
            if since=="now" and last_frame>last_call_frame:
                return
            if since=="lastwait" and since_last_wait>0:
                return
            tl=ctd.time_left()
            time.sleep(period if tl is None else min(period,tl))
        raise IMAQdxError()

        

[docs]    def read_data_raw(self, size_bytes, mode, buffer_num=0):
        """Return raw bytes string from the given buffer number"""
        mode=IMAQdx_lib.IMAQdxBufferNumberMode_enum.get(mode,mode)
        return lib.IMAQdxGetImageData(self.sid,size_bytes,mode,buffer_num)

[docs]    def buffer_valid(self, buffer_num):
        return self.read_data_raw(0,2,buffer_num=buffer_num)[1]==buffer_num

    def _get_oldest_valid_buffer(self, start, stop):
        if start>stop or not self.buffer_valid(stop):
            return None
        if self.buffer_valid(start):
            return start
        while start<stop-1:
            mid=(start+stop)//2
            start,stop=(start,mid) if self.buffer_valid(mid) else (mid,stop)
        return stop










[docs]class IMAQdxPhotonFocusCamera(IMAQdxCamera):
    """
    IMAQdx interface to a PhotonFocus camera.

    Args:
        name: interface name (can be learned by :func:`list_cameras`; usually, but not always, starts with ``"cam"``)
        mode: connection mode; can be ``"controller"`` (full control) or ``"listener"`` (only reading)
        default_visibility: default attribute visibility when listing attributes;
            can be ``"simple"``, ``"intermediate"`` or ``"advanced"`` (higher mode exposes more attributes).
        small_packet_size: if ``True``, automatically set up Ethernet packet size to 1500 bytes.
    """
    def __init__(self, name, mode="controller", default_visibility="simple", small_packet_size=True):
        self.small_packet_size=small_packet_size
        IMAQdxCamera.__init__(self,name,mode=mode,default_visibility=default_visibility)
        self._add_settings_node("exposure",self.get_exposure,self.set_exposure)
        # self._add_status_node("readout_time",self.get_readout_time)
        # self._add_status_node("acq_status",self.get_status)
[docs]    def post_open(self):
        if self.init_done and self.small_packet_size:
            self.set_value("AcquisitionAttributes/PacketSize",1500,ignore_missing=True)


[docs]    def get_exposure(self):
        """Get current exposure"""
        return self.v["CameraAttributes/AcquisitionControl/ExposureTime"]*1E-6

[docs]    def set_exposure(self, exposure):
        """Set current exposure"""
        with self.pausing_acquisition():
            self.v["CameraAttributes/AcquisitionControl/ExposureTime"]=exposure*1E6
        return self.get_exposure()


[docs]    def setup_acquisition(self, continuous, frames):
        """
        Setup acquisition mode.

        `continuous` determines whether acquisition runs continuously, or stops after the given number of frames
        (note that :meth:`IMAQdxCamera.acquisition_in_progress` would still return ``True`` in this case, even though new frames are no longer acquired).
        `frames` sets up number of frame buffers.
        """
        IMAQdxCamera.setup_acquisition(self,continuous,frames)
        if continuous:
            self.buffers_num=frames//2 # seems to be the case



    def _get_bpp(self):
        pform=self.v["PixelFormat"]
        if pform.startswith("Mono"):
            pform=pform[4:]
            if pform.endswith("Packed"):
                raise IMAQdxError("packed pixel format isn't currently supported: {}".format("Mono"+pform))
            try:
                return (int(pform)-1)//8+1
            except ValueError:
                pass
        raise IMAQdxError("unrecognized pixel format: {}".format(pform))
    def _bytes_to_frame(self, raw_data):
        dim=self._get_data_dimensions_rc()
        bpp=self._get_bpp()
        dtype=data_format.DataFormat(bpp,"i","<")
        img=np.fromstring(raw_data,dtype=dtype.to_desc("numpy")).reshape((dim[0],dim[1]))
        return image_utils.convert_image_indexing(img,"rct",self.image_indexing)
[docs]    def peek_frame(self, mode="last", buffer_num=0):
        """
        Read a frame without marking it as read

        `mode` specifies frame selection mode: can be ``"first"`` (first available), ``"last"`` (last read),
        or ``"number"`` (index determined by `buffer_num`).

        Return tuple ``(frame, buffer_num)``.
        """
        raw_data,buffer_num=self.read_data_raw(self.v["PayloadSize"],mode=mode,buffer_num=buffer_num)
        return self._bytes_to_frame(raw_data),buffer_num

[docs]    def read_multiple_images(self, rng=None, peek=False, skip=False, missing_frame="skip"):
        """
        Read multiple images specified by `rng` (by default, all un-read images).

        If ``peek==True``, return images but not mark them as read.
        If ``skip==True``, mark frames as read but don't read them (i.e., reading with ``peek==True`` and ``skip==True`` does nothing).
        `missing_frame` determines what to do with frames which are out of range (missing or lost):
        can be ``"none"`` (replacing them with ``None``), ``"zero"`` (replacing them with zero-filled frame),
        or ``"skip"`` (skipping them).
        """
        new_range=self.get_new_images_range()
        if rng is None:
            rng=new_range
            missing_frame="skip"
        elif new_range:
            rng=rng[0],min(rng[1],new_range[1]) if isinstance(rng,(tuple,list)) else new_range[1]-rng,new_range[1]
        else:
            rng=None
        frames=None if skip else []
        if rng is None:
            return frames
        if not skip:
            frame_bytes=self.v["PayloadSize"]
            dim=self.get_data_dimensions()
            for i in range(rng[0],rng[1]+1):
                raw_data,buffer_num=self.read_data_raw(frame_bytes,mode="number",buffer_num=i)
                frame=self._bytes_to_frame(raw_data)
                if buffer_num==i:
                    frames.append(frame)
                elif missing_frame=="none":
                    frames.append(None)
                elif missing_frame=="zero":
                    frames.append(np.zeros(dim))
        if not peek:
            self.frame_counter=max(self.frame_counter,rng[1]+1)
        if missing_frame!="none":
            frames=np.asarray(frames)
        return frames


[docs]    def snap(self, timeout=20.):
        """Snap a single image (with preset image read mode parameters)"""
        self.refresh_acquisition()
        self.setup_acquisition(False,1)
        self.start_acquisition()
        self.wait_for_frame(timeout=timeout)
        frame=self.read_multiple_images()[0]
        self.stop_acquisition()
        self.clear_acquisition()
        return frame






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Janis

"""
Janis Jacob controller (custom hardware, probably not applicable to other devices).
"""

import socket
import struct
import collections
import contextlib

import numpy as np

[docs]class JacobServer(object):
    def __init__(self, addr="10.10.1.17", port=5557, single_use_socket=False):
        object.__init__(self)
        self.addr=addr
        self.port=port
        self._single_use_socket=single_use_socket
        self.sock=None
        
[docs]    def close(self):
        if self.sock:
            self.sock.close()

    
    def _build_socket(self):
        s=socket.socket(socket.AF_INET,socket.SOCK_STREAM)
        s.connect((self.addr,self.port))
        s.settimeout(10.)
        return s
    def _close_socket(self):
        if self._single_use_socket and self.sock:
            self.sock.close()
            self.sock=None
    @contextlib.contextmanager
    def _using_socket(self):
        self.sock=self.sock or self._build_socket()
        try:
            yield
        finally:
            self._close_socket()
    @staticmethod
    def _send_msg(s, msg):
        msg=struct.pack(">i4",len(msg))+msg
        sent_total=0
        while sent_total<len(msg):
            sent=s.send(msg[sent_total:])
            if sent==0:
                raise RuntimeError("broken connection")
            sent_total=sent_total+sent
    @staticmethod
    def _recv_fixedlen(s, l):
        buf=""
        while len(buf)<l:
            recvd=s.recv(l-len(buf))
            if len(recvd)==0:
                raise RuntimeError("broken connection")
            buf=buf+recvd
        return buf
    @staticmethod
    def _recv_msg(s):
        msg_len=JacobServer._recv_fixedlen(s,4)
        msg_len,=struct.unpack(">i4",msg_len)
        return JacobServer._recv_fixedlen(s,msg_len)
    @staticmethod
    def _flush(s, timeout=0.1):
        to=s.gettimeout()
        s.settimeout(timeout)
        l=0
        try:
            while True:
                recvd=s.recv(1)
                if len(recvd)==0:
                    raise RuntimeError("broken connection")
                l=l+len(recvd)
        except socket.timeout:
            return l
        finally:
            s.settimeout(to)
        
[docs]    def comm(self, comm):
        with self._using_socket():
            self._send_msg(self.sock,comm)

[docs]    def query(self, query):
        with self._using_socket():
            self._send_msg(self.sock,query)
            return self._recv_msg(self.sock)

[docs]    def flush(self, timeout=0.1):
        with self._using_socket():
            return self._flush(self.sock,timeout=timeout)

    
    
    StatusSimple=collections.namedtuple("StatusSimple",["ain","aout","dout"])
    @staticmethod
    def _parse_status(status):
        ain=np.fromstring(status[12:12+16*8],">f8")
        aout=np.array(list(np.fromstring(status[224:224+8],">f8"))+[0.]*3)
        dout_int,=struct.unpack("<i4",status[4:8])
        dout="{:032b}".format(dout_int)[::-1]
        dout=[c=="1" for c in dout]
        return JacobServer.StatusSimple(ain,aout,dout)
[docs]    def get_status_simple(self):
        status=self.query("GetStatus")
        return self._parse_status(status)

    
    StatusDecoded=collections.namedtuple("StatusDecoded",["pressures","flow","valves","V5","pumps","pump_status"])
    @staticmethod
    def _get_pressure_mbar(voltage):
        return 10**(-5.5+voltage)
    @staticmethod
    def _get_flow_umoles(voltage):
        return voltage*200.
    @staticmethod
    def _voltage_to_percentage_open(voltage):
        return voltage*20.
    @staticmethod
    def _percentage_open_to_voltage(perc):
        return perc/20.
    @staticmethod
    def _decode_status(status):
        ain=status.ain
        pressures=[JacobServer._get_pressure_mbar(v) for v in ain[[0,1,2,4]]]
        flow=JacobServer._get_flow_umoles(ain[3])
        V5=JacobServer._voltage_to_percentage_open(status.aout[0])
        dout=status.dout
        valves=[dout[25],not dout[0],dout[1],not dout[2],bool(V5)]+dout[3:16] # V1 to V22, skipping V16 to V19
        pumps=[dout[27],dout[26],dout[28]] # main, booster, compressor
        pump_status=[ain[8]<1., ain[9]>1., ain[10]>1., ain[11]<1., ain[12]<1., ain[13]<1.] # pump running, pump warning, pump hazard, pump N2 flow, pump FV interlock, water flow
        return JacobServer.StatusDecoded(pressures,flow,valves,V5,pumps,pump_status)
[docs]    def get_status_decoded(self):
        return self._decode_status(self.get_status_simple())

    s=get_status_decoded    
    
    @staticmethod
    def _num_to_hex(x):
        bs=[(x>>(8*n))&0xFF for n in range(4)] # convert into bytes, LSB first
        return "".join(["{:02x}".format(b) for b in bs])
[docs]    def setDO(self, channel, state):
        mask=self._num_to_hex(1<<channel)
        value=mask if state else "0"*8
        self.comm("SetDO={},{}".format(mask,value))
        self.flush(3.)

[docs]    def setDO_multiple(self, state, mask):
        state=self._num_to_hex(state)
        mask=self._num_to_hex(mask)
        self.comm("SetDO={},{}".format(mask,state))
        self.flush(3.)

[docs]    def setAO(self, channel, value):
        if channel!=0:
            raise ValueError("can only set value in channel 0")
        self.comm("SetAO=0,{:.4f} 00".format(value))
        self.flush(3.)

        
[docs]    def switch_pump(self, pump, state):
        pump_msg="PumpOn" if state else "PumpOff"
        if pump=="main":
            self.comm("{}={}".format(pump_msg,8))
            self.flush(3.)
        elif pump=="booster":
            self.comm("{}={}".format(pump_msg,4))
            self.flush(3.)
        elif pump=="compressor":
            self.setDO(28,state)
        else:
            raise ValueError("unrecognized pump name: {}".format(pump))

    def _get_valve_channel(self, valve):
        if valve==5:
            return None
        else:
            if valve==1:
                return 25
            elif valve<=4:
                return valve-2
            elif valve<=15:
                return valve-3
            else:
                return valve-7
[docs]    def switch_valve(self, valve, state):
        if valve==5:
            self.setAO(0,self._percentage_open_to_voltage(float(state)))
        else:
            if valve in {2,4}:
                state=not state
            channel=self._get_valve_channel(valve)
            self.setDO(channel,state)

[docs]    def switch_multiple_valves(self, valves_on=None, valves_off=None, V5=None):
        if V5 is not None:
            self.switch_valve(5,V5)
        valves_on=valves_on or []
        valves_off=valves_off or []
        state=0
        mask=0
        for v in valves_on+valves_off:
            mask=mask|(1<<(self._get_valve_channel(v)))
        for v in valves_on:
            if v not in {2,4}:
                state=state|(1<<(self._get_valve_channel(v)))
        for v in valves_off:
            if v in {2,4}:
                state=state|(1<<(self._get_valve_channel(v)))
        self.setDO_multiple(state,mask)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Lakeshore

from ...core.devio import backend, SCPI #@UnresolvedImport
from ...core.utils import funcargparse  #@UnresolvedImport

_depends_local=["...core.devio.SCPI"]


[docs]class Lakeshore218(SCPI.SCPIDevice):
    """
    Lakeshore 218 temperature controller.

    All channels are enumerated from 0.

    Args:
        conn: serial connection parameters (usually port or a tuple containing port and baudrate)
    """
    def __init__(self, conn):
        conn=backend.SerialDeviceBackend.combine_conn(conn,("COM1",9600,7,'E',1))
        SCPI.SCPIDevice.__init__(self,conn,backend="serial",term_write="\r\n",term_read="\r\n")
        self._add_settings_node("enabled",self.is_enabled,self.set_enabled,mux=(range(8),0))
        self._add_settings_node("sensor_type",self.get_sensor_type,self.set_sensor_type,mux=("AB",1))
        self._add_status_node("temperature",self.get_all_temperatures)
        try:
            self.get_id(timeout=2.)
        except self.instr.Error as e:
            self.close()
            raise self.instr.BackendOpenError(e)
    
[docs]    def is_enabled(self, channel):
        """Check if a given channel is enabled"""
        return self.ask("INPUT? {}".format(channel+1),"bool")

[docs]    def set_enabled(self, channel, enabled=True):
        """Enable or disable a given channel"""
        self.write("INPUT {} {}".format(channel+1, 1 if enabled else 0))
        return self.is_enabled(channel)

        
[docs]    def get_sensor_type(self, group):
        """
        Get sensort type for a given group (``"A"`` or ``"B"``).

        For type descriptions, see Lakeshore 218 programming manual.
        """
        return self.ask("INTYPE? {}".format(group),"int")

[docs]    def set_sensor_type(self, group, type):
        """
        Set sensort type for a given group (``"A"`` or ``"B"``).

        For type descriptions, see Lakeshore 218 programming manual.
        """
        self.write("INTYPE {} {}".format(group, type))
        return self.get_sensor_type(group)

    
[docs]    def get_temperature(self, channel):
        """Get readings (in Kelvin) on a given channel"""
        return self.ask("KRDG? {}".format(channel+1),"float")

[docs]    def get_all_temperatures(self):
        """Get readings (in Kelvin) on all channels"""
        data=self.ask("KRDG? 0")
        return [float(x.strip()) for x in data.strip().split(",")]




[docs]class Lakeshore370(SCPI.SCPIDevice):
    """
    Lakeshore 370 temperature controller.

    All channels are enumerated from 0.

    Args:
        conn: serial connection parameters (usually port or a tuple containing port and baudrate)
    """
    def __init__(self, conn):
        SCPI.SCPIDevice.__init__(self,conn)
        try:
            self.get_id(timeout=2.)
        except self.instr.Error as e:
            self.close()
            raise self.instr.BackendOpenError(e)
    
[docs]    def get_resistance(self, channel):
        """Get resistance readings (in Ohm) on a given channel"""
        return self.ask("RDGR? {:2d}".format(channel),"float")

[docs]    def get_sensor_power(self, channel):
        """Get dissipated power (in W) on a given channel"""
        return self.ask("RDGPWR? {:2d}".format(channel),"float")

    
[docs]    def select_channel(self, channel):
        """Select measurement channel"""
        self.write("SCAN {:2d},0".format(channel))

[docs]    def get_channel(self):
        """Get current measurement channel"""
        return int(self.ask("SCAN?").split(",")[0].strip())

[docs]    def setup_channel(self, channel=None, mode="V", exc_range=1, res_range=22, autorange=True):
        """
        Setup a measurement channel (current channel by default).

        `mode` is the excitation mode (``"I"`` or ``"V"``), `exc_range` is the excitation range, `res_range` is the resistance range.
        For range descriptions, see Lakeshore 370 programming manual.
        """
        funcargparse.check_parameter_range(mode,"mode","IV")
        channel=0 if channel is None else channel
        mode=0 if mode=="V" else 1
        autorange=1 if autorange else 0
        self.write("RDGRNG {:2d},{},{:2d},{:2d},{},0".format(channel,mode,exc_range,res_range,autorange))

    
[docs]    def setup_heater_openloop(self, heater_range, heater_percent, heater_res=100.):
        """
        Setup a heater in the open loop mode.

        `heater_range` is the heating range, `heater_percent` is the excitation percentage within the range, `heater_res` is the heater resistance (in Ohm).
        For range descriptions, see Lakeshore 370 programming manual.
        """
        self.write("CMODE 3")
        self.write("CSET 1,0,1,25,1,{},{:f}".format(heater_range,heater_res))
        self.write("HTRRNG {}".format(heater_range))
        self.write("MOUT {:f}".format(heater_percent))

[docs]    def get_heater_settings_openloop(self):
        """
        Get heater settings in the open loop mode.

        Return tuple ``(heater_range, heater_percent, heater_res)``, where `heater_range` is the heating range,
        `heater_percent` is the excitation percentage within the range, `heater_res` is the heater resistance (in Ohm).
        For range descriptions, see Lakeshore 370 programming manual.
        """
        cset_reply=[s.strip() for s in self.ask("CSET?").split(",")]
        heater_percent=self.ask("MOUT?","float")
        heater_range=self.ask("HTRRNG?","int")
        #return int(cset_reply[5]),heater_percent,float(cset_reply[6])
        return heater_range,heater_percent,float(cset_reply[6])

    
[docs]    def set_analog_output(self, channel, value):
        """Set analog output value at a given channel"""
        if value==0:
            self.write("ANALOG {},0,0,1,1,500.,0,0.".format(channel))
        else:
            self.write("ANALOG {},0,2,1,1,500.,0,{:f}".format(channel,value))
        return self.get_analog_output(channel)

[docs]    def get_analog_output(self, channel):
        """Get analog output value at a given channel"""
        return self.ask("AOUT? {}".format(channel),"float")






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.LaserQuantum

from ...core.devio import backend  #@UnresolvedImport
from ...core.utils import py3, funcargparse

_depends_local=["...core.devio.backend"]

[docs]class Finesse(backend.IBackendWrapper):
    """
    Laser Quantum Finesse pump laser

    Args:
        conn: serial connection parameters (usually port)
    """
    def __init__(self, conn):
        conn=backend.SerialDeviceBackend.combine_conn(conn,("COM1",19200))
        instr=backend.SerialDeviceBackend(conn,term_read="\n",term_write="\r\n")
        backend.IBackendWrapper.__init__(self,instr)
        self._add_full_info_node("device_info",self.get_device_info)
        self._add_full_info_node("status",self.get_device_status)
        self._add_status_node("interlock",self.get_interlock_status)
        self._add_status_node("shutter",self.get_shutter_status)
        self._add_status_node("hours",self.get_work_hours)
        self._add_status_node("output_mode",self.get_output_mode)        
        self._add_settings_node("output",self.get_output,self.set_output)
        self._add_status_node("output_level",self.get_output_level)
        self._add_settings_node("output_setpoint",self.get_output_setpoint,self.set_output_level)
    
    def _parse_response(self, comm, resp):
        resp=py3.as_str(resp).strip()
        if comm[-1]=="?":
            if resp.startswith(comm[:-1]+"="):
                return resp[len(comm):]
            elif comm[:-1] in ["POWER","SERIAL","STATUS","HTEMP","PSUTEMP","CALDATE","SOFTVER","INTERLOCK","SETPOWER"]:
                return resp
            elif comm[:-1] =="SHUTTER":
                return resp[len("SHUTTER "):]
            elif comm[:-1] == "TIMERS":
                resp_all=[]
                resp_all.append(int(resp[-13:-5])/60)
                resp=self.instr.readline()
                resp=py3.as_str(resp).strip()
                resp_all.append(int(resp[-13:-5])/60)
                resp=self.instr.readline()
                resp=py3.as_str(resp).strip()
                resp_all.append(int(resp[-13:-5])/60)
                return resp_all
            else:
                raise RuntimeError("Command {} returned unexpected response: {}".format(comm,resp))
        else:
            if resp=="0":
                return resp
            raise RuntimeError("Command {} returned unexpected response: {}".format(comm,resp))
[docs]    def query(self, comm):
        """Send a query to the device and parse the reply"""
        comm=comm.strip().upper()        
        with self.instr.single_op():
            self.instr.flush_read()
            self.instr.write(comm)
            resp=self.instr.readline()
            if comm[-1]=="?":
                return self._parse_response(comm,resp)

[docs]    def get_device_info(self):
        """Get device information (serial number, software version, calibration date)"""
        return self.query("SERIAL?"),self.query("SOFTVER?"),self.query("CALDATE?") 

[docs]    def get_device_status(self):
        """Get device status, head and PSU temperature"""
        return self.query("STATUS?"),self.query("HTEMP?"),self.query("PSUTEMP?")

[docs]    def get_work_hours(self):
        """ Get the PSU run time, the Above Threshold and the Enabled time in minutes"""   
        return self.query("TIMERS?")    


[docs]    def get_interlock_status(self):
        """Get manual interlock status"""
        return self.query("INTERLOCK?")

[docs]    def get_shutter_status(self):
        """Get manual shutter status"""
        return self.query("SHUTTER?")

[docs]    def get_output_mode(self):
        """
        Get output mode.

        Can be ``"enabled"``, ``"disabled"``        
        """
        mode=self.query("STATUS?").upper()
        return mode.lower()

[docs]    def get_output(self):
        """Check if the output is enabled."""
        return self.get_output_mode()=="enabled"

[docs]    def set_output_mode(self, mode="on"):
        """
        Set output mode.

        `mode` can be ``"on"`` or ``"off"``
        """
        funcargparse.check_parameter_range(mode,"mode",["on","off"])
        self.query(mode.upper())
        return self.get_output_mode()

[docs]    def set_output(self, enabled=True):
        """Turn the output on or off"""
        return self.set_output_mode("on" if enabled else "off")

[docs]    def get_output_level(self):
        """Get the output power (in Watts)"""
        return float(self.query("POWER?")[:-1])


[docs]    def get_output_setpoint(self):
        """Get the output setpoint power (in Watts)"""
        return float(self.query("SETPOWER?")[:-1])

[docs]    def set_output_level(self, level):
        """Get the output power setpoint (in Watts)"""
        self.query("POWER={:05.2f}".format(level))
        return self.get_output_setpoint()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.LighthousePhotonics

from ...core.devio import backend  #@UnresolvedImport
from ...core.utils import py3, funcargparse

_depends_local=["...core.devio.backend"]

[docs]class SproutG(backend.IBackendWrapper):
    """
    Lighthouse Photonics Sprout G laser.

    Args:
        conn: serial connection parameters (usually port)
    """
    def __init__(self, conn):
        conn=backend.SerialDeviceBackend.combine_conn(conn,("COM1",19200))
        instr=backend.SerialDeviceBackend(conn,term_read="\r",term_write="\r\n")
        instr._operation_cooldown=0.02
        backend.IBackendWrapper.__init__(self,instr)
        self._add_full_info_node("device_info",self.get_device_info)
        self._add_full_info_node("device_config",self.get_device_config)
        self._add_status_node("warning",self.get_warning_status)
        self._add_status_node("interlock",self.get_interlock_status)
        self._add_status_node("shutter",self.get_shutter_status)
        self._add_status_node("output_mode",self.get_output_mode)
        self._add_status_node("hours",self.get_work_hours)
        self._add_settings_node("output",self.get_output,self.set_output)
        self._add_status_node("output_level",self.get_output_level)
        self._add_settings_node("output_setpoint",self.get_output_setpoint,self.set_output_level)
    
    def _parse_response(self, comm, resp, allowed_resp=None):
        resp=py3.as_str(resp).strip()
        if comm[-1]=="?":
            if not resp.startswith(comm[:-1]+"="):
                raise RuntimeError("Command {} returned unexpected response: {}".format(comm,resp))
            return resp[len(comm):]
        else:
            allowed_resp=allowed_resp or ["0"]
            if resp in allowed_resp:
                return resp
            raise RuntimeError("Command {} returned unexpected response: {}".format(comm,resp))
[docs]    def query(self, comm, allowed_resp=None):
        """
        Send a query to the device and parse the reply.
        
        `allowed_resp` is a list of valid responses (by default, only ``"0"``).
        """
        comm=comm.strip().upper()
        with self.instr.single_op():
            self.instr.flush_read()
            self.instr.write(comm)
            resp=self.instr.readline()
        return self._parse_response(comm,resp,allowed_resp=allowed_resp)


[docs]    def get_device_info(self):
        """Get device information (product name, product version, serial number)"""
        return self.query("PRODUCT?"),self.query("VERSION?"),self.query("SERIALNUMBER?")

[docs]    def get_device_config(self):
        """Get laser configuration (color and maximal power)"""
        return self.query("CONFIG?")

        
[docs]    def get_warning_status(self):
        """Get device warnings"""
        return self.query("WARNING?")

[docs]    def get_interlock_status(self):
        """Get manual interlock status"""
        return self.query("INTERLOCK?")

[docs]    def get_shutter_status(self):
        """Get manual shutter status"""
        return self.query("SHUTTER?")

[docs]    def get_work_hours(self):
        """Return device operation hours (controller on) and run hours (laser on)"""
        return self.query("HOURS?"),self.query("RUN HOURS?")


[docs]    def get_output_mode(self):
        """
        Get output mode.

        Can be ``"on"``, ``"off"``, ``"idle"`` (power standby mode), ``"calibrate"``,
        ``"interlock"`` (manual interlock is off), ``"warmup"`` (warmup mode), or ``"calibration"`` (calibration mode).
        """
        mode=self.query("OPMODE?").upper()
        return mode.lower()

[docs]    def get_output(self):
        """Check if the output is on."""
        return self.get_output_mode()=="on"

[docs]    def set_output_mode(self, mode="on"):
        """
        Set output mode.

        `mode` can be ``"on"``, ``"off"``, ``"idle"`` (power standby mode), or ``"calibrate"`` (calibration mode).
        """
        funcargparse.check_parameter_range(mode,"mode",["on","off","idle","calibrate"])
        self.query("OPMODE="+mode.upper())
        return self.get_output_mode()

[docs]    def set_output(self, enabled=True):
        """Turn the output on or off"""
        return self.set_output_mode("on" if enabled else "off")


[docs]    def get_output_level(self):
        """Set the actual output power (in Watts)"""
        return float(self.query("POWER?"))

[docs]    def get_output_setpoint(self):
        """Get the output setpoint power (in Watts)"""
        return float(self.query("POWER SET?"))

[docs]    def set_output_level(self, level):
        """Get the output power setpoint (in Watts)"""
        self.query("POWER SET={:.2d}".format(level))
        return self.get_output_setpoint()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.M2

from __future__ import print_function # Python 2 compatibility
from ...core.utils import net, general
from ...core.devio.interface import IDevice

import websocket

import json
import time
import logging
import threading
import sys


c=299792458.

[docs]class M2Error(RuntimeError):
    """
    M2 communication error.
    """
    pass

[docs]class M2ICE(IDevice):
    """
    M2 ICE device.

    Args:
        addr(str): IP address of the ICE device.
        port(int): port of the ICE device.
        timeout(float): default timeout of synchronous operations.
        start_link(bool): if ``True``, initialize device link on creation.
        use_websocket(bool): if ``True``, use websocket interface (same as used by the web interface) for additional functionality
            (wavemeter connection, etalon value, improved operation stopping)
        only_websocket(bool): if ``True``, only use websocket operations (raises error on most standard methods, mostly used to monitor status).
    """
    def __init__(self, addr, port, timeout=5., start_link=True, use_websocket=True, only_websocket=False):
        IDevice.__init__(self)
        self.tx_id=1
        self.conn=(addr,port)
        self.timeout=timeout
        self.socket=None
        self._operation_cooldown=0.02
        if not only_websocket:
            self.open()
            if start_link:
                self.start_link()
        self._last_status={}
        self.use_websocket=use_websocket
        self._websocket_lock=threading.Lock()
        self._add_status_node("web_status",self.get_full_web_status)
        self._add_status_node("system_status",self.get_system_status)
        self._add_settings_node("wavemeter_connected",self.is_wavelemeter_connected,lambda v: self.connect_wavemeter() if v else self.disconnect_wavemeter())
        self._add_settings_node("etalon_lock",lambda: self.get_etalon_lock_status()=="on",
                lambda v: self.lock_etalon() if v else self.unlock_etalon())
        self._add_settings_node("reference_cavity_lock",lambda: self.get_reference_cavity_lock_status()=="on",
                lambda v: self.lock_reference_cavity() if v else self.unlock_reference_cavity())
        self._add_settings_node("wavemeter_lock",self.is_wavelemeter_lock_on,self.lock_wavemeter)


[docs]    def open(self):
        self.close()
        self.socket=net.ClientSocket(send_method="fixedlen",recv_method="fixedlen",timeout=self.timeout)
        try:
            self.socket.connect(*self.conn)
        except net.socket.error:
            self.socket.close()
            raise
        self._last_status={}

[docs]    def close(self):
        if self.socket is not None:
            self.socket.close()
            self.socket=None

[docs]    def is_opened(self):
        return self.socket.is_connected()

[docs]    def set_timeout(self, timeout):
        """Set timeout for connecting or sending/receiving."""
        self.timeout=timeout
        self.socket.set_timeout(timeout)


    def _build_message(self, op, params, tx_id=None):
        if tx_id is None:
            tx_id=self.tx_id
            self.tx_id=self.tx_id%16383+1
        msg={"message":{"transmission_id":[tx_id],"op":op,"parameters":dict(params)}}
        return json.dumps(msg,default=float)
    def _parse_message(self, msg):
        pmsg=json.loads(msg)
        if "message" not in pmsg:
            raise M2Error("coudn't decode message: {}".format(msg))
        pmsg=pmsg["message"]
        for key in ["transmission_id", "op", "parameters"]:
            if key not in pmsg:
                raise M2Error("parameter '{}' not in the message {}".format(key,msg))
        return pmsg
    _parse_errors=["unknown", "JSON parsing error", "'message' string missing",
                             "'transmission_id' string missing", "No 'transmission_id' value",
                             "'op' string missing", "No operation name",
                             "operation not recognized", "'parameters' string missing", "invalid parameter tag or value"]
    def _parse_reply(self, msg):
        pmsg=self._parse_message(msg)
        if pmsg["op"]=="parse_fail":
            par=pmsg["parameters"]
            perror=par["protocol_error"][0]
            perror_desc="unknown" if perror>=len(self._parse_errors) else self._parse_errors[perror]
            error_msg="device parse error: transmission_id={}, error={}({}), error point='{}'".format(
                par.get("transmission",["NA"])[0],perror,perror_desc,par.get("JSON_parse_error","NA"))
            raise M2Error(error_msg)
        return pmsg["op"],pmsg["parameters"]
    
    _terascan_update_op="wavelength"
    def _is_report_op(self, op):
        return op.endswith("_f_r") or op==self._terascan_update_op
    def _make_report_op(self, op):
        return op if op==self._terascan_update_op else op+"_f_r"
    def _parse_report_op(self, op):
        return op if op==self._terascan_update_op else op[:-4]
    def _recv_reply(self, expected_report=None):
        while True:
            reply=net.recv_JSON(self.socket)
            preply=self._parse_reply(reply)
            if self._is_report_op(preply[0]):
                self._last_status[self._parse_report_op(preply[0])]=preply[1]
            else:
                return preply
            if preply[0]==expected_report:
                return preply
[docs]    def flush(self):
        """Flush read buffer"""
        self.socket.recv_all()

[docs]    def query(self, op, params, reply_op="auto", report=False):
        """
        Send a query using the standard device interface.

        `reply_op` is the name of the reply operation (by default, its the operation name plus ``"_reply"``).
        If ``report==True``, request completion report (doesn't apply to all operation).
        """
        if report:
            params["report"]="finished"
            self._last_status[op]=None
        msg=self._build_message(op,params)
        for t in range(5):
            try:
                time.sleep(self._operation_cooldown)
                self.socket.send(msg)
                preply=self._recv_reply()
                break
            except net.socket.error:
                if t==4:
                    raise
                time.sleep(1.)
                print("M2 query timeout",file=sys.stderr)
        if reply_op=="auto":
            reply_op=op+"_reply"
        if reply_op and preply[0]!=reply_op:
            raise M2Error("unexpected reply op: '{}' (expected '{}')".format(preply[0],reply_op))
        return preply

[docs]    def update_reports(self, timeout=0.):
        """Check for fresh operation reports."""
        timeout=max(timeout,0.001)
        try:
            with self.socket.using_timeout(timeout):
                preport=self._recv_reply()
                raise M2Error("received reply while waiting for a report: '{}'".format(preport[0]))
        except net.SocketTimeout:
            pass

[docs]    def get_last_report(self, op):
        """Get the latest report for the given operation"""
        rep=self._last_status.get(op,None)
        if rep:
            return "fail" if rep["report"][0] else "success"
        return None

[docs]    def check_report(self, op):
        """Check and return the latest report for the given operation"""
        self.update_reports()
        report=self.get_last_report(op)
        return report

[docs]    def wait_for_report(self, op, error_msg=None, timeout=None):
        """
        Wait for a report for the given operation
        
        `error_msg` specifies the exception message if the report results in an error.
        """
        with self.socket.using_timeout(timeout):
            preport=self._recv_reply(expected_report=self._make_report_op(op))
            if not self._is_report_op(preport[0]):
                raise M2Error("unexpected report op: '{}'".format(preport[0]))
        if "report" in preport[1] and preport[1]["report"][0]!=0:
            if error_msg is None:
                error_msg="error on operation {}; error report {}".format(preport[0][:-4],preport[1])
            raise M2Error(error_msg)
        return preport



[docs]    def start_link(self):
        """Initialize device link (called automatically on creation)."""
        reply=self.query("start_link",{"ip_address":self.socket.get_local_name()[0]})[1]
        if reply["status"]!="ok":
            raise M2Error("couldn't establish link: reply status '{}'".format(reply["status"]))


    def _send_websocket_request(self, msg):
        if self.use_websocket:
            for t in range(5):
                try:
                    with self._websocket_lock:
                        ws=websocket.create_connection("ws://{}:8088/control.htm".format(self.conn[0]),timeout=10.)
                        try:
                            self._wait_for_websocket_status(ws,present_key="wlm_fitted")
                            self._wait_for_websocket_status(ws,present_key="wlm_fitted")
                            ws.send(msg)
                            return
                        finally:
                            logging.getLogger("websocket").setLevel(logging.CRITICAL)
                            ws.close()
                except websocket.WebSocketTimeoutException:
                    if t==4:
                        raise
                    time.sleep(5.)
                    print("M2 websocket timeout",file=sys.stderr)
        else:
            raise RuntimeError("'websocket' library is requried to communicate this request")
    def _wait_for_websocket_status(self, ws, present_key=None, nmax=20):
        full_data={}
        for _ in range(nmax):
            data=ws.recv()
            full_data.update(json.loads(data))
            if present_key is None or present_key in data:
                return full_data
    def _read_websocket_status(self, present_key=None, nmax=20):
        if self.use_websocket:
            for t in range(5):
                try:
                    with self._websocket_lock:
                        ws=websocket.create_connection("ws://{}:8088/control.htm".format(self.conn[0]),timeout=5.)
                        try:
                            return self._wait_for_websocket_status(ws,present_key=present_key,nmax=nmax)
                        finally:
                            ws.recv()
                            logging.getLogger("websocket").setLevel(logging.CRITICAL)
                            ws.close()
                except websocket.WebSocketTimeoutException:
                    if t==4:
                        raise
                    time.sleep(5.)
                    print("M2 websocket timeout",file=sys.stderr)
        else:
            raise RuntimeError("'websocket' library is requried to communicate this request")
    def _try_connect_wavemeter(self, sync=True):
        self._send_websocket_request('{"message_type":"task_request","task":["start_wavemeter_link"]}')
        if sync:
            while not self.is_wavelemeter_connected():
                time.sleep(0.02)
[docs]    def connect_wavemeter(self, sync=True):
        """Connect to the wavemeter (if ``sync==True``, wait until the connection is established)"""
        if not self.use_websocket:
            return
        if self.is_wavelemeter_connected():
            return
        self.stop_all_operation()
        self._try_connect_wavemeter(sync=sync)

    def _try_disconnect_wavemeter(self, sync=True):
        self._send_websocket_request('{"message_type":"task_request","task":["job_stop_wavemeter_link"]}')
        if sync:
            for _ in range(25):
                if not self.is_wavelemeter_connected():
                    return
                time.sleep(0.02)
[docs]    def disconnect_wavemeter(self, sync=True):
        """Disconnect from the wavemeter (if ``sync==True``, wait until the connection is broken)"""
        if not self.use_websocket:
            return
        if not self.is_wavelemeter_connected():
            return
        if not sync:
            self._try_disconnect_wavemeter(sync=False)
        else:
            while self.is_wavelemeter_connected():
                self.stop_all_operation()
                self.lock_wavemeter(False)
                if self.is_wavelemeter_lock_on():
                    time.sleep(1.)
                self._try_disconnect_wavemeter(sync=True)

[docs]    def is_wavelemeter_connected(self):
        """Check if the wavemeter is connected"""
        return bool(self._read_websocket_status(present_key="wlm_fitted")["wlm_fitted"]) if self.use_websocket else None


[docs]    def get_system_status(self):
        """Get the device system status"""
        _,reply=self.query("get_status",{})
        for k in reply:
            if isinstance(reply[k],list):
                reply[k]=reply[k][0]
        return reply

[docs]    def get_full_web_status(self):
        """
        Get full websocket status.
        
        Return a large dictionary containing all the information available in the web interface.
        """
        return self._read_websocket_status(present_key="boot_files") if self.use_websocket else None

    def _as_web_status(self, status):
        if status=="auto":
            status="new" if self.use_websocket else None
        if status=="new":
            return self.get_full_web_status()
        if status is None:
            return None
        return status
    
[docs]    def get_full_tuning_status(self):
        """Get full fine-tuning status (see M2 ICE manual for ``"poll_wave_m"`` command)"""
        return self.query("poll_wave_m",{})[1]

[docs]    def lock_wavemeter(self, lock=True, sync=True, error_on_fail=True):
        """Lock or unlock the laser to the wavemeter (if ``sync==True``, wait until the operation is complete)"""
        _,reply=self.query("lock_wave_m",{"operation":"on" if lock else "off"})
        if reply["status"][0]==1:
            if error_on_fail:
                raise M2Error("can't lock wavemeter: no wavemeter link")
            else:
                return
        if sync:
            while self.is_wavelemeter_lock_on()!=lock:
                time.sleep(0.05)

[docs]    def is_wavelemeter_lock_on(self):
        """Check if the laser is locked to the wavemeter"""
        return bool(self.get_full_tuning_status()["lock_status"][0])


[docs]    def tune_wavelength(self, wavelength, sync=True, timeout=None):
        """
        Fine-tune the wavelength.
        
        Only works if the wavemeter is connected.
        If ``sync==True``, wait until the operation is complete (might take from several seconds up to several minutes).
        """
        _,reply=self.query("set_wave_m",{"wavelength":[wavelength*1E9]},report=True)
        if reply["status"][0]==1:
            raise M2Error("can't tune wavelength: no wavemeter link")
        elif reply["status"][0]==2:
            raise M2Error("can't tune wavelength: {}nm is out of range".format(wavelength*1E9))
        if sync:
            self.wait_for_report("set_wave_m",timeout=timeout)

[docs]    def check_tuning_report(self):
        """
        Check wavelength fine-tuning report

        Return ``"success"`` or ``"fail"`` if the operation is complete, or ``None`` if it is still in progress.
        """
        return self.check_report("set_wave_m")

[docs]    def wait_for_tuning(self, timeout=None):
        """Wait until wavelength fine-tuning is complete"""
        self.wait_for_report("set_wave_m",timeout=timeout)

[docs]    def get_tuning_status(self):
        """
        Get fine-tuning status.

        Return either ``"idle"`` (no tuning or locking), ``"nolink"`` (no wavemeter link),
        ``"tuning"`` (tuning in progress), or ``"locked"`` (tuned and locked to the wavemeter).
        """
        status=self.get_full_tuning_status()["status"][0]
        return ["idle","nolink","tuning","locked"][status]

[docs]    def get_wavelength(self):
        """
        Get fine-tuned wavelength.
        
        Only works if the wavemeter is connected.
        """
        return self.get_full_tuning_status()["current_wavelength"][0]*1E-9

[docs]    def stop_tuning(self):
        """Stop fine wavelength tuning."""
        _,reply=self.query("stop_wave_m",{})
        if reply["status"][0]==1:
            raise M2Error("can't stop tuning: no wavemeter link")


[docs]    def tune_wavelength_table(self, wavelength, sync=True):
        """
        Coarse-tune the wavelength.
        
        Only works if the wavemeter is disconnected.
        If ``sync==True``, wait until the operation is complete.
        """
        _,reply=self.query("move_wave_t",{"wavelength":[wavelength*1E9]},report=True)
        if reply["status"][0]==1:
            raise M2Error("can't tune wavelength: command failed")
        elif reply["status"][0]==2:
            raise M2Error("can't tune wavelength: {}nm is out of range".format(wavelength*1E9))
        if sync:
            self.wait_for_report("move_wave_t")

[docs]    def get_full_tuning_status_table(self):
        """Get full coarse-tuning status (see M2 ICE manual for ``"poll_move_wave_t"`` command)"""
        return self.query("poll_move_wave_t",{})[1]

[docs]    def get_tuning_status_table(self):
        """
        Get coarse-tuning status.

        Return either ``"done"`` (tuning is done), ``"tuning"`` (tuning in progress), or ``"fail"`` (tuning failed).
        """
        status=self.get_full_tuning_status_table()["status"][0]
        return ["done","tuning","fail"][status]

[docs]    def get_wavelength_table(self):
        """
        Get course-tuned wavelength.
        
        Only works if the wavemeter is disconnected.
        """
        return self.get_full_tuning_status_table()["current_wavelength"][0]*1E-9

[docs]    def stop_tuning_table(self):
        """Stop coarse wavelength tuning."""
        self.query("stop_move_wave_t",{})


[docs]    def tune_etalon(self, perc, sync=True):
        """
        Tune the etalon to `perc` percent.
        
        Only works if the wavemeter is disconnected.
        If ``sync==True``, wait until the operation is complete.
        """
        _,reply=self.query("tune_etalon",{"setting":[perc]},report=True)
        if reply["status"][0]==1:
            raise M2Error("can't tune etalon: {} is out of range".format(perc))
        elif reply["status"][0]==2:
            raise M2Error("can't tune etalon: command failed")
        if sync:
            self.wait_for_report("tune_etalon")

[docs]    def lock_etalon(self, sync=True):
        """
        Lock the etalon (if ``sync==True``, wait until the operation is complete).
        """
        if self.get_etalon_lock_status()=="on":
            return
        _,reply=self.query("etalon_lock",{"operation":"on"},report=True)
        if reply["status"][0]==1:
            raise M2Error("can't lock etalon")
        if sync:
            self.wait_for_report("etalon_lock")

[docs]    def unlock_etalon(self, sync=True):
        """
        Lock the etalon (if ``sync==True``, wait until the operation is complete).
        """
        if self.get_etalon_lock_status()=="off":
            return
        self.unlock_reference_cavity(sync=True)
        _,reply=self.query("etalon_lock",{"operation":"off"},report=True)
        if reply["status"][0]==1:
            raise M2Error("can't unlock etalon")
        if sync:
            self.wait_for_report("etalon_lock")

[docs]    def get_etalon_lock_status(self):
        """
        Get etalon lock status.

        Return either ``"off"`` (lock is off), ``"on"`` (lock is on), ``"debug"`` (lock in debug condition),
        ``"errorr"`` (lock had an error), ``"search"`` (lock is searching), or ``"low"`` (lock is off due to low output).
        """
        _,reply=self.query("etalon_lock_status",{})
        if reply["status"][0]==1:
            raise M2Error("can't get etalon status")
        return reply["condition"]


[docs]    def tune_reference_cavity(self, perc, fine=False, sync=True):
        """
        Tune the reference cavity to `perc` percent.
        
        If ``fine==True``, adjust fine tuning; otherwise, adjust coarse tuning.
        Only works if the wavemeter is disconnected.
        If ``sync==True``, wait until the operation is complete.
        """
        _,reply=self.query("fine_tune_cavity" if fine else "tune_cavity",{"setting":[perc]},report=True)
        if reply["status"][0]==1:
            raise M2Error("can't tune reference cavity: {} is out of range".format(perc))
        elif reply["status"][0]==2:
            raise M2Error("can't tune reference cavity: command failed")
        if sync:
            self.wait_for_report("fine_tune_cavity")

[docs]    def lock_reference_cavity(self, sync=True):
        """
        Lock the laser to the reference cavity.
        
        If ``sync==True``, wait until the operation is complete.
        """
        if self.get_reference_cavity_lock_status()=="on":
            return
        self.lock_etalon(sync=True)
        _,reply=self.query("cavity_lock",{"operation":"on"},report=True)
        if reply["status"][0]==1:
            raise M2Error("can't lock reference cavity")
        if sync:
            self.wait_for_report("cavity_lock")

[docs]    def unlock_reference_cavity(self, sync=True):
        """
        Unlock the laser from the reference cavity.
        
        If ``sync==True``, wait until the operation is complete.
        """
        if self.get_reference_cavity_lock_status()=="off":
            return
        _,reply=self.query("cavity_lock",{"operation":"off"},report=True)
        if reply["status"][0]==1:
            raise M2Error("can't unlock reference cavity")
        if sync:
            self.wait_for_report("cavity_lock")

[docs]    def get_reference_cavity_lock_status(self):
        """
        Get the reference cavity lock status.
        
        Return either ``"off"`` (lock is off), ``"on"`` (lock is on), ``"debug"`` (lock in debug condition),
        ``"errorr"`` (lock had an error), ``"search"`` (lock is searching), or ``"low"`` (lock is off due to low output).
        """
        _,reply=self.query("cavity_lock_status",{})
        if reply["status"][0]==1:
            raise M2Error("can't get etalon status")
        return reply["condition"]


[docs]    def tune_laser_resonator(self, perc, fine=False, sync=True):
        """
        Tune the laser cavity to `perc` percent.
        
        If ``fine==True``, adjust fine tuning; otherwise, adjust coarse tuning.
        Only works if the wavemeter is disconnected.
        If ``sync==True``, wait until the operation is complete.
        """
        _,reply=self.query("fine_tune_resonator" if fine else "tune_resonator",{"setting":[perc]},report=True)
        if reply["status"][0]==1:
            raise M2Error("can't tune resonator: {} is out of range".format(perc))
        elif reply["status"][0]==2:
            raise M2Error("can't tune resonator: command failed")
        if sync:
            self.wait_for_report("fine_tune_resonator")


    
    def _check_terascan_type(self, scan_type):
        if scan_type not in {"coarse","medium","fine","line"}:
            raise M2Error("unknown terascan type: {}".format(scan_type))
        if scan_type=="coarse":
            raise M2Error("coarse scan is not currently available")
    _terascan_rates=[50E3,100E3,200E3,500E3, 1E6,2E6,5E6,10E6,20E6,50E6,100E6,200E6,500E6, 1E9,2E9,5E9,10E9,15E9,20E9, 50E9, 100E9]
    def _trunc_terascan_rate(self, rate):
        for tr in self._terascan_rates[::-1]:
            if rate>=tr*(1-1E-5):
                return tr
        return self._terascan_rates[0]
[docs]    def setup_terascan(self, scan_type, scan_range, rate, trunc_rate=True):
        """
        Setup terascan.

        Args:
            scan_type(str): scan type. Can be ``"medium"`` (BRF+etalon, rate from 100 GHz/s to 1 GHz/s),
                ``"fine"`` (all elements, rate from 20 GHz/s to 1 MHz/s), or ``"line"`` (all elements, rate from 20 GHz/s to 50 kHz/s).
            scan_range(tuple): tuple ``(start,stop)`` with the scan range (in Hz).
            rate(float): scan rate (in Hz/s).
            trunc_rate(bool): if ``True``, truncate the scan rate to the nearest available rate (otherwise, incorrect rate would raise an error).
        """
        self._check_terascan_type(scan_type)
        if trunc_rate:
            rate=self._trunc_terascan_rate(rate)
        if rate>=1E9:
            fact,units=1E9,"GHz/s"
        elif rate>=1E6:
            fact,units=1E6,"MHz/s"
        else:
            fact,units=1E3,"kHz/s"
        params={"scan":scan_type,"start":[c/scan_range[0]*1E9],"stop":[c/scan_range[1]*1E9],"rate":[rate/fact],"units":units}
        _,reply=self.query("scan_stitch_initialise",params)
        if reply["status"][0]==1:
            raise M2Error("can't setup TeraScan: start ({:.3f} THz) is out of range".format(scan_range[0]/1E12))
        elif reply["status"][0]==2:
            raise M2Error("can't setup TeraScan: stop ({:.3f} THz) is out of range".format(scan_range[1]/1E12))
        elif reply["status"][0]==3:
            raise M2Error("can't setup TeraScan: scan out of range")
        elif reply["status"][0]==4:
            raise M2Error("can't setup TeraScan: TeraScan not available")

[docs]    def start_terascan(self, scan_type, sync=False, sync_done=False):
        """
        Start terascan.

        Scan type can be ``"medium"`` (BRF+etalon, rate from 100 GHz/s to 1 GHz/s), ``"fine"`` (all elements, rate from 20 GHz/s to 1 MHz/s),
        or ``"line"`` (all elements, rate from 20 GHz/s to 50 kHz/s).
        If ``sync==True``, wait until the scan is set up (not until the whole scan is complete).
        If ``sync_done==True``, wait until the whole scan is complete.
        """
        self._check_terascan_type(scan_type)
        if sync:
            self.enable_terascan_updates()
        self.lock_wavemeter(False,error_on_fail=False)
        _,reply=self.query("scan_stitch_op",{"scan":scan_type,"operation":"start"},report=True)
        if reply["status"][0]==1:
            raise M2Error("can't start TeraScan: operation failed")
        elif reply["status"][0]==2:
            raise M2Error("can't start TeraScan: TeraScan not available")
        if sync:
            self.wait_for_terascan_update()
        if sync_done:
            self.wait_for_report("scan_stitch_op")

[docs]    def enable_terascan_updates(self, enable=True, update_period=0):
        """
        Enable sending periodic terascan updates.

        If enabled, laser will send updates in the beginning and in the end of every terascan segment.
        If ``update_period!=0``, it will also send updates every ``update_period`` percents of the segment (this option doesn't seem to be working currently).
        """
        _,reply=self.query("scan_stitch_output",{"operation":("start" if enable else "stop"),"update":[update_period]})
        if reply["status"][0]==1:
            raise M2Error("can't setup TeraScan updates: operation failed")
        if reply["status"][0]==2:
            raise M2Error("can't setup TeraScan updates: incorrect update rate")
        if reply["status"][0]==3:
            raise M2Error("can't setup TeraScan: TeraScan not available")
        self._last_status[self._terascan_update_op]=None

[docs]    def check_terascan_update(self):
        """
        Check the latest terascan update.

        Return ``None`` if none are available, or a dictionary ``{"wavelength":current_wavelength, "operation":op}``,
        where ``op`` is ``"scanning"`` (scanning in progress), ``"stitching"`` (stitching in progress), ``"finished"`` (scan is finished), or ``"repeat"`` (segment is repeated).
        """
        self.update_reports()
        rep=self._last_status.get(self._terascan_update_op,None)
        return rep

[docs]    def wait_for_terascan_update(self):
        """Wait until a new terascan update is available"""
        self.wait_for_report(self._terascan_update_op)
        return self.check_terascan_update()

[docs]    def check_terascan_report(self):
        """
        Check report on terascan start.

        Return ``"success"`` or ``"fail"`` if the operation is complete, or ``None`` if it is still in progress.
        """
        return self.check_report("scan_stitch_op")

[docs]    def stop_terascan(self, scan_type, sync=False):
        """
        Stop terascan of the given type.
        
        If ``sync==True``, wait until the operation is complete.
        """
        self._check_terascan_type(scan_type)
        _,reply=self.query("scan_stitch_op",{"scan":scan_type,"operation":"stop"},report=True)
        if reply["status"][0]==1:
            raise M2Error("can't stop TeraScan: operation failed")
        elif reply["status"][0]==2:
            raise M2Error("can't stop TeraScan: TeraScan not available")
        if sync:
            self.wait_for_report("scan_stitch_op")

    _web_scan_status_str=['off','cont','single','flyback','on','fail']
[docs]    def get_terascan_status(self, scan_type, web_status="auto"):
        """
        Get status of a terascan of a given type.

        Return dictionary with 4 items:
            ``"current"``: current laser frequency
            ``"range"``: tuple with the fill scan range
            ``"status"``: can be ``"stopped"`` (scan is not in progress), ``"scanning"`` (scan is in progress),
            or ``"stitching"`` (scan is in progress, but currently stitching)
            ``"web"``: where scan is running in web interface (some failure modes still report ``"scanning"`` through the usual interface);
            only available if the laser web connection is on.
        """
        self._check_terascan_type(scan_type)
        _,reply=self.query("scan_stitch_status",{"scan":scan_type})
        status={}
        if reply["status"][0]==0:
            status["status"]="stopped"
            status["range"]=None
        elif reply["status"][0]==1:
            if reply["operation"][0]==0:
                status["status"]="stitching"
            elif reply["operation"][0]==1:
                status["status"]="scanning"
            status["range"]=c/(reply["start"][0]/1E9),c/(reply["stop"][0]/1E9)
            status["current"]=c/(reply["current"][0]/1E9) if reply["current"][0] else 0
        elif reply["status"][0]==2:
            raise M2Error("can't stop TeraScan: TeraScan not available")
        if web_status=="auto":
            web_status=self.use_websocket
        if web_status:
            scan_web_status=self._read_websocket_status(present_key="scan_status")
            status["web"]=self._web_scan_status_str[scan_web_status["scan_status"]]
        else:
            status["web"]=None
        return status


    _fast_scan_types={"cavity_continuous","cavity_single","cavity_triangular",
                "etalon_continuous","etalon_single",
                "resonator_continuous","resonator_single","resonator_ramp","resonator_triangular",
                "ecd_continuous","ecd_ramp",
                "fringe_test"}
    def _check_fast_scan_type(self, scan_type):
        if scan_type not in self._fast_scan_types:
            raise M2Error("unknown fast scan type: {}".format(scan_type))
[docs]    def start_fast_scan(self, scan_type, width, time, sync=False, setup_locks=True):
        """
        Setup and start fast scan.

        Args:
            scan_type(str): scan type. Can be ``"cavity_continuous"``, ``"cavity_single"``, ``"cavity_triangular"``,
                ``"etalon_continuous"``, ``"etalon_single"``, 
                ``"resonator_continuous"``, ``"resonator_single"``, ``"resonator_ramp"``, ``"resonator_triangular"``,
                ``"ecd_continuous"``, ``"ecd_ramp"``, or ``"fringe_test"`` (see ICE manual for details)
            width(float): scan width (in Hz).
            time(float): scan time/period (in s).
            sync(bool): if ``True``, wait until the scan is set up (not until the whole scan is complete).
            setup_locks(bool): if ``True``, automatically setup etalon and reference cavity locks in the appropriate states.
        """
        self._check_fast_scan_type(scan_type)
        if setup_locks:
            if scan_type.startswith("cavity"):
                self.lock_etalon()
                self.lock_reference_cavity()
            elif scan_type.startswith("resonator"):
                self.lock_etalon()
                self.unlock_reference_cavity()
            elif scan_type.startswith("etalon"):
                self.unlock_etalon()
                self.unlock_reference_cavity()
            self.lock_wavemeter(False,error_on_fail=False)
        _,reply=self.query("fast_scan_start",{"scan":scan_type,"width":[width/1E9],"time":[time]},report=True)
        if reply["status"][0]==1:
            raise M2Error("can't start fast scan: width too great for the current tuning position")
        elif reply["status"][0]==2:
            raise M2Error("can't start fast scan: reference cavity not fitted")
        elif reply["status"][0]==3:
            raise M2Error("can't start fast scan: ERC not fitted")
        elif reply["status"][0]==4:
            raise M2Error("can't start fast scan: invalid scan type")
        elif reply["status"][0]==5:
            raise M2Error("can't start fast scan: time >10000 seconds")
        if sync:
            self.wait_for_report("fast_scan_start")

[docs]    def check_fast_scan_report(self):
        """
        Check fast scan report.

        Return ``"success"`` or ``"fail"`` if the operation is complete, or ``None`` if it is still in progress.
        """
        return self.check_report("fast_scan_start")

[docs]    def stop_fast_scan(self, scan_type, return_to_start=True, sync=False):
        """
        Stop fast scan of the given type.
        
        If ``return_to_start==True``, return to the center frequency after stopping; otherwise, stay at the current instantaneous frequency.
        If ``sync==True``, wait until the operation is complete.
        """
        self._check_fast_scan_type(scan_type)
        _,reply=self.query("fast_scan_stop" if return_to_start else "fast_scan_stop_nr",{"scan":scan_type})
        if reply["status"][0]==1:
            raise M2Error("can't stop fast scan: operation failed")
        elif reply["status"][0]==2:
            raise M2Error("can't stop fast scan: reference cavity not fitted")
        elif reply["status"][0]==3:
            raise M2Error("can't stop fast scan: ERC not fitted")
        elif reply["status"][0]==4:
            raise M2Error("can't stop fast scan: invalid scan type")
        if sync:
            self.wait_for_report("fast_scan_stop")

[docs]    def get_fast_scan_status(self, scan_type):
        """
        Get status of a fast scan of a given type.

        Return dictionary with 4 items:
            ``"status"``: can be ``"stopped"`` (scan is not in progress), ``"scanning"`` (scan is in progress).
            ``"value"``: current tuner value (in percent).
        """
        self._check_fast_scan_type(scan_type)
        _,reply=self.query("fast_scan_poll",{"scan":scan_type})
        status={}
        if reply["status"][0]==0:
            status["status"]="stopped"
        elif reply["status"][0]==1:
            status["status"]="scanning"
        elif reply["status"][0]==2:
            raise M2Error("can't poll fast scan: reference cavity not fitted")
        elif reply["status"][0]==3:
            raise M2Error("can't poll fast scan: ERC not fitted")
        elif reply["status"][0]==4:
            raise M2Error("can't poll fast scan: invalid scan type")
        else:
            raise M2Error("can't determine fast scan status: {}".format(reply["status"][0]))
        status["value"]=reply["tuner_value"][0]
        return status



[docs]    def stop_scan_web(self, scan_type):
        """
        Stop scan of the current type (terascan or fine scan) using web interface.

        More reliable than native programming interface, but requires activated web interface.
        """
        if not self.use_websocket:
            return
        try:
            self._check_terascan_type(scan_type)
            scan_type=scan_type.replace("line","narrow")
            scan_type=scan_type+"_scan"
            terascan=True
        except M2Error:
            self._check_fast_scan_type(scan_type)
            scan_type=scan_type.replace("continuous","cont")
            terascan=False
        scan_task=scan_type+"_stop"
        if terascan:
            self._send_websocket_request('{"message_type":"page_update", "stop_scan_stitching":1}')
        self._send_websocket_request('{{"message_type":"task_request","task":["{}"]}}'.format(scan_task))

    _default_terascan_rates={"line":10E6,"fine":100E6,"medium":5E9}
[docs]    def stop_all_operation(self, repeated=True, attempt=0):
        """
        Stop all laser operations (tuning and scanning).

        More reliable than native programming interface, but requires activated web interface.
        If ``repeated==True``, repeat trying to stop the operations until succeeded (more reliable, but takes more time).
        Return ``True`` if the operation is success otherwise ``False``.
        """
        ctd=general.Countdown(self.timeout or None)
        while True:
            operating=False
            if not (self.use_websocket and self.get_full_web_status()["scan_status"]==0):
                for scan_type in ["medium","fine","line"]:
                    stat=self.get_terascan_status(scan_type,web_status=False)
                    if stat["status"]!="stopped":
                        operating=True
                        self.stop_terascan(scan_type)
                        time.sleep(1)
                        if attempt>2:
                            self.stop_scan_web(scan_type)
                        if attempt>4 and attempt%2==1:
                            try:
                                self.start_fast_scan("resonator_single",1E9,2,sync=True)
                                time.sleep(6.)
                            except M2Error:
                                pass
                            try:
                                self.start_fast_scan("cavity_single",1E9,2,sync=True)
                                time.sleep(6.)
                            except M2Error:
                                pass
                            rate=self._default_terascan_rates[scan_type]
                            scan_center=(stat["current"] or 400E12)-(attempt-5)*100E9
                            self.setup_terascan(scan_type,(scan_center,scan_center+100E9),rate)
                            self.start_terascan(scan_type)
                            time.sleep(2.)
                            self.stop_terascan(scan_type)
                            self.stop_scan_web(scan_type)
                            time.sleep(2.)
                        if attempt>6 and attempt%2==0 and self.use_websocket:
                            self._try_disconnect_wavemeter()
                            time.sleep(4.)
                            self._try_connect_wavemeter()
                            time.sleep(4.)
                for scan_type in self._fast_scan_types:
                    try:
                        if self.get_fast_scan_status(scan_type)["status"]!="stopped":
                            operating=True
                            self.stop_fast_scan(scan_type)
                            time.sleep(0.5)
                            if attempt>2:
                                self.stop_scan_web(scan_type)
                            if attempt>6 and attempt%2==0 and self.use_websocket:
                                self._try_disconnect_wavemeter()
                                time.sleep(4.)
                                self._try_connect_wavemeter()
                                time.sleep(4.)
                    except M2Error:
                        pass
            if self.get_tuning_status()=="tuning":
                operating=True
                self.stop_tuning()
            if self.get_tuning_status_table()=="tuning":
                operating=True
                self.stop_tuning_table()
            if (not repeated) or (not operating):
                break
            time.sleep(0.1)
            attempt+=1
            if (attempt>12 and ctd.passed()):
                raise M2Error("coudn't stop all operations: timed out")
        return not operating






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.MKS

from ...core.devio import backend  #@UnresolvedImport


[docs]class MKS9xx(backend.IBackendWrapper):
    """
    MKS 9xx series pressure gauge.

    Args:
        conn: serial connection parameters (usually port or a tuple containing port and baudrate)
        dev_addr (int): device address within a given controller (by default, communicate with all devices)
        timeout (float): communication operations timeout
    """
    def __init__(self, conn, dev_addr=254, timeout=10.):
        conn=backend.SerialDeviceBackend.combine_conn(conn,("COM1",115200))
        instr=backend.SerialDeviceBackend(conn,timeout=timeout,term_write="",term_read="")
        backend.IBackendWrapper.__init__(self,instr)
        self.dev_addr=dev_addr
        self._add_status_node("pressure",self.get_pressure,ignore_error=(self.instr.Error,))
    
[docs]    def query(self, reg):
        """Send a query to the device and return the reply"""
        query="@{:03d}{}?;FF".format(self.dev_addr,reg)
        self.instr.write(query)
        resp=self.instr.read_multichar_term(";FF")
        if resp[4:].startswith("NAK"):
            raise self.instr.Error("device replied with error '{}' to query '{}'".format(resp,query))
        elif resp[4:].startswith("ACK"):
            return resp[7:]
        else:
            raise self.instr.Error("unrecognized response '{}' to query '{}'".format(resp,query)) 

[docs]    def comm(self, reg, value):
        """Send a command to the device"""
        query="@{:03d}{}!{};FF".format(self.dev_addr,reg,value)
        self.instr.write(query)

        
[docs]    def get_pressure(self, chan=3):
        """Get pressure at a given channel"""
        resp=self.query("PR{}".format(chan))
        return float(resp)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.NI

from ...core.devio import backend  #@UnresolvedImport
from ...core.utils import general, funcargparse  #@UnresolvedImport
from ...core.devio.interface import IDevice

import time
import numpy as np

_depends_local=["...core.devio.backend"]



[docs]class NIGPIBSerialDevice(backend.IBackendWrapper):
    """
    National Instruments Serial<->GPIB converter.
    """
    def __init__(self, port_addr, timeout=10.):
        instr=backend.SerialDeviceBackend((port_addr,57600,8,'N',1,0,1),timeout=timeout,term_write="\n",term_read="\r\n")
        backend.IBackendWrapper.__init__(self,instr)
    
[docs]    def get_id(self):
        self.instr.flush_read()
        return self.instr.ask("id",delay=0.1,read_all=True)

    
[docs]    def init_GPIB(self, addr=0):
        self.instr.flush_read()
        self.instr.write("onl 1") # online
        self.instr.write("caddr {}",format(addr)) # set bridge GPIB address
        self.instr.write("sic")
        self.instr.write("eos D")
        self.instr.write("eot")
        self.instr.write("rsc 1") # set as controller
        self.instr.write("sre 0")
        self.instr.write("ist 1")
        self.instr.write("tmo 1,1") # set timeouts
        self.instr.flush_read()

        
[docs]    def get_stat(self):
        self.instr.flush_read()
        self.instr.write("stat n")
        stat=self.instr.readlines(4)
        self.instr.flush_read()
        return stat

        
[docs]    def write(self, addr, data):
        self.instr.flush_read()
        self.instr.write("wrt {}\n{}".format(addr,data))
        self.instr.flush_read()

[docs]    def read(self, addr, size=256):
        self.instr.flush_read()
        self.instr.write("rd #{} {}".format(size,addr))
        data=self.instr.read(size)
        l=int(self.instr.readline())
        self.instr.flush_read()
        return data[:l]


    
    
    

[docs]class NIGPIBSerialBackend(backend.IDeviceBackend):
    """
    Device backend for the National Instruments Serial<->GPIB converter.
    """
    _default_operation_cooldown=0.05
    _default_read_cooldown=0.5
    Error=backend.SerialDeviceBackend.Error
    _backend="NIGPIBSerial"
    
    def __init__(self, bridge_conn, dev_addr, timeout=10., term_write=None, term_read=None):
        if term_read is None:
            term_read=["\r\n"]
        backend.IDeviceBackend.__init__(self,dev_addr,term_write=term_write,term_read=term_read)
        self._operation_cooldown=self._default_operation_cooldown
        self._read_cooldown=self._default_read_cooldown
        self.timeout=timeout
        self.bridge=NIGPIBSerialDevice(bridge_conn,timeout=timeout)
        self.bridge.init_GPIB()
    
[docs]    def open(self):
        return self.bridge.open()

[docs]    def close(self):
        return self.bridge.close()

    
[docs]    def set_timeout(self, timeout):
        self.timeout=timeout

[docs]    def get_timeout(self):
        return self.timeout

    
[docs]    def cooldown(self):
        if self._operation_cooldown>0:
            time.sleep(self._operation_cooldown)

[docs]    def read_cooldown(self):
        time.sleep(self._read_cooldown)

        
[docs]    def readline(self, remove_term=True, timeout=None):
        with self.using_timeout(timeout):
            data=""
            countdown=general.Countdown(self.timeout)
            while True:
                data=data+self.bridge.read(self.conn)
                self.cooldown()
                for t in self.term_read:
                    if data.find(t)>=0:
                        return data[:data.find(t)] if remove_term else data[:data.find(t)+len(t)]
                if countdown.passed():
                    raise self.Error("readline operation timeout")
                self.read_cooldown()

            
[docs]    def read(self, size=None):
        if size is None:
            data=self.bridge.read(self.conn)
            self.cooldown()
        else:
            data=""
            countdown=general.Countdown(self.timeout)
            while len(data)<size:
                data=data+self.bridge.read(self.conn,size=size-len(data))
                self.cooldown()
                if countdown.passed():
                    raise self.Error("read operation timeout")
                self.read_cooldown()
        return data

[docs]    def flush_read(self):
        return len(self.read())

[docs]    def write(self, data, flush=True, read_echo=False):
        if self.term_write:
            data=data+self.term_write
        self.bridge.write(self.conn,data)
        self.cooldown()
        if read_echo:
            self.readline()
            self.cooldown()







try:
    import nidaqmx
except ImportError:
    pass

[docs]class NIDAQ(IDevice):
    """
    National Instruments DAQ device interface (wrapper around nidaqmx library).

    Simplified interface to NI DAQ devices.
    Supports voltage, digital, and counter inputs (all synchronized to the same clock), and digital and voltage outputs (asynchronous).

    Args:
        dev_name(str): root device name.
        rate(float): analog input sampling rate (can be adjusted later).
        buffer_size(int): size of the input buffer.
        reset(int): if ``True``, reset the device upon connection.
    """
    def __init__(self, dev_name="dev0", rate=1E2, buffer_size=1E5, reset=False):
        IDevice.__init__(self)
        self.dev_name=dev_name.strip("/")
        self.dev=nidaqmx.system.Device(self.dev_name)
        if reset:
            self.dev.reset_device()
        self.rate=rate
        self.clk_src=None
        self.buffer_size=buffer_size
        self.ai_channels={}
        self.ci_tasks={}
        self.ci_counters={}
        self.di_channels={}
        self.do_channels={}
        self.ao_channels={}
        self.ao_values={}
        self.cpi_counter=0
        self.clk_channel_base=20E6
        self.max_ao_write_rate=1000 # maximal rate of repeating ao waveform with continuous repetition
        self.open()
        self._update_channel_names()
        self._running=False
        self._add_full_info_node("device",lambda: self.dev_name)
        self._add_settings_node("clock_cfg",self.get_clock_cfg,self.setup_clock)
        self._add_settings_node("clock_export",self.get_export_clock_terminal,self.export_clock)
        self._add_settings_node("voltage_output_clock_cfg",self.get_voltage_output_clock_cfg,self.setup_voltage_output_clock)
        self._add_status_node("input_channels",lambda: self.get_input_channels(include=("ai","ci","di","cpi")))
        self._add_status_node("voltage_input_parameters",self.get_voltage_input_parameters)
        self._add_status_node("counter_input_parameters",self.get_counter_input_parameters)
        self._add_status_node("digital_input_parameters",self.get_digital_input_parameters)
        self._add_status_node("clock_period_input_parameters",self.get_clock_period_input_parameters)
        self._add_status_node("digital_output_parameters",self.get_digital_output_parameters)
        self._add_status_node("digital_output_values",self.get_digital_outputs)
        self._add_status_node("voltage_output_parameters",self.get_voltage_output_parameters)
        self._add_status_node("voltage_output_values",self.get_voltage_outputs)
        
[docs]    def open(self):
        self.ai_task=nidaqmx.Task()
        self.di_task=nidaqmx.Task()
        self.do_task=nidaqmx.Task()
        self.ao_task=nidaqmx.Task()
        self.cpi_task=nidaqmx.Task()

[docs]    def close(self):
        if self.ai_task is not None:
            self.ai_task.close()
        self.ai_task=None
        self.ai_channels={}
        for t in self.ci_tasks.values():
            t[0].close()
        self.ci_tasks={}
        if self.di_task is not None:
            self.di_task.close()
        self.di_task=None
        if self.do_task is not None:
            self.do_task.close()
        self.do_task=None
        self.do_channels={}
        if self.ao_task is not None:
            self.ao_task.close()
        self.ao_task=None
        self.ao_channels={}
        self.ao_values={}
        if self.cpi_task is not None:
            self.cpi_task.close()
        self.cpi_task=None
        self._update_channel_names()

[docs]    def is_opened(self):
        return self.ai_task is not None

[docs]    def reset(self):
        """Reset the device. All channels will be removed."""
        self.close()
        self.dev.reset_device()
        self.open()


    def _build_channel_name(self, channel):
        channel=channel.lower().strip("/")
        if channel.startswith("dev") or self.dev_name is None:
            return "/"+channel
        return "/"+self.dev_name+"/"+channel
    def _strip_channel_name(self, channel):
        channel=channel.lower().strip("/")
        if channel.startswith(self.dev_name.lower()):
            return channel[len(self.dev_name):].strip("/")
        return channel
    def _update_channel_names(self):
        self.ai_names=list(self.ai_channels.keys())
        self.ai_names.sort(key=lambda n: self.ai_channels[n][1])
        self.ci_names=list(self.ci_tasks.keys())
        self.ci_names.sort(key=lambda n: self.ci_tasks[n][1])
        self.di_names=list(self.di_channels.keys())
        self.di_names.sort(key=lambda n: self.di_channels[n][1])
        self.do_names=list(self.do_channels.keys())
        self.do_names.sort(key=lambda n: self.do_channels[n][1])
        self.ao_names=list(self.ao_channels.keys())
        self.ao_names.sort(key=lambda n: self.ao_channels[n][1])

    def _cfg_clock(self, finite=None):
        sample_mode=nidaqmx.constants.AcquisitionType.FINITE if finite else nidaqmx.constants.AcquisitionType.CONTINUOUS
        samps_per_chan=finite if finite else int(self.buffer_size)
        samps_per_chan=max(samps_per_chan,2)
        if self.ai_task.ai_channels:
            self.ai_task.timing.cfg_samp_clk_timing(self.rate,source=self.clk_src or "",sample_mode=sample_mode,samps_per_chan=samps_per_chan)
        if self.di_task.di_channels:
            self.di_task.timing.cfg_samp_clk_timing(self.rate,source="ai/SampleClock",sample_mode=nidaqmx.constants.AcquisitionType.CONTINUOUS,samps_per_chan=int(self.buffer_size))
[docs]    def setup_clock(self, rate, src=None):
        """
        Setup analog input clock (which is the main system clock).

        If ``src==None``, use internal clock with the given rate; otherwise use `src` terminal as a clock source
        (in this case, `rate` should be higher than the expected source rate).
        """
        self.rate=rate
        self.clk_src=src
        self._cfg_clock()

[docs]    def get_clock_cfg(self):
        """
        Get analog input clock configuration.

        Return tuple ``(rate, src)``.
        """
        return self.rate,self.clk_src

[docs]    def export_clock(self, terminal):
        """
        Export system clock to the given terminal (``None`` to disconnect all terminals)
        
        Only terminal one can be active at a time.
         """
        terminal=self._strip_channel_name(terminal or "")
        self.ai_task.export_signals.export_signal(nidaqmx.constants.Signal.SAMPLE_CLOCK,terminal)

[docs]    def get_export_clock_terminal(self):
        """Return terminal which outputs system clock (``None`` if none is connected)."""
        if not self.ai_channels:
            return None
        term=self.ai_task.export_signals.samp_clk_output_term
        return self._strip_channel_name(term) if term else None


    _voltage_input_terms={  "default":nidaqmx.constants.TerminalConfiguration.DEFAULT,
                            "rse":nidaqmx.constants.TerminalConfiguration.RSE,
                            "nrse":nidaqmx.constants.TerminalConfiguration.NRSE,
                            "diff":nidaqmx.constants.TerminalConfiguration.DIFFERENTIAL,
                            "pseudodiff":nidaqmx.constants.TerminalConfiguration.PSEUDODIFFERENTIAL}
[docs]    def add_voltage_input(self, name, channel, rng=(-10,10), term_config="default"):
        """
        Add analog voltage input.

        Readout is synchronized to the system clock.

        Args:
            name(str): channel name.
            channel(str): terminal name (e.g., ``"ai0"``).
            rng: voltage range
            term_config: terminal configuration. Can be ``"default"``, ``"rse"`` (single-ended, referenced to AI SENSE input),
                ``"nrse"`` (single-ended, referenced to AI GND), ``"diff"`` (differential) and ``"pseudodiff"``
                (see NIDAQ manual for details).
        """
        channel=self._build_channel_name(channel)
        term_config=self._voltage_input_terms[term_config]
        self.ai_task.ai_channels.add_ai_voltage_chan(channel,name,terminal_config=term_config,min_val=rng[0],max_val=rng[1])
        self._cfg_clock()
        self.ai_channels[name]=(channel,len(self.ai_task.ai_channels))
        self._update_channel_names()

[docs]    def add_counter_input(self, name, counter, terminal, clk_src="ai/SampleClock", output_format="rate"):
        """
        Add counter input (value is related to the number of counts).

        Readout is synchronized to the system clock.
        
        Args:
            name(str): channel name.
            counter(str): on-board counter name (e.g., ``"ctr0"``).
            terminal(str): terminal name (e.g., ``"pfi0"``).
            clk_src(str): source of the counter sampling clock. By default it is the analog input clock,
                which requires at least one voltage input channel (could be dummy channel) to operate.
            output_format(str): output format. Can be ``"acc"`` (return accumulated number of counts since the sampling start),
                ``"diff"`` (return number of counts passed between the two consecutive sampling points; essentially, a derivative of ``"acc"``),
                or ``"rate"`` (return count rate based on the ``"diff"`` samples).
        """
        funcargparse.check_parameter_range(output_format,"output_format",{"acc","diff","rate"})
        if name in self.ci_tasks:
            self.ci_tasks[name][0].close()
        task=nidaqmx.Task()
        counter=self._build_channel_name(counter)
        terminal=self._build_channel_name(terminal)
        ch=task.ci_channels.add_ci_count_edges_chan(counter)
        ch.ci_count_edges_term=terminal
        task.timing.cfg_samp_clk_timing(self.rate,self._build_channel_name(clk_src),sample_mode=nidaqmx.constants.AcquisitionType.CONTINUOUS,samps_per_chan=int(self.buffer_size))
        self.ci_tasks[name]=(task,len(self.ci_tasks),output_format)
        self._update_channel_names()

[docs]    def add_clock_period_input(self, counter, clk_src="ai/SampleClock"):
        """
        Add clock period counter.

        Useful when using external sample clock with unknown period.
        The clock input can be returned during :meth:`read` operation, and it is used to calculate counter inputs in ``"rate"`` mode.
        Readout is synchronized to the system clock.
        
        Args:
            counter(str): on-board counter name (e.g., ``"ctr0"``) to be used for clock measure.
            clk_src(str): source of the counter sampling clock. By default it is the analog input clock,
                which requires at least one voltage input channel (could be dummy channel) to operate.
        """
        counter=self._build_channel_name(counter)
        if self.cpi_task.ci_channels:
            self.cpi_task.close()
            self.cpi_task=nidaqmx.Task()
        ch=self.cpi_task.ci_channels.add_ci_count_edges_chan(counter)
        ch.ci_count_edges_term="20MHzTimebase"
        self.cpi_task.timing.cfg_samp_clk_timing(self.rate,self._build_channel_name(clk_src),sample_mode=nidaqmx.constants.AcquisitionType.CONTINUOUS,samps_per_chan=int(self.buffer_size))

[docs]    def add_digital_input(self, name, channel):
        """
        Add digital input.

        Readout is synchronized to the system clock.
        Args:
            name(str): channel name.
            channel(str): terminal name (e.g., ``"port0/line12"``).
        """
        channel=self._build_channel_name(channel)
        self.di_task.di_channels.add_di_chan(channel,name)
        self._cfg_clock()
        self.di_channels[name]=(channel,len(self.di_task.di_channels))
        self._update_channel_names()

[docs]    def get_input_channels(self, include=("ai","ci","di")):
        """
        Get names of all input channels (voltage input and counter input).
        
        `include` specifies which channel types to include into the list
        (``"ai"`` for voltage inputs, ``"ci"`` for counter inputs, ``"di"`` for digital inputs, ``"cpi"`` for clock period channel).
        The channels order is always fixed: first voltage inputs, then counter inputs, then digital inputs.
        """
        return (self.ai_names if "ai" in include else [])+(self.ci_names if "ci" in include else [])+(self.di_names if "di" in include else [])+(["clk_period"] if "cpi" in include else [])

[docs]    def get_voltage_input_parameters(self):
        """Get parameters (names, channels, output ranges, and terminal configurations) of all analog voltage input channels."""
        params=[]
        for n in self.ai_names:
            ch=[ch for ch in self.ai_task.ai_channels if ch.name==n][0]
            term=self._strip_channel_name(ch.physical_channel.name)
            rng=(ch.ai_min,ch.ai_max)
            cfg=ch.ai_term_cfg.name.lower()
            params.append((n,term,rng,cfg))
        return params

[docs]    def get_counter_input_parameters(self):
        """Get parameters (names, counters, terminals, clock sources, and output formats) of all counter input channels."""
        params=[]
        for n in self.ci_names:
            task=self.ci_tasks[n][0]
            ch=task.ci_channels[0]
            counter=self._strip_channel_name(ch.physical_channel.name)
            term=self._strip_channel_name(ch.ci_count_edges_term)
            clk_src=self._strip_channel_name(task.timing.samp_clk_src)
            output_format=self.ci_tasks[n][2]
            params.append((n,counter,term,clk_src,output_format))
        return params

[docs]    def get_digital_input_parameters(self):
        """Get parameters (names and channels) of all digital input channels."""
        return [(n,self._strip_channel_name(self.di_channels[n][0])) for n in self.di_names]

[docs]    def get_clock_period_input_parameters(self):
        """Get parameters (counter input) of the clock period input channel"""
        return self._strip_channel_name(self.cpi_task.ci_channels[0].physical_channel.name) if self.cpi_task.ci_channels else None

    
[docs]    def read(self, n=1, flush_read=1, timeout=10., include=("ai","ci","di")):
        """
        Read `n` samples. If the task is not running, automatically start before reading and stop after.

        Args:
            n(int): number of samples to read. If ``n==-1``, read all available samples.
            flush_read(int): number of initial samples to skip if the task starts on read.
                If counter channels are used, the first sample is usually unreliable, so ``flush_read=1`` is recommended;
                however, if exactly `n` pulses are required at the clock export channel, ``flush_read=0`` is needed.
            include(tuple): specifies which channel types to include into the list
                (``"ai"`` for voltage inputs, ``"ci"`` for counter inputs, ``"di"`` for digital inputs, ``"cpi"`` for clock period channel).
        
        Returns:
            numpy array of values arranged according to :meth:`get_input_channels` order with the given `include` parameter.
        """
        running=True
        if not self._running:
            running=False
            self.start(flush_read=flush_read,finite=n)
        try:
            if n==-1:
                n=self.available_samples()
            ais=self.ai_task.read(n,timeout=timeout)
            if len(self.ai_task.ai_channels)==1:
                ais=[ais]
            cis=[np.array(self.ci_tasks[ci][0].read(n),dtype="u4") for ci in self.ci_names]
            if self.cpi_task.ci_channels:
                clk_counts=np.array(self.cpi_task.read(n),dtype="u4")
                last_cnt=clk_counts[-1]
                clk_counts[1:]-=clk_counts[:-1]
                clk_counts[0]=(int(clk_counts[0])-self.cpi_counter)%int(2**32)
                self.cpi_counter=int(last_cnt)
                clk_periods=clk_counts/self.clk_channel_base
            else:
                clk_periods=np.repeat(1./self.rate,n) if ("cpi" in include) else 1./self.rate
            if "ci" in include:
                for i,ci in enumerate(self.ci_names):
                    if self.ci_tasks[ci][2]!="acc":
                        last_cnt=cis[i][-1]
                        cis[i][1:]-=cis[i][:-1]
                        cis[i][0]=(int(cis[i][0])-self.ci_counters[ci])%int(2**32)
                        self.ci_counters[ci]=int(last_cnt)
                        if self.ci_tasks[ci][2]=="rate":
                            cis[i]=cis[i]/clk_periods
            if self.di_task.di_channels:
                dis=self.di_task.read(n)
                if len(self.di_task.di_channels)==1:
                    dis=[dis]
            else:
                dis=[]
            return np.column_stack((ais if "ai" in include else [])+(cis if "ci" in include else [])+(dis if "di" in include else [])+([clk_periods] if "cpi" in include else []))
        finally:
            if not running:
                self.stop()

[docs]    def start(self, flush_read=0, finite=None):
        """
        Start the sampling task.
        
        `flush_read` specifies number of samples to read and discard after start.
        If `finite` is not ``None``, it specifies finite number of sample to acquire before stopping.

        If counter channels are used, the first sample is usually unreliable, so ``flush_read=1`` is recommended;
        however, if exactly `finite` pulses are required at the clock export channel, ``flush_read=0`` is needed (the total number of pulses is ``flush_read+finite``).
        """
        for cit in self.ci_tasks:
            self.ci_tasks[cit][0].start()
            self.ci_counters[cit]=0
        if self.di_task.di_channels:
            self.di_task.start()
        if self.cpi_task.ci_channels:
            self.cpi_task.start()
            self.cpi_counter=0
        self._cfg_clock(finite=finite+flush_read if finite else None)
        self.ai_task.start()
        self._running=True
        if flush_read:
            self.read(flush_read)

[docs]    def stop(self):
        """Stop the sampling task"""
        self.ai_task.stop()
        self.di_task.stop()
        for cit in self.ci_tasks:
            self.ci_tasks[cit][0].stop()
            self.ci_counters[cit]=0
            self.cpi_counter=0
        self.cpi_task.stop()
        self._running=False

[docs]    def is_running(self):
        """Check if the task is running"""
        return self._running

[docs]    def available_samples(self):
        """Get number of available samples (return 0 if the task is not running)"""
        if not self._running:
            return 0
        return self.ai_task.in_stream.avail_samp_per_chan

[docs]    def get_buffer_size(self):
        """Get the sampling buffer size"""
        return self.ai_task.in_stream.input_buf_size if len(self.ai_task.ai_channels) else 0

[docs]    def wait_for_sample(self, num=1, timeout=10., wait_time=0.001):
        """
        Wait until at least `num` samples are available.
        
        If they are not available immediately, loop while checking every `wait_time` interval until enough samples are accumulated.
        Return the number of available samples if successful, or 0 if the execution timed out.
        """
        if not self._running:
            return 0
        if self.available_samples()>=num:
            return self.available_samples()
        ctd=general.Countdown(timeout)
        while not ctd.passed():
            time.sleep(wait_time)
            if self.available_samples()>=num:
                return self.available_samples()
        return 0


[docs]    def add_digital_output(self, name, channel):
        """
        Add digital output.

        Args:
            name(str): channel name.
            channel(str): terminal name (e.g., ``"do0"``).
        """
        channel=self._build_channel_name(channel)
        self.do_task.do_channels.add_do_chan(channel,name)
        self.do_channels[name]=(channel,len(self.do_task.do_channels))
        self._update_channel_names()

[docs]    def get_digital_output_channels(self):
        """Get names of all digital output channels."""
        return self.do_names

[docs]    def get_digital_output_parameters(self):
        """Get parameters (names and channels) of all digital output channels."""
        return [(n,self._strip_channel_name(self.do_channels[n][0])) for n in self.do_names]

[docs]    def set_digital_outputs(self, names, values):
        """
        Set values of one or several digital outputs.

        Args:
            names(str or [str]): name or list of names of outputs.
            values: output value or list values.
        """
        names=funcargparse.as_sequence(names,allowed_type="array")
        values=funcargparse.as_sequence(values,allowed_type="array")
        values_dict=dict(zip(names,values))
        ch_names=set([ch.name for ch in self.do_task.do_channels])
        for n in names:
            if n not in ch_names:
                raise ValueError("channel '{}' doesn't exist".format(n))
        curr_vals=self.do_task.read()
        if len(self.do_task.do_channels)==1:
            curr_vals=[curr_vals]
        for i,ch in enumerate(self.do_task.do_channels):
            if ch.name in values_dict:
                curr_vals[i]=bool(values_dict[ch.name])
        self.do_task.write(curr_vals)

[docs]    def get_digital_outputs(self, names=None):
        """
        Get values of one or several digital outputs.

        Args:
            names(str or [str] or None): name or list of names of outputs (``None`` means all outputs).

        Return list of values ordered by `names` (or by :meth:`get_digital_output_channels` if ``names==None``).
        """
        if not self.do_names:
            return []
        if names is None:
            names=self.do_names
        else:
            names=funcargparse.as_sequence(names,allowed_type="array")
        values_dict=dict(zip(names,[None]*len(names)))
        curr_vals=self.do_task.read()
        if len(self.do_task.do_channels)==1:
            curr_vals=[curr_vals]
        for i,ch in enumerate(self.do_task.do_channels):
            if ch.name in values_dict:
                values_dict[ch.name]=curr_vals[i]
        return [values_dict[n] for n in names]


[docs]    def add_voltage_output(self, name, channel, rng=(-10,10), initial_value=0.):
        """
        Add analog voltage output.

        Args:
            name(str): channel name.
            channel(str): terminal name (e.g., ``"ao0"``).
            rng: voltage range.
            initial_value(float): initial output value (has to be initialized).
        """
        channel=self._build_channel_name(channel)
        self.ao_task.ao_channels.add_ao_voltage_chan(channel,name,min_val=rng[0],max_val=rng[1])
        self.ao_channels[name]=(channel,len(self.ao_task.ao_channels),rng)
        self.ao_values[name]=initial_value
        self._update_channel_names()
        self.set_voltage_outputs([],[])

[docs]    def get_voltage_output_channels(self):
        """Get names of all analog voltage output channels."""
        return self.ao_names

[docs]    def get_voltage_output_parameters(self):
        """Get parameters (names, channels and output ranges) of all analog voltage output channels."""
        params=[]
        for n in self.ao_names:
            ch=[ch for ch in self.ao_task.ao_channels if ch.name==n][0]
            term=self._strip_channel_name(ch.physical_channel.name)
            rng=(ch.ao_min,ch.ao_max)
            params.append((n,term,rng))
        return params

[docs]    def set_voltage_outputs(self, names, values):
        """
        Set values of one or several analog voltage outputs.

        Args:
            names(str or [str]): name or list of names of outputs.
            values: output value or list values.
                These can be single numbers, or arrays if the output clock is setup (see :meth:`setup_voltage_output_clock`).
                In the latter case it sets up the output waveforms; not that waveforms for all channels must have the same length
                (a single number signifying a constant output is also allowed)
                If the analog output is set up to the finite mode (``continuous==False``), the finite waveform output happens right away,
                with the number of samples determined by `samps_per_channel` parameter of :meth:`setup_voltage_output_clock`.
                In this case, if the supplied waveform is shorter than the number of samples, it gets repeated; if it's longer, it gets cut off.
        """
        if not funcargparse.is_sequence(names,"array"):
            names=[names]
            values=[values]
        for n in names:
            if n not in self.ao_values:
                raise ValueError("channel '{}' doesn't exist".format(n))
        for n,v in zip(names,values):
            self.ao_values[n]=v
        waveform_output=self.ao_task.timing.samp_timing_type!=nidaqmx.constants.SampleTimingType.ON_DEMAND
        if waveform_output:
            self.ao_task.stop()
        val=[self.ao_values[ch.name] for ch in self.ao_task.ao_channels]
        ls=[len(v) for v in val if np.ndim(v)==1]
        if not np.all([l==ls[0] for l in ls]):
            raise ValueError("output channels have different lengths: {}".format(dict(zip(self.ao_task.ao_channels,ls))))
        if not np.all([np.ndim(v)==np.ndim(val[0]) for v in val]):
            val=[(v if np.ndim(v)==1 else [v]*ls[0]) for v in val]
        val=np.array(val)
        if waveform_output:
            min_out_len=max(2,int(self.ao_task.timing.samp_clk_rate//self.max_ao_write_rate)+1)
            if val.ndim==1:
                val=np.column_stack([val]*min_out_len)
            elif val.shape[1]<min_out_len:
                nreps=min_out_len//val.shape[1]+1
                val=np.concatenate([val]*nreps,axis=1)
            if self.ao_task.timing.samp_quant_samp_mode==nidaqmx.constants.AcquisitionType.FINITE:
                max_out_len=self.ao_task.timing.samp_quant_samp_per_chan
                val=val[:,:max_out_len]
        elif (not waveform_output) and val.ndim==2:
            val=val[:,0]
        if len(val)==1:
            self.ao_task.write(val[0],auto_start=True if waveform_output else nidaqmx.task.AUTO_START_UNSET)
        else:
            self.ao_task.write(val,auto_start=True if waveform_output else nidaqmx.task.AUTO_START_UNSET)

[docs]    def get_voltage_outputs(self, names=None):
        """
        Get values of one or several analog voltage outputs.

        Args:
            names(str or [str] or None): name or list of names of outputs (``None`` means all outputs).

        Return list of values ordered by `names` (or by :meth:`get_voltage_output_channels` if ``names==None``).
        For continuous waveforms, return the array containing a single repetition of the waveform.
        For finite waveforms, repeat the array containing the last outputted waveform.
        """
        if names is None:
            names=self.ao_names
        else:
            names=funcargparse.as_sequence(names,allowed_type="array")
        return [self.ao_values[n] for n in names]

[docs]    def setup_voltage_output_clock(self, rate=0, sync_with_ai=False, continuous=True, samps_per_chan=1000):
        """
        Setup analog output clock configuration.

        Args:
            rate: clock rate; if 0, assume constant voltage output (default)
            sync_with_ai: if ``True``, the clock is synchronized to the analog input clock (the main clock);
                note that in this case output changes only when the analog read task is running
            continuous: if ``True``, any written waveform gets repeated continuously; otherwise, it outputs written waveform only once,
                and then latches the output on the last value
            samps_per_chan: if ``continuous==False``, it determines number of samples to output before stopping
        """
        self.ao_task.stop()
        sample_mode=nidaqmx.constants.AcquisitionType.CONTINUOUS if continuous else nidaqmx.constants.AcquisitionType.FINITE
        if rate==0 and not sync_with_ai:
            self.ao_task.timing.samp_timing_type=nidaqmx.constants.SampleTimingType.ON_DEMAND
        elif sync_with_ai:
            self.ao_task.timing.cfg_samp_clk_timing(self.rate,source="ai/SampleClock",samps_per_chan=int(samps_per_chan),sample_mode=sample_mode)
        else:
            self.ao_task.timing.cfg_samp_clk_timing(rate,source="",samps_per_chan=int(samps_per_chan),sample_mode=sample_mode)
        if self.ao_task.timing.samp_timing_type!=nidaqmx.constants.SampleTimingType.ON_DEMAND:
            if continuous:
                self.set_voltage_outputs(self.ao_names,[self.ao_values[n] for n in self.ao_names])

[docs]    def get_voltage_output_clock_cfg(self):
        """
        Get analog output clock configuration.

        Return tuple ``(rate, sync_with_ai, samps_per_chan, continuous)``.
        """
        if (not self.ao_channels) or self.ao_task.timing.samp_timing_type==nidaqmx.constants.SampleTimingType.ON_DEMAND:
            return (0,False,1000,True)
        sync_with_ai=self.ao_task.timing.samp_clk_src.endswith("ai/SampleClock")
        rate=self.ao_task.timing.samp_clk_rate
        samps_per_chan=self.ao_task.timing.samp_quant_samp_per_chan
        continuous=self.ao_task.timing.samp_quant_samp_mode!=nidaqmx.constants.AcquisitionType.FINITE
        return (rate,sync_with_ai,samps_per_chan,continuous)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.NuPhoton

from ...core.devio import backend, units  #@UnresolvedImport

_depends_local=["...core.devio.backend"]

[docs]class EDFA_NP2000(backend.IBackendWrapper):
    """
    NuPhoton NP2000 EDFA (optical amplifier).
    """
    def __init__(self, port_addr, timeout=5.):
        instr=backend.SerialDeviceBackend((port_addr,19200),timeout=timeout,term_write="\n",connect_on_operation=True)
        backend.IBackendWrapper.__init__(self,instr)
        self._add_status_node("status",self.get_status)
        self._add_settings_node("enabled",lambda: self.get_status()["on"],self.set_output)
    
    def _parse_response(self, comm, resp):
        resp=[s.strip() for s in resp.splitlines() if s.strip()]
        if resp and (resp[0]==comm):
            resp=resp[1:]
        if not resp:
            raise RuntimeError("Malformed response {} to the command {}".format(resp,comm))
        if resp[-1]!="S":
            raise RuntimeError("Command {} returned an error: {}".format(comm,resp))
        return resp[:-1]
[docs]    def query(self, comm):
        comm=comm.strip()
        with self.instr.single_op():
            self.instr.flush_read()
            self.instr.write(comm)
            resp=self.instr.read_multichar_term("\r\nNP2000:>")
            self.instr.flush_read()
        return self._parse_response(comm,resp)

    
[docs]    def set_output(self, output=True):
        if output:
            self.query("edfa on")
        else:
            self.query("edfa off")

    
[docs]    def get_status_string(self):
        return self.query("fline")[0]

    
    def _parse_status_string(self, s):
        status={}
        status["full"]=s
        s=s.upper().split("  ")[0].split()
        status["mode"]=s[1]
        status["on"]=(s[2]=="LDON")
        status["ld_current"]=0. if s[7]=="LOW" else float(s[7])*1E-3
        status["ld_power"]=0. if s[6]=="LOW" else float(s[6])*1E-3
        if s[5]=="OPA":
            status["out_power"]=0.
        else:
            status["out_power"]=units.convert_power_units(float(s[5]),"dBm","W")
        status["PTemp"]=float(s[3])
        status["CTemp"]=float(s[8])
        status["TECC"]=float(s[10])
        return status
[docs]    def get_status(self):
        return self._parse_status_string(self.get_status_string())






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.OZOptics

from ...core.devio import backend  #@UnresolvedImport
from ...core.utils import numerical, funcargparse  #@UnresolvedImport

import re

_depends_local=["...core.devio.backend"]


[docs]class OZOpticsDevice(backend.IBackendWrapper):
    """
    Generic OZOptics device.
    """
    def __init__(self, port_addr, timeout=20.):
        instr=backend.SerialDeviceBackend((port_addr,9600),timeout=timeout,term_write="\r\n",connect_on_operation=True,datatype="str")
        backend.IBackendWrapper.__init__(self,instr)
    
    def _parse_response(self, comm, resp):
        resp=[s.strip() for s in resp.splitlines() if s.strip()]
        if resp and (resp[0]==comm):
            resp=resp[1:]
        if resp and (resp[0].startswith("Error")):
            raise RuntimeError("Command {} returned error: {}".format(comm,resp))
        return resp
    def _get_prepended_response(self, query, prefix, line=0):
        resp=self.query(query)
        ln=resp[line].upper()
        if ln.startswith(prefix.upper()):
            return ln[len(prefix):].strip()
        else:
            raise ValueError("unexpected reply: {}".format(resp))
[docs]    def query(self, comm, timeout=None):
        comm=comm.strip()
        with self.instr.single_op():
            self.instr.flush_read()
            self.instr.write(comm)
            resp=self.instr.read_multichar_term("Done\r\n",timeout=timeout)
            self.instr.flush_read()
        return self._parse_response(comm,resp)

    
[docs]    def restart(self):
        return self.query("RST",timeout=40.)

[docs]    def get_config(self):
        return self.query("CD")


    
    

[docs]class TF100(OZOpticsDevice):
    """
    OZOptics TF100 tunable filter.
    """
    def __init__(self, port_addr, timeout=20.):
        OZOpticsDevice.__init__(self,port_addr,timeout)
        self._add_settings_node("wavelength",self.get_wavelength,self.set_wavelength)
        self._add_settings_node("wavelength_correction",self.get_wavelength_correction, self.set_wavelength_correction)
        self.wshift=0.
        self.wscale=1.
        self.set_wavelength_correction(24.75E-9,0.984643) # experimentally measured; redefine for different devices
    
    # wavelength_device = wavelength_real*scale+shift
[docs]    def get_wavelength_correction(self):
        return self.wshift, self.wscale

[docs]    def set_wavelength_correction(self, shift=0., scale=1.):
        self.wshift=shift
        self.wscale=scale

        
[docs]    def home(self):
        return self.query("H",timeout=40.)

    
[docs]    def get_wavelength(self):
        resp=self.query("W?")
        if resp[0]=="Unknown":
            return None
        return (float(resp[0])/1E9-self.wshift)/self.wscale

[docs]    def set_wavelength(self, wavelength):
        self.query("W{:.2f}".format( (wavelength*self.wscale+self.wshift)*1E9 ))
        return self.get_wavelength()


    
    
    

[docs]class DD100(OZOpticsDevice):
    """
    OZOptics DD100 variable attenuator.
    """
    def __init__(self, port_addr, timeout=20.):
        OZOpticsDevice.__init__(self,port_addr,timeout)
        self._add_settings_node("attenuation",self.get_attenuation,self.set_attenuation)
        self._add_full_info_node("max_attenuation",self.get_max_attenuation)
        self._add_full_info_node("min_attenuation",self.get_min_attenuation)
    
[docs]    def home(self):
        return self.query("H",timeout=40.)

    
[docs]    def get_min_attenuation(self):
        return float(self._get_prepended_response("CD","IL:",9))

[docs]    def get_max_attenuation(self):
        return float(self._get_prepended_response("CD","MAX ATTEN:",3))

[docs]    def get_attenuation(self):
        return float(self._get_prepended_response("D","ATTEN:",1))

[docs]    def set_attenuation(self, att_dB):
        try:
            self.query("A{:.2f}".format(att_dB))
        except RuntimeError:
            att_dB=numerical.limit_to_range(att_dB,self.get_min_attenuation(),self.get_max_attenuation())
            self.query("A{:.2f}".format(att_dB))
        return self.get_attenuation()


    
    
    
    
    

[docs]class EPC04(backend.IBackendWrapper):
    """
    OZOptics EPC04 polarization controller.
    """
    def __init__(self, port_addr, timeout=20.):
        instr=backend.SerialDeviceBackend((port_addr,9600),timeout=timeout,term_write="\r\n",connect_on_operation=True)
        backend.IBackendWrapper.__init__(self,instr)
        self._add_settings_node("voltages",self.get_voltages,self.set_all_voltages)
        self._add_settings_node("mode",self.get_mode,self.set_mode)
        self._voltage_limts=(-5.,5.)
    
    def _parse_response(self, comm, resp):
        resp=[s.strip() for s in resp.splitlines() if s.strip()]
        if resp and (resp[0]==comm):
            resp=resp[1:]
        if resp and (resp[-1].endswith("Error!")):
            raise RuntimeError("Command {} returned error: {}".format(comm,resp))
        resp=resp[:-1]
        return resp
[docs]    def query(self, comm):
        comm=comm.strip()
        with self.instr.single_op():
            self.instr.flush_read()
            self.instr.write(comm)
            resp=self.instr.read_multichar_term(["Done\r\n","Error!\r\n"],remove_term=False)
            self.instr.flush_read()
        return self._parse_response(comm,resp)

    
[docs]    def get_voltages(self):
        resp=self.query("V?")[0]
        Vs=re.findall(r"CH\d\s*([\d+-]+)",resp)
        if len(Vs)!=4:
            raise RuntimeError("unexpected voltage query response: {}".format(resp))
        return [float(V)/1E3 for V in Vs]

[docs]    def set_voltage(self, channel, value):
        value=numerical.limit_to_range(value,*self._voltage_limts)
        self.query("V{:d},{:04d}".format(channel+1,int(value*1E3)))
        return self.get_voltages()[channel]

[docs]    def set_all_voltages(self, value):
        for ch,v in enumerate(value):
            self.set_voltage(ch,v)
        return self.get_voltages()

[docs]    def step_voltage(self, channel, step):
        v=self.get_voltages()[channel]
        return self.set_voltage(channel,v+step)

    
[docs]    def get_mode(self):
        resp=self.query("M?")[0]
        return resp[-2:]

[docs]    def set_mode(self, mode="DC"):
        funcargparse.check_parameter_range(mode,"mode",{"AC","DC"})
        if mode=="AC":
            self.query("MAC")
        else:
            self.query("MDC")
        return self.get_mode()

    
[docs]    def save_preset(self):
        self.query("SAVE")






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Olimex

from ...core.devio import backend  #@UnresolvedImport

import time

_depends_local=["...core.devio.backend"]


[docs]class IMCDevice(backend.IBackendWrapper):
    """
    Generic Olimex ATMega device.
    """
    def __init__(self, port_addr, timeout=20.):
        instr=backend.SerialDeviceBackend((port_addr,9600),timeout=timeout,term_write="",connect_on_operation=True)
        backend.IBackendWrapper.__init__(self,instr)
    
[docs]    def comm(self, comm, timeout=None):
        comm=comm.strip()
        with self.instr.single_op():
            self.instr.flush_read()
            self.instr.write(comm)
            time.sleep(.1)
            return self.instr.flush_read()

[docs]    def query(self, query, timeout=None):
        query=query.strip()
        with self.instr.single_op():
            self.instr.flush_read()
            self.instr.write(query)
            resp=self.instr.readline(timeout=timeout)
            self.instr.flush_read()
        return resp.strip()


    
    

[docs]class AVR_IO_M16(IMCDevice):
    """
    Olimex AVR-IO-M16 4x relay board.
    """
    def __init__(self, port_addr, timeout=20.):
        IMCDevice.__init__(self,port_addr,timeout)
        self._add_settings_node("relays",self.get_relays,self.set_relays)
    
[docs]    def get_relays(self):
        s=self.query("E")
        if len(s)!=4:
            raise RuntimeError("unexpected response: {}".format(s))
        return [c=="1" for c in s[::-1]]

[docs]    def set_relays(self, relays):
        s="".join(["1" if c else "0" for c in relays])[::-1]
        self.comm("W"+s)
        return self.get_relays()

        
    def _set_relay(self, n, v):
        r=self.get_relays()
        r[n]=v
        return self.set_relays(r)[n]
[docs]    def open_relay(self, n):
        return self._set_relay(n,True)

[docs]    def close_relay(self, n):
        return self._set_relay(n,False)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Ophir

from ...core.devio import backend,units  #@UnresolvedImport
from ...core.utils import py3
import collections

_depends_local=["...core.devio.backend"]

[docs]class OphirDevice(backend.IBackendWrapper):
    """
    Generic Ophir device.

    Args:
        conn: serial connection parameters (usually port or a tuple containing port and baudrate)
    """
    def __init__(self, conn):
        conn=backend.SerialDeviceBackend.combine_conn(conn,("COM1",9600))
        instr=backend.SerialDeviceBackend(conn,term_read="\r\n",term_write="\r\n")
        backend.IBackendWrapper.__init__(self,instr)
    
    def _parse_response(self, comm, resp):
        resp=resp.strip()
        if resp.startswith(b"?"):
            raise RuntimeError("Command {} returned error: {}".format(comm,resp[1:].strip()))
        if resp.startswith(b"*"):
            return py3.as_str(resp[1:].strip())
        raise RuntimeError("Command {} returned unrecognized response: {}".format(comm,resp))
[docs]    def query(self, comm):
        """Send a query to the device and parse the reply"""
        comm=comm.strip()
        with self.instr.single_op():
            self.instr.flush_read()
            self.instr.write(comm)
            resp=self.instr.readline()
        return self._parse_response(comm,resp)




[docs]class VegaPowerMeter(OphirDevice):
    """
    Ophir Vega power meter.

    Args:
        conn: serial connection parameters (usually port or a tuple containing port and baudrate)
    """
    def __init__(self, conn):
        OphirDevice.__init__(self,conn)
        self._add_status_node("power",self.get_power)
        self._add_settings_node("wavelength",self.get_wavelength,self.set_wavelength)
        self._add_status_node("wavelength_info",self.get_wavelength_info)
        self._add_status_node("range_info",self.get_range_info)
        self._add_settings_node("range_idx",self.get_range_idx,self.set_range_idx)
        self._add_settings_node("filter_in",self.is_filter_in,self.set_filter)

[docs]    def get_power(self):
        """Get the current power readings"""
        power=self.query("$SP")
        if power.lower()=="over":
            return "over"
        return float(power)


    WavelengthInfo=collections.namedtuple("WavelengthInfo",["mode","rng","curr_idx","presets","curr_wavelength"])
[docs]    def get_wavelength_info(self):
        """
        Get wavelength setting info.

        Return tuple ``(mode, rng, curr_idx, presets, curr_wavelength)``, where
        `mode` is the measurement mode (``"CONTINUOUS"`` or ``"HOLD"``), `rng` is full wavelength range (in m),
        `curr_idx` is the current wavelength preset index, `presets` is the list of all preset wavelengths (in m),
        and `curr_wavelength` is the current measurement wavelength (in m).
        """
        info=[i.strip() for i in self.query("$AW").split() if i.strip()]
        mode=info[0]
        rng=(float(info[1])*1E-9,float(info[2])*1E-9)
        curr_idx=int(info[3])
        presets=[float(w)*1E-9 for w in info[4:] if w.upper()!="NONE"]
        return self.WavelengthInfo(mode,rng,curr_idx-1,presets,presets[curr_idx-1])

[docs]    def get_wavelength(self):
        """Get current calibration wavelength"""
        return self.get_wavelength_info().curr_wavelength

[docs]    def set_wavelength(self, wavelength):
        """Set current calibration wavelength"""
        self.query("$WL{:d}".format(int(wavelength*1E9)))
        return self.get_wavelength()


    RangeInfo=collections.namedtuple("RangeInfo",["curr_idx","ranges","curr_range"])
[docs]    def get_range_info(self):
        """
        Get power range info.

        Return tuple ``(curr_idx, ranges, curr_range)``, where `curr_idx` is the current power range index,
        `ranges` is the list of ranges (in W) for all indices and `curr_range` is the current range (in W).
        """
        info=[i.strip() for i in self.query("$AR").split() if i.strip()]
        curr_idx=int(info[0])
        ranges=[units.convert_power_units(*units.split_units(r),result_unit="W") for r in info[3:]]
        if curr_idx<0:
            curr_range=info[3+curr_idx]
        else:
            curr_range=ranges[curr_idx]
        return self.RangeInfo(curr_idx,ranges,curr_range)

[docs]    def get_range(self):
        """Get current power range (maximal power in W)"""
        return self.get_range_info().curr_range

[docs]    def get_range_idx(self):
        """
        Get current power range index

        Index goes from 0 (highest) to maximal (lowest); auto-ranging is -1.
        """
        
        return self.get_range_info().curr_idx

[docs]    def set_range_idx(self, rng_idx):
        """
        Set current range index.

        `rng_idx` is the range index from 0 (highest) to maximal (lowest); auto-ranging is -1.
        """
        self.query("$WN{:d}".format(rng_idx))
        return self.get_range_idx()


[docs]    def is_filter_in(self):
        """Check if the filter is set to be on at the power meter"""
        return int(self.query("$FQ").split()[0].strip())==2

[docs]    def set_filter(self, filter_in=True):
        """Change the filter setting at the power meter (on or off)"""
        self.query("$FQ{:d}".format(2 if filter_in else 1))
        return self.is_filter_in()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.PCO_SC2

from . import PCO_SC2_lib
from .PCO_SC2_lib import lib, PCOSC2LibError, named_tuple_to_dict

from ...core.devio.interface import IDevice
from ...core.utils import funcargparse, py3, dictionary, general
from ...core.dataproc import image as image_utils

_depends_local=[".PCO_SC2_lib","...core.devio.interface"]

import numpy as np
import collections
import contextlib
import ctypes
import time
import threading

[docs]class PCOSC2Error(RuntimeError):
    "Generic PCO SC2 camera error."

[docs]class PCOSC2TimeoutError(PCOSC2Error):
    "Timeout while waiting."

[docs]class PCOSC2NotSupportedError(PCOSC2Error):
    "Option not supported."


[docs]def get_cameras_number():
    """Get number of connected PCOSC2 cameras"""
    lib.initlib()
    cams=[]
    try:
        while True:
            cams.append(lib.PCO_OpenCamera(0))
    except PCOSC2LibError:
        pass
    ncams=len(cams)
    for c in cams:
        try:
            lib.PCO_CloseCamera(c)
        except PCOSC2LibError:
            pass
    return ncams


[docs]def reset_api():
    """
    Reset API.
    
    All cameras must be closed; otherwise, the prompt to reboot will appear.
    """
    lib.initlib()
    lib.PCO_ResetLib()


[docs]class PCOSC2Camera(IDevice):
    """
    PCO SC2 camera.

    Args:
        idx(int): camera index (use :func:`get_cameras_number` to get the total number of connected cameras)
        reboot_on_fail(bool): if ``True`` and the camera raised an error during initialization (but after opening), reboot the camera and try to connect again
            useful when the camera is in a broken state (e.g., wrong ROI or pixel clock settings)
    """
    def __init__(self, idx=0, reboot_on_fail=True):
        IDevice.__init__(self)
        lib.initlib()
        self.idx=idx
        self.handle=None
        self.reboot_on_fail=reboot_on_fail
        self._full_camera_data=dictionary.Dictionary()
        self._capabilities=[]
        self._model_data=None
        self._buffers=None
        self._default_nframes=100
        self._buffer_looping=False
        self._buffer_loop_thread=None
        self._next_wait_buffer=0
        self._next_read_buffer=0
        self._next_schedule_buffer=0
        self._next_buffer=0
        self._last_wait_frame=0
        self.image_indexing="rct"
        self.v=dictionary.ItemAccessor(lambda n:self._full_camera_data[n])
        self.open()

        self._nodes_ignore_error={"get":(PCOSC2NotSupportedError,),"set":()}
        self._add_full_info_node("model_data",self.get_model_data)
        self._add_full_info_node("capabilities",self.get_capabilities)
        self._add_status_node("temperature_monitor",self.get_temperature)
        self._add_settings_node("trigger_mode",self.get_trigger_mode,self.set_trigger_mode)
        self._add_settings_node("exposure",self.get_exposure,self.set_exposure)
        self._add_settings_node("frame_delay",self.get_frame_delay,self.set_frame_delay)
        self._add_status_node("timings",self.get_timings)
        self._add_settings_node("frame_time",self.get_frame_time,self.set_frame_time)
        self._add_status_node("buffer_size",self.get_buffer_size)
        self._add_status_node("buffer_status",self.get_buffer_status)
        self._add_status_node("data_dimensions",self.get_data_dimensions)
        self._add_settings_node("bit_alignment",self.get_bit_aligment,self.set_bit_aligment)
        self._add_settings_node("hotpixel_correction",self.is_pixel_correction_enabled,self.enable_pixel_correction)
        self._add_settings_node("noise_filter",self.get_noise_filter_mode,self.set_noise_filter_mode)
        self._add_settings_node("status_line",self.get_status_line_mode,self.set_status_line_mode)
        self._add_settings_node("metadata_mode",self.get_metadata_mode,self.set_metadata_mode)
        self._add_settings_node("pixel_rate",self.get_pixel_rate,self.set_pixel_rate)
        self._add_full_info_node("all_pixel_rates",self.get_available_pixel_rates)
        self._add_full_info_node("conversion_factor",self.get_conversion_factor)
        self._add_full_info_node("detector_size",self.get_detector_size)
        self._add_settings_node("roi",self.get_roi,self.set_roi)
        self._add_status_node("roi_limits",self.get_roi_limits)
        self._add_status_node("acq_status",self.get_status)
        self._add_status_node("acq_in_progress",self.acquisition_in_progress)
        self._add_full_info_node("full_data",self.get_full_camera_data)

[docs]    def open(self):
        """Open connection to the camera"""
        for t in range(2):
            self.handle=lib.PCO_OpenCamera(self.idx)
            try:
                self.update_full_data()
                return
            except:
                if self.reboot_on_fail and t==0:
                    self.reboot()
                else:
                    self.close()
                    raise

[docs]    def close(self):
        """Close connection to the camera"""
        if self.handle is not None:
            try:
                self.stop_acquisition()
            except PCOSC2LibError:
                pass
            lib.PCO_CloseCamera(self.handle)
        self.handle=None

[docs]    def is_opened(self):
        """Check if the device is connected"""
        return self.handle is not None

[docs]    def reboot(self, wait=True):
        """
        Reboot the camera.

        If ``wait==True``, wait for the recommended time (10 seconds) after reboot for the camera to fully restart;
        attempt to open the camera before that can lead to an error.
        """
        if self.handle is not None:
            lib.PCO_RebootCamera(self.handle)
            lib.PCO_CloseCamera(self.handle)
            if wait:
                time.sleep(10.)


[docs]    def get_full_camera_data(self):
        """Get a dictionary the all camera data available through the SDK."""
        cam_data=dictionary.Dictionary()
        for (i,name) in enumerate(["interface","camera","sensor","serial_number","fw_build","fw_rev"]):
            cam_data["info_strings",name]=py3.as_str(lib.PCO_GetInfoString(self.handle,i))
        cam_data["general"]=named_tuple_to_dict(lib.PCO_GetGeneral(self.handle),expand_lists=True)
        cam_data["sensor"]=named_tuple_to_dict(lib.PCO_GetSensorStruct(self.handle),expand_lists=True)
        cam_data["img_timing"]=named_tuple_to_dict(lib.PCO_GetImageTiming(self.handle),expand_lists=True)
        cam_data["timing"]=named_tuple_to_dict(lib.PCO_GetTimingStruct(self.handle),expand_lists=True)
        cam_data["storage"]=named_tuple_to_dict(lib.PCO_GetStorageStruct(self.handle),expand_lists=True)
        cam_data["recording"]=named_tuple_to_dict(lib.PCO_GetRecordingStruct(self.handle),expand_lists=True)
        cam_data["image"]=named_tuple_to_dict(lib.PCO_GetImageStruct(self.handle),expand_lists=True)
        signal_num=len(cam_data["sensor/strSignalDesc"])
        for k in list(cam_data["timing/strSignal"].keys()):
            if int(k)>=signal_num:
                del cam_data["timing/strSignal",k]
        for k in list(cam_data["image/strSegment"].keys()):
            if cam_data["image/strSegment",k,"dwMaxImageCnt"]==0:
                del cam_data["image/strSegment",k]
        return cam_data

    
[docs]    def update_full_data(self):
        """
        Update internal full camera data settings.
        
        Takes some time (about 50ms), so more specific function are preferrables for specific parameters.
        """
        self._arm()
        self._full_camera_data=self.get_full_camera_data()
        self._capabilities=self.get_capabilities()
        self._model_data=self.get_model_data()

    def _arm(self):
        lib.PCO_ArmCamera(self.handle)

    ModelData=collections.namedtuple("ModelData",["model","interface","sensor","serial_number"])
    _interface_codes={1:"firewire",2:"camlink",3:"usb2",4:"gige",5:"serial",6:"usb3",7:"clhs"}
[docs]    def get_model_data(self):
        """
        Get camera model data.

        Return tuple ``(model, interface, sensor, serial_number)``.
        """
        intf=self._interface_codes.get(self.v["general/strCamType/wInterfaceType"],"unknown")
        return self.ModelData(self.v["info_strings/camera"],intf,self.v["info_strings/sensor"],self.v["info_strings/serial_number"])


    def _parse_flag_bits(self, value, desc):
        result=set()
        b=1
        for v in desc:
            if isinstance(v,tuple):
                v,b=v
            if value&b:
                result.add(v)
            b<<=1
        return result
    _caps_desc1=[   "noise_filter","hotpix_filter","hotpix_with_noise_only","timestamp_ascii_only",
                    "dataformat2x12","record_stop","hot_pixel_correction","no_extexpctl",
                    "no_timestamp","no_acq_mode","dataformat4x16","dataformat5x16",
                    "no_record","fast_timing","metadata","set_framerate",
                    "cdi_mode","ccm","ext_sync","no_global_shutter",
                    "global_reset_mode","ext_acq","fan_ctl","symm_vert_roi",
                    "symm_hor_roi","cooling_setp"]
[docs]    def get_capabilities(self):
        """
        Get camera capabilities.

        For description of the capabilities, see PCO SC2 manual.
        """
        caps=self.v["sensor/strDescription/dwGeneralCapsDESC1"]
        return self._parse_flag_bits(caps,self._caps_desc1)

    def _has_option(self, option):
        return option in self._capabilities
    def _check_option(self, option, value=True):
        has_option=self._has_option(option)
        if has_option!=value:
            raise PCOSC2NotSupportedError("option {} is not supported by {}".format(option,self.get_model_data().model))
        return has_option
    def _is_pco_edge(self):
        return (self.v["general/strCamType/wCamType"]&0xFF00)==0x1300
    def _is_camlink(self):
        return self.v["general/strCamType/wInterfaceType"] in [2,7] # CL and CLHS
        

    ### Generic controls ###
    def _apply_timebase(self, value, timebase):
        return value*[1E-9,1E-6,1E-3][timebase]
    def _extract_timebase(self, value):
        if value<1.:
            return (int(value*1E9),0)
        elif value<1E3:
            return (int(value*1E6),1)
        else:
            return (int(value*1E3),2)
    _status_bits=[  "default_state","settings_valid","recording_on","readout_on",
                    "frame_rate_dominant","stop_triggered","ext_sync_locked","battery_on",
                    "power_save_on","power_save_left","irig_locked"]
    _warning_bits=["power_supply_voltage","power_supply_temp","camera_temp","sensor_temp","battery","offset_reg"]
    _error_bits=["power_supply_voltage","power_supply_temp","camera_temp","sensor_temp","battery",("interface",0x10000),"ram_module","main_board","head_board"]
    CameraStatus=collections.namedtuple("CameraStatus",["status","warnings","errors"])
[docs]    def get_status(self, full=False):
        """
        Get camera status.

        If ``full==True``, return current camera status as a set of enabled status states;
        otherwise, return tuple ``(status, warnings, errors)`` with additional information about warnings and error.
        """
        warn,err,stat=lib.PCO_GetCameraHealthStatus(self.handle)
        if full:
            return self.CameraStatus(self._parse_flag_bits(stat,self._status_bits),self._parse_flag_bits(warn,self._warning_bits),self._parse_flag_bits(err,self._error_bits))
        else:
            return self._parse_flag_bits(stat,self._status_bits)


[docs]    def get_temperature(self):
        """
        Get the current camera temperature
        
        Return tuple ``(CCD, cam, power)`` with temperatures of the sensor, camera, and power supply respectively.
        """
        temp=lib.PCO_GetTemperature(self.handle)
        return (temp.ccd/10.,temp.cam,temp.pow)

[docs]    def get_conversion_factor(self):
        """Get camera conversion factor (electrons per pixel value)"""
        return lib.PCO_GetConversionFactor(self.handle)/100.

    
    ### Trigger controls ###
    _trigger_modes={"int":0,"soft":1,"ext":2,"ext_exp":3,"ext_sync":4,"ext_exp_fast":5,"ext_cds":6,"ext_exp_slow":7,"ext_sync_hdsdi":0x102}
    _trigger_modes_inv=general.invert_dict(_trigger_modes)
[docs]    def get_trigger_mode(self):
        """Get current trigger mode (see :meth:`set_trigger_mode` for description)"""
        mode=lib.PCO_GetTriggerMode(self.handle)
        return self._trigger_modes_inv[mode]

[docs]    def set_trigger_mode(self, mode):
        """
        Set trigger mode.

        Can be ``"int"`` (internal), ``"soft"`` (software), ``"ext"`` (external+software), ``"ext_exp"`` (external exposure), ``"ext_sync"`` (external PLL sync),
        ``"ext_exp_fast"`` (fast external exposure), ``"ext_cds"`` (external CDS control),
        ``"ext_exp_slow"`` (slow external exposure)`, or ``"ext_sync_hdsdi"`` (external synchronized SD/HDI).

        For description, see PCO SDK manual.
        """
        funcargparse.check_parameter_range(mode,"mode",self._trigger_modes.keys())
        lib.PCO_SetTriggerMode(self.handle,self._trigger_modes[mode])
        self._arm()
        return self.get_trigger_mode()

[docs]    def send_software_trigger(self):
        """Send software trigger signal"""
        return bool(lib.PCO_ForceTrigger(self.handle))


    ### Acquisition controls ###
[docs]    class Buffer(object):
        """Single frame buffer object, which controls setup, cleanup, and synchronization"""
        def __init__(self, size, metadata_size=0):
            object.__init__(self)
            self.buff=ctypes.create_string_buffer(size)
            self.event=lib.CreateEvent()
            self.size=size
            self.status=PCO_SC2_lib.DWORD()
            self.metadata_size=metadata_size
            self.lock=threading.Lock()
[docs]        def wait(self, timeout):
            if not self.lock.acquire(timeout=(-1 if timeout is None else timeout)):
                return False
            wait_res=lib.WaitForSingleObject(self.event,(-1 if timeout is None else np.int(timeout*1000)))==0
            self.lock.release()
            return wait_res

[docs]        def reset(self):
            with self.lock:
                lib.ResetEvent(self.event)

[docs]        def release(self):
            if self.buff is not None:
                lib.CloseHandle(self.event)
                self.buff=None
                self.event=None


    def _allocate_buffers(self, n):
        self.stop_acquisition()
        frame_size,metadata_size=self._get_buffer_size()
        self._buffers=[self.Buffer(frame_size+metadata_size,metadata_size=metadata_size) for _ in range(n)]
        self._next_wait_buffer=0
        self._next_read_buffer=0
        self._next_schedule_buffer=0
        self._last_wait_frame=0
        return n
    def _schedule_buffer(self, buff):
        lib.PCO_AddBufferExtern(self.handle,buff.event,0,0,0,0,buff.buff,buff.size,ctypes.byref(buff.status))
    def _schedule_all_buffers(self, n=None):
        if self._buffers:
            if n is None:
                n=min(len(self._buffers),32)
            for b in self._buffers[:n]:
                self._schedule_buffer(b)
                self._next_schedule_buffer+=1
    def _unschedule_all_buffers(self):
        if self._buffers:
            lib.PCO_CancelImages(self.handle)
    def _deallocate_buffers(self):
        if self._buffers is not None:
            for b in self._buffers:
                b.release()
            self._buffers=None
        
    def _loop_schedule_refresh_buffers(self):
        nbuff=len(self._buffers)
        nsched=min(nbuff,32)
        while self._buffer_looping:
            actioned=False
            if self._next_wait_buffer<self._next_schedule_buffer: # scheduled buffers available
                buff=self._buffers[self._next_wait_buffer%nbuff]
                succ=buff.wait(timeout=0.001)
                if succ:
                    self._next_wait_buffer+=1
                actioned=True
            if self._next_schedule_buffer<self._next_wait_buffer+nsched and self._next_schedule_buffer<self._next_read_buffer+nbuff: # more scheduling space and buffer space
                buff=self._buffers[self._next_schedule_buffer%nbuff]
                buff.reset()
                self._schedule_buffer(buff)
                self._next_schedule_buffer+=1
                actioned=True
            if not actioned:
                time.sleep(0.001)
    def _stop_reading_loop(self):
        if self._buffer_loop_thread is not None:
            self._buffer_looping=False
            self._buffer_loop_thread.join()
            self._buffer_loop_thread=None
    def _start_reading_loop(self):
        self._stop_reading_loop()
        self._buffer_loop_thread=threading.Thread(target=self._loop_schedule_refresh_buffers,daemon=True)
        self._buffer_looping=True
        self._buffer_loop_thread.start()

    def _read_next_buffer(self, npx=None):
        if self._buffers is None or self._next_read_buffer>=self._next_wait_buffer:
            return None
        buff=self._buffers[self._next_read_buffer%len(self._buffers)]
        if npx is None:
            npx=len(buff.buff)//2
        frame=np.frombuffer(buff.buff,dtype="<u2",count=npx).copy()
        metadata=buff.buff[-buff.metadata_size:] if buff.metadata_size>0 else None
        self._next_read_buffer+=1
        return frame,metadata
    def _wait_for_next_buffer(self, timeout=None):
        if self._buffers is None:
            return False
        if self._next_wait_buffer>self._next_read_buffer:
            return True
        buff=self._buffers[self._next_read_buffer%len(self._buffers)]
        return buff.wait(timeout)
    

    AcqTimes=collections.namedtuple("AcqTimes",["exposure","frame_delay","frame_time"])
[docs]    def get_timings(self):
        """
        Get acquisition timing.

        Return tuple ``(exposure, frame_delay, frame_time)``.
        """
        timings=lib.PCO_GetImageTiming(self.handle)
        exp=timings.ExposureTime_s+timings.ExposureTime_ns*1E-9
        frame_delay=timings.TriggerDelay_s+timings.TriggerDelay_ns*1E-9
        frame_time=timings.FrameTime_s+timings.FrameTime_ns*1E-9
        return self.AcqTimes(exp,frame_delay,frame_time)

    def _set_exposure_delay(self, exposure, frame_delay):
        exposure=max(exposure,self.v["sensor/strDescription/dwMinExposureDESC"]*1E-9)
        exposure=min(exposure,self.v["sensor/strDescription/dwMaxExposureDESC"]*1E-3)
        frame_delay=max(frame_delay,self.v["sensor/strDescription/dwMinDelayDESC"]*1E-9)
        frame_delay=min(frame_delay,self.v["sensor/strDescription/dwMaxDelayDESC"]*1E-3)
        ev,eb=self._extract_timebase(exposure)
        dv,db=self._extract_timebase(frame_delay)
        lib.PCO_SetDelayExposureTime(self.handle,dv,ev,db,eb)
        self._arm()
[docs]    def set_exposure(self, exposure):
        """Set camera exposure"""
        self._set_exposure_delay(exposure,self.get_frame_delay())
        return self.get_exposure()

[docs]    def get_exposure(self):
        """Get current exposure"""
        return self.get_timings().exposure

[docs]    def set_frame_delay(self, frame_delay):
        """Set camera frame delay"""
        self._set_exposure_delay(self.get_exposure(),frame_delay)
        return self.get_frame_delay()

[docs]    def get_frame_delay(self):
        """Get current frame delay"""
        return self.get_timings().frame_delay

[docs]    def set_frame_time(self, frame_time=0, adjust_exposure=False):
        """
        Set frame time (frame acquisition period).

        If the time can't be achieved even with zero frame delay and ``adjust_exposure==True``, try to reduce the exposure to get the desired frame time;
        otherwise, keep the exposure the same.
        """
        exposure,frame_delay,curr_frame_time=self.get_timings()
        if curr_frame_time-frame_delay<=frame_time:
            frame_delay=frame_delay+frame_time-curr_frame_time
        else:
            frame_delay=0
            if adjust_exposure:
                exposure=max(0,frame_delay+frame_time-curr_frame_time+exposure)
        self._set_exposure_delay(exposure,frame_delay)
        return self.get_frame_time()

[docs]    def get_frame_time(self):
        """Get current frame time (frame acquisition period)"""
        return self.get_timings().frame_time

[docs]    def get_pixel_rate(self):
        """Get camera pixel rate (in Hz)"""
        return lib.PCO_GetPixelRate(self.handle)

[docs]    def get_available_pixel_rates(self):
        """Get all available pixel rates"""
        rates=self.v["sensor/strDescription/dwPixelRateDESC"]
        rlist=[rates[k] for k in rates if rates[k]>0]
        return sorted(rlist)

[docs]    def set_pixel_rate(self, rate=None):
        """
        Set camera pixel rate (in Hz)

        The rate is always rounded to the closest available.
        If `rate` is ``None``, set the maximal possible rate.
        """
        rates=self.get_available_pixel_rates()
        if rate is None:
            rate=rates[-1]
        else:
            rate=sorted(rates,key=lambda r: abs(r-rate))[0]
        lib.PCO_SetPixelRate(self.handle,rate)
        if self.v["general/strCamType/wCamType"]==0x1300: # pco.edge 5.5 CL
            lib.PCO_SetTransferParametersAuto(self.handle)
        self._arm()
        return self.get_pixel_rate()



    ### Acquisition process controls ###
[docs]    def start_acquisition(self, buffn=None):
        """
        Start camera acquisition.

        `buffn` specifies number of frames in the ring buffer (automatically capped at 32, which is the SDK limit)
        """
        self.stop_acquisition()
        self._allocate_buffers(n=buffn or self._default_nframes)
        self._arm()
        if self._is_pco_edge() and self._is_camlink():
            self._schedule_all_buffers()
            self._start_reading_loop()
            lib.PCO_SetRecordingState(self.handle,1)
        else:
            lib.PCO_SetRecordingState(self.handle,1)
            self._schedule_all_buffers()
            self._start_reading_loop()

[docs]    def stop_acquisition(self):
        """
        Stop acquisition.

        Clears buffers as well, so any readout after acquisition stop is impossible.
        """
        self._stop_reading_loop()
        self._unschedule_all_buffers()
        lib.PCO_SetRecordingState(self.handle,0)
        self._deallocate_buffers()

[docs]    def acquisition_in_progress(self):
        """Check if the acquisition is in progress"""
        return bool(lib.PCO_GetRecordingState(self.handle))

[docs]    def wait_for_frame(self, since="lastread", timeout=20., period=1E-3):
        """
        Wait for a new camera frame.

        `since` specifies what constitutes a new frame.
        Can be ``"lastread"`` (wait for a new frame after the last read frame), ``"lastwait"`` (wait for a new frame after last :meth:`wait_for_frame` call),
        or ``"now"`` (wait for a new frame acquired after this function call).
        If `timeout` is exceeded, raise :exc:`.PCOSC2TimeoutError`.
        `period` specifies camera polling period.
        """
        if not self.acquisition_in_progress():
            return
        last_acq_frame=self._next_wait_buffer-1
        last_read_frame=self._next_read_buffer-1
        if since=="lastread" and last_acq_frame>last_read_frame:
            self._last_wait_frame=last_acq_frame
            return
        if since=="lastwait" and last_acq_frame>self._last_wait_frame:
            self._last_wait_frame=last_acq_frame
            return
        ctd=general.Countdown(timeout)
        while not ctd.passed():
            new_valid=self._next_wait_buffer>self._next_read_buffer
            if new_valid:
                break
            time.sleep(0.001)
        if not new_valid:
            raise PCOSC2TimeoutError()
        self._last_wait_frame=self._next_wait_buffer-1

[docs]    @contextlib.contextmanager
    def pausing_acquisition(self):
        """
        Context manager which temporarily pauses acquisition during execution of ``with`` block.

        Useful for applying certain settings which can't be changed during the acquisition (any settings except for exposure).
        """
        acq=self.acquisition_in_progress()
        try:
            self.stop_acquisition()
            yield
        finally:
            if acq:
                self.start_acquisition()


    # ### Image settings and transfer controls ###
[docs]    def get_detector_size(self):
        """Get camera detector size (in pixels) as a tuple ``(width, height)``"""
        return self.v["sensor/strDescription/wMaxHorzResStdDESC"],self.v["sensor/strDescription/wMaxVertResStdDESC"]

    def _adj_roi_axis(self, start, end, minsize, detsize, step, symm):
        end=min(end,detsize)
        start=min(start,detsize)
        start-=start%step
        end-=end%step
        if end-start<minsize:
            end=start+minsize
        if end>detsize:
            end=detsize
            start=detsize-minsize
        if symm:
            cdist=max(abs(start-detsize//2),abs(end-detsize//2))
            start=min(start,detsize//2-cdist)
            start-=start%step
            end=detsize-start
        return start,end
    def _adj_bin(self, bin, maxbin, binmode):
        bin=max(bin,1)
        bin=min(bin,maxbin)
        if binmode!=1:
            bin=int(2**np.floor(np.log2(bin)))
        return bin
    def _trunc_roi(self, hstart=0, hend=None, vstart=0, vend=None, hbin=1, vbin=1, soft_roi=False):
        xdet,ydet=self.get_detector_size()
        if hend is None:
            hend=xdet
        if vend is None:
            vend=ydet
        hbinmax=self.v["sensor/strDescription/wMaxBinHorzDESC"]
        hbinmode=self.v["sensor/strDescription/wBinHorzSteppingDESC"]
        hbin=self._adj_bin(hbin,hbinmax,hbinmode)
        vbinmax=self.v["sensor/strDescription/wMaxBinVertDESC"]
        vbinmode=self.v["sensor/strDescription/wBinVertSteppingDESC"]
        vbin=self._adj_bin(vbin,vbinmax,vbinmode)
        hstep=self.v["sensor/strDescription/wRoiHorStepsDESC"]
        vstep=self.v["sensor/strDescription/wRoiVertStepsDESC"]
        if hstep==0 or vstep==0: # no ROI
            hstart,hend,vstart,vend=0,xdet,0,ydet
        else:
            if self.v["general/strCamType/wCamType"]==0x1340: # pco.edge CLHS
                hstep=16 # seems to be the case (property says 4, but the documentation says 16)
            hminsize=self.v["sensor/strDescription/wMinSizeHorzDESC"]*hbin
            vsymm="symm_vert_roi" in self._capabilities or (self._is_pco_edge() and not soft_roi) # pco.edge must be symmetric, can with soft ROI activated it can be asymmetric for output
            hsymm="symm_hor_roi" in self._capabilities
            hstart,hend=self._adj_roi_axis(hstart,hend,hminsize,xdet,hstep*hbin,hsymm)
            vminsize=self.v["sensor/strDescription/wMinSizeVertDESC"]*vbin
            vstart,vend=self._adj_roi_axis(vstart,vend,vminsize,ydet,vstep*vbin,vsymm)
        return hstart,hend,vstart,vend,hbin,vbin
[docs]    def get_roi(self):
        """
        Get current ROI.

        Return tuple ``(hstart, hend, vstart, vend, hbin, vbin)``.
        """
        roi=lib.PCO_GetROI(self.handle)
        bin=lib.PCO_GetBinning(self.handle)
        return ((roi[0]-1)*bin[0],roi[2]*bin[0],(roi[1]-1)*bin[1],roi[3]*bin[1],bin[0],bin[1])

[docs]    def set_roi(self, hstart=0, hend=None, vstart=0, vend=None, hbin=1, vbin=1):
        """
        Setup camera ROI.

        `hstart` and `hend` specify horizontal image extent, `vstart` and `vend` specify vertical image extent
        (start are inclusive, stop are exclusive, starting from 0), `hbin` and `vbin` specify binning.
        By default, all non-supplied parameters take extreme values.
        """
        roi=hstart,hend,vstart,vend,hbin,vbin
        hstart,hend,vstart,vend,hbin,vbin=self._trunc_roi(*roi)
        lib.PCO_EnableSoftROI(self.handle,0)
        self._arm()
        lib.PCO_SetROI(self.handle,hstart//hbin+1,vstart//vbin+1,hend//hbin,vend//vbin)
        lib.PCO_SetBinning(self.handle,hbin,vbin)
        self._arm()
        try:
            lib.PCO_EnableSoftROI(self.handle,1)
            self._arm()
            hstart,hend,vstart,vend,hbin,vbin=self._trunc_roi(*roi,soft_roi=True)
            lib.PCO_SetROI(self.handle,hstart//hbin+1,vstart//vbin+1,hend//hbin,vend//vbin)
            self._arm()
        except PCOSC2LibError:
            pass
        dim=self._get_data_dimensions_rc()
        lib.PCO_SetImageParameters(self.handle,dim[1],dim[0],1)
        if self.v["general/strCamType/wCamType"]==0x1300: # pco.edge 5.5 CL
            lib.PCO_SetTransferParametersAuto(self.handle)
        return self.get_roi()

[docs]    def get_roi_limits(self):
        """
        Get the minimal and maximal ROI parameters.

        Return tuple ``(min_roi, max_roi)``, where each element is in turn 6-tuple describing the ROI.
        """
        xdet,ydet=self.get_detector_size()
        min_size=(self.v["sensor/strDescription/wMinSizeHorzDESC"],self.v["sensor/strDescription/wMinSizeVertDESC"])
        maxbin=self.v["sensor/strDescription/wMaxBinHorzDESC"],self.v["sensor/strDescription/wMaxBinVertDESC"]
        min_roi=(0,0,min_size[0],min_size[1],1,1)
        max_roi=(xdet-min_size[0],ydet-min_size[1],xdet,ydet,maxbin[0],maxbin[1])
        return (min_roi,max_roi)


[docs]    def get_bit_aligment(self):
        """
        Get data bit alignment
        
        Can be ``"LSB"`` (normal alignment) or ``"MSB"`` (if camera data is less than 16 bit, it is padded with zeros on the right to match 16 bit).
        """
        return "LSB" if lib.PCO_GetBitAlignment(self.handle) else "MSB"

[docs]    def set_bit_aligment(self, mode):
        """
        Get data bit alignment
        
        Can be ``"LSB"`` (normal alignment) or ``"MSB"`` (if camera data is less than 16 bit, it is padded with zeros on the right to match 16 bit).
        """
        lib.PCO_SetBitAlignment(self.handle,mode=="LSB")
        self._arm()
        return self.get_bit_aligment()

[docs]    def enable_pixel_correction(self, enable=True):
        """Enable or disable hotpixel correction"""
        self._check_option("hot_pixel_correction")
        lib.PCO_SetHotPixelCorrectionMode(self.handle,1 if enable else 0)
        self._arm()
        return self.is_pixel_correction_enabled()

[docs]    def is_pixel_correction_enabled(self):
        """Check if hotpixel correction is enabled"""
        self._check_option("hot_pixel_correction")
        return bool(lib.PCO_GetHotPixelCorrectionMode(self.handle))

    _noise_filter_mode={0:"off",1:"on",0x101:"on_hpc"}
    _noise_filter_mode_inv=general.invert_dict(_noise_filter_mode)
[docs]    def get_noise_filter_mode(self):
        """Get the noise filter mode (for details, see :meth:`set_noise_filter_mode`)"""
        mode=lib.PCO_GetNoiseFilterMode(self.handle)
        return self._noise_filter_mode[mode]

[docs]    def set_noise_filter_mode(self, mode="on"):
        """
        Set the noise filter mode.
        
        Can be ``"off"``, ``"on"``, or ``"on_hpc"`` (on + hot pixel correction).
        """
        funcargparse.check_parameter_range(mode,"mode",self._noise_filter_mode_inv.keys())
        self._check_option("noise_filter")
        lib.PCO_SetNoiseFilterMode(self.handle,self._noise_filter_mode_inv[mode])
        self._arm()
        return self.get_noise_filter_mode()

[docs]    def set_status_line_mode(self, binary=True, ascii=False):
        """
        Set status line mode.

        `binary` determines if the binary line is present (it occupies first 14 pixels of the image).
        `ascii` determines if the ascii line is present (it is plane text timestamp, which takes first 8 rows and about 300 columns).

        It is recommended to always have `binary` option on, since it is used to determine frame index for checking if there are any missing frames.
        """
        if binary:
            mode=2 if ascii else 1
        else:
            mode=3 if ascii else 0
        if not self._has_option("timestamp_ascii_only") and mode==3:
            mode=2
        lib.PCO_SetTimestampMode(self.handle,mode)
        self._arm()
        return self.get_status_line_mode()

[docs]    def get_status_line_mode(self):
        """
        Get status line mode.

        Return tuple ``(binary, ascii)`` (see :meth:`set_status_line_mode` for description)
        """
        mode=lib.PCO_GetTimestampMode(self.handle)
        return mode in {1,2}, mode in {2,3}

[docs]    def set_metadata_mode(self, mode=True):
        """
        Set metadata mode
        """
        self._check_option("metadata")
        lib.PCO_SetMetaDataMode(self.handle,1 if mode else 0)
        self._arm()
        return self.get_metadata_mode()

[docs]    def get_metadata_mode(self):
        """
        Get metadata mode
        
        Return tuple ``(enabled, size, version)``
        """
        self._check_option("metadata")
        return lib.PCO_GetMetaDataMode(self.handle)

    def _get_metadata_size(self):
        if self._has_option("metadata"):
            mm=self.get_metadata_mode()
            return (mm.size*2 if mm.mode else 0)
        else:
            return 0

    def _get_data_dimensions_rc(self):
        sizes=lib.PCO_GetSizes(self.handle)
        return sizes[1],sizes[0]
[docs]    def get_data_dimensions(self):
        """Get readout data dimensions"""
        return image_utils.convert_shape_indexing(self._get_data_dimensions_rc(),"rc",self.image_indexing)

    def _get_buffer_size(self):
        dim=self._get_data_dimensions_rc()
        mm_size=self._get_metadata_size()
        if mm_size>0:
            mm_size=((mm_size-1)//(dim[1]*2)+1)*(dim[1]*2)
        return dim[0]*dim[1]*2,mm_size
    
[docs]    def get_buffer_size(self):
        """Get number of frames in the ring buffer"""
        return len(self._buffers) if self._buffers is not None else 0

    TBufferStatus=collections.namedtuple("TBufferStatus",["unread","size","scheduled","scheduled_max"])
[docs]    def get_buffer_status(self):
        if self._buffers is None:
            return self.TBufferStatus(0,0,0,0)
        unread=self._next_wait_buffer-self._next_read_buffer
        size=len(self._buffers)
        scheduled=self._next_schedule_buffer-self._next_wait_buffer
        scheduled_max=min(size,32)
        return self.TBufferStatus(unread,size,scheduled,scheduled_max)

[docs]    def get_new_images_range(self):
        """
        Get the range of the new images.
        
        Return tuple ``(first, last)`` with images range (inclusive).
        If no images are available, return ``None``.
        """
        if self._next_read_buffer==self._next_wait_buffer:
            return None
        return (self._next_read_buffer,self._next_wait_buffer-1)

[docs]    def read_multiple_images(self, rng=None, return_info=False):
        """
        Read multiple images specified by `rng` (by default, all un-read images).

        If ``return_info==True``, return tuple ``(images, info)``, where ``images`` is a list of frames,
        and ``info`` is a list of frame info tuples extracted from the binary status line (with only one member, frame index).
        Note that if the binary status line is not activated, frame info will be an arbitrary noise.
        If ``return_info==False``, just return a list of frames.

        Fro technical reasons, frames should be read in successively, and every frame can only be read ones.
        Hence, if `rng` is specified, it can lead to either skipping unread frames (if `rng` starts after the first unread frame),
        or reduced number of frames compared to request (if `rng` attempts to read non-acquired or already-read frames).
        """
        new_images_rng=self.get_new_images_range()
        if rng is None:
            rng=new_images_rng
        dim=self._get_data_dimensions_rc()
        if rng is None:
            return np.zeros((0,dim[0],dim[1]))
        rng=list(rng)
        if rng[0]<new_images_rng[0]:
            rng[0]=new_images_rng[0]
        if rng[1]>new_images_rng[1]:
            rng[1]=new_images_rng[1]
        if rng[0]>rng[1]:
            return np.zeros((0,dim[0],dim[1]))
        if rng[0]>new_images_rng[0]:
            for _ in range(rng[0]-new_images_rng[0]):
                self._read_next_buffer(npx=0)
            rng[0]=new_images_rng[0]
        npx=dim[0]*dim[1]
        imgs,_=list(zip(*[self._read_next_buffer(npx=npx) for _ in range(rng[1]-rng[0]+1)]))
        imgs=[image_utils.convert_image_indexing(im.reshape(dim),"rct",self.image_indexing) for im in imgs]
        if return_info:
            infos=[get_frame_info(f) for f in imgs]
            return imgs,infos
        else:
            return imgs


    ### Combined functions ###
[docs]    def snap(self):
        """Snap a single image"""
        self.start_acquisition()
        self.wait_for_frame()
        frame=self.read_multiple_images()[0]
        self.stop_acquisition()
        return frame





TFrameInfo=collections.namedtuple("TFrameInfo",["framestamp"])
[docs]def get_frame_info(frame):
    """
    Get frame info from the binary status line.

    Assume that the status line is present; if it isn't, the returned frame info will be a random noise.
    """
    if frame.ndim==3:
        return [get_frame_info(f) for f in frame]
    sline=frame[0,:14]
    sline=(sline&0x0F)+(sline>>4)*10
    framestamp=sline[0]*10**6+sline[1]*10**4+sline[2]*10**2+sline[3]
    return TFrameInfo(framestamp-1)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Pfeiffer

from ...core.devio import backend  #@UnresolvedImport

_depends_local=["...core.devio.backend"]


[docs]class PfeifferError(RuntimeError):
    """
    Pfiffer devices reading error.
    """
    pass


[docs]class TPG261(backend.IBackendWrapper):
    """
    TPG 261 series pressure gauge.

    Args:
        conn: serial connection parameters (usually port or a tuple containing port and baudrate)
    """
    def __init__(self, conn):
        conn=backend.SerialDeviceBackend.combine_conn(conn,("COM1",9600))
        instr=backend.SerialDeviceBackend(conn,term_write="",term_read="\r\n")
        backend.IBackendWrapper.__init__(self,instr)
        self._add_status_node("pressure",self.get_pressure,ignore_error=(PfeifferError,))
        self._add_status_node("channel_status",self.get_channel_status)
        try:
            self.query("BAU")
        except self.instr.Error as e:
            self.close()
            raise self.instr.BackendOpenError(e)
    
[docs]    def comm(self, msg):
        """Send a command to the device"""
        self.instr.write(msg+"\r\n")
        rsp=self.instr.readline()
        if len(rsp)==1:
            if rsp[:1]==b"\x15":
                raise PfeifferError("device returned negative acknowledgement")
            elif rsp[:1]==b"\x06":
                return
        raise PfeifferError("device returned unexpected acknowledgement: {}".format(rsp))

[docs]    def query(self, msg):
        """Send a query to the device and return the reply"""
        self.comm(msg)
        self.instr.write(b"\05")
        return self.instr.readline()

        
    _pstats=["OK","underrange","overrange","sensor error","sensor off","no sensor","ID error"]
[docs]    def get_channel_status(self, channel=1):
        resp=self.query("PR{}".format(channel))
        stat=resp.split(b",")[0].strip()
        return self._pstats[int(stat)]

[docs]    def get_pressure(self, channel=1):
        """Get pressure at a given channel"""
        resp=self.query("PR{}".format(channel))
        stat,press=[s.strip() for s in resp.split(b",")]
        stat=int(stat)
        if stat:
            raise PfeifferError("pressure reading error: status {} ({})".format(stat,self._pstats[stat]))
        return float(press)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.PhotonFocus

from ...core.utils import dictionary, py3, general
from ...core.devio import data_format, interface
from ...core.dataproc import image as image_utils

import numpy as np
import contextlib
import time
import collections
import re

from .IMAQdx import IMAQdxPhotonFocusCamera as PhotonFocusIMAQdxCamera
from .IMAQ import IMAQCamera, IMAQError, lib as IMAQ_lib
from . import pfcam_lib
lib=pfcam_lib.lib
try:
    lib.initlib()
except (ImportError, OSError):
    pass
PfcamError=pfcam_lib.PfcamLibError
[docs]class PFGenericError(RuntimeError):
    "Generic IMAQ camera error."


_depends_local=[".pfcam_lib",".IMAQ",".IMAQdx","...core.devio.interface"]

[docs]class PfcamProperty(object):
    """
    Object representing a pfcam camera property.

    Allows to query and set values and get additional information.
    Usually created automatically by an :class:`PhotonFocusIMAQCamera` instance, but could be created manually.

    Attributes:
        name: attribute name
        readable (bool): whether property is readable
        writable (bool): whether property is writable
        is_command (bool): whether property is a command
        min (float or int): minimal property value (if applicable)
        max (float or int): maximal property value (if applicable)
        values: list of possible property values (if applicable)
    """
    def __init__(self, port, name):
        object.__init__(self)
        self.port=port
        self.name=py3.as_str(name)
        self._token=lib.pfProperty_ParseName(port,self.name)
        if self._token==pfcam_lib.PfInvalidToken:
            raise PFGenericError("property {} doesn't exist".format(name))
        self._type=pfcam_lib.lib.get_ptype_dicts(port)[0][lib.pfProperty_GetType(port,self._token)]
        if self._type not in pfcam_lib.ValuePropertyTypes|{"PF_COMMAND"}:
            raise PFGenericError("property type {} not supported".format(self._type))
        self._flags=lib.pfProperty_GetFlags(port,self._token)
        if self._flags&0x02:
            raise PFGenericError("property {} is private".format(self.name))
        self.is_command=self._type=="PF_COMMAND"
        self.readable=not (self._flags&0x20 or self.is_command)
        self.writable=not (self._flags&0x10 or self.is_command)
        if self._type in {"PF_INT","PF_UINT","PF_FLOAT"}:
            self.min=lib.get_property_by_name(port,self.name+".Min")
            self.max=lib.get_property_by_name(port,self.name+".Max")
        else:
            self.min=self.max=None
        if self._type=="PF_MODE":
            self._values_dict={}
            self._values_dict_inv={}
            nodes=lib.collect_properties(port,self._token,backbone=False)
            for tok,val in nodes:
                val=py3.as_str(val)
                if lib.pfProperty_GetType(port,tok)==2: # integer token, means one of possible values
                    ival=lib.pfDevice_GetProperty(port,tok)
                    self._values_dict[val]=ival
                    self._values_dict_inv[ival]=val
            self.values=list(self._values_dict)
        else:
            self._values_dict=self._values_dict_inv={}
            self.values=None
    
[docs]    def update_minmax(self):
        """Update minimal and maximal property limits"""
        if self._type in {"PF_INT","PF_UINT","PF_FLOAT"}:
            self.min=lib.get_property_by_name(self.port,self.name+".Min")
            self.max=lib.get_property_by_name(self.port,self.name+".Max")

[docs]    def truncate_value(self, value):
        """Truncate value to lie within property limits"""
        self.update_minmax()
        if self.min is not None and value<self.min:
            value=self.min
        if self.max is not None and value>self.max:
            value=self.max
        return value


[docs]    def get_value(self, enum_as_str=True):
        """
        Get property value.
        
        If ``enum_as_str==True``, return enum-style values as strings; otherwise, return corresponding integer values.
        """
        if not self.readable:
            raise PFGenericError("property {} is not readable".format(self.name))
        val=lib.pfDevice_GetProperty(self.port,self._token)
        if self._type=="PF_MODE" and enum_as_str:
            val=self._values_dict_inv[val]
        return val

[docs]    def set_value(self, value, truncate=True):
        """
        Get property value.
        
        If ``truncate==True``, automatically truncate value to lie within allowed range.
        """
        if not self.writable:
            raise PFGenericError("property {} is not writable".format(self.name))
        if truncate:
            value=self.truncate_value(value)
        if isinstance(value,py3.anystring) and self._type=="PF_MODE":
            value=self._values_dict[value]
        lib.pfDevice_SetProperty(self.port,self._token,value)
        return self.get_value()

[docs]    def call_command(self, arg=0):
        """If property is a command, call it with a given argument; otherwise, raise an error."""
        if not self.is_command:
            raise PFGenericError("{} is not a PF_COMMAND property".format(self.name))
        lib.pfDevice_SetProperty(self.port,self._token,arg)


    def __repr__(self):
        return "{}({})".format(self.__class__.__name__,self.name)








[docs]def query_camera_name(port):
    """Query cameras name at a given port in pfcam interface"""
    lib.pfPortInit()
    try:
        lib.pfDeviceOpen(port)
        raw_name=lib.pfProperty_GetName(port,lib.pfDevice_GetRoot(port))
        value=py3.as_str(raw_name) if raw_name is not None else None
        lib.pfDeviceClose(port)
        return value
    except PfcamError:
        try:
            lib.pfDeviceClose(port)
        except PfcamError:
            pass
    return None

[docs]def list_cameras(supported=False):
    """
    List all cameras available through pfcam interface
    
    If ``supported==True``, only return cameras which support pfcam protocol.
    """
    ports=range(lib.pfPortInit())
    if supported:
        ports=[p for p in ports if query_camera_name(p) is not None]
    return [(p,lib.pfPortInfo(p)) for p in ports]








[docs]class PhotonFocusIMAQCamera(IMAQCamera):
    """
    IMAQ+PFcam interface to a PhotonFocus camera.

    Args:
        imaq_name: IMAQ interface name (can be learned by :func:`.IMAQ.list_cameras`; usually, but not always, starts with ``"img"``)
        pfcam_port: port number for pfcam interface (can be learned by :func:`list_cameras`; port number is the first element of the camera data tuple)
    """
    def __init__(self, imaq_name="img0", pfcam_port=0):
        self.pfcam_port=pfcam_port
        self.pfcam_opened=False
        self.v=dictionary.ItemAccessor(self.get_value,self.set_value)
        try:
            IMAQCamera.__init__(self,imaq_name)
        except Exception:
            self.close()
            raise

        self._add_full_info_node("model_data",self.get_model_data)
        self._add_full_info_node("interface_name",lambda: self.name)
        self._add_full_info_node("pfcam_port",lambda: self.pfcam_port)
        self._add_status_node("properties",self.get_all_properties)
        self._add_settings_node("trigger_interleave",self.get_trigger_interleave,self.set_trigger_interleave)
        self._add_settings_node("cfr",self.is_CFR_enabled,self.enable_CFR)
        self._add_settings_node("status_line",self.is_status_line_enabled,self.enable_status_line)
        self._add_settings_node("bl_offset",self.get_black_level_offset,self.set_black_level_offset)
        self._add_settings_node("exposure",self.get_exposure,self.set_exposure)
        self._add_settings_node("frame_time",self.get_frame_time,self.set_frame_time)
    
[docs]    def setup_max_baudrate(self):
        brs=[115200,57600,38400,19200,9600,4800,2400,1200]
        try:
            for br in brs:
                if lib.pfIsBaudRateSupported(self.pfcam_port,br):
                    lib.pfSetBaudRate(self.pfcam_port,br)
                    return
        except PfcamError: # pfSetBaudRate sometimes raises unknown error
            pass

[docs]    def open(self):
        """Open connection to the camera"""
        IMAQCamera.open(self)
        if not self.pfcam_opened:
            lib.pfPortInit()
            lib.pfDeviceOpen(self.pfcam_port)
            self.pfcam_opened=True
            self.setup_max_baudrate()
            self.properties=dictionary.Dictionary(dict([ (p.name.replace(".","/"),p) for p in self.list_properties() ]))
            self._update_imaq()

[docs]    def close(self):
        """Close connection to the camera"""
        IMAQCamera.close(self)
        if self.pfcam_opened:
            lib.pfDeviceClose(self.pfcam_port)
            self.pfcam_opened=False


[docs]    def post_open(self):
        """Action to automatically call on opening"""
        pass


[docs]    def list_properties(self, root=""):
        """
        List all properties at a given root.

        Return list of :class:`PfcamProperty` objects, which allow querying and settings values
        and getting additional information (limits, values).
        """
        root=root.replace("/",".")
        pfx=root
        if root=="":
            root=lib.pfDevice_GetRoot(self.pfcam_port)
        else:
            root=lib.pfProperty_ParseName(self.pfcam_port,root)
        props=lib.collect_properties(self.pfcam_port,root,pfx=pfx,include_types=pfcam_lib.ValuePropertyTypes|{"PF_COMMAND"})
        pfprops=[]
        for (_,name) in props:
            try:
                pfprops.append(PfcamProperty(self.pfcam_port,name))
            except PFGenericError:
                pass
        return pfprops


[docs]    def get_value(self, name, default=None):
        """Get value of the property with a given name"""
        name=name.replace(".","/")
        if (default is not None) and (name not in self.properties):
            return default
        if self.properties.is_dictionary(self.properties[name]):
            return self.get_all_properties(root=name)
        v=self.properties[name].get_value()
        return v

    def _get_value_direct(self, name):
        return lib.get_property_by_name(self.pfcam_port,name)
[docs]    def set_value(self, name, value, ignore_missing=False, truncate=True):
        """
        Set value of the property with a given name.
        
        If ``truncate==True``, truncate value to lie within property range.
        """
        name=name.replace(".","/")
        if (name in self.properties) or (not ignore_missing):
            if self.properties.is_dictionary(self.properties[name]):
                self.set_all_properties(value,root=name)
            else:
                self.properties[name].set_value(value,truncate=truncate)

[docs]    def call_command(self, name, arg=0, ignore_missing=False):
        """If property is a command, call it with a given argument; otherwise, raise an error."""
        name=name.replace(".","/")
        if (name in self.properties) or (not ignore_missing):
            self.properties[name].call_command(arg=arg)


[docs]    def get_all_properties(self, root="", as_dict=False):
        """
        Get values of all properties with the given `root`.

        If ``as_dict==True``, return ``dict`` object; otherwise, return :class:`.Dictionary` object.
        """
        settings=self.properties[root].copy().filter_self(lambda a: a.readable).map_self(lambda a: a.get_value())
        return settings.as_dict(style="flat") if as_dict else settings

[docs]    def set_all_properties(self, settings, root="", truncate=True):
        """
        Set values of all properties with the given `root`.
        
        If ``truncate==True``, truncate value to lie within attribute range.
        """
        settings=dictionary.as_dict(settings,style="flat",copy=False)
        for k in settings:
            if k in self.properties[root] and self.properties[root,k].writable:
                self.properties[root,k].set_value(settings[k],truncate=truncate)



    ModelData=collections.namedtuple("ModelData",["model","serial_number"])
[docs]    def get_model_data(self):
        """
        Get camera model data.

        Return tuple ``(model, serial_number)``.
        """
        model=py3.as_str(lib.pfProperty_GetName(self.pfcam_port,lib.pfDevice_GetRoot(self.pfcam_port)))
        serial_number=self.get_value("Header.Serial",0)
        return self.ModelData(model,serial_number)



[docs]    def get_detector_size(self):
        return self.properties["Window/W"].max,self.properties["Window/H"].max

    def _get_pf_data_dimensions_rc(self):
        return self.v["Window/H"],self.v["Window/W"]
    def _update_imaq(self):
        r,c=self._get_pf_data_dimensions_rc()
        IMAQCamera.set_roi(self,0,c,0,r)
[docs]    def get_roi(self):
        """
        Get current ROI.

        Return tuple ``(hstart, hend, vstart, vend)``.
        """
        ox=self.v.get("Window/X",0)
        oy=self.v.get("Window/Y",0)
        w=self.v["Window/W"]
        h=self.v["Window/H"]
        return ox,ox+w,oy,oy+h

[docs]    def set_roi(self, hstart=0, hend=None, vstart=0, vend=None):
        """
        Setup camera ROI.

        By default, all non-supplied parameters take extreme values.
        """
        for a in ["Window/X","Window/Y","Window/W","Window/H"]:
            if a not in self.properties or not self.properties[a].writable:
                return
        det_size=self.get_detector_size()
        imaq_detector_size=IMAQCamera.get_detector_size(self)
        if hend is None:
            hend=det_size[0]
        if vend is None:
            vend=det_size[1]
        self.v["Window/W"]=min(hend-hstart,imaq_detector_size[0])
        self.v["Window/H"]=min(vend-vstart,imaq_detector_size[1])
        self.v["Window/X"]=hstart
        self.v["Window/Y"]=vstart
        self._update_imaq()
        return self.get_roi()

[docs]    def get_roi_limits(self):
        """
        Get the minimal and maximal ROI parameters.

        Return tuple ``(min_roi, max_roi)``, where each element is in turn 4-tuple describing the ROI.
        """
        params=["Window/X","Window/Y","Window/W","Window/H"]
        for p in params:
            self.properties[p].update_minmax()
        minp=tuple([(self.properties[p].min if p in self.properties else 0) for p in params])
        maxp=tuple([(self.properties[p].max if p in self.properties else 0) for p in params])
        min_roi=(0,0)+minp[2:]
        max_roi=maxp
        return (min_roi,max_roi)


    def _get_buffer_bpp(self):
        bpp=IMAQCamera._get_buffer_bpp(self)
        if "DataResolution" in self.properties:
            res=self.v["DataResolution"]
            m=re.match(r"Res(\d+)Bit",res)
            if m:
                bpp=(int(m.group(1))-1)//8+1
        return bpp
    def _get_data_dimensions_rc(self):
        roi=self.get_roi()
        w,h=roi[1]-roi[0],roi[3]-roi[2]
        return h,w

[docs]    def get_exposure(self):
        """Get current exposure"""
        return self.v["ExposureTime"]*1E-3

[docs]    def set_exposure(self, exposure):
        """Set current exposure"""
        self.v["ExposureTime"]=exposure*1E3
        return self.get_exposure()


[docs]    def get_frame_time(self):
        """Get current frame time"""
        if "FrameTime" in self.properties:
            return self.v["FrameTime"]*1E-3
        else:
            return 1./float(self.v["FrameRate"])

[docs]    def set_frame_time(self, frame_time):
        """Set current frame time"""
        if "FrameTime" in self.properties:
            self.v["FrameTime"]=frame_time*1E3
        return self.get_frame_time()


[docs]    def is_CFR_enabled(self):
        """Check if the constant frame rate mode is enabled"""
        return self.get_value("Trigger/CFR",False)

[docs]    def enable_CFR(self, enabled=True):
        """Enable constant frame rate mode"""
        self.set_value("Trigger/CFR",enabled,ignore_missing=True)
        return self.is_CFR_enabled()


[docs]    def get_trigger_interleave(self):
        """Check if the trigger interleave is on"""
        return self.get_value("Trigger/Interleave",False)

[docs]    def set_trigger_interleave(self, enabled):
        """Set the trigger interleave option on or off"""
        if self.get_trigger_interleave()!=enabled:
            if self.is_CFR_enabled():
                ft=self.get_frame_time()
                self.enable_CFR(False)
                self.set_value("Trigger/Interleave",enabled,ignore_missing=True)
                self.enable_CFR(True)
                self.set_frame_time(ft)
            else:
                self.set_value("Trigger/Interleave",enabled,ignore_missing=True)
        return self.get_trigger_interleave()


[docs]    def is_status_line_enabled(self):
        """Check if the status line is on"""
        return self.get_value("EnStatusLine",False)

[docs]    def enable_status_line(self, enabled=True):
        """Enable or disable status line"""
        self.set_value("EnStatusLine",enabled,ignore_missing=True)
        return self.is_status_line_enabled()


[docs]    def get_black_level_offset(self):
        """Get the black level offset"""
        return self.get_value("Voltages/BlackLevelOffset",0)

[docs]    def set_black_level_offset(self, offset):
        """Set the black level offset"""
        self.set_value("Voltages/BlackLevelOffset",offset,ignore_missing=True)
        return self.get_black_level_offset()









##### Dealing with status line #####

_status_line_magic=0x55AA00FF
def _check_magic(line):
    """Check if the status line satisfies the magic 4-byte requirement"""
    if line.ndim==1:
        return line[0]==_status_line_magic
    else:
        return np.all(line[:,0]==_status_line_magic)
def _extract_line(frames, preferred_line=True):
    lsz=min(frames.shape[-1]//4,6)
    if frames.ndim==2:
        if (frames.shape[1]>=36) == preferred_line:
            return np.frombuffer(frames[-1,:lsz*4].astype("<u1").tobytes(),"<u4") if frames.shape[0]>0 else np.zeros((lsz,1))
        else:
            return np.frombuffer(frames[-2,:lsz*4].astype("<u1").tobytes(),"<u4") if frames.shape[0]>1 else np.zeros((lsz,1))
    else:
        if (frames.shape[2]>=36) == preferred_line:
            return np.frombuffer((frames[:,-1,:lsz*4].astype("<u1").tobytes()),"<u4").reshape((-1,lsz)) if frames.shape[1]>0 else np.zeros((len(frames),lsz,1))
        else:
            return np.frombuffer((frames[:,-2,:lsz*4].astype("<u1").tobytes()),"<u4").reshape((-1,lsz)) if frames.shape[1]>1 else np.zeros((len(frames),lsz,1))
[docs]def get_status_lines(frames, check_transposed=True):
    """
    Extract status lines from the given frames.
    
    `frames` can be 2D array (one frame), 3D array (stack of frames, first index is frame number), or list of array.
    Automatically check if the status line is present; return ``None`` if it's not.
    If ``check_transposed==True``, check for the case where the image is transposed (i.e., line becomes a column).
    """
    if isinstance(frames,list):
        return [get_status_lines(f,check_transposed=check_transposed) for f in frames]
    if frames.shape[-1]>=4:
        lines=_extract_line(frames,True)
        if _check_magic(lines):
            return lines
        lines=_extract_line(frames,False)
        if _check_magic(lines):
            return lines
    if check_transposed:
        tframes=frames.T if frames.ndim==2 else frames.transpose((0,2,1))
        return get_status_lines(tframes,check_transposed=False)
    return None

[docs]def get_status_line_position(frame, check_transposed=True):
    """
    Check whether status line is present in the frame, and return its location.
    
    Return tuple ``(row, transposed)``, where `row` is the status line row (can be ``-1`` or ``-2``)
    and `transposed` is ``True`` if the line is present in the transposed image.
    If no status line is found, return ``None``.
    If ``check_transposed==True``, check for the case where the image is transposed (i.e., line becomes a column).
    """
    if frame.shape[-1]>=4:
        line=_extract_line(frame,True)
        if _check_magic(line):
            return (-1 if frame.shape[1]>=36 else -2),False
        lines=_extract_line(frame,False)
        if _check_magic(lines):
            return (-2 if frame.shape[1]>=36 else -1),False
    if check_transposed:
        res=get_status_line_position(frame.T,check_transposed=False)
        if res:
            return res[0],True
    return None


[docs]def remove_status_line(frame, sl_pos="calculate", policy="duplicate", copy=True):
    """
    Remove status line from the frame.
    
    Args:
        frame: a frame to process (2D or 3D numpy array; if 3D, the first axis is the frame number)
        sl_pos: status line position (returned by :func:`get_status_line_position`); if equal to ``"calculate"``, calculate here;
            for a 3D array, assumed to be the same for all frames
        policy: determines way to deal with the status line;
            can be ``"keep"`` (keep as is), ``"cut"`` (cut off the status line row), ``"zero"`` (set it to zero),
            ``"median"`` (set it to the image median), or ``"duplicate"`` (set it equal to the previous row; default)
        copy: if ``True``, make copy of the original frames; otherwise, attempt to remove the line in-place
    """
    if sl_pos is "calculate":
        sl_pos=get_status_line_position(frame) if frame.ndim==2 else get_status_line_position(frame[0])
    if sl_pos and policy!="keep":
        if copy:
            frame=frame.copy()
        if frame.ndim==2:
            if sl_pos[1]:
                frame=frame.T
            if policy=="median":
                frame[sl_pos[0]:,:]=np.median(frame[:,:sl_pos[0]]) if frame.shape[0]>abs(sl_pos[0]) else 0
            elif policy=="zero":
                frame[sl_pos[0]:,:]=0
            elif policy=="cut":
                frame=frame[:sl_pos[0],:]
            else:
                frame[sl_pos[0]:,:]=frame[sl_pos[0]-1,:].reshape((1,-1)) if frame.shape[0]>abs(sl_pos[0]) else 0
            if sl_pos[1]:
                frame=frame.T
        else:
            if sl_pos[1]:
                frame=frame.transpose((0,2,1))
            if policy=="median":
                frame[:,sl_pos[0]:,:]=np.median(frame[:,:sl_pos[0],:],axis=(1,2)).reshape((-1,1,1)) if frame.shape[1]>abs(sl_pos[0]) else 0
            elif policy=="zero":
                frame[:,sl_pos[0]:,:]=0
            elif policy=="cut":
                frame=frame[:,:sl_pos[0],:]
            else:
                frame[:,sl_pos[0]:,:]=frame[:,sl_pos[0]-1,:].reshape((len(frame),1,-1)) if frame.shape[1]>abs(sl_pos[0]) else 0
            if sl_pos[1]:
                frame=frame.transpose((0,2,1))
    return frame



[docs]def find_skipped_frames(lines, step=1):
    """
    Check if there are skipped frames based on status line reading.

    `step` specifies expected index step between neighboring frames.

    Return list ``[(idx, skipped)]``, where `idx` is the index after which `skipped` frames were skipped.
    """
    dfs=(lines[1:,1]-lines[:-1,1])%(2**24) # the internal counter is only 24-bit
    skipped_idx=(dfs!=step)
    skipped_idx=skipped_idx.nonzero()[0]
    return list(zip(skipped_idx,dfs[skipped_idx])) if len(skipped_idx) else []





          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.PurePhotonics

from builtins import range

from ...core.devio import SCPI, units  #@UnresolvedImport
from ...core.utils import numerical,general,funcargparse  #@UnresolvedImport

_depends_local=["...core.devio.SCPI"]


[docs]class CBDX1(SCPI.SCPIDevice):
    """
    CBDX1 controller for the PurePhotonics PPCL200 laser.
    """
    def __init__(self, addr, read_echo=True, comm_delay=.5, mode_wait_time=5., offset_wait_time=5., connect_on_operation=True):
        backend_params={"connect_on_operation":connect_on_operation}
        SCPI.SCPIDevice.__init__(self,(addr,115200),backend="serial",backend_params=backend_params)
        self.instr.set_timeout(6.)
        self.instr.term_read=[";","\r","\n"]
        self.max_wavelength_step=50E-12
        self.power_range=(4E-3,63E-3)
        self._ask_delay=comm_delay
        self._set_delay=comm_delay
        self._wait_poll_period=comm_delay*2
        self._read_echo_delay=comm_delay
        self._mode_wait_time=mode_wait_time
        self._offset_wait_time=offset_wait_time
        self._read_echo=read_echo
        self._add_settings_node("power_on",self.get_output,None)
        self._add_settings_node("power",self.get_output_level,self.set_output_level)
        self._add_settings_node("wavelength",self.get_wavelength,self.set_wavelength)
        self._add_settings_node("offset",self.get_offset,self.set_offset)
        self._add_settings_node("offset_wavelength",self.get_offset_wavelength,None)
        self._add_settings_node("mode",self.get_mode,self.set_mode)
        self.initialize()
    
    
[docs]    def initialize(self):
        with self.instr.single_op():
            self.write("pass coherent",read_echo=True,read_echo_delay=self._read_echo_delay)
            self.flush()

        
[docs]    def reset_output(self):
        with self.instr.single_op():
            mode=self.get_mode()
            on=self.get_output()
            self._set_output_raw(False,wait=True)
            self.set_mode("standard",wait=True)
            self._set_output_raw(on,wait=True)
            self.set_mode(mode,wait=True)

[docs]    def ensure_output(self):        
        with self.instr.single_op():
            on=self.get_output()
            if not on:
                self._set_output_raw(True,wait=True)
            mode=self.get_mode()
            if mode!="whisper":
                self.set_mode("whisper",wait=True)

        
[docs]    def write_register(self, addr, value):
        value=int(value)
        value=min((2<<15)-1,max(-(2<<15),value))
        command="byp 1,1,1,1,{:02x},{:02x},{:02x}".format(int(addr)&0xFF,(value>>8)&0xFF,value&0xFF)
        with self.instr.single_op():
            self.write(command,read_echo=True,read_echo_delay=self._read_echo_delay)
            self.flush()

[docs]    def read_register(self, addr):
        command="byp 1,1,1,0,{:02x},0,0".format(addr&0xFF)
        with self.instr.single_op():
            resp=self.ask(command,delay=self._ask_delay,read_echo=self._read_echo)
        reg=[int(d.strip(),base=16) for d in resp.split(",")[2:]]
        return reg[0]*(1<<8)+reg[1]

    
[docs]    def is_busy(self):
        with self.instr.single_op():
            return self.ask("BUSY?","bool",delay=self._ask_delay,read_echo=self._read_echo)

[docs]    def wait_sync(self, timeout=None):
        timeout=self._wait_sync_timeout if timeout is None else timeout
        countdown=general.Countdown(timeout)
        while True:
            if not self.is_busy():
                return True
            if countdown.passed():
                return False
            self.sleep(self._wait_poll_period)

            
[docs]    def get_mode(self):
        mode=self.read_register(0x90)
        if mode==0:
            return "standard"
        elif mode==1:
            return "no_dither"
        elif mode==2:
            return "whisper"
        else:
            raise self.instr.Error("can't recognize mode {} returned py the device".format(mode))

    _modes={"standard":0,"no_dither":1,"whisper":2}
[docs]    def set_mode(self, mode, wait=True):
        funcargparse.check_parameter_range(mode,"mode",self._modes)
        self.write_register(0x90,self._modes[mode])
        if wait:
            self.sleep(self._set_delay)
            self.wait_sync()

    
    def _check_mode(self):
        mode=self.get_mode()
        if mode!="standard":
            self.set_mode("standard")
            self.sleep(self._mode_wait_time/2.)
        return mode
    
[docs]    def get_output(self):
        return bool(self.read_register(0x32)&0x08)

    def _set_output_raw(self, enabled=True, wait=True):
        self.write_register(0x32,8 if enabled else 0)
        if wait:
            self.sleep(self._set_delay)
            self.wait_sync()
[docs]    def set_output(self, enabled=True, wait=True):
        if enabled and wait:
            mode=self.get_mode()
            self.set_mode("standard",wait=True)
            self._set_output_raw(enabled=enabled,wait=wait)
            self.set_mode(mode,wait=True)
        else:
            self._set_output_raw(enabled=enabled,wait=wait)
        return self.get_output()

[docs]    def get_output_level(self):
        with self.instr.single_op():
            value,unit=self.ask("POWER?","value",delay=self._ask_delay,read_echo=self._read_echo)
        return units.convert_power_units(value,unit or "dBm","W",case_sensitive=False)

[docs]    def set_output_level(self, level, wait=True, check_mode=True):
        wait=wait or check_mode
        if level is None:
            self._set_output_raw(False,wait=wait)
            return None
        else:
            with self.instr.single_op():
                if check_mode:
                    is_on=self.get_output()
                    mode=self._check_mode()
                level=numerical.limit_to_range(level,*self.power_range)
                level=units.convert_power_units(level,"W","dBm")
                self.write("POWER",level,"float",read_echo=True,read_echo_delay=self._read_echo_delay)
                self.flush()
                if wait:
                    self.sleep(self._set_delay)
                    self.wait_sync()
                if check_mode and (mode!="standard"):
                    self.set_mode(mode)
                    self.sleep(self._mode_wait_time)
                    if is_on:
                        self.ensure_output()
                return self.get_output_level()

    
[docs]    def get_wavelength(self):
        with self.instr.single_op():
            value,unit=self.ask("WAVELENGTH?","value",delay=self._ask_delay,read_echo=self._read_echo)
        return units.convert_length_units(value,unit or "nm","m",case_sensitive=False)

[docs]    def set_wavelength(self, wavelength, wait=True, check_mode=True):
        wait=wait or check_mode
        with self.instr.single_op():
            wavelength=units.convert_length_units(wavelength,"m","nm")    
            if check_mode:
                mode=self._check_mode()
            self.write("WAVELENGTH",wavelength,"float",read_echo=True,read_echo_delay=self._read_echo_delay)
            self.flush()
            if wait:
                self.sleep(self._set_delay)
                self.wait_sync()
            if check_mode and (mode!="standard"):
                self.set_mode(mode)
                self.sleep(self._mode_wait_time)
                self.ensure_output()
            return self.get_wavelength()

        
[docs]    def get_offset(self):
        with self.instr.single_op():
            value,unit=self.ask("OFFSET?","value",delay=self._ask_delay,read_echo=self._read_echo)
        return units.convert_frequency_units(value,unit or "GHz","Hz",case_sensitive=True)

[docs]    def set_offset(self, offset, wait=True):
        with self.instr.single_op():
            offset=units.convert_frequency_units(offset,"Hz","MHz")
            if wait:
                self.sleep(self._set_delay)
                self.wait_sync()
            self.write_register(0x62,offset)
            if wait:
                self.sleep(self._set_delay)
                self.wait_sync()
                self.sleep(self._offset_wait_time)
            return self.get_offset()

        
[docs]    def step_wavelength(self, step):
        if abs(step)<=self.max_wavelength_step:
            return self.set_wavelength(self.get_wavelength()+step)
        else:
            return self.get_wavelength()

[docs]    def sweep_wavelength(self, start, step_size, steps_number, delay):
        self.set_wavelength(start)
        for _ in range(steps_number):
            self.sleep(delay)
            self.step_wavelength(step_size)
        return self.get_wavelength()

[docs]    def cycle_wavelength(self, step):
        self.step_wavelength(step)
        return self.step_wavelength(-step)

    
[docs]    def step_offset(self, step):
        return self.set_offset(self.get_offset()+step)

        
[docs]    def get_offset_wavelength(self):
        with self.instr.single_op():
            wavelength=self.get_wavelength()
            freq=3E8/wavelength
            offset=self.get_offset()
            return 3E8/(freq+offset)

        
[docs]    def apply_settings(self, settings):
        if "power_on" in settings and not settings["power_on"]:
            self.set_output(False)
        SCPI.SCPIDevice.apply_settings(self,settings)
        if "power_on" in settings and settings["power_on"]:
            self.set_output(True)
        return self.get_settings()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Rigol

from builtins import range

import numpy as np

from ...core.devio import SCPI, data_format  #@UnresolvedImport
from ...core.utils import funcargparse  #@UnresolvedImport
from ...core.utils import general as general_utils  #@UnresolvedImport

_depends_local=["...core.devio.SCPI"]


[docs]class DSA1030A(SCPI.SCPIDevice):
    """
    Rigol DSA1030A Spectrum Analyzer.
    """
    def __init__(self, addr):
        SCPI.SCPIDevice.__init__(self,addr,term_write="\n")
        self.data_fmt="<f4"
        self.channel=1
        self._add_settings_node("power_on",self.get_output,None)
        self._add_settings_node("power",self.get_output_level,self.set_output_level)
        self._add_settings_node("frequency_range",self.get_frequency_range,self.set_frequency_range)
        self._add_settings_node("bandwidth",self.get_bandwidth,self.set_bandwidth)
        self._add_settings_node("bandwidth/video",
                lambda: self.get_bandwidth("video"),lambda bw: self.set_bandwidth(bw,"video"))
        self._add_settings_node("bandwidth/resolution",
                lambda: self.get_bandwidth("resolution"),lambda bw: self.set_bandwidth(bw,"resolution"))
        self._add_settings_node("attenuation",self.get_attenuation,self.set_attenuation)
        self._add_settings_node("sweep_points",self.get_sweep_points,self.set_sweep_points)
        
[docs]    def select_channel(self, channel):
        self.channel=channel

[docs]    def current_channel(self):
        return self.channel

        
[docs]    def sweep_single(self, wait_type="sync"):
        self.write(":ABORT;:INIT:CONT OFF;:INIT")
        self.wait(wait_type)

[docs]    def sweep_reset(self, wait_type="sync"):
        self.write(":ABORT;:INIT")
        self.wait(wait_type)

[docs]    def sweep_continuous(self, enable=True):
        self.write(":INIT:CONT",enable)
        if not enable:
            self.write(":ABORT")

[docs]    def is_continuous(self):
        return self.ask(":INIT:CONT?","bool")

    
[docs]    def get_output(self):
        return self.ask(":OUTPUT:STATE?","bool")

[docs]    def set_output(self, enabled=True):
        self.write(":OUTPUT:STATE",enabled)

[docs]    def get_output_level(self):
        return self.ask(":SOURCE:POWER:LEVEL:IMMEDIATE:AMPLITUDE?","float")

[docs]    def set_output_level(self, level):
        if level is None:
            self.set_output(False)
            return None
        else:
            self.write(":SOURCE:POWER:LEVEL:IMMEDIATE:AMPLITUDE {:.2E}".format(level))
            return self.get_output_level()

    
[docs]    def get_frequency_range(self):
        start=self.ask(":SENSE:FREQUENCY:START?","float")
        stop=self.ask(":SENSE:FREQUENCY:STOP?","float")
        return start,stop

[docs]    def set_frequency_range(self, frequency):
        try:
            start,stop=min(frequency),max(frequency)
        except TypeError:
            start,stop=frequency,frequency
        if start-stop>=100.:            
            self.write(":SENSE:FREQUENCY:START {:.10E}".format(start))
            self.write(":SENSE:FREQUENCY:STOP {:.10E}".format(stop))
        else: # go to zero span mode
            self.write(":SENSE:FREQUENCY:SPAN {:.10E}".format(stop-start))
            self.write(":SENSE:FREQUENCY:CENTER {:.10E}".format((start+stop)/2.))
        return self.get_frequency_range()

        
[docs]    def get_sweep_points(self):
        return self.ask(":SENSE:SWEEP:POINTS?","int")

[docs]    def set_sweep_points(self, pts):
        self.write(":SENSE:SWEEP:POINTS",int(pts))
        return self.get_sweep_points()

    
[docs]    def get_bandwidth(self, bw_type="video"):
        if not bw_type in ["video","resolution"]:
            raise ValueError("unrecognized bandwidth type: {0}".format(bw_type))
        return self.ask(":SENSE:BANDWIDTH:{0}?".format(bw_type),"float")

[docs]    def set_bandwidth(self, bwidth, bw_type="both"):
        if not bw_type in ["video","resolution","both"]:
            raise ValueError("unrecognized bandwidth type: {0}".format(bw_type))
        if bw_type=="both":
            self.set_bandwidth(bwidth,"video")
            return self.set_bandwidth(bwidth,"resolution")
        else:
            if bwidth is None:
                self.write(":SENSE:BANDWIDTH:{0}:AUTO".format(bw_type),True)
            else:
                self.write(":SENSE:BANDWIDTH:{0}:AUTO".format(bw_type),False)
                self.write(":SENSE:BANDWIDTH:{0}".format(bw_type),bwidth)
            return self.get_bandwidth(bw_type)

            
[docs]    def get_attenuation(self):
        return self.ask(":SENSE:POWER:RF:ATTENUATION?","float")

[docs]    def set_attenuation(self, att):
        if att is None:
            self.write(":SENSE:POWER:RF:ATTENUATION:AUTO 1")
        else:
            self.write(":SENSE:POWER:RF:ATTENUATION",att)
        return self.get_attenuation()

    
[docs]    def autoscale_power(self):
        self.write(":SENSE:POWER:ASCALE")

        
        
[docs]    def set_data_format(self, fmt=None):
        fmt=funcargparse.getdefault(fmt,self.data_fmt)
        fmt=data_format.DataFormat.from_desc(fmt)
        fmt.flip_byteorder() # different convention about normal and swapped
        if not (fmt.is_ascii() or fmt.to_desc()[1:] in ["f4"]):
            raise ValueError("Format {0} isn't supported".format(fmt))
        self.write(":FORMAT:TRACE:DATA {0};:FORMAT:BORDER {1}".format(*fmt.to_desc("SCPI")))

[docs]    def get_data_format(self):
        enc=self.ask(":FORMAT:TRACE:DATA?")
        border=self.ask(":FORMAT:BORDER?")
        fmt=data_format.DataFormat.from_desc_SCPI(enc,border)
        fmt.flip_byteorder() # different convention about normal and swapped
        return fmt.to_desc()

[docs]    def request_data(self, fmt=None):
        fmt=funcargparse.getdefault(fmt,self.data_fmt)
        self.set_data_format(fmt)
        data=self.ask(":TRACE:DATA? TRACE{0}".format(self.channel),"raw")
        return self.parse_trace_data(data,fmt)

            
[docs]    def read_sweep(self):
        pts=self.get_sweep_points()
        trace=self.request_data()
        if len(trace)!=pts:
            raise RuntimeError("received data length {0} is not equal to the number of points {1}".format(len(trace),pts))
        freq_range=self.get_frequency_range()
        freqs=np.linspace(freq_range[0],freq_range[1],pts)
        return np.column_stack(( freqs,trace ))

        
    _chunks_ovlap_pts=300
[docs]    def grab_single_sweep(self, chunks=1, autoscale=True, auto_step_fraction=0.1, chunks_ovlap_pts="auto", error_retries=3):
        for t in general_utils.RetryOnException(error_retries):
            with t:
                self.wait()
                freq_range=self.get_frequency_range()
                cont=self.is_continuous()
                if autoscale:
                    rbw=self.get_bandwidth("resolution")
                    vbw=self.get_bandwidth("video")
                    pts=self.get_sweep_points()
                    att=self.get_attenuation()
                    self.set_bandwidth(min((freq_range[1]-freq_range[0])/10.,3E6))
                    self.set_sweep_points(1201)
                    self.sweep_single()
                    self.autoscale_power()
                    self.set_bandwidth(rbw,"resolution")
                    self.set_bandwidth(vbw,"video")
                    self.set_attenuation(att)
                opt_step=self.get_bandwidth("resolution")*auto_step_fraction
                if chunks=="auto":
                    opt_pts=(freq_range[1]-freq_range[0])/opt_step
                    if opt_pts<pts:
                        chunks=1
                    elif opt_pts<3001:
                        pts=opt_pts
                        chunks=1
                    else:
                        pts=3001
                        chunks=int(opt_pts//pts+1)
                    if chunks_ovlap_pts=="auto":
                        chunks_ovlap_pts=150
                else:
                    if chunks_ovlap_pts=="auto":
                        chunks_ovlap_pts=0
                self.set_sweep_points(pts)
                if chunks==1:
                    self.sweep_single()
                    data=self.read_sweep()
                else:
                    rel_ovlap=chunks_ovlap_pts/(pts-1.)
                    df=float(freq_range[1]-freq_range[0])/chunks
                    spf=df/(1.-rel_ovlap*2)
                    f0=freq_range[0]-spf*rel_ovlap
                    sweeps=[]
                    for i in range(chunks):
                        self.set_frequency_range((f0+df*i,f0+df*i+spf))
                        self.wait()
                        self.sweep_single()
                        single_sweep=self.read_sweep()[chunks_ovlap_pts:pts-chunks_ovlap_pts]
                        if i!=0:
                            single_sweep=single_sweep[1:,:]
                        sweeps.append(single_sweep)
                    self.set_frequency_range(freq_range)
                    data=np.concatenate(sweeps,axis=0)
                    adj_freq=np.linspace(freq_range[0],freq_range[1],len(data))
                    fstep=(freq_range[1]-freq_range[0])/(len(data)-1.)
                    if abs(data[:,0]-adj_freq).max()>fstep*.1:
                        raise RuntimeError("frequency adjustment error")
                    data[:,0]=adj_freq
                self.sweep_continuous(cont)
                return data

        
        
        
[docs]    def apply_settings(self, settings):
        if "power_on" in settings and not settings["power_on"]:
            self.set_output(False)
        SCPI.SCPIDevice.apply_settings(self,settings)
        if "power_on" in settings and settings["power_on"]:
            self.set_output(True)
        self.wait()
        return self.get_settings()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Sirah

from ...core.devio import SCPI  #@UnresolvedImport
from ...core.utils import general, py3

import re
import time

_depends_local=["...core.devio.SCPI"]

[docs]class SirahError(RuntimeError):
    """Generic Sirah error"""

[docs]class SirahTimeoutError(SirahError):
    """Sirah waiting timeout error"""


[docs]class SirahInterface(SCPI.SCPIDevice):
    """
    Generic Sirah device interface using Visa communication.

    Args:
        conn: VISA connection string (something like ``"USB0::0x17E7::<DEVICE_ID>::<DEVICE_SN>::INSTR"``)
    """
    _default_failsafe=False
    def __init__(self, conn):
        SCPI.SCPIDevice.__init__(self,conn,backend="visa",timeout=3.)
    
[docs]    def open(self):
        SCPI.SCPIDevice.open(self)
        self.get_error_codes()


    _reset_comm="RESET"
    def _instr_read(self, raw=False):
        data=SCPI.SCPIDevice._instr_read(self,raw=raw)
        if not raw:
            data=py3.as_str(data)
            m=re.match(r"^:[\w:]+:",data)
            if m:
                data=data[m.end():].strip()
        return data
    _float_fmt=".3f"

[docs]    def get_error_codes(self, clear=True):
        """
        Return errors raised by the Matisse controller.

        If ``clear==True``, clear the errors on the controller (otherwise, it doesn't execute new commands).
        """
        codes=[int(c) for c in self.ask("ERROR:CODE?").split() if c]
        if clear:
            self.write("ERROR:CLEAR",read_echo=True)
        return codes





[docs]class SirahMatisse(SirahInterface):
    """
    Sirah Matisse device interface using Visa communication.

    Args:
        conn: VISA connection string (something like ``"USB0::0x17E7::0x0102::<DEVICE_ID>::INSTR"``)
    """
[docs]    def brf_home(self):
        """Home BRF motor"""
        self.write("MOTBI:HOME",read_echo=True)

[docs]    def brf_halt(self):
        """Stop BRF motor (smoothly)"""
        self.write("MOTBI:HALT",read_echo=True)

[docs]    def get_brf_status_n(self):
        """
        Get BRF motor status as an integer
        
        For the meaning, see Matisse Programmer's Guide
        """
        return self.ask("MOTBI:STATUS?","int")

[docs]    def is_brf_moving(self):
        """Check if BRF motor is moving"""
        return bool(self.get_brf_status_n()&0x100)

[docs]    def wait_for_brf(self, timeout=30., wait_step=0.3):
        """Wait until BRF motor is stopped"""
        ctd=general.Countdown(timeout)
        while True:
            if not self.is_brf_moving():
                return
            if ctd.passed():
                raise SirahTimeoutError()
            time.sleep(wait_step)

[docs]    def get_brf_position(self):
        """Get BRF motor position"""
        return self.ask("MOTBI:POS?","int")

[docs]    def set_brf_position(self, position):
        """Move BRF motor to a new position"""
        self.write("MOTBI:POS",int(position),read_echo=True)
        return self.get_brf_position()


[docs]    def thinet_home(self):
        """Home thin etalon motor"""
        self.write("MOTTE:HOME",read_echo=True)

[docs]    def thinet_halt(self):
        """Stop thin etalon motor (smoothly)"""
        self.write("MOTTE:HALT",read_echo=True)

[docs]    def get_thinet_status_n(self):
        """
        Get thin etalon motor status as an integer
        
        For the meaning, see Matisse Programmer's Guide
        """
        return self.ask("MOTTE:STATUS?","int")

[docs]    def is_thinet_moving(self):
        """Check if thin etalon motor is moving"""
        return bool(self.get_thinet_status_n()&0x100)

[docs]    def wait_for_thinet(self, timeout=30., wait_step=0.3):
        """Wait until thin etalon motor is stopped"""
        ctd=general.Countdown(timeout)
        while True:
            if not self.is_thinet_moving():
                return
            if ctd.passed():
                raise SirahTimeoutError()
            time.sleep(wait_step)

[docs]    def get_thinet_position(self):
        """Get thin etalon motor position"""
        return self.ask("MOTTE:POS?","int")

[docs]    def set_thinet_position(self, position):
        """Move thin etalon motor to a new position"""
        self.write("MOTTE:POS",int(position),read_echo=True)
        return self.get_thinet_position()


[docs]    def get_piezoet_position(self):
        """Get piezo etalon position"""
        return self.ask("PZETL:BASE?","float")

[docs]    def set_piezoet_position(self, position):
        """Change piezo etalon position"""
        self.write("PZETL:BASE",float(position),read_echo=True)
        return self.get_piezoet_position()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.SmarAct

from ...core.utils import general
from ...core.devio.interface import IDevice

from .misc import default_placing_message, load_lib

import os.path
import ctypes
import time

[docs]class SmarActError(RuntimeError):
    """Generic SmarAct error."""


[docs]class SCU3D(IDevice):
    """
    SmarAct SCU3D translation stage.

    Args:
        lib_path(str): path to the SCU3DControl.dll (default is to use the library supplied with the package)
        idx(int): stage index
        axis_mapping(str): 3-symbol string specifying indices of x, y and z axes (can be any permutation of ``"xyz"``)
        axis_dir(str): 3-symbol string specifying default directions of the axes (each symbol be ``"+"`` or ``"-"``)
    """
    def __init__(self, lib_path=None, idx=0, axis_mapping="xyz", axis_dir="+++"):
        IDevice.__init__(self)
        error_message="The library is supplied by the manufacturer with the device;\n{}".format(default_placing_message)
        if lib_path is None:
            self.dll=load_lib("SCU3DControl.dll",locations=("local","global"),call_conv="cdecl",error_message=error_message)
        else:
            self.dll=load_lib(lib_path,call_conv="cdecl",error_message=error_message)
        self.dll.SA_MoveStep_S.argtypes=[ctypes.c_uint,ctypes.c_uint,ctypes.c_int,ctypes.c_uint,ctypes.c_uint]
        self.dll.SA_GetStatus_S.argtypes=[ctypes.c_uint,ctypes.c_uint,ctypes.POINTER(ctypes.c_uint)]
        self.idx=idx
        self.axis_mapping=axis_mapping
        self.axis_dir=axis_dir
        self.open()
        self._add_settings_node("axis_mapping",self.get_axis_mapping,self.set_axis_mapping)
        self._add_settings_node("axis_dir",self.get_axis_dir,self.set_axis_dir)
        self._add_status_node("axis_status",self.get_status,mux=("xyz",))
        self._add_status_node("moving",self.is_moving,mux=("xyz",))

[docs]    def open(self):
        """Open the connection to the stage"""
        self._check_status("SA_InitDevices",self.dll.SA_InitDevices(0))
        self.connected=True

[docs]    def close(self):
        """Close the connection to the stage"""
        self._check_status("SA_ReleaseDevices",self.dll.SA_ReleaseDevices())
        self.connected=False

[docs]    def is_opened(self):
        return self.connected


    _func_status={  0:"SA_OK",
                    1:"SA_INITIALIZATION_ERROR",
                    2:"SA_NOT_INITIALIZED_ERROR",
                    3:"SA_NO_DEVICES_FOUND_ERROR",
                    4:"SA_TOO_MANY_DEVICES_ERROR",
                    5:"SA_INVALID_DEVICE_INDEX_ERROR",
                    6:"SA_INVALID_CHANNEL_INDEX_ERROR",
                    7:"SA_TRANSMIT_ERROR",
                    8:"SA_WRITE_ERROR",
                    9:"SA_INVALID_PARAMETER_ERROR",
                    10:"SA_READ_ERROR",
                    12:"SA_INTERNAL_ERROR",
                    13:"SA_WRONG_MODE_ERROR",
                    14:"SA_PROTOCOL_ERROR",
                    15:"SA_TIMEOUT_ERROR",
                    16:"SA_NOTIFICATION_ALREADY_SET_ERROR",
                    17:"SA_ID_LIST_TOO_SMALL_ERROR",
                    18:"SA_DEVICE_ALREADY_ADDED_ERROR",
                    19:"SA_DEVICE_NOT_FOUND_ERROR",
                    128:"SA_INVALID_COMMAND_ERROR",
                    129:"SA_COMMAND_NOT_SUPPORTED_ERROR",
                    130:"SA_NO_SENSOR_PRESENT_ERROR",
                    131:"SA_WRONG_SENSOR_TYPE_ERROR",
                    132:"SA_END_STOP_REACHED_ERROR",
                    133:"SA_COMMAND_OVERRIDDEN_ERROR",
                    134:"SA_HV_RANGE_ERROR",
                    135:"SA_TEMP_OVERHEAT_ERROR",
                    136:"SA_CALIBRATION_FAILED_ERROR",
                    137:"SA_REFERENCING_FAILED_ERROR",
                    138:"SA_NOT_PROCESSABLE_ERROR",
                    255:"SA_OTHER_ERROR"}
    def _check_status(self, func, status):
        if status:
            if status in self._func_status:
                raise SmarActError("function {} raised error: {} ({})".format(func,status,self._func_status[status]))
            else:
                raise SmarActError("function {} raised unknown error: {}".format(func,status))
    
[docs]    def get_axis_mapping(self):
        return self.axis_mapping

[docs]    def set_axis_mapping(self, mapping):
        self.axis_mapping=mapping
        return self.get_axis_mapping()

[docs]    def get_axis_dir(self):
        return self.axis_dir

[docs]    def set_axis_dir(self, dir):
        self.axis_dir=dir
        return self.get_axis_dir()


    def _get_axis(self, axis):
        if axis in list(self.axis_mapping):
            return self.axis_mapping.find(axis)
        return axis
[docs]    def move_macrostep(self, axis, steps, voltage, frequency):
        """
        Move along a given axis with a given number of steps.

        `voltage` (in Volts) and `frequency` (in Hz) specify the motion parameters.
        """
        axis=self._get_axis(axis)
        axis_dir=-1 if self.axis_dir[axis]=="-" else 1
        stat=self.dll.SA_MoveStep_S(self.idx,self._get_axis(axis),int(steps)*axis_dir,int(voltage*10),int(frequency))
        self._check_status("SA_MoveStep_S",stat)

    _move_presets=[ (1,25.3,1E3), (1,28,1E3), (1,32,1E3), (1,38,1E3), (1,47,1E3),
                    (1,60.5,1E3), (1,80.8,1E3), (2,65.6,1E3), (2,88.4,1E3), (4,88.4,1E3),
                    (7,100.,1E3), (14,100.,1E3), (28,100.,1E3), (56,100.,1.1E3), (100,100.,2.2E3), 
                    (200,100.,4.4E3), (400,100.,8.8E3), (1E3,100.,10E3), (1.8E3,100.,10E3)]
[docs]    def move(self, axis, steps=1, stepsize=10):
        """
        Move along a given axis with a given number of steps using one of the predefined step size.

        `stepsize` can range from 1 (smallest) to 20 (largest).
        """
        par=self._move_presets[max(stepsize-1,0)]
        step_dir=1 if steps>0 else -1
        for _ in range(abs(steps)):
            self.move_macrostep(axis,par[0]*step_dir,par[1],par[2])
            self.wait_for_axis(axis)


    _chan_status={  0:"stopped",
                    1:"setting_amplitude",
                    2:"moving",
                    3:"targeting",
                    4:"holding",
                    5:"calibrating",
                    6:"moving_to_reference"}
[docs]    def get_status(self, axis):
        """Get the axis status"""
        val=ctypes.c_uint()
        stat=self.dll.SA_GetStatus_S(self.idx,self._get_axis(axis),ctypes.byref(val))
        self._check_status("SA_GetStatus_S",stat)
        if val.value in self._chan_status:
            return self._chan_status[val.value]
        else:
            raise SmarActError("function SA_GetStatus_S returned unknown status: {}".format(val.value))

[docs]    def wait_for_axis(self, axis, status="stopped", timeout=3.):
        """
        Wait until the axis reaches a given status.

        By default the status is ``"stopped"`` (i.e., wait until the motion is finished).
        """
        countdown=general.Countdown(timeout)
        while True:
            cur_status=self.get_status(axis)
            if cur_status==status:
                return
            if countdown.passed():
                raise SmarActError("status waiting timed out")
            time.sleep(1E-2)

[docs]    def is_moving(self, axis):
        """Check if a given axis is moving"""
        return self.get_status(axis)=="moving"






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Tektronix

from builtins import range
from ...core.utils.py3 import textstring

import numpy as np

from ...core.devio import SCPI, data_format  #@UnresolvedImport
from ...core.utils import funcargparse, general  #@UnresolvedImport

_depends_local=["...core.devio.SCPI"]



[docs]class ITektronixScope(SCPI.SCPIDevice):
    """
    Generic Tektronix Oscilloscope.
    """
    def __init__(self, addr):
        SCPI.SCPIDevice.__init__(self,addr)
        self.data_fmt="<i1"
        self._wfmpre="WFMP"
        self._trig="TRIGGER:MAIN"
    
    
[docs]    def grab_single(self, wait_type="sync"):
        self.write(":ACQ:STOPAFTER SEQ; :ACQ:STATE ON")
        self.wait(wait_type)

[docs]    def grab_continuous(self, enable=True):
        self.write(":ACQ:STOPAFTER RUNSTOP; :ACQ:STATE",enable)

[docs]    def is_continuous(self):
        return self.ask(":ACQ:STOPAFTER?").strip().upper().startswith("RUN")

[docs]    def is_grabbing(self):
        return self.ask(":ACQ:STATE?","bool")

    
    
[docs]    def get_edge_trigger_source(self):
        src=self.ask(self._trig+":EDGE:SOURCE?").upper()
        if src.startswith("CH"):
            return int(src[2:])
        raise RuntimeError("unrecognized trigger source: {}".format(src))

[docs]    def get_edge_trigger_coupling(self):
        return self.ask(self._trig+":EDGE:COUPL?").lower()

[docs]    def get_edge_trigger_slope(self):
        return self.ask(self._trig+":EDGE:SLOPE?").lower()

[docs]    def get_trigger_level(self):
        return self.ask(self._trig+":LEVEL?").lower()

[docs]    def set_edge_trigger(self, source, level, coupling="dc", slope="fall"):
        self.write(self._trig+":EDGE:SOURCE","CH{}".format(source))
        self.write(self._trig+":EDGE:COUPL",coupling.upper())
        self.write(self._trig+":EDGE:SLOPE",slope.upper())
        self.write(self._trig+":LEVEL",level)
        self.write(self._trig+":TYPE","EDGE")
        return self.get_edge_trigger_source(), self.get_trigger_level(), self.get_edge_trigger_coupling(), self.get_edge_trigger_slope()

    
[docs]    def get_trigger_mode(self):
        return self.ask(self._trig+":MODE?")[:4].lower()

[docs]    def set_trigger_mode(self, mode="auto"):
        self.write(self._trig+":MODE", "AUTO" if mode.lower()=="auto" else "NORM")
        return self.get_trigger_mode()

    
[docs]    def get_trigger_state(self):
        return self.ask("TRIGGER:STATE?").lower()

[docs]    def force_trigger(self):
        self.write("TRIGGER FORCE")

        
    
[docs]    def get_horizontal_span(self):
        return self.ask(":HORIZONTAL:SCALE?","float")*10.

[docs]    def set_horizontal_span(self, span):
        self.write(":HORIZONTAL:SCALE",span/10.,"float")
        return self.get_horizontal_span()

[docs]    def get_horizontal_offset(self):
        return self.ask(":HORIZONTAL:POS?","float")

[docs]    def set_horizontal_offset(self, offset=0.):
        self.write(":HORIZONTAL:POS",offset,"float")
        return self.get_horizontal_offset()

    
[docs]    def channel_enabled(self, channel):
        return self.ask(":SELECT:CH{}?".format(channel),"bool")

[docs]    def enable_channel(self, channel, enabled=True):
        self.write(":SELECT:CH{}".format(channel),enabled,"bool")
        return self.channel_enabled(channel)

[docs]    def get_coupling(self, channel):
        return self.ask(":CH{}:COUPL?".format(channel)).lower()

[docs]    def set_coupling(self, channel, coupling="dc"):
        self.write(":CH{}:COUPL".format(channel),coupling.upper())
        return self.get_coupling(channel)

[docs]    def get_vertical_span(self, channel):
        return self.ask(":CH{}:SCALE?".format(channel),"float")*10. # scale is per division (10 division per screen)

[docs]    def set_vertical_span(self, channel, span):
        self.write(":CH{}:SCALE".format(channel),span/10.,"float") # scale is per division (10 division per screen)
        return self.get_vertical_span(channel)

[docs]    def get_vertical_position(self, channel):
        return self.ask(":CH{}:POSITION?".format(channel),"float")*self.get_vertical_span(channel)/10. # offset is in divisions (10 division per screen)

[docs]    def set_vertical_position(self, channel, offset):
        offset/=self.get_vertical_span(channel)/10. # offset is in divisions (10 division per screen)
        self.write(":CH{}:POSITION".format(channel),offset,"float")
        return self.get_vertical_position(channel)

    
    
[docs]    def get_points_number(self, kind="send"):
        funcargparse.check_parameter_range(kind,"kind",{"acq","trace","send"})
        if kind=="acq":
            return self.ask(":HORIZONTAL:RECORDLENGTH?","int")
        elif kind=="trace":
            return self.ask(":{}:RECORDLENGTH?".format(self._wfmpre),"int")
        else:
            return self.ask(":{}:NR_PT?".format(self._wfmpre),"int")

    def _set_data_resolution(self, resolution):
        pass
[docs]    def set_points_number(self, pts_num, reset_limts=True):
        if pts_num<5E4:
            self._set_data_resolution("REDUCED")
        else:
            self._set_data_resolution("FULL")
        self.write(":HORIZONTAL:RECORDLENGTH",pts_num,"int")
        if reset_limts:
            self.set_data_pts_range()
        return self.get_points_number(kind="send")

[docs]    def get_data_pts_range(self):
        return self.ask(":DATA:START?","int"),min(self.ask(":DATA:STOP?","int"),self.get_points_number())

[docs]    def set_data_pts_range(self, rng=None):
        if rng is None:
            start,stop=1,self.get_points_number(kind="acq")
        else:
            start,stop=min(rng),max(rng)
        self.write(":DATA:START",start,"int")
        self.write(":DATA:STOP",stop,"int")
        return self.get_data_pts_range()

    
[docs]    def set_data_format(self, fmt=None):
        fmt=funcargparse.getdefault(fmt,self.data_fmt)
        fmt=data_format.DataFormat.from_desc(fmt)
        if fmt.is_ascii():
            self.write(":DATA:ENCDG ASCII")
        else:
            if (fmt.kind not in "iu") or (fmt.size not in {1,2}):
                raise ValueError("format {0} isn't supported".format(fmt))
            if fmt.kind=="i":
                dfmt="RIBINARY"
            else:
                dfmt="RPBINARY"
            if fmt.byteorder==">":
                dfmt="S"+dfmt
            self.write(":DATA:ENCDG",dfmt)
            self.write(":DATA:WIDTH",fmt.size)
        return self.get_data_format()

    def _build_data_format(self, dfmt, size):
        if dfmt.startswith("ASC"):
            return "ascii"
        if dfmt[0]=="S":
            border=">"
            dfmt=dfmt[1:]
        else:
            border="<"
        kind="i" if dfmt[1]=="I" else "u"
        return data_format.DataFormat(size,kind,border)
[docs]    def get_data_format(self):
        dfmt=self.ask(":DATA:ENCDG?").upper()
        size=self.ask(":DATA:WIDTH?","int")
        return self._build_data_format(dfmt,size).to_desc()

    def _build_wfmpre(self, data):
        wfmpre={}
        wfmpre["fmt"]=data_format.DataFormat.from_desc("ascii") if data[2].startswith("ASC") else self._build_data_format(data[3],data[0])
        wfmpre["pts"]=int(data[5])
        wfmpre["xzero"]=float(data[10])
        wfmpre["xincr"]=float(data[8])
        wfmpre["ptoff"]=int(data[9])
        wfmpre["ymult"]=float(data[12])
        wfmpre["yzero"]=float(data[13])
        wfmpre["yoff"]=float(data[14])
        return wfmpre
[docs]    def get_wfmpre(self):
        data=self.ask(":{}?".format(self._wfmpre)).split(";")
        data=[d.strip().upper() for d in data]
        return self._build_wfmpre(data)

    
[docs]    def request_data(self, fmt=None):
        fmt=funcargparse.getdefault(fmt,self.data_fmt)
        self.set_data_format(fmt)
        data=self.ask(":CURVE?","raw")
        return self.parse_trace_data(data,fmt)

    def _scale_data(self, data, wfmpre=None):
        wfmpre=wfmpre or self.get_wfmpre()
        xpts=(np.arange(len(data))-wfmpre["ptoff"])*wfmpre["xincr"]+wfmpre["xzero"]
        ypts=(data-wfmpre["yoff"])*wfmpre["ymult"]+wfmpre["yzero"]
        return np.column_stack((xpts,ypts))
    
[docs]    def selected_channel(self):
        source=self.ask(":DATA:SOURCE?").strip().upper()
        if not source.startswith("CH") or len(source)!=3:
            raise RuntimeError("source {} is not a channel".format(source))
        return int(source[-1])

[docs]    def select_channel(self, channel):
        self.write(":DATA:SOURCE CH{}".format(channel))
        return self.selected_channel()

    
    def _read_sweep_fast(self, channel, wfmpre=None):
        self.write(":DATA:SOURCE CH{}".format(channel))
        wfmpre=wfmpre or self.get_wfmpre()
        data=self.ask(":CURVE?","raw")
        trace=self.parse_trace_data(data,wfmpre["fmt"].to_desc())
        if len(trace)!=wfmpre["pts"]:
            raise RuntimeError("received data length {0} is not equal to the number of points {1}".format(len(trace),wfmpre["pts"]))
        return self._scale_data(trace,wfmpre)
[docs]    def read_multiple_sweeps(self, channels, wfmpres=None, ensure_fmt=True):
        wfmpres=wfmpres or [None]*len(channels)
        if ensure_fmt:
            fmt=wfmpres[0]["fmt"] if wfmpres[0] else None
            self.set_data_format(fmt=fmt)
        return [self._read_sweep_fast(ch,wfmpre) for (ch,wfmpre) in zip(channels,wfmpres)]

[docs]    def read_sweep(self, channel, wfmpre=None, ensure_fmt=True):
        return self.read_multiple_sweeps([channel],[wfmpre],ensure_fmt=ensure_fmt)[0]


    
    
    
    
[docs]class DPO2014(ITektronixScope):
    """
    Tektronix DPO2014 Oscilloscope.
    """
    def __init__(self, addr):
        ITektronixScope.__init__(self,addr)
        self._wfmpre="WFMO"
        self._trig="TRIGGER:A"
    def _build_wfmpre(self, data):
        wfmpre={}
        wfmpre["fmt"]=data_format.DataFormat.from_desc("ascii") if data[2].startswith("ASC") else self._build_data_format(data[3],data[0])
        wfmpre["pts"]=int(data[6])
        wfmpre["xzero"]=float(data[10])
        wfmpre["xincr"]=float(data[9])
        wfmpre["ptoff"]=int(data[11])
        wfmpre["ymult"]=float(data[13])
        wfmpre["yzero"]=float(data[15])
        wfmpre["yoff"]=float(data[14])
        return wfmpre
    def _set_data_resolution(self, resolution):
        self.write(":DATA:RESOLUTION",resolution)
        
#     def get_vertical_offset(self, channel):
#         return self.ask(":CH{}:OFFSET?".format(channel),"float")
#     def set_vertical_offset(self, channel, offset):
#         self.write(":CH{}:OFFSET".format(channel),offset,"float")
#         return self.get_vertical_offset(channel)
        
[docs]    def get_horizontal_offset(self):
        return self.ask(":HORIZONTAL:DELAY:TIME?","float") if self.ask(":HORIZONTAL:DELAY:MODE?","bool") else 0

[docs]    def set_horizontal_offset(self, offset=0.):
        if offset:
            self.write(":HORIZONTAL:DELAY:TIME",offset,"float")
        else:
            self.write(":HORIZONTAL:DELAY:MODE",False,"bool")
        return self.get_horizontal_offset()


        
[docs]class TDS2000(ITektronixScope):
    """
    Tektronix TDS2000 Oscilloscope.
    """
    def __init__(self, addr):
        ITektronixScope.__init__(self,addr)







[docs]class MDO3000(SCPI.SCPIDevice):
    """
    Tektronix MDO3000 Oscilloscope with the Spectrum Analyzer add-on.
    """
    _default_operation_cooldown=0.02
    def __init__(self, addr):
        SCPI.SCPIDevice.__init__(self,addr)
        self.data_fmt_scope="<i1"
        self.data_fmt_spec="<f4"
        self._wfmpre="WFMO"
        self._rel_sweep_step=5.
        self._add_settings_node("avg",self.get_avg,self.set_avg)
        self._add_settings_node("frequency_range",self.get_frequency_range,self.set_frequency_range)
        self._add_settings_node("bandwidth",self.get_bandwidth,self.set_bandwidth)
        self._add_settings_node("rel_sweep_step",self.get_rel_sweep_step,self.set_rel_sweep_step)
        self._add_settings_node("ref_level",self.get_ref_level,self.set_ref_level)
        self._add_settings_node("rf_avg",self.get_rf_avg,self.set_rf_avg)
        self._add_settings_node("rf_mode",self.get_rf_mode,self.set_rf_mode)
        self._add_settings_node("channel",self.get_selected_channel,self.select_channel)
    
    
    ### TRIGGER ###
    
[docs]    def get_avg(self):
        mode=self.ask(":ACQ:MODE?").upper()
        if mode=="AVERAGE":
            return self.ask(":ACQ:NUMAVG?","int")
        else:
            return 1

[docs]    def set_avg(self, avg):
        if avg is True or avg>1:
            self.write(":ACQ:MODE AVERAGE")
            if avg is not True:
                self.write(":ACQ:NUMAVG",avg)
                self.set_rf_avg(avg)
        else:
            self.write(":ACQ:MODE SAMPLE")
        return self.get_avg()

    
[docs]    def grab_single(self, avg=None, wait_type="sync"):
        if avg is not None:
            self.set_avg(avg)
        self.write(":ACQ:STOPAFTER SEQ")
        self.write(":ACQ:STATE ON")
        self.wait(wait_type)

[docs]    def grab_continuous(self, enable=True):
        self.write(":ACQ:STOPAFTER RUNSTOP")
        self.write(":ACQ:STATE",enable)

[docs]    def is_continuous(self):
        return self.ask(":ACQ:STOPAFTER?").strip().upper().startswith("RUN")

[docs]    def is_grabbing(self):
        return self.ask(":ACQ:STATE?")

    
    
    ### SCOPE ###
    
[docs]    def get_horizontal_span(self):
        return self.ask(":HORIZONTAL:SCALE?","float")*10.

[docs]    def set_horizontal_span(self, span):
        self.write(":HORIZONTAL:SCALE",span/10.,"float")
        return self.get_horizontal_span()

    
[docs]    def channel_enabled(self, channel):
        return self.ask(":SELECT:CH{}?".format(channel),"bool")

[docs]    def enable_channel(self, channel, enabled=True):
        self.write(":SELECT:CH{}".format(channel),enabled,"bool")
        return self.channel_enabled(channel)

[docs]    def get_vertical_span(self, channel):
        return self.ask(":CH{}:SCALE?".format(channel),"float")*10.

[docs]    def set_vertical_span(self, channel, span):
        self.write(":CH{}:SCALE".format(channel),span/10.,"float")
        return self.get_vertical_span(channel)

    
    
    ### SPECTRUM ANALYZER ##
    
[docs]    def get_frequency_range(self):
        center=self.ask(":RF:FREQ?","float")
        span=self.ask(":RF:SPAN?","float")
        return center-span/2., center+span/2.

[docs]    def set_frequency_range(self, frequency):
        try:
            start,stop=min(frequency),max(frequency)
        except TypeError:
            start,stop=frequency,frequency
        self.write(":RF:FREQ",(start+stop)/2.)
        self.write(":RF:SPAN",stop-start)
        return self.get_frequency_range()

    
[docs]    def get_bandwidth(self):
        return self.ask(":RF:RBW?","float")

[docs]    def set_bandwidth(self, bwidth):
        self.write(":RF:RBW:MODE MANUAL")
        self.write(":RF:RBW",bwidth)
        return self.get_bandwidth()

        
[docs]    def get_rel_sweep_step(self):
        return self._rel_sweep_step

[docs]    def set_rel_sweep_step(self, step):
        if step>0:
            self._rel_sweep_step=step
        return self._rel_sweep_step

        
[docs]    def get_rf_avg(self):
        return self.ask(":RF:RF_AVERAGE:NUMAVG?","int")

[docs]    def set_rf_avg(self, avg):
        self.write(":RF:RF_AVERAGE:NUMAVG", avg)
        return self.get_rf_avg()

    
[docs]    def get_ref_level(self):
        return self.ask(":RF:REFLEVEL?","float")

[docs]    def set_ref_level(self, level):
        self.write(":RF:REFLEVEL",level)
        return self.get_ref_level()

        
    _rf_trace_kind={"normal":"RF_NORMAL","avg":"RF_AVERAGE","max":"RF_MAXHOLD","min":"RF_MINHOLD"}
    _inv_rf_trace_kind=general.invert_dict(_rf_trace_kind)
    def _get_rf_trace_kind(self, kind):
        try:
            return self._rf_trace_kind[kind]
        except KeyError:
            funcargparse.check_parameter_range(kind,"kind",self._rf_trace_kind)
[docs]    def enable_rf_channel(self, kind="normal", enable=True):
        self.write(":SELECT:{} {}".format(self._get_rf_trace_kind(kind),1 if enable else 0))

    
    _rf_modes={"min":"MINUSPEAK","max":"PLUSPEAK","sample":"SAMPLE","avg":"AVERAGE"}
    _inv_rf_modes=general.invert_dict(_rf_modes)
[docs]    def get_rf_mode(self, kind="normal"):
        mode=self.ask(":RF:DETECT:{}?".format(self._get_rf_trace_kind(kind))).strip().upper()
        return self._inv_rf_modes[mode]

[docs]    def set_rf_mode(self, mode="max", kind="norm"):
        try:
            mode=self._rf_modes[mode]
        except KeyError:
            funcargparse.check_parameter_range(mode,"mode",self._rf_modes)
        self.write(":RF:DETECT:MODE MANUAL")
        self.write(":RF:DETECT:{} {}".format(self._get_rf_trace_kind(kind),mode))
        return self.get_rf_mode(kind)

            
    
    ### DATA TRANSFER ###
    
[docs]    def get_points_number(self, kind="send"):
        funcargparse.check_parameter_range(kind,"kind",{"acq","trace","send"})
        if kind=="acq":
            return self.ask(":HORIZONTAL:RECORDLENGTH?","int")
        elif kind=="trace":
            return self.ask(":{}:RECORDLENGTH?".format(self._wfmpre),"int")
        else:
            return self.ask(":{}:NR_PT?".format(self._wfmpre),"int")

    def _set_data_resolution(self, resolution):
        pass
[docs]    def set_points_number(self, pts_num, reset_limts=True):
        if pts_num<5E4:
            self._set_data_resolution("REDUCED")
        else:
            self._set_data_resolution("FULL")
        self.write(":HORIZONTAL:RECORDLENGTH",pts_num,"int")
        if reset_limts:
            self.set_data_pts_range()
        return self.get_points_number(kind="send")

[docs]    def get_data_pts_range(self):
        return self.ask(":DATA:START?","int"),min(self.ask(":DATA:STOP?","int"),self.get_points_number())

[docs]    def set_data_pts_range(self, rng=None):
        if rng is None:
            start,stop=1,self.get_points_number(kind="acq")
        else:
            start,stop=min(rng),max(rng)
        self.write(":DATA:START",start,"int")
        self.write(":DATA:STOP",stop,"int")
        return self.get_data_pts_range()

    
    def _get_default_data_format(self, fmt):
        if fmt is not None:
            return fmt
        src=self.ask(":DATA:SOURCE?").strip().upper()
        return self.data_fmt_scope if src.startswith("CH") else self.data_fmt_spec
        
[docs]    def set_data_format(self, fmt=None):
        fmt=self._get_default_data_format(fmt)
        fmt=data_format.DataFormat.from_desc(fmt)
        if fmt.is_ascii():
            self.write(":DATA:ENCDG ASCII")
        else:
            if fmt.kind=="i":
                dfmt="RIBINARY"
            elif fmt.kind=="u":
                dfmt="RPBINARY"
            else:
                dfmt="FPBINARY"
            if fmt.byteorder=="<":
                dfmt="S"+dfmt
            self.write(":DATA:ENCDG",dfmt)
            self.write(":DATA:WIDTH",fmt.size)
        return self.get_data_format()

[docs]    def get_data_format(self):
        dfmt=self.ask(":DATA:ENCDG?").upper()
        size=self.ask(":DATA:WIDTH?","int")
        if dfmt.startswith("ASC"):
            return "ascii"
        if dfmt[0]=="S":
            border="<"
            dfmt=dfmt[1:]
        else:
            border=">"
        if dfmt[:2]=="RP":
            kind="u"
        elif dfmt[:2]=="RI":
            kind="i"
        else:
            kind="f"
        fmt=data_format.DataFormat(size,kind,border)
        return fmt.to_desc()

    
[docs]    def request_data(self, fmt=None, set_fmt=True):
        fmt=self._get_default_data_format(fmt)
        if set_fmt:
            self.set_data_format(fmt)
        data=self.ask(":CURVE?","raw")
        return self.parse_trace_data(data,fmt)

    
    def _scale_time_data(self, data):
        xzero=self.ask(":{}:XZERO?".format(self._wfmpre),"float")
        xincr=self.ask(":{}:XINCR?".format(self._wfmpre),"float")
        xpts=np.arange(len(data))*xincr+xzero
        ymult=self.ask(":{}:YMULT?".format(self._wfmpre),"float")
        yzero=self.ask(":{}:YZERO?".format(self._wfmpre),"float")
        yoff=self.ask(":{}:YOFF?".format(self._wfmpre),"float")
        ypts=(data-yoff)*ymult+yzero
        return np.column_stack((xpts,ypts))
[docs]    def read_trace(self, channel):
        self.select_channel(channel)
        pts=self.get_points_number(kind="send")
        trace=self.request_data()
        if len(trace)!=pts:
            raise RuntimeError("received data length {0} is not equal to the number of points {1}".format(len(trace),pts))
        return self._scale_time_data(trace)

    
    def _scale_rf_data(self, data):
        center=self.ask(":RF:FREQ?","float")
        span=self.ask(":RF:SPAN?","float")
        xpts=np.linspace(center-span/2.,center+span/2.,len(data))
        return np.column_stack((xpts,data))
[docs]    def read_sweep(self, kind="normal"):
        self.select_channel(self._get_rf_trace_kind(kind))
        pts=self.get_points_number(kind="send")
        trace=self.request_data()
        if len(trace)!=pts:
            raise RuntimeError("received data length {0} is not equal to the number of points {1}".format(len(trace),pts))
        return self._scale_rf_data(trace)

    def _read_sweep_fast(self, pts, fmt):
        trace=self.request_data(fmt, set_fmt=False)
        if len(trace)!=pts:
            raise RuntimeError("received data length {0} is not equal to the number of points {1}".format(len(trace),pts))
        return self._scale_rf_data(trace)
        
[docs]    def grab_rf_sweep(self, kind="avg", avg=None, freq_step=None):
        if freq_step is None:
            self.grab_single(avg=avg)
            return self.read_sweep(kind)
        if freq_step=="auto":
            freq_step=self._rel_sweep_step*self.get_bandwidth()
        freq_range=self.get_frequency_range()
        center,span=(freq_range[0]+freq_range[1])/2.,freq_range[1]-freq_range[0]
        tr_pts=self.get_points_number()
        if tr_pts!=751:
            raise RuntimeError("expected {} points per trace; got {}".format(751,tr_pts))
        tr_span=(tr_pts-1)*freq_step
        pts=int(span/(freq_step*2.))*2+1
        if pts<=tr_pts:
            self.set_frequency_range((center-tr_span/2.,center+tr_span/2.))
            sweep=self.grab_rf_sweep(kind,avg,freq_step=None)
            self.set_frequency_range(freq_range)
            dpts=(tr_pts-pts)//2
            return sweep[dpts:tr_pts-dpts]
        core_pts=501
        step_span=(core_pts-1)*freq_step
        chunks_n=(pts-2)//(core_pts-1)+1
        chunks=[]
        for ch in range(chunks_n):
            tr_center=freq_range[0]+step_span*(ch+0.5)
            self.set_frequency_range((tr_center-tr_span/2.,tr_center+tr_span/2.))
            self.grab_single(avg=avg)
            chunks.append(self.read_sweep(kind))
        for c in range(len(chunks)-1):
            chunks[c]=chunks[c][(tr_pts-core_pts)//2:-(tr_pts-core_pts)//2-1]
        last_pts=(pts-2)%(core_pts-1)+1
        chunks[-1]=chunks[-1][(tr_pts-core_pts)//2:(tr_pts-core_pts)//2+last_pts+1]
        self.set_frequency_range(freq_range)
        return np.concatenate(chunks)

        
    
[docs]    def get_selected_channel(self):
        source=self.ask(":DATA:SOURCE?").strip().upper()
        if source.startswith("CH") and len(source)==3:
            return int(source[-1])
        if source.startswith("RF"):
            return self._inv_rf_trace_kind[source]
        raise RuntimeError("source {} is not a channel".format(source))

[docs]    def select_channel(self, channel):
        if not isinstance(channel,textstring):
            channel="CH{}".format(channel)
        elif channel in self._rf_trace_kind:
            channel=self._get_rf_trace_kind(channel)
        self.write(":DATA:SOURCE {}".format(channel))
        return self.get_selected_channel()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Thorlabs

from ...core.devio import SCPI, units, backend  #@UnresolvedImport
from ...core.utils import strpack, general, funcargparse

import re
import time
try:
    import ft232
except (ImportError,NameError,OSError):
    pass

import collections

_depends_local=["...core.devio.SCPI"]


[docs]class PM100D(SCPI.SCPIDevice):
    """
    Thorlabs PM100D optical Power Meter.

    Args:
        addr: connection address (usually, a VISA connection string)
    """
    def __init__(self, addr):
        SCPI.SCPIDevice.__init__(self,addr)
        self._add_status_node("power",self.get_power)
    
[docs]    def setup_power_measurement(self):
        """Switch the device into power measurement mode"""
        self.write(":CONFIGURE:SCALAR:POWER")

        
[docs]    def get_power(self):
        """Get the power readings"""
        self.write(":MEASURE:POWER")
        value,unit=self.ask(":read?","value")
        return units.convert_power_units(value,unit or "W","W",case_sensitive=False)




[docs]class ThorlabsInterface(SCPI.SCPIDevice):
    """
    Generic Thorlabs device interface using Serial communication.

    Args:
        conn: serial connection parameters (usually port or a tuple containing port and baudrate)
    """
    _default_operation_cooldown=0.01
    _default_failsafe=True
    _allow_concatenate_write=False
    def __init__(self, conn):
        conn=backend.SerialDeviceBackend.combine_conn(conn,("COM1",115200))
        SCPI.SCPIDevice.__init__(self,conn,backend="serial",term_read=["\r","\n"],term_write="\r",timeout=5.)

[docs]    def open(self):
        SCPI.SCPIDevice.open(self)
        self.instr.flush_read()

    
    def _instr_write(self, msg):
        self.instr.flush_read()
        return self.instr.write(msg,read_echo=True)
    def _instr_read(self, raw=False):
        data=""
        while not data:
            data=self.instr.readline(remove_term=True).strip()
            while data[:1]==b">":
                data=data[1:].strip()
        return data



[docs]class FW(ThorlabsInterface):
    """
    Thorlabs FW102/202 motorized filter wheels.

    Args:
        conn: serial connection parameters (usually port or a tuple containing port and baudrate)
        respect_bound(bool): if ``True``, avoid crossing the boundary between the first and the last position in the wheel
    """
    def __init__(self, conn, respect_bound=True):
        ThorlabsInterface.__init__(self,conn)
        self._add_settings_node("pos",self.get_position,self.set_position)
        self._add_settings_node("pcount",self.get_pcount,self.set_pcount)
        self._add_settings_node("speed",self.get_speed,self.set_speed)
        self.pcount=self.get_pcount()
        self.respect_bound=respect_bound

    _id_comm="*idn?"
[docs]    def get_position(self):
        """Get the wheel position (starting from 1)"""
        self.flush()
        return self.ask("pos?","int")

[docs]    def set_position(self, pos):
        """Set the wheel position (starting from 1)"""
        if self.respect_bound: # check if the wheel could go through zero; if so, manually go around instead
            cur_pos=self.get_position()
            if abs(pos-cur_pos)>=self.pcount//2: # could switch by going through zero
                medp1=(2*cur_pos+pos)//3
                medp2=(cur_pos+2*pos)//3
                self.write("pos={}".format(medp1))
                self.write("pos={}".format(medp2))
                self.write("pos={}".format(pos))
            else:
                self.write("pos={}".format(pos))
        else:
            self.write("pos={}".format(pos))
        return self.get_position()


[docs]    def get_pcount(self):
        """Get the number of wheel positions (6 or 12)"""
        self.flush()
        return self.ask("pcount?","int")

[docs]    def set_pcount(self, pcount):
        self.write("pcount={}".format(pcount))
        self.pcount=self.get_pcount()
        return self.pcount


[docs]    def get_speed(self):
        """Get the motion speed"""
        self.flush()
        return self.ask("speed?","int")

[docs]    def set_speed(self, speed):
        """Set the motion speed"""
        self.write("speed={}".format(speed))
        return self.get_speed()






[docs]class MDT69xA(ThorlabsInterface):
    """
    Thorlabs MDT693/4A high-voltage source.

    Uses MDT693A program interface, so should be compatible with both A and B versions.

    Args:
        conn: serial connection parameters (usually port or a tuple containing port and baudrate)
    """
    def __init__(self, conn):
        ThorlabsInterface.__init__(self,conn)
        self._add_settings_node("voltage",self.get_voltage,self.set_voltage,mux=("xyz",1))
        self._add_status_node("voltage_range",self.get_voltage_range)
        try:
            self.get_id(timeout=2.)
        except self.instr.Error as e:
            self.close()
            raise self.instr.BackendOpenError(e)

    _id_comm="I"
[docs]    def get_voltage(self, channel="x"):
        """Get the output voltage in Volts at a given channel"""
        self.flush()
        if not channel.lower() in "xyz":
            raise ValueError("unrecognized channel name: {}".format(channel))
        resp=self.ask(channel.upper()+"R?")
        resp=resp.strip()[2:-1].strip()
        return float(resp)

[docs]    def set_voltage(self, voltage, channel="x"):
        """Set the output voltage in Volts at a given channel"""
        if not channel.lower() in "xyz":
            raise ValueError("unrecognized channel name: {}".format(channel))
        self.write(channel.upper()+"V{:.3f}".format(voltage))
        return self.get_voltage(channel=channel)


[docs]    def get_voltage_range(self):
        """Get the selected voltage range in Volts (75, 100 or 150)."""
        resp=self.ask("%")
        resp=resp.strip()[2:-1].strip()
        return float(resp)







[docs]class KinesisError(RuntimeError):
    """Generic Kinesis device error."""

[docs]class KinesisTimeoutError(KinesisError):
    """Kinesis timeout error."""


[docs]def list_kinesis_devices(filter_ids=True):
    """
    List all Thorlabs Kinesis devices connected ot this PC.

    Return list of tuples ``(conn, description)``.
        If ``filter_ids==True``, only leave devices with Tholabs-like IDs (8-digit numbers).
        Otherwise, show all devices (some of them might not be Thorlabs-related).
    """
    return KinesisDevice.list_devices(filter_ids=filter_ids)


[docs]class KinesisDevice(backend.IBackendWrapper):
    """
    Generic Kinesis device.

    Implements FTDI chip connectivity via pyft232 (virtual serial interface).

    Args:
        conn: serial connection parameters (usually 8-digit device serial number).
    """
    def __init__(self, conn, timeout=3.):
        conn=backend.FT232DeviceBackend.combine_conn(conn,(None,115200))
        instr=backend.FT232DeviceBackend(conn,term_write=b"",term_read=b"",timeout=timeout)
        instr._operation_cooldown=0.01
        backend.IBackendWrapper.__init__(self,instr)
        self._add_full_info_node("device_info",self.get_info)
        self._bg_msg_counters={}

[docs]    @staticmethod
    def list_devices(filter_ids=True):
        """
        List all connected devices.

        Return list of tuples ``(conn, description)``.
        If ``filter_ids==True``, only leave devices with Tholabs-like IDs (8-digit numbers).
        Otherwise, show all devices (some of them might not be Thorlabs-related).
        """
        def _is_thorlabs_id(id):
            return re.match(br"^\d{8}$",id[0]) is not None
        ids=backend.FT232DeviceBackend.list_resources(desc=True)
        if filter_ids:
            ids=[id for id in ids if _is_thorlabs_id(id)]
        return ids

[docs]    def send_comm_nodata(self, messageID, param1=0x00, param2=0x00, source=0x01, dest=0x50):
        """
        Send a message with no associated data.

        For details, see APT communications protocol.
        """
        msg=strpack.pack_uint(messageID,2,"<")+strpack.pack_uint(param1,1)+strpack.pack_uint(param2,1)+strpack.pack_uint(dest,1)+strpack.pack_uint(source,1)
        self.instr.write(msg)

[docs]    def send_comm_data(self, messageID, data, source=0x01, dest=0x50):
        """
        Send a message with associated data.

        For details, see APT communications protocol.
        """
        msg=strpack.pack_uint(messageID,2,"<")+strpack.pack_uint(len(data),2,"<")+strpack.pack_uint(dest|0x80,1)+strpack.pack_uint(source,1)
        self.instr.write(msg+data)


    CommNoData=collections.namedtuple("CommNoData",["messageID","param1","param2","source","dest"])
    CommData=collections.namedtuple("CommData",["messageID","data","source","dest"])
[docs]    def recv_comm(self):
        """
        Receive a message.

        Return either :class:`CommNoData` or :class:`CommData` depending on the message type
        (fixed length with two parameters, or variable length with associated data).
        For details, see APT communications protocol.
        """
        while True:
            msg=self.instr.read(6)
            messageID=strpack.unpack_uint(msg[0:2],"<")
            source=strpack.unpack_uint(msg[5:6])
            dest=strpack.unpack_uint(msg[4:5])
            if dest&0x80:
                dest=dest&0x7F
                datalen=strpack.unpack_uint(msg[2:4],"<")    
                data=self.instr.read(datalen)
                comm=self.CommData(messageID,data,source,dest)
            else:
                param1=strpack.unpack_uint(msg[2:3])
                param2=strpack.unpack_uint(msg[3:4])    
                comm=self.CommNoData(messageID,param1,param2,source,dest)
            if messageID in self._bg_msg_counters:
                cnt,_=self._bg_msg_counters[messageID]
                self._bg_msg_counters[messageID]=(cnt+1,comm)
            else:
                return comm

[docs]    def recv_comm_nodata(self):
        """
        Receive a fixed-length message with two parameters and no associated data.

        If the next message is variable-length, raise error.
        For details, see APT communications protocol.
        """
        msg=self.recv_comm()
        if isinstance(msg,self.CommData):
            raise KinesisError("expected fixed length message, got variable length: {}".format(msg))
        return msg

[docs]    def recv_comm_data(self):
        """
        Receive a variable-length message with associated data.

        If the next message is fixed-length, raise error.
        For details, see APT communications protocol.
        """
        msg=self.recv_comm()
        if isinstance(msg,self.CommNoData):
            raise KinesisError("expected variable length message, got fixed length: {}".format(msg))
        return msg

[docs]    def add_background_comm(self, messageID):
        """
        Mark given messageID as a 'background' message, which can be sent at any point without prompt (e.g., some operation confirmation).

        If it is received instead during ``recv_comm_`` operations, it is ignored, and the corresponding counter is increased.
        """
        self._bg_msg_counters.setdefault(messageID,(0,None))

[docs]    def check_background_comm(self, messageID):
        """Return message counter and the last message value (``None`` if not message received yet) of a given 'background' message."""
        return self._bg_msg_counters[messageID]


    DeviceInfo=collections.namedtuple("DeviceInfo",["serial_no","model_no","fw_ver","hw_type","hw_ver","mod_state","nchannels"])
[docs]    def get_info(self, dest=0x50):
        """
        Get device info.
        """
        self.send_comm_nodata(0x0005,dest=dest)
        data=self.recv_comm_data().data
        serial_no=strpack.unpack_uint(data[:4],"<")
        model_no=data[4:12].decode().strip("\x00")
        fw_ver="{}.{}.{}".format(strpack.unpack_uint(data[16:17]),strpack.unpack_uint(data[15:16]),strpack.unpack_uint(data[14:15]))
        hw_type=strpack.unpack_uint(data[12:14],"<")
        hw_ver=strpack.unpack_uint(data[78:80],"<")
        mod_state=strpack.unpack_uint(data[80:82],"<")
        nchannels=strpack.unpack_uint(data[82:84],"<")
        return self.DeviceInfo(serial_no,model_no,fw_ver,hw_type,hw_ver,mod_state,nchannels)


[docs]    def blink(self, dest=0x50):
        """Identify the physical device (by, e.g., blinking status LED or screen)"""
        self.send_comm_nodata(0x0223,dest=dest)




[docs]class MFF(KinesisDevice):
    """
    MFF (Motorized Filter Flip Mount) device.

    Implements FTDI chip connectivity via pyft232 (virtual serial interface).

    Args:
        conn: serial connection parameters (usually 8-digit device serial number).
    """
    def __init__(self, conn):
        KinesisDevice.__init__(self,conn)
        self._add_settings_node("position",self.get_position,self.set_position)
[docs]    def set_position(self, pos, channel=0):
        """Set the flip mount position (either 0 or 1)"""
        self.send_comm_nodata(0x046A,channel,2 if pos else 1)

[docs]    def get_position(self, channel=0):
        """
        Get the flip mount position (either 0 or 1).

        Return ``None`` if the mount is current moving.
        """
        self.send_comm_nodata(0x0429,channel)
        data=self.recv_comm_data().data
        status=strpack.unpack_uint(data[2:6],"<")
        if status&0x01: # low limit
            return 0
        if status&0x02: # high limit
            return 1
        if status&0x2F0: # moving
            return None
        raise RuntimeError("error getting MF10x position: status {:08x}".format(status))




[docs]class KDC101(KinesisDevice):
    """
    Thorlabs KDC101 DC servo motor controller.

    Implements FTDI chip connectivity via pyft232 (virtual serial interface).

    Args:
        conn(str): serial connection parameters (usually 8-digit device serial number).
    """
    def __init__(self, conn):
        KinesisDevice.__init__(self,conn)
        self._forward_pos=False
        self.add_background_comm(0x0464) # move completed
        self.add_background_comm(0x0466) # move stopped
        self.add_background_comm(0x0444) # homed
        self._add_status_node("position",self.get_position)
        self._add_status_node("status",self.get_status)
        self._add_settings_node("velocity_params",self.get_velocity_params,self.set_velocity_params)

[docs]    def get_status_n(self):
        """
        Get numerical status of the device.

        For details, see APT communications protocol.
        """
        self.send_comm_nodata(0x0429,0x01)
        data=self.recv_comm_data().data
        return strpack.unpack_uint(data[2:6],"<")

    status_bits=[(1<<0,"sw_bk_lim"),(1<<1,"sw_fw_lim"),
                (1<<4,"moving_bk"),(1<<5,"moving_fw"),(1<<6,"jogging_bk"),(1<<7,"jogging_fw"),
                (1<<9,"homing"),(1<<10,"homed"),(1<<12,"tracking"),(1<<13,"settled"),
                (1<<14,"motion_error"),(1<<24,"current_limit"),(1<<31,"enabled")]
[docs]    def get_status(self):
        """
        Get device status.

        Return list of status strings, which can include ``"sw_fw_lim"`` (forward limit switch reached),``"sw_bk_lim"`` (backward limit switch reached),
        ``"moving_fw"`` (moving forward), ``"moving_bk"`` (moving backward),
        ``"homing"`` (homing), ``"homed"`` (homing done), ``"tracking"``, ``"settled"``,
        ``"motion_error"`` (excessive position error), ``"current_limit"`` (motor current limit exceeded), or ``"enabled"`` (motor is enabled).
        """
        status_n=self.get_status_n()
        return [s for (m,s) in self.status_bits if status_n&m]

[docs]    def wait_for_status(self, status, enabled, timeout=None, period=0.05):
        """
        Wait until the given status (or list of status bits) is in the desired state.

        `status` is a string or a list of strings describing the status bits to monitor; for possible values, see :meth:`get_status`.
        If ``enabled==True``, wait until one of the given statuses is enabled; otherwise, wait until all given statuses are disabled.
        `period` specifies status checking period (in s).
        """
        status=funcargparse.as_sequence(status)
        for s in status:
            funcargparse.check_parameter_range(s,"status",[s for _,s in self.status_bits])
        ctd=general.Countdown(timeout)
        while True:
            curr_status=self.get_status()
            if enabled and any([s in curr_status for s in status]):
                return
            if (not enabled) and all([s not in curr_status for s in status]):
                return
            if ctd.passed():
                raise KinesisTimeoutError
            time.sleep(period)


[docs]    def home(self, sync=True, force=False, timeout=None):
        """
        Home the device.

        If ``sync==True``, wait until homing is done (with the given timeout).
        If ``force==False``, only home if the device isn't homed already.
        """
        if self.is_homed() and not force:
            return
        self.send_comm_nodata(0x0443,1)
        if sync:
            self.wait_for_home(timeout=timeout)

[docs]    def is_homing(self):
        """Check if homing is in progress"""
        return "homing" in self.get_status()

[docs]    def is_homed(self):
        """Check if the device is homed"""
        return "homed" in self.get_status()

[docs]    def wait_for_home(self, timeout=None):
        """Wait until the device is homes"""
        return self.wait_for_status("homed",True,timeout=timeout)


    _time_conv=2048/6E6 # time conversion factor
[docs]    def get_velocity_params(self, scale=True):
        """
        Get current velocity parameters ``(max_velocity, acceleration)``
        
        If ``scale==True``, return these in counts/sec and counts/sec^2 respectively; otherwise, return in internal units.
        """
        self.send_comm_nodata(0x0414,1)
        msg=self.recv_comm_data()
        data=msg.data
        acceleration=strpack.unpack_int(data[6:10],"<")
        max_velocity=strpack.unpack_int(data[10:14],"<")
        if scale:
            acceleration/=(self._time_conv**2*2**16)
            max_velocity/=(self._time_conv*2**16)
        return max_velocity,acceleration

[docs]    def set_velocity_params(self, max_velocity, acceleration=None):
        """
        Set current velocity parameters.
        
        The parameters are given in counts/sec and counts/sec^2 respectively (as returned by :meth:`get_velocity_params` with ``scale=True``).
        If `acceleration` is ``None``, use current value.
        """
        if acceleration is None:
            acceleration=self.get_velocity_params(scale=False)[1]
        else:
            acceleration*=self._time_conv**2*2**16
        max_velocity*=(self._time_conv*2**16)
        data=b"\x01\x00"+b"\x00\x00\x00\x00"+strpack.pack_int(int(acceleration),4,"<")+strpack.pack_int(int(max_velocity),4,"<")
        self.send_comm_data(0x0413,data)
        return self.get_velocity_params()

[docs]    def get_position(self):
        """Get current position"""
        self.send_comm_nodata(0x0411,1)
        msg=self.recv_comm_data()
        data=msg.data
        return strpack.unpack_int(data[2:6],"<")

[docs]    def set_position_reference(self, position=0):
        """Set position reference (actual motor position stays the same)"""
        self.send_comm_data(0x0410,b"\x01\x00"+strpack.pack_int(int(position),4,"<"))
        return self.get_position()

[docs]    def move(self, steps=1):
        """Move by `steps` (positive or negative) from the current position"""
        self.send_comm_data(0x0448,b"\x01\x00"+strpack.pack_int(int(steps),4,"<"))

[docs]    def move_to(self, position):
        """Move to `position` (positive or negative)"""
        self.send_comm_data(0x0453,b"\x01\x00"+strpack.pack_int(int(position),4,"<"))

[docs]    def jog(self, direction):
        """Jog in the given direction (``"+"`` or ``"-"``)"""
        if not direction: # 0 or False also mean left
            direction="-"
        if direction in [1, True]:
            direction="+"
        if direction not in ["+","-"]:
            raise KinesisError("unrecognized direction: {}".format(direction))
        _jog_fw=(self._forward_pos and direction=="+") or ( (not self._forward_pos) and direction=="-")
        self.send_comm_nodata(0x0457,1,1 if _jog_fw else 2)

    _moving_status=["moving_fw","moving_bk","jogging_fw","jogging_bk"]
[docs]    def is_moving(self):
        """Check if motion is in progress"""
        curr_status=self.get_status()
        return any([s in curr_status for s in self._moving_status])

[docs]    def wait_for_move(self, timeout=None):
        """Wait until motion is done"""
        return self.wait_for_status(self._moving_status,False,timeout=timeout)


[docs]    def stop(self, immediate=False, sync=True, timeout=None):
        """
        Stop the motion.

        If ``immediate==True`` make an abrupt stop; otherwise, slow down gradually.
        If ``sync==True``, wait until the motion is stopped.
        """
        self.send_comm_nodata(0x0465,1,1 if immediate else 2)
        if sync:
            self.wait_for_stop(timeout=timeout)

[docs]    def wait_for_stop(self, timeout=None):
        """Wait until stopping operation is done"""
        return self.wait_for_status(self._moving_status+["homing"],False,timeout=timeout)




[docs]class K10CR1(KinesisDevice):
    """
    Thorlabs K10CR1 rotation stage.

    Implements FTDI chip connectivity via pyft232 (virtual serial interface).

    Args:
        conn(str): serial connection parameters (usually 8-digit device serial number).
    """
    #  Implemented by Manuel Meierhofer
    def __init__(self, conn):
        KinesisDevice.__init__(self,conn)
        self._forward_pos=False
        self.add_background_comm(0x0464) # move completed
        self.add_background_comm(0x0466) # move stopped
        self.add_background_comm(0x0444) # homed
        self._add_status_node("position",self.get_position)
        self._add_status_node("status",self.get_status)
        self._add_settings_node("velocity_params",self.get_velocity_params,self.set_velocity_params)

[docs]    def get_status_n(self):
        """
        Get numerical status of the device.

        For details, see APT communications protocol.
        """
        self.send_comm_nodata(0x0429,0x01)
        data=self.recv_comm_data().data
        return strpack.unpack_uint(data[2:6],"<")

    status_bits=[(1<<0,"sw_bk_lim"),(1<<1,"sw_fw_lim"),
                (1<<4,"moving_bk"),(1<<5,"moving_fw"),(1<<6,"jogging_bk"),(1<<7,"jogging_fw"),
                (1<<9,"homing"),(1<<10,"homed"),(1<<12,"tracking"),(1<<13,"settled"),
                (1<<14,"motion_error"),(1<<24,"current_limit"),(1<<31,"enabled")]
    
[docs]    def get_status(self):
        """
        Get device status.

        Return list of status strings, which can include ``"sw_fw_lim"`` (forward limit switch reached),``"sw_bk_lim"`` (backward limit switch reached),
        ``"moving_fw"`` (moving forward), ``"moving_bk"`` (moving backward),
        ``"homing"`` (homing), ``"homed"`` (homing done), ``"tracking"``, ``"settled"``,
        ``"motion_error"`` (excessive position error), ``"current_limit"`` (motor current limit exceeded), or ``"enabled"`` (motor is enabled).
        """
        status_n=self.get_status_n()
        return [s for (m,s) in self.status_bits if status_n&m]

    
[docs]    def wait_for_status(self, status, enabled, timeout=None, period=0.05):
        """
        Wait until the given status (or list of status bits) is in the desired state.

        `status` is a string or a list of strings describing the status bits to monitor; for possible values, see :meth:`get_status`.
        If ``enabled==True``, wait until one of the given statuses is enabled; otherwise, wait until all given statuses are disabled.
        `period` specifies status checking period (in s).
        """
        status=funcargparse.as_sequence(status)
        for s in status:
            funcargparse.check_parameter_range(s,"status",[s for _,s in self.status_bits])
        ctd=general.Countdown(timeout)
        while True:
            curr_status=self.get_status()
            if enabled and any([s in curr_status for s in status]):
                return
            if (not enabled) and all([s not in curr_status for s in status]):
                return
            if ctd.passed():
                raise KinesisTimeoutError
            time.sleep(0.05)


[docs]    def home(self, sync=True, force=False, timeout=None):
        """
        Home the device.

        If ``sync==True``, wait until homing is done (with the given timeout).
        If ``force==False``, only home if the device isn't homed already.
        """
        if self.is_homed() and not force:
            return
        self.send_comm_nodata(0x0443,1)
        if sync:
            self.wait_for_home(timeout=timeout)

[docs]    def is_homing(self):
        """Check if homing is in progress"""
        return "homing" in self.get_status()

[docs]    def is_homed(self):
        """Check if the device is homed"""
        return "homed" in self.get_status()

[docs]    def wait_for_home(self, timeout=None):
        """Wait until the device is homes"""
        return self.wait_for_status("homed",True,timeout=timeout)

    
    # Conversion between real and device units (see APT communications protocol, page 38)
    _pos_conv = 136533 # in microsteps per degree
    _vel_conv = 7329109 # in microsteps per degree
    _acc_conv = 1502 # in microsteps per degree
    
[docs]    def get_velocity_params(self, scale=True):
        """
        Get current velocity parameters ``(max_velocity, acceleration)``
        
        If ``scale==True``, return these in degree/sec and degree/sec^2 respectively; otherwise, return in internal units.
        """
        self.send_comm_nodata(0x0414,1)
        msg=self.recv_comm_data()
        data=msg.data
        acceleration=strpack.unpack_int(data[6:10],"<")
        max_velocity=strpack.unpack_int(data[10:14],"<")
        if scale:
            acceleration/=self._acc_conv
            max_velocity/=self._vel_conv
        return max_velocity,acceleration

    
[docs]    def set_velocity_params(self, max_velocity, acceleration=None):
        """
        Set current velocity parameters.
        
        The parameters are given in counts/sec and counts/sec^2 respectively (as returned by :meth:`get_velocity_params` with ``scale=True``).
        If `acceleration` is ``None``, use current value.
        """
        if acceleration is None:
            acceleration=self.get_velocity_params(scale=False)[1]
        else:
            acceleration*=self._acc_conv
        max_velocity*=self._vel_conv
        data=b"\x01\x00"+b"\x00\x00\x00\x00"+strpack.pack_int(int(acceleration),4,"<")+strpack.pack_int(int(max_velocity),4,"<")
        self.send_comm_data(0x0413,data)
        return self.get_velocity_params()

    
[docs]    def get_position(self):
        """Get current position (in degrees)"""
        self.send_comm_nodata(0x0411,1)
        msg=self.recv_comm_data()
        data=msg.data
        position = strpack.unpack_int(data[2:6],"<")/self._pos_conv
        return position

[docs]    def set_position_reference(self, position=0):
        """Set position reference (actual motor position stays the same)"""
        self.send_comm_data(0x0410,b"\x01\x00"+strpack.pack_int(int(position),4,"<"))
        return self.get_position()

[docs]    def move(self, angle=1):
        """Move by `angle` (degree, positive or negative) from the current position"""
        steps = angle*self._pos_conv
        steps = round(steps)
        self.send_comm_data(0x0448,b"\x01\x00"+strpack.pack_int(int(steps),4,"<"))

    
[docs]    def move_to(self, position):
        """Move to `position` (degree, positive or negative)"""
        position*=self._pos_conv
        self.send_comm_data(0x0453,b"\x01\x00"+strpack.pack_int(int(position),4,"<"))

[docs]    def jog(self, direction):
        """Jog in the given direction (``"+"`` or ``"-"``)"""
        if not direction: # 0 or False also mean left
            direction="-"
        if direction in [1, True]:
            direction="+"
        if direction not in ["+","-"]:
            raise KinesisError("unrecognized direction: {}".format(direction))
        _jog_fw=(self._forward_pos and direction=="+") or ( (not self._forward_pos) and direction=="-")
        self.send_comm_nodata(0x0457,1,1 if _jog_fw else 2)

    _moving_status=["moving_fw","moving_bk","jogging_fw","jogging_bk"]
[docs]    def is_moving(self):
        """Check if motion is in progress"""
        curr_status=self.get_status()
        return any([s in curr_status for s in self._moving_status])

[docs]    def wait_for_move(self, timeout=None):
        """Wait until motion is done"""
        return self.wait_for_status(self._moving_status,False,timeout=timeout)


[docs]    def stop(self, immediate=False, sync=True, timeout=None):
        """
        Stop the motion.

        If ``immediate==True`` make an abrupt stop; otherwise, slow down gradually.
        If ``sync==True``, wait until the motion is stopped.
        """
        self.send_comm_nodata(0x0465,1,1 if immediate else 2)
        if sync:
            self.wait_for_stop(timeout=timeout)

[docs]    def wait_for_stop(self, timeout=None):
        """Wait until stopping operation is done"""
        return self.wait_for_status(self._moving_status+["homing"],False,timeout=timeout)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Trinamic

from ...core.utils import strpack
from ...core.devio import backend, data_format

from builtins import bytes
import collections
import time

_depends_local=["...core.devio.backend"]

[docs]class TrinamicError(RuntimeError):
    """Generic Trinamic error."""


i4_conv=data_format.DataFormat.from_desc(">i4")
[docs]class TMCM1100(backend.IBackendWrapper):
    """
    Trinamic stepper motor controller.

    Args:
        conn: serial connection parameters (usually port or a tuple containing port and baudrate)
    """
    def __init__(self, conn):
        conn=backend.SerialDeviceBackend.combine_conn(conn,(None,9600))
        instr=backend.SerialDeviceBackend(conn,term_write="",term_read="",timeout=3.)
        backend.IBackendWrapper.__init__(self,instr)
        self._add_status_node("position",self.get_position)
        self._add_settings_node("speed",self.get_speed,self.set_speed)
        self._add_status_node("current_speed",self.get_current_speed)
        self._add_status_node("moving",self.is_moving)
        self.open()

[docs]    def open(self):
        backend.IBackendWrapper.open(self)
        self.instr.flush_read()
        self.instr._operation_cooldown=0.01

    
    @staticmethod
    def _build_command(comm, comm_type, value, bank=0, addr=0):
        val_str=i4_conv.convert_to_str(value)
        data_str=bytes(strpack.pack_uint(addr,1)+strpack.pack_uint(comm,1)+strpack.pack_uint(comm_type,1)+strpack.pack_uint(bank,1)+val_str)
        chksum=sum([b for b in data_str])%0x100
        return data_str+strpack.pack_uint(chksum,1)
    ReplyData=collections.namedtuple("ReplyData",["comm","status","value","addr","module"])
    @staticmethod
    def _parse_reply(reply, result_format="u4"):
        reply=bytes(reply)
        data_str=reply[:8]
        chksum=sum([b for b in data_str])%0x100
        if chksum!=reply[8]:
            raise TrinamicError("Communication error: incorrect checksum")
        addr=strpack.unpack_uint(reply[0:1])
        module=strpack.unpack_uint(reply[1:2])
        status=strpack.unpack_uint(reply[2:3])
        comm=strpack.unpack_uint(reply[3:4])
        if result_format=="str":
            value=reply[4:8]
        else:
            value=data_format.DataFormat.from_desc(">"+result_format).convert_from_str(reply[4:8])[-1]
        return TMCM1100.ReplyData(comm,status,value,addr,module)
    _status_codes={100:"Success", 101:"Command loaded", 1:"Wrong checksum", 2:"Invalid command", 3:"Wrong type", 4:"Invalid value", 5:"EEPROM locked", 6:"Command not available"}
    @classmethod
    def _check_status(cls, status):
        if status not in cls._status_codes:
            raise TrinamicError("unrecognized status: {}".format(status))
        if status<100:
            raise TrinamicError("error status: {} ({})".format(status,cls._status_codes[status]))
[docs]    def query(self, comm, comm_type, value, result_format="i4", bank=0, addr=0):
        """
        Send a query to the stage and return the reply.
        
        For details, see TMCM-1110 firmware manual.
        """
        command=self._build_command(comm,comm_type,value,bank=bank,addr=addr)
        self.instr.write(command)
        reply_str=self.instr.read(9)
        reply=self._parse_reply(reply_str,result_format=result_format)
        self._check_status(reply.status)
        return reply


[docs]    def get_axis_parameter(self, parameter, result_format="i4", addr=0):
        """Get a given axis parameter"""
        return self.query(6,parameter,0,result_format=result_format,addr=addr).value

[docs]    def set_axis_parameter(self, parameter, value, addr=0):
        """Set a given axis parameter (volatile; resets on power cycling)"""
        return self.query(5,parameter,value,addr=addr)

[docs]    def store_axis_parameter(self, parameter, value=None, addr=0):
        """Store a given axis parameter in EEPROM (by default, value is the current value)"""
        if value is not None:
            self.set_axis_parameter(parameter,value,addr=addr)
        return self.query(7,parameter,value,addr=addr)

[docs]    def get_global_parameter(self, parameter, result_format="i4", bank=0, addr=0):
        """Get a given global parameter"""
        return self.query(10,parameter,0,result_format=result_format,bank=bank,addr=addr).value

[docs]    def set_global_parameter(self, parameter, value, bank=0, addr=0):
        """Set a given global parameter"""
        return self.query(9,parameter,value,bank=bank,addr=addr)


[docs]    def move_to(self, position, addr=0):
        """Move to a given position"""
        return self.query(4,0,position,addr=addr)

[docs]    def move(self, steps=1, addr=0):
        """Move for a given number of steps"""
        return self.query(4,1,steps,addr=addr)

[docs]    def get_position(self, addr=0):
        """Get the current axis position"""
        return self.get_axis_parameter(1,addr=addr)

[docs]    def jog(self, direction, speed):
        """
        Jog in a given direction with a given speed.
        
        `direction` can be either ``"-"`` (negative) or ``"+"`` (positive).
        The motion continues until it is explicitly stopped, or until a limit is hit.
        """
        if not direction: # 0 or False also mean left
            direction="-"
        if direction in [1, True]:
            direction="+"
        if direction not in ["+","-"]:
            raise TrinamicError("unrecognized direction: {}".format(direction))
        return self.query(1 if direction=="+" else 2,0,speed)

[docs]    def stop(self, addr=0):
        """Stop motion"""
        return self.query(3,0,0,addr=addr)


[docs]    def get_speed(self, addr=0):
        """Get the speed setting"""
        return self.get_axis_parameter(4,addr=addr)

[docs]    def set_speed(self, speed, addr=0):
        """Set the speed setting"""
        return self.set_axis_parameter(4,speed,addr=addr)


[docs]    def get_current_speed(self, addr=0):
        """Get the current speed"""
        return self.get_axis_parameter(3,addr=addr)

[docs]    def is_moving(self, addr=0):
        """Check if the motor is moving"""
        return bool(self.get_current_speed(addr=addr))

[docs]    def wait_for_axis(self, addr=0):
        """Wait for the motor to stop moving"""
        while self.get_current_speed(addr=addr):
            time.sleep(0.02)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.UBNT

'''
The MIT License (MIT)

Copyright (c) 2014 Andrew Rodgers

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.
'''

from __future__ import print_function

import requests
import time
from collections import defaultdict
from collections import Mapping, Set, Sequence


[docs]class UbntConfig(object):

    def __init__(self, config):
        object.__init__(self)
        self.config = self.parse_config(config)
        self.string_types = (str, unicode) if str is bytes else (str, bytes)
        self.iteritems = lambda mapping: getattr(
            mapping, 'iteritems', mapping.items)()

[docs]    def parse_line(self, line_string, data):
        Tree = lambda: defaultdict(Tree)
        path, val = line_string.split('=')
        fields = path.split('.')
        prop = fields.pop()
        obj = data
        for f in fields:
            if f.isdigit():
                items = obj.setdefault('items', [])
                idx = int(f) - 1
                while len(items) < idx + 1:
                    items.append(Tree())
                obj = items[idx]
            else:
                obj = obj[f]

        obj[prop] = val
        return data


[docs]    def parse_config(self, conf):
        Tree = lambda: defaultdict(Tree)

        data = Tree()

        for line in conf.splitlines():
            if not line:
                continue
            data = self.parse_line(line, data)

        return data


[docs]    def get_ntp(self):
        if self.config['ntpclient']['status'] == 'enabled':
            return self.config['ntpclient']['items'][0]
        else:
            return "ntpclient not enabled"


[docs]    def set_ntp(self, ntp_server):
        self.config['ntpclient']['status'] = 'enabled'
        self.config['ntpclient']['items'][0]['status'] = 'enabled'
        self.config['ntpclient']['items'][0]['server'] = ntp_server


[docs]    def get_crontab(self):
        if self.config['cron']['status'] == 'enabled':
            return self.config['cron']['items'][0]['job']['items']


[docs]    def add_cronjob(self, schedule, status, cmd, label):
        self.config['cron']['items'][0]['job']['items'].append(
            {'schedule': schedule, 'status': status, 'cmd': cmd,
                'label': label})
        return self.config['cron']['items'][0]['job']['items']


[docs]    def flatten_config(self, obj, path=(), memo=None):
        if memo is None:
            memo = set()
        iterator = None
        if isinstance(obj, Mapping):
            iterator = self.iteritems
        elif isinstance(obj, (Sequence, Set)) and not isinstance(
                obj, self.string_types):
            iterator = enumerate
        if iterator:
            if id(obj) not in memo:
                memo.add(id(obj))
                for path_component, value in iterator(obj):
                    if path_component == 'items':
                        for result in self.flatten_config(value, path, memo):
                            yield result
                    else:
                        try:
                            i = int(path_component)
                            path_component = str(i + 1)
                        except:
                            pass
                        for result in self.flatten_config(
                                value, path + (path_component,), memo):
                            yield result
                memo.remove(id(obj))
        else:
            yield path, obj


[docs]    def get_config_dump(self):
        flat = self.flatten_config(self.config)
        print(flat)
        lines = ['.'.join(path) + '=' + str(value) for path, value in flat]
        return '\n'.join(lines)


[docs]    def get_config(self):
        return self.config




[docs]class MfiDevice(object):
    """Base class for all mFi devices"""
    def __init__(self,  url, user, passwd, cache_timeout=2):

        """Provide a url to the mpower device, a username, and a password"""
        object.__init__(self)
        self.url = url
        self.user = user
        self.passwd = passwd
        self.cache_timeout = cache_timeout
        self.data_retrieved = 0
        self.session = requests.Session()
        #This get is necessary to set a cookie in the session prior to trying
        #to login might be better to stick it in the login method itself
        self.session.get(url)
        self.login()

[docs]    def login(self):
        post_data = {"uri": "/", "username": self.user,
                     "password": self.passwd}
        headers = {"Expect": ""}
        self.session.post((self.url + "/login.cgi"),
                          headers=headers, data=post_data,
                          allow_redirects=True)


[docs]    def get_data(self):
        if (time.time() - self.data_retrieved) > self.cache_timeout:
            r = self.session.get((self.url + "/mfi/sensors.cgi"))
            self.data_retrieved = time.time()
            self.data = r.json()
        return self.data


[docs]    def get_sensor(self, port_no):
        self.get_data()
        try:
            return self.data["sensors"][port_no - 1]
        except(KeyError, IndexError):
            print("Port #" + str(port_no) + " does not exist on this device")
            raise


[docs]    def get_param(self, port_no, param):
        try:
            sensor = self.get_sensor(port_no)
            return sensor[param]
        except(KeyError, IndexError):
            print("Port #" + str(port_no) + " does not have parameter: "
                  + param)


[docs]    def get_cfg(self):
        r = self.session.get(self.url + "/cfg.cgi")
        self.config = UbntConfig(r.text)
        return self.config


[docs]    def set_cfg(self, config_string):
        files = {'file': ('config.cfg', config_string)}
        p = self.session.post((self.url + "/system.cgi"), files=files)
        return p.text




[docs]class MPower(MfiDevice):
    """Provides an interface to a single mPower Device"""

[docs]    def get_power(self, port_no):
        return self.get_param(port_no, 'power')


[docs]    def switch(self, port_no, state="toggle"):
        if state == "toggle":
            current_state = self.get_param(port_no, 'output')
            next_state = not current_state
        else:
            if int(state) == 0 or int(state) == 1:
                next_state = int(state)
        data = {"output": str(next_state)}
        self.session.put((self.url + "/sensors/" + str(port_no) + "/"),
                         data=data)




[docs]class MPort(MfiDevice):
    """Provides an API to a single mPort Device"""

[docs]    def get_temperature(self, port_no, temp_format='c'):
        try:
            sensor = self.get_sensor(port_no)
            if "model" in sensor and sensor['model'] == 'Ubiquiti mFi-THS':
                if temp_format == "c":
                    return sensor['analog'] * 30 - 10
                elif temp_format == "f":
                    return (sensor['analog'] * 30 - 10) * 1.8 + 32
            else:
                raise IndexError
        except(IndexError):
            print("Sorry port #" + str(port_no) +
                  " either does not exist or is not a Temperature Sensor")






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.Vaunix

import pywinusb.hid as hid  #@UnresolvedImport
from ...core.devio import backend  #@UnresolvedImport
from ...core.utils import numerical, general  #@UnresolvedImport
from ...core.utils import log #@UnresolvedImport

import time
import threading

_depends_local=["...core.devio.backend"]

[docs]class IVaunixDevice(backend.IBackendWrapper):
    """
    Generic Vaunix device.
    """
    def __init__(self, product_id=None, idx=0):
        backend.IBackendWrapper.__init__(self,self._find_device(product_id,idx))
        self._responses={}
        self._events={}
        self._event_lock=threading.Lock()
        self._pause_handler=False
        self._pause_start_event=threading.Event()
        self.instr.open()
        self.instr.set_raw_data_handler(self._response_handler)
        self._retry_count=5
        self._recv_timeout=5.
        
[docs]    def close(self):
        self._pause_handler=True
        self._pause_start_event.wait()
        self.instr.close()

        
    @staticmethod
    def _find_device(product_id, idx):
        if product_id:
            devices=hid.HidDeviceFilter(vendor_id=0x041F,product_id=product_id).get_devices()
        else:
            devices=hid.HidDeviceFilter(vendor_id=0x041F).get_devices()
        if len(devices)<=idx:
            raise RuntimeError("can't find device index {}".format(idx))
        devices.sort(key=lambda d: str(d))
        return devices[idx]
    
    @staticmethod
    def _build_query(comm, count, value):
        data=[0]+[comm]+[count]
        byteblock=[(value>>(i*8))&0xFF for i in range(count)]
        data=data+byteblock
        return data+[0]*(9-len(data))
    @staticmethod
    def _parse_response(data):
        comm=data[1]
        count=data[2]
        byteblock=data[3:3+count]
        value=sum([ (b<<(8*i)) for i,b in enumerate(byteblock) ])
        return comm,value
    def _response_handler(self, data):
        if self._pause_handler:
            self._pause_start_event.set()
            time.sleep(.5)  # pausing the response thread seems to reduce the possibility of inst.close() crashing (more wait time for closing resources?)  
            return
        with self._event_lock:
            comm,value=self._parse_response(data)
            self._responses[comm]=value
            if comm not in self._events:
                self._events[comm]=threading.Event()
            self._events[comm].set()
    def _try_recv_data(self, comm):
        with self._event_lock:
            if comm not in self._events:
                self._events[comm]=threading.Event()
            evt=self._events[comm]
        if evt.wait(timeout=self._recv_timeout):
            evt.clear()
            return self._responses.pop(comm)
        else:
            raise RuntimeError("no data received with command 0x{:02x}".format(comm))
[docs]    def send_data(self, comm, count, value):
        query=self._build_query(comm,count,value)
        self.instr.send_output_report(query)
        time.sleep(0.05)

[docs]    def recv_data(self, comm):
        for t in general.RetryOnException(self._retry_count,RuntimeError):
            with t:
                return self._try_recv_data(comm)
            error_msg="receiving command 0x{:02x} failed; retrying...".format(comm)
            log.default_log.info(error_msg,origin="devices/Vaunix",level="warning")

[docs]    def query_data(self, send_comm, recv_comm=None, send_count=0, send_value=0):
        comm=send_comm if recv_comm is None else recv_comm
        for t in general.RetryOnException(self._retry_count,RuntimeError):
            with t:
                self.send_data(send_comm,send_count,send_value)
                return self._try_recv_data(comm)
            error_msg="querying command 0x{:02x} failed; retrying...".format(comm)
            log.default_log.info(error_msg,origin="devices/Vaunix",level="warning")


        
        
        
[docs]class LMS(IVaunixDevice):
    """
    Vaunix LMS (LabBrick) microwave generator.
    """
    def __init__(self, product_id=None, idx=0):
        IVaunixDevice.__init__(self,product_id=product_id,idx=idx)
        self._max_power=10.
        self._min_power=-45.
        self._add_settings_node("power_on",self.get_output,None)
        self._add_settings_node("power",self.get_output_level,self.set_output_level)
        self._add_settings_node("frequency",self.get_frequency,self.set_frequency)
        self._add_settings_node("extref",self.get_extref,self.set_extref)
        
[docs]    def get_output(self):
        return bool(self.query_data(0x0A))

[docs]    def set_output(self, output=True):
        self.send_data(0x8A,1,int(output))
        return self.get_output()

    
[docs]    def get_extref(self):
        return not bool(self.query_data(0x23))

[docs]    def set_extref(self, extref=True):
        self.send_data(0xA3,1,int(not extref))
        return self.get_extref()

    
[docs]    def get_output_level(self):
        level=self.query_data(0x0D)
        return self._max_power-level*0.25 # weird power encoding

[docs]    def set_output_level(self, level):
        level=numerical.limit_to_range(level,self._min_power,self._max_power)
        level=int((self._max_power-level)/0.25) # weird power encoding
        self.send_data(0x8D,1,level)
        return self.get_output_level()

[docs]    def get_frequency(self):
        return self.query_data(0x44)*10. # units of 10's of Hz

[docs]    def set_frequency(self, frequency):
        frequency=numerical.limit_to_range(frequency,0.5E9,2.3E9)
        self.send_data(0xC4,4,int(frequency/10.)) # units of 10's of Hz
        return self.get_frequency()

    
[docs]    def save_as_default(self):
        self.send_data(0x8C,3,0x315542)

    
    
[docs]    def apply_settings(self, settings):
        if "power_on" in settings and not settings["power_on"]:
            self.set_output(False)
        IVaunixDevice.apply_settings(self,settings)
        if "power_on" in settings and settings["power_on"]:
            self.set_output(True)
        return self.get_settings()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.ZurichInstruments

from builtins import range
from ...core.utils.py3 import bytestring

from ...core.utils import dictionary, funcargparse  #@UnresolvedImport
from ...core.dataproc import waveforms, fourier  #@UnresolvedImport

try:
    import zhinst.ziPython as zp  #@UnresolvedImport
except ImportError:
    pass
    
import numpy as np
import time




##### Traces sanitizing #####

[docs]def get_timestamps_data(trace):
    if trace is None or len(trace)<2:
        return (0.,0.,0.)
    ts=trace[:,0]
    dt=ts[1:]-ts[:-1]
    return dt[0],(dt!=dt[0]).sum()

        
[docs]def check_timestamps(trace):
    return get_timestamps_data(trace)[1]==0

[docs]def check_all_timestamps(data):
    return all([check_timestamps(s) for s in data])


[docs]def get_timestamp_chunks(ts):
    dt=abs(ts[1:]-ts[:-1])
    un,cnts=np.unique(dt,return_counts=True)
    ts0=un[cnts.argmax()]
    jumps=(dt!=ts0).nonzero()[0]
    chunks=[]
    j0=0
    for j in jumps:
        chunks.append((ts[j0],ts[j]))
        j0=j+1
    if j0<len(dt):
        chunks.append((ts[j0],ts[-1]))
    return chunks

[docs]def extract_largest_chunk(traces):
    traces=[tr for tr in traces if len(tr)>0]
    if not traces:
        return None
    largest_chunks=[]
    for tr in traces:
        tr_chunks=get_timestamp_chunks(tr[:,0])
        tr_chunks.sort(key=lambda ch: ch[1]-ch[0])
        largest_chunks.append(tr_chunks[-1])
    ovlap=largest_chunks[0]
    for ch in largest_chunks[1:]:
        ovlap=(max(ovlap[0],ch[0]),min(ovlap[1],ch[1]))
    return ovlap

[docs]def cut_to_largest_chunk(traces):
    lch=extract_largest_chunk(traces)
    cut_traces=[]
    for tr in traces:
        if len(tr)==0:
            cut_traces.append(tr)
        else:
            ctr=tr[(tr[:,0]>=lch[0])&(tr[:,0]<=lch[1])]
            cut_traces.append(ctr)
    return cut_traces


[docs]def align_all_timestamps(data, max_length=None):
    traces=[s for s in data if len(s)>0]
    start_ts=np.max([tr[0,0] for tr in traces])
    start_ts=np.max([waveforms.find_closest_value(tr[:,0],start_ts,approach="top",ordered=True) for tr in traces]) # account for different timestamp steps
    start_pts=[waveforms.find_closest_arg(s[:,0],start_ts,ordered=True) if len(s)>0 else 0 for s in data]
    finish_ts=np.min([tr[-1,0] for tr in traces])
    if max_length:
        if finish_ts<start_ts+max_length:
            return None
        else:
            finish_ts=start_ts+max_length
    finish_ts=np.min([waveforms.find_closest_value(tr[:,0],finish_ts,approach="bottom",ordered=True) for tr in traces])
    finish_pts=[waveforms.find_closest_arg(s[:,0],finish_ts,ordered=True) if len(s)>0 else 0 for s in data]
    data=[s[spt:fpt,:] for s,spt,fpt in zip(data,start_pts,finish_pts)]
    return data



[docs]def normalize_time(trace, normalization="full",clockbase=210E6):
    funcargparse.check_parameter_range(normalization,"normalization",{"none","shift","scale","full"})
    if trace.ndim==2:
        trace=trace.copy()
        if normalization in {"shift","full"}:
            trace[:,0]=trace[:,0]-trace[0,0]
        if normalization in {"scale","full"}:
            trace[:,0]=trace[:,0]/clockbase
    else:
        if normalization in {"shift","full"}:
            trace=trace-trace[0]
        if normalization in {"scale","full"}:
            trace=trace/clockbase
    return trace




[docs]def filter_transfer_function(f, order, timeconst):
    return 1./(2.j*np.pi*f*timeconst+1)**order

[docs]def tc_to_bandwidth(tc, order):
    return (2**(1./order)-1)**.5/(2*np.pi*tc)

[docs]def bandwidth_to_tc(bandwidth, order):
    return (2**(1./order)-1)**.5/(2*np.pi*bandwidth)

[docs]def filter_amplitude_kernel(t, order, timeconst):
    return np.exp(-t/timeconst)*(np.sign(t)+1)/2.*t**(order-1)

_filter_p_consts=[[1],[1,1],[3,3,1],[15,15,6,1],[105,105,45,10,1],[945,945,420,105,15,1],[10395,10395,4725,1260,210,21,1],[134134,134134,62370,17325,3150,378,28,1]]
[docs]def filter_power_kernel(t, order, timeconst):
    cs=_filter_p_consts[order-1]
    tn=abs(t/timeconst)
    s=t*0
    for p,c in enumerate(cs):
        s=s+c*tn**p
    return (np.exp(-tn)*s)/cs[0]

[docs]def PSD_filter_compensate(PSD, order, timeconst):
    PSD_filtered=PSD.copy()
    PSD_filtered[:,1]=PSD_filtered[:,1]/abs(filter_transfer_function(PSD[:,0],order,timeconst))**2
    return PSD_filtered

[docs]def FT_filter_compensate(ft, order, timeconst):
    ft_filtered=ft.copy()
    ft_filtered[:,1]=ft_filtered[:,1]/filter_transfer_function(ft_filtered[:,0],order,timeconst)
    return ft_filtered

[docs]def trace_filter_compensate(trace, order, timeconst, truncate=True):
    ft=fourier.fourier_transform(trace,truncate)
    ft=FT_filter_compensate(ft,order,timeconst)
    return fourier.inverse_fourier_transform(ft,False)




[docs]class Demod(object):
    def __init__(self, n, dev):
        object.__init__(self)
        demods_n=len(dev["demods"])
        mod_period=demods_n//2
        self.osc=int(dev["demods",n,"oscselect"])
        self.rel_frequency=dev["oscs",self.osc,"freq"]
        self.frequency=self.rel_frequency
        self.sideband_side=None
        if ("mods",n//mod_period,"enable") in dev:
            mod_ena=int(dev["mods",n//mod_period,"enable"])
        else:
            mod_ena=int(dev["mods",n//mod_period,"mode"])
        if mod_ena:
            if n%mod_period==0:
                self.sideband_side=0
            if n%mod_period==1:
                self.sideband_side=1
            elif n%mod_period==2:
                self.sideband_side=-1
        if self.sideband_side:
            carrier_osc=int(dev["demods",(n//mod_period)*mod_period,"oscselect"])
            carrier_freq=dev["oscs",carrier_osc,"freq"]
            self.frequency=carrier_freq+self.rel_frequency*self.sideband_side
        self.order=int(dev["demods",n,"order"])
        self.timeconst=dev["demods",n,"timeconstant"]
        self.rate=dev["demods",n,"rate"]
        self.phaseshift=dev["demods",n,"phaseshift"]/180.*np.pi
        self.input=int(dev["demods",n,"adcselect"])
        self.input_range=int(dev["sigins",self.input,"range"])
    
[docs]    def filter_transfer_function(self, f):
        return filter_transfer_function(f,self.order,self.timeconst)

[docs]    def filter_amplitude_kernel(self, t):
        return filter_amplitude_kernel(t,self.order,self.timeconst)

[docs]    def filter_power_kernel(self, t):
        return filter_power_kernel(t,self.order,self.timeconst)

[docs]    def PSD_filter_compensate(self, PSD, relative_frequency=True):
        """
        If relative_frequency=True, frequencies are given relative to the demod frequency;
            otherwise, they're real frequencies of an input signal 
        """
        if relative_frequency:
            return PSD_filter_compensate(PSD,self.order,self.timeconst)
        else:
            PSD=PSD_filter_compensate(np.column_stack((PSD[:,0]-self.frequency,PSD[:,1])), self.order, self.timeconst)
            return np.column_stack((PSD[:,0]+self.frequency,PSD[:,1]))

[docs]    def FT_filter_compensate(self, ft, relative_frequency=True):
        if relative_frequency:
            return FT_filter_compensate(ft,self.order,self.timeconst)
        else:
            FT=FT_filter_compensate(np.column_stack((ft[:,0]-self.frequency,ft[:,1])),self.order,self.timeconst)
            return np.column_stack((FT[:,0]+self.frequency,FT[:,1]))

[docs]    def trace_filter_compensate(self, trace, truncate=True):
        return trace_filter_compensate(trace,self.order,self.timeconst,truncate)









[docs]class ZIDevice(object):
    """
    Generic Zurich Instruments device.
    """
    def __init__(self, dev_id=None, port=8005, api_level=1):
        object.__init__(self)
        #self.server=ziutils.autoConnect(port,api_level)
        for _ in range(5):
            try:
                self.server=zp.ziDAQServer('localhost',port,api_level)
                if self._get_server_devices():
                    break
            finally:
                time.sleep(5.) 
        if dev_id is None:
            devs=self._get_server_devices()
            if not devs:
                raise RuntimeError("No devices were detected")
            dev_id=devs[0]
        self.dev_id=dev_id
        self.ref_timestamp=0
        
    def _get_server_devices(self):
        nodes=[node.lower() for node in self.server.listNodes('/',0)]
        devs=[node for node in nodes if node.startswith("dev")]
        return devs
        
[docs]    def close(self):
        self.server.disconnect()
        self.server=None

        
    def __enter__(self):
        return self
    def __exit__(self, *args, **vargs):
        self.close()
        return False
    
    def _build_path(self, rel_path):
        if isinstance(rel_path,list) or isinstance(rel_path,tuple):
            rel_path="/".join([str(e) for e in rel_path])
        else:
            rel_path=str(rel_path)
        return "/{0}/{1}".format(self.dev_id,rel_path)
    
[docs]    def get_parameter(self, path, argtype="float"):
        try:
            path=self._build_path(path)
            if argtype=="int":
                return self.server.getInt(path)
            elif argtype=="float":
                return self.server.getDouble(path)
            elif argtype=="str":
                return self.server.getByte(path)
            elif argtype=="sample":
                return self.server.getSample(path)
            elif argtype=="auxin_sample":
                return self.server.getAuxInSample(path)
        except RuntimeError as e:
            raise RuntimeError(e.message+". The path is {}".format(path))
        raise ValueError("unrecognized argtype: {0}".format(argtype))

[docs]    def set_parameter(self, path, value):
        try:
            path=self._build_path(path)
            if isinstance(value,float):
                self.server.setDouble(path,value)
            elif isinstance(value,bytestring):
                self.server.setByte(path,value)
            else:
                self.server.setInt(path,value)
        except RuntimeError as e:
            raise RuntimeError(e.message+". The path is {}".format(path))

[docs]    def get_default(self, path, argtype="float", default=None):
        try:
            self.get_parameter(path,argtype)
        except RuntimeError:
            return default

    _timestamp_keys={"VALUE","TIMESTAMP"}
[docs]    @classmethod
    def filter_settings_dict(cls, settings):
        def undo_array(x):
            try:
                if len(x)==1:
                    return x[0]
                else:
                    return x
            except Exception:
                return x
        def undo_timestamp(d):
            if len(d)==2 and all([k.upper() in cls._timestamp_keys for k in d]):
                return d["VALUE"]
            else:
                return d
        if not dictionary.is_dictionary(settings):
            return undo_array(settings)
        else:
            settings.map_self(undo_timestamp,to_visit="branches")
            settings.map_self(undo_array,to_visit="leafs")
            return settings

[docs]    def get_branch(self, path="", rel_paths=True, raw=False):
        try:
            path=self._build_path(path)
            branch=dictionary.Dictionary(self.server.get(path),case_normalization="upper",case_sensitive=False)
            if rel_paths:
                branch=branch.detach_branch(path)
            else:
                branch=branch.detach_branch(self.dev_id)
            if not raw:
                branch=self.filter_settings_dict(branch)
            return branch
        except RuntimeError as e:
            raise RuntimeError(e.message+". The path is {}".format(path))

[docs]    def set_branch(self, branch, path=""):
        try:
            settings=dictionary.Dictionary()
            settings.merge_branch(branch,path)
            for p,v in settings.iternodes(to_visit="leafs",include_path=True):
                self.set_parameter(p,v)
        except RuntimeError as e:
            raise RuntimeError(e.message+". The path is {}".format(path))

    get_settings=get_branch
    apply_settings=set_branch
            
    def __getitem__(self, path):
        try:
            return self.get_parameter(path)
        except RuntimeError:
            return self.get_branch(path)
    def __setitem__(self, path, value):
        if dictionary.is_dictionary(value):
            self.set_branch(value,path)
        else:
            self.set_parameter(path,value)
    def __contains__(self, path):
        try:
            self.get_parameter(path)
            return True
        except RuntimeError:
            return False
            
    ### CONTROL ###
    
[docs]    def sync(self):
        self.server.sync()

[docs]    def flush(self):
        self.server.sync() # flush has been deprecated in the API

            
            
    ### PROPERTIES ###
                
[docs]    def get_devtype(self):
        return self.get_parameter("features/devtype","str")

[docs]    def get_options(self):
        options=self.get_parameter("features/options","str")
        options=[o.strip() for o in options.split("\n") if not (o.isspace() or o=="")]
        return options

[docs]    def get_clockbase(self):
        return self["clockbase"]

[docs]    def normalize_time(self, trace, normalization="full"):
        return normalize_time(trace,normalization=normalization,clockbase=self.get_clockbase())


[docs]    def get_timestamp(self, subtract_ref_timestamp=True):
        timestamp=self.server.getAuxInSample(self._build_path("auxins/0/sample"))["timestamp"][0]
        if subtract_ref_timestamp:
            return timestamp-self.ref_timestamp
        else:
            return timestamp

[docs]    def update_ref_timestamp(self):
        self.ref_timestamp=self.get_timestamp(subtract_ref_timestamp=False)

        
    ### DEMODS ###
    
[docs]    def get_demod_sample(self, demod, fmt="complex"):
        funcargparse.check_parameter_range(fmt,"fmt",{"dict","complex"})
        res=self.get_parameter(("demods",demod,"sample"),"sample")
        if fmt=="dict":
            return res
        else:
            return res["x"][0]+1j*res["y"][0]

    
[docs]    def get_demods_rates(self):
        raise NotImplementedError("ZIDevice.get_demods_rates")

[docs]    def get_demods_num(self):
        return len(self.get_demods_rates())

[docs]    def set_demod_rate(self, demod, rate):
        raise NotImplementedError("ZIDevice.set_demod_rate")

[docs]    def stop_demod(self, demod):
        self.set_demod_rate(demod,0)

[docs]    def get_demod_frequency(self, demod):
        osc=int(self["demods",demod,"oscselect"])
        return self["oscs",osc,"freq"]

[docs]    def set_demod_frequency(self, demod, freq):
        osc=int(self["demods",demod,"oscselect"])
        self["oscs",osc,"freq"]=freq

[docs]    def get_demod_power(self, demod, sigout, only_enabled=True):
        amplitude=self["sigouts",sigout,"amplitudes",demod]
        enable=(not only_enabled) or self["sigouts",sigout,"enables",demod]
        if enable:
            return np.log10(amplitude**2/(2*50.)/1E-3)*10.
        else:
            return None

[docs]    def set_demod_power(self, demod, sigout, power_dBm=None, enable=True):
        if power_dBm is not None:
            amplitude=(10**(power_dBm*0.1)*1E-3*2*50)**0.5
            self["sigouts",sigout,"amplitudes",demod]=amplitude
        self["sigouts",sigout,"enables",demod]=enable

    
[docs]    def read_demods(self, trace_length, demods=None, save_frequencies_for=None, buffer_size=None, sanitize_data=True, consistent_length=False):
        return self.read_demods_poll(trace_length,demods=demods,save_frequencies_for=save_frequencies_for,sanitize_data=sanitize_data,consistent_length=consistent_length)

[docs]    def get_demod(self, demod_idx):
        return Demod(demod_idx,self)

        
[docs]    def read_demod_pts(self, trace_pts, demod, poll_time=None, sanitize_data=True):
        rate=self.get_demods_rates()[demod]
        if not rate:
            return []
        trace_length=(trace_pts/rate*1.2)+0.05
        if poll_time is not None:
            trace_length=max(trace_length,poll_time)
        data=self.read_demods_poll(trace_length,sanitize_data=sanitize_data)
        if data is not None:
            data=data[demod]
            if poll_time is not None:
                chunks=int(len(data)//trace_pts)
                if chunks>0:
                    data=[data[trace_pts*i:trace_pts*(i+1),:] for i in range(chunks)]
                else:
                    data=[]
            else:
                if len(data)>trace_pts:
                    data=[data[:trace_pts,:]]
                else:
                    data=[]
        return data

[docs]    def repeat_read_demod_pts(self, trace_pts, demod, traces_num=1, poll_time=None):
        traces=[]
        while len(traces)<traces_num:
            pts=self.read_demod_pts(trace_pts,demod,poll_time=poll_time)
            if pts is not None:
                traces=traces+pts
        return traces[:traces_num]

        
[docs]    class DemodTraceAccumulator(object):
        def __init__(self, rate, length, columns=3):
            object.__init__(self)
            self.rate=rate
            self.length=length
            self.columns=columns
            self.points_num=int(np.ceil(rate*length))
            self.data=np.zeros((self.points_num,columns))
            self.position=0
[docs]        def add_piece(self, *traces):
            add_l=min([len(t) for t in traces]+[self.points_num-self.position])
            for t in range(self.columns):
                self.data[self.position:self.position+add_l,t]=traces[t][:add_l]
            self.position=self.position+add_l
            if self.position==self.points_num:
                return True
            else:
                return False

[docs]        def full(self):
            return self.position==self.points_num


    
    def _parse_demods_data(self, data, demods=None, auxin_demod=None, save_demod_frequency=None):
        dnum=self.get_demods_num()
        demods=demods or range(dnum)
        save_demod_frequency=save_demod_frequency or [False]*dnum
        traces=[]
        if self.dev_id in data:
            data=data[self.dev_id]['demods']
            for d in demods:
                if str(d) in data:
                    if len(data[str(d)]["sample"])>0:
                        sample_data=data[str(d)]['sample']
                        if isinstance(sample_data,list):
                            sample_data=sample_data[0]
                        traces_to_save=[sample_data['timestamp']-self.ref_timestamp,sample_data['x'],sample_data['y']]
                        if save_demod_frequency[d]:
                            traces_to_save.append(sample_data['frequency'])
                        traces.append(traces_to_save)
                    else:
                        traces.append(None)
                else:
                    traces.append(None)
            if auxin_demod is not None:
                auxin_demod=str(auxin_demod)
                if auxin_demod in data and len(data[auxin_demod]["sample"])>0:
                    sample_data=data[auxin_demod]['sample']
                    if isinstance(sample_data,list):
                        sample_data=sample_data[0]
                    traces.append([sample_data['timestamp']-self.ref_timestamp,sample_data['auxin0'],sample_data['auxin1']])
                else:
                    traces.append(None)
        else:
            traces=[[] for _ in demods]
            if auxin_demod is not None:
                traces=traces+[None]
        data=[]
        for d,t in zip(demods,traces):
            if t is None:
                c=4 if save_demod_frequency[d] else 3
                data.append(np.zeros((0,c)))
            else:
                data.append(np.column_stack(t))
        data.append(np.column_stack(traces[-1]))
        return data
    
[docs]    def read_demods_poll(self, trace_length, demods=None, save_frequencies_for=None, sanitize_data=True, consistent_length=False):
        rates=self.get_demods_rates()
        demods=demods or range(len(rates))
        length_factor=1.1 if consistent_length else 1.
        max_rate=max(rates)
        max_rate_demod=rates.index(max_rate)
        save_frequencies_for=save_frequencies_for or []
        save_demod_frequency=[(d in save_frequencies_for) for d in range(8)]
        self.sync()
        for d in demods:
            self.server.subscribe(self._build_path(("demods",d,"sample")))
        data=self.server.poll(trace_length*length_factor,500,2)
        for d in demods:
            self.server.unsubscribe(self._build_path(("demods",d,"sample")))
        data=self._parse_demods_data(data,demods,max_rate_demod,save_demod_frequency)
        if sanitize_data or consistent_length:
            if not check_all_timestamps(data):
                return None
            max_length=trace_length*self.get_clockbase() if consistent_length else None
            return align_all_timestamps(data,max_length=max_length)
        else:
            return data

        
    
    ### SCOPE ###
    
[docs]    def get_auxin_sample(self, channel, fmt="float"):
        funcargparse.check_parameter_range(fmt,"fmt",{"dict","float"})
        res=self.get_parameter(("auxins/0/sample"),"auxin_sample")
        if fmt=="dict":
            return res
        else:
            return res["ch{}".format(channel)][0]

    
[docs]    def get_scope_trace_pts(self):
        return self["scopes/0/length"] 

[docs]    def set_scope_trace_pts(self, length):
        self["scopes/0/length"]=length

    _scope_sources=["sigin0","sigin1","sigout0","sigout1"]
    _scope_ranges={"sigin0":"sigins/0/range","sigin1":"sigins/1/range",
                     "sigout0":"sigouts/0/range","sigout1":"sigouts/1/range"}
[docs]    def get_scope_source_idx(self, source):
        funcargparse.check_parameter_range(source,"source",self._scope_sources)
        return self._scope_sources.index(source)

[docs]    def get_scope_source_range(self, source):
        if isinstance(source,str):
            funcargparse.check_parameter_range(source,"source",self._scope_sources)
        else:
            source=self._scope_sources[source]
        return self[self._scope_ranges[source]]

[docs]    def get_scope_timestep_idx(self):
        return self["scopes/0/time"]

[docs]    def get_scope_timestep(self, timestep_idx=None):
        if timestep_idx is None:
            timestep_idx=self["scopes/0/time"]
        return 2**timestep_idx/self.get_clockbase()

[docs]    def get_scope_time_points(self, length=None):
        length=length or self.get_scope_trace_pts()
        return np.arange(length)*self.get_scope_timestep()

[docs]    def setup_trigger(self, channel="continuous", edge="rising", level=0., delay=0., holdoff=0.):
        raise NotImplementedError("ZIDevice.setup_trigger")

[docs]    def setup_scope(self, timestep_idx=None, source="sigin0", trace_pts=None, bw_limit=True):
        raise NotImplementedError("ZIDevice.setup_scope")

[docs]    def read_scope_poll(self, traces=1, poll_time=None, add_time=False, timeout="auto", fast_flush=False):
        raise NotImplementedError("ZIDevice.read_scope_poll")

[docs]    def read_scope(self, timestep_idx=None, source="sigin0", traces=1, trace_pts=None, poll_time=None, add_time=False, bw_limit=True, timeout="auto"):
        self.setup_scope(timestep_idx,source,trace_pts,bw_limit)
        return self.read_scope_poll(traces,poll_time,timeout=timeout,add_time=add_time)


    
    
    
    
    
    
    
[docs]class HF2Device(ZIDevice):
    """
    Zurich Instruments HF2 device.
    """
    def __init__(self, dev_id=None, port=8005):
        ZIDevice.__init__(self,dev_id=dev_id,port=port,api_level=1)
        self._scope_trigger=-2
            
            
    ### PROPERTIES ###
    
[docs]    def get_clockbase(self):
        return 210E6

    
    
    ### DEMODS ###
    
[docs]    def get_demods_rates(self):
        return [self.get_parameter(("demods",d,"rate")) for d in range(6)]

[docs]    def set_demod_rate(self, demod, rate):
        if rate<=0:
            rate=0
        self["demods",demod,"rate"]=rate

    
    
    
    ### SCOPE ###
    
[docs]    def get_scope_trace_pts(self):
        return 2048

[docs]    def set_scope_trace_pts(self, length):
        if length!=2048:
            raise ValueError("for HF2 the number of scope points is always 2048")

[docs]    def get_scope_source(self):
        return self._scope_sources[self["scopes/0/channel"]]

    
    def _parse_scope_data(self, data, trace_pts=None):
        path="/{}/scopes/0/wave".format(self.dev_id)
        if path not in data:
            return []
        waves=data[path]
        traces=[]
        rng=self.get_scope_source_range(waves[0]["scopechannel"])
        trace_pts=trace_pts or len(waves[0]["wave"])
        for w in waves:
            if len(w["wave"])==trace_pts:
                traces.append(w["wave"]/(2.**15)*rng)
        return traces
    
[docs]    def setup_trigger(self, channel="continuous", edge="rising", level=0., delay=0., holdoff=0.):
        funcargparse.check_parameter_range(channel,"channel",self._scope_sources+["continuous"])
        funcargparse.check_parameter_range(edge,"edge",{"rising","falling"})
        self._scope_trigger=self._scope_sources.index(channel) if channel in self._scope_sources else -2
        self["scopes/0/trigedge"]=(edge=="rising")
        if channel in self._scope_sources:
            rng=self.get_scope_source_range(channel)
            self["scopes/0/triglevel"]=int(level/rng*32767.)
        self["scopes/0/trigholdoff"]=holdoff

[docs]    def setup_scope(self, timestep_idx=None, source="sigin0", trace_pts=None, bw_limit=True):
        self["scopes/0/channel"]=self.get_scope_source_idx(source)
        self["scopes/0/bwlimit"]=bw_limit
        if timestep_idx is not None:
            if timestep_idx>15 or timestep_idx<0:
                raise ValueError("timestep_idx is an integer between 0 and 15")
            self["scopes/0/time"]=timestep_idx
        if trace_pts is not None:
            self.set_scope_trace_pts(trace_pts)
        self.server.sync()

[docs]    def read_scope_poll(self, traces=1, poll_time=None, add_time=False, timeout="auto", fast_flush=True):
        if add_time:
            raise ValueError("HF2 doesn't support scope timestamps")
        trace_pts=self.get_scope_trace_pts()
        trace_length=trace_pts*self.get_scope_timestep()
        trace_length=max(1E-3,trace_length)
        res=[]
        if poll_time is None:
            total_length=traces*trace_length*1.2
        else:
            total_length=poll_time
        if timeout=="auto":
            timeout=max(total_length*3,1.)
        t=time.time()
        while len(res)<traces:
            if timeout is not None and (time.time()>t+timeout):
                raise RuntimeError("execution timed out; trace length changed during execution?")
            if fast_flush:
                self.server.poll(1E-3,1)
            else:
                #self.server.flush()
                self.server.sync()
            self.server.subscribe(self._build_path(["scopes/0/wave"]))
            self["scopes/0/trigchannel"]=self._scope_trigger
            data=self.server.poll(total_length,500,0,True)
            self["scopes/0/trigchannel"]=-1
            self.server.unsubscribe(self._build_path(["scopes/0/wave"]))
            data=self._parse_scope_data(data,trace_pts=trace_pts)
            if poll_time is not None:
                return data
            res=res+data
            if len(data)==0:
                total_length=total_length*2
            else:
                total_length=total_length/len(data)*(traces-len(res))
        return res[:traces]


        
    
    
    



[docs]class UHFDevice(ZIDevice):
    """
    Zurich Instruments UHF device.
    """
    def __init__(self, dev_id=None, port=8004):
        ZIDevice.__init__(self,dev_id=dev_id,port=port,api_level=4)
        
    ### DEMODS ###
    
[docs]    def get_demods_rates(self):
        return [self.get_parameter(("demods",d,"rate")) if self.get_parameter(("demods",d,"enable")) else 0. for d in range(8)]

[docs]    def set_demod_rate(self, demod, rate):
        if rate<=0:
            self["demods",demod,"enable"]=False
        else:
            self["demods",demod,"rate"]=rate
            self["demods",demod,"enable"]=True

    
    
    ### SCOPE ###
    
    _scope_sources=["sigin0","sigin1","trigin0","trigin1"]+[None]*4+["auxin0","auxin1"]
    _scope_ranges={"sigin0":"sigins/0/range","sigin1":"sigins/1/range"}
[docs]    def get_scope_source_idx(self, source):
        funcargparse.check_parameter_range(source,"source",self._scope_sources)
        return self._scope_sources.index(source)

[docs]    def get_scope_source_range(self, source):
        if isinstance(source,str):
            funcargparse.check_parameter_range(source,"source",self._scope_sources)
        else:
            source=self._scope_sources[source]
            if source is None:
                raise KeyError("can't access source index {}".format(source))
        if source.startswith("auxin"):
            return 10.
        elif source.startswith("trigin"):
            return 1.
        else:
            return self[self._scope_ranges[source]]

[docs]    def get_scope_source(self):
        return self._scope_sources[self["scopes/0/channels/0/inputselect"]]

    
    def _parse_scope_data(self, data, trace_pts=None):
        path=[self.dev_id,"scopes","0","wave"]
        waves=data
        for p in path:
            if p not in waves:
                return [],[]
            waves=waves[p]
        traces=[]
        starts=[]
        trace_pts=trace_pts or waves[0]["totalsamples"]
        bn=0
        blocks=[]
        cstart=None
        for w in waves:
            if w.get("blocknumber",0)!=bn: # missing/extra block
                bn=0
                blocks=[]
                continue
            scale=w["channelscaling"]
            offset=w["channeloffset"]
            blk=((w["wave"]*scale)+offset)[:,0]
            blocks.append(blk)
            if bn==0: # first block of the traces
                cstart=w["timestamp"]-self.ref_timestamp
            if w.get("blockmarker",1)==1: # last block
                tr=blocks[0] if len(blocks)==1 else np.concatenate(blocks)
                if len(tr)==trace_pts:
                    traces.append(tr)
                    starts.append(cstart)
                bn=0
                blocks=[]
            else:
                bn=bn+1
        return traces,starts
[docs]    def setup_trigger(self, channel="continuous", edge="rising", level=0., delay=0., holdoff=0.):
        funcargparse.check_parameter_range(channel,"channel",self._scope_sources+["continuous"])
        funcargparse.check_parameter_range(edge,"edge",{"rising","falling","both"})
        if channel=="continuous":
            self["scopes/0/trigenable"]=0
        else:
            self["scopes/0/trigenable"]=1
            self["scopes/0/trigchannel"]=self.get_scope_source_idx(channel)
        self["scopes/0/trigrising" ]=(edge in {"rising" ,"both"})
        self["scopes/0/trigfalling"]=(edge in {"falling","both"})
        self["scopes/0/triglevel"]=level
        self["scopes/0/trigdelay"]=delay
        self["scopes/0/trigholdoff"]=holdoff
        if channel!="continuous":
            self["scopes/0/trigenable"]=0
            self["scopes/0/trigenable"]=1

[docs]    def setup_scope(self, timestep_idx=None, source="sigin0", trace_pts=None, bw_limit=True):
        self["scopes/0/channels/0/inputselect"]=self.get_scope_source_idx(source)
        self["scopes/0/channels/0/bwlimit"]=bw_limit
        if timestep_idx is not None:
            if timestep_idx>16 or timestep_idx<0:
                raise ValueError("timestep_idx is an integer between 0 and 16")
            self["scopes/0/time"]=timestep_idx
        if trace_pts is not None:
            self.set_scope_trace_pts(trace_pts)
        self.server.sync()

[docs]    def read_scope_poll(self, traces=1, poll_time=None, add_time=False, timeout="auto", fast_flush=False, stop_after=True):
        trace_pts=self.get_scope_trace_pts()
        trace_length=trace_pts*self.get_scope_timestep()
        trace_length=max(0.01,trace_length)
        res=[]
        res_starts=[]
        if poll_time is None:
            total_length=traces*trace_length*1.2+trace_pts/10E6
        else:
            total_length=poll_time
        if timeout=="auto":
            timeout=max(total_length*3,1.)
        poll_to=max(50,min(500,int(total_length*1E3)))
        t=time.time()
        while len(res)<traces:
            if timeout is not None and (time.time()>t+timeout):
                raise RuntimeError("execution timed out; trace length changed during execution?")
            if fast_flush:
                self.server.poll(1E-3,1)
            else:
                self.server.sync()
            self.server.subscribe(self._build_path(["scopes/0/wave"]))
            self["scopes/0/enable"]=1
            data=self.server.poll(total_length,poll_to,0)
            #data=None
            if stop_after:
                self["scopes/0/enable"]=0
            self.server.unsubscribe(self._build_path(["scopes/0/wave"]))
            #return data
            data,starts=self._parse_scope_data(data,trace_pts=trace_pts)
            if add_time:
                ts=self.get_scope_timestep()
                data=[np.column_stack(( np.arange(len(d))*ts,d )) for d in data]
            if poll_time is not None:
                return (data,starts) if add_time else data
            res=res+data
            res_starts=res_starts+starts
            if len(data)==0:
                total_length=total_length*2
            else:
                total_length=total_length/len(data)*(traces-len(res))
        return (res[:traces],res_starts[:traces]) if add_time else res[:traces]

    
[docs]    def read_demods_with_scope(self, trace_length, demods=None):
        rates=self.get_demods_rates()
        demods=demods or range(len(rates))
        max_rate=max(rates)
        max_rate_demod=rates.index(max_rate)
        self.sync()
        for d in demods:
            self.server.subscribe(self._build_path(("demods",d,"sample")))
        self.server.subscribe(self._build_path(["scopes/0/wave"]))
        self["scopes/0/enable"]=1
        self.server.sync()
        raw_data=self.server.poll(trace_length,500,2)
        self["scopes/0/enable"]=0
        self.server.unsubscribe(self._build_path(["scopes/0/wave"]))
        for d in demods:
            self.server.unsubscribe(self._build_path(("demods",d,"sample")))
        demod_data=self._parse_demods_data(raw_data,demods,max_rate_demod)
        demod_data=align_all_timestamps(cut_to_largest_chunk(demod_data))
        data_extent=(demod_data[-1][0,0],demod_data[-1][-1,0])
        scope_data=self._parse_scope_data(raw_data,trace_pts=self.get_scope_trace_pts())
        scope_data=[sd for sd in zip(*scope_data) if sd[1]>data_extent[0] and sd[1]<data_extent[1]]
        dts=int(self.get_scope_timestep()*self.get_clockbase())
        scope_data=[np.column_stack(( np.arange(len(d[0]))*dts+d[1],d[0] )) for d in scope_data]
        return demod_data,scope_data


    
    
    
    
    
    

[docs]class ZISweeper(object):
    """
    Sweeper interface for Zurich Instruments devices.
    """
    def __init__(self, dev, settings=None):
        object.__init__(self)
        self.settings=dictionary.Dictionary(settings)
        self.settings.merge_branch(self._default_settings,overwrite=False)
        self.dev=dev
    def __getitem__(self, key): return self.settings.__getitem__(key)
    def __setitem__(self, key, value): return self.settings.__setitem__(key,value)

    _default_settings={"log_sweep":False,
                       "wait/initial":5,
                       "wait/settling":5,
                       "wait/integrating":5,
                       "wait/averaging_pause":5,
                       "averaging":1,
                       "tc":None,
                       "order":None}
[docs]    def is_set(self):
        return all([k in self.settings for k in ["range","oscillator","demods"]])

[docs]    def setup(self, sweep_range, oscillator, demods, settings=None):
        self["range"]=sweep_range
        self["oscillator"]=oscillator
        self["demods"]=funcargparse.as_sequence(demods)
        if settings:
            self.settings.merge_branch(settings,overwrite=True)

        
[docs]    def frequency_points(self):
        if self["log_sweep"]:
            start,stop,steps=self["range"]
            logstart,logstop=np.log(start),np.log(stop)
            return np.exp(np.linspace(logstart,logstop,steps))
        else:
            return np.linspace(*self["range"])

    _min_tc=1E-3
    _sampling_rate_per_tc=100.
    _min_sampling_rate=1E3
    _min_int_time=1E-1
[docs]    def get_max_tc(self):
        tcs=[self.dev["demods",d,"timeconstant"] for d in self["demods"]]
        return max(max(tcs),self._min_tc)

    
[docs]    def get_tc(self, variable_tc=False):
        if self["tc"] is not None:
            for d in self["demods"]:
                self.dev["demods",d,"timeconstant"]=self["tc"][0] if variable_tc else self["tc"]
        if self["order"] is not None:
            for d in self["demods"]:
                self.dev["demods",d,"order"]=self["order"]
        return self.get_max_tc()

    
[docs]    def execute(self, result_format=("c","comb"), method="zi"):
        if method=="zi":
            return self.execute_zi(result_format)
        else:
            return self.execute_manual(result_format)

[docs]    def execute_manual(self, result_format=("c","comb")):
        funcargparse.check_parameter_range(result_format[0],"result_format",{"xy","c"})
        funcargparse.check_parameter_range(result_format[1],"result_format",{"sep","comb"})
        if not self.is_set():
            raise ValueError("setup sweeper first")
        dev=self.dev
        demods=self["demods"]
        variable_tc=funcargparse.is_sequence(self["tc"])
        tc=self.get_tc(variable_tc=variable_tc)
        sampling_rate=max(self._min_sampling_rate,self._sampling_rate_per_tc/tc)
        initial_rates=dev.get_demods_rates()
        for d in range(dev.get_demods_num()):
            dev.set_demod_rate(d,sampling_rate if (d in demods) else 0)
        avgs=self["averaging"]
        values=[[] for _ in demods]
        freqs=self.frequency_points()
        dev.set_parameter(("oscs",self["oscillator"],"freq"),freqs[0])
        time.sleep(tc*self["wait/initial"])
        for i,f in enumerate(freqs):
            dev.set_parameter(("oscs",self["oscillator"],"freq"),f)
            if variable_tc:
                tc=max(self["tc"][i],self._min_tc)
                sampling_rate=max(self._min_sampling_rate,self._sampling_rate_per_tc/tc)
                for d in demods:
                    dev["demods",d,"timeconstant"]=tc
                    dev.set_demod_rate(d,sampling_rate)
            time.sleep(tc*self["wait/settling"])
            integrating_time=max(tc*self["wait/integrating"],self._min_int_time)
            avg_data=[[] for _ in demods]
            for i in range(avgs):
                while True:
                    data=dev.read_demods(integrating_time*1.1)
                    if data is not None:
                        break
                for d,a in zip(demods,avg_data):
                    a.append(data[d][:,1:].mean(axis=0))
                if i+1<avgs:
                    time.sleep(tc*self["wait/averaging_pause"])
            for v,a in zip(values,avg_data):
                sam_xy=np.mean(a,axis=0)
                if result_format[0]=="xy":
                    v.append(sam_xy)
                else:
                    v.append(sam_xy[0]+1j*sam_xy[1])
        for d,r in enumerate(initial_rates):
            dev.set_demod_rate(d,r)
        if result_format[1]=="sep":
            return [np.column_stack(( freqs,v )) for v in values]
        else:
            return np.column_stack([freqs]+values)

    
[docs]    def execute_zi(self, result_format=("c","comb"), poll_time=.1):
        funcargparse.check_parameter_range(result_format[0],"result_format",{"xy","c"})
        funcargparse.check_parameter_range(result_format[1],"result_format",{"sep","comb"})
        dev=self.dev
        if not self.is_set():
            raise ValueError("setup sweeper first")
        tc=self.get_tc()
        if self["order"] is None:
            order=max([dev["demods",d,"order"] for d in self["demods"]])
        else:
            order=self["order"]
        sweeper=self.dev.server.sweep(500)
        sweeper.set("sweep/device",dev.dev_id)
        sweeper.set("sweep/start",self["range"][0])
        sweeper.set("sweep/stop",self["range"][1])
        sweeper.set("sweep/samplecount",self["range"][2])
        sweeper.set("sweep/gridnode","oscs/{}/freq".format(self["oscillator"]))
        sweeper.set("sweep/xmapping",1 if self["log_sweep"] else 0)
        sweeper.set("sweep/scan",0)
        #sweeper.set("sweep/settling/time",0)
        sweeper.set("sweep/settling/time",self["wait/initial"]*tc)
        sweeper.set("sweep/settling/tc",self["wait/settling"])
        sweeper.set("sweep/averaging/tc",self["wait/integrating"])
        '''sweeper.set("sweep/settling/time",self["wait/settling"]*tc)
        sweeper.set("sweep/settling/tc",self["wait/integrating"])
        sweeper.set("sweep/averaging/tc",0)'''
        sweeper.set("sweep/averaging/sample",self["averaging"])
        sweeper.set("sweep/bandwidthcontrol",0)
        sweeper.set("sweep/bandwidth",tc_to_bandwidth(tc,order))
        sweeper.set("sweep/order",order)
        for d in self["demods"]:
            sweeper.subscribe(dev._build_path(("demods",d,"sample")))
            
        sampling_rate=max(self._min_sampling_rate,self._sampling_rate_per_tc/tc)
        initial_rates=dev.get_demods_rates()
        for d in range(dev.get_demods_num()):
            dev.set_demod_rate(d,sampling_rate if (d in self["demods"]) else 0)
        sweeper.execute()
        sweeper.trigger()
        while not(sweeper.finished()):
            time.sleep(poll_time)
        for d,r in enumerate(initial_rates):
            dev.set_demod_rate(d,r)
        sweeper_data=sweeper.read()
        if dev.dev_id not in sweeper_data:
            return None
        values=[]
        freqs=None
        for d in self["demods"]:
            ds=sweeper_data[dev.dev_id]["demods"][str(d)]["sample"]
            if len(ds)==0:
                return None
            ds=ds[0][0]
            if result_format[0]=="xy":
                values.append(np.column_stack(( ds["x"],ds["y"] )))
            else:
                values.append(ds["x"]+1j*ds["y"])
            if freqs is None:
                freqs=ds["frequency"]
        if result_format[1]=="sep":
            return [np.column_stack(( freqs,v )) for v in values]
        else:
            return np.column_stack([freqs]+values)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.device_manager

from ...core.fileio import loadfile  #@UnresolvedImport

import importlib
import re

[docs]class DeviceManager(object):
    def __init__(self, path=None):
        object.__init__(self)
        self.devices={}
        self.opened={}
        if path:
            self.add_from_file(path)
        
[docs]    def add_device(self, name, dev_cls, addr):
        if not (isinstance(addr,tuple) or isinstance(addr,dict)):
            addr=(addr,)
        self.devices[name]=(dev_cls,addr)

    @staticmethod
    def _get_class(name):
        mdln,clsn=name.rsplit(".")
        mdl=importlib.import_module(".."+mdln,__name__)
        cls=getattr(mdl,clsn)
        return cls
[docs]    def add_from_file(self, path):
        descr=loadfile.load(path,"csv",dtype="generic",columns=["name","class","address"])
        for name,cls,addr in descr.r:
            name=re.sub(r"\s+","_",name)
            self.add_device(name,self._get_class(cls),addr)

                
[docs]    def get_device(self, name, reopen=False):
        if (not reopen) and (name in self.opened):
            return self.opened[name]
        dev_cls,addr=self.devices[name]
        if isinstance(addr,dict):
            dev=dev_cls(**addr)
        else:
            dev=dev_cls(*addr)
        self.opened[name]=dev
        return dev

    __getitem__=get_device
    __getattr__=get_device
    def __dir__(self):
        return list(self.devices.keys())





          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.interfaces

from ...core.devio.interface import IDevice

[docs]class ITranslationStage(IDevice):
    pass





          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.devices.misc

from ...core.utils import files

import platform
import ctypes
import sys
import os.path
import os


[docs]def get_default_lib_folder(absolute=True):
    """
    Get default DLL folder withing the package, depending on the Python bitness
    
    If ``absolute==True``, get absolute path (including pyLabLib folder); otherwise, get subfolder within pyLabLib folder.
    """
    arch=platform.architecture()[0]
    if arch=="32bit":
        archfolder="x32"
    elif arch=="64bit":
        archfolder="x64"
    else:
        raise ImportError("Unexpected system architecture: {0}".format(arch))
    module_folder=os.path.split(files.normalize_path(sys.modules[__name__].__file__))[0] if absolute else os.path.join("aux_libs","devices")
    return os.path.join(module_folder,"libs",archfolder)

default_lib_folder=get_default_lib_folder()
default_rel_lib_folder=get_default_lib_folder(absolute=False)

[docs]def get_os_lib_folder():
    """Get default Windows DLL folder (``System32`` or ``SysWOW64``, depending on Python and Windows bitness)"""
    if sys.platform!="win32":
        return ""
    arch=platform.architecture()[0]
    winarch="64bit" if platform.machine().endswith("64") else "32bit"
    if winarch==arch:
        return os.path.join(os.environ["WINDIR"],"System32")
    else:
        return os.path.join(os.environ["WINDIR"],"SysWOW64")

default_placing_message="The libraries should be placed in {} or in {}".format(default_lib_folder,get_os_lib_folder())

[docs]def load_lib(name, locations=("global",), call_conv="cdecl", locally=False, error_message=None, check_order="location"):
    """
    Load DLL.

    Args:
        name: name or path of the library (can also be a list or a tuple with several names, which are tried in that order).
        locations: list or tuple of locations to search for a library; the function tries locations in order and returns the first successfully loaded library
            a location is a string which can be a path to the containing folder, ``"local"`` (local package path given by :func:`get_default_lib_folder`),
            or ``"global"`` (load path as is; also searches in the standard OS specified locations determined by ``PATH`` variable, e.g., ``System32`` folder)
        locally(bool): if ``True``, change local path to allow loading of dependent DLLs
        call_conv(str): DLL call convention; can be either ``"cdecl"`` (corresponds to ``ctypes.cdll``) or ``"stdcall"`` (corresponds to ``ctypes.windll``)
        error_message(str): error message to add in addition to the default error message shown when the DLL is not found
        check_order(str): determines the order in which possible combinations of names and locations are looped over;
            can be ``"location"`` (loop over locations, and for each location loop over names), ``"name"``  (loop over names, and for each name loop over locations),
            or a list of tuples ``[(loc,name)]`` specifying order of checking
            (in the latter case, `name` and `location` arguments are ignored, except for generating error mesage).
    """
    if platform.system()!="Windows":
        raise OSError("DLLs are not available on non-Windows platform")
    if not isinstance(name,(list,tuple)):
        name=[name]
    if check_order=="location":
        check_order=[(loc,n) for loc in locations for n in name]
    elif check_order=="name":
        check_order=[(loc,n) for n in name for loc in locations]
    for loc,n in check_order:
        if loc=="local":
            folder=default_lib_folder
        elif loc=="global":
            folder=""
        else:
            if loc.lower().endswith(".dll"):
                folder,n=os.path.split(loc)
            else:
                folder=loc
        path=os.path.join(folder,n)
        if locally:
            loc_folder,loc_name=os.path.split(path)
            old_env_path=os.environ["PATH"]
            env_paths=old_env_path.split(";")
            if not any([files.paths_equal(loc_folder,ep) for ep in env_paths if ep]):
                os.environ["PATH"]=files.normalize_path(loc_folder)+";"+os.environ["PATH"]+";"+files.normalize_path(loc_folder)+";"
            path=loc_name
        try:
            if call_conv=="cdecl":
                return ctypes.cdll.LoadLibrary(path)
            elif call_conv=="stdcall":
                return ctypes.windll.LoadLibrary(path)
            else:
                raise ValueError("unrecognized call convention: {}".format(call_conv))
        except OSError:
            if locally:
                os.environ["PATH"]=old_env_path
    error_message="\n"+error_message if error_message else ""
    raise OSError("can't import module {}".format(" or ".join(name))+error_message)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.file_formats.cam

"""
Standard .cam format.

A .cam file is a set of frames (in raw binary <u2 format),
each of which is prepended by two 4-byte integers denoting the frame dimensions.
"""


from ...core.utils import files as file_utils

import os.path
import numpy as np




def _read_cam_frame(f, skip=False):
    size=np.fromfile(f,"<u4",count=2)
    if len(size)==0 and file_utils.eof(f):
        raise StopIteration
    if len(size)<2:
        raise IOError("not enough cam data to read the frame size")
    w,h=size
    if not skip:
        data=np.fromfile(f,"<u2",count=w*h)
        if len(data)<w*h:
            raise IOError("not enough cam data to read the frame: {} pixels available instead of {}".format(len(data),w*h))
        return data.reshape((w,h))
    else:
        f.seek(w*h*2,1)
        return None

[docs]class CamReader(object):
    """
    Reader class for .cam files.

    Allows transparent access to frames by reading them from the file on the fly (without loading the whole file).
    Supports determining length, indexing (only positive single-element indices) and iteration.

    Args:
        path(str): path to .cam file.
        same_size(bool): if ``True``, assume that all frames have the same size, which speeds up random access and obtaining number of frames;
            otherwise, the first time the length is determined or a large-index frame is accessed can take a long time (all subsequent calls are faster).
    """
    def __init__(self, path, same_size=False):
        object.__init__(self)
        self.path=file_utils.normalize_path(path)
        self.frame_offsets=[0]
        self.frames_num=None
        self.same_size=same_size

    def _read_frame_at(self, offset):
        with open(self.path,"rb") as f:
            f.seek(offset)
            return _read_cam_frame(f)
    def _read_next_frame(self, f, skip=False):
        data=_read_cam_frame(f,skip=skip)
        self.frame_offsets.append(f.tell())
        return data
    def _read_frame(self, idx):
        idx=int(idx)
        if self.same_size:
            if len(self.frame_offsets)==1:
                with open(self.path,"rb") as f:
                    self._read_next_frame(f,skip=True)
            offset=self.frame_offsets[1]*idx
            return self._read_frame_at(offset)
        else:
            if idx<len(self.frame_offsets):
                return self._read_frame_at(self.frame_offsets[idx])
            next_idx=len(self.frame_offsets)-1
            offset=self.frame_offsets[-1]
            with open(self.path,"rb") as f:
                f.seek(offset)
                while next_idx<=idx:
                    data=self._read_next_frame(f,next_idx<idx)
                    next_idx+=1
            return data

    def _fill_offsets(self):
        if self.frames_num is not None:
            return
        if self.same_size:
            file_size=os.path.getsize(self.path)
            if file_size==0:
                self.frames_num=0
            else:
                with open(self.path,"rb") as f:
                    self._read_next_frame(f,skip=True)
                if file_size%self.frame_offsets[1]:
                    raise IOError("File size {} is not a multiple of single frame size {}".format(file_size,self.frame_offsets[1]))
                self.frames_num=file_size//self.frame_offsets[1]
        else:
            offset=self.frame_offsets[-1]
            try:
                with open(self.path,"rb") as f:
                    f.seek(offset)
                    while True:
                        self._read_next_frame(f,skip=True)
            except StopIteration:
                pass
            self.frames_num=len(self.frame_offsets)-1
    
[docs]    def size(self):
        """Get the total number of frames"""
        self._fill_offsets()
        return self.frames_num

    __len__=size

    def __getitem__(self, idx):
        if isinstance(idx,slice):
            return list(self.iterrange(idx.start or 0,idx.stop,idx.step or 1))
        try:
            return self._read_frame(idx)
        except StopIteration:
            raise IndexError("index {} is out of range".format(idx))
[docs]    def get_data(self, idx):
        """Get a single frame at the given index (only non-negative indices are supported)"""
        return self[idx]

    def __iter__(self):
        return self.iterrange()
[docs]    def iterrange(self, *args):
        """
        iterrange([start,] stop[, step])

        Iterate over frames starting with `start` ending at `stop` (``None`` means until the end of file) with the given `step`.
        """
        start,stop,step=0,None,1
        if len(args)==1:
            stop,=args
        elif len(args)==2:
            start,stop=args
        elif len(args)==3:
            start,stop,step=args
        if step<0:
            raise IndexError("format doesn't support reversed indexing")
        try:
            n=start
            while True:
                yield self._read_frame(n)
                n+=step
                if stop is not None and n>=stop:
                    break
        except StopIteration:
            pass

[docs]    def read_all(self):
        """Read all available frames"""
        return list(self.iterrange())








##### Simple interface functions #####
[docs]def iter_cam_frames(path, start=0, step=1):
    """
    Iterate of frames in a .cam datafile.

    Yield 2D array (one array per frame).
    Frames are loaded only when yielded, so the function is suitable for large files.
    """
    return CamReader(path).iterrange(start,None,step)

[docs]def load_cam(path, same_size=True):
    """
    Load .cam datafile.

    Return list of 2D numpy arrays, one array per frame.
    If ``same_size==True``, raise error if different frames have different size.
    """
    frames=[]
    for f in iter_cam_frames(path):
        if same_size and frames and f.shape!=frames[0].shape:
            raise IOError("camera frame {} has a different size: {}x{} instead of {}x{}".format(len(frames),*(f.shape+frames[0].shape)))
        frames.append(f)
    return frames

[docs]def combine_cam_frames(path, func, init=None, start=0, step=1, max_frames=None, return_total=False):
    """
    Combine .cam frames using the function `func`.

    `func` takes 2 arguments (the accumulated result and a new frame) and returns the combined result.
    `init` is the initial result value; if ``init is None`` it is initialized to the first frame.
    If `max_frames` is not ``None``, it specifies the maximal number of frames to read.
    If ``return_total==True'``, return a tuple ``(result, n)'``, where `n` is the total number of frames.
    """
    n=0
    result=init
    for f in iter_cam_frames(path,start=start,step=step):
        if result is None:
            result=f
        else:
            result=func(result,f)
        n+=1
        if max_frames and n>=max_frames:
            break
    return (result,n) if return_total else result



[docs]def save_cam(frames, path, append=True):
    """
    Save `frames` into a .cam datafile.

    If ``append==False``, clear the file before writing the frames.
    """
    mode="ab" if append else "wb"
    with open(path,mode) as f:
        for fr in frames:
            np.array(fr.shape).astype("<u4").tofile(f)
            fr.astype("<u2").tofile(f)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.file_formats.ecam

from ...core.utils import py3, general, funcargparse, files as file_utils
from ...core.devio import data_format
from ...core.fileio import binio

import numpy as np
import numpy.random

import time, collections, os.path, zlib, pickle


[docs]def gen_uid():
    uid_arr=numpy.random.randint(0,256,size=8,dtype="u1")
    return py3.as_bytes(uid_arr)



[docs]class ECamFrame(object):
    """
    A data frame for .ecam format.

    Args:
        data: frame data (numpy array with between 1 and 4 dimensions)
        uid(bytes): 8-byte unique ID of the frame (by default, generate a new random ID).
        timetamps(float): frame timestamp (by default, use current time)
        **kwargs: additional frame blocks (values and meaning depend on the block type, and can be expanded later)
    """
    def __init__(self, data, uid="new", timestamp="new", **kwargs):
        object.__init__(self)
        self.data=data
        self.uid=gen_uid() if uid=="new" else uid
        self.timestamp=time.time() if timestamp=="new" else timestamp
        self.blocks=kwargs
    
    def __getitem__(self, key):
        return self.blocks[key]
    def __setitem__(self, key, value):
        self.blocks[key]=value

[docs]    def update_timestamp(self, timestamp=None):
        """Update the frame timestamp (by default, use current time)"""
        self.timestamp=timestamp or time.time()


[docs]    def uid_to_int(self):
        """Return UID as an 8-byte integer"""
        return int(np.frombuffer(self.uid,"<u8")[0]) if self.uid else None

[docs]    def uid_to_hex(self):
        """Return UID as a 16-symbol hex string"""
        return "".join(["{:02x}".format(d) for d in self.uid]) if self.uid else None








current_version=0x0001
valid_magic=b"eCAM\x0f64\x0b"
valid_versions=[0x0001]
default_pickle_proto=3
_header_fields=[("header_size",4),("image_bytes",8),("version",2),("magic",8),("shape",16),("dtype",2),("stype",2),
                ("uid",8),("timestamp",8)]
_hf_sizes=dict(_header_fields)
def _gen_offsets(fields):
    offsets={}
    off=0
    for n,s in fields:
        offsets[n]=off
        off+=s
    offsets["__end__"]=off
    return offsets
_hf_offsets=_gen_offsets(_header_fields)

THeader=collections.namedtuple("THeader",["header_size","image_bytes","version","shape","dtype","stype","uid","timestamp","blocks"])
stypes={0x00:"none",0x01:"raw",0x10:"zlib"}
stypes_inv=general.invert_dict(stypes)
dtypes=general.merge_dicts(binio.fdtypes,binio.idtypes)
dtypes_inv=general.invert_dict(dtypes)

TBlock=collections.namedtuple("TBlock",["btype","value"])
btypes={0x00:"none",0x01:"skip",0x10:"cam_params",0x20:"pickle"}
btypes_inv=general.invert_dict(btypes)
cam_params={0x01:("name","sp<u2"),0x02:("model","sp<u2"),0x03:("id","sp<u2"),
            0x10:("exposure","<f8"),0x11:("frame_rate","<f8"),
            0x20:("roi",("<u4",)*4),0x21:("binning",("<u2",)*2),0x22:("pixel_max","<u8"),0x23:("pixel_min","<i8"),
            0x30:("acq_mode","sp<u1"),0x31:("read_mode","sp<u1"),0x32:("pixel_mode","sp<u1"),
            0x38:("timing_mode","sp<u1"),0x39:("trigger_mode","sp<u1"),0x3a:("trigger_level","<f8"),
            0x40:("buffer_size","<u4"),0x41:("buffer_filled","<u4"),
            0x80:("status","sp<u2"),0x81:("acq_status","sp<u2")}
cam_params_inv=general.invert_dict(cam_params,kmap=lambda x: x[0])



[docs]class ECamFormatError(IOError):
    """Generic ECam reading error"""
    pass


[docs]class ECamFormatter(object):
    """
    Formatter for .ecam files.

    Class responsible for writing and reading arbitrary ECam frames.

    Args:
        stype(str): storage type for the data. Can be ``"raw"`` (write as raw binary),
            ``"zlib"`` (raw binary compressed using standard Python zlib module), or ``"none"`` (write zeros instead of data).
            Used only for writing; in reading, all storage types are supported.
        dtype: default data dtype. If suppled, any written data will be converted to this dtype,
            and any read data will have this dtype by default (unless specified explicitly). Otherwise, use supplied data dtype when writing.
        shape(tuple): default data shape (tuple of length 2 or 3). If suppled, any written and read data is supposed to have this shape
            (also use this as default shape if none is provided in the file).
    """
    def __init__(self, stype="raw", dtype=None, shape=(None,None)):
        object.__init__(self)
        self.stype=stype
        self.dtype=dtype
        self.shape=shape
    
    def _build_frame(self, header, data):
        blocks={}
        for btype,bvalue in header.blocks:
            if btypes[btype]=="pickle":
                name,val=bvalue
                blocks.setdefault("pickle",{})[name]=val
            elif btypes[btype]=="cam_params":
                blocks["cam_params"]=bvalue
        return ECamFrame(data,header.uid,header.timestamp,**blocks)
    def _read_block(self, f, btype, size):
        if btype not in btypes:
            raise ECamFormatError("bad file format: unknown block type 0x{:04x}".format(btype))
        btype=btypes[btype]
        if btype=="skip":
            f.seek(size,1)
            value=size
        elif btype=="pickle":
            ipos=f.tell()
            parsize=binio.read_num(f,"<u2")
            f.seek(parsize,1)
            name=binio.read_str(f,"sp<u4")
            header_size=(f.tell()-ipos)
            if size>=header_size:
                svalue=f.read(size-header_size)
                value=(name,pickle.loads(svalue))
            else:
                raise ECamFormatError("error reading block: block size {} is too small".format(size))
        elif btype=="cam_params":
            value={}
            epos=f.tell()+size
            while f.tell()<epos:
                pid=binio.read_num(f,"u1")
                if pid not in cam_params:
                    raise ECamFormatError("error reading block: unknown camera param id 0x{:02x}".format(pid))
                name,dtype=cam_params[pid]
                value[name]=binio.read_val(f,dtype)
        return value
    def _read_header(self, f):
        try:
            header_size=binio.read_num(f,"<u4")
        except IndexError:
            raise StopIteration
        if header_size in {0,4} or (header_size<_hf_offsets["__end__"] and header_size not in _hf_offsets.values()):
            raise ECamFormatError("bad file format: header size is {}".format(header_size))
        image_bytes=binio.read_num(f,"<u8")
        if header_size>_hf_offsets["version"]:
            version=binio.read_num(f,"<u2")
            if version not in valid_versions:
                raise ECamFormatError("bad file format: unsupported version 0x{:02x}".format(version))
        else:
            version=None
        if header_size>_hf_offsets["magic"]:
            magic=f.read(8)
            if magic!=valid_magic:
                raise ECamFormatError("bad file format: invalid magic {}".format(magic))
        if header_size>_hf_offsets["shape"]:
            shape=binio.read_val(f,("<u4",)*4)
        else:
            shape=self.shape
        shape=tuple([s for s in shape if s!=0])
        if (None not in self.shape) and shape!=self.shape:
            raise ValueError("data shape {} doesn't agree with the formatter shape {}".format(shape,self.shape))
        dtype=binio.read_num(f,"<u2") if header_size>_hf_offsets["dtype"] else self.dtype
        stype=binio.read_num(f,"<u2") if header_size>_hf_offsets["stype"] else self.stype
        uid=f.read(8) if header_size>_hf_offsets["uid"] else None
        timestamp=binio.read_num(f,"<f8") if header_size>_hf_offsets["timestamp"] else None
        read_bytes=_hf_offsets["__end__"]
        blocks=[]
        while header_size>read_bytes:
            if read_bytes+2>header_size:
                raise ECamFormatError("bad file format: not enough data for a block type")
            btype=binio.read_num(f,"<u2")
            if btype==0x00:
                f.seek(header_size-(read_bytes+2))
                read_bytes=header_size
                break
            if read_bytes+6>header_size:
                raise ECamFormatError("bad file format: not enough data for a block size")
            bsize=binio.read_num(f,"<u4")
            bvalue=self._read_block(f,btype,bsize)
            blocks.append(TBlock(btype,bvalue))
            read_bytes+=(6+bsize)
        return THeader(header_size,image_bytes,version,shape,dtype,stype,uid,timestamp,blocks)
    def _check_data_size(self, df, shape, data_bytes):
        nelem=int(np.prod(shape,dtype="u8"))
        if df.size*nelem!=data_bytes:
            shape_str="x".join([str(s) for s in shape])
            raise ECamFormatError("bad file format: mismatched frame byte size: expect {}x{}={}, got {}".format(
                shape_str,df.size,nelem*df.size,data_bytes))
    def _read_data(self, f, header):
        if header.stype is None:
            raise ECamFormatError("bad file format: not enough header data to read image")
        if header.stype not in stypes:
            raise ECamFormatError("bad file format: unknown storage type 0x{:04x}".format(header.stype))
        stype=stypes[header.stype]
        if stype=="none":
            f.seek(header.image_bytes,1)
            return None
        if (None in header.shape) or header.dtype is None:
            raise ECamFormatError("bad file format: not enough header data to read image")
        if header.dtype not in dtypes:
            raise ECamFormatError("bad file format: unknown data type 0x{:04x}".format(header.dtype))
        dtype=dtypes[header.dtype]
        df=data_format.DataFormat.from_desc(dtype)
        nelem=int(np.prod(header.shape,dtype="u8"))
        if stype=="raw":
            self._check_data_size(df,header.shape,header.image_bytes)
            img=np.fromfile(f,dtype=df.to_desc(),count=nelem)
            if len(img)!=nelem:
                raise ECamFormatError("bad file format: expected {} elements, found {}".format(nelem,len(img)))
            img=img.reshape(header.shape)
        elif stype=="zlib":
            comp_data=f.read(header.image_bytes)
            raw_data=zlib.decompress(comp_data)
            self._check_data_size(df,header.shape,len(raw_data))
            img=np.fromstring(raw_data,dtype=df.to_desc(),count=nelem).reshape(header.shape)
        return img
[docs]    def skip_frame(self, f):
        """Skip next frame starting at the current position within the file `f`"""
        header=self._read_header(f)
        f.seek(header.image_bytes,1)
        return header.header_size,header.image_bytes

[docs]    def read_frame(self, f, return_format="frame"):
        """
        Read next frame starting at the current position within the file `f`.
        
        `return_format` is the format for return data. Can be ``"frame"`` (return :class:`ECamFrame` object with all metadata),
        ``"image"`` (return only image array), or ``"raw"`` (return tuple ``(header, image)`` with raw data).
        """
        funcargparse.check_parameter_range(return_format,"return_format",{"frame","image","raw"})
        header=self._read_header(f)
        img=self._read_data(f,header)
        if return_format=="frame":
            return self._build_frame(header,img)
        elif return_format=="image":
            return img
        else:
            return header,img



    def _format_frame(self, frame):
        if isinstance(frame,ECamFrame):
            data=np.asarray(frame.data)
            uid=frame.uid
            timestamp=frame.timestamp
            fblocks=frame.blocks
        else:
            data=np.asarray(frame)
            uid,timestamp=None,None
            fblocks={}
        if self.dtype is not None:
            data=data.astype(self.dtype)
        if (None not in self.shape) and data.shape!=self.shape:
            raise ValueError("data shape {} doesn't agree with the formatter shape {}".format(data.shape,self.shape))
        if data.ndim not in [1,2,3,4]:
            raise ValueError("can only save 1D, 2D, 3D, and 4D arrays; got {}D".format(data.ndim))
        df=data_format.DataFormat.from_desc(str(data.dtype))
        dtype=df.to_desc()
        shape=data.shape
        if self.stype=="none":
            dsize=int(np.prod(data.shape,dtype="u8"))*df.size
            data=None
        elif self.stype=="raw":
            data=data.astype(dtype=dtype)
            dsize=int(np.prod(data.shape,dtype="u8"))*df.size
        elif self.stype=="zlib":
            raw_str=data.astype(dtype=dtype).tostring()
            data=zlib.compress(raw_str,level=1)
            dsize=len(data)
        else:
            raise ValueError("unrecognized storage type: {}".format(self.stype))
        blocks=[]
        for k,v in fblocks.items():
            if k=="pickle":
                btype=btypes_inv["pickle"]
                for pn,pv in v.items():
                    bvalue=(pn,pv)
                    blocks.append(TBlock(btype,bvalue))
            elif k=="cam_params":
                btype=btypes_inv["cam_params"]
                blocks.append(TBlock(btype,v))
        header=THeader(-1,dsize,current_version,shape,dtypes_inv[dtype],stypes_inv[self.stype],uid,timestamp,blocks)
        return header,data
    def _write_block(self, f, btype, bvalue):
        btype=btypes[btype]
        if btype=="skip":
            f.write(b"\x00"*bvalue)
        elif btype=="pickle":
            pn,pv=bvalue
            binio.write_num(2,f,"<u2")
            binio.write_num(default_pickle_proto,f,"<u2")
            binio.write_str(pn,f,"sp<u4")
            pickle.dump(pv,f,protocol=default_pickle_proto)
        elif btype=="cam_params":
            for pid,(pn,dtype) in cam_params.items():
                if pn in bvalue:
                    binio.write_num(pid,f,"u1")
                    v=bvalue[pn]
                    binio.write_val(v,f,dtype)
    def _write_header(self, header, f):
        with binio.size_prepend(f,"<u4",4):
            binio.write_num(header.image_bytes,f,"<u8")
            binio.write_num(header.version,f,"<u2")
            f.write(valid_magic)
            if None not in header.shape:
                shape=header.shape+(0,)*(4-len(header.shape))
                np.asarray(shape,dtype="u4").astype("<u4").tofile(f)
            else:
                return
            if header.dtype is not None:
                binio.write_num(header.dtype,f,"<u2")
            else:
                return
            if header.stype is not None:
                binio.write_num(header.stype,f,"<u2")
            else:
                return
            if header.uid is not None:
                f.write(header.uid)
            else:
                return
            if header.timestamp is not None:
                binio.write_num(header.timestamp,f,"<f8")
            else:
                return
            for btype,bvalue in header.blocks:
                binio.write_num(btype,f,"<u2")
                with binio.size_prepend(f,"<u4"):
                    self._write_block(f,btype,bvalue)
    def _write_image(self, header, data, f):
        if data is None:
            f.write("\x00"*header.image_bytes)
        elif isinstance(data,bytes):
            f.write(data)
        elif isinstance(data,np.ndarray):
            data.tofile(f)
        else:
            raise ValueError("don't know how to write data {}".format(data))
[docs]    def write_frame(self, frame, f):
        """
        Read the supplied `frame` starting at the current position within the file `f`.
        
        `frame` can be either :class:`ECamFrame` object, or a numpy array (in which case no metadata is saved).
        """
        header,data=self._format_frame(frame)
        self._write_header(header,f)
        self._write_image(header,data,f)
        return header.header_size,header.image_bytes







[docs]def save_ecam(frames, path, append=True, formatter=None):
    """
    Save `frames` into a .ecam datafile.

    If ``append==False``, clear the file before writing the frames.
    `formatter` specifies :class:`ECamFormatter` instance for frame saving.
    """
    mode="r+b" if (append and os.path.exists(path)) else "wb"
    formatter=formatter or ECamFormatter()
    with open(path,mode) as f:
        f.seek(0,2)
        for fr in frames:
            formatter.write_frame(fr,f)


[docs]def save_ecam_single(frame, path, append=True, **kwargs):
    """
    Save a single `frame` into a .ecam datafile.

    If ``append==False``, clear the file before writing the frames.
    ``**kwargs`` specify parameters passed to the :class:`ECamFormatter` constructor for the saving formatter.
    """
    formatter=ECamFormatter(**kwargs)
    save_ecam([frame],path,append=append,formatter=formatter)






[docs]class ECamReader(object):
    """
    Reader class for .ecam files.

    Allows transparent access to frames by reading them from the file on the fly (without loading the whole file).
    Supports determining length, indexing (only positive single-element indices) and iteration.

    Args:
        path(str): path to .ecam file.
        same_size(bool): if ``True``, assume that all frames have the same size (including header), which speeds up random access and obtaining number of frames;
            otherwise, the first time the length is determined or a large-index frame is accessed can take a long time (all subsequent calls are faster).
        return_format(str): format for return data. Can be ``"frame"`` (return :class:`ECamFrame` object with all metadata),
            ``"image"`` (return only image array), or ``"raw"`` (return tuple ``(header, image)`` with raw data).
        formatter(ECamFormatter): formatter for saving
    """
    def __init__(self, path, same_size=False, return_format="frame", formatter=None):
        object.__init__(self)
        self.path=file_utils.normalize_path(path)
        self.frame_offsets=[0]
        self.frames_num=None
        self.same_size=same_size
        self.return_format=return_format
        self.formatter=formatter or ECamFormatter()

    def _read_frame_at(self, offset):
        with open(self.path,"rb") as f:
            f.seek(offset)
            return self.formatter.read_frame(f,return_format=self.return_format)
    def _read_next_frame(self, f, skip=False):
        if skip:
            self.formatter.skip_frame(f)
            data=None
        else:
            data=self.formatter.read_frame(f,return_format=self.return_format)
        self.frame_offsets.append(f.tell())
        return data
    def _read_frame(self, idx):
        idx=int(idx)
        if self.same_size:
            if len(self.frame_offsets)==1:
                with open(self.path,"rb") as f:
                    self._read_next_frame(f,skip=True)
            offset=self.frame_offsets[1]*idx
            return self._read_frame_at(offset)
        else:
            if idx<len(self.frame_offsets):
                return self._read_frame_at(self.frame_offsets[idx])
            next_idx=len(self.frame_offsets)-1
            offset=self.frame_offsets[-1]
            with open(self.path,"rb") as f:
                f.seek(offset)
                while next_idx<=idx:
                    data=self._read_next_frame(f,next_idx<idx)
                    next_idx+=1
            return data

    def _fill_offsets(self):
        if self.frames_num is not None:
            return
        if self.same_size:
            file_size=os.path.getsize(self.path)
            if file_size==0:
                self.frames_num=0
            else:
                with open(self.path,"rb") as f:
                    self._read_next_frame(f,skip=True)
                if file_size%self.frame_offsets[1]:
                    raise IOError("File size {} is not a multiple of single frame size {}".format(file_size,self.frame_offsets[1]))
                self.frames_num=file_size//self.frame_offsets[1]
        else:
            offset=self.frame_offsets[-1]
            try:
                with open(self.path,"rb") as f:
                    f.seek(offset)
                    while True:
                        self._read_next_frame(f,skip=True)
            except StopIteration:
                pass
            self.frames_num=len(self.frame_offsets)-1
    
[docs]    def size(self):
        """Get the total number of frames"""
        self._fill_offsets()
        return self.frames_num

    __len__=size

    def __getitem__(self, idx):
        if isinstance(idx,slice):
            return list(self.iterrange(idx.start or 0,idx.stop,idx.step or 1))
        try:
            return self._read_frame(idx)
        except StopIteration:
            raise IndexError("index {} is out of range".format(idx))
[docs]    def get_data(self, idx):
        """Get a single frame at the given index (only non-negative indices are supported)"""
        return self[idx]

    def __iter__(self):
        return self.iterrange()
[docs]    def iterrange(self, *args):
        """
        iterrange([start,] stop[, step])

        Iterate over frames starting with `start` ending at `stop` (``None`` means until the end of file) with the given `step`.
        """
        start,stop,step=0,None,1
        if len(args)==1:
            stop,=args
        elif len(args)==2:
            start,stop=args
        elif len(args)==3:
            start,stop,step=args
        if step<0:
            raise IndexError("format doesn't support reversed indexing")
        try:
            n=start
            while True:
                yield self._read_frame(n)
                n+=step
                if stop is not None and n>=stop:
                    break
        except StopIteration:
            pass

[docs]    def read_all(self):
        """Read all available frames"""
        return list(self.iterrange())



[docs]def load_ecam(path, return_format="image"):
    """
    Read .ecam file.

    Args:
        path(str): path to .ecam file.
        return_format(str): format for return data. Can be ``"frame"`` (return :class:`ECamFrame` object with all metadata),
            ``"image"`` (return only image array), or ``"raw"`` (return tuple ``(header, image)`` with raw data).
    """
    return list(ECamReader(path,return_format=return_format).iterrange())





          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.file_formats.waveguide

"""
File formats generated by the LabView code on the waveguide project.
"""


from io import open

from .cam import load_cam, iter_cam_frames, combine_cam_frames, save_cam, CamReader
from ...core.utils import string, funcargparse
from ...core.fileio import loadfile
from ...core.dataproc import interpolate, filters, waveforms
from ...core.datatable.table import DataTable
from ...core.datatable.wrapping import wrap
import os.path

import numpy as np



##### _info.txt format (file info) #####
[docs]def load_info(path):
    """
    Load the info file (ends with ``"_info.txt"``).

    Return information as a dictionary ``{name: value}``, where `value` is a list (single-element list for a scalar property).
    """
    nextline_markers=["locking scheme", "channels"]
    lines=[]
    with open(path) as f:
        for ln in f.readlines():
            ln=ln.strip()
            while ln.endswith(":"):
                ln=ln[:-1]
            items=[i.strip() for i in ln.split("\t")]
            items=[i for i in items if i]
            if items:
                lines.append(items)
    info_dict={}
    n=0
    while n<len(lines):
        ln=lines[n]
        if len(ln)==1 and ln[0].lower() in nextline_markers:
            key=ln[0].lower()
            if len(lines)==n+1:
                raise IOError("key line {} doesn't have a following value line".format(ln[0]))
            value=[string.from_string(i) for i in lines[n+1]]
            n+=1
        elif len(ln)>=2:
            key=ln[0].lower()
            value=[string.from_string(i) for i in ln[1:]]
        else:
            raise IOError("unusual line format: {}".format(ln))
        if key in info_dict:
            raise IOError("duplicate key: {}".format(key))
        info_dict[key]=value
        n+=1
    return info_dict



def _filter_channel_name(name):
    return name.replace(" ","").replace("-","_")
[docs]def load_sweep(prefix, force_info=True):
    """
    Load binary sweep located at ``prefix+".dat"`` with an associated info file located at ``prefix+"_info.txt"``.

    Return tuple ``(table, info)``, where `table` is the data table, and `info` is the info dictionary (see :func:`load_info`).
    If ``force_info==True``, raise an error if the info file is missing.
    The columns for `table` are extracted from the info file. If it is missing or the channels info is not in the file, `table` has a single column.
    """
    info_path=prefix+"_info.txt"
    if os.path.exists(info_path):
        info_dict=load_info(info_path)
    elif force_info:
        raise IOError("info file {} doesn't exits".format(info_path))
    else:
        info_dict={}
    if "channels" in info_dict:
        info_dict["channels"]=[_filter_channel_name(ch) for ch in info_dict["channels"]]
        channels=info_dict["channels"]
    else:
        channels=[]
    data_path=prefix+".dat"
    data=loadfile.load(data_path,"bin",dtype="<f8",columns=channels)
    return data,info_dict





##### Normalizing sweep (frequency and column data) #####
[docs]def cut_outliers(sweep, jump_size, length, padding=0, x_column=None, ignore_last=0):
    """
    Cut out sections of the waveform with large jumps.

    Remove sections of the waveform which are at most `length` long and have jumps of at least `jump_size` on both size.
    If ``padding>0``, remove additional `padding` points on both sides of the outlier section.
    if ``ignore_last>0``, do not consider jumps in the last `ignore_last` points.
    For multi-column data, `x_column` specifies the columns of interest.
    """
    xs=waveforms.get_x_column(sweep,x_column=x_column)
    dxs=xs[1:]-xs[:-1]
    jumps=abs(dxs)>jump_size
    jump_locs=np.append(jumps.nonzero()[0],[len(xs)-1])
    prev_jump=-1
    include=np.ones(len(xs)).astype("bool")
    for jl in jump_locs:
        if jl>len(include)-ignore_last:
            break
        if jl-prev_jump<length:
            start=max(prev_jump+1-padding,0)
            end=min(jl+1+padding,len(include))
            include[start:end]=False
        prev_jump=jl
    return wrap(sweep).t[include,:].copy()


[docs]def trim_jumps(sweep, jump_size, trim=1, x_column=None):
    """
    Clean up jumps in the data by removing several data points around them.

    Remove `trim` datapoints on both sides of jumps if at least `jump_size`.
    For multi-column data, `x_column` specifies the columns of interest.
    """
    if not isinstance(trim,(list,tuple)):
        trim=trim,trim
    xs=waveforms.get_x_column(sweep,x_column=x_column)
    dxs=xs[1:]-xs[:-1]
    jumps=abs(dxs)>jump_size
    jump_locs=jumps.nonzero()[0]
    include=np.ones(len(xs)).astype("bool")
    for jl in jump_locs:
        start=max(jl-trim[0]+1,0)
        end=min(jl+1+trim[1],len(include))
        include[start:end]=False
    return wrap(sweep).t[include,:].copy()


[docs]def prepare_sweep_frequency(sweep, allowed_frequency_jump=None, ascending_frequency=True, rescale=True):
    """
    Clean up the sweep frequency data (exclude jumps and rescale in Hz).
    
    Find the longest continuous chunk with frequency steps within `allowed_frequency_jump' range (by default, it is ``(-5*mfs,infty)``, where ``mfs`` is the median frequency step).
    If ``ascending_frequency==True``, sort the data so that frequency is in the ascending order.
    If ``rescale==True``, rescale frequency in Hz.
    """
    if rescale:
        sweep["Wavemeter"]*=1E12
    if len(sweep)>1:
        fs=sweep["Wavemeter"]
        dfs=fs[1:]-fs[:-1]
        fdir=1. if np.sum(dfs>0)>len(dfs)//2 else -1.
        valid_dfs=(dfs*fdir)>0
        if allowed_frequency_jump=="auto":
            mfs=np.median(dfs[valid_dfs])
            maxfs=fdir*np.max(dfs[valid_dfs]*fdir)
            allowed_frequency_jump=(-10*mfs, 1.1*maxfs )
        if allowed_frequency_jump is not None:
            bins=filters.collect_into_bins(fs,allowed_frequency_jump,preserve_order=True,to_return="index")
            max_bin=sorted(bins, key=lambda b: b[1]-b[0])[-1]
            sweep=sweep.t[max_bin[0]:max_bin[1],:]
        if ascending_frequency:
            sweep=sweep.sort_by("Wavemeter")
    return sweep


[docs]def interpolate_sweep(sweep, columns, frequency_step, rng=None, frequency_column="Wavemeter"):
    """
    Interpolate sweep data over a regular frequency grid with the spacing `frequency_step`.
    """
    rng_min,rng_max=rng or (None,None)
    rng_min=sweep[frequency_column].min() if (rng_min is None) else rng_min
    rng_max=sweep[frequency_column].max() if (rng_max is None) else rng_max
    start_freq=(rng_min//frequency_step)*frequency_step
    stop_freq=(rng_max//frequency_step)*frequency_step
    columns=[funcargparse.as_sequence(c,2) for c in columns]
    freqs=np.arange(start_freq,stop_freq+frequency_step/2.,frequency_step)
    data=[interpolate.interpolate1D(sweep[:,[frequency_column,src]],freqs,bounds_error=False,fill_values="bounds") for src,_ in columns]
    return DataTable([freqs]+data,["Frequency"]+[dst for _,dst in columns])




rep_suffix_patt="_rep_{:03d}"
[docs]def load_prepared_sweeps(prefix, reps, min_sweep_length=1, **add_info):
    """
    Load sweeps with the given `prefix` and `reps` and normalize their frequency axes.

    Return list of tuples ``(sweep, info)``. `add_info` is added to the `info` dictionary (`rep` index is added automatically).
    `min_sweep_length` specifies the minimal sweep length (after frequency normalization) to be included in the list.
    """
    sweeps=[]
    if reps:
        for rep in reps:
            sweep_name=prefix+rep_suffix_patt.format(rep)
            sweeps+=load_prepared_sweeps(sweep_name,[],min_sweep_length=min_sweep_length,rep=rep,**add_info)
    else:
        try:
            sweep,info=load_sweep(prefix,force_info=True)
            sweep=prepare_sweep_frequency(sweep)
            if len(sweep)>=min_sweep_length:
                info["rep"]=0
                info.update(add_info)
                sweeps.append((sweep,info))
        except IOError:
            pass
    return sweeps





          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.file_formats.zi

"""
Files generated by the Zurich Instruments ziControl (old LabView version).
"""

from ...core.fileio import loadfile  #@UnresolvedImport

import os.path
import numpy as np


[docs]def load_spectr_file(path, result_format="xy"):
    """
    Load a single demod scope (demod samples vs. time) file.
    """
    data=loadfile.load(path)
    if data.shape[1]==7:
        del data.c[4]
        data.set_column_names(["Time","X","Y","Freq","AuxIn1","AuxIn2"])
        data["Time"]-=data["Time",0]
        if result_format=="comp":
            data.c.insert("X",data["X"]+1j*data["Y"],"C")
            del data.c[["X","Y"]]
        elif result_format!="xy":
            raise ValueError("unrecognized format: {}".format(result_format))
    else:
        raise ValueError("unexpected number of columns: {}".format(data.shape[1]))
    return data


[docs]def load_spectr_folder(path, result_format="xy"):
    """
    Load a folder containing demod scope files.

    Return a list of 6 elements (one pere demod), which are either ``None``, if there's not data for this demod, or contain that demod's trace.
    """
    data=[]
    for demod in range(1,7):
        file_path=os.path.join(path,"Freq{}.csv".format(demod))
        if os.path.exists(file_path):
            data.append(load_spectr_file(file_path,result_format=result_format))
        else:
            data.append(None)
    return data





[docs]def load_sweep_file(path, result_format="xy"):
    """
    Load a single sweep file (demod samples vs. drive frequency).
    """
    data=loadfile.load(path)
    if data.shape[1]==8:
        del data.c[4:]
        data.set_column_names(["Freq","R","Theta","Bandwidth"])
        data["Theta"]*=np.pi/180.
        if result_format=="comp":
            data.c.insert("R",data["R"]*np.exp(1j*data["Theta"]),"C")
        elif result_format=="xy":
            data.c.insert("R",data["R"]*np.cos(data["Theta"]),"X")
            data.c.insert("R",data["R"]*np.sin(data["Theta"]),"Y")
        else:
            raise ValueError("unrecognized format: {}".format(result_format))
        del data.c[["R","Theta"]]
    else:
        raise ValueError("unexpected number of columns: {}".format(data.shape[1]))
    return data


[docs]def load_sweep_folder(path, result_format="xy"):
    """
    Load a folder containing a demod sweep file.
    """
    return load_sweep_file(os.path.join(path,"Data.csv"),result_format=result_format)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.gui.device_thread

from ...core.gui.qt.thread import controller
from ...core.utils import rpyc as rpyc_utils

[docs]class DeviceThread(controller.QTaskThread):
    """
    Expansion of :class:`.QTaskThread` equipped to deal with a single device.

    Args:
        name: thread name
        devargs: args supplied to :math:`setup_task` method
        devkwargs: keyword args supplied to :math:`setup_task` method
        signal_pool: :class:`.SignalPool` for this thread (by default, use the default common pool)

    Attributes:
        device: managed device. Its opening should be specified in an overloaded :meth:`connect_device` method,
            and it is actually opened by calling :meth:`open_device` method (which also handles status updates and duplicate opening issues)
        qd: device query accessor, which routes device method call through a command
            ``ctl.qd.method(*args,**kwarg)`` is equivalent to ``ctl.device.method(args,kwargs)`` called as a query in the device thread
        qdi: device query accessor, ignores and silences any exceptions (including missing /stopped controller); similar to ``.qi`` accessor for queries

    Methods to overload:
        setup_task: executed on the thread startup (between synchronization points ``"start"`` and ``"run"``)
        finalize_task: executed on thread cleanup (attempts to execute in any case, including exceptions); by default, close the device connection if it is opened
        connect_device: create the device class and assign it to ``.device`` attribute; if connection failed, can leave the attribute ``None``
        device_open: re-open currently closed device (by default, call ``.open`` method of the device)
        device_close: close currently opened device (by default, call ``.close`` method of the device)
        
    Commands:
        open_device: open the device, if not already opened
        close_device: close the device, if opened
        get_settings: get device settings
        get_full_info: get full info of the device
    """
    def __init__(self, name=None, devargs=None, devkwargs=None, signal_pool=None):
        controller.QTaskThread.__init__(self,name=name,signal_pool=signal_pool,setupargs=devargs,setupkwargs=devkwargs)
        self.device=None
        self.add_command("open_device",self.open_device)
        self.add_command("close_device",self.close_device)
        self.add_command("get_settings",self.get_settings)
        self.add_command("get_full_info",self.get_full_info)
        self.add_command("_device_method",self._device_method)
        self._full_info_job=False
        self._full_info_nodes=None
        self.device_reconnect_tries=0
        self._tried_device_connect=0
        self.qd=self.DeviceMethodAccessor(self,ignore_errors=False)
        self.qdi=self.DeviceMethodAccessor(self,ignore_errors=True)
        
[docs]    def finalize_task(self):
        self.close_device()


[docs]    def connect_device(self):
        """
        Connect the device and assign it to the ``self.device`` attribute.

        Should be overloaded in subclasses.
        In case of connection error, can leave ``self.device`` as ``None``, which symbolizes connection failure.
        """
        pass

[docs]    def device_open(self):
        """
        Open the device which has been previously closed.

        By default, call ``.open`` method of the device.
        """
        self.device.open()

[docs]    def device_close(self):
        """
        Close the device which is currently opened.

        By default, call ``.close`` method of the device.
        """
        self.device.close()

[docs]    def open_device(self):
        """
        Open the device by calling :meth:`connect_device`.

        Return ``True`` if connection was a success (or the device is already connected) and ``False`` otherwise.
        """
        if self.device is not None and self.device.is_opened():
            return True
        if self.device is None and (self.device_reconnect_tries>=0 and self._tried_device_connect>self.device_reconnect_tries):
            return False
        self.update_status("connection","opening","Connecting...")
        if self.device is None:
            self.connect_device()
        if self.device is not None:
            if not self.device.is_opened():
                self.device_open()
            if self.device.is_opened():
                self.update_status("connection","opened","Connected")
                self._tried_device_connect=0
                return True
        self._tried_device_connect+=1
        self.update_status("connection","closed","Disconnected")
        return False

[docs]    def close_device(self):
        """
        Close the device.

        Automatically called on the thread finalization, ususally shouldn't be called explicitly.
        """
        if self.device is not None and self.device.is_opened():
            self.update_status("connection","closing","Disconnecting...")
            self.device_close()
            self.update_status("connection","closed","Disconnected")


[docs]    def get_settings(self):
        """Get device settings"""
        return self.device.get_settings() if self.device is not None else {}

    
[docs]    def setup_full_info_job(self, period=2., nodes=None):
        """
        Setup a job which periodically obtains full information (by calling ``get_full_info`` method) from the device

        Useful if obtaining settings takes a lot of time, and they might be needed by some other thread on a short notice.

        Args:
            period: job period
            node: specifies info nodes to be requested (by default, all available nodes)
        """
        if not self._full_info_job:
            self._full_info_nodes=nodes
            self.add_job("update_full_info",self.update_full_info,period)
            self._full_info_job=True

[docs]    def update_full_info(self):
        """
        Update full info of the device.

        A function for a job which is setup in :meth:`DeviceThread.setup_full_info_job`. Normally doesn't need to be called explicitly.
        """
        self["full_info"]=self.device.get_full_info(nodes=self._full_info_nodes)

[docs]    def get_full_info(self):
        """
        Get full device info
        
        If the full info job is set up using :meth:`DeviceThread.setup_full_info_job`, use the last cached version of the full info;
        otherwise, request a new version from the device.
        """
        if self.device:
            return self["full_info"] if self._full_info_job else self.device.get_full_info(nodes=self._full_info_nodes)
        else:
            return {}

    def _device_method(self, name, args, kwargs):
        """Call a device method"""
        if self.open_device():
            return getattr(self.device,name)(*args,**kwargs)
        return None
[docs]    class DeviceMethodAccessor(object):
        """
        Accessor object designed to simplify calling device commands.

        Automatically created by the thread, so doesn't need to be invoked externally.
        """
        def __init__(self, parent, ignore_errors=False):
            object.__init__(self)
            self.parent=parent
            self.ignore_errors=ignore_errors
            self._calls={}
        def __getattr__(self, name):
            if name not in self._calls:
                parent=self.parent
                def remcall(*args, **kwargs):
                    return parent.call_query("_device_method",[name,args,kwargs],ignore_errors=self.ignore_errors)
                self._calls[name]=remcall
            return self._calls[name]







[docs]class RemoteDeviceThread(DeviceThread):
    """
    Expansion of :class:`DeviceThread` equipped to deal with a remote device (via RPyC library).

    All arguments, attributes and commands are the same as in :class:`DeviceThread`.
    """
    def __init__(self, name=None, devargs=None, devkwargs=None, signal_pool=None):
        DeviceThread.__init__(self,name=name,signal_pool=signal_pool,devargs=devargs,devkwargs=devkwargs)
        self.rpyc=False
        self.rpyc_serv=None

[docs]    def rpyc_device(self, remote, module, device, *args, **kwargs):
        """
        Create a remote device on a different PC via RPyC.

        Can replace straightforward device creation for remote devices,
        i.e., instead of ``self.device = DeviceModule.DeviceClass(*args,**kwargs)``
        one would call ``self.device = self.rpyc_device(host,"DeviceModule","DeviceClass",*args,**kwargs)``.

        Args:
            remote: address of the remote host (it should be running RPyC server; see :func:`.rpyc.run_device_service` for details)
            module: device class module name
            device: device class name
            args: arguments supplied to the device constructor.
            kwargs: keyword arguments supplied to the device constructor.
        """
        self.rpyc=True
        self.rpyc_serv=rpyc_utils.connect_device_service(remote)
        if not self.rpyc_serv:
            return None
        return self.rpyc_serv.get_device(module,device,*args,**kwargs)

[docs]    def rpyc_obtain(self, obj):
        """
        Obtain (i.e., transfer to the local PC) an object returned by the device.

        If current device is local, return `obj` as is.
        """
        if self.rpyc:
            return rpyc_utils.obtain(obj,serv=self.rpyc_serv)
        return obj


[docs]    def finalize_task(self):
        DeviceThread.finalize_task(self)
        rpyc_serv=self.rpyc_serv
        self.device=None
        self.rpyc_serv=None
        if rpyc_serv is not None:
            try:
                rpyc_serv.getconn().close()
            except EOFError:
                pass

        
[docs]    def get_settings(self):
        return self.rpyc_obtain(self.device.get_settings()) if self.device is not None else {}

[docs]    def update_full_info(self):
        self["full_info"]=self.rpyc_obtain(self.device.get_full_info(nodes=self._full_info_nodes))

[docs]    def get_full_info(self):
        if self.device:
            return self["full_info"] if self._full_info_job else self.rpyc_obtain(self.device.get_full_info(nodes=self._full_info_nodes))
        else:
            return {}






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.gui.gui_contoller

from ...core.gui.qt.thread import controller, threadprop
from ...core.gui.qt import values as values_module

from PyQt5 import QtCore

import collections

[docs]class IGUIController(QtCore.QObject):
    """
    Basic layout of a controller object which coordinates interaction between different widgets working on the same task.
    """
    def __init__(self):
        super(IGUIController, self).__init__()
        self.widgets_desc={}
        self.widgets={}
        self.ctl=controller.get_gui_controller()
        self.params_table=values_module.IndicatorValuesTable()

    TWidget=collections.namedtuple("TWidget",["params_path"])
[docs]    def add_widget_desc(self, name, params_path=None):
        """
        Add a widget description under a given name.

        If params_path` is not ``None``, it specifies path under which the widget is stored in the parameters' table
        (by default, same as the widget's name).
        """
        self.widgets_desc[name]=self.TWidget(params_path)

[docs]    def set_widget(self, name, widget):
        """
        Set the widget with the given name.

        Description with the given name should be created beforehand (see :meth:`add_widget_desc`).
        """
        self.widgets[name]=widget
        desc=self.widgets_desc.setdefault(name,self.TWidget(None))
        if desc.params_path is not None:
            self.params_table.add_widget(desc.params_path,widget)

[docs]    def get_widget(self, name, default=None):
        """
        Get the widget with the given name
        """
        return self.widgets.get(name,default)

    __getitem__=get_widget
    def __contains__(self, name):
        return name in self.widgets
    
[docs]    def get_all_values(self):
        """Get all widget parameter values"""
        return self.params_table.get_all_values()

[docs]    def set_all_values(self, params):
        """Set all widget parameter values"""
        return self.params_table.set_all_values(params)

[docs]    def get_all_indicators(self):
        """Get all GUI indicators as a dictionary"""
        return self.params_table.get_all_indicators()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.gui.helpers

from ...core.gui.qt.thread import controller
from ...core.utils import files as file_utils, general, funcargparse
from ...core.fileio import logfile

from PyQt5 import QtCore
import numpy as np
import threading
import collections
from future.utils import viewitems
import os.path




[docs]class StreamFormerThread(controller.QTaskThread):
    """
    Thread that combines data from different sources and aligns it in complete rows.

    Channels can be added using :meth:`add_channel` function. Every time the new row is complete, it is added to the current block.
    When the block is complete (determined by ``block_period`` attribute), :meth:`on_new_block` is called.
    Accumulated data can be accessed with :meth:`get_data` and :meth:`pop_data`.

    Args:
        name: thread name
        devargs: args supplied to :math:`setup` method
        devkwargs: keyword args supplied to :math:`setup` method
        signal_pool: :class:`.SignalPool` for this thread (by default, use the default common pool)

    Attributes:
        block_period: size of a row block which causes :meth:`on_new_block` call

    Commands:
        get_data: get the completed aligned data
        pop_data: pop the completed aligned data (return the data and remove it from the internal storage)
        clear_table: clear the table with the completed aligned data
        clear_all: remove all data (table and all filled channels)
        configure_channel: configure a channel behavior (enable or disable)
        get_channel_status: get channel status (number of datapoints in the queue, maximal queue size, etc.)
        get_source_status: get lengths of signal queues for all the data sources

    Methods to overload:
        :meth:`setup`: set up the thread
        :meth:`cleanup`: clean up the thread 
        :meth:`prepare_new_data`: modify a new data chunk (dictionary of columns) before adding it to the storage
    """
[docs]    def setup(self):
        """Set up the thread"""
        pass

[docs]    def prepare_new_data(self, columns):
        """
        Prepare a newly acquired chunk.
        
        `column` is a dictionary ``{name: data}`` of newly acquired data,
        where ``name`` is a channel name, and ``data`` is a list of one or more newly acquired values.
        Returned data should be in the same format.
        By default, no modifications are made.
        """
        return columns

[docs]    def on_new_block(self):
        """Gets called every time a new block is complete"""
        pass

[docs]    def cleanup(self):
        """Clean up the thread"""
        pass


[docs]    def setup_task(self, *args, **kwargs):
        self.channels={}
        self.table={}
        self.source_schedulers={}
        self.add_command("get_data")
        self.add_command("pop_data")
        self.add_command("clear_table")
        self.add_command("clear_all")
        self.add_command("configure_channel")
        self.add_command("get_channel_status")
        self.add_command("get_source_status")
        self._row_cnt=0
        self.block_period=1
        self.setup(*args,**kwargs)

[docs]    def finalize_task(self):
        self.cleanup()


[docs]    class ChannelQueue(object):
        """
        Queue for a single channel.

        Manages adding and updating new datapoints.
        For arguments, see :meth:`.StreamFormerThread.add_channel`.
        """
        QueueStatus=collections.namedtuple("QueueStatus",["queue_len","enabled","max_queue_len"])
        def __init__(self, func=None, max_queue_len=1, required="auto", background=False, enabled=True, fill_on="started", latching=True, expand_list=False, pure_func=True, default=None):
            object.__init__(self)
            funcargparse.check_parameter_range(fill_on,"fill_on",{"started","completed"})
            self.func=func
            self.queue=collections.deque()
            self.required=(func is None) if required=="auto" else required
            self.background=background
            self.max_queue_len=max_queue_len
            self.enabled=enabled
            self.fill_on=fill_on
            self.last_value=default
            self.default=default
            self.latching=latching
            self.expand_list=expand_list
            self.pure_func=pure_func
[docs]        def add(self, value):
            """Add a new value (or list of values) to the queue"""
            if self.expand_list and isinstance(value,list):
                vallst=value
            else:
                vallst=[value]
            if self.enabled:
                nvals=len(vallst)
                if not self.required:
                    toadd=1
                    topop=len(self.queue)
                elif self.max_queue_len>0:
                    nstored=len(self.queue)
                    rest_len=self.max_queue_len-nstored
                    if self.max_queue_len<=nvals:
                        topop=nstored
                        toadd=self.max_queue_len
                    else:
                        toadd=nvals
                        topop=max(0,nvals-rest_len)
                else:
                    topop=0
                    toadd=nvals
                for _ in range(topop):
                    self.queue.popleft()
                for v in vallst[-toadd:]:
                    self.queue.append(v)
                if self.latching:
                    self.last_value=vallst[-1]

[docs]        def add_from_func(self, n=1):
            """
            Fill the queue from the function (if available)
            
            `n` specifies number of values to add.
            """
            if self.enabled and self.func and self.fill_on=="started":
                if self.pure_func:
                    val=self.func()
                    for _ in range(n):
                        self.queue.append(val)
                else:
                    for _ in range(n):
                        self.queue.append(self.func())
                return True
            return False

[docs]        def queued_len(self):
            """Get queue length"""
            return len(self.queue)

[docs]        def ready(self):
            """Check if at leas one datapoint is ready"""
            return (not self.enabled) or (not self.required) or self.queue

[docs]        def ready_len(self):
            """
            Return length of the stored data.

            Return 0 if no data is ready, or -1 if "infinite" amount of data is ready (e.g., channel is off)
            """
            return -1 if ((not self.enabled) or (not self.required)) else len(self.queue)

[docs]        def enable(self, enable=True):
            """Enable or disable the queue"""
            if self.enabled and not enable:
                self.queue.clear()
            self.enabled=enable

[docs]        def set_requried(self, required="auto"):
            """Specify if receiving value is required"""
            self.required=(self.func is None) if required=="auto" else required

[docs]        def get(self, n=1):
            """
            Pop the oldest values
            
            `n` specifies number of values to pop. Return list of values.
            """
            if not self.enabled:
                return [None]*n
            elif self.queue:
                if self.required:
                    return [self.queue.popleft() for _ in range(n)]
                else:
                    poplen=min(len(self.queue),n)
                    res=[self.queue.popleft() for _ in range(poplen)]
                    if poplen<n:
                        res+=self.get(n-poplen)
                    return res
            elif self.func:
                return [self.func()]*n if self.pure_func else [self.func() for _ in range(n)]
            elif not self.required:
                return [self.last_value]*n
            else:
                raise IndexError("no queued data to get")

[docs]        def clear(self):
            """Clear the queue"""
            self.queue.clear()
            self.last_value=self.default

[docs]        def get_status(self):
            """
            Get the queue status

            Return tuple ``(queue_len, enabled, max_queue_len)``
            """
            return self.QueueStatus(len(self.queue),self.enabled,self.max_queue_len)


            

[docs]    def add_channel(self, name, func=None, max_queue_len=1, enabled=True, required="auto", background=False, fill_on="started", latching=True, expand_list=False, pure_func=True, default=None):
        """
        Add a new channel to the queue.

        Args:
            name (str): channel name
            func: function used to get the channel value if no data has been suppled
            max_queue_len (int): maximal queue length
            enabled (bool): determines if the channel is enabled by default (disabled channel always returns ``None``)
            required: determines if the channel is required to receive the value to complete the row;
                by default, ``False`` if `func` is specified and ``True`` otherwise
            background: if ``required==True``, determines whether receiving a new sample in this channel starts a new row (if ``background==False``),
                or if it's simply added; if all sample-receiving channels have ``background==True``, the func-defined channels will effectively
                be filled when the row is complete (corresponds to ``fill_on=="completed"`` regardless of its actual value).
            fill_on (str): determines when `func` is called to get the channel value;
                can be either ``"started"`` (when the new row is created) or ``"completed"`` (when the new row is complete)
            latching (bool): determines value of non-`required` channel if `func` is not supplied;
                if ``True``, it is equal to the last received values; otherwise, it is default
            expand_list (bool): if ``True`` and the received value is list, assume that it contains several datapoints and add them sequentially
                (note that this would generally required setting `max_queue_len`>1, otherwise only the last received value will show up)
            pure_func (bool): if ``True``, assume that fast consecutive calls to `func` return the same result, and the function has no side-effects
                (in this case, several consecutive calls to `func` are approximated by a single call result repeated necessary number of times)
            default: default channel value
        """
        if name in self.channels:
            raise KeyError("channel {} already exists".format(name))
        self.channels[name]=self.ChannelQueue(func,max_queue_len=max_queue_len,required=required,background=background,enabled=enabled,
            fill_on=fill_on,latching=latching,expand_list=expand_list,pure_func=pure_func,default=default)
        self.table[name]=[]

[docs]    def subscribe_source(self, name, srcs, dsts="any", tags=None, parse=None, filt=None):
        """
        Subscribe a source signal to a channels.

        Called automatically for subscribed channels, so it is rarely called explicitly.

        Args:
            name (str): channel name
            srcs(str or [str]): signal source name or list of source names to filter the subscription;
                can be ``"any"`` (any source) or ``"all"`` (only signals specifically having ``"all"`` as a source).
            dsts(str or [str]): signal destination name or list of destination names to filter the subscription;
                can be ``"any"`` (any destination) or ``"all"`` (only source specifically having ``"all"`` as a destination).
            tags: signal tag or list of tags to filter the subscription (any tag by default).
            parse: if not ``None``, specifies a parsing function which takes 3 arguments (`src`, `tag` and `value`)
                and returns a dictionary ``{name: value}`` of channel values to add
                (useful is a single signal contains multiple channel values, e.g., multiple daq channels)
                The function is called in the signal source thread, so it should be quick and non-blocking
            filt(callable): additional filter function which takes 4 arguments: signal source, signal destination, signal tag, signal value,
                and checks whether signal passes the requirements.
        """
        def on_signal(src, tag, value):
            self._add_data(name,value,src=src,tag=tag,parse=parse)
        uid=self.subscribe_commsync(on_signal,srcs=srcs,dsts=dsts,tags=tags,filt=filt,limit_queue=-1)
        self.source_schedulers[name]=self._signal_schedulers[uid]

            
    def _add_data(self, name, value, src=None, tag=None, parse=None):
        """
        Add a value to the channel.

        Called automatically for subscribed channels, so it is rarely called explicitly.

        Args:
            name (str): channel name
            value: value to add
            src (str): specifies values source; supplied to the `parse` function
            tag (str): specifies values tag; supplied to the `parse` function
            parse: if not ``None``, specifies a parsing function which takes 3 arguments (`src`, `tag` and `value`)
                and returns a dictionary ``{name: value}`` of channel values to add
                (useful is a single signal contains multiple channel values, e.g., multiple daq channels)
                The function is called in the signal source thread, so it should be quick and non-blocking
        """
        _max_queued_before=0
        _max_queued_after=0
        if parse is not None:
            row=parse(src,tag,value)
            if not isinstance(row,dict):
                row={name:row}
        else:
            row={name:value}
        for name,value in viewitems(row):
            ch=self.channels[name]
            if not ch.background:
                _max_queued_before=max(_max_queued_before,ch.queued_len())
            self.channels[name].add(value)
            if not ch.background:
                _max_queued_after=max(_max_queued_after,ch.queued_len())
        new_rows=None
        for _,ch in viewitems(self.channels):
            nready=ch.ready_len()
            if nready==0:
                new_rows=0
                break
            elif nready>0:
                new_rows=nready if new_rows is None else min(new_rows,nready)
        if new_rows is not None and new_rows>0:
            new_columns={}
            for n,ch in viewitems(self.channels):
                new_columns[n]=ch.get(new_rows)
            new_columns=self.prepare_new_data(new_columns)
            for n,ch in viewitems(new_columns):
                self.table[n]+=new_columns[n]
            self._row_cnt+=new_rows
            if self._row_cnt>=self.block_period:
                self._row_cnt=0
                self.on_new_block()
        elif _max_queued_after>_max_queued_before:
            for _,ch in viewitems(self.channels):
                chl=ch.queued_len()
                if chl<_max_queued_after:
                    ch.add_from_func(_max_queued_after-chl)




[docs]    def get_data(self, nrows=None, columns=None, copy=True):
        """
        Get accumulated data.

        Args:
            nrows: number of rows to get; by default, all complete rows
            columns: list of channel names to get; by default all channels
            copy (bool): if ``True``, return copy of the internal storage table (otherwise the returned data can increase in size).

        Return dictionary ``{name: [value]}`` of channel value lists (all lists have the same length) if columns are not specified,
        or a 2D numpy array if the columns are specified.
        """
        if columns is None and nrows is None:
            return self.table.copy() if copy else self.table
        if nrows is None:
            nrows=len(general.any_item(self.table)[1])
        if columns is None:
            return dict((n,v[:nrows]) for n,v in viewitems(self.table))
        else:
            return np.column_stack([self.table[c][:nrows] for c in columns])

[docs]    def pop_data(self, nrows=None, columns=None):
        """
        Pop accumulated data.

        Same as :meth:`get_data`, but removes the returned data from the internal storage.
        """
        if nrows is None:
            table=self.table
            self.table=dict([(n,[]) for n in table])
            if columns is None:
                return dict((n,v) for n,v in viewitems(table))
            else:
                return np.column_stack([table[c] for c in columns])
        else:
            res=self.get_data(nrows=nrows,columns=columns)
            for _,c in viewitems(self.table):
                del c[:nrows]
            return res


[docs]    def clear_table(self):
        """Clear table containing all complete rows"""
        self.table=dict([(n,[]) for n in self.table])

[docs]    def clear_all(self):
        """Clear everything: table of complete rows and all channel queues"""
        self.table=dict([(n,[]) for n in self.table])
        for _,ch in viewitems(self.channels):
            ch.clear()
        self._partial_rows=[]


[docs]    def configure_channel(self, name, enable=True, required="auto", clear=True):
        """
        Reconfigure existing channel.

        Args:
            name (str): channel name
            enabled (bool): determines if the channel is enabled by default (disabled channel always returns ``None``)
            required: determines if the channel is required to receive the value to complete the row;
                by default, ``False`` if `func` is specified and ``True`` otherwise
            clear (bool): if ``True``, clear all channels after reconfiguring
        """
        self.channels[name].enable(enable)
        self.channels[name].set_requried(required)
        if clear:
            self.clear_all()

[docs]    def get_channel_status(self):
        """
        Get channel status.

        Return dictionary ``{name: status}``, where ``status`` is a tuple ``(queue_len, enabled, max_queue_len)``.
        """
        status={}
        for n,ch in viewitems(self.channels):
            status[n]=ch.get_status()
        return status

[docs]    def get_source_status(self):
        """
        Get source incoming queues status.

        Return dictionary ``{name: queue_le}``.
        """
        status={}
        for n,sch in viewitems(self.source_schedulers):
            status[n]=sch.get_current_len()
        return status







[docs]class TableAccumulator(object):
    """
    Data accumulator which receives data chunks and adds them into a common table.

    Can receive either list of columns, or dictionary of named columns; designed to work with :class:`StreamFormerThread`.

    Args:
        channels ([str]): channel names
        memsize(int): maximal number of rows to store
    """
    def __init__(self, channels, memsize=1000000):
        object.__init__(self)
        self.channels=channels
        self.memsize=memsize
        self.data=[self.ChannelData(self.memsize) for _ in channels]

[docs]    class ChannelData(object):
        """
        Single channel data manager.

        Manages the internal buffer to keep continuous list, but reduce number of list appends / removals.
        """
        def __init__(self, memsize, chunk_size=None):
            object.__init__(self)
            self.memsize=memsize
            if chunk_size is None:
                chunk_size=max(100,self.memsize//50)
            self.chunk_size=chunk_size
            self.start=0
            self.end=0
            self.data=[]
[docs]        def add_data(self, data):
            """Add data (list of values) to the buffer"""
            l=len(data)
            if l+self.end>len(self.data):
                self.data.extend([0]*(len(data)+self.chunk_size))
            self.data[self.end:self.end+l]=data
            self.end+=l
            self.start=max(0,self.end-self.memsize)
            if self.start>self.chunk_size:
                del self.data[:self.start]
                self.end-=self.start
                self.start=0

[docs]        def reset_data(self):
            """Clean the buffer"""
            self.start=0
            self.end=0
            self.data=[]

[docs]        def get_data(self, l=None):
            """Get last at most `l` samples from the buffer (if `l` is ``None``, get all samples)"""
            start=max(0,(self.end-self.start)-l) if l is not None else 0
            return self.data[self.start+start:self.end]


[docs]    def add_data(self, data):
        """
        Add new data to the table.

        Data can either be a list of columns, or a dictionary ``{name: [data]}`` with named columns.
        """
        if isinstance(data,dict):
            table_data=[]
            for ch in self.channels:
                if ch not in data:
                    raise KeyError("data doesn't contain channel {}".format(ch))
                table_data.append(data[ch])
            data=table_data
        minlen=min([len(incol) for incol in data])
        for col,incol in zip(self.data,data):
            col.add_data(incol[:minlen])
        return minlen

[docs]    def change_channels(self, channels):
        """
        Change channels in the table.
        
        All the accumulated data will be reset.
        """
        self.channels=channels
        self.data=[self.ChannelData(self.memsize) for _ in channels]

[docs]    def reset_data(self, maxlen=0):
        """Clear all data in the table"""
        for col in self.data:
            col.reset_data()

    
[docs]    def get_data_columns(self, channels=None, maxlen=None):
        """
        Get table data as a list of columns.
        
        Args:
            channels: list of channels to get; all channels by default
            maxlen: maximal column length (if stored length is larger, return last `maxlen` rows)
        """
        channels=channels or self.channels
        chidx=[self.channels.index(ch) for ch in channels]
        data=[self.data[i].get_data(maxlen) for i in chidx]
        return data

[docs]    def get_data_rows(self, channels=None, maxlen=None):
        """
        Get table data as a list of rows.
        
        Args:
            channels: list of channels to get; all channels by default
            maxlen: maximal column length (if stored length is larger, return last `maxlen` rows)
        """
        return list(zip(*self.get_data_columns(channels=channels,maxlen=maxlen)))

[docs]    def get_data_dict(self, channels=None, maxlen=None):
        """
        Get table data as a dictionary ``{name: column}``.
        
        Args:
            channels: list of channels to get; all channels by default
            maxlen: maximal column length (if stored length is larger, return last `maxlen` rows)
        """
        channels=channels or self.channels
        channels=list(set(channels))
        return dict(zip(channels,self.get_data_columns(channels=channels,maxlen=maxlen)))




[docs]class TableAccumulatorThread(controller.QTaskThread):
    """
    Table accumulator thread which provides async access to :class:`TableAccumulator` instance.

    Args:
        channels ([str]): channel names
        data_source (str): source thread which emits new data signals (typically, a name of :class:`StreamFormerThread` thread)
        memsize(int): maximal number of rows to store
    """
[docs]    def setup_task(self, channels, data_source, memsize=1000000):
        self.channels=channels
        self.fmt=[None]*len(channels)
        self.table_accum=TableAccumulator(channels=channels,memsize=memsize)
        self.subscribe_commsync(self._accum_data,srcs=data_source,dsts="any",tags="points",limit_queue=100)
        self.subscribe_commsync(self._on_source_reset,srcs=data_source,dsts="any",tags="reset")
        self.logger=None
        self.streaming=False
        self.add_command("start_streaming",self.start_streaming)
        self.add_command("stop_streaming",self.stop_streaming)
        self.data_lock=threading.Lock()


[docs]    def start_streaming(self, path, source_trigger=False, append=False):
        """
        Start streaming data to the disk.

        Args:
            path (str): path to the file
            source_trigger (bool): if ``True``, start streaming only after source ``"reset"`` signal; otherwise, start streaming immediately
            append (bool): if ``True``, append new data to the existing file; otherwise, overwrite the file
        """
        self.streaming=not source_trigger
        if not append and os.path.exists(path):
            file_utils.retry_remove(path)
        self.logger=logfile.LogFile(path)

[docs]    def stop_streaming(self):
        """Stop streaming data to the disk"""
        self.logger=None
        self.streaming=False


[docs]    def preprocess_data(self, data):
        """Preprocess data before adding it to the table (to be overloaded)"""
        return data


    def _on_source_reset(self, src, tag, value):
        with self.data_lock:
            self.table_accum.reset_data()
        if self.logger and not self.streaming:
            self.streaming=True

    def _accum_data(self, src, tag, value):
        with self.data_lock:
            value=self.preprocess_data(value)
            added_len=self.table_accum.add_data(value)
        if self.logger and self.streaming:
            new_data=self.table_accum.get_data_rows(maxlen=added_len)
            self.logger.write_multi_datalines(new_data,columns=self.channels,add_timestamp=False,fmt=self.fmt)

[docs]    def get_data_sync(self, channels=None, maxlen=None, fmt="rows"):
        """
        Get accumulated table data.
        
        Args:
            channels: list of channels to get; all channels by default
            maxlen: maximal column length (if stored length is larger, return last `maxlen` rows)
            fmt (str): return format; can be ``"rows"`` (list of rows), ``"columns"`` (list of columns), or ``"dict"`` (dictionary of named columns)
        """
        with self.data_lock:
            if fmt=="columns":
                return self.table_accum.get_data_columns(channels=channels,maxlen=maxlen)
            elif fmt=="rows":
                return self.table_accum.get_data_rows(channels=channels,maxlen=maxlen)
            elif fmt=="dict":
                return self.table_accum.get_data_dict(channels=channels,maxlen=maxlen)
            else:
                raise ValueError("unrecognized data format: {}".format(fmt))

[docs]    def reset(self):
        """Clear all data in the table"""
        with self.data_lock:
            self.table_accum.reset_data()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.gui.script_thread

from ...core.gui.qt.thread import controller, signal_pool
from ...core.utils import general, functions

from PyQt5 import QtCore

import collections
import traceback



[docs]class ScriptStopException(Exception):
    """Exception for stopping script execution"""


[docs]class ScriptThread(controller.QTaskThread):
    """
    A script thread.
    
    Designed to provide means of writing code which interacts with multiple device threads,
    but reads similar to a standard single-threaded script.
    To do that, it provides a mechanism of signal montors: one can suspend execution until a signal with certain properties has been received.
    This can be used to implement, e.g., waiting until the next stream_format/daq sample or a next camera frame.

    Args:
        name (str): thread name
        setupargs: args supplied to :math:`setup_script` method
        setupkwargs: keyword args supplied to :math:`setup_script` method
        signal_pool: :class:`.SignalPool` for this thread (by default, use the default common pool)

    Attributes:
        executing (bool): shows whether the script is executing right now;
            useful in :meth:`interrupt_script` to check whether it is while the script is running and is done / stopped by user / terminated (then it would be ``True``),
            or if the script was waiting to be executed / done executing (then it would be ``False``)
            Duplicates ``interrupt_reason`` attribute (``executing==False`` if and only if ``interrupt_reason=="shutdown"``)
        stop_request (bool): shows whether stop has been requested from another thread (by calling :meth:`stop_execution`).
        interrupt_reason (str): shows the reason for calling :meth:`interrupt_script`;
            can be ``"done"`` (called in the end of regularly executed script), ``"stopped"`` (called if the script is forcibly stopped),
            ``"failed"`` (called if the thread is shut down while the script is active,
            e.g., due to error in the script or any other thread, or if the application is closing),
            or ``"shutdown"`` (called when the script is shut down while being inactive)

    Methods to overload:
        setup_script: executed on the thread startup (between synchronization points ``"start"`` and ``"run"``)
        finalize_script: executed on thread cleanup (attempts to execute in any case, including exceptions); by default, call :meth:`interrupt_script`
        run_script: execute the script (can be run several times per script lifetime)
        interrupt_script: executed when the script is finished or forcibly shut down (including due to exception or application shutdown)
    """
    def __init__(self, name=None, setupargs=None, setupkwargs=None, signal_pool=None):
        controller.QTaskThread.__init__(self,name=name,setupargs=setupargs,setupkwargs=setupkwargs,signal_pool=signal_pool)
        self._monitor_signal.connect(self._on_monitor_signal)
        self._monitored_signals={}
        self.executing=False
        self.interrupt_reason="shutdown"
        self.stop_request=False
        self.add_command("start_script",self._start_script)

[docs]    def process_message(self, tag, value):
        if tag=="control.start":
            self.c.start_script()
            if self.executing:
                self.stop_request=True
        if tag=="control.stop":
            self.stop_request=True
        return False


[docs]    def setup_script(self, *args, **kwargs):
        """Setup script thread (to be overloaded in subclasses)"""
        pass

[docs]    def finalize_script(self):
        """
        Finalize script thread (to be overloaded in subclasses)
        
        By default, calls :meth:`interrupt_script`.
        """
        self.interrupt_script()

[docs]    def run_script(self):
        """Execute script (to be overloaded in subclasses)"""
        pass

[docs]    def interrupt_script(self, kind="default"):
        """Finalize script execution (the thread is still running, i.e., the script might be started again)"""
        pass

[docs]    def check_stop(self, check_messages=True):
        """
        Check if the script stop is requested.

        If it is, raise :exc:`ScriptStopException` which effectively stops execution past this point
        (the exception is properly caught and processed elsewhere in the service code).
        To only check if the stop has been requested without exception raising, use ``stop_request`` attribute.
        If ``check_messages==True``, check for new messages from other threads first.
        """
        if check_messages:
            self.check_messages()
        if self.stop_request:
            self.stop_request=False
            raise ScriptStopException()




[docs]    def setup_task(self, *args, **kwargs):
        functions.call_cut_args(self.setup_script,*args,**kwargs)

[docs]    def finalize_task(self):
        self.finalize_script()


    def _start_script(self):
        self.executing=True
        self.stop_request=False
        try:
            self.interrupt_reason="done"
            self.run_script()
            self.interrupt_script()
            self.interrupt_reason="shutdown"
            self.executing=False
        except ScriptStopException:
            self.interrupt_reason="stopped"
            self.interrupt_script()
            self.interrupt_reason="shutdown"
            self.executing=False
        except:
            self.interrupt_reason="failed"
            raise

    _monitor_signal=QtCore.pyqtSignal("PyQt_PyObject")
    @QtCore.pyqtSlot("PyQt_PyObject")
    def _on_monitor_signal(self, value):
        mon,msg=value
        try:
            signal=self._monitored_signals[mon]
            if not signal.paused:
                signal.messages.append(msg)
        except KeyError:
            pass
    
[docs]    class MonitoredSignal(object):
        def __init__(self, uid):
            object.__init__(self)
            self.uid=uid
            self.messages=[]
            self.paused=True

[docs]    def add_signal_monitor(self, mon, srcs="any", dsts="any", tags=None, filt=None):
        """
        Add a new signal monitor.

        The monitoring isn't started until :meth:`start_monitoring` is called.
        `mon` specifies monitor name; the rest of the arguments are the same as :meth:`.SignalPool.subscribe`
        """
        if mon in self._monitored_signals:
            raise KeyError("signal monitor {} already exists".format(mon))
        uid=self.subscribe_nonsync(lambda *msg: self._monitor_signal.emit((mon,signal_pool.TSignal(*msg))),srcs=srcs,dsts=dsts,tags=tags,filt=filt)
        self._monitored_signals[mon]=self.MonitoredSignal(uid)

[docs]    def remove_signal_monitor(self, mon):
        """Remove signal monitor with a given name"""
        if mon not in self._monitored_signals:
            raise KeyError("signal monitor {} doesn't exist".format(mon))
        uid,_=self._monitored_signals.pop(mon)
        self.unsubscribe(uid)

    TWaitResult=collections.namedtuple("TWaitResult",["monitor","message"])
[docs]    def wait_for_signal_monitor(self, mons, timeout=None):
        """
        Wait for a signal to be received on a given monitor or several monitors 
        
        If several monitors are given (`mon` is a list), wait for a signal on any of them.
        After waiting is done, pop and return signal value (see :meth:`pop_monitored_signal`).
        """
        if not isinstance(mons,(list,tuple)):
            mons=[mons]
        for mon in mons:
            if mon not in self._monitored_signals:
                raise KeyError("signal monitor {} doesn't exist".format(mon))
        ctd=general.Countdown(timeout)
        while True:
            for mon in mons:
                if self._monitored_signals[mon].messages:
                    return self.TWaitResult(mon,self._monitored_signals[mon].messages.pop(0))
            self.wait_for_any_message(ctd.time_left())

[docs]    def new_monitored_signals_number(self, mon):
        """Get number of received signals at a given monitor"""
        if mon not in self._monitored_signals:
            raise KeyError("signal monitor {} doesn't exist".format(mon))
        return len(self._monitored_signals[mon].messages)

[docs]    def pop_monitored_signal(self, mon, n=None):
        """
        Pop data from the given signal monitor queue.

        `n` specifies number of signals to pop (by default, only one).
        Each signal is a tuple ``(mon, sig)`` of monitor name and signal,
        where `sig` is in turn tuple ``(src, tag, value)`` describing the signal.
        """
        if self.new_monitored_signals_number(mon):
            if n is None:
                return self._monitored_signals[mon].messages.pop(0)
            else:
                return [self._monitored_signals[mon].messages.pop(0) for _ in range(n)]
        return None

[docs]    def reset_monitored_signal(self, mon):
        """Reset monitored signal (clean its received signals queue)"""
        self._monitored_signals[mon].messages.clear()

[docs]    def pause_monitoring(self, mon, paused=True):
        """Pause or un-pause signal monitoring"""
        self._monitored_signals[mon].paused=paused

[docs]    def start_monitoring(self, mon):
        """Start signal monitoring"""
        self.pause_monitoring(mon,paused=False)



[docs]    def start_execution(self):
        """Request starting script execution"""
        self.send_message("control.start",None)

[docs]    def stop_execution(self):
        """Request stopping script execution"""
        self.send_message("control.stop",None)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.gui.widgets.custom_controls

from PyQt5 import QtCore, QtWidgets

from ....core.gui.qt.widgets.edit import LVNumEdit
from ....core.utils.numerical import limit_to_range

import collections

[docs]class BinROICtl(QtWidgets.QWidget):
    """
    Class for ROI control.

    Has 2 rows (for X and Y coordinates), each with 3 numerical edits: min, max (or width, depending on :func:`setupUi` parameters), and bin.

    Like most widgets, requires calling :meth:`setupUi` to set up before usage.

    Args:
        parent: parent widget

    Attributes:
        value_changed: signal emitted when the ROIvalue is changed
    """
    AxisParams=collections.namedtuple("AxisParams",["min","max","bin"])
    def __init__(self, parent=None):
        QtWidgets.QWidget.__init__(self,parent)
        self.xparams=self.AxisParams(0,1,1)
        self.yparams=self.AxisParams(0,1,1)
        self.validate=None
        self.xlim=(0,None)
        self.ylim=(0,None)
        self.maxbin=None
        self.minsize=0

    def _limit_range(self, rng, lim, maxbin, minsize, maxsize):
        vmin=limit_to_range(rng.min,*lim)
        vmax=limit_to_range(rng.max,*lim)
        vmin,vmax=min(vmin,vmax),max(vmin,vmax)
        if vmax-vmin<minsize: # try increase upper limit
            vmax=limit_to_range(vmin+minsize,*lim)
        if vmax-vmin<minsize: # try decrease lower limit
            vmin=limit_to_range(vmax-minsize,*lim)
        if maxsize and (vmax-vmin>minsize):
            vmax=vmin+maxsize
        vbin=limit_to_range(rng.bin,1,maxbin)
        return self.AxisParams(int(vmin),int(vmax),int(vbin))
[docs]    def validateROI(self, xparams, yparams):
        """Restrict current ROI values according to the class constraints"""
        xminsize,yminsize=self.minsize if isinstance(self.minsize,tuple) else (self.minsize,self.minsize)
        xmaxsize,ymaxsize=self.maxsize if isinstance(self.maxsize,tuple) else (self.maxsize,self.maxsize)
        xparams=self._limit_range(xparams,self.xlim,self.maxbin,xminsize,xmaxsize)
        yparams=self._limit_range(yparams,self.ylim,self.maxbin,yminsize,ymaxsize)
        if self.validate:
            xparams,yparams=self.validate((xparams,yparams))
            xparams=self.AxisParams(*xparams)
            yparams=self.AxisParams(*yparams)
        return xparams,yparams

[docs]    def setupUi(self, name, xlim=(0,None), ylim=None, maxbin=None, minsize=0, maxsize=None, kind="minmax", validate=None):
        """
        Setup the ROI control.

        Args:
            name (str): widget name
            xlim (tuple): limit for x-axis min and max values
            ylim (tuple): limit for y-axis min and max values
            maxbin (int or tuple): maximal allowed binning (int imples same for both axes)
            minsize (int or tuple): minimal allowed size (int imples same for both axes)
            maxsize (int or tuple): maximal allowed size (int imples same for both axes)
            kind (str): can be either ``"minmax"`` (each axis control are min, max, and bin) or ``"minsize"`` (each axis control are min, size and bin)
            validate: if not ``None``, a function which takes tuple ``(xparams, yparams)`` of two axes parameters (each is a 3-tuple ``(min, max, bin)``)
                and return their constrained versions.
        """
        self.name=name
        self.kind=kind
        self.setObjectName(self.name)
        self.setMinimumSize(QtCore.QSize(232, 83))
        self.setMaximumSize(QtCore.QSize(16777215, 83))
        self.gridLayout = QtWidgets.QGridLayout(self)
        self.gridLayout.setObjectName("gridLayout")
        self.labelROI = QtWidgets.QLabel(self)
        self.labelROI.setObjectName("labelROI")
        self.labelROI.setText("ROI")
        self.gridLayout.addWidget(self.labelROI, 0, 0, 1, 1)
        self.labelMin = QtWidgets.QLabel(self)
        self.labelMin.setObjectName("labelMin")
        self.labelMin.setText("Min")
        self.gridLayout.addWidget(self.labelMin, 0, 1, 1, 1)
        self.labelMax = QtWidgets.QLabel(self)
        self.labelMax.setObjectName("labelMax")
        self.labelMax.setText("Max" if kind=="minmax" else "Size")
        self.gridLayout.addWidget(self.labelMax, 0, 2, 1, 1)
        self.labelBin = QtWidgets.QLabel(self)
        self.labelBin.setObjectName("labelBin")
        self.labelBin.setText("Bin")
        self.gridLayout.addWidget(self.labelBin, 0, 3, 1, 1)
        self.labelX = QtWidgets.QLabel(self)
        self.labelX.setObjectName("labelX")
        self.labelX.setText("X")
        self.gridLayout.addWidget(self.labelX, 1, 0, 1, 1)
        self.labelY = QtWidgets.QLabel(self)
        self.labelY.setObjectName("labelY")
        self.labelY.setText("Y")
        self.gridLayout.addWidget(self.labelY, 2, 0, 1, 1)
        self.x_min = LVNumEdit(self)
        self.x_min.setObjectName("x_min")
        self.gridLayout.addWidget(self.x_min, 1, 1, 1, 1)
        self.x_max = LVNumEdit(self)
        self.x_max.setObjectName("x_max")
        self.gridLayout.addWidget(self.x_max, 1, 2, 1, 1)
        self.x_bin = LVNumEdit(self)
        self.x_bin.setObjectName("x_bin")
        self.gridLayout.addWidget(self.x_bin, 1, 3, 1, 1)
        self.y_min = LVNumEdit(self)
        self.y_min.setObjectName("y_min")
        self.gridLayout.addWidget(self.y_min, 2, 1, 1, 1)
        self.y_max = LVNumEdit(self)
        self.y_max.setObjectName("y_max")
        self.gridLayout.addWidget(self.y_max, 2, 2, 1, 1)
        self.y_bin = LVNumEdit(self)
        self.y_bin.setObjectName("y_bin")
        self.gridLayout.addWidget(self.y_bin, 2, 3, 1, 1)
        self.gridLayout.setContentsMargins(0,0,0,0)
        self.gridLayout.setColumnStretch(1, 2)
        self.gridLayout.setColumnStretch(2, 2)
        self.gridLayout.setColumnStretch(3, 1)
        self.validate=validate
        for v in [self.x_min,self.y_min]:
            v.set_number_format("int")
            v.set_number_limit(value_type="int")
            v.set_value(0)
        for v in [self.x_max,self.x_bin,self.y_max,self.y_bin]:
            v.set_number_format("int")
            v.set_number_limit(value_type="int")
            v.set_value(1)
        for v in [self.x_min,self.x_max,self.x_bin,self.y_min,self.y_max,self.y_bin]:
            v.value_changed.connect(self._on_edit)
        self.set_limits(xlim,ylim,maxbin=maxbin,minsize=minsize,maxsize=maxsize)



[docs]    def set_limits(self, xlim="keep", ylim="keep", maxbin="keep", minsize="keep", maxsize="keep"):
        """
        Set limits for various parameters.

        If value is ``"keep"``, keep the current value; if value is ``None``, impose no constraints.
        `maxbin`, `minsize` and `maxsize` can be integers or 2-tuples depending on whether the limits are the same or different for two axes.
        """
        if xlim!="keep":
            self.xlim=xlim
        if ylim!="keep":
            self.ylim=ylim or xlim
        if maxbin!="keep":
            self.maxbin=maxbin
        if minsize!="keep":
            self.minsize=minsize
        if maxsize!="keep":
            self.maxsize=maxsize
        for v in [self.x_min,self.x_max]:
            v.set_number_limit(self.xlim[0],self.xlim[1],"coerce","int")
        for v in [self.y_min,self.y_max]:
            v.set_number_limit(self.ylim[0],self.ylim[1],"coerce","int")
        for v in [self.x_bin,self.y_bin]:
            v.set_number_limit(1,self.maxbin,"coerce","int")
        self._show_values(*self.get_value())


    value_changed=QtCore.pyqtSignal("PyQt_PyObject")
    def _on_edit(self):
        params=self.get_value()
        self._show_values(*params)
        self.value_changed.emit(params)

[docs]    def get_value(self):
        """
        Get ROI value.

        Return tuple ``(xparams, yparams)`` of two axes parameters (each is a 3-tuple ``(min, max, bin)``).
        """
        if self.kind=="minmax":
            xparams=self.AxisParams(self.x_min.get_value(),self.x_max.get_value(),self.x_bin.get_value())
            yparams=self.AxisParams(self.y_min.get_value(),self.y_max.get_value(),self.y_bin.get_value())
        else:
            xmin=self.x_min.get_value()
            ymin=self.y_min.get_value()
            xparams=self.AxisParams(xmin,xmin+self.x_max.get_value(),self.x_bin.get_value())
            yparams=self.AxisParams(ymin,ymin+self.y_max.get_value(),self.y_bin.get_value())
        return self.validateROI(xparams,yparams)

    def _show_values(self, xparams, yparams):
        if self.kind=="minmax":
            xmax,ymax=xparams.max,yparams.max
        else:
            xmax,ymax=xparams.max-xparams.min,yparams.max-yparams.min
        self.x_min.set_value(xparams.min,notify_value_change=False)
        self.x_max.set_value(xmax,notify_value_change=False)
        self.x_bin.set_value(xparams.bin,notify_value_change=False)
        self.y_min.set_value(yparams.min,notify_value_change=False)
        self.y_max.set_value(ymax,notify_value_change=False)
        self.y_bin.set_value(yparams.bin,notify_value_change=False)
[docs]    def set_value(self, roi, notify_value_change=True):
        """
        Set ROI value.

        `roi` is a tuple ``(xparams, yparams)`` of two axes parameters (each is a 3-tuple ``(min, max, bin)``).
        If ``notify_value_change==True``, emit the `value_changed` signal; otherwise, change value silently.
        """
        roi=self.AxisParams(*roi[0]),self.AxisParams(*roi[1])
        params=self.validateROI(*roi)
        self._show_values(*params)
        if notify_value_change:
            self.value_changed.emit(params)







[docs]class RangeCtl(QtWidgets.QWidget):
    """
    Class for range control.

    Can have any subset of 3 rows: specifying min-max, specifying center-span (connected to min-max), and specifying step.

    Like most widgets, requires calling :meth:`setupUi` to set up before usage.

    Args:
        parent: parent widget

    Signals:
        value_changed: emitted when the ROIvalue is changed
    """
    def __init__(self, parent=None):
        super(RangeCtl, self).__init__(parent)
        self.rng=(0,0,0)

[docs]    def setupUi(self, name, lim=(None,None), order=True, formatter="float", labels=("Min","Max","Center","Span","Step"), elements=("minmax","cspan","step")):
        """
        Setup the range control.

        Args:
            name (str): widget name
            lim (tuple): limit containing min and max values
            order (bool): if ``True``, first value is always smaller than the second one (values are swapped otherwise)
            formatter (str): formatter for all edit boxes; see :func:`.format.as_formatter` for details
            labels (tuple): tuple of 5 labels for 5 controls: min, max, center, span, and step (need to always specify 5, even if no all elements are included)
            elements (tuple): tuple specifying elements which are displayed for the control;
                can contain ``"minmax"`` (min-max row), ``"cspan"`` (center-span row), and ``"step"`` (step row)
        """
        self.name=name
        self.order=order
        self.setObjectName(self.name)
        # self.setMinimumSize(QtCore.QSize(232, 83))
        # self.setMaximumSize(QtCore.QSize(16777215, 83))
        self.gridLayout = QtWidgets.QGridLayout(self)
        self.gridLayout.setObjectName("gridLayout")
        row=0
        if "minmax" in elements:
            self.labelMin = QtWidgets.QLabel(self)
            self.labelMin.setObjectName("labelMin")
            self.labelMin.setText(labels[0])
            self.gridLayout.addWidget(self.labelMin, row, 0, 1, 1)
            self.labelMax = QtWidgets.QLabel(self)
            self.labelMax.setObjectName("labelMax")
            self.labelMax.setText(labels[1])
            self.gridLayout.addWidget(self.labelMax, row, 2, 1, 1)
            self.e_min = LVNumEdit(self)
            self.e_min.setObjectName("e_min")
            self.gridLayout.addWidget(self.e_min, row, 1, 1, 1)
            self.e_max = LVNumEdit(self)
            self.e_max.setObjectName("e_max")
            self.gridLayout.addWidget(self.e_max, row, 3, 1, 1)
            self.e_min.value_changed.connect(self._minmax_changed)
            self.e_max.value_changed.connect(self._minmax_changed)
            row+=1
        else:
            self.e_min=None
            self.e_max=None
        if "cspan" in elements:
            self.labelCent = QtWidgets.QLabel(self)
            self.labelCent.setObjectName("labelCent")
            self.labelCent.setText(labels[2])
            self.gridLayout.addWidget(self.labelCent, row, 0, 1, 1)
            self.labelSpan = QtWidgets.QLabel(self)
            self.labelSpan.setObjectName("labelSpan")
            self.labelSpan.setText(labels[3])
            self.gridLayout.addWidget(self.labelSpan, row, 2, 1, 1)
            self.e_cent = LVNumEdit(self)
            self.e_cent.setObjectName("e_cent")
            self.gridLayout.addWidget(self.e_cent, row, 1, 1, 1)
            self.e_span = LVNumEdit(self)
            self.e_span.setObjectName("e_span")
            self.gridLayout.addWidget(self.e_span, row, 3, 1, 1)
            self.e_cent.value_changed.connect(self._cspan_changed)
            self.e_span.value_changed.connect(self._cspan_changed)
            row+=1
        else:
            self.e_cent=None
            self.e_span=None
        if "step" in elements:
            self.labelStep = QtWidgets.QLabel(self)
            self.labelStep.setObjectName("labelStep")
            self.labelStep.setText(labels[4])
            self.gridLayout.addWidget(self.labelStep, row, 0, 1, 1)
            self.e_step = LVNumEdit(self)
            self.e_step.setObjectName("e_step")
            self.gridLayout.addWidget(self.e_step, row, 1, 1, 1)
            self.e_step.value_changed.connect(self._step_changed)
            self.e_step.set_number_limit(0,None)
            row+=1
        else:
            self.e_step=None
        self.gridLayout.setContentsMargins(2,2,2,2)
        for v in [self.e_min,self.e_max,self.e_cent,self.e_span,self.e_step]:
            if v:
                v.change_formatter(formatter)
        self._show_values(self.rng)
        self.set_limit(lim)


    def _limit_range(self, rng):
        vmin=limit_to_range(rng[0],*self.lim)
        vmax=limit_to_range(rng[1],*self.lim)
        if self.order:
            vmin,vmax=min(vmin,vmax),max(vmin,vmax)
        step=max(0,rng[2])
        return (vmin,vmax,step)
    def _minmax_changed(self):
        rng=self.e_min.get_value(),self.e_max.get_value(),self.rng[2]
        self.set_value(rng)
    def _cspan_changed(self):
        cent,span=self.e_cent.get_value(),self.e_span.get_value()
        rng=(cent-span/2.),(cent+span/2.),self.rng[2]
        self.set_value(rng)
    def _step_changed(self):
        rng=self.rng[0],self.rng[1],self.e_step.get_value()
        self.set_value(rng)

[docs]    def set_limit(self, lim):
        """Set range values limit (2-tuple)"""
        self.lim=lim
        self.set_value(self.rng)


    value_changed=QtCore.pyqtSignal("PyQt_PyObject")
[docs]    def get_value(self):
        """Get current range value (2-tuple ``(left, right)``)"""
        return self.rng

    def _show_values(self, rng):
        if self.e_min:
            self.e_min.set_value(rng[0],notify_value_change=False)
            self.e_max.set_value(rng[1],notify_value_change=False)
        if self.e_cent:
            self.e_cent.set_value((rng[0]+rng[1])/2.,notify_value_change=False)
            self.e_span.set_value(rng[1]-rng[0],notify_value_change=False)
        if self.e_step:
            self.e_step.set_value(rng[2],notify_value_change=False)
[docs]    def set_value(self, rng, notify_value_change=True):
        """
        Get current range value
        
        `rng` is a 2-tuple ``(left, right)``
        If ``notify_value_change==True``, emit the `value_changed` signal; otherwise, change value silently.
        """
        rng=self._limit_range(rng)
        if self.rng!=rng:
            self.rng=rng
            self._show_values(rng)
            if notify_value_change:
                self.value_changed.emit(rng)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.gui.widgets.image_plotter

"""
PyQtGraph-based image plotter.

Has 2 parts: :class:`ImageView` which displays the image,
and :class:`ImageViewController` which controls the image display (value ranges, flipping or transposing, etc.)
:class:`ImageView` can also operate alone without a controller.
When both are used, :class:`ImageView` is created and set up first, and then supplied to :meth:`ImageViewController.setupUi` method.
"""

from .param_table import ParamTable, FixedParamTable
from ....core.gui.qt.thread import controller
from ....core.utils import funcargparse
from ....core.dataproc import filters

from PyQt5 import QtWidgets, QtCore
import pyqtgraph
import numpy as np
import contextlib


[docs]class ImageViewController(QtWidgets.QWidget):
    """
    Class for controlling an image inside :class:`ImageView`.

    Like most widgets, requires calling :meth:`setupUi` to set up before usage.

    Args:
        parent: parent widget
    """
    def __init__(self, parent=None):
        super(ImageViewController, self).__init__(parent)

[docs]    def setupUi(self, name, view, display_table=None, display_table_root=None):
        """
        Setup the image view controller.

        Args:
            name (str): widget name
            view (ImageView): controlled image view
            display_table (bool): as :class:`.IndicatorValuesTable` object used to access table values; by default, create one internally
            display_table_root (str): if not ``None``, specify root (i.e., path prefix) for values inside the table.
        """
        self.name=name
        self.setObjectName(self.name)
        self.hLayout=QtWidgets.QHBoxLayout(self)
        self.hLayout.setContentsMargins(0,0,0,0)
        self.hLayout.setObjectName("hLayout")
        self.view=view
        self.view._attach_controller(self)
        self.settings_table=ParamTable(self)
        self.settings_table.setObjectName("settings_table")
        self.hLayout.addWidget(self.settings_table)
        self.img_lim=(0,65536)
        self.settings_table.setupUi("img_settings",add_indicator=False,display_table=display_table,display_table_root=display_table_root)
        self.settings_table.add_text_label("size",label="Image size:")
        self.settings_table.add_check_box("flip_x","Flip X",value=False)
        self.settings_table.add_check_box("flip_y","Flip Y",value=False,location=(-1,1))
        self.settings_table.add_check_box("transpose","Transpose",value=True)
        self.settings_table.add_check_box("normalize","Normalize",value=False)
        self.settings_table.add_num_edit("minlim",value=self.img_lim[0],limiter=self.img_lim+("coerce","int"),formatter=("int"),label="Minimal intensity:",add_indicator=True)
        self.settings_table.add_num_edit("maxlim",value=self.img_lim[1],limiter=self.img_lim+("coerce","int"),formatter=("int"),label="Maximal intensity:",add_indicator=True)
        self.settings_table.add_check_box("show_lines","Show lines",value=True).value_changed_signal().connect(self.setup_gui_state)
        self.settings_table.add_num_edit("vlinepos",value=0,limiter=(0,None,"coerce","float"),formatter=("float","auto",1,True),label="X line:")
        self.settings_table.add_num_edit("hlinepos",value=0,limiter=(0,None,"coerce","float"),formatter=("float","auto",1,True),label="Y line:")
        self.settings_table.add_check_box("show_linecuts","Show line cuts",value=False).value_changed_signal().connect(self.setup_gui_state)
        self.settings_table.add_num_edit("linecut_width",value=1,limiter=(1,None,"coerce","int"),formatter="int",label="Line cut width:")
        self.settings_table.add_button("center_lines","Center lines").value_changed_signal().connect(view.center_lines)
        self.settings_table.value_changed.connect(lambda: self.view.update_image(update_controls=False,do_redraw=True))
        self.settings_table.add_spacer(10)
        self.settings_table.add_button("update_image","Updating",checkable=True).value_changed_signal().connect(view._set_image_update)
        self.settings_table.add_button("single","Single").value_changed_signal().connect(self.view.arm_single)
        self.settings_table.add_padding()


[docs]    def set_img_lim(self, *args):
        """
        Set up image limits

        Can specify either only upper limit (lower stays the same), or both limits.
        Value of ``None`` implies no limit.
        """
        if len(args)==1:
            self.img_lim=(self.img_lim[0],args[0])
        elif len(args)==2:
            self.img_lim=tuple(args)
        else:
            return
        minl,maxl=self.img_lim
        self.settings_table.w["minlim"].set_number_limit(minl,maxl,"coerce","int")
        self.settings_table.w["maxlim"].set_number_limit(minl,maxl,"coerce","int")

    @controller.exsafeSlot()
    def setup_gui_state(self):
        """Enable or disable controls based on which actions are enabled"""
        show_lines=self.settings_table.v["show_lines"]
        for n in ["vlinepos","hlinepos","show_linecuts"]:
            self.settings_table.lock(n,not show_lines)
        show_linecuts=self.settings_table.v["show_linecuts"]
        self.settings_table.lock("linecut_width",not (show_lines and show_linecuts))
[docs]    def get_all_values(self):
        """Get all control values"""
        return self.settings_table.get_all_values()

[docs]    def set_all_values(self, params):
        """Set all control values"""
        self.settings_table.set_all_values(params)
        self.setup_gui_state()

[docs]    def get_all_indicators(self):
        """Get all GUI indicators as a dictionary"""
        return self.settings_table.get_all_indicators()




builtin_cmaps={ "gray":([0,1.],[(0.,0.,0.),(1.,1.,1.)]),
                "gray_sat":([0,0.999,1.],[(0.,0.,0.),(1.,1.,1.),(1.,0.,0.)]),
                "hot":([0,0.3,0.7,1.],[(0.,0.,0.),(1.,0.,0.),(1.,1.,0.),(1.,1.,1.)]),
                "hot_sat":([0,0.3,0.7,0.999,1.],[(0.,0.,0.),(1.,0.,0.),(1.,1.,0.),(1.,1.,1.),(0.,0.,1.)])
            }
[docs]class ImageView(QtWidgets.QWidget):
    """
    Image view object.

    Built on top of :class:`pyqtgraph.ImageView` class.

    Args:
        parent: parent widget
    """
    def __init__(self, parent=None):
        super(ImageView, self).__init__(parent)
        self.ctl=None

[docs]    class Rectangle(object):
        def __init__(self, rect, center=None, size=None):
            object.__init__(self)
            self.rect=rect
            self.center=center or (0,0)
            self.size=size or (0,0)
[docs]        def update_params(self, center=None, size=None):
            if center:
                self.center=center
            if size:
                self.size=size


[docs]    def setupUi(self, name, img_size=(1024,1024), min_size=(512,512)):
        """
        Setup the image view.

        Args:
            name (str): widget name
            img_size (tuple): default image size (used only until actual image is supplied)
            min_size (tuple): minimal widget size
        """
        self.name=name
        self.setObjectName(self.name)
        self.single_armed=False
        self.single_acquired=False
        self.hLayout=QtWidgets.QVBoxLayout(self)
        self.hLayout.setContentsMargins(0,0,0,0)
        self.hLayout.setObjectName("hLayout")
        self.img=np.zeros(img_size)
        self.do_image_update=False
        self.xbin=1
        self.ybin=1
        self.dec_mode="mean"
        if min_size:
            self.setMinimumSize(QtCore.QSize(*min_size))
        self.imageWindow=pyqtgraph.ImageView(self)
        self.imageWindow.setObjectName("imageWindow")
        self.hLayout.addWidget(self.imageWindow)
        self.hLayout.setStretch(0,4)
        self.set_colormap("hot_sat")
        self.imageWindow.ui.roiBtn.hide()
        self.imageWindow.ui.menuBtn.hide()
        self.imgVLine=pyqtgraph.InfiniteLine(angle=90,movable=True,bounds=[0,None])
        self.imgHLine=pyqtgraph.InfiniteLine(angle=0,movable=True,bounds=[0,None])
        self.imageWindow.getView().addItem(self.imgVLine)
        self.imageWindow.getView().addItem(self.imgHLine)
        self.linecut_boundary_pen=pyqtgraph.mkPen("#008000",style=pyqtgraph.QtCore.Qt.DashLine)
        self.imgHBLines=[pyqtgraph.InfiniteLine(angle=0,movable=False,bounds=[0,None],pen=self.linecut_boundary_pen) for _ in range(2)]
        self.imgVBLines=[pyqtgraph.InfiniteLine(angle=90,movable=False,bounds=[0,None],pen=self.linecut_boundary_pen) for _ in range(2)]
        self.imageWindow.getView().addItem(self.imgHBLines[0])
        self.imageWindow.getView().addItem(self.imgHBLines[1])
        self.imageWindow.getView().addItem(self.imgVBLines[0])
        self.imageWindow.getView().addItem(self.imgVBLines[1])
        self.plotWindow=pyqtgraph.PlotWidget(self)
        self.plotWindow.addLegend()
        self.plotWindow.setLabel("left","Image cut")
        self.plotWindow.showGrid(True,True,0.7)
        self.cut_lines=[pyqtgraph.PlotCurveItem(pen="#B0B000",name="Horizontal"), pyqtgraph.PlotCurveItem(pen="#B000B0",name="Vertical")]
        for c in self.cut_lines:
            self.plotWindow.addItem(c)
        self.hLayout.addWidget(self.plotWindow)
        self.hLayout.setStretch(1,1)
        self.plotWindow.setVisible(False)
        self._signals_connected=False
        self._connect_signals()
        self.imgVLine.sigPositionChanged.connect(self.update_image_controls)
        self.imgHLine.sigPositionChanged.connect(self.update_image_controls)
        self.imageWindow.getHistogramWidget().sigLevelsChanged.connect(self.update_image_controls)
        self.rectangles={}


    def _attach_controller(self, ctl):
        """
        Attach :class:`ImageViewController` object.

        Called automatically in :meth:`ImageViewController.setupUi`
        """
        self.ctl=ctl
    def _get_params(self):
        if self.ctl is not None:
            return self.ctl.settings_table
        return FixedParamTable(v={"transpose":False,
                "flip_x":False,
                "flip_y":False,
                "normalize":True,
                "show_lines":False,
                "show_linecuts":False,
                "vlinepos":0,
                "hlinepos":0,
                "linecut_width":0,
                "update_image":True})
    @controller.exsafeSlot("bool")
    def _set_image_update(self, do_update):
        self.do_image_update=do_update

[docs]    def set_colormap(self, cmap):
        """
        Setup colormap.

        Can be name of one built-in colormaps (``"gray"``, ``"gray_sat"``, ``"hot"``, ``"hot_sat"``),
        a list specifying PyQtGraph colormap or a :class:`pyqtgraph.ColorMap` instance.
        """
        cmap=builtin_cmaps.get(cmap,cmap)
        if isinstance(cmap,(list,tuple)):
            cmap=pyqtgraph.ColorMap(*cmap)
        self.imageWindow.setColorMap(cmap)

    
    def _connect_signals(self):
        if not self._signals_connected:
            self.imgVLine.sigPositionChanged.connect(self.update_image_controls)
            self.imgHLine.sigPositionChanged.connect(self.update_image_controls)
            self.imageWindow.getHistogramWidget().sigLevelsChanged.connect(self.update_image_controls)
            self._signals_connected=True
    def _disconnect_signals(self):
        if self._signals_connected:
            self.imgVLine.sigPositionChanged.disconnect(self.update_image_controls)
            self.imgHLine.sigPositionChanged.disconnect(self.update_image_controls)
            self.imageWindow.getHistogramWidget().sigLevelsChanged.disconnect(self.update_image_controls)
            self._signals_connected=False
    @contextlib.contextmanager
    def _no_events(self):
        self._disconnect_signals()
        try:
            yield
        finally:
            self._connect_signals()


[docs]    def set_binning(self, xbin=1, ybin=1, mode="mean", update_image=True):
        """
        Set image binning (useful for showing large images).
        """
        bin_changes=(xbin!=self.xbin) or (ybin!=self.ybin) or (mode!=self.dec_mode)
        self.xbin=xbin
        self.ybin=ybin
        self.dec_mode=mode
        if bin_changes and update_image:
            self.update_image(update_controls=True,do_redraw=True)

[docs]    def set_image(self, img):
        """
        Set the current image.

        The image display won't be updated until :meth:`update_image` is called.
        This function is thread-safe (i.e., the application state remains consistent if it's called from another thread,
        although race conditions on simultaneous calls from multiple threads still might happen).
        """
        if self.do_image_update or self.single_armed:
            self.img=img
            self.single_armed=False
            self.single_acquired=True

    @controller.exsafe
    def center_lines(self):
        """Center coordinate lines"""
        imshape=self.img.shape[::-1] if self._get_params().v["transpose"] else self.img.shape
        self.imgVLine.setPos(imshape[0]/2)
        self.imgHLine.setPos(imshape[1]/2)
[docs]    def arm_single(self):
        """Arm the single-image trigger"""
        self.single_armed=True

[docs]    def set_rectangle(self, name, center=None, size=None):
        """
        Add or change parameters of a rectangle with a given name.

        Rectangle coordinates are specified in the original image coordinate system
        (i.e., rectangles are automatically flipped/transposed/scaled with the image).
        """
        if name not in self.rectangles:
            pqrect=pyqtgraph.ROI((0,0),(0,0),movable=False,pen="#FF00FF")
            self.imageWindow.getView().addItem(pqrect)
            self.rectangles[name]=self.Rectangle(pqrect)
        rect=self.rectangles[name]
        rect.update_params(center,size)
        rcenter=rect.center[0]-rect.size[0]/2.,rect.center[1]-rect.size[1]/2.
        rsize=rect.size
        imshape=self.img.shape
        params=self._get_params()
        rcenter=rcenter[0]/self.xbin,rcenter[1]/self.ybin
        rsize=rsize[0]/self.xbin,rsize[1]/self.ybin
        if params.v["transpose"]:
            rcenter=rcenter[::-1]
            rsize=rsize[::-1]
            imshape=imshape[::-1]
        if params.v["flip_x"]:
            rcenter=(imshape[0]-rcenter[0]-rsize[0]),rcenter[1]
        if params.v["flip_y"]:
            rcenter=rcenter[0],(imshape[1]-rcenter[1]-rsize[1])
        rect.rect.setPos(rcenter)
        rect.rect.setSize(rsize)

[docs]    def update_rectangles(self):
        """Update rectangle coordinates"""
        for name in self.rectangles:
            self.set_rectangle(name)

[docs]    def del_rectangle(self, name):
        """Delete a rectangle with a given name"""
        if name in self.rectangles:
            rect=self.rectangles.pop(name)
            self.imageWindow.getView().removeItem(rect)

[docs]    def show_rectangles(self, show=True, names=None):
        """
        Toggle showing rectangles on or off
        
        If `names` is given, it specifies names of rectangles to show or hide (by default, all rectangles).
        """
        imgview=self.imageWindow.getView()
        if names is None:
            names=self.rectangles
        else:
            names=funcargparse.as_sequence(names)
        for n in names:
            rect=self.rectangles[n]
            if show and rect.rect not in imgview.addedItems:
                imgview.addItem(rect.rect)
            if (not show) and rect.rect in imgview.addedItems:
                imgview.removeItem(rect.rect)

    def _update_linecut_boundaries(self, params):
        vpos=self.imgVLine.getPos()[0]
        hpos=self.imgHLine.getPos()[1]
        cut_width=params.v["linecut_width"]
        show_boundary_lines=params.v["show_lines"] and params.v["show_linecuts"] and cut_width>1
        for ln in self.imgVBLines+self.imgHBLines:
            ln.setPen(self.linecut_boundary_pen if show_boundary_lines else None)
        if show_boundary_lines:
            self.imgVBLines[0].setPos(vpos-cut_width/2)
            self.imgVBLines[1].setPos(vpos+cut_width/2)
            self.imgHBLines[0].setPos(hpos-cut_width/2)
            self.imgHBLines[1].setPos(hpos+cut_width/2)
    # Update image controls based on PyQtGraph image window
    @controller.exsafeSlot()
    def update_image_controls(self):
        """Update image controls in the connected :class:`ImageViewController` object"""
        params=self._get_params()
        levels=self.imageWindow.getHistogramWidget().getLevels()
        params.v["minlim"],params.v["maxlim"]=levels
        params.v["vlinepos"]=self.imgVLine.getPos()[0]
        params.v["hlinepos"]=self.imgHLine.getPos()[1]
        self._update_linecut_boundaries(params)
    def _get_min_nonzero(self, img, default=0):
        img=img[img!=0]
        return default if np.all(np.isnan(img)) else np.nanmin(img)
    def _sanitize_img(self, img): # PyQtGraph histogram has an unfortunate failure mode (crashing) when the whole image has the same value
        """Make first image pixel different from any other pixel"""
        img=img.copy().astype(float)
        if np.isnan(img[0,0]):
            if np.all(np.isnan(img)):
                img[0,0]=0
            else:
                minval=np.nanmin(img)
                mindiff=self._get_min_nonzero(img-minval)
                img[0,0]=minval+mindiff*0.5 if mindiff>0 else minval+1
        else:
            mindiff=self._get_min_nonzero(np.abs(img-img[0,0]))
            img[0,0]=img[0,0]+mindiff*0.5 if mindiff>0 else img[0,0]+1
        return img
    # Update image plot
    @controller.exsafe
    def update_image(self, update_controls=False, do_redraw=False, only_new_image=True):
        """
        Update displayed image.

        If ``update_controls==True``, update control values (such as image min/max values and line positions).
        If ``do_redraw==True``, force update regardless of the ``"update_image"`` button state; otherwise, update only if it is enabled.
        If ``only_new_image==True`` and the image hasn't changed since the last call to ``update_image``, skip redraw (however, if ``do_redraw==True``, force redrawing regardless).
        """
        with self._no_events():
            params=self._get_params()
            if not do_redraw:
                if not (params.v["update_image"] or self.single_acquired):
                    return params
                if only_new_image and not self.single_acquired:
                    return params
                self.single_acquired=False
            draw_img=self.img
            if self.xbin>1:
                draw_img=filters.decimate(draw_img,self.xbin,dec_mode=self.dec_mode,axis=0)
            if self.ybin>1:
                draw_img=filters.decimate(draw_img,self.ybin,dec_mode=self.dec_mode,axis=1)
            if params.v["transpose"]:
                draw_img=draw_img.transpose()
            if params.v["flip_x"]:
                draw_img=draw_img[::-1,:]
            if params.v["flip_y"]:
                draw_img=draw_img[:,::-1]
            img_shape=draw_img.shape
            if np.prod(img_shape)<=1: # ImageView can't plot images with less than 1 px
                draw_img=np.zeros((2,2),dtype=np.asarray(draw_img).dtype)+(draw_img[0,0] if np.prod(draw_img.shape) else 0)
            autoscale=params.v["normalize"]
            draw_img=self._sanitize_img(draw_img)
            if self.isVisible():
                self.imageWindow.setImage(draw_img,autoLevels=autoscale,autoHistogramRange=autoscale)
            if update_controls:
                self.update_image_controls()
            if not autoscale:
                levels=params.v["minlim"],params.v["maxlim"]
                self.imageWindow.setLevels(*levels)
                self.imageWindow.getHistogramWidget().setLevels(*levels)
                self.imageWindow.getHistogramWidget().autoHistogramRange()
            params.i["minlim"]=self.imageWindow.levelMin
            params.i["maxlim"]=self.imageWindow.levelMax
            params.v["size"]="{} x {}".format(*img_shape)
            show_lines=params.v["show_lines"]
            for ln in [self.imgVLine,self.imgHLine]:
                ln.setPen("g" if show_lines else None)
                ln.setHoverPen("y" if show_lines else None)
                ln.setMovable(show_lines)
            for ln in [self.imgVLine]+self.imgVBLines:
                ln.setBounds([0,draw_img.shape[0]])
            for ln in [self.imgHLine]+self.imgHBLines:
                ln.setBounds([0,draw_img.shape[1]])
            self.imgVLine.setPos(params.v["vlinepos"])
            self.imgHLine.setPos(params.v["hlinepos"])
            self._update_linecut_boundaries(params)
            if params.v["show_lines"] and params.v["show_linecuts"]:
                cut_width=params.v["linecut_width"]
                vpos=params.v["vlinepos"]
                vmin=int(min(max(0,vpos-cut_width/2),draw_img.shape[0]-1))
                vmax=int(vpos+cut_width/2)
                if vmax==vmin:
                    if vmin==0:
                        vmax+=1
                    else:
                        vmin-=1
                hpos=params.v["hlinepos"]
                hmin=int(min(max(0,hpos-cut_width/2),draw_img.shape[1]-1))
                hmax=int(hpos+cut_width/2)
                if hmax==hmin:
                    if hmin==0:
                        hmax+=1
                    else:
                        hmin-=1
                x_cut=draw_img[:,hmin:hmax].mean(axis=1)
                y_cut=draw_img[vmin:vmax,:].mean(axis=0)
                autorange=self.plotWindow.getViewBox().autoRangeEnabled()
                self.plotWindow.disableAutoRange()
                self.cut_lines[0].setData(np.arange(len(x_cut)),x_cut)
                self.cut_lines[1].setData(np.arange(len(y_cut)),y_cut)
                if any(autorange):
                    self.plotWindow.enableAutoRange(x=autorange[0],y=autorange[1])
                self.plotWindow.setVisible(True)
            else:
                self.plotWindow.setVisible(False)
            self.update_rectangles()
            return params





          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.gui.widgets.line_plotter

"""
Simple PyQtGraph-based line plotter.

A small expansion on top of :class:`.pyqtgraph.PlotWidget` which allows for thread-safe plot updating.
"""

import pyqtgraph


[docs]class LinePlotter(pyqtgraph.PlotWidget):
    """
    Line plotter object.

    Built on top of :class:`.pyqtgraph.PlotWidget` class.

    Args:
        parent: parent widget
    """
    def __init__(self, parent=None):
        super(LinePlotter, self).__init__(parent)
        self.data={}
        self._traces={}
        self.trace_names=[]
        self.updated=True
        self.addLegend()
        self.setLabel("left","Signal")
        self.showGrid(True,True,0.7)

[docs]    def add_trace(self, name, caption=None, *args, **kwargs):
        """
        Add a trace plot.

        If caption is not ``None``, the trace is also added into the legend under the given caption.
        All other arguments are passed to the underlying :meth:`.pyqtgraph.PlotWidget.plot` method.
        """
        if name in self._traces:
            raise ValueError("trace {} already exists".format(name))
        if caption is not None:
            kwargs["name"]=caption
        line=self.plot([],[],*args,**kwargs)
        self._traces[name]=(line,caption)
        self.trace_names.append(name)

[docs]    def delete_trace(self, name):
        """Delete trace plot"""
        line,caption=self._traces.pop(name)
        self.trace_names.remove(name)
        self.removeItem(line)
        if caption is not None:
            self.plotItem.legend.removeItem(caption)


[docs]    def set_traces(self, data, hide_missing=True):
        """
        Set data to be plotted.

        `data` is a list or a dictionary of 2-column numpy arrays containing x- and y-coordinates of the plots.
        If it is a list, the columns are assumed to be in the order of their creation (also available as ``trace_names`` attribute).
        If it is a dictionary, the keys are the column names.
        If ``hide_missing==True`` and some traces are missing from the data, hide them (although they still appear in the legend);
        otherwise, the missing traces are left unchanged.

        This function is thread-safe (i.e., the application state remains consistent if it's called from another thread,
        although race conditions on simultaneous calls from multiple threads still might happen).
        """
        if isinstance(data,list):
            self.data=dict(zip(self.trace_names,data))
        else:
            self.data=data.copy()
        if hide_missing:
            for n in self.trace_names:
                if n not in self.data:
                    self.data[n]=[]
        self.updated=True


[docs]    def update_traces(self, only_new_data=True):
        """
        Update displayed traces.

        If ``only_new_data==True`` and the data hasn't changed since the last call to ``update_traces``, skip replotting.
        """
        if (not only_new_data) or self.updated:
            self.updated=False
            for n in self.trace_names:
                if n in self.data:
                    t=self.data[n]
                    if len(t):
                        self._traces[n][0].setData(t[:,0],t[:,1])
                    else:
                        self._traces[n][0].setData([],[])






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.gui.widgets.param_table

from ....core.gui.qt.widgets import edit, label as widget_label
from ....core.gui.qt.thread import threadprop, controller
from ....core.gui.qt import values as values_module, utils
from ....core.utils import py3, dictionary

from PyQt5 import QtCore, QtWidgets

import collections

try:
    _fromUtf8 = QtCore.QString.fromUtf8
except AttributeError:
    def _fromUtf8(s):
        return s

try:
    _encoding = QtWidgets.QApplication.UnicodeUTF8
    def _translate(context, text, disambig):
        return QtWidgets.QApplication.translate(context, text, disambig, _encoding)
except AttributeError:
    def _translate(context, text, disambig):
        return QtWidgets.QApplication.translate(context, text, disambig)


[docs]class ParamTable(QtWidgets.QWidget):
    """
    GUI parameter table.
    
    Simplifies creating code-generated controls and displays table layouts.
    
    Has methods for adding various kinds of controls (labels, edit boxes, combo boxes, check boxes),
    automatically creates values table for easy settings/getting.
    By default supports 2-column (label-control) and 3-column (label-control-indicator) layout, depending on the parameters given to :meth:`setupUi`.

    Similar to :class:`.IndicatorValuesTable`, has three container-like accessor:
    ``.v`` for settings/getting values
    (i.e., ``self.get_value(name)`` is equivalent to ``self.v[name]``, and ``self.set_value(name, value)`` is equivalent to ``self.v[name]=value``),
    ``.i`` for settings/getting indicator values
    (i.e., ``self.get_indicator(name)`` is equivalent to ``self.i[name]``, and ``self.set_indicator(name, value)`` is equivalent to ``self.i[name]=value``),
    and ``.w`` for getting the underlying widget
    (i.e., ``self.get_widget(name)`` is equivalent to ``self.w[name]``)

    Like most widgets, requires calling :meth:`setupUi` to set up before usage.

    Args:
        parent: parent widget
    """
    def __init__(self, parent=None):
        super(ParamTable, self).__init__(parent)
        self.params={}
        self.v=dictionary.ItemAccessor(self.get_value,self.set_value)
        self.i=dictionary.ItemAccessor(self.get_indicator,self.set_indicator)
        self.w=dictionary.ItemAccessor(self.get_widget)

[docs]    def setupUi(self, name, add_indicator=False, display_table=None, display_table_root=None, gui_thread_safe=False):
        """
        Setup the table.

        Args:
            name (str): table widget name
            add_indicator (bool): if ``True``, add indicators for all added widgets by default.
            display_table (bool): as :class:`.IndicatorValuesTable` object used to access table values; by default, create one internally
            display_table_root (str): if not ``None``, specify root (i.e., path prefix) for values inside the table;
                if not specified, then there's no additional root for internal table (``display_table is None``),
                or it is equal to `name` if there is an external table  (``display_table is not None``)
            gui_thread_safe (bool): if ``True``, all value-access and indicator-access calls
                (``get/set_value``, ``get/set_all_values``, ``get/set_indicator``, and ``update_indicators``) are automatically called in the GUI thread.
        """
        self.name=name
        self.setObjectName(_fromUtf8(self.name))
        self.formLayout = QtWidgets.QGridLayout(self)
        self.formLayout.setSizeConstraint(QtWidgets.QLayout.SetDefaultConstraint)
        self.formLayout.setContentsMargins(5,5,5,5)
        self.formLayout.setObjectName(_fromUtf8("formLayout"))
        self.add_indicator=add_indicator
        self.change_focused_control=False
        if display_table is None:
            self.display_table=values_module.IndicatorValuesTable()
            self.display_table_root=""
        else:
            self.display_table=display_table
            self.display_table_root=display_table_root if display_table_root is not None else self.name
        self.gui_thread_safe=gui_thread_safe


    value_changed=QtCore.pyqtSignal("PyQt_PyObject","PyQt_PyObject")

    def _normalize_location(self, location, default=(None,0,1,1)):
        if not isinstance(location,(list,tuple)):
            location=(location,)
        location+=(None,)*(4-len(location))
        location=[d if l is None else l for (l,d) in zip(location,default)]
        row,col,rowspan,colspan=location
        row_cnt=self.formLayout.rowCount()
        row=row_cnt if row is None else (row%row_cnt)
        return row,col,rowspan,colspan
    ParamRow=collections.namedtuple("ParamRow",["widget","label","value_handler","indicator_handler"])
    def _add_widget(self, name, params):
        self.params[name]=params
        path=(self.display_table_root,name)
        self.display_table.add_handler(path,params.value_handler)
        if params.indicator_handler:
            self.display_table.add_indicator_handler(path,params.indicator_handler)
        changed_signal=params.value_handler.value_changed_signal()
        if changed_signal:
            changed_signal.connect(lambda value: self.value_changed.emit(name,value))
[docs]    def add_simple_widget(self, name, widget, label=None, value_handler=None, add_indicator=None, location=(None,0)):
        """
        Add a 'simple' (single-spaced, single-valued) widget to the table.

        Args:
            name (str): widget name (used to reference its value in the values table)
            widget: widget to add
            label (str): if not ``None``, specifies label to put in front of the widget in the layout
            value_handler: value handler of the widget; by default, use auto-detected value handler (works for many simple built-in or custom widgets)
            add_indicator: if ``True``, add an indicator label in the third column and a corresponding indicator handler in the built-in values table;
                by default, use the default value supplied to :meth:`setupUi`
            location (tuple): tuple ``(row, column)`` specifying location of the widget (or widget label, if it is specified);
                by default, add to a new row in the end and into the first column
        
        Return the widget's value handler
        """
        if name in self.params:
            raise KeyError("widget {} already exists".format(name))
        row,col,rowspan,_=self._normalize_location(location)
        if label is not None:
            wlabel=QtWidgets.QLabel(self)
            wlabel.setObjectName(_fromUtf8("{}__label".format(name)))
            self.formLayout.addWidget(wlabel,row,col,rowspan,1)
            wlabel.setText(_translate(self.name,label,None))
        else:
            wlabel=None
        value_handler=value_handler or values_module.get_default_value_handler(widget)
        if add_indicator is None:
            add_indicator=self.add_indicator
        if add_indicator:
            windicator=QtWidgets.QLabel(self)
            windicator.setObjectName(_fromUtf8("{}__indicator".format(name)))
            self.formLayout.addWidget(windicator,row,col+2,rowspan,1)
            indicator_handler=values_module.WidgetLabelIndicatorHandler(windicator,widget=value_handler)
        else:
            indicator_handler=None
        if wlabel is None:
            self.formLayout.addWidget(widget,row,col,rowspan,2 if add_indicator else 3)
        else:
            self.formLayout.addWidget(widget,row,col+1,rowspan,1 if add_indicator else 2)
        self._add_widget(name,self.ParamRow(widget,wlabel,value_handler,indicator_handler))
        return value_handler


[docs]    def add_custom_widget(self, name, widget, value_handler=None, indicator_handler=None, location=(None,0,1,None)):
        """
        Add a 'custom' (multi-spaced, possibly complex-valued) widget to the table.

        Args:
            name (str): widget name (used to reference its value in the values table)
            widget: widget to add
            value_handler: value handler of the widget; by default, use auto-detected value handler (works for many simple built-in or custom widgets)
            indicator_handler: indicator handler of the widget; by default, use auto-detected indciator handler
                (use ``set/get_indicator`` methods if present, or no indicator otherwises)
            location (tuple): tuple ``(row, column, rowspan, colspan)`` specifying location of the widget;
                by default, add to a new row in the end and into the first column, span one row and all table columns
        
        Return the widget's value handler
        """
        if name in self.params:
            raise KeyError("widget {} already exists".format(name))
        location=self._normalize_location(location,default=(None,0,1,3))
        self.formLayout.addWidget(widget,*location)
        value_handler=value_handler or values_module.get_default_value_handler(widget)
        indicator_handler=indicator_handler or values_module.get_default_indicator_handler(widget)
        self._add_widget(name,self.ParamRow(widget,None,value_handler,indicator_handler))
        return value_handler


[docs]    def add_virtual_element(self, name, value=None, add_indicator=None):
        """
        Add a virtual table element.

        Doesn't correspond to any actual widget, but behaves very similarly from the application point of view
        (its value can be set or read, it has on-change events, it can have indicator).
        """
        value_handler=values_module.VirtualValueHandler(value)
        if add_indicator is None:
            add_indicator=self.add_indicator
        indicator_handler=values_module.VirtualIndicatorHandler if add_indicator else None
        self._add_widget(name,self.ParamRow(None,None,value_handler,indicator_handler))

[docs]    def add_button(self, name, caption, checkable=False, value=False, label=None, add_indicator=None, location=(None,0)):
        """
        Add a button to the table.

        Args:
            name (str): widget name (used to reference its value in the values table)
            caption (str): text on the button
            checkable (bool): determines whether the button is checkable (has on/off state) or simple press button
            value (bool): if checkable, specifies initial value

        Rest of the arguments and the return value are the same as :meth:`add_simple_widget`.
        """
        widget=QtWidgets.QPushButton(self)
        widget.setText(_translate(self.name,caption,None))
        widget.setObjectName(_fromUtf8(self.name+"_"+name))
        widget.setCheckable(checkable)
        widget.setChecked(value)
        return self.add_simple_widget(name,widget,label=label,add_indicator=add_indicator,location=location)

[docs]    def add_check_box(self, name, caption, value=False, label=None, add_indicator=None, location=(None,0)):
        """
        Add a checkbox to the table.

        Args:
            name (str): widget name (used to reference its value in the values table)
            caption (str): text on the checkbox
            value (bool): specifies initial value
            
        Rest of the arguments and the return value are the same as :meth:`add_simple_widget`.
        """
        widget=QtWidgets.QCheckBox(self)
        widget.setText(_translate(self.name,caption,None))
        widget.setObjectName(_fromUtf8(self.name+"_"+name))
        widget.setChecked(value)
        return self.add_simple_widget(name,widget,label=label,add_indicator=add_indicator,location=location)

[docs]    def add_text_label(self, name, value=None, label=None, location=(None,0)):
        """
        Add a text label to the table.

        Args:
            name (str): widget name (used to reference its value in the values table)
            value (bool): specifies initial value
            
        Rest of the arguments and the return value are the same as :meth:`add_simple_widget`.
        """
        widget=QtWidgets.QLabel(self)
        widget.setObjectName(_fromUtf8(self.name+"_"+name))
        if value is not None:
            widget.setText(str(value))
        return self.add_simple_widget(name,widget,label=label,add_indicator=False,location=location)

[docs]    def add_num_label(self, name, value=0, limiter=None, formatter=None, label=None, location=(None,0)):
        """
        Add a numerical label to the table.

        Args:
            name (str): widget name (used to reference its value in the values table)
            value (float): specifies initial value
            limiter (tuple): tuple ``(upper_limit, lower_limit, action, value_type)`` specifying value limits;
                see :func:`.limit.as_limiter` for details
            formatter (tuple): either ``"int"`` (for integer values), or tuple specifying floating value format;
                see :func:`.format.as_formatter` for details
            
        Rest of the arguments and the return value are the same as :meth:`add_simple_widget`.
        """
        widget=widget_label.LVNumLabel(self,value=value,num_limit=limiter,num_format=formatter)
        widget.setObjectName(_fromUtf8(self.name+"_"+name))
        return self.add_simple_widget(name,widget,label=label,add_indicator=False,location=location)

[docs]    def add_text_edit(self, name, value=None, label=None, add_indicator=None, location=(None,0)):
        """
        Add a text edit to the table.

        Args:
            name (str): widget name (used to reference its value in the values table)
            value (bool): specifies initial value
            
        Rest of the arguments and the return value are the same as :meth:`add_simple_widget`.
        """
        widget=edit.LVTextEdit(self,value=value)
        widget.setObjectName(_fromUtf8(self.name+"_"+name))
        return self.add_simple_widget(name,widget,label=label,add_indicator=add_indicator,location=location)

[docs]    def add_num_edit(self, name, value=None, limiter=None, formatter=None, label=None, add_indicator=None, location=(None,0)):
        """
        Add a numerical edit to the table.

        Args:
            name (str): widget name (used to reference its value in the values table)
            value (bool): specifies initial value
            limiter (tuple): tuple ``(upper_limit, lower_limit, action, value_type)`` specifying value limits;
                see :func:`.limit.as_limiter` for details
            formatter (tuple): either ``"int"`` (for integer values), or tuple specifying floating value format;
                see :func:`.format.as_formatter` for details
            
        Rest of the arguments and the return value are the same as :meth:`add_simple_widget`.
        """
        widget=edit.LVNumEdit(self,value=value,num_limit=limiter,num_format=formatter)
        widget.setObjectName(_fromUtf8(self.name+"_"+name))
        return self.add_simple_widget(name,widget,label=label,add_indicator=add_indicator,location=location)

[docs]    def add_progress_bar(self, name, value=None, label=None):
        """
        Add a progress bar to the table.

        Args:
            name (str): widget name (used to reference its value in the values table)
            value (bool): specifies initial value
            
        Rest of the arguments and the return value are the same as :meth:`add_simple_widget`.
        """
        widget=QtWidgets.QProgressBar(self)
        widget.setObjectName(_fromUtf8(self.name+"_"+name))
        if value is not None:
            widget.setValue(value)
        return self.add_simple_widget(name,widget,label=label)

[docs]    def add_combo_box(self, name, value=None, options=None, label=None, add_indicator=None):
        """
        Add a combo box to the table.

        Args:
            name (str): widget name (used to reference its value in the values table)
            value (bool): specifies initial value
            options (list): list of string specifying box options
            
        Rest of the arguments and the return value are the same as :meth:`add_simple_widget`.
        """
        widget=QtWidgets.QComboBox(self)
        widget.setObjectName(_fromUtf8(self.name+"_"+name))
        if options:
            widget.addItems(options)
            if value is not None:
                widget.setCurrentIndex(value)
        return self.add_simple_widget(name,widget,label=label,add_indicator=add_indicator)


[docs]    def add_spacer(self, height, width=1, location=(None,0)):
        """Add a spacer with the given width and height"""
        spacer=QtWidgets.QSpacerItem(width,height,QtWidgets.QSizePolicy.Minimum,QtWidgets.QSizePolicy.Minimum)
        location=self._normalize_location(location)
        self.formLayout.addItem(spacer,*location)
        return spacer

[docs]    def add_label(self, text, location=(None,0)):
        """Add a text label (only for decoration) with the given text"""
        label=QtWidgets.QLabel(self)
        label.setText(str(text))
        label.setAlignment(QtCore.Qt.AlignLeft)
        location=self._normalize_location(location)
        self.formLayout.addWidget(label,*location)
        return label

[docs]    def add_padding(self, prop=1):
        """Add a padding (expandable spacer) with the given proportion"""
        self.add_spacer(0)
        self.formLayout.setRowStretch(self.formLayout.rowCount(),prop)

[docs]    def insert_row(self, row):
        """Insert a new table row at the given location"""
        utils.insert_layout_row(self.formLayout,row)


[docs]    def lock(self, names=None, locked=True):
        """Lock (disable) or unlock (enable) widgets with the given names (by default, all widgets)"""
        if isinstance(names,py3.anystring):
            names=[names]
        if names is None:
            names=self.params.keys()
        for name in names:
            widget=self.params[name].widget
            if widget is not None:
                widget.setEnabled(not locked)


    @controller.gui_thread_method
    def get_value(self, name):
        """Get value of a widget with the given name"""
        return self.display_table.get_value((self.display_table_root,name))
    @controller.gui_thread_method
    def set_value(self, name, value):
        """Set value of a widget with the given name"""
        par=self.params[name]
        if self.change_focused_control or par.widget is None or not par.widget.hasFocus():
            return self.display_table.set_value((self.display_table_root,name),value)
    @controller.gui_thread_method
    def get_all_values(self):
        """Get values of all widgets in the table"""
        return self.display_table.get_all_values(root=self.display_table_root,include=self.params)
    @controller.gui_thread_method
    def set_all_values(self, values):
        """Set values of all widgets in the table"""
        return self.display_table.set_all_values(values,root=self.display_table_root,include=self.params)

[docs]    def get_handler(self, name):
        """Get value handler of a widget with the given name"""
        return self.params[name].value_handler

[docs]    def get_widget(self, name):
        """Get a widget with the given name"""
        return self.params[name].widget

[docs]    def changed_event(self, name):
        """Get a value-changed signal for a widget with the given name"""
        return self.params[name].value_handler.value_changed_signal()


    @controller.gui_thread_method
    def get_indicator(self, name):
        """Get indicator value for a widget with the given name"""
        return self.display_table.get_indicator((self.display_table_root,name))
    @controller.gui_thread_method
    def set_indicator(self, name, value):
        """Set indicator value for a widget with the given name"""
        return self.display_table.set_indicator((self.display_table_root,name),value)
    @controller.gui_thread_method
    def get_all_indicators(self):
        """Get all indicator values"""
        return self.display_table.get_all_indicators(root=self.display_table_root)
    @controller.gui_thread_method
    def update_indicators(self):
        """Update all indicators (set their value """
        return self.display_table.update_indicators(root=self.display_table_root,include=self.params)

[docs]    def clear(self, disconnect=False):
        """
        Clear the table (remove all widgets)
        
        If ``disconnect==True``, also disconnect all slots connected to the ``value_changed`` signal.
        """
        if self.params:
            if disconnect:
                try:
                    self.value_changed.disconnect()
                except TypeError: # no signals connected
                    pass
            for name in self.params:
                path=(self.display_table_root,name)
                self.display_table.remove_handler(path)
                self.display_table.remove_indicator_handler(path)
            self.params={}
            utils.clean_layout(self.formLayout,delete_layout=True)
            self.formLayout = QtWidgets.QGridLayout(self)
            self.formLayout.setSizeConstraint(QtWidgets.QLayout.SetDefaultConstraint)
            self.formLayout.setContentsMargins(5,5,5,5)
            self.formLayout.setObjectName(_fromUtf8("formLayout"))


    
    def __getitem__(self, name):
        return self.get_handler(name)
    def __contains__(self, name):
        return name in self.params


TFixedParamTable=collections.namedtuple("FixedParamTable",["v","i"])
[docs]def FixedParamTable(v=None,i=None):
    return TFixedParamTable(v=v or {}, i=i or {})



[docs]class StatusTable(ParamTable):
    """
    Expansion of :class:`ParamTable` which adds status lines, which automatically subscribe to signals and update values.
    """
[docs]    def add_status_line(self, name, label=None, srcs=None, tags=None, filt=None, make_status=None):
        """
        Add a status line to the table:

        Args:
            name (str): widget name (used to reference its value in the values table)
            label (str): if not ``None``, specifies label to put in front of the status line
            srcs (list): status signal sources
            tags (list): status signal tags
            filt (list): filter function for the signals
            make_status: if not ``None``, specifies a function which takes 3 arguments (signal source, tag, and value) and generates a status line text.
        """
        self.add_text_label(name,label=label)
        def update_text(src, tag, value):
            if make_status is not None:
                text=make_status(src,tag,value)
            else:
                text=value
            self.v[name]=text
        threadprop.current_controller().subscribe(update_text,srcs=srcs,dsts="any",tags=tags,filt=filt,limit_queue=10)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.aux_libs.gui.widgets.trace_plotter

"""
PyQtGraph-based trace plotter.

Has 2 parts: :class:`TracePlotter` which displays the plots,
and :class:`TracePlotterController` which controls the channels (X-axis, enabled channels) and the plotting (buffer size, updating, etc.)
:class:`TracePlotter` can also operate alone without a controller.
When both are used, :class:`TracePlotter` is created and set up first, and then supplied to :meth:`TracePlotterController.setupUi` method.
"""

from .param_table import ParamTable
from ....core.gui.qt.thread import controller
from ....core.gui.qt import values as values_module
from ....core.utils import funcargparse, dictionary
from ....core.dataproc import waveforms
from ..helpers import TableAccumulator, TableAccumulatorThread

from PyQt5 import QtWidgets, QtCore
import pyqtgraph
import numpy as np


[docs]class TracePlotterController(QtWidgets.QWidget):
    """
    Class for controlling traces inside :class:`TracePlotter`.

    Like most widgets, requires calling :meth:`setupUi` to set up before usage.

    Args:
        parent: parent widget
    """
    def __init__(self, parent=None):
        super(TracePlotterController, self).__init__(parent)

[docs]    def setupUi(self, name, plotter, display_table=None, display_table_root=None):
        """
        Setup the trace plotter controller.

        Args:
            name (str): widget name
            plotter (TracePlotter): controlled image plotter
            display_table (bool): as :class:`.IndicatorValuesTable` object used to access table values; by default, create one internally
            display_table_root (str): if not ``None``, specify root (i.e., path prefix) for values inside the table.
        """
        self.display_table=display_table or values_module.IndicatorValuesTable()
        self.display_table_root=display_table_root or ""
        self.plotter=plotter
        self.plotter._attach_controller(self)

        self.name=name
        self.setObjectName(self.name)
        self.hLayout = QtWidgets.QVBoxLayout(self)
        self.hLayout.setContentsMargins(0,0,0,0)
        self.hLayout.setObjectName("hLayout")
        self.channelsGroupBox = QtWidgets.QGroupBox(self)
        self.channelsGroupBox.setObjectName("channelsGroupBox")
        self.channelsGroupBox.setTitle("Channels")
        self.channelsGroupLayout = QtWidgets.QVBoxLayout(self.channelsGroupBox)
        self.channelsGroupLayout.setContentsMargins(0, 0, 0, -1)
        self.channelsGroupLayout.setObjectName("channelsGroupLayout")
        self.channels_table = ParamTable(self.channelsGroupBox)
        self.channels_table.setMinimumSize(QtCore.QSize(20, 20))
        self.channels_table.setObjectName("channels_table")
        self.channelsGroupLayout.addWidget(self.channels_table)
        self.hLayout.addWidget(self.channelsGroupBox)
        self.plottingGroupBox = QtWidgets.QGroupBox(self)
        self.plottingGroupBox.setObjectName("plottingGroupBox")
        self.plottingGroupBox.setTitle("Plotting")
        self.plottingGroupLayout = QtWidgets.QHBoxLayout(self.plottingGroupBox)
        self.plottingGroupLayout.setContentsMargins(0, 0, 0, -1)
        self.plottingGroupLayout.setObjectName("plottingGroupLayout")
        self.plot_params_table = ParamTable(self.plottingGroupBox)
        self.plot_params_table.setMinimumSize(QtCore.QSize(20, 20))
        self.plot_params_table.setObjectName("plot_params_table")
        self.plottingGroupLayout.addWidget(self.plot_params_table)
        self.hLayout.addWidget(self.plottingGroupBox)
        spacerItem = QtWidgets.QSpacerItem(0, 0, QtWidgets.QSizePolicy.Minimum, QtWidgets.QSizePolicy.Expanding)
        self.hLayout.addItem(spacerItem)
        self.hLayout.setStretch(2, 1)

        self.channels_table.setupUi("channels",add_indicator=False,display_table=self.display_table,display_table_root=self.display_table_root+"/channels")
        self.setup_channels()
        self.plot_params_table.setupUi("plotting_params",add_indicator=False,display_table=self.display_table,display_table_root=self.display_table_root+"/plotting")
        self.plot_params_table.add_button("update_plot","Updating",checkable=True)
        self.plot_params_table.add_num_edit("disp_last",1,limiter=(1,None,"coerce","int"),formatter=("int"),label="Display last: ")
        self.plot_params_table.add_button("reset_history","Reset").value_changed_signal().connect(self.plotter.reset_history)


[docs]    def get_all_values(self):
        """Get all control values"""
        return self.display_table.get_all_values(root=self.display_table_root)

[docs]    def set_all_values(self, params):
        """Set all control values"""
        self.display_table.set_all_values(params,root=self.display_table_root)

[docs]    def get_all_indicators(self):
        """Get all GUI indicators as a dictionary"""
        return self.params_table.get_all_indicators(root=self.display_table_root)


[docs]    def setup_channels(self):
        """
        Update channels from the associated plotter.

        Sets up GUI appearance (dropdown menu items and checkbox rows) to correspond to the trace plotter settings.
        Called automatically on creation or channels update, doesn't need to be called explicitly.
        """
        self.channels_table.clear()
        if self.plotter.channel_indices:
            channel_names=[self.plotter.channels[idx]["name"] for idx in self.plotter.channel_indices]
            self.channels_table.add_combo_box("xaxis",0,options=channel_names,label="X axis")
            self.channels_table.add_combo_box("order_by",0,options=channel_names,label="Order by")
            for idx in self.plotter.channel_indices:
                name=self.plotter.channels[idx]["name"]
                self.channels_table.add_check_box(idx+"_enabled",name)

[docs]    def get_enabled_channels(self):
        """Get a list of enabled channels"""
        return [idx for idx in self.plotter.channel_indices if self.channels_table.v[idx+"_enabled"]]




[docs]class TracePlotter(QtWidgets.QWidget):
    """
    Trace plotter object.

    Built on top of :class:`.pyqtgraph.PlotWidget` class.

    Intended for plotting of gradually-accumulated data;
    designed to work tightly with :class:`.TableAccumulator` or :class:`.TableAccumulatorThread` as data sources.

    Args:
        parent: parent widget
    """
    def __init__(self, parent=None):
        super(TracePlotter, self).__init__(parent)

[docs]    def setupUi(self, name, add_end_marker=False, update_only_on_visible=True):
        """
        Setup the image view.

        Args:
            name (str): widget name
            add_end_marker (bool): if ``True``, point markers are added at the position of the last point (makes easier to track plotting progress).
            update_only_on_visible (bool): ig ``True``, only update plot if the widget is visible.
        """
        self.name=name
        self.setObjectName(self.name)
        self.hLayout=QtWidgets.QVBoxLayout(self)
        self.hLayout.setContentsMargins(0,0,0,0)
        self.hLayout.setObjectName("layout")
        self.plotWidget = pyqtgraph.PlotWidget(self)
        self.plotWidget.setObjectName("plotWidget")
        self.hLayout.addWidget(self.plotWidget)
        self.plotWidget.addLegend()
        self.plotWidget.setLabel("left","Signal")
        self.plotWidget.showGrid(True,True,0.7)

        self.ctl=None
        self.channels={}
        self.channel_indices=[]
        self.data_src_kind=None
        self.data_src=None
        self.add_end_marker=add_end_marker
        self.update_only_on_visible=update_only_on_visible
        self.displayed=[]
        self.vlines=[]
        self.vmarks=[]

    
    def _attach_controller(self, ctl):
        """
        Attach :class:`TracePlotterController` object.

        Called automatically in :meth:`TracePlotterController.setupUi`, doesn't need to be called explicitly.
        """
        self.ctl=ctl


[docs]    def setup_channels(self, channels, channel_indices=None):
        """
        Setup and complete plot channels settings (name, color, legend name)
        
        `channels` is a dictionary ``{name: params}``, where ``params`` is a parameter dictionary with the following possible keys:
        ``"name"`` - channel name used in the controller GUI; ``"legend_name"`` - channel name used in the plotting window (legend and x-axis label);
        ``"color"`` - channel plot color; ``"end_marker"`` - overrides global ``end_marker`` property of the plotter;
        ``"factor"`` - rescaling factor applied before plotting.
        """
        self.channels=channels.copy()
        self.channel_indices=channel_indices or sorted(channels.keys())
        mpl_colors=['#1f77b4','#ff7f0e','#2ca02c','#d62728','#9467bd','#8c564b','#e377c2','#bcbd22','#17becf']
        old_style_colors=['#40FF40','#4040FF','#FF4040','#FFFF00','#00FFFF','#FF00FF','#C0C0C0','#404040']
        colors=(mpl_colors+old_style_colors)*len(channels)
        for idx in self.channel_indices:
            ch=self.channels[idx]
            ch.setdefault("name",idx)
            ch.setdefault("legend_name",ch["name"])
            if "color" not in ch:
                ch["color"]=colors.pop(0)
        if self.ctl:
            self.ctl.setup_channels()
        self._update_plot_lines()




    on_reset=QtCore.pyqtSignal()
    @controller.exsafeSlot()
    def reset_history(self):
        """
        Reset plot history.

        Reset source (if specified) and emits ``on_reset`` signal.
        Automatically called when ``Reset`` controller button is pressed.
        """
        self._reset_data_src()
        self.on_reset.emit()



    def _update_plot_lines(self):
        """
        Update plot lines settings.
        
        Called automatically every time the selection of displayed channels is changed, doesn't need to be called explicitly.
        """
        for el in self.vlines+self.vmarks:
            if el is not None:
                self.plotWidget.plotItem.legend.removeItem(el.name())
                self.plotWidget.removeItem(el)
        self.vlines=[]
        self.vmarks=[]
        for idx in self.displayed:
            ch=self.channels[idx]
            vl=self.plotWidget.plot([],[],pen=ch["color"],name=ch["legend_name"])
            self.vlines.append(vl)
            if ch.get("end_marker",self.add_end_marker):
                vm=self.plotWidget.plot([],[],symbolBrush=ch["color"],symbol="o",symbolSize=5,pxMode=True)
                self.vmarks.append(vm)
            else:
                self.vmarks.append(None)


[docs]    def get_enabled_channels(self):
        """Get list of enabled channels and update plot lines if necessary"""
        enabled=self.ctl.get_enabled_channels() if self.ctl else self.channel_indices
        if enabled!=self.displayed:
            self.displayed=enabled
            self._update_plot_lines()
        return enabled

    
[docs]    def get_required_channels(self):
        """Get list of channels required for plotting: all enabled channels plus 'X axis' and  'Order by' channels """
        if self.ctl is None:
            return self.channel_indices
        xaxis=self.channel_indices[self.ctl.channels_table.v["xaxis"]]
        order_by=self.channel_indices[self.ctl.channels_table.v["order_by"]]
        return [xaxis,order_by]+self.get_enabled_channels()

[docs]    def get_data_from_accum(self, table_accum):
        """
        Get data from the table accumulator, taking selected channels into account
        
        Return dictionary ``{name: column}``.
        """
        channels=self.get_required_channels()
        maxlen=self.ctl.plot_params_table.v["disp_last"] if self.ctl else None
        return table_accum.get_data_dict(channels,maxlen=maxlen,fmt="columns")

[docs]    def get_data_from_accum_thread(self, table_accum_thread):
        """
        Get data from the table accumulator thread, taking selected channels into account
        
        Return dictionary ``{name: column}``.
        """
        channels=self.get_required_channels()
        maxlen=self.ctl.plot_params_table.v["disp_last"] if self.ctl else None
        return table_accum_thread.get_data_sync(channels,maxlen=maxlen,fmt="dict")



[docs]    def setup_data_source(self, src=None):
        """
        Setup data source.
        
        Add a data source (:class:`.TableAccumulator` or :class:`.TableAccumulatorThread` instance used as a source of data for channels).
        The source is used to automatically grab channel data and receive reset commands.
        Not necessary, if the data is provided explicitly to :meth:`update_plot`.
        """
        if isinstance(src,TableAccumulator):
            self.data_src_kind="accum"
        elif isinstance(src,TableAccumulatorThread):
            self.data_src_kind="accum_thread"
        elif src is None:
            self.data_src_kind=None
        else:
            raise ValueError("unrecognized data source: {}".format(src))
        self.data_src=src

[docs]    def get_data_from_source(self):
        """
        Get data from the default source.

        Return dictionary ``{name: column}``.
        """
        if self.data_src_kind=="accum":
            return self.get_data_from_accum(self.data_src)
        elif self.data_src_kind=="accum_thread":
            return self.get_data_from_accum_thread(self.data_src)

    def _reset_data_src(self):
        if self.data_src_kind=="accum":
            return self.data_src.reset_data()
        elif self.data_src_kind=="accum_thread":
            return self.data_src.reset()



[docs]    def update_plot(self, data=None, idx_column=None):
        """
        Update plot data.

        Args:
            data: dictionary ``{name: column}`` with the data. Should contain all selected channel and channels used for x-axis and order.
                if not supplied, can be grabbed automatically from the default data source (if supplied).
            idx_column: name of the default index column; if the "order by" column name is the same as `idx_column`, no data re-ordering is performed.
                doesn't need to be supplied, but can improve plotting speed somewhat.
        """
        par=self.ctl.get_all_values() if self.ctl else {"channels/xaxis":0, "channels/order_by":0, "plotting/update_plot":True}
        if par["plotting/update_plot"] and (self.isVisible() or not self.update_only_on_visible):
            if data is None:
                data=self.get_data_from_source()
            xaxis=self.channel_indices[par["channels/xaxis"]]
            order_by=self.channel_indices[par["channels/order_by"]]
            data_channels=[xaxis,order_by]+self.get_enabled_channels()
            norm_data=[]
            for idx in data_channels:
                col=np.asarray(data[idx])
                if "factor" in self.channels[idx]:
                    col=col*self.channels[idx]["factor"]
                norm_data.append(col)
            if norm_data and len(norm_data[0]):
                last_pts=[col[-1] for col in norm_data]
            else:
                last_pts=None
            if order_by!=idx_column:
                norm_data=np.column_stack(norm_data)
                norm_data=waveforms.sort_by(norm_data,x_column=1,stable=True)
                norm_data=[norm_data[:,c] for c in range(norm_data.shape[1])]
            autorange=self.plotWidget.plotItem.getViewBox().autoRangeEnabled()
            self.plotWidget.plotItem.disableAutoRange()
            for vl,col in zip(self.vlines,norm_data[2:]):
                vl.setData(norm_data[0],col)
            if last_pts:
                for vm,pt in zip(self.vmarks,last_pts[2:]):
                    if vm is not None:
                        vm.setData([last_pts[0]],[pt])
            if any(autorange):
                self.plotWidget.plotItem.enableAutoRange(x=autorange[0],y=autorange[1])
            self.plotWidget.setLabel("bottom",self.channels[xaxis]["legend_name"])






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.version

"""
Current version and function that defines compatibility with previous version.
To be changed in future packages.
"""
from future.utils import viewitems

import sys
from .utils import module as module_utils #@UnresolvedImport


full_version=(0,2,0)
[docs]def is_compatible(v, package=None, module=None):
    return full_version>=v


### Additional packages routines ###
_required_packages_names=["future","rpyc", # generic required packages
                          "numpy","scipy","matplotlib","numba","pandas", # standard scientific packages
                          "pyusb","python-usbtmc","pywinusb","pyserial","pyvisa","pyft232","websocket-client", # general device communication:
                            # USB (generic USB, requires libusb library), USB-MTC (VISA-like package for Linux), pywinusb(USB HID talking), Serial port, VISA wrapper
                          "nidaqmx" # special device communication: NIDAQmx, ZurichInstrument (2 different versions)
                          ] # non-standard packages
required_packages=dict([ (name,module_utils.get_package_version(name)) for name in _required_packages_names ])
_python_version_full=sys.version_info
python_version="{}.{}.{}".format(*_python_version_full)


[docs]def write_version(f):
    f.write("Python version: "+python_version+"\n\n")
    f.write("Non-standard packages:\n")
    for p_name,p_version in viewitems(required_packages):
        if p_version is not None:
            f.write("  {0:20s} {1}\n".format(p_name,p_version))
    f.write("\nCore library version: {}.{}.{}\n".format(*full_version))





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.dataproc.callable

from future.utils import viewitems
from builtins import zip

from ..utils import functions as function_utils #@UnresolvedImport
import numpy as np

[docs]class ICallable(object):
    """
    Fit function generalization.
    
    Has a set of mandatory argument with no default values and
    a set of parameters with default values (there may or may not be an explicit list of them).
    
    All the arguments are passed explicitly by name. Passed value supersede default values.
    Extra arguments (not used in the calculations) are ignored.
    
    Assumed (but not enforced) to be immutable: changes after creation can break the behavior.
    
    Implements (possibly; depends on subclasses) call namelist binding boosting:
    if the function is to be called many times with the same parameter names list,
    one can first bind parameters list, and then call bound function with the corresponding arguments.
    This way, ``callable(**p)`` should be equivalent to ``callable.bind(p.keys())(*p.values())``.
    """
    def __init__(self):
        object.__init__(self)
[docs]    def has_arg(self, arg_name):
        """Determine if the function has an argument `arg_name` (of all 3 categories)."""
        raise NotImplementedError("ICallable.has_arg")

[docs]    def filter_args_dict(self, args):
        """Filter argument names dictionary to leave only the arguments that are used."""
        return dict((k,v) for (k,v) in viewitems(args) if self.has_arg(k))

[docs]    def get_mandatory_args(self):
        """Return list of mandatory arguments (these are the ones without default values)."""
        raise NotImplementedError("ICallable.get_mandatory_args")

[docs]    def is_mandatory_arg(self, arg_name):
        """Check if the argument `arg_name` is mandatory.""" 
        return arg_name in self.get_mandatory_args()

[docs]    def get_arg_default(self, arg_name):
        """
        Return default value of the argument `arg_name`.
        
        Raise :exc:`KeyError` if the argument is not defined or :exc:`ValueError` if it has no default value.
        """
        raise NotImplementedError("ICallable.get_arg_default")

    
    def __call__(self, **params):
        raise NotImplementedError("ICallable.__call__")
[docs]    def bind(self, arg_names, **bound_params):
        """Bind function to a given parameters set, leaving `arg_names` as free parameters (in the given order)."""
        bound_params=bound_params.copy()
        covered_args=set(bound_params)
        covered_args.update(arg_names)
        uncovered_mand_args=self.get_mandatory_args().difference(covered_args)
        if len(uncovered_mand_args)>0:
            raise TypeError("mandatory parameters not supplied: {0}".format(list(uncovered_mand_args)))
        def bound_call(*args, **call_params):
            params=bound_params.copy()
            params.update(call_params)
            params.update(zip(arg_names,args))
            return self(**params)
        return bound_call

        #sig=FunctionSignature(arg_names=arg_names,kwarg_name="kwargs")
        #return sig.wrap_function(bound_call)
    
[docs]    class NamesBoundCall(object):
        def __init__(self, func, names, bound_params):
            object.__init__(self)
            self._func=func
            self._names=names
            self._bound_params=bound_params
        def __call__(self, *params):
            self._bound_params.update(zip(self._names,params))
            return self._func(self._bound_params)

[docs]    def bind_namelist(self, arg_names, **bound_params):
        """
        Bind namelist to boost subsequent calls.
        
        Similar to ``bind(arg_names)``, but bound function doesn't accept additional parameters and can be boosted.
        """
        bound_call=self.NamesBoundCall(self,arg_names,bound_params)
        return bound_call


        #sig=FunctionSignature(arg_names=arg_names,kwarg_name="kwargs")
        #return sig.wrap_function(bound_call)
    
    


def _join_list_results(res_vec, join_method="stack"):
    if len(res_vec)>0 and np.ndim(res_vec[0])>0:
        if join_method=="list":
            return res_vec
        elif join_method=="stack":
            return np.column_stack(res_vec)
        elif join_method=="concatenate":
            return np.concatenate(res_vec)
        else:
            raise ValueError("unrecognized joining method: {0}".format(join_method))
    else:
        return np.array(res_vec)
    
    
[docs]class MultiplexedCallable(ICallable):
    """
    Multiplex a single callable based on a single parameter.
    
    If the function is called with this parameter as an iterable,
    then the underlying callable will be called for each value of the parameter separately,
    and the results will be joined into a single array
    (if return the values are scalar, they're joined in 1D array; otherwise, they're joined using `join_method`).
    
    Args:
        func (callable): Function to be parallelized.
        multiplex_by (str): Name of the argument to be multiplexed by.
        join_method (str): Method for combining individual results together if they're non-scalars.
            Can be either ``'list'`` (combine the results in a single list),
            ``'stack'`` (combine using :func:`numpy.column_stack`, i.e., add dimension to the result),
            or ``'concatenate'`` (concatenate the return values; the dimension of the result stays the same).
    
    Multiplexing also makes use of call signatures for underlying function even if ``__call__`` is used.
    
    Note that this operation is slow, and should be used only for high-dimensional multiplexing;
    for 1D case it's much better to just use numpy arrays as arguments and rely on numpy parallelizing.
    """
    def __init__(self, func, multiplex_by, join_method="stack"):
        ICallable.__init__(self)
        self._func=to_callable(func)
        self._mvar=multiplex_by
        self._join_method=join_method
        if not func.has_arg(multiplex_by):
            raise ValueError("can't multiplex by non-existing arguments: {0}".format(multiplex_by))
[docs]    def has_arg(self, arg_name):
        return self._func.has_arg(arg_name)

[docs]    def get_mandatory_args(self):
        return self._func.get_mandatory_args()

[docs]    def get_arg_default(self, arg_name):
        return self._func.get_arg_default(arg_name)

    
[docs]    class NamesBoundCall(object):
        def __init__(self, func, names, bound_params):
            object.__init__(self)
            self._join_method=func._join_method
            if func._mvar in names:
                self._mvar_source=names.index(func._mvar)
                self._subfunc_bound=func._func.bind_namelist(names,**bound_params)
            else:
                self._mvar_source='default'
                if func._mvar in bound_params:
                    bound_params=bound_params.copy()
                    self._mvar_default=bound_params.pop(func._mvar)
                else:
                    self._mvar_default=func.get_arg_default(func._mvar)
                self._subfunc_bound=func._func.bind_namelist(names+[func._mvar],**bound_params)
        def __call__(self, *params):
            subfunc=self._subfunc_bound
            if self._mvar_source=='default':
                if np.isscalar(self._mvar_default):
                    return subfunc(*(list(params)+[self._mvar_default]))
                else:
                    res_vec=[]
                    params=list(params)+[None]
                    for m in self._mvar_default:
                        params[-1]=m
                        res_vec.append(subfunc(*params))
                    return _join_list_results(res_vec,join_method=self._join_method)
            else:
                m_source=self._mvar_source
                if np.isscalar(params[m_source]):
                    return subfunc(*params)
                else:
                    res_vec=[]
                    params=list(params)
                    for m in params[m_source]:
                        params[m_source]=m
                        res_vec.append(subfunc(*params))
                    return _join_list_results(res_vec,join_method=self._join_method)

    def __call__(self, **params):
        return self.bind_namelist([],**params)()

            
            
            
[docs]class JoinedCallable(ICallable):
    """
    Join several callables sharing the same arguments list.
    
    The results will be joined into a single array
    (if return the values are scalar, they're joined in 1D array; otherwise, they're joined using `join_method`).
    
    Args:
        funcs ([callable]): List of functions to be joined together.
        join_method (str): Method for combining individual results together if they're non-scalars.
            Can be either ``'list'`` (combine the results in a single list),
            ``'stack'`` (combine using :func:`numpy.column_stack`, i.e., add dimension to the result),
            or ``'concatenate'`` (concatenate the return values; the dimension of the result stays the same).
    """
    def __init__(self, funcs, join_method="stack"):
        ICallable.__init__(self)
        if len(funcs)==0:
            raise ValueError("can't joint zero functions")
        self._funcs=[to_callable(f) for f in funcs]
        self._mand_args=set()
        for f in funcs:
            self._mand_args.update(f.get_mandatory_args())
        self._join_method=join_method
[docs]    def has_arg(self, arg_name):
        for f in self._funcs:
            if f.has_arg(arg_name):
                return True
        return False

[docs]    def get_mandatory_args(self):
        return self._mand_args

[docs]    def get_arg_default(self, arg_name):
        for f in self._funcs:
            if f.has_arg(arg_name):
                return f.get_arg_default(arg_name)
        raise KeyError("no argument with name {0}".format(arg_name))

    
    def __call__(self, **params):
        return _join_list_results([f(**params) for f in self._funcs],join_method=self._join_method)
    
[docs]    class NamesBoundCall(object):
        def __init__(self, func, names, bound_params):
            object.__init__(self)
            self._join_method=func._join_method
            self._funcs=[f.bind_namelist(names,**bound_params) for f in func._funcs]
        def __call__(self, *params):
            return _join_list_results([f(*params) for f in self._funcs],join_method=self._join_method)


    
    




[docs]class FunctionCallable(ICallable):
    """
    Callable based on a function or a method.
    
    Args:
        func: Function to be wrapped.
        function_signature: A :class:`~.functions.FunctionSignature` object supplying information
            about function's argument names and default values, if they're different from what's extracted from its signature.
        defaults (dict): A dictionary ``{name: value}`` of additional default parameters values. Override the defaults from the signature.
            All default values must be pass-able to the function as a parameter
        alias (dict): A dictionary ``{alias: original}`` for renaming some of the original arguments.
            Original argument names can't be used if aliased (though, multi-aliasing can be used explicitly, e.g., ``alias={'alias':'arg','arg':'arg'}``).
            A name can be blocked (its usage causes error) if it's aliased to None (``alias={'blocked_name':None}``).
    
    Optional non-named arguments in the form ``*args`` are not supported, since all the arguments are passed to the function by keywords.
    
    Optional named arguments in the form ``**kwargs`` are supported only if their default values are explicitly provided in defaults
    (otherwise it would be unclear whether argument should be added into ``**kwargs`` or ignored altogether).
    """
    def __init__(self, func, function_signature=None, defaults=None, alias=None):
        ICallable.__init__(self)
        self._func=func
        self._set_alias(alias)
        if function_signature is None:
            function_signature=function_utils.FunctionSignature.from_function(func)
        self._defaults=function_signature.defaults.copy()
        if defaults is not None:
            self._defaults.update(self._apply_unalias_dict(defaults))
        self._declared_args=set(function_signature.arg_names)
        self._mand_args=set([a for a in function_signature.arg_names if not a in self._defaults])
        self._mand_args_alias=set(self._apply_alias(self._mand_args))
        self._use_keywords=function_signature.kwarg_name is not None
    def _set_alias(self, alias):
        self._alias=alias
        self._masked=set()
        if alias is not None:
            self._masked.update(alias.values())
            self._rev_alias=dict((v,k) for (k,v) in viewitems(self._alias) if v is not None)
        else:
            self._rev_alias=None
    def _apply_alias(self, params):
        if self._alias is None:
            return params
        try:
            return [self._rev_alias.get(p,p) for p in params]
        except TypeError:
            return self._rev_alias.get(params,params)
    def _apply_unalias(self, param):
        if self._alias is None:
            return param
        if param in self._alias:
            return self._alias[param]
        elif param in self._masked:
            raise KeyError("no argument with name {0}".format(param))
        else:
            return param
    def _apply_unalias_dict(self, params):
        if self._alias is None:
            return params
        alias=self._alias
        masked=self._masked
        unalias_params={}
        for k,v in viewitems(params):
            if k in alias:
                unalias_params[alias[k]]=v
            elif k in masked:
                raise KeyError("no argument with name {0}".format(k))
            else:
                unalias_params[k]=v
        return unalias_params
        
[docs]    def has_arg(self, arg_name):
        if self._use_keywords:
            return True # assume that any parameter works
        arg_name=self._apply_unalias(arg_name)
        return arg_name in self._declared_args

[docs]    def get_mandatory_args(self):
        return self._mand_args_alias

[docs]    def get_arg_default(self, arg_name):
        arg_name=self._apply_unalias(arg_name)
        if arg_name in self._defaults:
            return self._defaults[arg_name]
        if arg_name in self._mand_args:
            raise ValueError("argument {0} has no default value".format(arg_name))
        else:
            raise KeyError("no argument with name {0}".format(arg_name))

    def __call__(self, **params):
        for n in self._mand_args:
            if not n in params:
                raise TypeError("mandatory parameter not supplied: {0}".format(n))
        named_params=self._defaults.copy()
        named_params.update(self._apply_unalias_dict(params))
        named_params=self.filter_args_dict(named_params)
        return self._func(**named_params)
    
[docs]    class NamesBoundCall(object):
        def __init__(self, func, names, bound_params):
            object.__init__(self)
            for n in func._mand_args:
                if not (n in bound_params or n in names):
                    raise TypeError("mandatory parameter not supplied: {0}".format(n))
            self._func=func._func
            self._names_dest=[]
            for n in names:
                un=func._apply_unalias(n)
                if func.has_arg(n):
                    dest=("named",un)
                else:
                    dest=("unused",)
                self._names_dest.append(dest)
            self._named_params=func._defaults.copy()
            self._named_params.update(func._apply_unalias_dict(bound_params))
        def __call__(self, *params):
            n_par=self._named_params
            for p,d in zip(params,self._names_dest):
                if d[0]=='named':
                    n_par[d[1]]=p
            return self._func(**n_par)


                    




[docs]class MethodCallable(FunctionCallable):
    """
    Similar to :class:`FunctionCallable`, but accepts class method instead of a function.
    
    The only addition is that now object's attributes can also parameters to the function:
    all the parameters which are not explicitly mentioned in the method signature are assumed to be object's attributes.
    
    The parameters are affected by alias, but NOT affected by defaults 
    (since it's impossible to ensure that all object's attributes are kept constant,
    and it's impractical to reset them all to default values at every function call).
    
    Args:
        method: Method to be wrapped.
        function_signature: A :class:`~.FunctionSignature` object supplying information
            about function's argument names and default values, if they're different from what's extracted from its signature.
            If it's assumed that the first self argument is already excluded.
        defaults (dict): A dictionary ``{name: value}`` of additional default parameters values. Override the defaults from the signature.
            All default values must be pass-able to the function as a parameter
        alias (dict): A dictionary ``{alias: original}`` for renaming some of the original arguments.
            Original argument names can't be used if aliased (though, multi-aliasing can be used explicitly, e.g., ``alias={'alias':'arg','arg':'arg'}``).
            A name can be blocked (its usage causes error) if it's aliased to None (``alias={'blocked_name':None}``).
            
    This callable is implemented largely to be used with ``TheoryCalculator`` class (currently deprecated).
    """
    def __init__(self, method, function_signature=None, defaults=None, alias=None):
        if method.__self__ is None:
            raise ValueError("supplied method is unbound; use FunctionCallable instead")
        if function_signature is None:
            function_signature=function_utils.FunctionSignature.from_function(method)
        del function_signature.arg_names[0] # remove self
        FunctionCallable.__init__(self,method,function_signature,defaults,alias)
        self._obj=function_signature.obj
[docs]    def has_arg(self, arg_name):
        if self._use_keywords:
            return True # assume that any parameter works
        arg_name=self._apply_unalias(arg_name)
        return (arg_name in self._declared_args) or (hasattr(self._obj,arg_name))

[docs]    def get_arg_default(self, arg_name):
        arg_name=self._apply_unalias(arg_name)
        if arg_name in self._defaults:
            return self._defaults[arg_name]
        if hasattr(self._obj,arg_name):
            return getattr(self._obj,arg_name)
        if arg_name in self._mand_args:
            raise ValueError("argument {0} has no default value".format(arg_name))
        else:
            raise KeyError("no argument with name {0}".format(arg_name))

    def _is_func_arg(self, arg_name): # arg_name is assumed to be un-aliased
        return arg_name in self._declared_args
    def __call__(self, **params):
        for n in self._mand_args:
            if not n in params:
                raise TypeError("mandatory parameter not supplied: {0}".format(n))
        named_params=self._defaults.copy()
        named_params.update(self._apply_unalias_dict(params))
        for n in list(named_params):
            if not self._is_func_arg(n):
                if hasattr(self._obj,n):
                    setattr(self._obj,n,named_params.pop(n))
                elif not self._use_keywords:
                    named_params.pop(n)
        return self._func(**named_params)
    
[docs]    class NamesBoundCall(object):
        def __init__(self, func, names, bound_params):
            object.__init__(self)
            for n in func._mand_args:
                if not (n in bound_params or n in names):
                    raise TypeError("mandatory parameter not supplied: {0}".format(n))
            self._func=func._func
            self._obj=func._obj
            self._names_dest=[]
            for n in names:
                un=func._apply_unalias(n)
                if func._is_func_arg(un):
                    dest=('named',un)
                elif hasattr(func._obj,un):
                    dest=('attr',un)
                else:
                    dest=('unused',)
                self._names_dest.append(dest)
            named_params=func._defaults.copy()
            named_params.update(func._apply_unalias_dict(bound_params))
            self._object_params=[]
            self._named_params={}
            for n,p in viewitems(named_params):
                if func._is_func_arg(n):
                    self._named_params[n]=p
                elif hasattr(func._obj,n):
                    self._object_params.append((n,p))
        def __call__(self, *params):
            obj=self._obj
            for n,p in self._object_params:
                setattr(obj,n,p)
            n_par=self._named_params
            for p,d in zip(params,self._names_dest):
                if d[0]=='named':
                    n_par[d[1]]=p
                elif d[0]=='attr':
                    setattr(obj,d[1],p)
            return self._func(**n_par)


        
[docs]def to_callable(func):
    """
    Convert a function to an :class:`ICallable` instance.
    
    If it's already :class:`ICallable`, return unchanged.
    Otherwise, return :class:`FunctionCallable` or :class:`MethodCallable` depending on whether it's a function or a bound method.
    """
    if isinstance(func, ICallable):
        return func
    else:
        if getattr(func,"__self__",None) is None:
            return FunctionCallable(func)
        else:
            return MethodCallable(func)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.dataproc.feature

"""
Traces feature detection: peaks, baseline, local extrema.
"""

from builtins import range

from ..utils import funcargparse
from . import waveforms, specfunc, filters

import numpy as np
import collections

### Baseline ###


[docs]class Baseline(collections.namedtuple("Baseline",["position","width"])): # making Sphinx autodoc generate correct docstring
    """
    Baseline (background) for a trace.
    
    `position` is the background level, and `width` is its noise width.  
    """

Baseline.__new__.__defaults__=(0.,1.)

[docs]def get_baseline_simple(trace, find_width=True):
    """
    Get the baseline of the 1D trace.
    
    If ``find_width==True``, calculate its width as well. 
    """
    if np.iscomplexobj(trace):
        blr=get_baseline_simple(trace.real,find_width=find_width)
        bli=get_baseline_simple(trace.imag,find_width=find_width)
        return Baseline(blr.position+bli.position,blr.width+bli.width)
    pos=np.median(trace)
    if find_width:
        l=len(trace)
        if l<4:
            width=trace.std()
        else:
            trace=np.sort(trace)
            width=(trace[(3*l//4)]-trace[l//4])/2.
            width=trace[(l//4):(3*l//4)].std()
    else:
        width=1.
    return Baseline(pos,width)

[docs]def subtract_baseline(trace):
    """
    Subtract baseline from the trace (make its background zero).
    """
    background=get_baseline_simple(trace,find_width=False).position
    return trace-background



### Peaks ###

[docs]class Peak(collections.namedtuple("Peak",["position","height","width","kernel"])): # making Sphinx autodoc generate correct docstring
    """
    A trace peak.
    
    `kernel` defines its shape (for, e.g., generation purposes).  
    """

Peak.__new__.__defaults__=(0.,1.,1.,"generic")
        
        
[docs]def find_peaks_cutoff(trace, cutoff, min_width=0, kind="peak", subtract_bl=True):
    """
    Find peaks in the data using cutoff.
    
    Args:
        trace: 1D data array.
        cutoff (float): Cutoff value for the peak finding.
        min_width (int): Minimal uninterrupted width (in datapoints) of a peak. Any peaks this width are ignored.
        kind (str): Peak kind. Can be ``'peak'`` (positive direction), ``'dip'`` (negative direction) or ``'both'`` (both directions).
        subtract_bl (bool): If ``True``, subtract baseline of the trace before checking cutoff.
    
    Returns:
        List of :class:`Peak` objects.
    """
    funcargparse.check_parameter_range(kind, "kind", {"peak","dip","both"})
    if subtract_bl:
        trace=subtract_baseline(trace)
    if kind=="peak":
        state=(trace> cutoff).astype("int")
    elif kind=="dip":
        state=(trace<-cutoff).astype("int")
    else:
        state=(abs(trace)>abs(cutoff)).astype("int")
    edge=state[1:]-state[:-1]
    cross_up=list((edge==1).nonzero()[0])
    if state[0]==1:
        cross_up=[-1]+cross_up
    cross_down=list((edge==-1).nonzero()[0])
    if state[-1]==1:
        cross_down=cross_down+[len(trace)-1]
    assert(len(cross_up)==len(cross_down))
    peaks=[]
    for l,r in zip(cross_up,cross_down):
        assert(r>l)
        if r-l>=min_width:
            w=r-l
            p=(r+l)/2.+1.
            h=np.mean(trace[l+1:r+1])
            peaks.append(Peak(p,h,w))
    return peaks


[docs]def rescale_peak(peak, xoff=0., xscale=1., yoff=0, yscale=1.):
    """
    Rescale peak's position, width and height.

    `xscale` rescales position and width, `xoff` shifts position, `yscale` and `yoff` affect peak height.
    """
    return Peak(peak.position*xscale+xoff,peak.height*yscale+yoff,peak.width*xscale,peak.kernel)


[docs]def peaks_sum_func(peaks, peak_func="lorentzian"):
    """
    Create a function representing sum of `peaks`.
    
    `peak_func` determines default peak kernel (used if ``peak.kernel=="generic"``).
    Kernel is either a name string or a function taking 3 arguments ``(x, width, height)``.
    """
    def f(x):
        res=None
        for p in peaks:
            pf=specfunc.get_kernel_func(peak_func if p.kernel=="generic" else p.kernel)
            pres=pf(x-p.position,p.width,p.height)
            res=pres if res is None else res+pres
        return res
    return f





[docs]def get_kernel(width, kernel_width=None, kernel="lorentzian"):
    """
    Get a finite-sized kernel.

    Return 1D array of length ``2*kernel_width+1`` containing the given kernel.
    By default, ``kernel_width=int(width*3)``.
    """
    kernel=specfunc.get_kernel_func(kernel)
    if kernel_width is None:
        kernel_width=width*3
    xs=np.arange(-int(kernel_width),int(kernel_width)+.5)
    peakk=kernel(xs,width)
    return peakk/np.sum(peakk)


[docs]def get_peakdet_kernel(peak_width, background_width, norm_width=None, kernel_width=None, kernel="lorentzian"):
    """
    Get a peak detection kernel.

    Return 1D array of length ``2*kernel_width+1`` containing the kernel.
    The kernel is a sum of narrow positive peak (with the width `peak_width`) and a broad negative peak (with the width `background_width`);
    both widths are specified in datapoints (index).
    Each peak is normalized to have unit sum, i.e., the kernel has zero total sum.
    By default, ``kernel_width=int(background_width*3)``.
    """
    kernel=specfunc.get_kernel_func(kernel)
    if kernel_width is None:
        kernel_width=background_width*3
    xs=np.arange(-int(kernel_width),int(kernel_width)+.5)
    peakk=kernel(xs,peak_width)
    backk=kernel(xs,background_width)
    return peakk/np.sum(peakk)-backk/np.sum(backk)


[docs]def multi_scale_peakdet(trace, widths, background_ratio, kind="peak", norm_ratio=None, kernel="lorentzian"):
    """
    Detect multiple peak widths using :func:`get_peakdet_kernel` kernel.

    Args:
        trace: 1D data array.
        widths ([float]): Array of possible peak widths.
        background_ratio (float): ratio of the `background_width` to the `peak_width` in :func:`get_peakdet_kernel`.
        kind (str): Peak kind. Can be ``'peak'`` (positive direction) or ``'dip'`` (negative direction).
        norm_ratio (float): if not ``None``, defines the width of the "normalization region" (in units of the kernel width, same as for the background kernel);
            it is then used to calculate a local trace variance to normalize the peaks magnitude.
        kernel: Peak matching kernel.

    Returns:
        Filtered trace which shows peak 'affinity' at each point.
    """
    funcargparse.check_parameter_range(kind, "kind", {"peak","dip"})
    peakdet_traces=[]
    kernel_width=max(widths)*background_ratio*3
    for w in widths:
        k=get_peakdet_kernel(w,background_ratio*w,kernel_width=kernel_width,kernel=kernel)
        peak_trace=filters.convolve1d(trace,k)
        if norm_ratio:
            nk=get_kernel(norm_ratio*w,kernel_width=kernel_width,kernel=kernel)
            dev_trace=(trace-filters.convolve1d(trace,nk))**2
            norm_trace=filters.convolve1d(dev_trace,nk)**.5
            norm_trace[norm_trace<norm_trace.mean()*1E-3]=norm_trace.mean()*1E-3
            peak_trace/=norm_trace
        peakdet_traces.append(peak_trace)
    return np.max(peakdet_traces,axis=0) if kind=="peak" else -np.min(peakdet_traces,axis=0)




##### Finding minima/maxima #####

[docs]def find_local_extrema(wf, region_width=3, kind="max", min_distance=None):
    """
    Find local extrema (minima or maxima) of 1D waveform.
    
    `kind` can be ``"min"`` or ``"max"`` and determines the kind of the extrema. 
    Local minima (maxima) are defined as points which are smaller (greater) than all other points in the region of width `region_width` around it.
    `region_width` is always round up to an odd integer.
    `min_distance` defines the minimal distance between the exterma (``region_width//2`` by default).
    If there are several exterma within `min_distance`, their positions are averaged together.
    """
    if np.ndim(wf)!=1:
        raise ValueError("function only works with 1D arrays")
    dist=int(region_width//2)
    if min_distance is None:
        min_distance=dist
    l=len(wf)
    if kind=="max":
        extf=np.max
    elif kind=="min":
        extf=np.min
    else:
        raise ValueError("unrecognized extremum kind: {}".format(kind))
    if region_width<len(wf)*10 and len(wf)*region_width<=1E7: # faster workaround
        ewf=waveforms.expand_waveform(wf,size=dist,mode="nearest")
        regions=np.column_stack([ewf[i:l+i] for i in range(dist*2+1)])
        ext_values=extf(regions,axis=1)
        ext_idx=np.nonzero(wf==ext_values)[0]
    else:
        ext_idx=[i for i in range(len(wf)) if wf[i]==extf(wf[max(i-dist,0):min(l,i+dist+1)])]
    if min_distance<=1:
        return ext_idx
    filtered_idx=[]
    acc_idx=[]
    for mi in ext_idx:
        if acc_idx and mi-acc_idx[-1]>=min_distance:
            filtered_idx.append(int(np.mean(acc_idx)))
            acc_idx=[]
        acc_idx.append(mi)
    if acc_idx:
        filtered_idx.append(int(np.mean(acc_idx)))
    return filtered_idx





##### Threshold detection with hysteresis

[docs]def find_state_hysteretic(wf, threshold_off, threshold_on, normalize=True):
    """
    Determine on/off state in 1D array with hysteretic threshold algorithm.
    
    Return a state array containing ``+1`` for 'on' states and ``-1`` for 'off' states.
    The states switches from 'off' to 'on' when the value goes above `threshold_on`, and from 'on' to 'off' when the value goes below `threshold_off`.
    The intermediate states are determined by the nearest neighbor.
    """
    if threshold_off>threshold_on:
        raise ValueError("threshold_off can't be greater than threshold_on")
    if normalize:
        span=wf.max()-wf.min()
        if not span:
            return np.zeros(len(wf))
        wf=(wf-wf.min())/span
    states=1*(wf>threshold_on)+(-1)*(wf<threshold_off)
    if not states.any():
        return states
    unspec=(states==0).nonzero()[0]
    for u in unspec:
        if u>0:
            states[u]=states[u-1]
    unspec=(states==0).nonzero()[0] # in case the points in the beginning were undefined
    for u in unspec[::-1]:
        if u<len(states)-1:
            states[u]=states[u+1]
    return states


[docs]def trigger_hysteretic(wf, threshold_on, threshold_off, init_state="undef", result_kind="separate"):
    """
    Determine indices of rise and fall trigger events with hysteresis thresholds.
    
    Return either two arrays ``(rise_trig, fall_trig)`` containing trigger indices (if ``result_kind=="separate"``),
    or a single array of tuples ``[(dir,pos)]``, where `dir` is the trigger direction (``+1`` or ``-1``) and `pos` is its index  (if ``result_kind=="joined"``).
    Triggers happen when a state switch from 'high' to 'low' (rising) or vice versa (falling).
    The state switches from 'low' to 'high' when the trace value goes above `threshold_on`, and from 'high' to 'low' when the trace value goes below `threshold_off`.
    `init_state` specifies the initial state: ``"low"``, ``"high"``, or ``"undef"`` (undefined state).
    """
    if threshold_off>threshold_on:
        raise ValueError("off threshold level should be below on threshold level")
    trace_pos=wf>threshold_on
    trace_rise=trace_pos[1:]&(~trace_pos[:-1])
    trace_neg=wf<threshold_off
    trace_fall=trace_neg[1:]&(~trace_neg[:-1])
    if init_state=="undef":
        state=0
    elif init_state=="low":
        state=-1
    elif init_state=="high":
        state=1
    else:
        raise ValueError("unrecognized initial state: {}".format(init_state))
    trace_trig=trace_rise.astype(int)-trace_fall.astype(int)
    rise_trig=[]
    fall_trig=[]
    for i in trace_trig.nonzero()[0]:
        if state!=trace_trig[i]:
            state=trace_trig[i]
            if state>0:
                rise_trig.append(i)
            else:
                fall_trig.append(i)
    if result_kind=="separate":
        return rise_trig,fall_trig
    elif result_kind=="joined":
        res=[(1,i) for i in rise_trig]+[(-1,i) for i in fall_trig]
        res.sort(lambda x: x[1])
        return res
    else:
        raise ValueError("unrecognized result kind: {}".format(result_kind))





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.dataproc.filters

"""
Routines for filtering arrays (mostly 1D data).
"""

from __future__ import division
from builtins import range

from . import fourier
from ..datatable import column #@UnresolvedImport
from ..datatable import table #@UnresolvedImport
from ..datatable.wrapping import wrap #@UnresolvedImport
from ..utils import funcargparse, general as general_utils #@UnresolvedImport
from . import waveforms, specfunc, iir_transform

import numpy as np
import scipy.ndimage as ndimage

_depends_local=["..datatable.column","..datatable.table",".waveforms"]



##### Convolution filters #####

[docs]def convolve1d(wf, kernel, mode="reflect", cval=0.):
    """
    Convolution filter.
    
    Convolves `wf` with the given `kernel` (1D array). `mode` and `cval` determine how the endpoints are handled.
    Simply a wrapper around the standard :func:`scipy.ndimage.convolve` that handles complex arguments.
    """
    wf=np.asarray(wf)
    kernel=np.asarray(kernel)
    wf_complex=np.iscomplexobj(wf) or np.iscomplexobj(cval)
    kernel_complex=np.iscomplexobj(kernel)
    if wf_complex and kernel_complex:
        cval=complex(cval)
        real_part=ndimage.convolve1d(wf.real, kernel.real, mode=mode, cval=cval.real)-ndimage.convolve1d(wf.imag, kernel.imag, mode=mode, cval=cval.imag)
        imag_part=ndimage.convolve1d(wf.real, kernel.imag, mode=mode, cval=cval.real)+ndimage.convolve1d(wf.imag, kernel.real, mode=mode, cval=cval.imag)
        res=real_part+1j*imag_part
    elif wf_complex:
        cval=complex(cval)
        res=ndimage.convolve1d(wf.real, kernel, mode=mode, cval=cval.real)+1j*ndimage.convolve1d(wf.imag, kernel, mode=mode, cval=cval.imag)
    elif kernel_complex:
        res=ndimage.convolve1d(wf, kernel.real, mode=mode, cval=cval)+1j*ndimage.convolve1d(wf, kernel.imag, mode=mode, cval=cval)
    else:
        res=ndimage.convolve1d(wf, kernel, mode=mode, cval=cval)
    return wrap(wf).array_replaced(res,wrapped=False)

        
[docs]def convolution_filter(wf, width=1., kernel="gaussian", kernel_span="auto", mode="reflect", cval=0., kernel_height=None):
    """
    Convolution filter.
    
    Args:
        wf: Waveform for filtering.
        width (float): Kernel width (second parameter to the kernel function).
        kernel: Either a string defining the kernel function (see :func:`.specfunc.get_kernel_func` for possible kernels),
            or a function taking 3 arguments ``(pos, width, height)``, where `height` can be ``None`` (assumes normalization by area). 
        kernel_span: The cutoff for the kernel function. Either an integer (number of points) or ``'auto'``.
        mode (str): Convolution mode (see :func:`scipy.ndimage.convolve`).
        cval (float): Convolution fill value (see :func:`scipy.ndimage.convolve`).
        kernel_height: Height parameter to be passed to the kernel function. ``None`` means normalization by area.
    """
    wrapped=wrap(wf)
    if wrapped.ndim()==2:
        return wrapped.columns_replaced([convolution_filter(wrapped.c[i],width=width,kernel=kernel,kernel_span=kernel_span,mode=mode,cval=cval,kernel_height=kernel_height)
            for i in range(wrapped.shape()[1])],wrapped=False)
    elif wrapped.ndim()!=1:
        raise ValueError("this function accepts only 1D or 2D arrays")
    if kernel_span=="auto":
        if kernel=="gaussian":
            kernel_span=int(np.ceil(width*6))
        elif kernel=="rectangle":
            kernel_span=int(np.ceil(width))
        elif kernel=="exp_decay":
            kernel_span=int(np.ceil(width*18)) #accuracy of 10^(-6)
        else:
            kernel_span=len(wf)
    if kernel_span>len(wf):
        kernel_span=len(wf)
    kernel=specfunc.get_kernel_func(kernel)
    kernel_wf=kernel(np.arange(-kernel_span,kernel_span+1.),width,kernel_height)
    if kernel_height is None:
        kernel_wf=kernel_wf/kernel_wf.sum() #normalize kernel; non-normalized kernel might be useful e.g. for low-pass filtering when width is close len(wf)
    return wrap(wf).from_array(convolve1d(wf, kernel_wf, mode=mode, cval=cval),wrapped=False)


[docs]def gaussian_filter(wf, width=1., mode="reflect", cval=0.):
    """
    Simple gaussian filter. Can handle complex data.
    
    Equivalent to a convolution with a gaussian. Equivalent to :func:`scipy.ndimage.gaussian_filter1d`, uses :func:`convolution_filter`.
    """
    return convolution_filter(wf,width,kernel="gaussian",mode=mode,cval=cval)


[docs]def gaussian_filter_nd(wf, width=1., mode="reflect", cval=0.):
    """
    Simple gaussian filter. Can't handle complex data.
    
    Equivalent to a convolution with a gaussian. Wrapper around :func:`scipy.ndimage.gaussian_filter`. 
    """
    res=ndimage.gaussian_filter(wf*1., width, mode=mode, cval=cval)
    return wrap(wf).array_replaced(res,wrapped=False)



##### IIR filters #####

[docs]def low_pass_filter(wf, t=1., mode="reflect", cval=0.):
    """
    Simple single-pole low-pass filter.
    
    `t` is the filter time constant, `mode` and `cval` are the waveform expansion parameters (only from the left).
    Implemented as a recursive digital filter, so its performance doesn't depend strongly on `t`.
    Works only for 1D arrays.
    """
    expand_size=min(int(np.ceil(t*20)),len(wf))
    wf=waveforms.expand_waveform(wf, size=expand_size, mode=mode, cval=cval, side="left")
    beta=np.exp(np.double(-1.)/np.double(t))
    alpha=np.double(1.)-beta
    filtered_wf=iir_transform.iir_apply_complex(wf,np.array([alpha]),np.array([beta]))
    return wrap(wf).array_replaced(filtered_wf).t[expand_size:]

    
[docs]def high_pass_filter(wf, t=1., mode="reflect", cval=0.):
    """
    Simple single-pole high-pass filter (equivalent to subtracting a low-pass filter).
    
    `t` is the filter time constant, `mode` and `cval` are the waveform expansion parameters (only from the left).
    Implemented as a recursive digital filter, so its performance doesn't depend strongly on `t`.
    Works only for 1D arrays.
    """
    return wf-low_pass_filter(wf,t,mode,cval)

[docs]def integrate(wf):
    """
    Calculate the integral of the waveform.
    
    Works only for 1D arrays.
    """
    return iir_transform.iir_apply_complex(wf,np.array([1]),np.array([1]))

[docs]def differentiate(wf):
    """
    Calculate the differential of the waveform.
    
    Works only for 1D arrays.
    """
    wf=wf.copy()
    if len(wf)>=2:
        wf[1:]=wf[1:]-wf[:-1]
        wf[0]=wf[1]
    elif len(wf)==1:
        wf[0]=0
    return wf



##### Sliding filters #####

[docs]def sliding_average(wf, width=1., mode="reflect", cval=0.):
    """
    Simple sliding average filter
    
    Equivalent to convolution with a rectangle peak function.
    """
    return convolution_filter(wf, width, kernel="rectangle", mode=mode, cval=cval)


[docs]def median_filter(wf, width=1, mode="reflect", cval=0.):
    """
    Median filter.
    
    Wrapper around :func:`scipy.ndimage.median_filter`.
    """
    res=ndimage.median_filter(wf,width,mode=mode,cval=cval)
    return wrap(wf).array_replaced(res,wrapped=False)



def _sliding_func(wf, filtering_function, width=1, mode="reflect", cval=0.):
    """
    Perform a sliding filtering of a 1D waveform with the given `filtering_function`.
    
    mode ('drop' or 'leave') determines whether to drop the last bin if it's not full
    Works only with arrays (no columns or tables).
    """
    wrapped=wrap(wf)
    if wrapped.ndim()==2:
        return wrapped.columns_replaced([_sliding_func(wrapped.c[i],filtering_function=filtering_function,mode=mode,cval=cval)
            for i in range(wrapped.shape()[1])],wrapped=False)
    elif wrapped.ndim()!=1:
        raise ValueError("this function accepts only 1D or 2D arrays")
    if width is None or width<=1:
        return wf
    l=len(wf)
    width=(int(width)//2)*2+1
    wf=waveforms.expand_waveform(wf,width//2,mode,cval)
    return np.array([filtering_function(wf[i-width//2:i+width//2+1]) for i in range(width//2,l+width//2)])

def _sliding_filter(wf, n=1, dec_mode="bin", mode="reflect", cval=0.):
    """
    Perform sliding filtering on the data.
    
    Args:
        wf: 1D array-like object.
        n (int): bin width.
        dec_mode (str):
            Decimation mode. Can be
                - ``'bin'`` or ``'mean'`` - do a binning average;
                - ``'sum'`` - sum points;
                - ``'min'`` - leave min point;
                - ``'max'`` - leave max point;
                - ``'median'`` - leave median point (works as a median filter).
        mode (str): Expansion mode. Can be ``'constant'`` (added values are determined by `cval`), ``'nearest'`` (added values are endvalues of the waveform),
            ``'reflect'`` (reflect waveform wrt its endpoint) or ``'wrap'`` (wrap the values from the other size).
        cval (float): If ``mode=='constant'``, determines the expanded values.
    """
    wrapper=wrap(wf)
    wf=np.asarray(wf)
    if dec_mode=="bin" or dec_mode=="mean":
        res=_sliding_func(wf,np.mean,n,mode=mode,cval=cval)
    elif dec_mode=="sum":
        res=_sliding_func(wf,np.sum,n,mode=mode,cval=cval)
    elif dec_mode=="min":
        res=_sliding_func(wf,np.min,n,mode=mode,cval=cval)
    elif dec_mode=="max":
        res=_sliding_func(wf,np.max,n,mode=mode,cval=cval)
    elif dec_mode=="median":
        res=_sliding_func(wf,np.median,n,mode=mode,cval=cval)
    else:
        raise ValueError("unrecognized decimation type: {0}".format(dec_mode))
    return wrapper.array_replaced(res,wrapped=False)
sliding_filter=general_utils.try_method_wrapper(_sliding_filter,method_name="sliding_filter")
column.IDataColumn.sliding_filter=_sliding_filter
table.DataTable.add_columnwise_function(sliding_filter,alias="sliding_filter",collection_type="table",column_arg_name="column")


##### Decimation filters #####

def _decimation_filter(wf, decimation_function, width=1, axis=0, mode="drop"):
    """
    Perform a decimation filtering with the given `decimation_function`.
    
    mode ('drop' or 'leave') determines whether to drop the last bin if it's not full
    Works only with arrays (no columns or tables).
    """
    if width is None or width<=1:
        return wf
    if not mode in ["drop", "leave"]:
        raise ValueError("unrecognized binning mode: "+mode)
    width=int(width)
    shape=np.shape(wf)
    actual_len=shape[axis]
    dec_len=int(actual_len/width)*width
    if mode=="drop":
        cropped_slices=[slice(s) for s in shape]
        cropped_slices[axis]=slice(dec_len)
        dec_shape=shape[:axis]+(-1,width)+shape[axis+1:]
        return decimation_function(np.reshape(wf[tuple(cropped_slices)],dec_shape),axis+1)
    elif mode=="leave":
        dec_wf=_decimation_filter(wf,decimation_function,width,axis=axis,mode="drop")
        if dec_len==actual_len:
            return dec_wf
        rest_indices=np.arange(dec_len,actual_len)
        dec_rest=decimation_function(np.take(wf,rest_indices,axis=axis),axis=axis)
        return np.append(dec_wf,dec_rest,axis=axis)
        

def _decimate(wf, n=1, dec_mode="skip", axis=0, mode="drop"):
    """
    Decimate the data.
    
    Args:
        wf: Data.
        n (int): Decimation factor.
        dec_mode (str): Decimation mode. Can be
                - ``'skip'`` - just leave every n'th point while completely omitting everything else;
                - ``'bin'`` or ``'mean'`` - do a binning average;
                - ``'sum'`` - sum points;
                - ``'min'`` - leave min point;
                - ``'max'`` - leave max point;
                - ``'median'`` - leave median point (works as a median filter).
        axis (int): Axis along which to perform the decimation.
        mode (str): Determines what to do with the last bin if it's incomplete. Can be either ``'drop'`` (omit the last bin) or ``'leave'`` (keep it).
    """
    wf,wf_orig=np.asarray(wf),wf
    wrapper=wrap(wf_orig) if wf.ndim<3 else None
    if dec_mode=="bin" or dec_mode=="mean":
        res=_decimation_filter(wf,np.mean,n,axis=axis,mode=mode)
    elif dec_mode=="sum":
        res=_decimation_filter(wf,np.sum,n,axis=axis,mode=mode)
    elif dec_mode=="min":
        res=_decimation_filter(wf,np.min,n,axis=axis,mode=mode)
    elif dec_mode=="max":
        res=_decimation_filter(wf,np.max,n,axis=axis,mode=mode)
    elif dec_mode=="median":
        res=_decimation_filter(wf,np.median,n,axis=axis,mode=mode)
    elif dec_mode=="skip":
        def _dec_fun(wf, axis):
            slices=[slice(s) for s in np.shape(wf)]
            slices[axis]=0
            return wf[tuple(slices)]
        res=_decimation_filter(wf,_dec_fun,n,axis=axis,mode=mode)
    else:
        raise ValueError("unrecognized decimation type: {0}".format(dec_mode))
    return wrapper.array_replaced(res,wrapped=False) if res.ndim<3 else res
decimate=general_utils.try_method_wrapper(_decimate,method_name="decimate")
column.IDataColumn.decimate=_decimate
table.DataTable.add_columnwise_function(decimate,alias="decimate",collection_type="table",column_arg_name="column")
def _decimate_linear(wf, n=1, dec_mode="skip", axis=0, mode="drop"):
    """
    Decimate a linear column data.
    
    For parameters, see :func:`.filters.decimate`.
    """
    if n is None or n<=1:
        return wf
    if mode=="leave" or dec_mode=="sum":
        return _decimate(wf,n,dec_mode=dec_mode,axis=axis,mode=mode)
    n=int(n)
    length,start,step=wf.length,wf.start,wf.step
    if dec_mode=="skip":
        return column.LinearDataColumn(length//n,start,step*n)
    elif dec_mode=="min":
        if step>=0:
            return column.LinearDataColumn(length//n,start,step*n)
        else:
            return column.LinearDataColumn(length//n,start+(n-1)*step,step*n)
    elif dec_mode=="max":
        if step>=0:
            return column.LinearDataColumn(length//n,start+(n-1)*step,step*n)
        else:
            return column.LinearDataColumn(length//n,start,step*n)
    elif dec_mode=="median" or dec_mode=="bin" or dec_mode=="mean":
        return column.LinearDataColumn(length//n,start+(n-1)*step/2.,step*n)
    else:
        raise ValueError("unrecognized decimation type: {0}".format(dec_mode))
column.LinearDataColumn.decimate=_decimate_linear

[docs]def binning_average(wf, width=1, axis=0, mode="drop"):
    """
    Binning average filter.
    
    Equivalent to :func:`decimate` with ``dec_mode=='bin'``.
    """
    return decimate(wf,width,"mean",axis=axis,mode=mode)


[docs]def decimate_full(wf, dec_mode="skip", axis=0):
    """
    Completely decimate the data along a given axis
    
    Args:
        wf: Data.
        dec_mode (str):
            Decimation mode. Can be
                - ``'skip'`` - just leave every n'th point while completely omitting everything else;
                - ``'bin'`` or ``'mean'`` - do a binning average;
                - ``'sum'`` - sum points;
                - ``'min'`` - leave min point;
                - ``'max'`` - leave max point;
                - ``'median'`` - leave median point (works as a median filter).
        axis (int): Axis along which to perform the decimation.
    """
    wf=np.asarray(wf)
    if dec_mode=="bin" or dec_mode=="mean":
        return np.mean(wf,axis=axis)
    elif dec_mode=="sum":
        return np.sum(wf,axis=axis)
    elif dec_mode=="min":
        return np.min(wf,axis=axis)
    elif dec_mode=="max":
        return np.max(wf,axis=axis)
    elif dec_mode=="median":
        return np.median(wf,axis=axis)
    elif dec_mode=="skip":
        slices=[slice(s) for s in np.shape(wf)]
        slices[axis]=0
        return wf[tuple(slices)]
    else:
        raise ValueError("unrecognized decimation type: {0}".format(dec_mode))



[docs]def decimate_datasets(wfs, dec_mode="mean"):
    """
    Decimate datasets with the same shape element-wise (works only for 1D or 2D arrays).
    
    `dec_mode` has the same values and meaning as in :func:`decimate`.
    """
    if len(wfs)==0:
        raise ValueError("can't decimate an empty list of datasets")
    if len(wfs)==1:
        return wfs[0]
    wrapped=wrap(wfs[0])
    shape=wrapped.shape()
    if wrapped.ndim()==1:
        dec_array=[]
        for wf in wfs:
            w=wrap(wf)
            if w.shape()!=shape:
                raise ValueError("can't decimate arrays of different shape")
            dec_array.append(wf)
        decimated=decimate(np.column_stack(dec_array),n=len(wfs),dec_mode=dec_mode,axis=1)[:,0]
        return wrapped.array_replaced(decimated,wrapped=False)
    else:
        column_arrays=[[] for _ in range(shape[1])]
        for wf in wfs:
            w=wrap(wf)
            if w.shape()!=shape:
                raise ValueError("can't decimate arrays of different shape")
            for i,c in enumerate(w.c):
                column_arrays[i].append(c)
        decimated=[]
        for c in column_arrays:
            decimated_column=decimate(np.column_stack(c),n=len(wfs),dec_mode=dec_mode,axis=1)
            decimated.append(decimated_column[:,0])
        return wrapped.columns_replaced(decimated,wrapped=False)


    
##### Bins routines #####

[docs]def collect_into_bins(values, distance, preserve_order=False, to_return="value"):
    """
    Collect all values into bins separated at least by `distance`.
    
    Return the extent of each bin.
    If ``preserve_order==False``, values are sorted before splitting.
    If ``to_return="value"``, the extent is given in values;
    if ``to_return="index"``, it is given in indices (only useful if ``preserve_order=True``, as otherwise the indices correspond to a sorted array).
    If `distance` is a tuple, then it denotes the minimal and the maximal separation between consecutive elements;
    otherwise, it is a single number denoting maximal absolute distance (i.e., it corresponds to a tuple ``(-distance,distance)``).
    """
    if np.ndim(values)!=1:
        raise ValueError("function only works with 1D arrays")
    funcargparse.check_parameter_range(to_return,"to_return",{"value","index"})
    if len(values)==0:
        return []
    if not funcargparse.is_sequence(distance):
        distance=(-distance,distance)
    else:
        distance=min(distance),max(distance)
    if not preserve_order:
        values=np.sort(values)
    start=0
    bins=[]
    for i in range(1,len(values)): #TODO: numpy speedup
        dx=values[i]-values[i-1]
        if dx<distance[0] or dx>distance[1]:
            bins.append((start,i-1))
            start=i
    bins.append((start,len(values)-1))
    if to_return=="value":
        bins=[ (values[f],values[l]) for (f,l) in bins ]
    return bins


[docs]def split_into_bins(values, max_span, max_size=None):
    """
    Split values into bins of the span at most `max_span` and number of elements at most `max_size`.
    
    If `max_size` is ``None``, it's assumed to be infinite.
    Return array of indices for each bin. Values are sorted before splitting.
    """
    if np.ndim(values)!=1:
        raise ValueError("function only works with 1D arrays")
    bins=[]
    current_bin=[]
    start=None
    idx=np.argsort(values)
    values=np.sort(values)
    for i,x in zip(idx,values):
        if current_bin:
            if x-start>max_span:
                bins.append(current_bin)
                current_bin=[]
        if len(current_bin)==0:
            start=x             
        current_bin.append(i)
        if max_size and len(current_bin)>=max_size:
            bins.append(current_bin)
            current_bin=[]
    if current_bin:
        bins.append(current_bin)
    return bins

    


##### Fourier filters #####

[docs]def fourier_filter(trace, response, preserve_real=True):
    """
    Apply filter to a trace in frequency domain.
    
    `response` is a (possibly) complex function with single 1D real numpy array as a frequency argument.
    
    If ``preserve_real==True``, then the `response` for negative frequencies is automatically taken to be
    complex conjugate of the `response` for positive frequencies (so that the real trace stays real).
    """
    ft=fourier.fourier_transform(trace, truncate=False)
    if preserve_real:
        freq=wrap(ft).c[0]
        zero_idx=waveforms.find_closest_arg(freq,0,ordered=True)
        ft[zero_idx:,1]=ft[zero_idx:,1]*response(ft[zero_idx:,0])
        ft[:zero_idx,1]=ft[:zero_idx,1]*response(-ft[:zero_idx,0]).conjugate()
        ft[zero_idx,1]=ft[zero_idx,1]*np.real(response(ft[zero_idx,0]))
    else:
        ft[:,1]=ft[:,1]*response(ft[:,0])
    trace_f=fourier.inverse_fourier_transform(ft, truncate=False)
    if wrap(trace_f).get_type()=="2d.table":
        trace_f.set_column_names(trace.get_column_names()[:2])
        if preserve_real:
            trace_f.c[1]=trace_f.c[1].real
    elif preserve_real:
        trace_f=trace_f.real
    return trace_f

[docs]def fourier_make_response_real(response):
    """
    Turn a frequency filter function into a real one (in the time domain).
    
    Done by reflecting and complex conjugating positive frequency part to negative frequencies.
    `response` is a function with a single argument (frequency), return value is a modified function.
    """
    def real_response(freq):
        abs_response=response(abs(freq))
        return abs_response*(freq>0)+abs_response.conjugate()*(freq<0)+abs_response.real*(freq==0)
    return real_response

[docs]def fourier_filter_bandpass(pass_range_min, pass_range_max):
    """
    Generate a bandpass filter function (hard cutoff).
    
    The function is symmetric, so that it corresponds to a real response in time domain.
    """
    def response(freq):
        return (abs(freq)<pass_range_max)*(abs(freq)>=pass_range_min)
    return response

[docs]def fourier_filter_bandstop(stop_range_min, stop_range_max):
    """
    Generate a bandstop filter function (hard cutoff).
    
    The function is symmetric, so that it corresponds to a real response in time domain.
    """
    def response(freq):
        return (abs(freq)<stop_range_min)+(abs(freq)>=stop_range_max)
    return response





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.dataproc.fitting

"""
Universal function fitting interface.
"""

from __future__ import division
from ..utils.py3 import textstring

from ..utils import general as general_utils #@UnresolvedImport
from ..utils import funcargparse #@UnresolvedImport
from ..dataproc import callable #@UnresolvedImport
import numpy as np
import scipy.optimize


[docs]class Fitter(object):
    """
    Fitter object.
    
    Can handle variety of different functions, complex arguments or return values, array arguments.
    
    Args:
        func(callable): Fit function. Can be anything callable (function, method, object with ``__call__`` method, etc.).
        xarg_name(str or list): Name (or multiple names) for x arguments. These arguments are passed to `func` (as named arguments) when calling for fitting.
            Can be a string (single argument) or a list (arbitrary number of arguments, including zero).
        fit_parameters (dict): Dictionary ``{name: value}`` of parameters to be fitted (`value` is the starting value for the fitting procedure).
            If `value` is ``None``, try and get the default value from the `func`.
        fixed_parameters (dict): Dictionary ``{name: value}`` of parameters to be fixed during the fitting procedure.
            If `value` is ``None``, try and get the default value from the `func`.
        scale (dict): Defines typical scale of fit parameters (used to normalize fit parameters supplied of :func:`scipy.optimize.least_squares`).
                Note: for complex parameters scale must also be a complex number, with re and im parts of the scale variable corresponding to the scale of the re and im part.
        limits (dict): Boundaries for the fit parameters (missing entries are assumed to be unbound). Each boundary parameter is a tuple ``(lower, upper)``.
            ``lower`` or ``upper`` can be ``None``, ``numpy.nan`` or ``numpy.inf`` (with the appropriate sign), which implies no bounds in the given direction.
            Note: for compound data types (such as lists) the entries are still tuples of 2 elements,
            each of which is either ``None`` (no bound for any sub-element) or has the same structure as the full parameter.
            Note: for complex parameters limits must also be complex numbers (or ``None``), with re and im parts of the limits variable corresponding to the limits of the re and im part.
    """
    def __init__(self, func, xarg_name=None, fit_parameters=None, fixed_parameters=None, scale=None, limits=None):
        object.__init__(self)
        self.func=callable.to_callable(func)
        self.set_xarg_name(xarg_name or [])
        self.set_fixed_parameters(fixed_parameters)
        self.set_fit_parameters(fit_parameters)
        self._default_scale=scale
        self._default_limits=limits

    def _prepare_parameters(self, fit_parameters):
        """Normalize fit_parameters"""
        fit_parameters=general_utils.to_pairs_list(fit_parameters)
        parameters={}
        for name,val in fit_parameters:
            if isinstance(val,textstring) and val=="complex":
                val=complex(self.func.get_arg_default(name))
            elif val is None:
                val=self.func.get_arg_default(name)
            parameters[name]=val
        return parameters
    @staticmethod
    def _pack_parameters(value):
        """Pack parameters into an array of floats"""
        if funcargparse.is_sequence(value,"array"):
            return [p for v in value for p in Fitter._pack_parameters(v)]
        if np.iscomplexobj(value):
            return [np.real(value),np.imag(value)]
        try:
            return value.as_float_array() # function is assumed to take no arguments and return a float array
        except AttributeError:
            return [value]
    @staticmethod
    def _build_unpacker_single(packed, template):
        """
        Build a function that unpacks and array of floats into a parameters array.

        Return 2 values: function and the number of consumed array elements.
        """
        if funcargparse.is_sequence(template,"array"):
            ufs=[]
            uns=[]
            n=0
            for pv in template:
                uf,un=Fitter._build_unpacker_single(packed[n:],pv)
                ufs.append(uf)
                uns.append(n)
                n+=un
            def unpack(p):
                return [uf(p[un:]) for uf,un in zip(ufs,uns)]
            return unpack,n
        if np.iscomplexobj(template):
            return (lambda p: p[0]+1j*p[1]), 2
        try:
            v,n=template.from_float_array(packed) # function is assumed to take 1 argument (float array) and return 2 values: the unpacked element and the number of consumed floats
            return (lambda p: template.from_float_array(p)[0]),n
        except AttributeError:
            return (lambda p: p[0]), 1
    @staticmethod
    def _build_unpacker(template):
        """Build a function that unpacks an array of floats into a parameters array given the template"""
        packed=Fitter._pack_parameters(template)
        unpacker,n=Fitter._build_unpacker_single(packed,template)
        if n!=len(packed):
            raise RuntimeError("part of the array hasn't been unpacked: processed {} out of {} elements".format(n,len(packed)))
        return unpacker
    
[docs]    def set_xarg_name(self, xarg_name):
        """
        Set names of x arguments.
        
        Can be a string (single argument) or a list (arbitrary number of arguments, including zero).
        """
        if isinstance(xarg_name,list) or isinstance(xarg_name,tuple):
            self.xarg_name=xarg_name
            self.single_xarg=False
        else:
            self.xarg_name=[xarg_name]
            self.single_xarg=True

[docs]    def use_xarg(self):
        """Return ``True`` if the function requires x arguments."""
        return len(self.xarg_name)>0

[docs]    def set_fixed_parameters(self, fixed_parameters):
        """Change fixed parameters."""
        self.fixed_parameters=dict(fixed_parameters or {})

[docs]    def update_fixed_parameters(self, fixed_parameters):
        """Update the dictionary of fixed parameters."""
        self.fixed_parameters.update(fixed_parameters)

[docs]    def del_fixed_parameters(self, fixed_parameters):
        """Remove fixed parameters."""
        for name in fixed_parameters:
            self.fixed_parameters.pop(name,None)

[docs]    def set_fit_parameters(self, fit_parameters):
        """Change fit parameters."""
        self.fit_parameters=self._prepare_parameters(fit_parameters)

[docs]    def update_fit_parameters(self, fit_parameters):
        """Update the dictionary of fit parameters."""
        fit_parameters=self._prepare_parameters(fit_parameters)
        self.fit_parameters.update(fit_parameters)

[docs]    def del_fit_parameters(self, fit_parameters):
        """Remove fit parameters."""
        for name in fit_parameters:
            self.fit_parameters.pop(name,None)

            
    def _get_unaccounted_parameters(self, fixed_parameters, fit_parameters):
        supplied_names=set(self.xarg_name)|set(fixed_parameters)|set(fit_parameters)
        unaccounted_names=set.difference(self.func.get_mandatory_args(),supplied_names)
        return unaccounted_names
    
[docs]    def fit(self, x=None, y=0, fit_parameters=None, fixed_parameters=None, scale="default", limits="default", weight=1., parscore=None, return_stderr=False, return_residual=False, **kwargs):
        """
        Fit the data.
        
        Args:
            x: x arguments. If the function has single x argument, `x` is an array-like object;
                otherwise, `x` is a list of array-like objects (can be ``None`` if there are no x parameters).
            y: Target function values.
            fit_parameters (dict): Adds to the default `fit_parameters` of the fitter (has priority on duplicate entries).
            fixed_parameters (dict): Adds to the default `fixed_parameters` of the fitter (has priority on duplicate entries).
            scale (dict): Defines typical scale of fit parameters (used to normalize fit parameters supplied of :func:`scipy.optimize.least_squares`).
                Note: for complex parameters scale must also be a complex number, with re and im parts of the scale variable corresponding to the scale of the re and im part.
                If value is ``"default"``, use the value supplied on the fitter creation.
            limits (dict): Boundaries for the fit parameters (missing entries are assumed to be unbound). Each boundary parameter is a tuple ``(lower, upper)``.
                ``lower`` or ``upper`` can be ``None``, ``numpy.nan`` or ``numpy.inf`` (with the appropriate sign), which implies no bounds in the given direction.
                Note: for compound data types (such as lists) the entries are still tuples of 2 elements,
                each of which is either ``None`` (no bound for any sub-element) or has the same structure as the full parameter.
                Note: for complex parameters limits must also be complex numbers (or ``None``), with re and im parts of the limits variable corresponding to the limits of the re and im part.
                If value is ``"default"``, use the value supplied on the fitter creation.
            weight (list or numpy.ndarray): Determines the weights of y-points.
                Can be either an array broadcastable to `y` (e.g., a scalar or an array with the same shape as `y`),
                in which case it's interpreted as list of individual point weights (which multiply residuals before they are squared).
                Or it can be an array with number of elements which is square of the number of elements in `y`,
                in which case it's interpreted as a weight matrix (which matrix-multiplies residuals before they are squared).
            parscore(callable): parameter score function, whose value is added to the mean-square error (sum of all residuals squared) after applying weights.
                Takes the same parameters as the fit function, only without the x-arguments, and return an array-like value. Can be used for, e.g., 'soft' fit parameter constraining.
            return_stderr (bool): If ``True``, append `stderr` to the output.
            return_residual: If not ``False``, append `residual` to the output.
            **kwargs: arguments passed to :func:`scipy.optimize.least_squares` function.
        
        Returns:
            tuple: ``(params, bound_func[, stderr][, residual])``:
                - `params`: a dictionary ``{name: value}`` of the parameters supplied to the function (both fit and fixed).
                - `bound_func`: the fit function with all the parameters bound (i.e., it only requires x parameters).
                - `stderr`: a dictionary ``{name: error}`` of standard deviation for fit parameters to the return parameters.
                    If the fitting routine returns no residuals (usually for a bad or an underconstrained fit), all residuals are set to NaN.
                - `residual`: either a full array of residuals ``func(x,**params)-y`` (if ``return_residual=='full'``),
                    a mean magnitude of the residuals ``mean(abs(func(x,**params)-y)**2)`` (if ``return_residual==True`` or ``return_residual=='mean'``),
                    or the total residuals including weights ``mean(abs((func(x,**params)-y)*weight)**2)`` (if ``return_residual=='weighted'``).
        """
        # Applying order: self.fixed_parameters < self.fit_parameters < fixed_parameters < fit_parameters
        fit_parameters=self._prepare_parameters(fit_parameters)
        filtered_fit_paremeters=general_utils.filter_dict(fixed_parameters,self.fit_parameters,exclude=True) # to ensure self.fit_parameters < fixed_parameters
        fit_parameters=general_utils.merge_dicts(filtered_fit_paremeters,fit_parameters)
        fixed_parameters=general_utils.merge_dicts(self.fixed_parameters,fixed_parameters)
        if scale=="default":
            scale=self._default_scale
        if limits=="default":
            limits=self._default_limits
        unaccounted_parameters=self._get_unaccounted_parameters(fixed_parameters,fit_parameters)
        if len(unaccounted_parameters)>0:
            raise ValueError("Some of the function parameters are not supplied: {0}".format(unaccounted_parameters))
        x=x if x is not None else []
        if self.single_xarg:
            x=[np.asarray(x)]
        else:
            x=[np.asarray(e) for e in x]
        y=np.asarray(y)
        weight=np.asarray(weight)
        wkind=None
        try:
            if y.shape==(y*weight).shape:
                wkind="point"
        except ValueError:
            pass
        if wkind is None:
            if np.prod(weight.shape)==np.prod(y.shape)**2:
                wkind="matrix"
                wmat_dim=np.prod(y.shape)
                wmat=weight.reshape((wmat_dim,wmat_dim))
            else:
                raise ValueError("weight shape {} is incompatible with y shape {}".format(weight.shape,y.shape))
        p_names=list(fit_parameters.keys())
        bound_func=self.func.bind_namelist(self.xarg_name+p_names,**fixed_parameters)
        props=[fit_parameters[name] for name in p_names]
        init_p=self._pack_parameters(props)
        unpacker=self._build_unpacker(props)
        if scale: # setup scale-related parameters
            scale_default=dict(zip(p_names,unpacker([np.nan]*len(init_p))))
            scale_default.update(scale)
            p_scale=self._pack_parameters([scale_default[name] for name in p_names])
            if len(p_scale)!=len(init_p):
                raise ValueError("inconsistent shapes of fit parameters and scale argument")
            x_scale=np.array([1. if np.isnan(sc) else abs(float(sc)) for sc in p_scale])
            offset_p=init_p-x_scale
            init_p=np.ones(len(init_p))
        else:
            x_scale=1
            offset_p=0
        if limits: # setup bounds
            p_bounds=[]
            for (idx,default) in [(0,-np.inf),(1,+np.inf)]:
                ibounds=dict([ (n,limits[n][idx]) for n in limits if limits[n][idx] is not None])
                ibounds_default=dict(zip(p_names,unpacker([default]*len(init_p))))
                ibounds_default.update(ibounds)
                p_ibounds=self._pack_parameters([ibounds_default[name] for name in p_names])
                if len(p_ibounds)!=len(init_p):
                    raise ValueError("inconsistent shapes of fit parameters and {} bounds argument".format("lower" if idx==0 else "upper"))
                p_ibounds=[default if (b is None or np.isnan(b)) else b for b in p_ibounds]
                p_ibounds=(np.array(p_ibounds)-offset_p)/x_scale
                p_bounds.append(p_ibounds)
            kwargs.setdefault("bounds",p_bounds)
        if parscore:
            parscore=callable.to_callable(parscore)
        def calc_residuals(raw_res):
            if wkind=="point":
                return (np.asarray(raw_res)*weight).flatten()
            elif wkind=="matrix":
                y_diff_uw=np.asarray(raw_res).flatten()
                return np.dot(wmat,y_diff_uw)
        def fit_func(fit_p):
            fit_p=fit_p*x_scale+offset_p
            up=x+unpacker(fit_p)
            y_diff=calc_residuals(y-np.asarray(bound_func(*up)))
            if np.iscomplexobj(y_diff):
                y_diff=np.concatenate((y_diff.real,y_diff.imag))
            if parscore:
                fitpar=dict(zip(p_names,up[len(x):]))
                score=parscore(**fitpar)
                y_diff=np.append(y_diff,score)
            return y_diff
        lsqres=scipy.optimize.least_squares(fit_func,init_p,**kwargs)
        res,jac,tot_err=lsqres.x,lsqres.jac,lsqres.fun
        res=res*x_scale+offset_p
        try:
            cov=np.linalg.inv(np.dot(jac.transpose(),jac))*(np.sum(tot_err**2)/(len(tot_err)-len(res)))
        except np.linalg.LinAlgError: # singular matrix
            cov=None
        res=unpacker(res)
        fit_dict=dict(zip(p_names,res))
        params_dict=fixed_parameters.copy()
        params_dict.update(fit_dict)
        bound_func=self.func.bind(self.xarg_name,**params_dict)
        if cov is None: # singular or close to singular covariance matrix; usually means either degenerate fit parameters, or vastly (~1E8) different error scales
            stderr=dict(zip(p_names,unpacker([np.nan]*len(init_p))))
        else:
            stderr=unpacker(np.diag(cov)**0.5*x_scale)
            stderr=dict(zip(p_names,stderr))
        return_val=params_dict,bound_func
        if return_stderr:
            return_val=return_val+(stderr,)
        if return_residual:
            if return_residual=="full":
                residual=y-bound_func(*x)
            elif return_residual=="weighted":
                residual_w=calc_residuals(y-np.asarray(bound_func(*x)))
                residual=(abs(residual_w)**2).sum()
            else:
                residual=(abs(y-bound_func(*x))**2).mean()
            return_val=return_val+(residual,)
        return return_val

[docs]    def initial_guess(self, fit_parameters=None, fixed_parameters=None, return_stderr=False, return_residual=False):
        """
        Return the initial guess for the fitting.
        
        Args:
            fit_parameters (dict): Overrides the default `fit_parameters` of the fitter.
            fixed_parameters (dict): Overrides the default `fixed_parameters` of the fitter.
            return_stderr (bool): If ``True``, append `stderr` to the output.
            return_residual: If not ``False``, append `residual` to the output.
        
        Returns:
            tuple: ``(params, bound_func)``.
            
                - `params`: a dictionary ``{name: value}`` of the parameters supplied to the function (both fit and fixed).
                - `bound_func`: the fit function with all the parameters bound (i.e., it only requires x parameters).
                - `stderr`: a dictionary ``{name: error}`` of standard deviation for fit parameters to the return parameters.
                    Always zero, added for better compatibility with :meth:`fit`.
                - `residual`: either a full array of residuals ``func(x,**params)-y`` (if ``return_residual=='full'``) or
                    a mean magnitude of the residuals ``mean(abs(func(x,**params)-y)**2)`` (if ``return_residual==True`` or ``return_residual=='mean'``).
                    Always zero, added for better compatibility with :meth:`fit`.
        """
        fit_parameters=self._prepare_parameters(fit_parameters)
        params_dict=general_utils.merge_dicts(self.fit_parameters,fit_parameters,self.fixed_parameters,fixed_parameters)
        bound_func=self.func.bind_namelist(self.xarg_name,**params_dict)
        return_val=params_dict,bound_func
        if return_stderr:
            p_names=list(params_dict.keys())
            props=[params_dict[name] for name in p_names]
            init_p=self._pack_parameters(props)
            unpacker=self._build_unpacker(props)
            stderr=dict(zip(p_names,unpacker([0]*len(init_p))))
            return_val=return_val+(stderr,)
        if return_residual:
            return_val=return_val+(0,)
        return return_val


    
[docs]def huge_error(x, factor=100.):
    if np.iscomplex(x):
        return (1+1j)*factor*abs(x)
    else:
        return abs(x)*factor

    
[docs]def get_best_fit(x, y, fits):
    """
    Select the best (lowest residual) fit result.
    
    `x` and `y` are the argument and the value of the bound fit function. `fits` is the list of fit results (tuples returned by :meth:`Fitter.fit`).
    """
    errors=[(abs(y-f[1](x))**2).mean() for f in fits]
    min_error_idx=np.argmin(errors)
    return fits[min_error_idx]





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.dataproc.fourier

"""
Routines for Fourier transform.
"""

from __future__ import division

from ..datatable.wrapping import wrap
from ..datatable import column
from . import waveforms, specfunc
import numpy as np
import numpy.fft as fft        



[docs]def truncate_len_pow2(trace, truncate_power=None):
    """
    Truncate trace length to the the nearest power of 2.
    
    If `truncate_power` is not ``None``, it determines the minimal power of 2 that has to divide the length.
    (if it is ``None``, than it's the maximal possible power).
    """
    if truncate_power==0:
        return trace
    if truncate_power<0:
        truncate_power=None
    l=len(trace)
    chunk_l=1
    power=0
    while chunk_l*2<=l:
        chunk_l=chunk_l*2
        power=power+1
        if truncate_power is not None and power>=truncate_power:
            break
    l=(l//chunk_l)*chunk_l
    return wrap(trace).t[:l]

[docs]def normalize_fourier_transform(ft, normalization="none"):
    """
    Normalize the Fourier transform data.
    
    `ft` is a 2D data with 2 columns: frequency and complex amplitude.
    `normalization` can be ``'none'`` (none done), ``'sum'`` (the power sum is preserved: ``sum(abs(ft)**2)==sum(abs(trace)**2)``)
    or ``'density'`` (power spectral density normalization).
    """
    l=len(ft)
    if normalization=="sum":
        ft=wrap(ft).copy()
        ft[:,1]=ft[:,1]/np.sqrt(l)
        ft=ft.cont
    elif normalization=="density" or normalization=="dBc":
        ft=wrap(ft).copy()
        norm=np.sqrt(l**2*abs(ft[1,0]-ft[0,0]))
        if normalization=="dBc":
            norm=norm*ft[len(ft)//2,1]/l
        ft[:,1]=ft[:,1]/norm
        ft=ft.cont
    elif normalization!="none":
        raise ValueError("unrecognized normalization mode: {0}".format(normalization))
    return ft

[docs]def apply_window(trace_values, window="rectangle", window_power_compensate=True):
    """
    Apply FT window to the trace.
    
    If ``window_power_compensate==True``, multiply the data is multiplied by a compensating factor to preserve power in the spectrum.
    """
    if window=="rectangle":
        return trace_values
    window=specfunc.get_window_func(window)
    window_trace=window(np.arange(len(trace_values)),len(trace_values),ft_compensated=window_power_compensate)
    return trace_values*window_trace

[docs]def fourier_transform(trace, truncate=False, truncate_power=None, normalization="none", no_time=False, single_sided=False, window="rectangle", window_power_compensate=True):
    """
    Calculate a fourier transform of the trace.
    
    Args:
        trace: Time trace to be transformed. Either an ``Nx2`` array, where ``trace[:,0]`` is time and ``trace[:,1]`` is data (real or complex),
            or an ``Nx3`` array, where ``trace[:,0]`` is time, ``trace[:,1]`` is the real part of the signal and ``trace[:,2]`` is the imaginary part.
        truncate (bool): If ``True``, cut the data to the power of 2.
        truncate_power: If ``None``, cut to the nearest power of 2; otherwise, cut to the largest possible length that divides ``2**truncate_power``.
            Only relevant if ``truncate==True``.
        normalization (str): Fourier transform normalization:
        
            - ``'none'``: no normalization;
            - ``'sum'``: then norm of the data is conserved (``sum(abs(ft[:,1])**2)==sum(abs(trace[:,1])**2)``);
            - ``'density'``: power spectral density normalization, in ``x/rtHz`` (``sum(abs(ft[:,1])**2)*df==mean(abs(trace[:,1])**2)``);
            - ``'dBc'``: like ``'density'``, but normalized to the mean trace value.
        no_time (bool): If ``True``, assume that the time axis is missing and use the standard index instead (if trace is 1D data, `no_time` is always ``True``).
        single_sided (bool): If ``True``, only leave positive frequency side of the transform.
        window (str): FT window. Can be ``'rectangle'`` (essentially, no window), ``'hann'`` or ``'hamming'``.
        window_power_compensate (bool): If ``True``, the data is multiplied by a compensating factor to preserve power in the spectrum.
    
    Returns:
        a two-column array, where the first column is frequency, and the second is complex FT data.
    """
    wrapped=wrap(trace)
    column_names=["frequency","ft_data"]
    if trace.ndim==1:
        trace_values=wrapped[:]
    else:
        if wrapped.shape()[1]==(1 if no_time else 2):
            trace_values=wrapped[:,-1]
        elif wrapped.shape()[1]==(2 if no_time else 3):
            trace_values=wrapped[:,-2]+1j*wrapped[:,-1]
        else:
            raise ValueError("fourier_transform doesn't work for an array with shape {0}".format(wrapped.shape()))
    dt=1. if (no_time or wrapped.ndim()==1) else wrapped[1,0]-wrapped[0,0]
    if len(trace_values)==0:
        return wrapped.from_array(np.zeros((0,2)),column_names,wrapped=False)
    if len(trace_values)==1:
        return wrapped.from_array(np.array([[0,trace_values[0]]]),column_names,wrapped=False)
    if truncate:
        trace_values=truncate_len_pow2(trace_values,truncate_power=truncate_power)
    trace_values=apply_window(trace_values,window,window_power_compensate=window_power_compensate)
    ft=fft.fftshift(fft.fft(trace_values))
    df=1./(dt*len(ft))
    frequencies=column.crange(-len(ft)/2.,len(ft)/2.)*df
    ft=wrapped.from_columns([frequencies.as_array(),ft],column_names,wrapped=False) if wrapped.ndim()>1 else np.column_stack((frequencies,ft))
    ft=normalize_fourier_transform(ft,normalization)
    if single_sided:
        ft=wrap(ft).t[len(ft)//2:,:]
        ft[0,0]=0 # numerical error compensation
    return ft

[docs]def flip_fourier_transform(ft):
    """
    Flip the fourier transform (analogous to making frequencies negative and flipping the order).
    """
    ft=wrap(ft).copy()
    if len(ft)%2==1:
        ft[:,1]=ft[::-1,1]
    else:
        ft[1::,1]=ft[:0:-1,1]
    return ft.cont


[docs]def inverse_fourier_transform(ft, truncate=False, truncate_power=None, no_freq=False, zero_loc=None, symmetric_time=False):
    """
    Calculate an inverse fourier transform of the trace.
    
    Args:
        ft: Fourier transform data to be inverted. Is an ``Nx2`` array, where ``ft[:,0]`` is frequency and ``ft[:,1]`` is fourier transform (real or complex).
        truncate (bool): If ``True``, cut the data to the power of 2.
        truncate_power: If ``None``, cut to the nearest power of 2; otherwise, cut to the largest possible length that divides ``2**truncate_power``.
            Only relevant if ``truncate==True``.
        no_freq (bool): If ``True``, assume that the frequency axis is missing and use the standard index instead (if trace is 1D data, `no_freq` is always ``True``).
        zero_loc (bool): Location of the zero frequency point. Can be ``None`` (the one with the value of f-axis closest to zero), ``'center'`` (mid-point)
            or an integer index.
        symmetric_time (bool): If ``True``, make time axis go from ``(-0.5/df, 0.5/df)`` rather than ``(0, 1./df)``.

    Returns:
        a two-column array, where the first column is frequency, and the second is the complex-valued trace data.
    """
    wrapped=wrap(ft)
    column_names=["time","data"]
    if len(ft)==0:
        return wrapped.from_array(np.zeros((0,2)),column_names,wrapped=False)
    if len(ft)==1:
        return wrapped.from_array(np.array([[0,wrapped[:,0]]]),column_names,wrapped=False)
    no_freq=no_freq or wrapped.ndim()==1
    if zero_loc is None:
        if no_freq:
            zero_freq_point=0
        else:
            zero_freq_point=waveforms.find_closest_arg(wrapped.c[0],0,ordered=True)
            if zero_freq_point is None:
                raise ValueError("can't find zero frequency point; closest is {0}".format(wrapped[zero_freq_point,0]))
    elif zero_loc=="center":
        zero_freq_point=len(ft)//2
    else:
        zero_freq_point=zero_loc
    if wrapped.ndim()==1:
        ft_ordered=np.concatenate(( wrapped[zero_freq_point:], wrapped[:zero_freq_point] ))
    else:
        ft_ordered=np.concatenate(( wrapped[zero_freq_point:,-1], wrapped[:zero_freq_point,-1] ))
    if truncate:
        ft_ordered=truncate_len_pow2(ft_ordered,truncate_power=truncate_power)
    trace=fft.ifft(ft_ordered)
    l=len(trace)
    df=1. if no_freq else wrapped[1,0]-wrapped[0,0]
    dt=1./(df*l)
    times=column.crange(len(ft))*dt
    if symmetric_time:
        times=times-times[l//2]
        trace=np.concatenate((trace[l//2:],trace[:l//2]))
    if wrapped.ndim()==1:
        return np.column_stack((times,trace))
    else:
        return wrapped.from_columns([times.as_array(),trace],column_names,wrapped=False)


[docs]def power_spectral_density(trace, truncate=False, truncate_power=None, normalization="density", no_time=False, single_sided=False, window="rectangle", window_power_compensate=True):
    """
    Calculate a power spectral density of the trace.
    
    Args:
        trace: Time trace to be transformed. Either an ``Nx2`` array, where ``trace[:,0]`` is time and ``trace[:,1]`` is data (real or complex),
            or an ``Nx3`` array, where ``trace[:,0]`` is time, ``trace[:,1]`` is the real part of the signal and ``trace[:,2]`` is the imaginary part.
        truncate (bool): If ``True``, cut the data to the power of 2.
        truncate_power: If ``None``, cut to the nearest power of 2; otherwise, cut to the largest possible length that divides ``2**truncate_power``.
            Only relevant if ``truncate==True``.
        normalization (str): Fourier transform normalization:
        
            - ``'none'``: no normalization;
            - ``'sum'``: then norm of the data is conserved (``sum(PSD[:,1]))==sum(abs(trace[:,1])**2)``);
            - ``'density'``: power spectral density normalization, in ``x/rtHz`` (``sum(PSD[:,1])*df==mean(abs(trace[:,1])**2)``);
            - ``'dBc'``: like ``'density'``, but normalized to the mean trace value.
        no_time (bool): If ``True``, assume that the time axis is missing and use the standard index instead (if trace is 1D data, `no_time` is always ``True``).
        single_sided (bool): If ``True``, only leave positive frequency side of the PSD.
        window (str): FT window. Can be ``'rectangle'`` (essentially, no window), ``'hann'`` or ``'hamming'``.
        window_power_compensate (bool): If ``True``, the data is multiplied by a compensating factor to preserve power in the spectrum.
    
    Returns:
        a two-column array, where the first column is frequency, and the second is positive PSD.
    """
    column_names=["frequency","PSD"]
    ft=fourier_transform(trace, truncate=truncate, truncate_power=truncate_power, normalization=normalization, no_time=no_time, single_sided=single_sided, window=window, window_power_compensate=window_power_compensate)
    wrapped=wrap(ft)
    PSD=wrapped.from_columns((wrapped.c[0].real,abs(wrapped.c[1])**2),column_names,wrapped=False)
    return PSD




[docs]def get_real_part(ft):
    """
    Get the fourier transform of the real part only from the fourier transform of a complex variable.
    """
    re_ft=wrap(ft).copy()
    re_ft[1:,1]=(ft[1:,1]+ft[:0:-1,1].conjugate())*0.5
    re_ft[0,1]=np.real(ft[0,1])
    return re_ft.cont


[docs]def get_imag_part(ft):
    """
    Get the fourier transform of the imaginary part only from the fourier transform of a complex variable.
    """
    im_ft=wrap(ft).copy()
    im_ft[1:,1]=(im_ft[1:,1]-im_ft[:0:-1,1].conjugate())/2.j
    im_ft[0,1]=im_ft[0,1].imag
    return im_ft.cont


[docs]def get_correlations(ft_a, ft_b, zero_mean=True, normalization="none"):
    """
    Calculate the correlation function of the two variables given their fourier transforms.
    
    Args:
        ft_a: first variable fourier transform
        ft_b: second variable fourier transform
        zero_mean (bool): If ``True``, the value corresponding to the zero frequency is set to zero (only fluctuations around means of a and b are calculated).
        normalization (str): Can be ``'whole'`` (correlations are normalized by product of PSDs derived from `ft_a` and `ft_b`)
            or ``'individual'`` (normalization is done for each frequency individually, so that the absolute value is always 1).
    """
    if len(ft_a)!=len(ft_b):
        raise ValueError("transforms should be of the same length")
    corr=ft_a.copy()
    corr[:,1]=corr[:,1]*ft_b[:,1].conjugate()
    if (zero_mean):
        corr[len(corr)/2,1]=0.
    if normalization=="whole":
        norm_a=(abs(ft_a[:,1])**2).sum()-abs(ft_a[len(ft_a)/2,1])**2
        norm_b=(abs(ft_b[:,1])**2).sum()-abs(ft_b[len(ft_b)/2,1])**2
        corr[:,1]=corr[:,1]/(norm_a*norm_b)**.5
    elif normalization=="individual":
        norm_factors=abs(ft_a[:,1]*ft_b[:,1])
        corr[:,1]=corr[:,1]/norm_factors
    elif normalization!="none":
        raise ValueError("unrecognized normalization method: {0}".format(normalization))
    return corr





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.dataproc.iir_transform

"""
Digital recursive filter.

Implemented using Numba library (JIT high-performance compilation); used to be a precompiled C-package.
"""

import numpy as np
import numba as nb


[docs]@nb.njit(fastmath=False,parallel=False)
def iir_apply_complex(trace, xcoeff, ycoeff):
    """
    Apply digital, (possibly) recursive filter with coefficients `xcoeff` and `ycoeff` along the first axis.

    Result is filtered signal `y` with ``y[n]=sum_j x[n-j]*xcoeff[j] + sum_k y[n-k-1]*ycoeff[k]``.
    """
    new_trace=np.zeros(trace.shape,dtype=trace.dtype)
    if len(xcoeff)==0:
        return new_trace
    nx=len(xcoeff)
    ny=len(ycoeff)
    tstart=max(nx-1,ny)
    new_trace[:tstart]=trace[:tstart]
    for i in range(tstart,len(trace)):
        for xi in range(nx):
            new_trace[i]+=trace[i-xi]*xcoeff[xi]
        for yi in range(ny):
            new_trace[i]+=new_trace[i-yi-1]*ycoeff[yi]
    return new_trace





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.dataproc.image

import numpy as np
from ..utils import funcargparse


_default_indexing={"rc":"rcb","xy":"xyt"}
[docs]def convert_shape_indexing(shape, src, dst):
    """
    Convert image indexing style.

    `shape` is the source image shape (2-tuple), `src` and `dst` are current format and desired format.
    Formats can be ``"rcb"`` (first index is row, second is column, rows count from the bottom), ``"rct"`` (same, but rows count from the top).
    ``"xyb"`` (first index is column, second is row, rows count from the bottom), or ``"xyt"`` (same but rows count form the top).
    ``"rc"`` is interpreted as ``"rct"``, ``"xy"`` as ``"xyt"``
    """
    src=_default_indexing.get(src,src)
    dst=_default_indexing.get(dst,dst)
    funcargparse.check_parameter_range(src,"src",["rcb","rct","xyb","xyt"])
    funcargparse.check_parameter_range(dst,"dst",["rcb","rct","xyb","xyt"])
    if src[:2]==dst[:2]:
        return shape
    else:
        return shape[::-1]

    

[docs]def convert_image_indexing(img, src, dst):
    """
    Convert image indexing style.

    `img` is the source image (2D numpy array), `src` and `dst` are current format and desired format.
    Formats can be ``"rcb"`` (first index is row, second is column, rows count from the bottom), ``"rct"`` (same, but rows count from the top).
    ``"xyb"`` (first index is column, second is row, rows count from the bottom), or ``"xyt"`` (same but rows count form the top).
    ``"rc"`` is interpreted as ``"rct"``, ``"xy"`` as ``"xyt"``
    """
    src=_default_indexing.get(src,src)
    dst=_default_indexing.get(dst,dst)
    funcargparse.check_parameter_range(src,"src",["rcb","rct","xyb","xyt"])
    funcargparse.check_parameter_range(dst,"dst",["rcb","rct","xyb","xyt"])
    if src==dst:
        return img
    if src[:2]==dst[:2]: # same order, different row direction
        return img[::-1,:] if src[:2]=="rc" else img[:,::-1]
    if src[2]==dst[2]: # same row direction, different order
        if src[2]=="t":
            return img.T
        if src=="rcb":
            return (img[::-1,:].T)[:,::-1]
        else:
            return (img[:,::-1].T)[::-1,:]
    # different row direction, different order
    if src=="rcb": # dst=="xyt"
        return img[::-1,:].T
    if src=="rct": # dst=="xyb"
        return img.T[:,::-1]
    if src=="xyb": # dst=="rct"
        return img[:,::-1].T
    if src=="xyt": # dst=="rcb"
        return img.T[::-1,:]

    

[docs]class ROI(object):
    def __init__(self, imin=0, imax=None, jmin=0, jmax=None):
        object.__init__(self)
        self.imin=imin
        self.imax=imax
        self.jmin=jmin
        self.jmax=jmax
        self._order()

    def _order(self):
        if self.imax is not None:
            self.imin,self.imax=sorted((self.imin,self.imax))
        if self.jmax is not None:
            self.jmin,self.jmax=sorted((self.jmin,self.jmax))
    def _get_limited(self, shape=None):
        if shape is None:
            if self.imax is None or self.jmax is None:
                raise ValueError("one of the ROI dimensions is unconstrained")
            return self.imin,self.imax,self.jmin,self.jmax
        imin=max(self.imin,0)
        imax=shape[0] if self.imax is None else min(self.imax,shape[0])
        jmin=max(self.jmin,0)
        jmax=shape[1] if self.jmax is None else min(self.jmax,shape[1])
        return sorted((imin,imax))+sorted((jmin,jmax))

[docs]    def copy(self):
        return ROI(self.imin,self.imax,self.jmin,self.jmax)

    def __repr__(self):
        return "{}{}".format(self.__class__.__name__,self.tup())

[docs]    def center(self, shape=None):
        imin,imax,jmin,jmax=self._get_limited(shape)
        return (imin+imax)/2, (jmin+jmax)/2

[docs]    def size(self, shape=None):
        imin,imax,jmin,jmax=self._get_limited(shape)
        return (imax-imin), (jmax-jmin)

[docs]    def area(self, shape=None):
        size=self.size(shape)
        return size[0]*size[1]

[docs]    def tup(self, shape=None):
        return self._get_limited(shape)

[docs]    def ispan(self, shape=None):
        return self.tup(shape)[0:2]

[docs]    def jspan(self, shape=None):
        return self.tup(shape)[2:4]


[docs]    @classmethod
    def from_centersize(cls, center, size, shape=None):
        size=funcargparse.as_sequence(size,2)
        imin,imax=int(round(center[0]-abs(size[0])/2)),int(round(center[0]+abs(size[0])/2))
        jmin,jmax=int(round(center[1]-abs(size[1])/2)),int(round(center[1]+abs(size[1])/2))
        res=cls(imin,imax,jmin,jmax)
        if shape is not None:
            res.limit(shape)
        return res


[docs]    @classmethod
    def intersect(cls, *args):
        imin=max(r.imin for r in args)
        imax=min(r.imax for r in args)
        jmin=max(r.jmin for r in args)
        jmax=min(r.jmax for r in args)
        if imin>=imax or jmin>=jmax:
            return None
        return cls(imin,imax,jmin,jmax)


[docs]    def limit(self, shape):
        self.imin,self.imax,self.jmin,self.jmax=self._get_limited(shape)
        return self




[docs]def get_region(image, center, size, axis=(-2,-1)):
    """
    Get part of the image with the given center and size (both are tuples ``(i, j)``).

    The region is automatically reduced if a part of it is outside of the image.
    """
    roi=ROI.from_centersize(center,size,shape=(image.shape[axis[0]],image.shape[axis[1]]))
    ispan,jspan=roi.ispan(),roi.jspan()
    index=[slice(None)]*image.ndim
    index[axis[0]]=slice(ispan[0],ispan[1])
    index[axis[1]]=slice(jspan[0],jspan[1])
    return image[tuple(index)]


[docs]def get_region_sum(image, center, size, axis=(-2,-1)):
    """
    Sum part of the image with the given center and size (both are tuples ``(i, j)``).
    
    The region is automatically reduced if a part of it is outside of the image.
    Return tuple ``(sum, area)``, where area is the actual summer region are (in pixels).
    """
    roi=ROI.from_centersize(center,size,shape=(image.shape[axis[0]],image.shape[axis[1]]))
    ispan,jspan=roi.ispan(),roi.jspan()
    index=[slice(None)]*image.ndim
    index[axis[0]]=slice(ispan[0],ispan[1])
    index[axis[1]]=slice(jspan[0],jspan[1])
    return np.sum(image[tuple(index)],axis=axis), roi.area()





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.dataproc.interpolate

from builtins import range

import numpy as np
import scipy.interpolate

from . import waveforms
from ..datatable import wrapping


def _data_range(data):
    return (np.min(data),np.max(data))

[docs]def interpolate1D_func(x, y, kind="linear", axis=-1, copy=True, bounds_error=True, fill_values=np.nan, assume_sorted=False):
    """
    1D interpolation.
    
    Simply a wrapper around :class:`scipy.interpolate.interp1d`.

    Args:
        x: 1D arrays of x coordinates for the points at which to find the values.
        y: array of values corresponding to x points (can have more than 1 dimension, in which case the output values are (N-1)-dimensional)
        kind: Interpolation method.
        axis: axis in y-data over which to interpolate.
        copy: if ``True``, make internal copies of `x` and `y`.
        bounds_error: if ``True``, raise error if interpolation function arguments are outside of `x` bounds.
        fill_values: values to fill the outside-bounds regions if ``bounds_error==False``.
        assume_sorted: if ``True``, assume that `data` is sorted.
    Returns:
        A 1D array with interpolated data.
    """
    if fill_values=="bounds":
        fill_values=tuple(np.take(y,[x.argmin(),x.argmax()],axis=axis))
        bounds_error=False
    return scipy.interpolate.interp1d(x,y,kind=kind,axis=axis,copy=copy,bounds_error=bounds_error,fill_value=fill_values,assume_sorted=assume_sorted)



[docs]def interpolate1D(data, x, kind="linear", bounds_error=True, fill_values=np.nan, assume_sorted=False):
    """
    1D interpolation.
    
    Args:
        data: 2-column array [(x,y)], where ``y`` is a function of ``x``.
        x: Arrays of x coordinates for the points at which to find the values.
        kind: Interpolation method.
        bounds_error: if ``True``, raise error if `x` values are outside of `data` bounds.
        fill_values: values to fill the outside-bounds regions if ``bounds_error==False``
        assume_sorted: if ``True``, assume that `data` is sorted.
    Returns:
        A 1D array with interpolated data.
    """
    return interpolate1D_func(data[:,0],data[:,1],kind=kind,bounds_error=bounds_error,fill_values=fill_values,assume_sorted=assume_sorted)(x)


[docs]def interpolate2D(data, x, y, method="linear", fill_value=np.nan):
    """
    Interpolate data in 2D.
    
    Simply a wrapper around :func:`scipy.interpolate.griddata`.
    
    Args:
        data: 3-column array [(x,y,z)], where ``z`` is a function of ``x`` and ``y``.
        x/y: Arrays of x and y coordinates for the points at which to find the values.
        method: Interpolation method.
    Returns:
        A 2D array with interpolated data.
    """
    interp_data=scipy.interpolate.griddata((data[:,0],data[:,1]),data[:,2],(x,y),method=method,fill_value=fill_value)
    return interp_data


[docs]def interpolateND(data, xs, method="linear"):
    """
    Interpolate data in N dimensions.
    
    Simply a wrapper around :func:`scipy.interpolate.griddata`.
    
    Args:
        data: ``(N+1)``-column array ``[(x_1,..,x_N,y)]``, where ``y`` is a function of ``x_1, ... ,x_N``.
        xs: ``N``-tuple of arrays of coordinates for the points at which to find the values.
        method: Interpolation method.
    Returns:
        An ND array with interpolated data.
    """
    coords=tuple([data[:,n] for n in range(data.shape[1]-1)])
    interp_data=scipy.interpolate.griddata(coords,data[:,-1],xs,method=method)
    return interp_data

        



[docs]def regular_grid_from_scatter(data, x_points, y_points, x_range=None, y_range=None, method="nearest"):
    """
    Turn irregular scatter-points data into a regular 2D grid function.
    
    Args:
        data: 3-column array ``[(x,y,z)]``, where ``z`` is a function of ``x`` and ``y``.
        x_points/y_points: Number of points along x/y axes.
        x_range/y_range: If not ``None``, a tuple specifying the desired range of the data (all points in `data` outside the range are excluded).
        method: Interpolation method (see :func:`scipy.interpolate.griddata` for options).
    Returns:
        A nested tuple ``(data, (x_grid, y_grid))``, where all entries are 2D arrays (either with data or with gridpoint locations).
    """
    if x_range is not None:
        data=waveforms.cut_to_range(data,x_range,0)
    else:
        x_range=_data_range(data[:,0])
    if y_range is not None:
        data=waveforms.cut_to_range(data,y_range,1)
    else:
        y_range=_data_range(data[:,1])
    x_grid=np.linspace(x_range[0],x_range[1],x_points)
    y_grid=np.linspace(y_range[0],y_range[1],y_points)
    xi,yi=np.meshgrid(x_grid,y_grid)
    interp_data=scipy.interpolate.griddata((data[:,0],data[:,1]),data[:,2],(xi,yi),method=method)
    return interp_data,(x_grid,y_grid)



[docs]def interpolate_trace(trace, step, rng=None, x_column=0, select_columns=None, kind="linear", assume_sorted=False,):
    """
    Interpolate trace data over a regular grid with the given step.

    `rng` specifies interpolation range (by default, whole data range).
    `x_column` specifies column index for x-data.
    `select_column` specifies which columns to interpolate and keep at the output (by default, all data).
    If ``assume_sorted==True``, assume that x-data is sorted.
    `kind` specifies interpolation method.
    """
    wtrace=wrapping.wrap(trace)
    src_column=waveforms.get_x_column(trace,x_column=x_column)
    select_columns=select_columns or range(wtrace.shape()[1])
    rng_min,rng_max=rng or (None,None)
    rng_min=src_column.min() if (rng_min is None) else rng_min
    rng_max=src_column.max() if (rng_max is None) else rng_max
    start=(rng_min//step)*step
    stop=(rng_max//step)*step
    pts=np.arange(start,stop+step/2.,step)
    xidx=wtrace.c.get_index(x_column)
    columns=[ pts if wtrace.c.get_index(c)==xidx else
            interpolate1D_func(src_column,wtrace[:,c],kind=kind,bounds_error=False,fill_values="bounds",assume_sorted=assume_sorted)(pts)
            for c in select_columns]
    return wtrace.subtable((slice(None),select_columns)).columns_replaced(columns,wrapped=False)



[docs]def average_interpolate_1D(data, step, rng=None, avg_kernel=1, min_weight=0, kind="linear"):
    """
    1D interpolation combined with pre-averaging.
    
    Args:
        data: 2-column array [(x,y)], where ``y`` is a function of ``x``.
        step: distance between the points in the interpolated data (all resulting x-coordinates are multiples of `step`).
        rng: if not ``None``, specifies interpolation range (by default, whole data range).
        avg_kernel: kernel used for initial averaging. Can be either a 1D array, where each point corresponds to the relative bin weight,
            or an integer, which specifies simple rectangular kernel of the given width.
        min_weight: minimal accumulated weight in the bin to consider it 'valid'
            (if the bin is invalid, its accumulated value is ignored, and its value is obtained by the interpolation step).
            `min_weight` of 0 implies any non-zero weight; otherwise, weight ``>=min_weight``.
        kind: Interpolation method.
    Returns:
        A 2-column array with the interpolated data.
    """
    if isinstance(avg_kernel,(int,float)):
        avg_kernel=max(int(avg_kernel)//2,0)*2+1
        avg_kernel=np.ones(avg_kernel)
    rng_min,rng_max=rng or (None,None)
    rng_min=data[:,0].min() if (rng_min is None) else rng_min
    rng_max=data[:,0].max() if (rng_max is None) else rng_max
    rng=(rng_min,rng_max)
    rng=[(l//step)*step for l in rng]
    bins=np.linspace(rng[0],rng[1],int((rng[1]-rng[0])/step)+1)
    locs=bins.searchsorted(data[:,0])
    locs[locs==len(bins)]-=1
    bindiffs=data[:,0]-bins[locs]
    locs[(locs>0)&(bindiffs<-step/2.)]-=1
    sums=np.zeros((len(bins)))
    np.add.at(sums,locs,data[:,1])
    weights=np.zeros((len(bins)))
    np.add.at(weights,locs,1)
    sums=np.convolve(sums,avg_kernel,mode="same")
    weights=np.convolve(weights,avg_kernel,mode="same")
    filled=weights>min_weight if min_weight==0 else weights>=min_weight
    intx=bins[filled]
    inty=sums[filled]/weights[filled]
    data=interpolate1D_func(intx,inty,kind=kind,bounds_error=False,fill_values="bounds",assume_sorted=True)(bins)
    return np.column_stack((bins,data))





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.dataproc.specfunc

"""
Specific useful functions.
"""

from __future__ import division
from ..utils.py3 import textstring


import numpy as np

### Kernels ###

[docs]def gaussian_k(x, sigma=1., height=None):
    """
    Gaussian kernel function.
    
    Normalized by the area if `height` is ``None``, otherwise `height` is the value at 0.
    """
    if height is None:
        return 1./np.sqrt(2*np.pi*sigma**2)*np.exp(-(x**2)/(2.*sigma**2))
    else:
        return np.exp(-x**2/(2.*sigma**2))*height


[docs]def rectangle_k(x, width=1., height=None):
    """"
    Symmetric rectangle kernel function.
    
    Normalized by the area if `height` is ``None``, otherwise `height` is the value at 0.
    """
    if height is None:
        return (abs(x)<width)/(2.*width)
    else:
        return (abs(x)<width)*height


[docs]def lorentzian_k(x, gamma=1., height=None):
    """
    Lorentzian kernel function
    
    Normalized by the area if `height` is ``None``, otherwise `height` is the value at 0.
    """
    if (height is None):
        return gamma/(x**2+(gamma/2.)**2)/np.pi
    else:
        return (gamma/2.)**2/(x**2+(gamma/2.)**2)*height

    
[docs]def complex_lorentzian_k(x, gamma=1., amplitude=1.j):
    """
    Complex Lorentzian kernel function.
    """
    return (gamma/2.)/(gamma/2.+1j*x)*amplitude

    

[docs]def exp_decay_k(x, width=1., height=None, mode="causal"):
    """
    Exponential decay kernel function
    
    Normalized by area if ``height=None`` (if possible), otherwise `height` is the value at 0.
    
    Mode determines value for ``x<0``:
        - ``'causal'`` - it's 0 for ``x<0``;
        - ``'step'`` - it's constant for ``x<=0``;
        - ``'continue'`` - it's a continuous decaying exponent;
        - ``'mirror'`` - function is symmetric: ``exp(-|x|/width)``.
    """
    if mode=="causal":
        if height is None:
            return (x>=0)*np.exp(-x/float(width))/width
        else:
            return (x>=0)*np.exp(-x/float(width))*height
    elif mode=="step":
        if height is None:
            return ((x>=0)*np.exp(-x/float(width))+(x<0)*1.)/width
        else:
            return ((x>=0)*np.exp(-x/float(width))+(x<0)*1.)*height
    elif mode=="continue":
        if height is None:
            return np.exp(-x/float(width))/width
        else:
            return np.exp(-x/float(width))*height
    elif mode=="mirror":
        if height is None:
            return np.exp(-np.abs(x)/float(width))/width
        else:
            return np.exp(-np.abs(x)/float(width))*height

        
        
_kernel_functions={"gaussian":gaussian_k, "rectangle":rectangle_k, "lorentzian":lorentzian_k, "exp_decay":exp_decay_k, 
                   "complex_lorentzian":complex_lorentzian_k}
[docs]def get_kernel_func(kernel):
    """
    Get a kernel function by its name.
    
    Available functions are: ``'gaussian'``, ``'rectangle'``, ``'lorentzian'``, ``'exp_decay'``, ``'complex_lorentzian'``.
    """
    if isinstance(kernel,textstring):
        try:
            return _kernel_functions[kernel]
        except KeyError:
            raise ValueError("unrecognized kernel name: "+kernel)
    else:
        return kernel




### Windows ###
# TODO: different compensations (total power, peak height, etc.?)
[docs]def rectangle_w(x, N, ft_compensated=False):
    """
    Rectangle FT window function.
    """
    return x*0+1


[docs]def gen_hamming_w(x, N, alpha, beta, ft_compensated=False):
    """
    Generalized Hamming FT window function.
    
    If ``ft_compensated==True``, multiply the window function by a compensating factor to preserve power in the spectrum.
    """
    if ft_compensated:
        return (alpha-beta*np.cos(2*np.pi*x/(N-1)))/np.sqrt(alpha**2+beta**2/2.)
    else:
        return alpha-beta*np.cos(2*np.pi*x/(N-1))


[docs]def hann_w(x, N, ft_compensated=False):
    """
    Hann FT window function.
    
    If ``ft_compensated==True``, multiply the window function by a compensating factor to preserve power in the spectrum.
    """
    return gen_hamming_w(x,N,0.5,0.5,ft_compensated=ft_compensated)


[docs]def hamming_w(x, N, ft_compensated=False):
    """
    Specific Hamming FT window function.
    
    If ``ft_compensated==True``, multiply the window function by a compensating factor to preserve power in the spectrum.
    """
    return gen_hamming_w(x,N,0.54,0.46,ft_compensated=ft_compensated)



_window_functions={"hamming":hamming_w, "rectangle":rectangle_w, "hann":hann_w}
[docs]def get_window_func(window):
    """
    Get a window function by its name.
    
    Available functions are: ``'hamming'``, ``'rectangle'``, ``'hann'``.
    """
    if isinstance(window,textstring):
        try:
            return _window_functions[window]
        except KeyError:
            raise ValueError("unrecognized window name: "+window)
    else:
        return window

    

[docs]def gen_hamming_w_ft(f, t, alpha, beta):
    """
    Get Fourier Transform of a generalized Hamming FT window function.
    
    `f` is the argument, `t` is the total window size.
    """
    lim=beta/(2.*alpha)
    gen=np.sinc(f*t)*(1-(f*t)**2 *(alpha-beta)/alpha)/(1-(f*t)**2)
    if isinstance(gen,np.ndarray):
        return np.where(f*t==1,lim,gen)
    return lim if f*t==1 else gen


[docs]def rectangle_w_ft(f, t):
    """
    Get Fourier Transform of the rectangle FT window function.
    
    `f` is the argument, `t` is the total window size.
    """
    return gen_hamming_w_ft(f,t,1.,0.)


[docs]def hann_w_ft(f, t):
    """
    Get Fourier Transform of the Hann FT window function.
    
    `f` is the argument, `t` is the total window size.
    """
    return gen_hamming_w_ft(f,t,.5,.5)


[docs]def hamming_w_ft(f, t):
    """
    Get Fourier Transform of the specific Hamming FT window function.
    
    `f` is the argument, `t` is the total window size.
    """
    return gen_hamming_w_ft(f,t,.54,.46)


_window_ft_functions={"hamming":hamming_w_ft, "rectangle":rectangle_w_ft, "hann":hann_w_ft}
[docs]def get_window_ft_func(window):
    """
    Get a Fourier Transform of a window function by its name.
    
    Available functions are: ``'hamming'``, ``'rectangle'``, ``'hann'``.
    """
    if isinstance(window,textstring):
        try:
            return _window_ft_functions[window]
        except KeyError:
            raise ValueError("unrecognized window name: "+window)
    else:
        return window





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.dataproc.waveforms

"""
Generic utilities for dealing with numerical arrays.
"""

from __future__ import division

import numpy as np
import pandas as pd
import math

from ..datatable import column #@UnresolvedImport
from ..datatable import table #@UnresolvedImport
from ..datatable.wrapping import wrap #@UnresolvedImport
from ..utils import general as general_utils #@UnresolvedImport
from ..utils import numerical #@UnresolvedImport


_depends_local=["..datatable.column","..datatable.table"]


##### Properties #####
@general_utils.try_method_wrapper
def is_ascending(wf):
    """
    Check the if waveform is ascending.
    
    If it has more than 1 dimension, check all lines along 0'th axis.
    """
    if len(wf)<2:
        return True
    return (wf[1:]-wf[:-1]>=0).all()
@general_utils.try_method_wrapper
def is_descending(wf):
    """
    Check if the waveform is descending.
    
    If it has more than 1 dimension, check all lines along 0'th axis.
    """
    if len(wf)<2:
        return True
    return (wf[1:]-wf[:-1]>0).all()
[docs]def is_ordered(wf):
    """
    Check if the waveform is ordered (ascending or descending).
    
    If it has more than 1 dimension, check all lines along 0'th axis.
    """
    return is_ascending(wf) or is_descending(wf)

@general_utils.try_method_wrapper
def is_linear(wf):
    """
    Check if the waveform is linear (values go with a constant step).
    
    If it has more than 1 dimension, check all lines along 0'th axis (with the same step for all).
    """
    if len(wf)<2:
        return True
    diff=wf[1:]-wf[:-1]
    return (diff==diff[(0,)*np.ndim(diff)]).all()
column.IDataColumn.add_array_function(is_ascending)
column.IDataColumn.add_array_function(is_descending)
column.IDataColumn.add_array_function(is_linear)
column.IDataColumn.is_ordered=is_ordered
column.LinearDataColumn.is_ascending = lambda col: col.step>=0
column.LinearDataColumn.is_descending = lambda col: col.step<=0
column.LinearDataColumn.is_linear = lambda _: True




##### Columns access #####
@general_utils.try_method_wrapper
def get_x_column(wf, x_column=None, idx_default=False):
    """
    Get x column of the waveform.
    
    `x_column` can be
        - an array: return as is;
        - ``'#'``: return index array;
        - ``None``: equivalent to '#' for 1D data if ``idx_default==False``, or to ``0`` otherwise;
        - integer: return the column with this index.
    """
    if np.ndim(x_column)>0:
        return x_column
    if x_column=="#":
        return wf.index if isinstance(wf,pd.DataFrame) or isinstance(wf,pd.Series) else column.LinearDataColumn(len(wf))
    elif np.ndim(wf)==1:
        if x_column is None and idx_default:
            return column.LinearDataColumn(len(wf))
        return wf
    else:
        if x_column is None:
            x_column=0
        return wrap(wf)[:,x_column]
    
[docs]def get_y_column(wf, y_column=None):
    """
    Get y column of the waveform.
    
    `y_column` can be
        - an array: return as is;
        - ``'#'``: return index array;
        - ``None``: return `wf` for 1D data, or the column ``1`` otherwise;
        - integer: return the column with this index.
    """
    if np.ndim(y_column)>0:
        return y_column
    if y_column=="#":
        return wf.index if isinstance(wf,pd.DataFrame) or isinstance(wf,pd.Series) else column.LinearDataColumn(len(wf))
    elif np.ndim(wf)==1:
        return wf
    else:
        if y_column is None:
            y_column=1
        return wrap(wf)[:,y_column]

    

##### Sorting #####
try:
    np.argsort([],kind="stable")
    _stable_sort="stable"
except ValueError:
    _stable_sort="mergesort"
[docs]def sort_by(wf, x_column=None, reverse=False, stable=False):
    """
    Sort 2D array using selected column as a key and preserving rows.
    
    If ``reverse==True``, sort in descending order. `x_column` values are described in :func:`.waveforms.get_x_column`.
    If ``stable==True``, use stable sort (could be slower and uses more memory)
    """
    x_column=get_x_column(wf,x_column)
    if reverse:
        return wrap(wf).t[x_column.argsort(kind=_stable_sort if stable else "quicksort"),::-1]
    else:
        return wrap(wf).t[x_column.argsort(kind=_stable_sort if stable else "quicksort")]

table.DataTable.sort_by=sort_by


##### Filtering #####
[docs]def filter_by(wf, columns=None, pred=None, exclude=False):
    """
    Filter 1D or 2D array using a predicate.
    
    If the data is 2D, `columns` contains indices of columns to be passed to the `pred` function.
    If ``exclude==False``, drop all of the rows satisfying `pred` rather than keep them.
    """
    if pred is None:
        return wf
    pred=general_utils.to_predicate(pred)
    wrapped=wrap(wf)
    if wrapped.ndim()==1:
        sat=np.array([pred(r) for r in wrapped]).astype(bool)
    else:
        if columns is None:
            columns=slice(None)
        wrapped_subtable=wrapped.subtable((slice(None),columns))
        sat=np.array([pred(*r) for r in wrapped_subtable.r]).astype(bool)
    return wrapped.t[~sat if exclude else sat]

table.DataTable.filter_by=filter_by

[docs]def unique_slices(wf, u_column):
    """
    Split a table into subtables with different values in a given column.
    
    Return a list of `wf` subtables, each of which has a different (and equal among all rows in the subtable) value in `u_column`.
    """
    wrapped=wrap(wf)
    u_column=get_y_column(wf,u_column)
    vals=np.unique(u_column)
    return [(v,wrapped.t[u_column==v]) for v in vals]

table.DataTable.unique_slices=unique_slices


##### Merging #####
def _get_common_type(types):
    counts={"2d.table":0,"2d.array":0,"1d.column":0,"1d.array":0}
    for t in types:
        counts[t]=counts[t]+1
    if counts["2d.array"]>0 or counts["1d.column"]>0 or counts["1d.array"]>0:
        return "array"
    else:
        return "table"
[docs]def merge(wfs, idx=None):
    """
    Merge several tables column-wise.
    
    If `idx` is not ``None``, then it is a list of index columns (one column per table) used for merging.
    The rows that have the same value in the index columns are merged; if some values aren't contained in all the `wfs`, the corresponding rows are omitted.
    
    If `idx` is ``None``, just join the tables together (they must have the same number of rows).
    """
    if idx is not None:
        if isinstance(idx,list) or isinstance(idx,tuple):
            if len(idx)!=len(wfs):
                raise ValueError("idx length is different from tables length")
        else:
            idx=[idx]*len(wfs)
    wrapped=[wrap(wf) for wf in wfs]
    result_type=_get_common_type([w.get_type() for w in wrapped])
    if idx is not None: # select common indices
        idx_cols=[w.c[c] if w.ndim()==2 else w.cont for c,w in zip(idx,wrapped)]
        common_idx=set.intersection(*[set(i) for i in idx_cols])
        common_idx=np.sort(np.array(list(common_idx)))
        cut=[wrap(common_idx)]
        for c,w in zip(idx,wrapped):
            if w.ndim()==2:
                wf=sort_by(filter_by(w.cont,c,common_idx),c)
                wf=wrap(wf).c.get_deleted(c,wrapped)
                cut.append(wf)
        wrapped=cut
    if result_type=="array":
        wfs=[np.column_stack((w[:])) if w.ndim()==1 else w[:,:] for w in wrapped]
        return np.concatenate(wfs,axis=1)
    else:
        columns=[]
        column_names=[]
        if idx is not None:
            idx_name=wfs[0].get_column_names(idx[0])
            wrapped[0]=wrap(table.DataTable(wrapped[0].cont,idx_name))
        for w in wrapped:
            columns=columns+w.c[:]
            column_names=column_names+w.c.get_names()
        return table.DataTable(columns,column_names)

            

##### Limits and ranges #####
[docs]class Range(object):
    """
    Single data range.
    
    If `start` or `stop` are ``None``, it's implied that they're at infinity (i.e., Range(None,None) is infinite).
    If the range object is ``None``, it's implied that the range is empty
    """
    def __init__(self, start=None, stop=None):
        object.__init__(self)
        if isinstance(start,(list,tuple)):
            start,stop=start
        self._rng=[start,stop]
        self._reorder()
    
    def _reorder(self):
        if (self._rng[0] is not None) and (self._rng[1] is not None): 
            self._rng=[min(*self._rng),max(*self._rng)]
    @property
    def start(self): return self._rng[0]
    @start.setter
    def start(self, val):
        self._rng[0]=val
        self._reorder()
    @property
    def stop(self): return self._rng[1]
    @stop.setter
    def stop(self, val):
        self._rng[1]=val
        self._reorder()
    def __getitem__(self, i):
        return self._rng[i]
    def __setitem__(self, i, val):
        self._rng[i]=val
        self._reorder()
    def __len__(self): return 2
    def __str__(self): return "({0}, {1})".format(*self._rng)
    def __repr__(self): return "Range({0}, {1})".format(*self._rng)
[docs]    def contains(self, x):
        """Check if `x` is in the range."""
        if self is None:
            return (x!=x) # all False
        if (self._rng[0] is not None) and (self._rng[1] is not None):
            return (x>=self._rng[0])&(x<=self._rng[1])
        elif self._rng[0] is not None:
            return (x>=self._rng[0])
        elif self._rng[1] is not None:
            return (x<=self._rng[1])
        else:
            return (x==x) # all True

    @staticmethod
    def _min(a,b):
        if a is None:
            return b
        elif b is None:
            return a
        return min(a,b)
    @staticmethod
    def _max(a,b):
        if a is None:
            return b
        elif b is None:
            return a
        return max(a,b)
    def _intersect_two(self, rng):
        if rng is None:
            return None
        left=self._max(self._rng[0],rng._rng[0])
        right=self._min(self._rng[1],rng._rng[1])
        if (left is not None) and (right is not None) and left>right:
            return None
        return Range(left,right)
[docs]    def intersect(self, *rngs):
        """
        Find an intersection of multiple ranges.
        
        If the intersection is empty, return ``None``.
        """
        rng=self
        for r in rngs:
            if rng is None:
                return None
            rng=rng._intersect_two(r)
        return rng

[docs]    def rescale(self, mult=1., shift=0.):
        for i in [0,1]:
            self._rng[i]=None if self._rng[i] is None else self._rng[i]*mult+shift
        if mult<0:
            self._rng=self._rng[::-1]
        self._reorder()
        return self

[docs]    def tup(self):
        return tuple(self._rng)


    
    
[docs]def find_closest_arg(xs, x, approach="both", ordered=False):
    """
    Find the index of a value in `xs` that is closest to `x`.
    
    `approach` can take values ``'top'``, ``'bottom'`` or ``'both'`` and denotes from which side should array elements approach `x`
    (meaning that the found array element should be ``>x``, ``<x`` or just the closest one).
    If there are no elements lying on the desired side of `x` (e.g. ``approach=='top'`` and all elements of `xs` are less than `x`), the function returns ``None``. 
    if ``ordered==True``, then `xs` is assumed to be in ascending or descending order, and binary search is implemented (works only for 1D arrays).
    if there are recurring elements, return any of them.
    """
    if not (approach in ["top","bottom","both"]):
        raise ValueError("unrecognized approaching mode: {0}".format(approach))
    try:
        return xs.find_closest_arg(x,approach=approach,ordered=ordered)
    except AttributeError:
        pass
    if not ordered:
        diff_array=xs-x
        if approach=="top":
            threshold=diff_array>=0
            if threshold.any():
                diff_array=diff_array*threshold+(diff_array.max()+1.)*(~threshold)
                return diff_array.argmin()
            else:
                return None
        elif approach=="bottom":
            threshold=diff_array<=0
            if threshold.any():
                diff_array=diff_array*threshold+(diff_array.min()-1.)*(~threshold)
                return diff_array.argmax()
            else:
                return None
        else:
            return abs(diff_array).argmin()
    else:
        if xs.ndim!=1:
            raise ValueError("ordered method is only applicable to 1D arrays")
        if len(xs)==0:
            return None
        lb,hb=0,len(xs)-1
        if xs[0]>xs[-1]: # must be reverse ordered
            arg_rev=find_closest_arg(xs[::-1],x,approach=approach,ordered=True)
            return len(xs)-1-arg_rev if arg_rev is not None else arg_rev
        if xs[lb]>x:
            if approach=="bottom":
                return None
            else:
                return lb
        if xs[hb]<x:
            if approach=="top":
                return None
            else:
                return hb
        while hb-lb>1:
            i=(lb+hb)//2
            el=xs[i]
            if el<x:
                lb=i
            elif el>x:
                hb=i
            else:
                return i
        if approach=="top":
            return hb
        elif approach=="bottom":
            return lb
        else:
            if abs(xs[lb]-x)<abs(xs[hb]-x):
                return lb
            else:
                return hb

column.IDataColumn.add_array_function(find_closest_arg)
[docs]def find_closest_arg_linear(params, x, approach="both"):
    """
    Same as :func:`find_closest_arg`, but works for linear column data.
    """
    if not (approach in ["top","bottom","both"]):
        raise ValueError("unrecognized approaching mode: {0}".format(approach))
    start,length,step=params
    if length==0:
        return None
    if step>=0:
        if x<start:
            if approach=="bottom":
                return None
            else:
                return 0
        if x>start+(length-1)*step:
            if approach=="top":
                return None
            else:
                return length-1
        i=(x-start)/float(step)
        if approach=="bottom":
            return int(math.floor(i))
        elif approach=="top":
            return int(math.ceil(i))
        else:
            return int(round(i))
    else:
        flipped_approach={"top":"bottom","bottom":"top","both":"both"}
        return length-1-find_closest_arg_linear((start+(length-1)*step,length,-step),x,approach=flipped_approach[approach])

def _col_linear_find_closest_arg(self, x, approach="both", ordered=None):
    return find_closest_arg_linear((self.start,self.length,self.step),x,approach=approach)
column.LinearDataColumn.find_closest_arg=_col_linear_find_closest_arg

[docs]def find_closest_value(xs, x, approach="both", ordered=False):
    return xs[find_closest_arg(xs,x,approach=approach,ordered=ordered)]



[docs]def get_range_indices(xs, xs_range, ordered=False):
    """
    Find waveform indices correspoding to the given range.
    
    The range is defined as ``xs_range[0]:xs_range[1]``, or infinite if ``xs_range=None`` (so the data is returned unchanged in that case).
    If ``ordered_x==True``, then the function assumes that `x_column` in ascending order.
    """
    # TODO: change ascending to arbitrary ordered
    # TODO: add x_column argument (?)
    if xs_range is not None:
        xs_range=Range(*xs_range)
        if ordered:
            if xs_range.start is None:
                min_i=0
            else:
                min_i=find_closest_arg(xs,xs_range.start,approach="top",ordered=True)
            if xs_range.stop is None:
                max_i=len(xs)
            else:
                max_i=find_closest_arg(xs,xs_range.stop,approach="bottom",ordered=True)
            if min_i is None or max_i is None:
                return slice(0)
            else:
                return slice(min_i,max_i+1)
        else:
            return xs_range.contains(xs[:])
    else:
        return slice(0)

column.IDataColumn.get_range_indices=get_range_indices
def _col_get_range_indices_linear(self, xs_range, ordered=None):
    return get_range_indices(self,xs_range,ordered=True)
column.LinearDataColumn.get_range_indices=_col_get_range_indices_linear

      
def _cut_to_range(wf, xs_range, x_column=None, ordered=False):
    """
    Cut the waveform to the given range based on `x_column`.
    
    The range is defined as ``xs_range[0]:xs_range[1]``, or infinite if ``xs_range=None``.
    `x_column` is used to determine which colmn's values to use to check if the point is in range (see :func:`.waveforms.get_x_column`).
    If ``ordered_x==True``, then the function assumes that `x_column` in ascending order.
    """
    x_column=get_x_column(wf,x_column)
    indices=get_range_indices(x_column,xs_range,ordered=ordered)
    return wrap(wf).t[indices]
cut_to_range=general_utils.try_method_wrapper(_cut_to_range,method_name="cut_to_range")
column.IDataColumn.cut_to_range=_cut_to_range
table.DataTable.cut_to_range=_cut_to_range

def _cut_out_regions(wf, regions, x_column=None, ordered=False, multi_pass=True):
    """
    Cut the regions out of the `wf` based on `x_column`.
    
    `x_column` is used to determine which colmn's values to use to check if the point is in range (see :func:`.waveforms.get_x_column`).
    If ``ordered_x==True``, then the function assumes that `x_column` in ascending order.
    If ``multi_pass==False``, combine all indices before deleting the data in a single operation (works faster, but only for non-intersecting regions). 
    """
    if not regions:
        return wf
    wrapped=wrap(wf).copy(wrapped=True)
    x_column=np.asarray(get_x_column(wf,x_column,idx_default=True))
    if multi_pass:
        for r in regions:
            idx=get_range_indices(x_column,r,ordered=ordered)
            x_column=np.delete(x_column,idx)
            del wrapped.r[idx]
    else:
        all_idx=[]
        for r in regions:
            idx=get_range_indices(x_column,r,ordered=ordered)
            if isinstance(idx,slice):
                idx=range(*idx.indices(len(x_column)))
            all_idx=all_idx+list(idx)
        del wrapped.r[all_idx]
    return wrapped.cont
cut_out_regions=general_utils.try_method_wrapper(_cut_out_regions,method_name="cut_out_regions")
column.IDataColumn.cut_out_regions=_cut_out_regions
table.DataTable.cut_out_regions=_cut_out_regions





##### Unwrapping #####

[docs]def find_discrete_step(wf, min_fraction=1E-8, tolerance=1E-5):
    """
    Try to find a minimal divisor of all steps in a 1D waveform.
    
    `min_fraction` is the minimal possible size of the divisor (relative to the minimal non-zero step size).
    `tolerance` is the tolerance of the division.
    Raise an :exc:`ArithmeticError` if no such value was found.
    """
    if len(wf)<2:
        raise ValueError('waveform length should be at least 2')
    diffs=wf[1:]-wf[:-1]
    q=diffs[0]
    for d in diffs[1:]:
        if d!=0:
            q=numerical.gcd_approx(q, abs(d), min_fraction, tolerance)
    return q


[docs]def unwrap_mod_data(wf, wrap_range):
    """
    Unwrap data given `wrap_range`.
    
    Assume that every jump greater than ``0.5*wrap_range`` is not real and is due to value being restricted.
    Can be used to, e.g., unwrap the phase data.
    """
    if len(wf)<2:
        return wf
    res=wf.copy()
    wraps=0
    prev=wf[0]
    for (i,v) in enumerate(wf[1:]):
        if abs(v-prev)>wrap_range*.5:
            wraps=wraps-round((v-prev)/wrap_range)*wrap_range
        res[i+1]=v+wraps
        prev=v
    return res






##### Waveform expansion on the edges #####

[docs]def expand_waveform(wf, size=0, mode="constant", cval=0., side="both"):
    """
    Expand 1D waveform for different convolution techniques.
    
    Args:
        wf: 1D array-like object.
        size (int): Expansion size. Can't be greater than ``len(wf)`` (truncated automatically).
        mode (str): Expansion mode. Can be ``'constant'`` (added values are determined by `cval`), ``'nearest'`` (added values are endvalues of the waveform),
            ``'reflect'`` (reflect waveform wrt its endpoint) or ``'wrap'`` (wrap the values from the other size).
        cval (float): If ``mode=='constant'``, determines the expanded values.
        side (str): Expansion side. Can be ``'left'``, ``'right'`` or ``'both'``.
    """
    wrapped=wrap(wf)
    if wrapped.ndim()==2:
        return wrapped.columns_replaced([expand_waveform(wrapped.c[i],size=size,mode=mode,cval=cval,side=side)
            for i in range(wrapped.shape()[1])],wrapped=False)
    elif wrapped.ndim()!=1:
        raise ValueError("this function accepts only 1D or 2D arrays")
    if len(wf)==0 or size==0:
        return wf
    if size>len(wf):
        size=len(wf)
    if mode=="constant":
        left_part=column.LinearDataColumn(size,0,0)+cval
        right_part=left_part
    elif mode=="nearest":
        left_part=column.LinearDataColumn(size,0,0)+wf[0]
        right_part=column.LinearDataColumn(size,0,0)+wf[-1]
    elif mode=="reflect":
        left_part=wf[size-1::-1]
        right_part=wf[-1:-size-1:-1]
    elif mode=="wrap":
        left_part=wf[-size:]
        right_part=wf[:size]
    else:
        raise ValueError("unrecognized boundary mode '{0}'".format(mode))
    if side=="left":
        res=np.concatenate(( left_part,wf ))
    elif side=="right":
        res=np.concatenate(( left_part,wf,right_part ))
    elif side=="both":
        res=np.concatenate(( left_part,wf,right_part ))
    else:
        raise ValueError("unrecognized side mode: {0}".format(side))
    return wrapped.array_replaced(res,wrapped=False)





##### Representation transformations #####

[docs]def xy2c(wf):
    """
    Convert the waveform from xy representation to a single complex data.
    
    `wf` is a 2D array with either 2 columns (x and y) or 3 columns (index, x and y).
    Return 2D array with either 1 column (c) or 2 columns (index and c).
    """
    wrapped=wrap(wf)
    if wrapped.ndim()!=2:
        raise ValueError("xy representation should be 2D")
    if wrapped.shape()[1] not in [2,3]:
        raise ValueError("xy representation can only have 2 or 3 columns")
    if wrapped.shape()[1]==2:
        return wrapped[:,0]+1j*wrapped[:,1]
    else:
        c=wrapped[:,1]+1j*wrapped[:,2]
        return wrapped.from_columns([wf[:,0],c],column_names=[wrapped.c.get_names()[0],"c"],wrapped=False)

    
[docs]def c2xy(wf):
    """
    Convert the waveform from c representation to a split x and y data.
    
    `wf` is either 1D array (c data) or a 2D array with either 1 column (c) or 2 columns (index and c).
    Return 2D array with either 2 column (x and y) or 3 columns (index, x and y).
    """
    wrapped=wrap(wf)
    if wrapped.ndim()==1:
        return np.column_stack((wf.real,wf.imag))
    if wrapped.shape()[1]==2:
        columns=[wf[:,0].real,wf[:,1].real,wf[:,1].imag]
        return wrapped.from_columns(columns,column_names=[wrapped.c.get_names()[0],"x","y"],wrapped=False)
    else:
        raise ValueError("2D c representation can only have 2 columns")





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.datatable.column

"""
Single column classes. Used in `ColumnDataTableStorage`.
"""

import numpy as np

from ..utils import numclass, strdump#@UnresolvedImport
from ..utils import iterator as iterator_utils #@UnresolvedImport
from . import indexing
from .datatable_utils import as_array

_depends_local=["..utils.numclass","..utils.strdump"]


##### Data column #####

[docs]class IDataColumn(numclass.NumClass):
    
    ## Indexing ##
    def _get_item(self, idx):
        """
        Return value(s) at `idx` as a number or a numpy array (copying isn't required).
        """
        raise NotImplementedError("IDataColumn._get_item")
    def _get_single_item(self, idx):
        """
        Return value at `idx` as a number; `idx` is a single index.
        """
        return self._get_item(idx)
    def _set_item(self, idx, val):
        """
        Assign value(s) at `idx` to `val`.
        
        `val` can be a single value, a numpy array or another column.
        Return a :class:`IDataColumn` object (usually it's self, but can be expanded if the current class doesn't support assigning values).
        """
        raise NotImplementedError("IDataColumn._set_item")
    def _del_item(self, idx):
        """
        Delete value(s) at `idx`.
        
        Return a :class:`IDataColumn` object (usually it's self, but can be expanded if the current class doesn't support deleting values).
        """
        raise NotImplementedError("IDataColumn._set_item")
    def _add_item(self, idx, val):
        """
        Only supports adding at a single specific location.
        """
        raise NotImplementedError("IDataColumn._add_item")
[docs]    def expand(self, length):
        """
        Expand column. Usually fill with zeros, unless the column values can be auto-predicted.
        """
        self.insert(None,np.zeros(length))
        return self

[docs]    def subcolumn(self, idx, force_copy=False):
        """
        Return value(s) at `idx` as a column object.
        """
        if force_copy:
            if indexing.covers_all(idx,self.nrows()):
                return self.copy()
            else:
                return ArrayDataColumn(as_array(self._get_item(idx),force_copy=force_copy))
        else:
            if indexing.covers_all(idx,self.nrows()):
                return self
            else:
                return ArrayDataColumn(self._get_item(idx))

        
    def __getitem__(self, idx):
        return self._get_item(idx)
    def __setitem__(self, idx, val):
        if self._set_item(idx,val) is not self:
            raise ValueError("can't set items while preserving column type")
    def __delitem__(self, idx):
        if self._del_item(idx) is not self:
            raise ValueError("can't delete items while preserving column type")
[docs]    def insert(self, idx, val):
        """
        Add a value `val` to the column at a position given by `idx`.
        """
        if idx is None:
            idx=self.nrows()
        if self._add_item(idx,val) is not self:
            raise ValueError("can't insert items while preserving column type")

[docs]    def append(self, val):
        """
        Append a value to the column
        """
        self.insert(None,val)

    
    
    ## Casting to NumPy array ##
[docs]    def as_array(self, force_copy=False):
        """
        Turn the column into a numpy array
        """
        if force_copy:
            return self[:].copy()
        else:
            return self[:]

    ## Numpy ufunc support ##
    def __array__(self): # property for compatibility with np.ufuncs
        return self.as_array()
    def __array_wrap__(self, arr, context=None):
        return ArrayDataColumn(arr) if np.ndim(arr)==1 else arr
        
    ## Copying ##
[docs]    def copy(self):
        raise NotImplementedError("IDataColumn.copy")

    
    ## Shape ##
    @property
    def shape(self):
        raise NotImplementedError("IDataColumn.shape")
[docs]    def nrows(self):
        return self.shape[0]

    @property
    def ndim(self):
        return 1
    def __len__(self):
        return self.nrows()
    
    ## Iterators ##
    def __iter__(self):
        return iterator_utils.AccessIterator(self)
    
    ## Repr ##
    def __str__(self):
        return str(self.as_array())
    def __repr__(self):
        return "{0}({1})".format(type(self).__name__,str(self))

    ## Arithmetics ##
    _numops_impl=numclass.NumClass._numops_all
    def _perform_numop(self, x, op_func, _):
        return ArrayDataColumn(op_func(self.as_array(),x))
    def _perform_numop_comp(self, x, op_func, _): # often used for indexing, so want to return plain numpy array
        return op_func(self.as_array(),x)
    
    ## External functions adding ##
[docs]    @classmethod
    def add_array_function(cls, func, alias=None, wrap_into_column=False, as_property=False, doc=None):
        """
        Turns a function into a method, which is automatically applied to the array representation.

        Arguments:
            func (callable): a function which takes the column converted into a numpy array as a first argument, and then the rest if the supplied arguments
            alias (str): the method name; by default, it's ``func.__name__``
            wrap_into_column (bool): if ``True``, the returned result is wrapped into :class:`ArrayDataColumn`
            as_property (bool): if ``True``, the function is added as a property getter instead
            doc (str): the method docstring; by default, it's ``func.__doc__``
        """
        if alias is None:
            alias=func.__name__
        if wrap_into_column:
            def self_func(self, *args, **vargs):
                return ArrayDataColumn(func(self.as_array(force_copy=False),*args,**vargs))
        else:
            def self_func(self, *args, **vargs):
                return func(self.as_array(force_copy=False),*args,**vargs)
        if doc is None:
            try:
                self_func.__doc__=func.__doc__
            except AttributeError:
                pass
        else:
            self_func.__doc__=doc
        if as_property:
            setattr(cls,alias,property(self_func))
        else:
            setattr(cls,alias,self_func)


        
IDataColumn.add_array_function(np.argsort,doc="Same as :func:`numpy.argsort`.")
IDataColumn.add_array_function(np.argmin,doc="Same as :func:`numpy.argmin`.")
IDataColumn.add_array_function(np.argmax,doc="Same as :func:`numpy.argmax`.")
IDataColumn.add_array_function(np.min,"min",doc="Same as :func:`numpy.amin`.")
IDataColumn.add_array_function(np.max,"max",doc="Same as :func:`numpy.amax`.")
IDataColumn.add_array_function(np.mean,doc="Same as :func:`numpy.mean`.")
IDataColumn.add_array_function(np.std,doc="Same as :func:`numpy.std`.")
IDataColumn.add_array_function(np.sum,doc="Same as :func:`numpy.sum`.")
IDataColumn.add_array_function(np.nonzero,doc="Same as :func:`numpy.nonzero`.")
IDataColumn.add_array_function(np.unique,doc="Same as :func:`numpy.unique`.")
IDataColumn.add_array_function(np.real,wrap_into_column=True,as_property=True,doc="Same as :func:`numpy.real`.")
IDataColumn.add_array_function(np.imag,wrap_into_column=True,as_property=True,doc="Same as :func:`numpy.imag`.")
IDataColumn.add_array_function(np.conjugate,"conjugate",wrap_into_column=True,doc="Same as :obj:`numpy.conj`.")



[docs]class WrapperDataColumn(IDataColumn):
    """
    Wraps potentially mutable column types and proxies all the requests to them.

    Used when the underlying column object can change in the runtime (e.g., to accommodate a new element type).
    """
    def __init__(self, column):
        IDataColumn.__init__(self)
        self._column=column
        
    ## Indexing ##
    def _get_item(self, idx):
        return self._column._get_item(idx)
    def _get_single_item(self, idx):
        return self._column._get_single_item(idx)
    def _set_item(self, idx, val):
        self._column=self._column._set_item(idx,val)
        return self
    def _del_item(self, idx):
        self._column=self._column._del_item(idx)
        return self
    def _add_item(self, idx, val):
        self._column=self._column._add_item(idx,val)
        return self
    insert=_add_item
[docs]    def expand(self, length):
        """
        Expand column. Usually fill with zeros, unless the column values can be auto-predicted.
        """
        self._column=self._column.expand(length)
        return self

[docs]    def subcolumn(self, idx, force_copy=False, wrap=True):
        """
        Return value(s) at `idx` as a column object.
        """
        if wrap:
            if not force_copy and indexing.covers_all(idx,self.nrows()):
                return self
            else:
                return WrapperDataColumn(self._column.subcolumn(idx,force_copy))
        else:
            self._column.subcolumn(idx,force_copy)

    ## Casting to NumPy array ##
[docs]    def as_array(self, force_copy=False):
        """
        Turn the column into a numpy array
        """
        return self._column.as_array(force_copy=force_copy)

    ## Copying ##
[docs]    def copy(self):
        return WrapperDataColumn(self._column.copy())

    ## Shape ##
    @property
    def shape(self):
        return self._column.shape
    ## Arithmetics ##
    def _test_op_impl(self, op_sym):
        return self._column._test_op_impl(op_sym)
    def _perform_numop(self, x, op_func, op_sym):
        return WrapperDataColumn(self._column._perform_numop(x,op_func,op_sym))
    
    @property
    def real(self):
        return self._column.real
    @property
    def imag(self):
        return self._column.imag
[docs]    def conjugate(self):
        """Return the complex-conjugate of the column"""
        return self._column.conjugate()



    



    
    
[docs]class IStoredDataColumn(IDataColumn):
    """
    Abstract class to distinguish data columns with stored data, as opposed to the ones with generated data.
    """
    pass

    
    
    
    
    
[docs]class ArrayDataColumn(IStoredDataColumn):
    """
    Column which stores its data in a numpy array.

    Automatically expands the stored data type (int -> float -> complex) if needed.
    """
    def __init__(self, column):
        IStoredDataColumn.__init__(self)
        self._column=np.asarray(column)
        if self._column.ndim!=1:
            raise ValueError("can't create column from {0}-dimensional object: {1}".format(self._column.ndim,column))
        
    ## Type expanding ##
    def _expand_type(self, val):
        """
        Expand the type of the stored column to accommodate `val` (``int`` < ``float`` < ``complex``).
        """
        if val.dtype>self._column.dtype:
            if not val.dtype in ["int","float","complex"]:
                raise ValueError("ArrayDataColumn doesn't support numpy arrays other than int, float or complex")
            self._column=self._column.astype(val.dtype)
    ## Indexing ##
    def _get_item(self, idx):
        idx=indexing.to_numpy_idx(idx).idx
        return self._column[idx]
    def _get_single_item(self, idx):
        return self._column[idx]
    def _set_item(self, idx, val):
        idx=indexing.to_numpy_idx(idx).idx
        val=np.asarray(val)
        self._expand_type(val)
        self._column[idx]=val
        return self
    def _del_item(self, idx):
        idx=indexing.to_list_idx(idx).idx
        self._column=np.delete(self._column,idx)
        return self
    def _add_item(self, idx, val):
        ndim,idx=indexing.to_numpy_idx(idx).tup()
        if ndim==0:
            val=np.asarray(val)
            self._expand_type(val)
            self._column=np.append(np.append(self._column[:idx],val),self._column[idx:])
        else:
            raise ValueError("can only insert item in a single location")
        return self
    ## Copying ##
[docs]    def copy(self):
        return ArrayDataColumn(self._column.copy())

    ## Shape ##
    @property
    def shape(self):
        return (len(self._column),)
    ## Arithmetics ##
    def _perform_numop_i(self, x, op_func, _):
        op_func(self._column,x)
        return self


def _dump_array_col(col, dumpf):
    return dumpf(col._column)[1]
def _load_array_col(val, loadf):
    val=loadf(("np",val))
    return ArrayDataColumn(val)
strdump.dumper.add_class(ArrayDataColumn,_dump_array_col,_load_array_col,"column.array",recursive=True)




[docs]class ListDataColumn(IStoredDataColumn):
    """
    Column which stores its data in a list.
    """
    def __init__(self, column):
        IStoredDataColumn.__init__(self)
        if isinstance(column,list):
            self._column=column
        else:
            self._column=list(column)
        
    ## Indexing ##
    def _get_sublist(self, idx):
        if indexing.is_slice(idx):
            return self._column[idx]
        else:
            return [self._column[i] for i in idx]
    def _get_item(self, idx):
        ndim,idx=indexing.to_list_idx(idx).tup()
        if ndim==0:
            return self._column[idx]
        else:
            return as_array(self._get_sublist(idx))
    def _get_single_item(self, idx):
        return self._column[idx]
    def _set_item(self, idx, val):
        ndim,idx=indexing.to_list_idx(idx).tup()
        if np.isscalar(val):
            if ndim==0:
                self._column[idx]=val
            else:
                l=len(self._column)
                if indexing.covers_all(idx,l):
                    self._column=[val]*l
                else:
                    for i in indexing.to_range(idx,l):
                        self._column[i]=val
        elif ndim==1:
            if indexing.is_slice(idx):
                self._column[idx]=val
            else:
                for i,r in enumerate(idx):
                    self._column[r]=val[i]
        else:
            raise ValueError("can't assign the value")
        return self
    def _del_item(self, idx):
        ndim,idx=indexing.to_list_idx(idx).tup()
        if ndim==0 or indexing.is_slice(idx):
            del self._column[idx]
        else:
            save=np.ones(self.nrows())
            for i in idx:
                save[i]=False
            self._column=[self._column[i] for i,s in enumerate(save) if s]
        return self
    def _add_item(self, idx, val):
        ndim,idx=indexing.to_list_idx(idx).tup()
        if np.isscalar(val):
            val=[val]
        if ndim==0:
            self._column[idx:idx]=val
        else:
            raise ValueError("can only insert item in a single location")
        return self
[docs]    def subcolumn(self, idx, force_copy=False):
        """
        Return value(s) at `idx` as a column object.
        """
        ndim,idx=indexing.to_list_idx(idx).tup()
        if not force_copy and indexing.covers_all(idx,self.nrows()):
            return self
        else:
            if ndim==0:
                return ListDataColumn([self._column[idx]])
            else:
                return ListDataColumn(self._get_sublist(idx))

    ## Casting to NumPy array ##
[docs]    def as_array(self, force_copy=False):
        """
        Turn the column into a numpy array
        """
        return as_array(self._column,force_copy=force_copy)

    ## Copying ##
[docs]    def copy(self):
        return ListDataColumn(list(self._column))

    ## Shape ##
    @property
    def shape(self):
        return (len(self._column),)
    ## Arithmetics ##
    def _perform_numop_i(self, x, op_func, _):
        self._column=[op_func(e,x) for e in self._column]
        return self
    def _perform_numop(self, x, op_func, _):
        return ListDataColumn([op_func(e,x) for e in self._column])
    ## Repr ##
    def __str__(self):
        return str(self._column)
    
    @property
    def real(self):
        return ListDataColumn([np.real(e) for e in self._column])
    @property
    def imag(self):
        return ListDataColumn([np.imag(e) for e in self._column])
[docs]    def conjugate(self):
        """Return the complex-conjugate of the column"""
        return ListDataColumn([np.conjugate(e) for e in self._column])


    
def _dump_list_col(col, dumpf):
    return dumpf(col._column)
def _load_list_col(val, loadf):
    return ListDataColumn(loadf(val))
strdump.dumper.add_class(ListDataColumn,_dump_list_col,_load_list_col,"column.list",recursive=True)
    


[docs]class LinearDataColumn(IDataColumn):
    """
    A linear data column.

    Represents a linear data (essentially, a range object). Doesn't store the full data, just the length, start and step.
    Automatically increments upon expansion.
    """
    def __init__(self, length, start=0, step=1):
        IDataColumn.__init__(self)
        self.start=start
        self.length=length
        self.step=step
        
    def _calc_item(self, idx):
        if np.any(idx>=self.length) or np.any(idx<0):
            raise IndexError("index {} is out of bounds".format(idx))
        return idx*self.step+self.start
    
    ## Indexing ##
    def _get_item(self, idx):
        ndim,idx=indexing.to_list_idx(idx).tup()
        if indexing.is_slice(idx):
            idx=np.arange(*idx.indices(self.length))
        if ndim==0:
            return self._calc_item(idx)
        else:
            return self._calc_item(np.asarray(idx))
    def _get_single_item(self, idx):
        return self._calc_item(idx)
    def _set_item(self, idx, val):
        array_column=ArrayDataColumn(self.as_array())
        array_column._set_item(idx,val)
        return array_column
    def _del_item(self, idx):
        d_idx=indexing.to_list_idx(idx)
        idx=d_idx.idx
        if indexing.is_slice(idx):
            idx=idx.indices(self.length)
            if idx[2]==-1:
                idx=(idx[1]+1,idx[0]-1,1)
            if idx[2]==1:
                if idx[0]==0:
                    self.start=self.start+self.step*idx[1]
                    self.length=self.length-(idx[1]-idx[0])
                    return self
                elif idx[1]==self.length:
                    self.length=self.length-(idx[1]-idx[0])
                    return self
        array_column=ArrayDataColumn(self.as_array())
        array_column._del_item(d_idx)
        return array_column
    def _add_item(self, idx, val):
        array_column=ArrayDataColumn(self.as_array())
        array_column._add_item(idx,val)
        return array_column
[docs]    def expand(self, length):
        """
        Expand column. Usually fill with zeros, unless the column values can be auto-predicted.
        """
        self.length=self.length+length
        return self

[docs]    def subcolumn(self, idx, force_copy=False):
        """
        Return value(s) at `idx` as a column object.
        """
        ndim,idx=indexing.to_list_idx(idx).tup()
        if force_copy:
            return IDataColumn.subcolumn(self,idx,True)
        if indexing.covers_all(idx,self.nrows()):
            return self
        if ndim==0:
            return LinearDataColumn(1,self._calc_item(idx))
        if indexing.is_slice(idx):
            indices=idx.indices(self.length)
            if (indices[1]-indices[0])%indices[2]==0:
                new_len=(indices[1]-indices[0])//indices[2]
            else:
                new_len=(indices[1]-indices[0])//indices[2]+1
            return LinearDataColumn(new_len,self._calc_item(indices[0]),self.step*indices[2])
        else:
            return IDataColumn.subcolumn(self,idx)

    ## Casting to NumPy array ##
[docs]    def as_array(self, force_copy=False):
        """
        Turn the column into a numpy array
        """
        return self._calc_item(np.arange(self.length))

    ## Copying ##
[docs]    def copy(self):
        return LinearDataColumn(self.length,self.start,self.step)

    ## Shape ##
    @property
    def shape(self):
        return (self.length,)
    ## Arithmetics ##
    _numops_perf_i={"i+","i-","i*","i/"}
    def _perform_numop_i(self, x, op_func, op_sym):
        if op_sym in self._numops_perf_i and np.isscalar(x):
            if op_sym=="i/" and not np.iscomplexobj(x): # override integer division
                x=float(x)
            new_start=op_func(self.start,x)
            new_step=op_func(self.start+self.step,x)-op_func(self.start,x)
            self.start,self.step=new_start,new_step
            return self
        return IDataColumn._perform_numop(self,x,op_func,op_sym)
    _numops_perf_lru={"l+","l-","l*","l/","r+","r-","r*","u+","u-"}
    def _perform_numop(self, x, op_func, op_sym):
        if op_sym in self._numops_perf_lru and np.isscalar(x):
            if op_sym=="l/" and not np.iscomplex(x): # override integer division
                x=float(x)
            new_start=op_func(self.start,x)
            new_step=op_func(self.start+self.step,x)-op_func(self.start,x)
            return LinearDataColumn(self.length,new_start,new_step)
        return IDataColumn._perform_numop(self,x,op_func,op_sym)
    
    @property
    def real(self):
        return LinearDataColumn(self.length,np.real(self.start),np.real(self.step))
    @property
    def imag(self):
        return LinearDataColumn(self.length,np.imag(self.start),np.imag(self.step))
[docs]    def conjugate(self):
        """Return the complex-conjugate of the column"""
        return LinearDataColumn(self.length,np.conjugate(self.start),np.conjugate(self.step))




### strdump definitions ###    
def _dump_linear_col(col):
    return col.length,col.start,col.step
def _load_linear_col(val):
    length,start,step=val
    return LinearDataColumn(length,start,step)
strdump.dumper.add_class(LinearDataColumn,_dump_linear_col,_load_linear_col,"column.linear")




[docs]def as_linear_column(column):
    """
    Try and turn a column into a linear column.

    If it is not linear, raise :exc:`ValueError`.
    """
    if len(column)==0:
        return LinearDataColumn(0)
    elif len(column)==1:
        return LinearDataColumn(1,column[0])
    else:
        column=np.asarray(column)
        diff=column[1:]-column[:-1]
        if (diff==diff[0]).all():
            return LinearDataColumn(len(column),column[0],diff[0])
        else:
            raise ValueError("column can't be represented as a linear data")

[docs]def as_column(column, force_numpy=True, try_linear=False, force_copy=False):
    """
    Turn an object into a column.

    If `column` is a list and ``force_numpy==True``, turn it into a numpy array and return :class:`ArrayDataColumn`
    (by default lists are wrapped into :class:`ListDataColumn`).
    If ``try_linear==True``, try to represent it as a linear data first.
    If ``force_copy==True``, create the copy of the data.
    """
    if isinstance(column,IDataColumn):
        if force_copy:
            return column.copy()
        else:
            return column
    else:
        if try_linear:
            try:
                return as_linear_column(column)
            except ValueError:
                pass
        if isinstance(column,list) and not force_numpy:
            if force_copy:
                return ListDataColumn(list(column))
            else:
                return ListDataColumn(column)
        else:
            return ArrayDataColumn(np.asarray(column))

        
[docs]def crange(*args):
    """
    [start,] stop[, step]

    Analogue of `range` which creates a linear data column.
    """
    start=0
    step=1
    if len(args)==1:
        stop=args[0]
    elif len(args)==2:
        start=args[0]
        stop=args[1]
    elif len(args)==3:
        start=args[0]
        stop=args[1]
        step=args[2]
    else:
        raise ValueError("crange accepts between 1 and 3 arguments")
    length=np.int(np.ceil((stop-start)/float(step)))
    return LinearDataColumn(length,start,step)

[docs]def zeros(length):
    """
    Create a column of the given length filled with zeros.
    """
    return LinearDataColumn(length,0,0)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.datatable.datatable_utils

import numpy as np

[docs]def as_array(data, force_copy=False, try_object=True):
    """
    Turn `data` into a numpy array.

    If ``force_copy==True``, copy the data if it's already a numpy array.
    If ``try_object==False``, only try to convert to numerical numpy arrays; otherwise, generic numpy arrays (with ``dtype=="object"``) are acceptable.
    """
    try:
        return data.as_array(force_copy=force_copy)
    except AttributeError:
        if force_copy:
            try:
                return np.asarray(data)
            except ValueError:
                return np.asarray(data,dtype="object")
        else:
            try:
                return np.array(data)
            except ValueError:
                return np.array(data,dtype="object")

        
[docs]def get_shape(data, strict=False):
    """
    Get the data shape.

    If the data is a nested list and ``strict==True``, raise an error unless all sublists have the same length (i.e., the data is rectangular).
    """
    try:
        return data.shape
    except AttributeError:
        pass
    if np.isscalar(data):
        return ()
    if isinstance(data,list) or isinstance(data,tuple): # workaround, to reduce delay from NumPy converting list into array before getting its shape
        if len(data)>100: # for long lists, where looping can introduce lags
            return np.shape(data)
        shapes=[get_shape(x,strict=strict) for x in data]
        if len(shapes)==0:
            return (0,)
        elshape=shapes[0]
        for s in shapes[1:]:
            if s!=elshape:
                if strict:
                    raise ValueError("objects in the list have different shapes: {0}".format(shapes))
                else:
                    elshape=()
                    break
        return (len(shapes),)+elshape
    return ()





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.datatable.indexing

"""
Processing and normalization of different indexing styles.  
"""

from builtins import range
from ..utils.py3 import textstring

import numpy as np
from ..utils import string as string_utils #@UnresolvedImport



def _single_idx(name, names_list, only_exact):
    if isinstance(name,int) or name is None:
        return name
    if only_exact:
        return string_utils.find_list_string(name,names_list,case_sensitive=True,as_prefix=False)[0]
    else:
        try:
            return string_utils.find_list_string(name,names_list,case_sensitive=True,as_prefix=False)[0]
        except KeyError:
            return string_utils.find_list_string(name,names_list,case_sensitive=True,as_prefix=True)[0]
[docs]def string_list_idx(names_to_find, names_list, only_exact=False):
    """
    Index through a list of strings in `names_list`.

    Return corresponding numerical indices.
    Case sensitive; first look for exact matching, then for prefix matching (unless ``only_exact=True``).
    """
    if isinstance(names_to_find,list):
        return [_single_idx(n,names_list,only_exact) for n in names_to_find]
    else:
        return _single_idx(names_to_find,names_list,only_exact)



[docs]def is_slice(idx):
    """
    Check if `idx` is slice.
    """
    #return isinstance(idx,slice)
    return type(idx)==slice

[docs]def is_range(idx):
    """
    Check if `idx` is iterable (list, numpy array, or `builtins.range`).
    """
    if isinstance(idx,list):
        return len(idx)==0 or isinstance(idx[0],int)
    if isinstance(idx,np.ndarray):
        return idx.dtype=="int"
    return isinstance(idx,range)

[docs]def is_bool_array(idx):
    """
    Check if `idx` is a boolean array.
    """
    if isinstance(idx,list):
        return len(idx)>0 and isinstance(idx[0],bool)
    if isinstance(idx,np.ndarray):
        return idx.dtype=="bool"
    return False

[docs]def to_range(idx, length):
    """
    Turn list, array, builtins.range, slice into an iterable.
    """
    if is_slice(idx):
        return range(*idx.indices(length))
    else:
        return idx


[docs]def covers_all(idx, length, strict=False, ordered=True):
    """
    Check if `idx` covers all of the elements (indices from 0 to `length`).

    If ``strict==True``, strictly checks the condition;
    otherwise may return ``False`` even if `idx` actually covers everything, but takes less time (i.e., can be used for optimization).
    If ``ordered==True``, only returns ``True`` when indices follow in order.
    """
    if is_slice(idx):
        rng=idx.indices(length)
        return rng==(0,length,1) or ((not ordered) and rng==(length-1,-1,-1))
    elif isinstance(idx,range):
        return (idx[0]==0 and idx[-1]==length-1) or ((not ordered) and (idx[0]==length-1 and idx[-1]==0))
    elif is_bool_array(idx):
            return len(idx)>=length and np.asarray(idx)[:length].all()
    elif strict:
        if is_range(idx):
            if len(idx)<length:
                    return False
            if ordered:
                for i,j in enumerate(idx[:length]):
                    if i!=j:
                        return False
                return True
            else:
                included=np.zeros(length,dtype="bool")
                for i in idx:
                    if i<length:
                        included[i]=True
                return included.all()
        return False
    else:
        return False

    
    

# Index transformers.
#     Allowed input types:
#         scalar: integer, string
#         vector: integer lists or numpy arrays, bool lists or numpy arrays, string lists or numpy arrays, builtin.ranges, slices and string slices
[docs]class IIndex(object):
    """
    A generic index object.

    Used to transform a variety of indexes into a subset applicable for specific objects (numpy arrays or lists).
    
    Allowed input index types:
        - scalar: integer, string
        - vector: integer lists or numpy arrays, bool lists or numpy arrays, string lists or numpy arrays, builtin.ranges, slices and string slices
    """
[docs]    def tup(self):
        """
        Represent index as a tuple for easy unpacking.
        """
        return (self.ndim,self.idx)




[docs]class NumpyIndex(IIndex):
    """
    NumPy compatible index: allows for integers, slices, numpy integer or boolean arrays, integer lists or builtin.ranges
    """
    def __init__(self, idx, ndim=None):
        IIndex.__init__(self)
        if ndim is None:
            if is_slice(idx):
                if isinstance(idx.start,textstring) or isinstance(idx.stop,textstring):
                    raise ValueError("can't accept string index for numpy object")
                self.ndim=1
            else:
                try:
                    if len(idx)==0:
                        self.ndim=1
                        idx=np.asarray(idx)
                    else:
                        val=idx[0]
                        if isinstance(val,textstring):
                            raise ValueError("can't accept string index for numpy object")
                        if isinstance(val,bool):
                            idx=np.asarray(idx)
                        self.ndim=1
                except (IndexError,TypeError,AttributeError):
                    self.ndim=0
            self.idx=idx
        else:
            self.ndim=ndim
            self.idx=idx

[docs]def to_numpy_idx(idx):
    # Assuming that idx is either raw or NumpyIndex
    if not isinstance(idx,IIndex):
        return NumpyIndex(idx)
    else:
        return idx 

    
[docs]class ListIndex(IIndex):
    """
    List compatible index: allows for integers, slices, numpy integer arrays, integer lists or builtin.ranges;
    """
    def __init__(self, idx, names=None, ndim=None):
        IIndex.__init__(self)
        if ndim is None:
            if is_slice(idx):
                if names is not None and (isinstance(idx.start,textstring) or isinstance(idx.stop,textstring)):
                    start_stop=string_list_idx([idx.start,idx.stop],names)
                    idx=slice(start_stop[0],start_stop[1],idx.step) # crash later if names is None
                self.ndim=1
            else:
                try:
                    if len(idx)==0:
                        self.ndim=1
                        idx=[]
                    else:
                        val=idx[0]
                        if isinstance(val,textstring):
                            if names:
                                idx=string_list_idx(idx,names)
                                if type(idx)==list:
                                    self.ndim=1
                                else:
                                    self.ndim=0
                            else:
                                raise ValueError("can't accept string index for list")
                        else:
                            if isinstance(val,bool) or isinstance(val,np.bool_):
                                idx=[i for i,v in enumerate(idx) if v]
                            self.ndim=1
                except (IndexError,TypeError,AttributeError):
                    self.ndim=0
            self.idx=idx
        else:
            self.ndim=ndim
            self.idx=idx

[docs]def to_list_idx(idx, names=None):
    # Assuming that idx is either raw or NumpyIndex
    if not isinstance(idx,IIndex):
        return ListIndex(idx,names=names)
    try:
        if idx.idx.dtype=="bool":
            return ListIndex([i for i,v in enumerate(idx.idx) if v],ndim=idx.ndim)
    except (TypeError,AttributeError):
        pass
    return ListIndex(idx.idx,ndim=idx.ndim)


[docs]class ListIndexNoSlice(ListIndex):
    """
    List compatible index with slice unwrapped into bultin.range: allows for integers, numpy integer arrays, integer lists or builtin.ranges;
    """
    def __init__(self, idx, names=None, length=None, ndim=None):
        if ndim is None:
            ListIndex.__init__(self,idx,names)
            if is_slice(self.idx):
                length=len(names) if length is None else length
                self.idx=range(*self.idx.indices(length))
        else:
            self.ndim=ndim
            self.idx=idx

[docs]def to_list_idx_noslice(idx, names=None, length=None):
    # Assuming that idx is either raw or ListIndex
    if not isinstance(idx,IIndex):
        return ListIndexNoSlice(idx,names=names)
    if is_slice(idx.idx):
        length=len(names) if length is None else length
        return ListIndexNoSlice(range(*idx.idx.indices(length)),ndim=idx.ndim)
    return ListIndexNoSlice(idx.idx,ndim=idx.ndim)

        
        
[docs]def to_double_index(idx, names):
    if type(idx)==tuple:
        try:
            idx1=NumpyIndex(idx[0])
            idx2=ListIndexNoSlice(idx[1],names)
            return idx1,idx2
        except ValueError:
            idx1=NumpyIndex(idx[1])
            idx2=ListIndexNoSlice(idx[0],names)
            return idx1,idx2
    else:
        try:
            return NumpyIndex(idx),ListIndexNoSlice(range(len(names)),ndim=1)
        except ValueError:
            return ListIndex(slice(None),ndim=1),ListIndexNoSlice(idx,names)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.datatable.table

from builtins import zip
from ..utils.py3 import textstring

from ..utils import iterator as iterator_utils #@UnresolvedImport
from ..utils import funcargparse, general, strdump
from . import table_storage, column, indexing

import numpy as np
import pandas as pd

_depends_local=[".table_storage","..utils.strdump"]


_storage_types={"columns":table_storage.ColumnDataTableStorage,"array":table_storage.ArrayDataTableStorage}
_default_storage_type=table_storage.ColumnDataTableStorage

[docs]class DataTable(object):
    """
    A data table which is designed to store data in several named heterogeneous columns.

    Differences from the regular numpy array:
        - The columns have names which can be used for indexing; this proves to be more convenient for large (10+ columns) datatables
        - Different columns can have different types, so, e.g., non-numeric datatypes (such as str) still allow to preserve the rest of the data as numeric
        - Automatic typecasting for assignment (e.g., if the table starts as `int`, part of it can be assigned `float` without re-creating the whole table)
        - Various useful methods: insert, append, modified.

    Args:
        data: table data; can be a numpy array, a list of columns, a 2D list, or a dict of data columns (in which case `column_names` determines which columns to get from the dict)
        column_names(list): list of column names; by default, the column names are autogenerated: ``"col00"``, ``"col01"``, etc.
        transposed: if ``True``, the `columns` arguments is assumed to be column-wise (list of columns)
            if ``False``, the `columns` arguments is assumed to be row-wise (list of rows)
            if ``"auto"``, assumed to be ``False`` for numpy arrays and ``True`` otherwise
        force_copy (bool): if ``True``, make sure that the supplied data is copied
        storage_type (str): determines the type of underlying DataTable storage:
            ``'columns'`` (default) stores each column separately in an :class:`.IDataColumn` object;
            ``'array'`` stores all the data in a 2D numpy array (limited functionality, but faster execution)
    """
    def __init__(self, data=None, column_names=None, transposed="auto", force_copy=True, storage_type=None):
        object.__init__(self)
        if isinstance(data, table_storage.IDataTableStorage):
            if force_copy:
                data=data.copy()
            self._storage=data
        elif isinstance(data, DataTable):
            if force_copy:
                self._storage=data._storage.copy()
            else:
                self._storage=data._storage
        else:
            if storage_type is None:
                storage_type=_default_storage_type
            else:
                storage_type=_storage_types[storage_type]
            if isinstance(data,dict):
                if column_names is not None:
                    data=[data[c] for c in column_names]
                else:
                    data,column_names=data.values(),data.keys()
            elif isinstance(data, pd.DataFrame):
                column_names=list(data.columns)
                data=[data.iloc(axis=1)[i] for i in range(data.shape[1])]
            if data is None and column_names is not None:
                data=[[] for _ in column_names]
            self._storage=storage_type(data,column_names,transposed=transposed,force_copy=force_copy)
        self._set_accessors()
        self._x_col=None
        
    def _set_accessors(self):
        self.c =self.ColumnAccessor(self._storage,False)
        self.ca=self.ColumnAccessor(self._storage,True )
        self.r =self.RowAccessor(self._storage,False)
        self.ra=self.RowAccessor(self._storage,True )
        self.t =self.TableAccessor(self._storage,False)
        self.ta=self.TableAccessor(self._storage,True )
    
    ## Shape ##
    @property   # property for compatibility with np.shape
    def shape(self):
        return self._storage.shape
    @property   # property for compatibility with np.ndim
    def ndim(self):
        return 2
[docs]    def nrows(self):
        """Get number of rows."""
        return self.shape[0]

[docs]    def ncols(self):
        """Get number of columns."""
        return self.shape[1]

    def __len__(self):
        return self.nrows()
[docs]    def idx(self):
        """Create an index column (analogous to ``numpy.arange(len(table))``)."""
        return column.LinearDataColumn(self.nrows())

    
    ## Iterators ##
    def __iter__(self):
        return self.ra.__iter__()
    
    ## Casting to NumPy array ##
[docs]    def as_array(self, force_copy=False):
        """
        Turn the table into a numpy array.

        If ``force_copy==True``, ensure that the result is a copy of the data.
        """
        return self._storage.as_array(force_copy=force_copy)

    __array__=as_array # property for compatibility with np.ufuncs
[docs]    def as_pandas(self, force_copy=False):
        """
        Turn the table into a pandas DataFrame.

        If ``force_copy==True``, ensure that the result is a copy of the data.
        """
        return self._storage.as_pandas(force_copy=force_copy)

    
    ## Accessors ##
[docs]    class RowAccessor(object):
        """
        A row accessor: creates a simple interface to treat the table row-wise (append/insert/delete/iterate over rows).

        Generated automatically for each table on creation, doesn't need to be created explicitly.
        """
        def __init__(self, storage, return_numpy=True):
            object.__init__(self)
            self._storage=storage
            self.return_numpy=return_numpy
        def __iter__(self):
            if self.return_numpy:
                return iterator_utils.AccessIterator(self, lambda obj, idx: obj._storage.get_single_row_item(idx))
            else:
                return iterator_utils.AccessIterator(self, lambda obj, idx: obj._storage.get_single_row(idx))
        def __getitem__(self, idx):
            if self.return_numpy:
                return self._storage.get_item((idx,slice(None)))
            else:
                return self._storage.get_rows(idx)
        def __setitem__(self, idx, val):
            self._storage.set_rows(idx, val)
        def __delitem__(self, idx):
            self._storage.del_rows(idx)
[docs]        def insert(self, idx, val):
            """Insert a row or a list of rows to index `idx` (1D)."""
            if idx is None:
                idx=self._storage.shape[0]
            self._storage.add_rows(idx,val)

[docs]        def append(self, val):
            """Append a row or a list of rows to the end of the table."""
            self.insert(None,val)

[docs]        def idx(self):
            """Create an index column (analogous to ``numpy.arange(len(table))``)."""
            return self._storage.idx()


    
[docs]    class ColumnAccessor(object):
        """
        A column accessor: creates a simple interface to treat the table column-wise (append/insert/delete/iterate over columns).

        Generated automatically for each table on creation, doesn't need to be created explicitly.
        """
        def __init__(self, storage, return_numpy=True):
            object.__init__(self)
            self._storage=storage
            self.return_numpy=return_numpy
        def __iter__(self):
            return iterator_utils.AccessIterator(self)
[docs]        def keys(self):
            """Get keys (column names)"""
            return self._storage.get_column_names()

[docs]        def iterkeys(self):
            """Iterate over keys (column names)"""
            return iterator_utils.AccessIterator(self, lambda obj, idx: obj._storage.get_column_names()[idx])

[docs]        def itervalues(self):
            """Iterate over values (`IDataColumn` objects)"""
            return iterator_utils.AccessIterator(self, lambda obj, idx: obj._storage.get_single_column(idx))

[docs]        def iteritems(self):
            """Iterate over items (tuples of column names and corresponding `IDataColumn` objects)"""
            if self.return_numpy:
                return iterator_utils.AccessIterator(self, lambda obj, idx: (obj._storage.get_column_names()[idx],np.asarray(obj._storage.get_single_column(idx))) )
            else:
                return iterator_utils.AccessIterator(self, lambda obj, idx: (obj._storage.get_column_names()[idx],obj._storage.get_single_column(idx)) )

        def __getitem__(self, idx):
            if self.return_numpy:
                return self._storage.get_item((slice(None),idx))
            else:
                return self._storage.get_columns(idx)
        def __setitem__(self, idx, val):
            self._storage.set_columns(idx, val)
        def __delitem__(self, idx):
            self._storage.del_columns(idx)
        def __contains__(self, idx):
            try:
                self._storage.get_columns(idx)
                return True
            except IndexError:
                return False
[docs]        def insert(self, idx, val, names=None, transposed="auto"):
            """
            Add new columns at index `idx` (1D).
        
            Columns data is given by `val` and their names are given by `names` (a string for a single column, or a list of strings for multiple columns).
            If ``transposed==True``, `val` is assumed to be arranged column-wise (list of columns).
            If ``transposed==False``, `val` is assumed to be arranged row-wise (list of rows).
            If ``transposed=="auto"``, it is assumed to be ``True`` if `val` is a 2D numpy array, and ``False`` otherwise.
            """
            if idx is None:
                idx=self._storage.shape[1]
            self._storage.add_columns(idx,val,names,transposed=transposed)

[docs]        def append(self, val, names=None, transposed="auto"):
            """
            Append a column or a list of column to the end of the table.
            
            See :meth:`.IDataTableStorage.add_columns` for description.
            """
            self.insert(None,val,names,transposed=transposed)

[docs]        def move(self, source, dest):
            """
            Move a column with the `source` index to the `dest` position (should be integer).

            The column names are adjusted accordingly.
            """
            source_name=self._storage.get_column_names(source)
            source_column=self[source]
            self._storage.del_columns(source) 
            self._storage.add_columns(dest,source_column,source_name,force_copy=False)

[docs]        def idx(self):
            """Create an index row (analogous to ``numpy.arange(table.shape[1])``)."""
            return column.LinearDataColumn(self._storage.ncols())


    
[docs]    class TableAccessor(object):
        """
        A table accessor: acessing the table data through this interface returns DataTable objects (acessing DataTable object directly returns numpy objects for better compatibility).

        Generated automatically for each table on creation, doesn't need to be created explicitly.
        """
        def __init__(self, storage, return_numpy=True):
            object.__init__(self)
            self._storage=storage
            self.return_numpy=return_numpy
        def __iter__(self):
            return iterator_utils.AccessIterator(self)
        def __getitem__(self, idx):
            if self.return_numpy:
                return self._storage.get_item((slice(None),idx))
            else:
                return DataTable(self._storage.get_subtable(idx),force_copy=False)
        def __setitem__(self, idx, val):
            self._storage.set_item(idx, val)
[docs]        def idx(self):
            return self._storage.idx()


[docs]    def expand(self, length):
        """
        Expand the table by `length`. Usually fill with zeros, unless the column values can be auto-predicted.
        """
        self._storage.expand(length)

[docs]    def resize(self, length):
        """
        Resize the table to `length`.

        If the current length is larger, the table is truncated. Otherwise, it's expanded (using :func:`expand`). 
        """
        diff=length-self.nrows()
        if diff<0:
            del self.r[length:]
        elif diff>0:
            self.expand(diff)

        
    ## Default indexing ##
    def __getitem__(self, idx):
        return self._storage.get_item(idx)
    def __setitem__(self, idx, val):
        self._storage.set_item(idx,val)
        
    ## Columns indexing ##
[docs]    def get_column_names(self, idx=None):
        """Return the list of column names at index `idx` (by default, all of the names)."""
        return self._storage.get_column_names(idx)

[docs]    def set_column_names(self, new_names):
        """Return the list of column names."""
        self._storage.set_column_names(new_names)

[docs]    def change_column_names(self, idx, val):
        """
        Change names of columns at index `idx`.
        """
        if idx is None:
            idx=slice(None)
        c_ndim,idx=indexing.to_list_idx_noslice(idx,self.get_column_names()).tup()
        new_names=list(self.get_column_names())
        if c_ndim==0:
            new_names[idx]=val
        else:
            if isinstance(val,textstring):
                raise ValueError("can't assign single name to multiple columns")
            for i,v in zip(idx,val):
                new_names[i]=v
        self.set_column_names(new_names)

[docs]    def swap_columns(self, idx1, idx2):
        """
        Swap two columns at indices `idx1` and `idx2`.

        Names are adjusted accordingly.
        """
        self._storage.swap_columns(idx1,idx2)

[docs]    def rearrange_columns(self, idx):
        """
        Rearrange columns according to the new index (analogous to replacing the table by its subtable given by index `idx`).
        """
        self._storage=self._storage.get_subtable((slice(None),idx))
        self._set_accessors() 

[docs]    def modified(self, idx, val, names=None, force_copy=True):
        """
        Return a copy of this table with the columns at index `idx` modified.

        `val` can be either a single number or column (if `idx` is a single index), or a list of numbers or columns (if `idx` is a list of indices).
        `names` specifices new names of modified columns (by default the old names are preserved).
        If ``force_copy==True``, all of the table data is deep-copied.
        """
        if idx is None:
            idx=slice(None)
        c_ndim,idx=indexing.to_list_idx_noslice(idx,self.get_column_names()).tup()
        columns=list(self.c.iteritems())
        v_ndim=len(table_storage.get_shape(val))
        if c_ndim==0:
            n=columns[idx][0] if names is None else names
            if v_ndim==0:
                val=[val]*len(self._storage.get_single_column(idx))
            columns[idx]=(n,val)
        else:
            if v_ndim==0 or len(idx)!=len(val):
                raise ValueError("numbers of columns don't coincide for idx and val")
            if names is None:
                names=[None]*len(idx)
            elif len(idx)!=len(names):
                raise ValueError("numbers of columns don't coincide for idx and names")
            for i,v,n in zip(idx,val,names):
                if len(table_storage.get_shape(v))==0:
                    v=[v]*len(self._storage.get_single_column(i))
                n=columns[i][0] if n is None else n
                columns[i]=(n,v)
        names,values=zip(*columns)
        return DataTable(values,names,transposed=True,force_copy=force_copy)

        
    ## Special column types ##
[docs]    def set_x_column_name(self, idx="#"):
        """
        Set the dedicated x column.

        Can be either a valid column name (or numeric index), or ``"#"`` which means the index column (returned by :func:`idx`).
        """
        if idx!="#":
            self.c[idx] # check validity
        self._x_col=idx

[docs]    def get_x_column_name(self):
        """
        Get the name of the dedicated.
        """
        if self._x_col is None:
            return 0 if self.ncols()>0 else "#"
        return self._x_col

[docs]    def get_x_column(self, x_column=None, idx_default=False):
        """
        Get the dedicated x column.
        """
        if np.ndim(x_column)>0:
            return x_column
        if x_column is None:
            x_column=self.get_x_column_name()
        if x_column=="#":
            return self.idx()
        return self.c[x_column]

    
    ## Copying ##
[docs]    def copy(self, copy_columns=True):
        """
        Copy the table.

        If ``y_columns==True``, deep-copy the columns as well.
        """
        if copy_columns:
            return DataTable(self._storage,force_copy=True)
        else:
            return DataTable(self.c[:],self.get_column_names(),transposed=True,force_copy=False)

        
    ## Extending ##
[docs]    def concatenate(self, table, diff_columns_action="exclude", fill_value=np.nan):
        if not isinstance(table,DataTable):
            raise ValueError("con only concatenate with another DataTable")
        funcargparse.check_parameter_range(diff_columns_action,"diff_columns_action",{"exclude","fill"})
        c1,c2=self.get_column_names(),table.get_column_names()
        cc=set(c1) & set(c2)
        if diff_columns_action=="exclude":
            cc=general.sort_set_by_list(cc,c1)
            t1=self.t[:,cc]
            t2=table.t[:,cc]
            t1.r.append(t2)
        else:
            c1e=general.sort_set_by_list(set(c1)-cc,c1)
            c2e=general.sort_set_by_list(set(c2)-cc,c2)
            t1=self.copy()
            t1.c.append(fill_value,c2e)
            t2=table.copy()
            t2.c.append(fill_value,c1e)
            t2.rearrange_columns(t1.get_column_names())
            t1.r.append(t2)
        return t1


    ## Deleting ##
    def __delitem__(self, idx):
        raise NotImplementedError("Deletion is not defined for the whole table. Use row (.r) or column (.c) accessor instead.")
    
    ## Repr ##
    def __str__(self):
        return self._storage.__str__()
    def __repr__(self):
        s=str(self).replace("\n ","\n"+" "*6)
        return "{0}(columns={1},\ndata={2})".format(type(self).__name__,str(self.get_column_names()),s)
    
    ## External functions adding ##
[docs]    @classmethod
    def add_array_function(cls, func, alias=None, doc=None):
        """
        Turns a function into a method, which is automatically applied to the array representation.

        Arguments:
            func (callable): a function which takes the column converted into a numpy array as a first argument, and then the rest if the supplied arguments
            alias (str): the method name; by default, it's ``func.__name__``
            doc (str): the method docstring; by default, it's ``func.__doc__``
        """
        def self_func(self, *args, **vargs):
            return func(self.as_array(force_copy=False),*args,**vargs)
        if alias is None:
            alias=func.__name__
        if doc is None:
            try:
                self_func.__doc__=func.__doc__
            except AttributeError:
                pass
        else:
            self_func.__doc__=doc
        setattr(cls,alias,self_func)

[docs]    @classmethod
    def add_columnwise_function(cls, func, alias=None, collection_type="list", column_arg_name=None, doc=None):
        """
        Add function to the class definition, which is automatically applied to each column.

        Arguments:
            func (callable): a function which takes the column converted into a numpy array as a first argument, and then the rest if the supplied arguments
            alias (str): the method name; by default, it's ``func.__name__``
            collection_type (str): determines the type of the result; can be ``"list"``, ``"array"``, or ``"table"``
            column_arg_name (str): name of the column argument supplied to the function, in which case it is only applied to this specified column (by default, the function has no such argument)
            doc (str): the method docstring; by default, it's ``func.__doc__``
        """
        if not collection_type in ["list","array","table"]:
            raise ValueError("unrecognized collection type: {}".format(collection_type))
        def self_func(self, *args, **vargs):
            c=vargs.pop(column_arg_name,None)
            if c is None:
                res=[func(sc,*args,**vargs) for sc in self.c]
                if collection_type=="array":
                    res=np.array(res)
                elif collection_type=="table":
                    res=DataTable(res,self.get_column_names())
                return res
            else:
                return func(self[c],*args,**vargs)
        if alias is None:
            alias=func.__name__
        if doc is None:
            try:
                self_func.__doc__=func.__doc__
            except AttributeError:
                pass
        else:
            self_func.__doc__=doc
        setattr(cls,alias,self_func)

[docs]    @classmethod
    def add_column_function(cls, func, alias=None, column_arg_name="column", column_arg_default=None, doc=None):
        """
        Add function to the class definition, which is automatically applied to a single column.
        Column number should be given as a first argument of the function.

        Arguments:
            func (callable): a function which takes the column converted into a numpy array as a first argument, and then the rest if the supplied arguments
            alias (str): the method name; by default, it's ``func.__name__``
            column_arg_name (str): name of the column argument supplied to the function, in which case it is only applied to this specified column
            column_arg_default: default name of the column, if no column argument os supplied to the function
            doc (str): the method docstring; by default, it's ``func.__doc__``
        """
        def self_func(self, *args, **vargs):
            if len(args)>0:
                c=args[0]
                args=args[1:]
            else:
                c=vargs.pop(column_arg_name,column_arg_default)
            if c is None:
                raise TypeError("argument '{}' is not supplied".format(column_arg_name))
            return func(self.c[c],*args,**vargs)
        if alias is None:
            alias=func.__name__
        if doc is None:
            try:
                self_func.__doc__=func.__doc__
            except AttributeError:
                pass
        else:
            self_func.__doc__=doc
        setattr(cls,alias,self_func)


        
DataTable.add_column_function(np.argsort,doc="Same as :func:`numpy.argsort`.")
DataTable.add_column_function(np.nonzero,doc="Same as :func:`numpy.nonzero`.")
DataTable.add_column_function(np.unique,doc="Same as :func:`numpy.unique`.")
DataTable.add_columnwise_function(np.argmin, column_arg_name="column",doc="Same as :func:`numpy.argmin`.")
DataTable.add_columnwise_function(np.argmax, column_arg_name="column",doc="Same as :func:`numpy.argmax`.")
DataTable.add_columnwise_function(np.min,"min", column_arg_name="column",doc="Same as :func:`numpy.amin`.")
DataTable.add_columnwise_function(np.max,"max", column_arg_name="column",doc="Same as :func:`numpy.amax`.")
DataTable.add_columnwise_function(np.mean, column_arg_name="column",doc="Same as :func:`numpy.mean`.")
DataTable.add_columnwise_function(np.std, column_arg_name="column",doc="Same as :func:`numpy.std`.")
DataTable.add_columnwise_function(np.sum, column_arg_name="column",doc="Same as :func:`numpy.sum`.")


### strdump definitions ###
def _dump_datatable(data, dumpf):
    names=data.get_column_names()
    cols=[dumpf(c) for c in data.c]
    return names,cols
def _load_datatable(data, loadf):
    names,cols=data
    columns=[loadf(c) for c in cols]
    return DataTable(columns,names,transposed=True,force_copy=False)
strdump.dumper.add_class(DataTable,_dump_datatable,_load_datatable,"datatable",recursive=True)




          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.datatable.table_storage

"""
Data table storage.
Does not implement any indexing or iterator interface (it's delegated to `IDataTable`).
Should not be accessed directly by users of `DataTable`.
"""

from builtins import range
from ..utils.py3 import textstring

from . import indexing
from . import column
from .datatable_utils import get_shape, as_array

import numpy as np
import pandas as pd

[docs]class IDataTableStorage(object):
    def __init__(self):
        object.__init__(self)
    ## Shape ##
    @property   # property for compatibility with np.shape
    def shape(self):
        raise NotImplementedError("IDataTableStorage.shape")
    @property   # property for compatibility with np.ndim
    def ndim(self):
        return 2
    
    ## Casting to NumPy array ##
[docs]    def as_array(self, force_copy=False):
        """
        Turn the storage into a numpy array.

        If ``force_copy==True``, ensure that the result is a copy of the data.
        """
        if self.shape[1]==0:
            return np.zeros((0,0))
        if force_copy:
            return self.get_item(slice(None)).copy()
        else:
            return self.get_item(slice(None))

    def __array__(self): # property for compatibility with np.ufuncs
        return self.as_array()
[docs]    def as_pandas(self, force_copy=False):
        """
        Turn the storage into a pandas DataFrame.

        If ``force_copy==True``, ensure that the result is a copy of the data.
        """
        return pd.DataFrame(self.as_array(force_copy=False),columns=self.get_column_names(),copy=force_copy)

    ## Indexing ##
    # numpy-like; accept 1D or 2D numpy style index
[docs]    def get_item(self, idx): # ; return np.array, unless single element is accessed
        """Return the data at the index `idx` (1D or 2D) as a numpy array."""
        raise NotImplementedError("IDataTableStorage.get_item")

[docs]    def set_item(self, idx, val): # accept 1D or 2D index numpy-style 
        """Return the data at the index `idx` (1D or 2D)  to `val`."""
        raise NotImplementedError("IDataTableStorage.set_item")

    # column-wise; accept 1D index suitable for columns
[docs]    def get_columns(self, idx): # return column object  or list of column objects
        """Return a column or a list of columns at the index `idx` (1D)."""
        raise NotImplementedError("IDataTableStorage.get_columns")

[docs]    def get_single_column(self, idx): # same as get_columns, but only accept single number as an index
        """
        Return a single column at the index `idx` (1D).
        
        Same as :meth:`get_columns`, but only accepts single column index.
        """
        return self.get_columns(idx)

[docs]    def set_columns(self, idx, val): # accepts column object (or list of column objects) or iterable (or 2D iterable)
        """Set a column or a list of columns at the index `idx` (1D) to `val`."""
        raise NotImplementedError("IDataTableStorage.set_columns")

[docs]    def add_columns(self, idx, val, names, transposed, force_copy=False): # accepts column object (or list of column objects) or iterable (or 2D iterable);
        """
        Add new columns at index `idx` (1D).
        
        Columns data is given by `val` and their names are given by `names` (a string for a single column, or a list of strings for multiple columns).
        If ``transposed==True``, `val` is assumed to be arranged column-wise (list of columns).
        If ``transposed==False``, `val` is assumed to be arranged row-wise (list of rows).
        If ``transposed=="auto"``, it is assumed to be ``True`` if `val` is a 2D numpy array, and ``False`` otherwise.
        If ``force_copy==True``, make sure that `val` data is copied.
        """
        #if transposed="auto" and argument is 2D numpy array, effectively transposes it to enforce standard notation (column is second idx)
        raise NotImplementedError("IDataTableStorage.add_columns")

[docs]    def del_columns(self, idx):
        """Delete a column or a list of columns at the index `idx` (1D)"""
        raise NotImplementedError("IDataTableStorage.del_columns")

    # row-wise; accept 1D index suitable for rows
[docs]    def get_rows(self, idx): # return each row as tuple (i.e., return tuple or list of tuples) (for numpy arrays use _get_item)
        """
        Return a row or a list of rows at the index `idx` (1D).
        
        Each row is represented as a tuple.
        """
        raise NotImplementedError("IDataTableStorage.get_rows")

[docs]    def get_single_row(self, idx): # same as get_rows, but only accept single number as an index
        """
        Return a single row at the index `idx` (1D) as a tuple.
        
        Same as :meth:`get_rows`, but only accepts single column index.
        """
        return self.get_rows(idx)

[docs]    def get_single_row_item(self, idx): # same as get_item, but only accept single number as an (row) index
        """
        Return a single row at the index `idx` (1D) as a numpy array.
        
        Same as :meth:`get_item`, but only accepts single column index.
        """
        return self.get_item(idx)

[docs]    def set_rows(self, idx, val): # accepts iterable (or 2D iterable)
        """
        Set a row or a list of rows at the index `idx` (1D) to `val`.
        """
        self.set_item((idx,slice(None)),val)

[docs]    def add_rows(self, idx, val): # accepts iterable (or 2D iterable)
        """
        Add new rows at index `idx` (1D).
        """
        raise NotImplementedError("IDataTableStorage.add_rows")

[docs]    def del_rows(self, idx):
        """Delete a row or a list of rows at the index `idx` (1D)"""
        raise NotImplementedError("IDataTableStorage.del_rows")

    # table-wise
[docs]    def get_subtable(self, idx):
        """Return the data at the index `idx` (1D or 2D) as an `IDataTableStorage` object of the same type."""
        raise NotImplementedError("IDataTableStorage.get_subtable")

[docs]    def expand(self, length):
        """
        Expand the table by `length`. Usually fill with zeros, unless the column values can be auto-predicted.
        """
        raise NotImplementedError("IDataTableStorage.expand")

    
    ## Columns indexing ##
[docs]    def get_column_names(self, idx=None):
        """Return the list of column names at index `idx` (by default, all of the names)."""
        raise NotImplementedError("IDataTableStorage.get_column_names")

[docs]    def get_column_indices(self, idx=None):
        """Return the list of column numerical indices corresponding to the index `idx`."""
        raise NotImplementedError("IDataTableStorage.get_column_indices")

[docs]    def set_column_names(self, new_names):
        """Set new column names."""
        raise NotImplementedError("IDataTableStorage.change_column_name")

[docs]    def swap_columns(self, idx1, idx2):
        """Swap two columns at indices `idx1` and `idx2`."""
        raise NotImplementedError("IDataTableStorage.swap_columns")

    
    ## Copying ##
[docs]    def copy(self):
        raise NotImplementedError("IDataTableStorage.copy")

    
    ## Repr ##
    def __str__(self):
        return self.as_array().__str__()
    def __repr__(self):
        s=str(self).replace("\n ","\n"+" "*6)
        return "{0}(columns={1},\ndata={2})".format(type(self).__name__,str(self.get_column_names()),s)








    
    
    
    

[docs]class ColumnDataTableStorage(IDataTableStorage):
    """
    Table storage which stores the data as a list of columns (defined in :mod:`.datatable.column`).

    More flexible compared to the :class:`ArrayDataTableStorage`, but potentially slower.

    Args:
        columns: table data; can be a numpy array, a list of columns, or a 2D list
        names(list): list of column names; by default, the column names are autogenerated: ``"col00"``, ``"col01"``, etc.
        transposed: if ``True``, the `columns` arguments is assumed to be column-wise (list of columns)
            if ``False``, the `columns` arguments is assumed to be row-wise (list of rows)
            if ``"auto"``, assumed to be ``False`` for numpy arrays and ``True`` otherwise
        force_copy (bool): if ``True``, make sure that the supplied data is copied
    """
    def __init__(self, columns=None, names=None, transposed="auto", force_copy=True):
        IDataTableStorage.__init__(self)
        self._columns=[]
        self._column_names=[]
        self._column_uid=0
        if columns is not None:
            self.add_columns(0,columns,names,transposed=transposed,force_copy=force_copy)
    
    ## Shape ##
    @property
    def shape(self):
        ncols=len(self._columns)
        if ncols==0:
            return (0,0)
        else:
            return (len(self._columns[0]),ncols)
    def _added_shape_valid(self, shape, direction="column"):
        """
        Check if adding data doesn't violate shape rectangleness.
        direction can be "column" or "row".
        """
        if self.shape[1]==0:
            return True
        else:
            if direction=="column":
                return self.shape[0]==shape[0]
            else:
                return self.shape[1]==shape[1]

[docs]    def as_pandas(self, force_copy=False):
        """
        Turn the storage into a pandas DataFrame.

        If ``force_copy==True``, ensure that the result is a copy of the data.
        """
        columns=[]
        for c in self._columns:
            if isinstance(c,column.ListDataColumn):
                c=c._column
            else:
                c=c.as_array(force_copy=False)
            columns.append(c)
        columns=dict(zip(self.get_column_names(),columns))
        return pd.DataFrame(columns,columns=self.get_column_names(),copy=force_copy)

    
    ## Columns indexing ##
[docs]    def get_column_names(self, idx=None):
        """Return the list of column names."""
        if idx is None:
            return self._column_names
        else:
            ndim,idx=indexing.to_list_idx_noslice(idx,self._column_names).tup()
            if ndim==0:
                return self._column_names[idx]
            else:
                return [self._column_names[i] for i in idx]

[docs]    def get_column_indices(self, idx=None):
        """Return the list of column numerical indices corresponding to the index `idx`."""
        if idx is None:
            return list(range(len(self._columns)))
        else:
            return indexing.to_list_idx_noslice(idx,self._column_names).idx

[docs]    def set_column_names(self, new_names):
        """Set new column names."""
        if len(new_names)!=len(self._columns):
            raise ValueError("wrong number of column names: expected {0}, got {1}".format(len(self._columns),len(new_names)))
        self._check_name_clashes(new_names,adding=False)
        self._column_names=new_names

[docs]    def swap_columns(self, idx1, idx2):
        """Swap two columns at indices `idx1` and `idx2`."""
        ndim1,idx1=indexing.to_list_idx_noslice(idx1,self.get_column_names()).tup()
        ndim2,idx2=indexing.to_list_idx_noslice(idx2,self.get_column_names()).tup()
        if ndim1!=0 or ndim2!=0:
            raise ValueError("Can only swap one pair at a time")
        self._column_names[idx1],self._column_names[idx2]=self._column_names[idx2],self._column_names[idx1]
        self._columns[idx1],self._columns[idx2]=self._columns[idx2],self._columns[idx1]

        
    def _check_name_clashes(self, names, adding=True):
        if isinstance(names,textstring):
            names=[names]
        for i,n in enumerate(names): # check collisions in the supplied array
            if n in names[i+1:]:
                raise KeyError("duplicate column name: {0}".format(n))
        if adding: # check collisions with the current columns
            for n in names:
                try:
                    indexing.string_list_idx(n,self._column_names,only_exact=True)
                except KeyError:
                    continue
                raise KeyError("duplicate column name: {0}".format(n))
    def _gen_unique_name(self):
        while True:
            name="col{:02}".format(self._column_uid)
            self._column_uid=self._column_uid+1
            try:
                self._check_name_clashes(name,adding=True)
                return name
            except KeyError:
                pass
    ## Copying ##
[docs]    def copy(self):
        return ColumnDataTableStorage([c.copy() for c in self._columns],list(self._column_names))

    
    ## Column modification ##
    def _set_item_column(self, c_idx, r_idx, val):
        self._columns[c_idx]=self._columns[c_idx]._set_item(r_idx,val)
    def _add_item_column(self, c_idx, r_idx, val):
        self._columns[c_idx]=self._columns[c_idx]._add_item(r_idx,val)
    
    
    ## Indexing ##
    ## numpy-like return type ##
[docs]    def get_item(self, idx):
        """Return the data at the index `idx` (1D or 2D) as a numpy array."""
        if not self._columns:
            raise IndexError("no columns in the table")
        r_idx,c_idx=indexing.to_double_index(idx,self.get_column_names())
        c_ndim,c_idx=c_idx.tup()
        if c_ndim==0:
            return self._columns[c_idx][r_idx.idx]
        else:
            if r_idx.ndim==0:
                return np.array([self._columns[c][r_idx] for c in c_idx])
            else:
                return np.column_stack([self._columns[c][r_idx] for c in c_idx])

[docs]    def set_item(self, idx, val):
        """Return the data at the index `idx` (1D or 2D) to `val`."""
        if not self._columns:
            raise IndexError("no columns in the table")
        r_idx,c_idx=indexing.to_double_index(idx,self.get_column_names())
        c_ndim,c_idx=c_idx.tup()
        v_shape=get_shape(val)
        v_ndim=len(v_shape)
        if v_ndim==0:
            if c_ndim==0:
                self._set_item_column(c_idx,r_idx,val)
            else:
                for c in c_idx:
                    self._set_item_column(c,r_idx,val)
        elif v_ndim==1:
            if c_ndim==0:
                if r_idx.ndim==0:
                    raise ValueError("can't assign array to element")
                else:
                    self._set_item_column(c_idx,r_idx,val)
            else:
                if v_shape[0]!=len(c_idx):
                    raise ValueError("wrong dimension of assigned value")
                for i,c in enumerate(c_idx):
                    self._set_item_column(c,r_idx,val[i])
        elif v_ndim==2:
            if c_ndim*r_idx.ndim!=1:
                raise ValueError("can't assign array to element")
            else:
                if isinstance(val,list):
                    for i,c in enumerate(c_idx):
                        self._set_item_column(c,r_idx, [val[r][i] for r in range(len(val))] )
                else:
                    for i,c in enumerate(c_idx):
                        self._set_item_column(c,r_idx,val[:,i])
        else:
            raise ValueError("can't assign multidimensional arrays with d>2")

        
    ## column-wise ##
[docs]    def get_columns(self, idx): # return column object  or list of column objects
        """Return a column or a list of columns at the index `idx` (1D)."""
        ndim,idx=indexing.to_list_idx_noslice(idx,self.get_column_names()).tup()
        if ndim==0:
            return self._columns[idx]
        else:
            return [self._columns[i] for i in idx]

[docs]    def get_single_column(self, idx):
        """
        Return a single column at the index `idx` (1D).
        
        Same as :meth:`get_columns`, but only accepts single column index.
        """
        return self._columns[idx]

[docs]    def set_columns(self, idx, val, force_copy=False): # accepts column object (or list of column objects) or iterable (or 2D iterable)
        """Set a column or a list of columns at the index `idx` (1D) to `val`."""
        c_ndim,idx=indexing.to_list_idx_noslice(idx,self.get_column_names()).tup()
        v_shape=get_shape(val)
        v_ndim=len(v_shape)
        if v_ndim==0:
            if c_ndim==0:
                self._columns[idx][:]=val
            else:
                for c in idx:
                    self._columns[c][:]=val
        elif v_ndim==1:
            if not self._added_shape_valid((v_shape[0],1)):
                raise ValueError("wrong length for the new columns")
            if c_ndim==0:
                self._columns[idx]=column.as_column(val,False,force_copy=force_copy)
            else:
                val=column.as_column(val,False,force_copy=force_copy)
                if len(idx)>0:
                    self._columns[idx[0]]=val
                    for c in idx[:-1]:
                        self._columns[c]=val.copy()
        elif v_ndim==2:
            if not self._added_shape_valid(v_shape[::-1]):
                raise ValueError("wrong length for the new columns")
            if c_ndim==0:
                raise ValueError("can't assign array to element")
            else:
                for i,c in enumerate(idx):
                    self._columns[c]=column.as_column(val[i],False,force_copy=force_copy)
        else:
            raise ValueError("can't assign multidimensional arrays with d>2")

[docs]    def add_columns(self, idx, val, names, transposed="auto", force_copy=False): # accepts column object (or list of column objects) or iterable (or 2D iterable)
        """
        Add new columns at index `idx` (1D).
        
        Columns data is given by `val` and their names are given by `names` (a string for a single column, or a list of strings for multiple columns).
        If ``transposed==True``, `val` is assumed to be arranged column-wise (list of columns).
        If ``transposed==False``, `val` is assumed to be arranged row-wise (list of rows).
        If ``transposed=="auto"``, it is assumed to be ``False`` if `val` is a 2D numpy array, and ``True`` otherwise.
        If ``force_copy==True``, make sure that `val` data is copied.
        """
        c_ndim,idx=indexing.to_list_idx_noslice(idx,self.get_column_names()).tup()
        if c_ndim==1:
            raise ValueError("can only insert items in a single location")
        if isinstance(names,textstring) or names is None:
            names=[names]
        v_shape=get_shape(val)
        v_ndim=len(v_shape)
        if v_ndim==0:
            if len(self._columns)==0:
                raise ValueError("can't add number to an empty table")
            else:
                try:
                    val+0
                    val=[column.LinearDataColumn(self.shape[0],val,0) for _ in names] # duplicate for several new columns
                except TypeError: #non-numeric val; create list column instead
                    val=[column.ListDataColumn([val]*self.shape[0]) for _ in names]
                v_shape=(len(val),self.shape[0])
        elif v_ndim==1:
            if (transposed=="auto" and len(self._columns)==0 and len(names)==len(val)) or (transposed==True): # row is supplied
                val=[column.as_column([v],False,force_copy=force_copy) for v in val]
                v_shape=(v_shape[0],1)
            else:
                val=[column.as_column(val,False,force_copy=force_copy) for _ in names] # duplicate for several new columns
                v_shape=(len(names),v_shape[0])
        elif v_ndim==2:
            if transposed=="auto":
                transposed=(isinstance(val,list) or isinstance(val,tuple))
            if transposed:
                val=[column.as_column(c,False,force_copy=force_copy) for c in val]
            else:
                v_shape=(v_shape[::-1])
                if isinstance(val,np.ndarray):
                    val=[column.as_column(val[:,c],False,force_copy=force_copy) for c in range(v_shape[0])]
                else:
                    val=[column.as_column( [val[r][c] for r in range(v_shape[1])] ,False,force_copy=force_copy) for c in range(v_shape[0])]
        else:
            raise ValueError("can't assign multidimensional arrays with d>2")
        if not self._added_shape_valid(v_shape[::-1]):
            raise ValueError("invalid shape of added columns")
        if names==[None]:
            names=[self._gen_unique_name() for _ in range(len(val))]
        if len(names)!=len(val):
            raise ValueError("invalid column names number: expected {0}, got {1}".format(len(val),len(names)))
        self._check_name_clashes(names,adding=True)
        self._columns[idx:idx]=val
        self._column_names[idx:idx]=names

[docs]    def del_columns(self, idx):
        """Delete a column or a list of columns at the index `idx` (1D)"""
        ndim,idx=indexing.to_list_idx_noslice(idx,self.get_column_names()).tup()
        if ndim==0:
            idx=[idx]
        cols=[c for c in range(len(self._columns)) if not (c in idx)]
        self._columns=[self._columns[c] for c in cols]
        self._column_names=[self._column_names[c] for c in cols]

        
    ## row-wise ##
[docs]    def get_rows(self, idx): # return each row as tuple (i.e., return tuple or list of tuples) (for numpy arrays use _get_item)
        """
        Return a row or a list of rows at the index `idx` (1D).
        
        Each row is represented as a tuple.
        """
        if not self._columns:
            raise IndexError("no columns in the table")
        r_idx=indexing.to_numpy_idx(idx)
        if r_idx.ndim==0:
            return tuple([c[r_idx] for c in self._columns])
        else:
            cols=[c[r_idx] for c in self._columns]
            return zip(*cols)

[docs]    def get_single_row(self, idx): # same as get_rows, but only accept single number as an index
        """
        Return a single row at the index `idx` (1D) as a tuple.
        
        Same as :meth:`get_rows`, but only accepts single column index.
        """
        if not self._columns:
            raise IndexError("no columns in the table")
        return tuple([c._get_single_item(idx) for c in self._columns])

[docs]    def get_single_row_item(self, idx): # same as get_item, but only accept single number as an (row) index
        """
        Return a single row at the index `idx` (1D) as a numpy array.
        
        Same as :meth:`get_item`, but only accepts single column index.
        """
        if not self._columns:
            raise IndexError("no columns in the table")
        return as_array([c._get_single_item(idx) for c in self._columns])

[docs]    def add_rows(self, idx, val): # accepts iterable (or 2D iterable)
        """
        Add new rows at index `idx` (1D).
        """
        if not self._columns:
            raise IndexError("no columns in the table")
        r_idx=indexing.to_numpy_idx(idx)
        if r_idx.ndim==1:
            raise ValueError("can only insert items in a single location")
        v_shape=get_shape(val)
        v_ndim=len(v_shape)
        if v_ndim==0:
            val=[[val]*len(self._columns)]
            v_shape=(1,len(val))
        elif v_ndim==1:
            val=[val]
            v_shape=(1,v_shape[0])
        elif v_ndim!=2:
            raise ValueError("can't assign multidimensional arrays with d>2")
        if not self._added_shape_valid(v_shape,"row"):
            raise ValueError("invalid shape of added rows")
        if isinstance(val,list):
            for c in range(len(self._columns)):
                self._add_item_column(c,r_idx,[val[r][c] for r in range(len(val))] )
        else:
            for c in range(len(self._columns)):
                self._add_item_column(c,r_idx,val[:,c])

[docs]    def del_rows(self, idx):
        """Delete a row or a list of rows at the index `idx` (1D)"""
        if not self._columns:
            raise IndexError("no columns in the table")
        r_idx=indexing.to_numpy_idx(idx)
        self._columns=[c._del_item(r_idx) for c in self._columns]

        
    # table-wise
[docs]    def get_subtable(self, idx, force_copy=False):
        """Return the data at the index `idx` (1D or 2D) as an `IDataTableStorage` object of the same type."""
        if not self._columns:
            raise IndexError("no columns in the table")
        r_idx,c_idx=indexing.to_double_index(idx,self.get_column_names())
        c_ndim,c_idx=c_idx.tup()
        if c_ndim==0:
            c_idx=[c_idx]
        new_column_names=[self._column_names[c] for c in c_idx]
        new_columns=[self._columns[c].subcolumn(r_idx,force_copy=force_copy) for c in c_idx]
        return ColumnDataTableStorage(new_columns, new_column_names)

    
[docs]    def expand(self, length):
        """
        Expand the table. Usually fill with zeros, unless the column values can be auto-predicted.
        """
        self._columns=[c.expand(length) for c in self._columns]



    ## Repr ##
    def __str__(self):
        try:
            return self.as_array().__str__()
        except ValueError: # complicated shape
            return str([ list(self.get_rows(r)) for r in range(self.shape[0]) ])

        










[docs]class ArrayDataTableStorage(IDataTableStorage):
    """
    Table storage which stores the data as a 2D numpy array.

    Faster, but less flexible than :class:`ColumnDataTableStorage`.
    Indexing is only numpy-style or column-wise.
    All columns have the same datatype and are stored in the same array.
    All columns and rows are returned as numpy arrays.

    Args:
        columns: table data; can be a numpy array, a list of columns, or a 2D list
        names(list): list of column names; by default, the column names are autogenerated: ``"col00"``, ``"col01"``, etc.
        transposed: if ``True``, the `columns` arguments is assumed to be column-wise (list of columns)
            if ``False``, the `columns` arguments is assumed to be row-wise (list of rows)
            if ``"auto"``, assumed to be ``False`` for numpy arrays and ``True`` otherwise
        force_copy (bool): if ``True``, make sure that the supplied data is copied
    """
    def __init__(self, columns=None, names=None, transposed="auto", force_copy=True):
        IDataTableStorage.__init__(self)
        self._data=None
        self._column_names=[]
        self._column_uid=0
        if columns is not None:
            self.add_columns(0,columns,names,transposed=transposed,force_copy=force_copy)
    
    ## Shape ##
    @property
    def shape(self):
        if self._data is None:
            return (0,0)
        else:
            return self._data.shape
    def _added_shape_valid(self, shape, direction="column"):
        """
        Check if adding data doesn't violate shape rectangleness.
        direction can be "column" or "row".
        """
        if self.shape[0]==0:
            return True
        else:
            if direction=="column":
                return self.shape[0]==shape[0]
            else:
                return self.shape[0]==shape[1]
    
    ## Columns indexing ##
[docs]    def get_column_names(self, idx=None):
        """Return the list of column names."""
        if idx is None:
            return self._column_names
        else:
            ndim,idx=indexing.to_list_idx_noslice(idx,self._column_names).tup()
            if ndim==0:
                return self._column_names[idx]
            else:
                return [self._column_names[i] for i in idx]

[docs]    def get_column_indices(self, idx=None):
        """Return the list of column numerical indices corresponding to the index `idx`."""
        if idx is None:
            return list(range(len(self._column_names)))
        else:
            return indexing.to_list_idx_noslice(idx,self._column_names).idx

[docs]    def set_column_names(self, new_names):
        """Set new column names."""
        if len(new_names)!=self.shape[1]:
            raise ValueError("wrong number of column names")
        self._check_name_clashes(new_names)
        self._column_names=new_names

[docs]    def swap_columns(self, idx1, idx2):
        """Swap two columns at indices `idx1` and `idx2`."""
        ndim1,idx1=indexing.to_list_idx_noslice(idx1,self.get_column_names()).tup()
        ndim2,idx2=indexing.to_list_idx_noslice(idx2,self.get_column_names()).tup()
        if ndim1!=0 or ndim2!=0:
            raise ValueError("Can only swap one pair at a time")
        self._column_names[idx1],self._column_names[idx2]=self._column_names[idx2],self._column_names[idx1]
        self._data[:,idx1],self._data[:,idx2]=self._data[:,idx2].copy(),self._data[:,idx1].copy()

        
    def _check_name_clashes(self, names, adding=True):
        if isinstance(names,textstring):
            names=[names]
        for i,n in enumerate(names): # check collisions in the supplied array
            if n in names[i+1:]:
                raise KeyError("duplicate column name: {0}".format(n))
        if adding: # check collisions with the current columns
            for n in names:
                try:
                    indexing.string_list_idx(n,self._column_names,only_exact=True)
                except KeyError:
                    continue
                raise KeyError("duplicate column name: {0}".format(n))
    def _gen_unique_name(self):
        while True:
            name="col{:02}".format(self._column_uid)
            self._column_uid=self._column_uid+1
            try:
                self._check_name_clashes(name)
                return name
            except KeyError:
                pass
            
    ## Copying ##
[docs]    def copy(self):
        return ArrayDataTableStorage(self._data.copy(),list(self._column_names))

    
    ## Type expanding ##
    def _expand_type(self, val):
        """
        Expand type of stored column to accommodate value (int < float < complex).
        """
        if val.dtype>self._data.dtype:
            if not val.dtype in ["int","float","complex"]:
                raise ValueError("don't support numpy arrays other than int, float or complex")
            self._data=self._data.astype(val.dtype)
    ## Indexing ##
    def _to_column_index(self, idx):
        if isinstance(idx,textstring) or (isinstance(idx,list) and isinstance(idx[0],textstring)):
            return indexing.string_list_idx(idx,self.get_column_names())
        if isinstance(idx,slice) and (isinstance(idx.start,textstring) or isinstance(idx.stop,textstring)):
            start_stop=indexing.string_list_idx([idx.start,idx.stop],self.get_column_names())
            return slice(start_stop[0],start_stop[1],idx.step)
        return None
    ## numpy like ##
[docs]    def get_item(self, idx):
        """Return the data at the index `idx` (1D or 2D) as a numpy array."""
        column_idx=self._to_column_index(idx)
        if column_idx is None:
            return self._data[idx]
        else:
            return self._data[:,column_idx]

[docs]    def set_item(self, idx, val):
        """Return the data at the index `idx` (1D or 2D) to `val`."""
        val=as_array(val)
        self._expand_type(val)
        column_idx=self._to_column_index(idx)
        if column_idx is None:
            self._data[idx]=val
        else:
            self._data[:,column_idx]=val

    ## column-wise ##
[docs]    def get_columns(self, idx):
        """Return a column or a list of columns at the index `idx` (1D)."""
        column_idx=self._to_column_index(idx)
        if column_idx is not None:
            idx=column_idx
        res=self._data[:,idx]
        if res.ndim==1:
            return column.ArrayDataColumn(res)
        else:
            return [ column.ArrayDataColumn(res[:,i]) for i in range(res.shape[1]) ]

[docs]    def get_single_column(self, idx):
        """
        Return a single column at the index `idx` (1D).
        
        Same as :meth:`get_columns`, but only accepts single column index.
        """
        return self._data[:,idx]

[docs]    def set_columns(self, idx, val, force_copy=False):
        """Set a column or a list of columns at the index `idx` (1D) to `val`."""
        force_copy # unused
        val=as_array(val)
        self._expand_type(val)
        column_idx=self._to_column_index(idx)
        if column_idx is None:
            self._data[:,idx]=val
        else:
            self._data[:,column_idx]=val

[docs]    def add_columns(self, idx, val, names, transposed="auto", force_copy=False): # accepts column object (or list of column objects) or iterable (or 2D iterable)
        """
        Add new columns at index `idx` (1D).
        
        Columns data is given by `val` and their names are given by `names` (a string for a single column, or a list of strings for multiple columns).
        If ``transposed==True``, `val` is assumed to be arranged column-wise (list of columns).
        If ``transposed==False``, `val` is assumed to be arranged row-wise (list of rows).
        If ``transposed=="auto"``, it is assumed to be ``True`` if `val` is a 2D numpy array, and ``False`` otherwise.
        If ``force_copy==True``, make sure that `val` data is copied.
        """
        if (not np.isscalar(idx)) or isinstance(idx,slice):
            raise ValueError("can only insert items in a single location")
        column_idx=self._to_column_index(idx)
        if column_idx is not None:
            idx=column_idx
        if isinstance(names,textstring) or names is None:
            names=[names]
        v_ndim=np.ndim(val)
        if v_ndim==0:
            if self.shape[1]==0:
                raise ValueError("can't add number to an empty table")
            else:
                val=np.zeros((self.shape[0],len(names)))+val
        elif v_ndim==1:
            val=np.expand_dims(as_array(val),len(names))
        elif v_ndim==2:
            if transposed=="auto":
                transposed=(isinstance(val,list) or isinstance(val,tuple))
            if transposed:
                val=as_array(val).transpose()
            else:
                val=as_array(val)
        else:
            raise ValueError("can't assign multidimensional arrays with d>2")
        if not self._added_shape_valid(val.shape):
            raise ValueError("invalid shape of added columns")
        if names==[None]:
            names=[self._gen_unique_name() for _ in range(val.shape[1])]
        if len(names)!=val.shape[1]:
            raise ValueError("invalid column names number")
        self._check_name_clashes(names,adding=True)
        if self._data is None:
            if force_copy:
                self._data=val.copy()
            else:
                self._data=val
        else:
            self._data=np.concatenate((self._data[:,:idx],val,self._data[:,idx:]),axis=1)
        self._column_names[idx:idx]=names

[docs]    def del_columns(self, idx):
        """Delete a column or a list of columns at the index `idx` (1D)"""
        column_idx=self._to_column_index(idx)
        if column_idx is not None:
            idx=column_idx
        if indexing.is_slice(idx):
            idx=indexing.to_range(idx,self.shape[1])
        if np.isscalar(idx):
            idx=[idx]
        self._data=np.delete(self._data,idx,axis=1)
        self._column_names=[c for i,c in enumerate(self._column_names) if not i in idx]

    ## row-wise ##
    get_rows=get_item
[docs]    def get_single_row(self, idx): # same as get_rows, but only accept single number as an index
        """
        Return a single row at the index `idx` (1D) as a tuple.
        
        Same as :meth:`get_rows`, but only accepts single column index.
        """
        return self._data[idx]

[docs]    def get_single_row_item(self, idx): # same as get_item, but only accept single number as an (row) index
        """
        Return a single row at the index `idx` (1D) as a numpy array.
        
        Same as :meth:`get_item`, but only accepts single column index.
        """
        return self._data[idx]

[docs]    def add_rows(self, idx, val): # accepts iterable (or 2D iterable)
        """
        Add new rows at index `idx` (1D).
        """
        if (not np.isscalar(idx)) or isinstance(idx,slice):
            raise ValueError("can only insert items in a single location")
        v_ndim=np.ndim(val)
        if v_ndim==0:
            if self.shape[1]==0:
                raise ValueError("can't add number to an empty table")
            else:
                val=np.zeros((1,self.shape[1]))+val
        elif v_ndim==1:
            val=np.expand_dims(as_array(val),0)
        elif v_ndim==2:
            val=as_array(val)
        else:
            raise ValueError("can't assign multidimensional arrays with d>2")
        if self._data is None:
            self._data=val
        else:
            self._data=np.concatenate((self._data[:idx,:],val,self._data[idx:,:]),axis=0)

[docs]    def del_rows(self, idx):
        """Delete a row or a list of rows at the index `idx` (1D)"""
        self._data=np.delete(self._data,idx,axis=0)

        
    # table-wise
[docs]    def get_subtable(self, idx, force_copy=True):
        """Return the data at the index `idx` (1D or 2D) as an `IDataTableStorage` object of the same type."""
        force_copy # unused
        r_idx,c_idx=indexing.to_double_index(idx,self.get_column_names())
        c_ndim,c_idx=c_idx.tup()
        r_idx=r_idx.idx
        if c_ndim==0:
            c_idx=[c_idx]
        new_column_names=[self._column_names[c] for c in c_idx]
        new_columns=np.column_stack([self._data[:,c][r_idx] for c in c_idx])
        return ArrayDataTableStorage(new_columns, new_column_names)

    
[docs]    def expand(self, length):
        """
        Expand the table. Usually fill with zeros, unless the column values can be auto-predicted.
        """
        if self.shape[1]!=0:
            self.add_rows(self.shape[0],np.zeros((length,self.shape[1])))






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.datatable.wrapping

"""
Utilities for uniform treatment of DataTable and numpy array objects for functions which can deal with them both.
"""

from . import column
from . import table as datatable, indexing
from . import table_storage
from ..utils import iterator as iterator_utils #@UnresolvedImport

import numpy as np
import pandas as pd


[docs]class IGenWrapper(object):
    """
    The interface for a wrapper that gives a uniform access to basic methods of wrapped objects'.
    """
    def __init__(self, container):
        object.__init__(self)
        self.cont=container
    def __getitem__(self, idx):
        return self.cont[idx]
    def __setitem__(self, idx, val):
        self.cont[idx]=val
    def __iter__(self):
        return self.cont.__iter__()
[docs]    def get_type(self):
        """Get a string representing the wrapped object type"""
        raise NotImplementedError("IGenWrapper.get_type")

[docs]    def copy(self, wrapped=True):
        """Copy the object. If ``wrapped==True``, return a new wrapper contating the object copy; otherwise, just return the copy."""
        raise NotImplementedError("IGenWrapper.copy")

[docs]    def ndim(self):
        return self.cont.ndim

[docs]    def shape(self):
        return self.cont.shape

    def __len__(self):
        return self.shape()[0]

    
    
[docs]class I1DWrapper(IGenWrapper):
    """
    A wrapper containing a 1D object (a 1D numpy array or a `IDataColumn` object).

    Provides a uniform access to basic methods of a wrapped object.
    """
    def __init__(self, container):
        IGenWrapper.__init__(self, container)
        self.r=self.Accessor(self)
        self.t=self.Accessor(self)
[docs]    class Accessor(object):
        """
        An accessor: creates a simple uniform interface to treat the wrapped object element-wise (get/set/iterate over elements).

        Generated automatically for each table on creation, doesn't need to be created explicitly.
        """
        def __init__(self, wrapper):
            object.__init__(self)
            self._wrapper=wrapper
        def __iter__(self):
            return self._wrapper.__iter__()
        def __getitem__(self, idx):
            return self._wrapper.subcolumn(idx,wrapped=False)
        def __setitem__(self, idx, val):
            self._wrapper[idx]=val

[docs]    def subcolumn(self, idx, wrapped=True):
        """
        Return a subcolumn at index `idx`.

        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        raise NotImplementedError("I1DWrapper.subtable")

[docs]    @staticmethod
    def from_array(array, force_copy=False, force_numpy=True, try_optimizing=False, wrapped=True):
        """
        Build a new object of the type corresponding to the wrapper from the supplied `array` (a 1D numpy array or a list).

        If ``force_copy==True``, make a copy of supplied array.
        For a :class:`Column1DWrapper`, if `column` is a list and ``force_numpy==True``, turn it into a numpy array and return :class:`.ArrayDataColumn`
        (by default lists are wrapped into :class:`.ListDataColumn`).
        For a :class:`Column1DWrapper`, if ``try_optimizing==True``, check if the column can be turned into a :class:`.LinearDataColumn`.
        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        raise NotImplementedError("I1DWrapper.from_array")

[docs]    @classmethod
    def from_columns(cls, columns, column_names=None, wrapped=True):
        """
        Build a new object of the type corresponding to the wrapper from the supplied `columns` (a list of columns; only length-1 lists is supported).

        `column_names` parameter is ignored.
        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        if len(columns)!=1:
            raise ValueError("Array1DWrapper only supports single columns, got {} columns".format(len(columns)))
        return cls.from_array(columns[0])

[docs]    def array_replaced(self, array, force_copy=False, force_numpy=True, try_optimizing=False, wrapped=True):
        """
        Return a copy of the column with the data replaced by `array`.

        All of the parameters are the same as in :meth:`from_array`.
        """
        return self.from_array(array, force_copy=force_copy, force_numpy=force_numpy, try_optimizing=try_optimizing, wrapped=wrapped)

[docs]    def get_type(self):
        """Get a string representing the wrapped object type"""
        raise NotImplementedError("I1DWrapper.get_type")

[docs]    def copy(self, wrapped=True):
        """Copy the object. If ``wrapped==True``, return a new wrapper contating the object copy; otherwise, just return the copy."""
        raise NotImplementedError("I1DWrapper.copy")

[docs]    def ndim(self):
        return 1


    
[docs]class Array1DWrapper(I1DWrapper):
    """
    A wrapper for a 1D numpy array.

    Provides a uniform access to basic methods of a wrapped object.
    """
    def __init__(self, container):
        container=np.asarray(container)
        if container.ndim!=1:
            raise ValueError("Array1DWrapper only supports 1D arrays, got {}D array".format(container.ndim))
        I1DWrapper.__init__(self, container)
    
[docs]    def get_deleted(self, idx, wrapped=True):
        """
        Return a copy of the column with the data at index `idx` deleted.

        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        new_cont=np.delete(self.cont, idx, axis=0)
        return Array1DWrapper(new_cont) if wrapped else new_cont

    def __delitem__(self, idx):
        self.cont=self.get_deleted(idx,wrapped=False)
[docs]    def get_inserted(self, idx, val, wrapped=True):
        """
        Return a copy of the column with the data `val` added at index `idx`.
        
        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        new_cont=np.insert(self.cont, idx, val, axis=0)
        return Array1DWrapper(new_cont) if wrapped else new_cont

[docs]    def insert(self, idx, val):
        """Add data `val` to index `idx`."""
        self.cont=self.get_inserted(idx,val,wrapped=False)

[docs]    def get_appended(self, val, wrapped=True):
        """
        Return a copy of the column with the data `val` appended at the end.
        
        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        new_cont=np.append(self.cont, val, axis=0)
        return Array1DWrapper(new_cont) if wrapped else new_cont

[docs]    def append(self, val):
        """Append data `val` to the end."""
        self.cont=self.get_appended(val,wrapped=False)

[docs]    def subcolumn(self, idx, wrapped=True):
        """
        Return a subcolumn at index `idx`.

        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        return Array1DWrapper(self.cont[idx]) if wrapped else self.cont[idx]

[docs]    @staticmethod
    def from_array(array, force_copy=False, force_numpy=True, try_optimizing=False, wrapped=True):
        """
        Build a new object of the type corresponding to the wrapper from the supplied `array` (a 1D numpy array or a list).

        If ``force_copy==True``, make a copy of supplied array.
        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        `force_numpy` and `try_optimizing` parameters are ignored.
        """
        new_cont=np.array(array) if force_copy else np.asarray(array)
        return Array1DWrapper(new_cont) if wrapped else new_cont

[docs]    def get_type(self):
        """Get a string representing the wrapped object type"""
        return "1d.array"

[docs]    def copy(self, wrapped=True):
        """Copy the object. If ``wrapped==True``, return a new wrapper contating the object copy; otherwise, just return the copy."""
        new_cont=self.cont.copy()
        return Array1DWrapper(new_cont) if wrapped else new_cont


    

[docs]class Column1DWrapper(I1DWrapper):
    """
    A wrapper for an :class:`.IDataColumn` object.

    Provides a uniform access to basic methods of a wrapped object.
    """
    def __init__(self, container):
        if not isinstance(container, column.IDataColumn):
            container=column.as_column(container,force_copy=False)
        I1DWrapper.__init__(self, container)
    
[docs]    def get_deleted(self, idx, wrapped=True):
        """
        Return a copy of the column with the data at index `idx` deleted.

        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        new_cont=self.cont.copy()
        del self.cont[idx]
        return Column1DWrapper(new_cont) if wrapped else new_cont

    def __delitem__(self, idx):
        del self.cont[idx]
[docs]    def get_inserted(self, idx, val, wrapped=True):
        """
        Return a copy of the column with the data `val` added at index `idx`.
        
        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        new_cont=self.cont.copy()
        new_cont.insert(val,idx)
        return Column1DWrapper(new_cont) if wrapped else new_cont

[docs]    def insert(self, idx, val):
        """Add data `val` to index `idx`."""
        self.cont.insert(idx,val)

[docs]    def get_appended(self, val, wrapped=True):
        """
        Return a copy of the column with the data `val` appended at the end.
        
        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        new_cont=self.cont.copy()
        new_cont.append(val)
        return Column1DWrapper(new_cont) if wrapped else new_cont

[docs]    def append(self, val):
        """Append data `val` to the end."""
        self.cont.append(val)

[docs]    def subcolumn(self, idx, wrapped=True):
        """
        Return a subcolumn at index `idx`.

        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        return Column1DWrapper(self.cont.subcolumn(idx)) if wrapped else self.cont.subcolumn(idx)

[docs]    @staticmethod
    def from_array(array, force_copy=False, force_numpy=True, try_optimizing=False, wrapped=True):
        """
        Build a new object of the type corresponding to the wrapper from the supplied `array` (a 1D numpy array or a list).

        If ``force_copy==True``, make a copy of supplied array.
        If `column` is a list and ``force_numpy==True``, turn it into a numpy array and return :class:`.ArrayDataColumn`
        (by default lists are wrapped into :class:`.ListDataColumn`).
        If ``try_optimizing==True``, check if the column can be turned into a :class:`.LinearDataColumn`.
        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        new_cont=column.as_column(array,force_numpy=force_numpy,force_copy=force_copy,try_linear=try_optimizing)
        return Column1DWrapper(new_cont) if wrapped else new_cont

[docs]    def get_type(self):
        """Get a string representing the wrapped object type"""
        return "1d.column"

[docs]    def copy(self, wrapped=True):
        """Copy the object. If ``wrapped==True``, return a new wrapper contating the object copy; otherwise, just return the copy."""
        new_cont=self.cont.copy()
        return Column1DWrapper(new_cont) if wrapped else new_cont




[docs]class Series1DWrapper(I1DWrapper):
    """
    A wrapper for a pandas Series object.

    Provides a uniform access to basic methods of a wrapped object.
    """
    def __init__(self, container):
        if not isinstance(container, pd.Series):
            container=pd.Series(container)
        I1DWrapper.__init__(self, container)
    
[docs]    def get_deleted(self, idx, wrapped=True):
        """
        Return a copy of the column with the data at index `idx` deleted.

        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        new_cont=self.cont.drop(self.cont.index[idx])
        return Series1DWrapper(new_cont) if wrapped else new_cont

    def __delitem__(self, idx):
        self.cont.drop(self.cont.index[idx],inplace=True)
[docs]    def get_inserted(self, idx, val, wrapped=True):
        """
        Return a copy of the column with the data `val` added at index `idx`.
        
        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        new_cont=pd.concat([self.cont.iloc[:idx],pd.Series(val,copy=False),self.cont.iloc[idx:]])
        return Series1DWrapper(new_cont) if wrapped else new_cont

[docs]    def get_appended(self, val, wrapped=True):
        """
        Return a copy of the column with the data `val` appended at the end.
        
        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        new_cont=self.cont.append(val)
        return Series1DWrapper(new_cont) if wrapped else new_cont

[docs]    def subcolumn(self, idx, wrapped=True):
        """
        Return a subcolumn at index `idx`.

        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        return Series1DWrapper(self.cont.iloc[idx]) if wrapped else self.cont.iloc[idx]

[docs]    @staticmethod
    def from_array(array, force_copy=False, force_numpy=True, try_optimizing=False, wrapped=True):
        """
        Build a new object of the type corresponding to the wrapper from the supplied `array` (a 1D numpy array or a list).

        If ``force_copy==True``, make a copy of supplied array.
        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        `force_numpy` and `try_optimizing` parameters are ignored.
        """
        new_cont=pd.Series(array,copy=force_copy)
        return Series1DWrapper(new_cont) if wrapped else new_cont

[docs]    def get_type(self):
        """Get a string representing the wrapped object type"""
        return "1d.column"

[docs]    def copy(self, wrapped=True):
        """Copy the object. If ``wrapped==True``, return a new wrapper contating the object copy; otherwise, just return the copy."""
        new_cont=self.cont.copy()
        return Series1DWrapper(new_cont) if wrapped else new_cont


    
    
    
    
    
    
[docs]class I2DWrapper(IGenWrapper):
    """
    A wrapper containing a 2D object (a 2D numpy array or a :class:`.DataTable` object).

    Provides a uniform access to basic methods of a wrapped object.
    """
    def __init__(self, container, r=None, c=None, t=None):
        IGenWrapper.__init__(self, container)
        self.r=r
        self.c=c
        self.t=t
[docs]    @staticmethod
    def from_columns(columns, column_names=None, wrapped=True):
        """
        Build a new object of the type corresponding to the wrapper from the supplied `columns` (a list of columns).

        `column_names` supplies names of the columns (only relevant for :class:`Table2DWrapper`).
        If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
        """
        raise NotImplementedError("I2DWrapper.from_columns")

[docs]    def columns_replaced(self, columns, wrapped=True):
        """
        Return copy of the object with the data replaced by `columns`.
        
        If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
        """
        return self.from_columns(columns, self.c.get_names(), wrapped=wrapped)

[docs]    @staticmethod
    def from_array(array, column_names=None, force_copy=False, wrapped=True):
        """
        Build a new object of the type corresponding to the wrapper from the supplied `array` (a list of rows or a 2D numpy array).

        `column_names` supplies names of the columns (only relevant for :class:`Table2DWrapper`).
        If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
        """
        raise NotImplementedError("I2DWrapper.from_array")

[docs]    def array_replaced(self, array, force_copy=False, wrapped=True):
        """
        Return a copy of the column with the data replaced by `array`.

        All of the parameters are the same as in :meth:`from_array`.
        """
        return self.from_array(array, self.c.get_names(), force_copy=force_copy, wrapped=wrapped)

[docs]    def get_type(self):
        """Get a string representing the wrapped object type"""
        raise NotImplementedError("I2DWrapper.get_type")

[docs]    def copy(self, wrapped=True):
        """Copy the object. If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table."""
        raise NotImplementedError("I2DWrapper.copy")

[docs]    def column(self, idx, wrapped=True):
        """
        Get a column at index `idx`.

        Return a 1D numpy array for a 2D numpy array object, and an :class:`.IDataColumn` object for a :class:`.DataTable`.
        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        raise NotImplementedError("I2DWrapper.column")

[docs]    def subtable(self, idx, wrapped=True):
        """
        Return a subtable at index `idx`.
        
        If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
        """
        raise NotImplementedError("I2DWrapper.subtable")

[docs]    def ndim(self):
        return 2


    
    
    
[docs]class Array2DWrapper(I2DWrapper):
    """
    A wrapper for a 2D numpy array.

    Provides a uniform access to basic methods of a wrapped object.
    """
    def __init__(self, container):
        container=np.asarray(container)
        if container.ndim!=2:
            raise ValueError("Array2DWrapper only supports 2D arrays, got {}D array".format(container.ndim))
        I2DWrapper.__init__(self, container, 
                self.RowAccessor(self,container), self.ColumnAccessor(self,container), self.TableAccessor(container))
    
[docs]    def set_container(self,cont):
        self.cont=cont
        self.r._storage=cont
        self.c._storage=cont
        self.t._storage=cont

[docs]    class RowAccessor(object):
        """
        A row accessor: creates a simple uniform interface to treat the wrapped object row-wise (append/insert/delete/iterate over rows).

        Generated automatically for each table on creation, doesn't need to be created explicitly.
        """
        def __init__(self, wrapper, storage):
            object.__init__(self)
            self._wrapper=wrapper
            self._storage=storage
        def __iter__(self):
            return iterator_utils.AccessIterator(self._storage, lambda obj, idx: obj[idx])
        def __getitem__(self, idx):
            return self._storage[idx]
        def __setitem__(self, idx, val):
            self._storage[idx]=val
[docs]        def get_deleted(self, idx, wrapped=True):
            """
            Return a new table with the rows at `idx` deleted.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            new_cont=np.delete(self._storage, idx, axis=0)
            return Array2DWrapper(new_cont) if wrapped else new_cont

        def __delitem__(self, idx):
            self._wrapper.set_container(self.get_deleted(idx,wrapped=False))
[docs]        def get_inserted(self, idx, val, wrapped=True):
            """
            Return a new table with new rows given by `val` inserted at `idx`.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            new_cont=np.insert(self._storage, idx, val, axis=0)
            return Array2DWrapper(new_cont) if wrapped else new_cont

[docs]        def insert(self, idx, val):
            """
            Insert new rows given by `val` at index `idx`.
            """
            self._wrapper.set_container(self.get_inserted(idx,val,wrapped=False))

[docs]        def get_appended(self, val, wrapped=True):
            """
            Return a new table with new rows given by `val` appended to the end of the table.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            new_cont=np.append(self._storage, val, axis=0)
            return Array2DWrapper(new_cont) if wrapped else new_cont

[docs]        def append(self, val):
            """Insert new rows given by `val` to the end of the table."""
            self._wrapper.set_container(self.get_appended(val,wrapped=False))


    
[docs]    class ColumnAccessor(object):
        """
        A column accessor: creates a simple uniform interface to treat the wrapped object column-wise (append/insert/delete/iterate over columns).

        Generated automatically for each table on creation, doesn't need to be created explicitly.
        """
        def __init__(self, wrapper, storage):
            object.__init__(self)
            self._wrapper=wrapper
            self._storage=storage
        def __iter__(self):
            return iterator_utils.AccessIterator(self._storage, lambda obj, idx: obj[:,idx])
        def __getitem__(self, idx):
            return self._storage[:,idx]
        def __setitem__(self, idx, val):
            self._storage[:,idx]=val
[docs]        def get_deleted(self, idx, wrapped=True):
            """
            Return a new table with the columns at `idx` deleted.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            new_cont=np.delete(self._storage, idx, axis=1)
            return Array2DWrapper(new_cont) if wrapped else new_cont

        def __delitem__(self, idx):
            self._wrapper.set_container(self.get_deleted(idx,wrapped=False))
[docs]        def get_inserted(self, idx, val, wrapped=True):
            """
            Return a new table with new columns given by `val` inserted at `idx`.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            new_cont=np.insert(self._storage, idx, val, axis=1)
            return Array2DWrapper(new_cont) if wrapped else new_cont

[docs]        def insert(self, idx, val):
            """
            Insert new columns given by `val` at index `idx`.
            """
            self._wrapper.set_container(self.get_inserted(idx,val,wrapped=False))

[docs]        def get_appended(self, val, wrapped=True):
            """
            Return a new table with new columns given by `val` appended to the end of the table.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            new_cont=np.append(self._storage, val, axis=1)
            return Array2DWrapper(new_cont) if wrapped else new_cont

[docs]        def append(self, val):
            """Insert new columns given by `val` to the end of the table."""
            self._wrapper.set_container(self.get_appended(val,wrapped=False))

[docs]        def set_names(self, names):
            """Set column names (does nothing)."""
            pass

[docs]        def get_names(self):
            """Get column names (all names are ``None``)."""
            return [None]*self._storage.shape[1]

[docs]        def get_index(self, idx):
            """Get number index for a given column index"""
            return (idx if idx>=0 else self._storage.shape[1]-idx)


    
[docs]    class TableAccessor(object):
        """
        A table accessor: acessing the table data through this interface returns an object of the appropriate type
        (numpy array for numpy wrapped object, and :class:`.DataTable` for :class:`.DataTable` wrapped object).

        Generated automatically for each table on creation, doesn't need to be created explicitly.
        """
        def __init__(self, storage):
            object.__init__(self)
            self._storage=storage
        def __iter__(self):
            return iterator_utils.AccessIterator(self)
        def __getitem__(self, idx):
            return self._storage[idx]
        def __setitem__(self, idx, val):
            self._storage[idx]=val

    
[docs]    def subtable(self, idx, wrapped=True):
        """
        Return a subtable at index `idx` of the appropriate type (2D numpy array).
        
        If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
        """
        return Array2DWrapper(self.cont[idx]) if wrapped else self.cont[idx]

[docs]    def column(self, idx, wrapped=True):
        """
        Get a column at index `idx` as a 1D numpy array.

        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        return Array1DWrapper(self.cont[:,idx]) if wrapped else self.cont[:,idx]

[docs]    @staticmethod
    def from_columns(columns, column_names=None, wrapped=True):
        """
        Build a new object of the type corresponding to the wrapper from the supplied `columns` (a list of columns).

        If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
        `column_names` parameter is ignored.
        """
        new_cont=np.column_stack(columns)
        return Array2DWrapper(new_cont) if wrapped else new_cont

[docs]    @staticmethod
    def from_array(array, column_names=None, force_copy=False, wrapped=True):
        """
        Build a new object of the type corresponding to the wrapper from the supplied `array` (a list of rows or a 2D numpy array).

        If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
        `column_names` parameter is ignored.
        """
        new_cont=np.array(array) if force_copy else np.asarray(array)
        return Array2DWrapper(new_cont) if wrapped else new_cont

[docs]    def get_type(self):
        """Get a string representing the wrapped object type"""
        return "2d.array"

[docs]    def copy(self, wrapped=True):
        """Copy the object. If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table."""
        new_cont=self.cont.copy()
        return Array2DWrapper(new_cont) if wrapped else new_cont


    

[docs]class Table2DWrapper(I2DWrapper):
    """
    A wrapper for a :class:`.DataTable` object.

    Provides a uniform access to basic methods of a wrapped object.
    """
    def __init__(self, container):
        if not isinstance(container, datatable.DataTable):
            container=datatable.DataTable(container,force_copy=False)
        if container.ndim!=2:
            raise ValueError("Table2DWrapper only supports 2D arrays, got {}D array".format(container.ndim))
        I2DWrapper.__init__(self, container,
                    self.RowAccessor(self,container), self.ColumnAccessor(self,container), self.TableAccessor(container))
    
[docs]    class RowAccessor(object):
        """
        A row accessor: creates a simple uniform interface to treat the wrapped object row-wise (append/insert/delete/iterate over rows).

        Generated automatically for each table on creation, doesn't need to be created explicitly.
        """
        def __init__(self, wrapper, storage):
            object.__init__(self)
            self._wrapper=wrapper
            self._storage=storage
        def __iter__(self):
            return self._storage.ra.__iter__()
        def __getitem__(self, idx):
            return self._storage.ra[idx]
        def __setitem__(self, idx, val):
            self._storage.r[idx]=val
[docs]        def get_deleted(self, idx, wrapped=True):
            """
            Return a new table with the rows at `idx` deleted.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            new_cont=self._storage.copy()
            del new_cont.r[idx]
            return Table2DWrapper(new_cont) if wrapped else new_cont

        def __delitem__(self, idx):
            del self._storage.r[idx]
[docs]        def get_inserted(self, idx, val, wrapped=True):
            """
            Return a new table with new rows given by `val` inserted at `idx`.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            new_cont=self._storage.copy()
            new_cont.r.insert(idx,val)
            return Table2DWrapper(new_cont) if wrapped else new_cont

[docs]        def insert(self, idx, val):
            """
            Insert new rows given by `val` at index `idx`.
            """
            self._storage.r.insert(idx,val)

[docs]        def get_appended(self, val, wrapped=True):
            """
            Return a new table with new rows given by `val` appended to the end of the table.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            new_cont=self._storage.copy()
            new_cont.r.append(val)
            return Table2DWrapper(new_cont) if wrapped else new_cont

[docs]        def append(self, val):
            """Insert new rows given by `val` to the end of the table."""
            self._storage.r.append(val)


            
[docs]    class ColumnAccessor(object):
        """
        A column accessor: creates a simple uniform interface to treat the wrapped object column-wise (append/insert/delete/iterate over columns).

        Generated automatically for each table on creation, doesn't need to be created explicitly.
        """
        def __init__(self, wrapper, storage):
            object.__init__(self)
            self._wrapper=wrapper
            self._storage=storage
        def __iter__(self):
            return self._storage.c.__iter__()
        def __getitem__(self, idx):
            return self._storage.c[idx]
        def __setitem__(self, idx, val):
            self._storage.c[idx]=val
[docs]        def get_deleted(self, idx, wrapped=True):
            """
            Return a new table with the columns at `idx` deleted.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            new_cont=self._storage.copy(copy_columns=False)
            del new_cont.c[idx]
            return Table2DWrapper(new_cont) if wrapped else new_cont

        def __delitem__(self, idx):
            del self._storage.c[idx]
[docs]        def get_inserted(self, idx, val, wrapped=True):
            """
            Return a new table with new columns given by `val` inserted at `idx`.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            new_cont=self._storage.copy(copy_columns=False)
            new_cont.c.insert(idx,val)
            return Table2DWrapper(new_cont) if wrapped else new_cont

[docs]        def insert(self, idx, val):
            """Insert new columns given by `val` at index `idx`."""
            self._storage.c.insert(idx,val)

[docs]        def get_appended(self, val, wrapped=True):
            """
            Return a new table with new columns given by `val` appended to the end of the table.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            new_cont=self._storage.copy(copy_columns=False)
            new_cont.c.append(val)
            return Table2DWrapper(new_cont) if wrapped else new_cont

[docs]        def append(self, val):
            """Insert new columns given by `val` to the end of the table."""
            self._storage.c.append(val)

[docs]        def set_names(self, names):
            """Set column names."""
            self._storage.set_column_names(names)

[docs]        def get_names(self):
            """Get column names."""
            return self._storage.get_column_names()

[docs]        def get_index(self, idx):
            """Get number index for a given column index"""
            idx=indexing.to_list_idx(idx,self.get_names()).idx
            return (idx if idx>=0 else self._storage.shape[1]-idx)


    
[docs]    class TableAccessor(object):
        """
        A table accessor: acessing the table data through this interface returns an object of the appropriate type
        (numpy array for numpy wrapped object, and :class:`.DataTable` for :class:`.DataTable` wrapped object).

        Generated automatically for each table on creation, doesn't need to be created explicitly.
        """
        def __init__(self, storage):
            object.__init__(self)
            self._storage=storage
        def __iter__(self):
            return self._storage.t.__iter__()
        def __getitem__(self, idx):
            return self._storage.t[idx]
        def __setitem__(self, idx, val):
            self._storage.t[idx]=val

    
[docs]    def subtable(self, idx, wrapped=True):
        """
        Return a subtable at index `idx` of the appropriate type (:class:`.DataTable`).
        
        If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
        """
        return Table2DWrapper(self.cont.t[idx]) if wrapped else self.cont.t[idx]

[docs]    def column(self, idx, wrapped=True):
        """
        Get a column at index `idx` as an :class:`.IDataColumn` object.

        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        return Column1DWrapper(self.cont.c[idx]) if wrapped else self.cont.c[idx]

[docs]    @staticmethod
    def from_columns(columns, column_names=None, wrapped=True):
        """
        Build a new object of the type corresponding to the wrapper from the supplied `columns` (a list of columns).

        `column_names` supplies names of the columns (only relevant for :class:`Table2DWrapper`).
        If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
        """
        new_cont=datatable.DataTable(columns,column_names)
        return Table2DWrapper(new_cont) if wrapped else new_cont

[docs]    @staticmethod
    def from_array(array, column_names=None, force_copy=False, wrapped=True):
        """
        Build a new object of the type corresponding to the wrapper from the supplied `array` (a list of rows or a 2D numpy array).

        `column_names` supplies names of the columns (only relevant for :class:`Table2DWrapper`).
        If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
        """
        new_cont=datatable.DataTable(array,column_names,force_copy=force_copy)
        return Table2DWrapper(new_cont) if wrapped else new_cont

[docs]    def get_type(self):
        """Get a string representing the wrapped object type"""
        return "2d.table"

[docs]    def copy(self, wrapped=True):
        """Copy the object. If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table."""
        new_cont=self.cont.copy()
        return Table2DWrapper(new_cont) if wrapped else new_cont


    

[docs]class DataFrame2DWrapper(I2DWrapper):
    """
    A wrapper for a pandas DataFrame object.

    Provides a uniform access to basic methods of a wrapped object.
    """
    def __init__(self, container):
        if not isinstance(container, pd.DataFrame):
            container=pd.DataFrame(container,copy=False)
        if container.ndim!=2:
            raise ValueError("DataFrame2DWrapper only supports 2D arrays, got {}D array".format(container.ndim))
        I2DWrapper.__init__(self, container,
                    self.RowAccessor(self,container), self.ColumnAccessor(self,container), self.TableAccessor(container))

    def __getitem__(self, idx):
        res=self.cont.iloc[idx]
        return np.asarray(res) if len(table_storage.get_shape(res))>0 else res
    def __setitem__(self, idx, val):
        self.cont.iloc[idx]=val
    
[docs]    class RowAccessor(object):
        """
        A row accessor: creates a simple uniform interface to treat the wrapped object row-wise (append/insert/delete/iterate over rows).

        Generated automatically for each table on creation, doesn't need to be created explicitly.
        """
        def __init__(self, wrapper, storage):
            object.__init__(self)
            self._wrapper=wrapper
            self._storage=storage
        def __iter__(self):
            return self._storage.__iter__()
        def __getitem__(self, idx):
            return self._storage.iloc[idx]
        def __setitem__(self, idx, val):
            self._storage.iloc[idx]=val
[docs]        def get_deleted(self, idx, wrapped=True):
            """
            Return a copy of the column with the data at index `idx` deleted.

            If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
            """
            new_cont=self._storage.drop(self._storage.index[idx])
            return DataFrame2DWrapper(new_cont) if wrapped else new_cont

        def __delitem__(self, idx):
            self._storage.drop(self._storage.index[idx],inplace=True)
[docs]        def get_inserted(self, idx, val, wrapped=True):
            """
            Return a new table with new rows given by `val` inserted at `idx`.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            new_cont=pd.concat([self._storage.iloc[:idx],pd.DataFrame(val,copy=False),self._storage.iloc[idx:]])
            return DataFrame2DWrapper(new_cont) if wrapped else new_cont

[docs]        def insert(self, idx, val):
            """
            Insert new rows given by `val` at index `idx`.
            """
            self._wrapper.set_container(self.get_inserted(idx,val,wrapped=False))

[docs]        def get_appended(self, val, wrapped=True):
            """
            Return a new table with new rows given by `val` appended to the end of the table.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            new_cont=self._storage.append(val)
            return DataFrame2DWrapper(new_cont) if wrapped else new_cont

[docs]        def append(self, val):
            """Insert new rows given by `val` to the end of the table."""
            self._wrapper.set_container(self.get_appended(val,wrapped=False))


            
[docs]    class ColumnAccessor(object):
        """
        A column accessor: creates a simple uniform interface to treat the wrapped object column-wise (append/insert/delete/iterate over columns).

        Generated automatically for each table on creation, doesn't need to be created explicitly.
        """
        def __init__(self, wrapper, storage):
            object.__init__(self)
            self._wrapper=wrapper
            self._storage=storage
        def __iter__(self):
            return self._storage.c.__iter__()
        def __getitem__(self, idx):
            return self._storage.iloc[:,idx]
        def __setitem__(self, idx, val):
            self._storage.iloc[:,idx]=val
[docs]        def get_deleted(self, idx, wrapped=True):
            """
            Return a new table with the columns at `idx` deleted.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            try:
                new_cont=self._storage.drop(idx,axis="columns")
            except (TypeError,KeyError):
                new_cont=self._storage.drop(self._storage.columns[idx],axis="columns")
            return DataFrame2DWrapper(new_cont) if wrapped else new_cont

        def __delitem__(self, idx):
            try:
                self._storage.drop(idx,axis="columns",inplace=True)
            except (TypeError,KeyError):
                self._storage.drop(self._storage.columns[idx],axis="columns",inplace=True)
[docs]        def get_inserted(self, idx, val, column_name=None, wrapped=True):
            """
            Return a new table with new columns given by `val` inserted at `idx`.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            new_wrap=self._wrapper.copy()
            new_wrap.insert(idx,val,column_name=column_name)
            return new_wrap if wrapped else new_wrap.cont

[docs]        def insert(self, idx, val, column_name=None):
            """Insert new columns given by `val` at index `idx`."""
            if column_name is None:
                column_name=self._storage.shape[1]
                while column_name in self._storage.columns:
                    column_name+=1
            self._storage.insert(idx,column_name,val)

[docs]        def get_appended(self, val, column_name=None, wrapped=True):
            """
            Return a new table with new columns given by `val` appended to the end of the table.

            If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
            """
            return self.get_inserted(-1,val,column_name=column_name,wrapped=wrapped)

[docs]        def append(self, val, column_name=None):
            """Insert new columns given by `val` to the end of the table."""
            return self.insert(-1,val,column_name=column_name)

[docs]        def set_names(self, names):
            """Set column names."""
            self._storage.columns=names

[docs]        def get_names(self):
            """Get column names."""
            return list(self._storage.columns)

[docs]        def get_index(self, idx):
            """Get number index for a given column index"""
            idx=indexing.to_list_idx(idx,self.get_names()).idx
            return (idx if idx>=0 else self._storage.shape[1]-idx)


    
[docs]    class TableAccessor(object):
        """
        A table accessor: acessing the table data through this interface returns an object of the appropriate type
        (numpy array for numpy wrapped object, and :class:`.DataTable` for :class:`.DataTable` wrapped object).

        Generated automatically for each table on creation, doesn't need to be created explicitly.
        """
        def __init__(self, storage):
            object.__init__(self)
            self._storage=storage
        def __iter__(self):
            return self._storage.iloc.__iter__()
        def __getitem__(self, idx):
            return self._storage.iloc[idx]
        def __setitem__(self, idx, val):
            self._storage.iloc[idx]=val

    
    def _get_df_columns(self, idx):
        try:
            return self.cont.loc(axis="columns")[idx]
        except (TypeError,KeyError):
            return self.cont.iloc(axis="columns")[idx]
[docs]    def subtable(self, idx, wrapped=True):
        """
        Return a subtable at index `idx` of the appropriate type (:class:`.DataTable`).
        
        If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
        """
        return DataFrame2DWrapper(self._get_df_columns(idx)) if wrapped else self._get_df_columns(idx)

[docs]    def column(self, idx, wrapped=True):
        """
        Get a column at index `idx` as an :class:`.IDataColumn` object.

        If ``wrapped==True``, return a new wrapper contating the column; otherwise, just return the column.
        """
        return Series1DWrapper(self._get_df_columns(idx)) if wrapped else self._get_df_columns(idx)

[docs]    @staticmethod
    def from_columns(columns, column_names=None, wrapped=True):
        """
        Build a new object of the type corresponding to the wrapper from the supplied `columns` (a list of columns).

        `column_names` supplies names of the columns (only relevant for :class:`DataFrame2DWrapper`).
        If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
        """
        if column_names is None:
            column_names=list(range(len(columns)))
        new_cont=pd.DataFrame(dict(zip(column_names,columns)),columns=column_names)
        return DataFrame2DWrapper(new_cont) if wrapped else new_cont

[docs]    @staticmethod
    def from_array(array, column_names=None, force_copy=False, wrapped=True):
        """
        Build a new object of the type corresponding to the wrapper from the supplied `array` (a list of rows or a 2D numpy array).

        `column_names` supplies names of the columns (only relevant for :class:`DataFrame2DWrapper`).
        If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table.
        """
        new_cont=pd.DataFrame(array,columns=column_names,copy=force_copy)
        return DataFrame2DWrapper(new_cont) if wrapped else new_cont

[docs]    def get_type(self):
        """Get a string representing the wrapped object type"""
        return "2d.pandas"

[docs]    def copy(self, wrapped=True):
        """Copy the object. If ``wrapped==True``, return a new wrapper contating the table; otherwise, just return the table."""
        new_cont=self.cont.copy()
        return DataFrame2DWrapper(new_cont) if wrapped else new_cont


    

[docs]def wrap1d(container):
    """
    Wrap a 1D container (a 1D numpy array or an :class:`.IDataColumn`) into an appropriate wrapper.
    """
    if isinstance(container, column.IDataColumn):
        return Column1DWrapper(container)
    if isinstance(container, pd.Series):
        return Series1DWrapper(container)
    return Array1DWrapper(container)

[docs]def wrap2d(container):
    """
    Wrap a 2D container (a 2D numpy array or a :class:`.DataTable`) into an appropriate wrapper.
    """
    if isinstance(container, datatable.DataTable):
        return Table2DWrapper(container)
    if isinstance(container, pd.DataFrame):
        return DataFrame2DWrapper(container)
    return Array2DWrapper(container)

[docs]def wrap(container):
    """
    Wrap container (a numpy array, an :class:`.IDataColumn` or a :class:`.DataTable`) into an appropriate wrapper.
    """
    if isinstance(container,IGenWrapper):
        return container
    ndim=len(table_storage.get_shape(container))
    if ndim==1:
        return wrap1d(container)
    elif ndim==2:
        return wrap2d(container)
    else:
        raise ValueError("wrap only supports 1D and 2D arrays, got {}D".format(ndim))





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.devio.SCPI

import time
import contextlib

from ..utils.py3 import textstring, as_str
from . import data_format
from . import backend as backend_module  #@UnresolvedImport
from ..utils import general as general_utils  #@UnresolvedImport
from ..utils import log #@UnresolvedImport
from ..utils import general #@UnresolvedImport
from ..utils import funcargparse #@UnresolvedImport

_depends_local=[".backend"]


[docs]class SCPIDevice(backend_module.IBackendWrapper):
    """
    A base class for a device controlled with the usual SCPI syntax.
    
    Implements two functions:
        - deals with composing and parsing of standard SCPI commands.
        - implements automatic re-sending and reconnecting on communication failures (fail-safe mode)
    
    Args:
        conn: Connection parameters (depend on the backend). Can also be an opened :class:`.backend.IDeviceBackend` class for a custom backend.
        term_write (str): Line terminator for writing operations.
        wait_callback (callable): A function to be called periodically (every 300ms by default) while waiting for operations to complete.
        backend (str): Connection backend (``'serial'`` or ``'visa'``).
        failsafe (bool): If ``True``, the device is working in a fail-safe mode:
            if an operation times out, attempt to repeat it several times before raising error.
            If ``None``, use the class value `_default_failsafe` (``False`` by default).
        timeout (float): Default timeout (in seconds).
    """
    # All of the following _default_* parameters can be redefined in subclasses
    # Most of these parameters are used to define object attributes, which can be altered individually for different objects (i.e., connections)
    _default_failsafe_operation_timeout=5. # timeout for an operaton (read/write/ask) in the failsafe mode
    _default_backend_timeout=3. # timeout for a single backend operation attempt in the failsafe mode (one operation can be attempted several times)
    _default_retry_delay=5. # delay between retrying an operation (in seconds)
    _default_retry_times=5 # maximal number of operation attempts
    _default_operation_timeout=3. # timeout for an operator in the standard (non-failsafe) mode
    _default_wait_sync_timeout=600. # timeout for "sync" wait operation (waiting for the device operation to complete); an operation can be long (e.g., a single frequency sweep), thus the long timeout
    _default_operation_cooldown=0.02 # operation cooldown (see backend description)
    _default_wait_callback_timeout=.3 # callback call period during wait operations (keeps the thread from complete halting)
    _default_failsafe=False # running in the failsafe mode by default
    _allow_concatenate_write=False # allow automatic concatenation of several write operations (see :meth:`using_write_buffer`)
    _concatenate_write_separator=";\n" # separator to join different commands in concatenated write operation (with :meth:`using_write_buffer`)
    def __init__(self, conn, term_write=None, term_read=None, wait_callback=None, backend="visa", failsafe=None, timeout=None, backend_params=None):
        self._wait_sync_timeout=self._default_wait_sync_timeout
        failsafe=self._default_failsafe if failsafe is None else failsafe
        self._failsafe=failsafe
        if failsafe:
            self._operation_timeout=self._default_failsafe_operation_timeout if timeout is None else timeout
            self._backend_timeout=self._default_backend_timeout
            self._retry_delay=self._default_retry_delay
            self._retry_times=self._default_retry_times
        else:
            self._operation_timeout=self._default_operation_timeout if timeout is None else timeout
            self._backend_timeout=self._operation_timeout
            self._retry_delay=0.
            self._retry_times=0
        self._wait_callback=wait_callback
        self._wait_callback_timeout=self._default_wait_callback_timeout
        instr=backend_module.new_backend(conn,backend=backend,term_write=term_write,term_read=term_read,timeout=self._backend_timeout,**(backend_params or {}))
        instr._operation_cooldown=self._default_operation_cooldown
        backend_module.IBackendWrapper.__init__(self,instr)
        self.conn=conn
        self.backend_params=backend_params or {}
        self.backend=instr._backend
        self.term_write=term_write
        self.term_read=term_read
        self._setter_echo=True
        self._concatenate_write=0
        self._write_buffer=""
        self._debug_conn=False
        self._scpi_parameters={}
        self._command_validity_cache={}
    
    
    def _instr_read(self, raw=False):
        data=self.instr.readline(remove_term=not raw)
        if self._debug_conn:
            debug_msg="Reading from instr: {}".format(data)
            log.default_log.debug(debug_msg,origin="devices/SCPI",level="misc")
        return data
    def _instr_write(self, msg):
        if self._debug_conn:
            debug_msg="Writing to instr: {}".format(msg)
            log.default_log.debug(debug_msg,origin="devices/SCPI",level="misc")
        return self.instr.write(msg)

    def _add_scpi_parameter(self, name, comm, kind="float", options=None, add_node=False):
        """
        Add a new SCPI parameter description for easier access.

        Parameter defined with this method can be accessed with :meth:`_get_scpi_parameter` and :meth:`_set_scpi_parameter`.

        Args:
            name: parameter name
            comm: SCPI access command (e.g., ``":TRIG:SOURCE"``)
            kind: parameter kind; can be  ``"int"``, ``"float"``, ``"bool"``, or ``"enum"`` (for text/enum values)
            options: for ``"enum"`` kind it is a dictionary ``{scpi_value: return_value}``,
                where ``scpi_value`` is a return SCPI value text (upper case) and ``return_value`` is the value accepted/returned by the set/get method.
            add_node: if ``True``, automatically add a settings node with the corresponding name
        """
        funcargparse.check_parameter_range(kind,"kind",["int","float","enum","bool"])
        ioptions=general.invert_dict(options) if options else {}
        self._scpi_parameters[name]=(comm,kind,options or {},ioptions)
        if add_node:
            self._add_settings_node(name,lambda: self._get_scpi_parameter(name),lambda v: self._set_scpi_parameter(name,v),multiarg=False)
    def _get_scpi_parameter(self, name):
        """Get SCPI parameter with a given name"""
        comm,kind,options,_=self._scpi_parameters[name]
        if kind in ["int","float","bool"]:
            return self.ask(comm+"?",kind)
        elif kind=="enum":
            value=self.ask(comm+"?","string")
            return options[value.upper()]
    def _set_scpi_parameter(self, name, value):
        """Set SCPI parameter with a given name"""
        comm,kind,_,ioptions=self._scpi_parameters[name]
        if kind in ["int","float","bool"]:
            self.write(comm,value,kind)
        elif kind=="enum":
            funcargparse.check_parameter_range(value,"value",ioptions)
            self.write("{} {}".format(comm,ioptions[value]))
        return self._get_scpi_parameter(name)
    
[docs]    def reconnect(self, new_instrument=True):
        """
        Remake the connection.
        
        If ``new_instrument==True``, create a new backend instance.
        """
        try:
            self.close()
        except self.instr.Error:
            pass
        if new_instrument:
            self.instr=backend_module.new_backend(self.conn,backend=self.backend,term_write=self.term_write,term_read=self.term_read,timeout=self._backend_timeout,**self.backend_params)
        else:
            self.instr.open()

        
[docs]    def sleep(self, delay):
        """Wait for `delay` seconds."""
        if delay is not None and delay>0:
            time.sleep(delay)    

    
[docs]    @contextlib.contextmanager
    def using_write_buffer(self):
        """
        Context manager for using a write buffer.
        
        While it's active, all the consecutive :meth:`write` operations are bundled together with ``;`` delimiter.
        The actual write is performed at the :meth:`read`/:meth:`ask` operation or at the end of the block.
        """
        self._concatenate_write=self._concatenate_write+1
        try:
            yield
        finally:
            self._concatenate_write=self._concatenate_write-1
            if not self._concatenate_write:
                self._write_retry(flush=True)

                
    _flush_comm=None
    def _flush_retry(self):
        for t in general_utils.RetryOnException(self._retry_times,exceptions=self.instr.Error):
            with t:
                response=self.instr.ask(self._flush_comm or self._id_comm)
                self.flush()
                return response
    def _try_recover(self, cnt, silent=True):
        try:
            if cnt%2==0:
                self.reconnect()
            self._flush_retry()
        except self.instr.Error:
            if not silent:
                raise
    def _read_one_try(self, raw=False, timeout=None, wait_callback=None):
        timeout=self._operation_timeout if timeout is None else timeout
        if wait_callback is not None:
            backend_timeout=self._wait_callback_timeout
        else:
            backend_timeout=min(self._backend_timeout,timeout) if self._failsafe else timeout
        start_time=time.time()
        with self.instr.using_timeout(backend_timeout):
            for t in general_utils.RetryOnException(exceptions=self.instr.Error):
                with t:
                    return self._instr_read(raw=raw)
                if wait_callback is not None:
                    wait_callback()
                if (time.time()>start_time+timeout) or (not self._failsafe and wait_callback is None):
                    t.reraise()
    def _read_retry(self, raw=False, timeout=None, wait_callback=None, retry=None):
        self._write_retry(flush=True)
        retry=(timeout is None) if (retry is None) else retry
        locking_timeout=self._operation_timeout if timeout is None else timeout
        for t in general_utils.RetryOnException(self._retry_times,exceptions=self.instr.Error):
            with t:
                with self.instr.locking(timeout=locking_timeout):
                    return self._read_one_try(raw,timeout=timeout,wait_callback=wait_callback)
            if not retry:
                t.reraise()
            error_msg="read raises IOError; waiting {0} sec before trying to recover".format(self._retry_delay)
            log.default_log.info(error_msg,origin="devices/SCPI",level="warning")
            self.sleep(self._retry_delay)
            self._try_recover(t.try_number)
    def _write_retry(self, msg="", flush=False):
        if self._allow_concatenate_write and self._concatenate_write_separator is not None and self._concatenate_write and not flush:
            self._write_buffer=(self._write_buffer+self._concatenate_write_separator+msg) if self._write_buffer else msg
            return
        if self._write_buffer:
            msg=self._write_buffer+self._concatenate_write_separator+msg if msg else self._write_buffer
            self._write_buffer=""
        if msg:
            for t in general_utils.RetryOnException(self._retry_times,exceptions=self.instr.Error):
                with t:
                    with self.instr.locking(timeout=self._operation_timeout):
                        sent=self._instr_write(msg)
                        return sent
                error_msg="write raises IOError; waiting {0} sec before trying to recover".format(self._retry_delay)
                log.default_log.info(error_msg,origin="devices/SCPI",level="warning")
                self.sleep(self._retry_delay)
                self._try_recover(t.try_number)
    def _ask_retry(self, msg, delay=0., raw=False, timeout=None, wait_callback=None, retry=None):
        self._write_retry(flush=True)
        retry=(timeout is None) if (retry is None) else retry
        locking_timeout=self._operation_timeout if timeout is None else timeout
        for t in general_utils.RetryOnException(self._retry_times,exceptions=self.instr.Error):
            with t:
                with self.instr.locking(timeout=locking_timeout):
                    self._instr_write(msg)
                    self.sleep(delay)
                    return self._read_one_try(raw,timeout=timeout,wait_callback=wait_callback)
            if not retry:
                t.reraise()
            error_msg="ask raises IOError; waiting {0} sec before trying to recover".format(self._retry_delay)
            log.default_log.info(error_msg,origin="devices/SCPI",level="warning")
            self.sleep(self._retry_delay)
            self._try_recover(t.try_number)
                
    
    _id_comm="*IDN?" 
[docs]    def get_id(self, timeout=None):
        """Get the device IDN. (query SCPI ``'*IDN?'`` command)."""
        return self.ask(self._id_comm,timeout=timeout)

    _reset_comm="*RST"
[docs]    def reset(self):
        """Reset the device (by default, ``"*RST"`` command)"""
        return self.write(self._reset_comm)

    _esr_comm="*ESR?"
[docs]    def get_esr(self, timeout=None):
        """Get the device status register (by default, ``"*ESR?"`` command)"""
        return self.ask(self._esr_comm,"int")

    def _is_command_valid(self, comm, cached=True):
        """
        Check if the command or the query is valid.

        Send the command, ignore the output, and then check the status bit 5 (command parsing error).
        If ``cached==True``, only check the validity once, and then just use this value in all further attempts.
        """
        if (not cached) or (comm not in self._command_validity_cache):
            self.write(comm)
            self.flush()
            result=not bool(self.get_esr()&0x20)
            if cached:
                self._command_validity_cache[comm]=result
        else:
            result=self._command_validity_cache[comm]
        return result

    
    _wait_sync_comm="*OPC?"
[docs]    def wait_sync(self, timeout=None, wait_callback=None):
        """
        Pause execution of the script until device overlapped commands (e.g., taking sweeps) are complete.
        
        `timeout` and `wait_callback` override default constructor parameters.
        """
        timeout=self._wait_sync_timeout if timeout is None else timeout
        wait_callback=wait_callback or self._wait_callback
        self._ask_retry(self._wait_sync_comm,raw=True,timeout=timeout,wait_callback=wait_callback,retry=True)

    _wait_dev_comm="*WAI"
[docs]    def wait_dev(self):
        """
        Pause execution of the device commands until device overlapped commands (e.g., taking sweeps) are complete.
        """
        self.write(self._wait_dev_comm)

[docs]    def wait(self, wait_type="sync", timeout=None, wait_callback=None):
        """
        Pause execution until device overlapped commands are complete.
        
        `wait_type` is either ``'sync'`` (perform :meth:`wait_sync`), ``'dev'`` (perform :meth:`wait_dev`) or ``'none'`` (do nothing).
        """
        if wait_type=="sync":
            self.wait_sync(timeout=timeout,wait_callback=wait_callback)
        elif wait_type=="dev":
            self.wait_dev()
        elif wait_type!="none":
            raise ValueError("unrecognized wait type: {0}".format(wait_type))

    
[docs]    @staticmethod
    def get_arg_type(arg):
        if isinstance(arg,bool):
            return "bool"
        if isinstance(arg,int):
            return "int"
        if isinstance(arg,float):
            return "float"
        if isinstance(arg,textstring):
            return "string"
        raise ValueError("can't determine type for argument {0}".format(arg))

    _float_fmt="E"
    def _compose_msg(self, msg, arg=None, arg_type=None, unit=None, fmt=None, bool_selector=("OFF","ON")):
        if arg is not None:
            if fmt is not None:
                val=("{"+fmt+"}").format(arg)
            else:
                if arg_type is None:
                    arg_type=self.get_arg_type(arg)
                if arg_type=="string" or arg_type=="raw":
                    val=arg
                elif arg_type=="int":
                    val="{:d}".format(int(arg))
                elif arg_type=="float":
                    val=("{:"+self._float_fmt+"}").format(float(arg))
                elif arg_type=="bool":
                    val="{}".format(bool_selector[1] if arg else bool_selector[0])
                else:
                    raise ValueError("unrecognized arg_type: {0}".format(arg_type))
            msg=msg+" "+val
            if unit is not None:
                msg=msg+" "+unit
        return msg
[docs]    def write(self, msg, arg=None, arg_type=None, unit=None, fmt=None, bool_selector=("OFF","ON"), read_echo=False, read_echo_delay=0.):
        """
        Send a command.
        
        Args:
            msg (str): Text message.
            arg: Optional argument to append in the end.
            arg_type (str): Argument type. Can be ``'raw'`` (in which case data is sent raw), ``'string'``, ``'int'``, ``'float'``,
                ``'bool'`` or ``'value'``.
            unit (str): If ``arg_type=='value'``, use it as a unit to append after the value.
            fmt (str): If not ``None``, is a :meth:`str.format` string to convert arg.
            bool_selector (tuple): A tuple ``(false_value, true_value)`` of two strings to represent bool argument.
            read_echo (bool): If ``True``, read a single line after write.
            read_echo_delay (float): The delay between write and read if ``read_echo==True``.
        """
        msg=self._compose_msg(msg,arg,arg_type,unit,fmt,bool_selector)
        self._write_retry(msg)
        if read_echo:
            try:
                self.sleep(read_echo_delay)
                self._read_one_try()
            except self.instr.Error:
                pass

    def _parse_msg(self, msg, data_type="string"):
        if data_type=="raw":
            return msg
        msg=as_str(msg)
        msg=msg.strip()
        if data_type=="string":
            return msg
        elif data_type=="int":
            return int(float(msg))
        elif data_type=="float":
            return float(msg)
        elif data_type=="value":
            msg=msg.split()
            if len(msg)==1:
                return float(msg[0]),None
            elif len(msg)==2:
                return float(msg[0]),msg[1]
            else:
                raise ValueError("empty response")
        elif data_type=="bool":
            msg=msg.lower()
            if msg=="off" or int(msg)==0:
                return False
            else:
                return True
        else:
            raise ValueError("unrecognized data_type: {0}".format(data_type))
[docs]    def read(self, data_type="string", timeout=None):
        """
        Read data from the device.
        
        `data_type` determines the type of the data. Can be ``'raw'`` (just raw data), ``'string'`` (with trailing and leading spaces stripped),
        ``'int'``, ``'float'``, ``'bool'`` (interprets ``0`` or ``'off'`` as ``False``, anything else as ``True``), or
        ``'value'`` (returns tuple ``(value, unit)``, where `value` is float).
        `timeout` overrides the default value.
        """
        msg=self._read_retry(raw=(data_type=="raw"),timeout=timeout)
        return self._parse_msg(msg,data_type)

[docs]    def ask(self, msg, data_type="string", delay=0., timeout=None, read_echo=False):
        """
        Write a message and read a reply.
        
        `msg` is the query message, `delay` is the delay between write and read. Other parameters are the same as in :meth:`read`.
        If ``read_echo==True``, assume that the device first echoes the input and skip it.
        """
        for t in general_utils.RetryOnException(self._retry_times,exceptions=ValueError):
            with t:
                if read_echo:
                    self._ask_retry(msg,delay,raw=True,timeout=timeout)
                    reply=self._read_retry(raw=(data_type=="raw"),timeout=timeout)
                else:
                    reply=self._ask_retry(msg,delay,raw=(data_type=="raw"),timeout=timeout)
                return self._parse_msg(reply,data_type=data_type)
            if not self._failsafe:
                t.reraise()
            error_msg="ask error in instrument {} returned {}".format(self.instr,reply)
            log.default_log.info(error_msg,origin="devices/SCPI",level="warning")
            self.sleep(0.5)
            self.flush()
            self._try_recover(t.try_number)

[docs]    def flush(self, one_line=False):
        """
        Flush the read buffer (read all the available data and return the number of bytes read).
        
        If ``one_line==True``, read only a single line.
        """
        l=0
        try:
            while True:
                l=l+len(self._read_one_try(raw=True,timeout=0))
                if one_line:
                    return l
        except self.instr.Error:
            return l

    
[docs]    @staticmethod
    def parse_trace_data(data, fmt):
        """
        Parse the data returned by the device. `fmt` is :class:`.DataFormat` description.
        
        The data is assumed to be in a (somewhat) standard SCPI format:
        ``b'#'``, then a single digit ``s`` denoting length of the size block,
        then ``s`` digits denoting length of the data (in bytes) followed by the actual data.
        """
        fmt=data_format.DataFormat.from_desc(fmt)
        if data[:1]!=b"#": # range access to accommodate for bytes type in Py3
            if not fmt.is_ascii():
                raise ValueError("malformed data")
            length=None
        else:
            len_size=int(data[1:2]) # range access to accommodate for bytes type in Py3
            length=int(data[2:2+len_size])
            data=data[2+len_size:]
        if length is not None and len(data)!=length:
            if len(data)>length and data[length:]==b"\n"*(len(data)-length):
                data=data[:length]
            else:
                if len(data)>length+20:
                    trailing_bytes="; first 20 trailing bytes are {}".format(data[length:length+20])
                elif len(data)>length:
                    trailing_bytes="; trailing bytes are {}".format(data[length:])
                else:
                    trailing_bytes=""
                raise ValueError("data length {0} doesn't agree with the declared length {1}".format(len(data),length)+trailing_bytes)
        return fmt.convert_from_str(data)

    
[docs]    def apply_settings(self, settings):
        """
        Apply the settings.
        
        `settings` is a dict ``{name: value}`` of the available device settings.
        Non-applicable settings are ignored.
        """
        try:
            self._setter_echo=False
            with self.using_write_buffer():
                return backend_module.IBackendWrapper.apply_settings(self,settings)
        finally:
            self._setter_echo=True






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.devio.backend

"""
Routines for defining a unified interface across multiple backends.
"""

from ..utils.py3 import anystring
from builtins import range,zip
from . import interface

import time
import re
from ..utils import funcargparse, general, log, net, py3, module
import contextlib

_depends_local=[".interface"]


### Generic backend interface ###

[docs]class IDeviceBackend(object):
    """
    An abstract class for a device communication backend.
    
    Connection is automatically opened on creation.
    
    Args:
        conn: Connection parameters (depend on the backend).
        timeout (float): Default timeout (in seconds).
        term_write (str): Line terminator for writing operations.
        term_read (str): Line terminator for reading operations.
        datatype (str): Type of the returned data; can be ``"bytes"`` (return `bytes` object), ``"str"`` (return `str` object),
            or ``"auto"`` (default Python result: `str` in Python 2 and `bytes` in Python 3)
    """
    Error=RuntimeError
    """Base class for the errors raised by the backend operations""" 
    
    def __init__(self, conn, timeout=None, term_write=None, term_read=None, datatype="auto"):
        object.__init__(self)
        funcargparse.check_parameter_range(datatype,"datatype",{"auto","str","bytes"})
        self.datatype=datatype
        self.conn=conn
        self.term_write=term_write
        self.term_read=term_read

    _conn_params=["addr"]
    _default_conn=[None]
    @classmethod
    def _conn_to_dict(cls, conn):
        if isinstance(conn, dict):
            return conn
        if isinstance(conn, (tuple,list)):
            return dict(zip(cls._conn_params,conn))
        return {cls._conn_params[0]:conn}
[docs]    @classmethod
    def combine_conn(cls, conn1, conn2):
        conn=cls._conn_to_dict(conn2).copy()
        conn.update(cls._conn_to_dict(conn1))
        return conn


    def _to_datatype(self, data):
        if self.datatype=="auto":
            return data
        if self.datatype=="str":
            return py3.as_str(data)
        return py3.as_bytes(data)
    
[docs]    def open(self):
        """Open the connection."""
        pass

[docs]    def close(self):
        """Close the connection."""
        pass

[docs]    def is_opened(self):
        """Check if the device is connected"""
        return True

    def __bool__(self):
        return self.is_opened()
    __nonzero__=__bool__ # Python 2 compatibility

    
[docs]    def lock(self, timeout=None):
        """Lock the access to the device from other threads/processes (isn't necessarily implemented)."""
        pass

[docs]    def unlock(self):
        """Unlock the access to the device from other threads/processes (isn't necessarily implemented)."""
        pass

[docs]    def locking(self, timeout=None):
        """Context manager for lock & unlock."""
        return general.DummyResource()

    
[docs]    def cooldown(self):
        """Cooldown between the operations (usually, some short time delay)."""
        pass

    
[docs]    def set_timeout(self, timeout):
        """Set operations timeout (in seconds)."""
        pass

[docs]    def get_timeout(self):
        """Get operations timeout (in seconds)."""
        return None

    
[docs]    @contextlib.contextmanager
    def using_timeout(self, timeout=None):
        """Context manager for usage of a different timeout inside a block."""
        if timeout is not None:
            to=self.get_timeout()
            self.set_timeout(timeout)
        try:
            yield
        finally:
            if timeout is not None:
                self.set_timeout(to)

    
            
        
[docs]    def readline(self, remove_term=True, timeout=None, skip_empty=True):
        """
        Read a single line from the device.
        
        Args:
            remove_term (bool): If ``True``, remove terminal characters from the result.
            timeout: Operation timeout. If ``None``, use the default device timeout.
            skip_empty (bool): If ``True``, ignore empty lines (works only for ``remove_term==True``).
        """
        raise NotImplementedError("IDeviceBackend.readline")

[docs]    def readlines(self, lines_num, remove_term=True, timeout=None, skip_empty=True):
        """
        Read multiple lines from the device.
        
        Parameters are the same as in :func:`readline`.
        """
        return [self.readline(remove_term=remove_term,timeout=timeout,skip_empty=skip_empty) for _ in range(lines_num)]

[docs]    def read(self, size=None):
        """
        Read data from the device.
        
        If `size` is not None, read `size` bytes (the standard timeout applies); otherwise, read all available data (return immediately).
        """
        raise NotImplementedError("IDeviceBackend.read")

[docs]    def flush_read(self):
        """Flush the device output (read all the available data; return the number of bytes read)."""
        return len(self.read())

[docs]    def write(self, data, flush=True, read_echo=False, read_echo_delay=0, read_echo_lines=1):
        """
        Write data to the device.
        
        If ``flush==True``, flush the write buffer.
        If ``read_echo==True``, wait for `read_echo_delay` seconds and then perform :func:`readline` (`read_echo_lines` times).
        """
        raise NotImplementedError("IDeviceBackend.write")

[docs]    def ask(self, query, delay=0., read_all=False):
        """
        Perform a write followed by a read, with `delay` in between.
        
        If ``read_all==True``, read all the available data; otherwise, read a single line.
        """
        self.write(query)
        if delay:
            time.sleep(delay)
        if read_all:
            return self.read()
        else:
            return self.readline()


[docs]    @staticmethod
    def list_resources(desc=False):
        """
        List all availabe resources for this backend.

        If ``desc==False``, return list of connections (usually strings), which can be used to connect to the device.
        Otherwise, return a list of descriptions, which have more info, but can be backend-dependent.

        Might not be implemented (depending on the backend), in which case returns ``None``.
        """
        return None




### Helper functions ###

[docs]def remove_longest_term(msg, terms):
    """
    Remove the longest terminator among `terms` from the end of the message.
    """
    tcs=0
    for t in terms:
        if msg.endswith(py3.as_builtin_bytes(t)):
            tcs=max(tcs,len(t))
    return msg[:-tcs]

    


### Specific backends ###

_backends={}

[docs]class IBackendOpenError(IOError):
    pass


try:
    import visa

[docs]    class VisaBackendOpenError(IBackendOpenError,visa.VisaIOError):
        """Visa backend opening error"""
        def __init__(self, e):
            IBackendOpenError.__init__(self)
            visa.VisaIOError.__init__(self,e.error_code)


[docs]    class VisaDeviceBackend(IDeviceBackend):
        """
        NIVisa backend (via pyVISA).
        
        Connection is automatically opened on creation.
        
        Args:
            conn (str): Connection string.
            timeout (float): Default timeout (in seconds).
            term_write (str): Line terminator for writing operations; appended to the data
            term_read (str): Line terminator for reading operations (specifies when :func:`readline` stops).
            do_lock (bool): If ``True``, employ locking operations; otherwise, locking function does nothing.
            datatype (str): Type of the returned data; can be ``"bytes"`` (return `bytes` object), ``"str"`` (return `str` object),
                or ``"auto"`` (default Python result: `str` in Python 2 and `bytes` in Python 3)
        """
        _default_operation_cooldown=0.03
        _backend="visa"
        Error=visa.VisaIOError
        """Base class for the errors raised by the backend operations"""
        BackendOpenError=VisaBackendOpenError
        
        if module.cmp_versions(visa.__version__,"1.6")=="<": # older pyvisa versions have a slightly different interface
            def _set_timeout(self, timeout):
                self.instr.timeout=timeout
            def _get_timeout(self):
                return self.instr.timeout
            def _open_resource(self, conn):
                if not self.term_write.endswith(self.term_read):
                    raise NotImplementedError("PyVisa version <1.6 doesn't support different terminators for reading and writing")
                instr=visa.instrument(conn)
                instr.term_chars=self.term_read
                self.term_write=self.term_write[:len(self.term_write)-len(self.term_read)]
                return instr
            _lock_default=False
            def _lock(self, timeout=None):
                raise NotImplementedError("PyVisa version <1.6 doesn't support locking")
            def _unlock(self):
                raise NotImplementedError("PyVisa version <1.6 doesn't support locking")
            def _lock_context(self, timeout=None):
                raise NotImplementedError("PyVisa version <1.6 doesn't support locking")
            def _read_term(self):
                return py3.as_builtin_bytes(self.instr.term_chars)
        else:
            def _set_timeout(self, timeout):
                self.instr.timeout=timeout*1000. # in newer versions timeout is in ms
            def _get_timeout(self):
                return self.instr.timeout/1000. # in newer versions timeout is in ms
            def _open_resource(self, conn):
                instr=visa.ResourceManager().open_resource(conn)
                instr.read_termination=self.term_read
                instr.write_termination=self.term_write
                self.term_read=self.term_write=""
                return instr
            _lock_default=False ## TODO: figure out GPIB locking issue 
            def _lock(self, timeout=None):
                self.instr.lock(timeout=timeout*1000. if timeout is not None else None)
            def _unlock(self):
                self.instr.unlock()
            def _lock_context(self, timeout=None):
                return self.instr.lock_context(timeout=timeout*1000. if timeout is not None else None)
            def _read_term(self):
                return py3.as_builtin_bytes(self.instr.read_termination)
[docs]            @staticmethod
            def list_resources(desc=False):
                return visa.ResourceManager().list_resources_info() if desc else visa.ResourceManager().list_resources()

            
        
        def __init__(self, conn, timeout=10., term_write=None, term_read=None, do_lock=None, datatype="auto"):
            if term_write is None:
                term_write=b"\r\n"
            if term_read is None:
                term_read=b"\n"
            IDeviceBackend.__init__(self,conn,term_write=term_write,term_read=term_read,datatype=datatype)
            try:
                self.instr=self._open_resource(self.conn)
                self.opened=True
                self._operation_cooldown=self._default_operation_cooldown
                self._do_lock=do_lock if do_lock is not None else self._lock_default
                self.cooldown()
                self.set_timeout(timeout)
            except self.Error as e:
                raise VisaBackendOpenError(e)
            
[docs]        def open(self):
            """Open the connection."""
            self.instr.open()
            self.opened=True
            self.cooldown()

[docs]        def close(self):
            """Close the connection."""
            self.instr.close()
            self.opened=False
            self.cooldown()

[docs]        def is_opened(self):
            return self.opened


[docs]        def lock(self, timeout=None):
            """Lock the access to the device from other threads/processes."""
            if self._do_lock:
                self.lock(timeout=timeout)

[docs]        def unlock(self):
            """Unlock the access to the device from other threads/processes."""
            if self._do_lock:
                self.unlock()

[docs]        def locking(self, timeout=None):
            """Context manager for lock & unlock."""
            if self._do_lock:
                return self._lock_context(timeout=timeout)
            else:
                return general.DummyResource()

        
[docs]        def cooldown(self):
            """
            Cooldown between the operations.
            
            Sleeping for a short time defined by `_operation_cooldown` attribute (30 ms by default).
            Also can be defined class-wide by `_default_operation_cooldown` class attribute.
            """
            if self._operation_cooldown>0:
                time.sleep(self._operation_cooldown)

        
[docs]        def set_timeout(self, timeout):
            """Set operations timeout (in seconds)."""
            if timeout is not None:
                self._set_timeout(timeout)
                self.cooldown()

[docs]        def get_timeout(self):
            """Get operations timeout (in seconds)."""
            return self._get_timeout()            

        
[docs]        def readline(self, remove_term=True, timeout=None, skip_empty=True):
            """
            Read a single line from the device.
            
            Args:
                remove_term (bool): If ``True``, remove terminal characters from the result.
                timeout: Operation timeout. If ``None``, use the default device timeout.
                skip_empty (bool): If ``True``, ignore empty lines (works only for ``remove_term==True``).
            """
            with self.using_timeout(timeout):
                while True:
                    result=self.instr.read_raw()
                    if remove_term:
                        term=self._read_term()
                        if term and result.endswith(term):
                            result=result[:-len(term)]
                    if (not skip_empty) or result:
                        break
            self.cooldown()
            return self._to_datatype(result)

[docs]        def read(self, size=None):
            """
            Read data from the device.
            
            If `size` is not None, read `size` bytes (the standard timeout applies); otherwise, read all available data (return immediately).
            """
            if size is None:
                with self.using_timeout(0):
                    return self.instr.read_raw(size=size)
            result=self.instr.read_raw(size=size)
            self.cooldown()
            return self._to_datatype(result)

        
[docs]        def write(self, data, flush=True, read_echo=False, read_echo_delay=0, read_echo_lines=1):
            """
            Write data to the device.
            
            If ``flush==True``, flush the write buffer.
            If ``read_echo==True``, wait for `read_echo_delay` seconds and then perform :func:`readline` (`read_echo_lines` times).
            """
            data=py3.as_builtin_bytes(data)
            if self.term_write:
                data=data+py3.as_builtin_bytes(self.term_write)
            self.instr.write_raw(data)
            self.cooldown()
            if read_echo_delay>0.:
                time.sleep(read_echo_delay)
            if read_echo:
                for _ in range(read_echo_lines):
                    self.readline()
                    self.cooldown()


        def __repr__(self):
            return "VisaDeviceBackend("+self.instr.__repr__()+")"

                
                
    _backends["visa"]=VisaDeviceBackend
except ImportError:
    pass
    


try:
    import serial
    
    try:
        import serial.tools.list_ports as serial_list_ports
    except ImportError:
        serial_list_ports=None

[docs]    class SerialBackendOpenError(IBackendOpenError,serial.SerialException):
        """Serial backend opening error"""
        def __init__(self, e):
            IBackendOpenError.__init__(self)
            serial.SerialException.__init__(self,*e.args)


[docs]    class SerialDeviceBackend(IDeviceBackend):
        """
        Serial backend (via pySerial).
        
        Connection is automatically opened on creation.
        
        Args:
            conn: Connection parameters. Can be either a string (for a port),
                or a list/tuple ``(port, baudrate, bytesize, parity, stopbits, xonxoff, rtscts, dsrdtr)`` supplied to the serial connection
                (default is ``('COM1',19200,8,'N',1,0,0,0)``),
                or a dict with the same parameters. 
            timeout (float): Default timeout (in seconds).
            term_write (str): Line terminator for writing operations; appended to the data
            term_read (str): List of possible single-char terminator for reading operations (specifies when :func:`readline` stops).
            connect_on_operation (bool): If ``True``, the connection is normally closed, and is opened only on the operations
                (normally two processes can't be simultaneously connected to the same device). 
            open_retry_times (int): Number of times the connection is attempted before giving up.
            no_dtr (bool): If ``True``, turn off DTR status line before opening (e.g., turns off reset-on-connection for Arduino controllers).
            datatype (str): Type of the returned data; can be ``"bytes"`` (return `bytes` object), ``"str"`` (return `str` object),
                or ``"auto"`` (default Python result: `str` in Python 2 and `bytes` in Python 3)
        """
        _default_operation_cooldown=0.0
        _backend="serial"
        Error=serial.SerialException
        """Base class for the errors raised by the backend operations"""
        BackendOpenError=SerialBackendOpenError
        
        _conn_params=["port","baudrate","bytesize","parity","stopbits","xonxoff","rtscts","dsrdtr"]
        _default_conn=["COM1",19200,8,"N",1,0,0,0]

        def __init__(self, conn, timeout=10., term_write=None, term_read=None, connect_on_operation=False, open_retry_times=3, no_dtr=False, datatype="auto"):
            conn_dict=self.combine_conn(conn,self._default_conn)
            if term_write is None:
                term_write=b"\r\n"
            if term_read is None:
                term_read=b"\n"
            if isinstance(term_read,anystring):
                term_read=[term_read]
            IDeviceBackend.__init__(self,conn_dict.copy(),term_write=term_write,term_read=term_read,datatype=datatype)
            port=conn_dict.pop("port")
            try:
                self.instr=serial.serial_for_url(port,do_not_open=True,**conn_dict)
                self.opened=True
                if no_dtr:
                    try:
                        self.instr.setDTR(0)
                    except self.Error:
                        log.default_log.debug("Cannot set DTR for an unconnected device",origin="backends/serial",level="misc")
                if not connect_on_operation:
                    self.instr.open()
                self._operation_cooldown=self._default_operation_cooldown
                self._connect_on_operation=connect_on_operation
                self._opened_stack=0
                self._open_retry_times=open_retry_times
                self.cooldown()
                self.set_timeout(timeout)
            except self.Error as e:
                raise SerialBackendOpenError(e)
            
        def _do_open(self):
            general.retry_wait(self.instr.open, self._open_retry_times, 0.3)
        def _do_close(self):
            #general.retry_wait(self.instr.flush, self._open_retry_times, 0.3)
            general.retry_wait(self.instr.close, self._open_retry_times, 0.3)
[docs]        def open(self):
            """Open the connection."""
            if not self._connect_on_operation and not self.opened:
                self._do_open()
            self.opened=True

[docs]        def close(self):
            """Close the connection."""
            if not self._connect_on_operation and self.opened:
                self._do_close()
            self.opened=False

[docs]        def is_opened(self):
            return self.opened

        def _op_open(self):
            if self._connect_on_operation:
                if not self._opened_stack:
                    self._do_open()
                self._opened_stack=self._opened_stack+1
        def _op_close(self):
            if self._connect_on_operation:
                self._opened_stack=self._opened_stack-1
                if not self._opened_stack:
                    self._do_close()
[docs]        @contextlib.contextmanager
        def single_op(self):
            """
            Context manager for a single operation.
            
            If ``connect_on_operation==True`` during creation, wrapping several command in `single_op`
            prevents the connection from being closed and reopened between the operations (only opened in the beginning and closed in the end).
            """
            self._op_open()
            try:
                yield
            finally:
                self._op_close()

            
        
[docs]        def cooldown(self):
            """
            Cooldown between the operations.
            
            Sleeping for a short time defined by `_operation_cooldown` attribute (no cooldown by default).
            Also defined class-wide by `_default_operation_cooldown` class attribute.
            """
            if self._operation_cooldown>0:
                time.sleep(self._operation_cooldown)

            
[docs]        def set_timeout(self, timeout):
            """Set operations timeout (in seconds)."""
            if timeout is not None:
                self.instr.timeout=timeout
                self.cooldown()

[docs]        def get_timeout(self):
            """Get operations timeout (in seconds)."""
            return self.instr.timeout

        
        
        def _read_terms(self, terms=(), timeout=None, error_on_timeout=True):
            result=b""
            singlechar_terms=all(len(t)==1 for t in terms)
            terms=[py3.as_builtin_bytes(t) for t in terms]
            with self.single_op():
                with self.using_timeout(timeout):
                    while True:
                        c=self.instr.read(1 if terms else 8)
                        result=result+c
                        if c==b"":
                            if error_on_timeout and terms:
                                raise self.Error("timeout during read")
                            return result
                        if singlechar_terms:
                            if c in terms:
                                return result
                        else:
                            for t in terms:
                                if result.endswith(t):
                                    return result
[docs]        def readline(self, remove_term=True, timeout=None, skip_empty=True, error_on_timeout=True):
            """
            Read a single line from the device.
            
            Args:
                remove_term (bool): If ``True``, remove terminal characters from the result.
                timeout: Operation timeout. If ``None``, use the default device timeout.
                skip_empty (bool): If ``True``, ignore empty lines (works only for ``remove_term==True``).
                error_on_timeout (bool): If ``False``, return an incomplete line instead of raising the error on timeout.
            """
            while True:
                result=self._read_terms(self.term_read or [],timeout=timeout,error_on_timeout=error_on_timeout)
                self.cooldown()
                if remove_term and self.term_read:
                    result=remove_longest_term(result,self.term_read)
                if not (skip_empty and remove_term and (not result)):
                    break
            return self._to_datatype(result)

[docs]        def read(self, size=None, error_on_timeout=True):
            """
            Read data from the device.
            
            If `size` is not None, read `size` bytes (usual timeout applies); otherwise, read all available data (return immediately).
            """
            with self.single_op():
                if size is None:
                    result=self._read_terms(timeout=0,error_on_timeout=error_on_timeout)
                else:
                    result=self.instr.read(size=size)
                    if len(result)!=size:
                        raise self.Error("read returned less than expected: {} instead of {}".format(len(result),size))
                self.cooldown()
                return self._to_datatype(result)

[docs]        def read_multichar_term(self, term, remove_term=True, timeout=None, error_on_timeout=True):
            """
            Read a single line with multiple possible terminators.
            
            Args:
                term: Either a string (single multi-char terminator) or a list of strings (multiple terminators).
                remove_term (bool): If ``True``, remove terminal characters from the result.
                timeout: Operation timeout. If ``None``, use the default device timeout.
                error_on_timeout (bool): If ``False``, return an incomplete line instead of raising the error on timeout.
            """
            if isinstance(term,anystring):
                term=[term]
            result=self._read_terms(term,timeout=timeout,error_on_timeout=error_on_timeout)
            self.cooldown()
            if remove_term and term:
                result=remove_longest_term(result,term)
            return self._to_datatype(result)

[docs]        def write(self, data, flush=True, read_echo=False, read_echo_delay=0, read_echo_lines=1):
            """
            Write data to the device.
            
            If ``flush==True``, flush the write buffer.
            If ``read_echo==True``, wait for `read_echo_delay` seconds and then perform :func:`readline` (`read_echo_lines` times).
            """
            with self.single_op():
                data=py3.as_builtin_bytes(data)
                if self.term_write:
                    data=data+py3.as_builtin_bytes(self.term_write)
                self.instr.write(data)
                self.cooldown()
                if flush:
                    self.instr.flush()
                    self.cooldown()
                if read_echo_delay>0.:
                    time.sleep(read_echo_delay)
                if read_echo:
                    for _ in range(read_echo_lines):
                        self.readline()
                        self.cooldown()


        def __repr__(self):
            return "SerialDeviceBackend("+self.instr.__repr__()+")"

[docs]        @staticmethod
        def list_resources(desc=False):
            if serial_list_ports is not None:
                return [(p if desc else p[0]) for p in serial_list_ports.comports()]



        
    _backends["serial"]=SerialDeviceBackend
except ImportError:
    pass




try:
    import ft232

[docs]    class FT232BackendOpenError(IBackendOpenError,ft232.Ft232Exception):
        """FT232 backend opening error"""
        def __init__(self, e):
            IBackendOpenError.__init__(self)
            msgs=ft232.Ft232Exception.errors
            code=msgs.index(e.msg) if e.msg in msgs else 1
            ft232.Ft232Exception.__init__(self,code)
        def __str__(self):
            return self.msg


[docs]    class FT232DeviceBackend(IDeviceBackend):
        """
        FT232 backend (via pyft232).
        
        Connection is automatically opened on creation.
        
        Args:
            conn: Connection parameters. Can be either a string (for a port),
                or a list/tuple ``(port, baudrate, bytesize, parity, stopbits, xonxoff, rtscts, dsrdtr)`` supplied to the serial connection
                (default is ``('COM1',19200,8,'N',1,0,0,0)``),
                or a dict with the same parameters. 
            timeout (float): Default timeout (in seconds).
            term_write (str): Line terminator for writing operations; appended to the data
            term_read (str): List of possible single-char terminator for reading operations (specifies when :func:`readline` stops).
            connect_on_operation (bool): If ``True``, the connection is normally closed, and is opened only on the operations
                (normally two processes can't be simultaneously connected to the same device). 
            open_retry_times (int): Number of times the connection is attempted before giving up.
            no_dtr (bool): If ``True``, turn off DTR status line before opening (e.g., turns off reset-on-connection for Arduino controllers).
            datatype (str): Type of the returned data; can be ``"bytes"`` (return `bytes` object), ``"str"`` (return `str` object),
                or ``"auto"`` (default Python result: `str` in Python 2 and `bytes` in Python 3)
        """
        _default_operation_cooldown=0.0
        _backend="ft232"
        Error=ft232.Ft232Exception
        """Base class for the errors raised by the backend operations"""
        BackendOpenError=FT232BackendOpenError
        
        _conn_params=["port","baudrate","bytesize","parity","stopbits","xonxoff","rtscts"]
        _default_conn=[None,9600,8,"N",1,0,0]

        def __init__(self, conn, timeout=10., term_write=None, term_read=None, open_retry_times=3, datatype="auto"):
            conn_dict=self.combine_conn(conn,self._default_conn)
            if term_write is None:
                term_write=b"\r\n"
            if term_read is None:
                term_read=b"\n"
            if isinstance(term_read,anystring):
                term_read=[term_read]
            IDeviceBackend.__init__(self,conn_dict.copy(),term_write=term_write,term_read=term_read,datatype=datatype)
            port=conn_dict.pop("port")
            self.opened=False
            try:
                self.instr=ft232.Ft232(port,**conn_dict)
                self.opened=True
                self._operation_cooldown=self._default_operation_cooldown
                self._open_retry_times=open_retry_times
                self.cooldown()
                self.set_timeout(timeout)
                self._conn_params=(port,conn_dict,timeout)
            except self.Error as e:
                raise FT232BackendOpenError(e)
            
        def _do_open(self):
            if self.is_opened():
                return
            def reopen():
                self.instr=ft232.Ft232(self._conn_params[0],**self._conn_params[1])
                self.set_timeout(self._conn_params[2])
                self.opened=True
            general.retry_wait(reopen, self._open_retry_times, 0.3)
        def _do_close(self):
            if self.is_opened():
                general.retry_wait(self.instr.close, self._open_retry_times, 0.3)
                self.opened=False
[docs]        def open(self):
            """Open the connection."""
            self._do_open()

[docs]        def close(self):
            """Close the connection."""
            self._do_close()

[docs]        def is_opened(self):
            return self.opened

[docs]        @contextlib.contextmanager
        def single_op(self):
            """
            Context manager for a single operation.
            
            Does nothing.
            """
            yield

            
        
[docs]        def cooldown(self):
            """
            Cooldown between the operations.
            
            Sleeping for a short time defined by `_operation_cooldown` attribute (no cooldown by default).
            Also defined class-wide by `_default_operation_cooldown` class attribute.
            """
            if self._operation_cooldown>0:
                time.sleep(self._operation_cooldown)

            
[docs]        def set_timeout(self, timeout):
            """Set operations timeout (in seconds)."""
            if timeout is not None:
                if timeout<1E-3:
                    timeout=1E-3 # 0 is infinite timeout
                self.instr.timeout=timeout
                self.cooldown()

[docs]        def get_timeout(self):
            """Get operations timeout (in seconds)."""
            return self.instr.timeout

        
        
        def _read_terms(self, terms=(), timeout=None, error_on_timeout=True):
            result=b""
            singlechar_terms=all(len(t)==1 for t in terms)
            terms=[py3.as_builtin_bytes(t) for t in terms]
            with self.single_op():
                with self.using_timeout(timeout):
                    while True:
                        c=self.instr.read(1 if terms else 8)
                        result=result+c
                        if c==b"":
                            if error_on_timeout and terms:
                                raise self.Error(4)
                            return result
                        if singlechar_terms:
                            if c in terms:
                                return result
                        else:
                            for t in terms:
                                if result.endswith(t):
                                    return result
[docs]        def readline(self, remove_term=True, timeout=None, skip_empty=True, error_on_timeout=True):
            """
            Read a single line from the device.
            
            Args:
                remove_term (bool): If ``True``, remove terminal characters from the result.
                timeout: Operation timeout. If ``None``, use the default device timeout.
                skip_empty (bool): If ``True``, ignore empty lines (works only for ``remove_term==True``).
                error_on_timeout (bool): If ``False``, return an incomplete line instead of raising the error on timeout.
            """
            while True:
                result=self._read_terms(self.term_read or [],timeout=timeout,error_on_timeout=error_on_timeout)
                self.cooldown()
                if remove_term and self.term_read:
                    result=remove_longest_term(result,self.term_read)
                if not (skip_empty and remove_term and (not result)):
                    break
            return self._to_datatype(result)

[docs]        def read(self, size=None, error_on_timeout=True):
            """
            Read data from the device.
            
            If `size` is not None, read `size` bytes (usual timeout applies); otherwise, read all available data (return immediately).
            """
            with self.single_op():
                if size is None:
                    result=self._read_terms(timeout=0,error_on_timeout=error_on_timeout)
                else:
                    result=self.instr.read(size=size)
                    if len(result)!=size:
                        raise self.Error(4)
                self.cooldown()
                return self._to_datatype(result)

[docs]        def read_multichar_term(self, term, remove_term=True, timeout=None, error_on_timeout=True):
            """
            Read a single line with multiple possible terminators.
            
            Args:
                term: Either a string (single multi-char terminator) or a list of strings (multiple terminators).
                remove_term (bool): If ``True``, remove terminal characters from the result.
                timeout: Operation timeout. If ``None``, use the default device timeout.
                error_on_timeout (bool): If ``False``, return an incomplete line instead of raising the error on timeout.
            """
            if isinstance(term,anystring):
                term=[term]
            result=self._read_terms(term,timeout=timeout,error_on_timeout=error_on_timeout)
            self.cooldown()
            if remove_term and term:
                result=remove_longest_term(result,term)
            return self._to_datatype(result)

[docs]        def write(self, data, flush=True, read_echo=False, read_echo_delay=0, read_echo_lines=1):
            """
            Write data to the device.
            
            If ``flush==True``, flush the write buffer.
            If ``read_echo==True``, wait for `read_echo_delay` seconds and then perform :func:`readline` (`read_echo_lines` times).
            """
            with self.single_op():
                data=py3.as_builtin_bytes(data)
                if self.term_write:
                    data=data+py3.as_builtin_bytes(self.term_write)
                self.instr.write(data)
                self.cooldown()
                if flush:
                    self.instr.flush()
                    self.cooldown()
                if read_echo_delay>0.:
                    time.sleep(read_echo_delay)
                if read_echo:
                    for _ in range(read_echo_lines):
                        self.readline()
                        self.cooldown()


        def __repr__(self):
            return "FT232DeviceBackend("+self.instr.__repr__()+")"

[docs]        @staticmethod
        def list_resources(desc=False):
            return [d if desc else d[0] for d in ft232.list_devices()]


        
        
    _backends["ft232"]=FT232DeviceBackend
except (ImportError,NameError,OSError):
    pass



[docs]class NetworkBackendOpenError(IBackendOpenError,net.socket.error):
    """Network backend opening error"""
    def __init__(self, e):
        IBackendOpenError.__init__(self)
        net.socket.error.__init__(self,*e.args)


[docs]class NetworkDeviceBackend(IDeviceBackend):
    """
    Serial backend (via pySerial).
    
    Connection is automatically opened on creation.
    
    Args:
        conn: Connection parameters. Can be either a string ``"IP:port"`` (e.g., ``"127.0.0.1:80"``), or a tuple ``(IP,port)``, where `IP` is a string and `port` is a number.
        timeout (float): Default timeout (in seconds).
        term_write (str): Line terminator for writing operations; appended to the data
        term_read (str): List of possible single-char terminator for reading operations (specifies when :func:`readline` stops).
        datatype (str): Type of the returned data; can be ``"bytes"`` (return `bytes` object), ``"str"`` (return `str` object),
            or ``"auto"`` (default Python result: `str` in Python 2 and `bytes` in Python 3)
        
    Note:
        If `term_read` is a string, its behavior is different from the VISA backend:
        instead of being a multi-char terminator it is assumed to be a set of single-char terminators.
        If multi-char terminator is required, `term_read` should be a single-element list instead of a string.
    """
    _default_operation_cooldown=0.0
    _backend="network"
    Error=net.socket.error
    """Base class for the errors raised by the backend operations"""
    BackendOpenError=NetworkBackendOpenError

    def __init__(self, conn, timeout=10., term_write=None, term_read=None, datatype="auto"):
        if term_write is None:
            term_write="\r\n"
        if term_read is None:
            term_read="\r\n"
        if isinstance(term_read,anystring):
            term_read=[term_read]
        conn=self._conn_to_dict(conn)
        self._split_addr(conn)
        IDeviceBackend.__init__(self,conn,term_write=term_write,term_read=term_read,datatype=datatype)
        try:
            self.socket=None
            self.open()
            self._operation_cooldown=self._default_operation_cooldown
            self.cooldown()
            self.set_timeout(timeout)
        except self.Error as e:
            raise NetworkBackendOpenError(e)
    
    _conn_params=["addr","port"]
    _default_conn=["127.0.0.1",80]
    @classmethod
    def _split_addr(cls, conn):
        addr=conn["addr"]
        addr_split=addr.split(":")
        if len(addr_split)==2:
            conn["addr"],conn["port"]=addr_split[0],int(addr_split[1])
        elif len(addr_split)>2:
            raise ValueError("invalid device address: {}".format(conn))
[docs]    def open(self):
        """Open the connection."""
        self.close()
        self.socket=net.ClientSocket(send_method="fixedlen",recv_method="fixedlen")
        self.socket.connect(self.conn["addr"],self.conn["port"])

[docs]    def close(self):
        """Close the connection."""
        if self.socket is not None:
            self.socket.close()
            self.socket=None

[docs]    def is_opened(self):
        return bool(self.socket)

        
[docs]    def cooldown(self):
        """
        Cooldown between the operations.
        
        Sleeping for a short time defined by `_operation_cooldown` attribute (no cooldown by default).
        Also defined class-wide by `_default_operation_cooldown` class attribute.
        """
        if self._operation_cooldown>0:
            time.sleep(self._operation_cooldown)

        
[docs]    def set_timeout(self, timeout):
        """Set operations timeout (in seconds)."""
        self.socket.set_timeout(timeout)

[docs]    def get_timeout(self):
        """Get operations timeout (in seconds)."""
        return self.socket.get_timeout()

    
    
[docs]    def readline(self, remove_term=True, timeout=None, skip_empty=True, error_on_timeout=True):
        """
        Read a single line from the device.
        
        Args:
            remove_term (bool): If ``True``, remove terminal characters from the result.
            timeout: Operation timeout. If ``None``, use the default device timeout.
            skip_empty (bool): If ``True``, ignore empty lines (works only for ``remove_term==True``).
            error_on_timeout (bool): If ``False``, return an incomplete line instead of raising the error on timeout.
        """
        while True:
            try:
                with self.using_timeout(timeout):
                    result=self.socket.recv_delimiter(self.term_read,strict=True)
            except net.SocketTimeout:
                if error_on_timeout:
                    raise
            self.cooldown()
            if remove_term and self.term_read:
                result=remove_longest_term(result,self.term_read)
            if not (skip_empty and remove_term and (not result)):
                break
        return self._to_datatype(result)

[docs]    def read(self, size=None, error_on_timeout=True):
        """
        Read data from the device.
        
        If `size` is not None, read `size` bytes (usual timeout applies); otherwise, read all available data (return immediately).
        """
        if size is None:
            return self.socket.recv_all()
        else:
            try:
                data=self.socket.recv_fixedlen(size)
            except net.SocketTimeout:
                if error_on_timeout:
                    raise
        return self._to_datatype(data)

[docs]    def read_multichar_term(self, term, remove_term=True, timeout=None, error_on_timeout=True):
        """
        Read a single line with multiple possible terminators.
        
        Args:
            term: Either a string (single multi-char terminator) or a list of strings (multiple terminators).
            remove_term (bool): If ``True``, remove terminal characters from the result.
            timeout: Operation timeout. If ``None``, use the default device timeout.
            error_on_timeout (bool): If ``False``, return an incomplete line instead of raising the error on timeout.
        """
        if isinstance(term,anystring):
                term=[term]
        result=self.socket.recv_delimiter(term,strict=True)
        self.cooldown()
        if remove_term and term:
            result=remove_longest_term(result,term)
        return self._to_datatype(result)

[docs]    def write(self, data, flush=True, read_echo=False, read_echo_delay=0, read_echo_lines=1):
        """
        Write data to the device.
        
        If ``read_echo==True``, wait for `read_echo_delay` seconds and then perform :func:`readline` (`read_echo_lines` times).
        `flush` parameter is ignored.
        """
        self.socket.send_delimiter(data,self.term_write)
        self.cooldown()
        if read_echo_delay>0.:
            time.sleep(read_echo_delay)
        if read_echo:
            for _ in range(read_echo_lines):
                self.readline()
                self.cooldown()


    def __repr__(self):
        return "NetworkDeviceBackend("+self.socket.__repr__()+")"

    
    
_backends["network"]=NetworkDeviceBackend




try:
    import usb
    import usb.backend.libusb0
    import usb.backend.libusb1
    import usb.backend.openusb

    class PyUSBBackendOpenError(IBackendOpenError,usb.USBError):
        """USB backend opening error"""
        def __init__(self, e):
            IBackendOpenError.__init__(self)
            usb.USBError.__init__(self,*e.args)

    class PyUSBDeviceBackend(IDeviceBackend):
        """
        USB backend (via PyUSB package).
        
        Connection is automatically opened on creation.
        
        Args:
            conn: Connection parameters. Can be either a string (for a port),
                or a list/tuple ``(vendorID, productID, index, endpoint_read, endpoint_write, backend)`` supplied to the connection
                (default is ``(0x0000,0x0000,0,0x00,0x00,'libusb0')``, which is invalid for most devices),
                or a dict with the same parameters. 
            timeout (float): Default timeout (in seconds).
            term_write (str): Line terminator for writing operations; appended to the data
            term_read (str): List of possible single-char terminator for reading operations (specifies when :func:`readline` stops).
            datatype (str): Type of the returned data; can be ``"bytes"`` (return `bytes` object), ``"str"`` (return `str` object),
                or ``"auto"`` (default Python result: `str` in Python 2 and `bytes` in Python 3)
        """
        _default_operation_cooldown=0.0
        _backend="pyusb"
        Error=usb.USBError
        """Base class for the errors raised by the backend operations"""
        BackendOpenError=PyUSBBackendOpenError
        
        _conn_params=["vendorID","productID","index","endpoint_read","endpoint_write","backend"]
        _default_conn=[0x0000,0x0000,0,0x00,0x01,"libusb1"]
        _usb_backends={"libusb0":usb.backend.libusb0, "libusb1":usb.backend.libusb1, "openusb":usb.backend.openusb}

        def __init__(self, conn, timeout=10., term_write=None, term_read=None, check_read_size=True, datatype="auto"):
            conn_dict=self.combine_conn(conn,self._default_conn)
            funcargparse.check_parameter_range(conn_dict["backend"],"usb_backend",self._usb_backends)
            if isinstance(term_read,anystring):
                term_read=[term_read]
            self._operation_cooldown=self._default_operation_cooldown
            IDeviceBackend.__init__(self,conn_dict.copy(),term_write=term_write,term_read=term_read,datatype=datatype)
            self.timeout=timeout
            self.check_read_size=check_read_size
            try:
                self.open()
            except self.Error as e:
                raise PyUSBBackendOpenError(e)
            
        def open(self):
            """Open the connection."""
            idx=self.conn["index"]
            backend=self._usb_backends[self.conn["backend"]].get_backend()
            all_devs=list(usb.core.find(idVendor=self.conn["vendorID"],idProduct=self.conn["productID"],backend=backend,find_all=True))
            if len(all_devs)<idx+1:
                raise PyUSBBackendOpenError("can't find device with index {}; {} devices found".format(idx,len(all_devs)))
            self.instr=all_devs[idx]
            self.ep_read=self.conn["endpoint_read"]
            self.ep_write=self.conn["endpoint_write"]
            self.cooldown()
            self.opened=True
        def close(self):
            """Close the connection."""
            self.instr.finalize()
            self.opened=False
        def is_opened(self):
            return self.opened
            
        
        def cooldown(self):
            """
            Cooldown between the operations.
            
            Sleeping for a short time defined by `_operation_cooldown` attribute (no cooldown by default).
            Also defined class-wide by `_default_operation_cooldown` class attribute.
            """
            if self._operation_cooldown>0:
                time.sleep(self._operation_cooldown)
            
        def set_timeout(self, timeout):
            """Set operations timeout (in seconds)."""
            if timeout is not None:
                self.timeout=timeout
        def get_timeout(self):
            """Get operations timeout (in seconds)."""
            return self.timeout
        def _timeout(self):
            return None if self.timeout is None else int(self.timeout*1000)
        
        
        def _read_terms(self, terms=(), read_block_size=65536, timeout=None, error_on_timeout=True):
            result=b""
            singlechar_terms=all(len(t)==1 for t in terms)
            terms=[py3.as_builtin_bytes(t) for t in terms]
            while True:
                c=self.instr.read(self.ep_read,1 if terms else read_block_size,timeout=self._timeout()).tobytes()
                result=result+c
                if c==b"":
                    if error_on_timeout and terms:
                        raise self.Error("timeout during read")
                    return result
                if not terms:
                    return result
                if singlechar_terms:
                    if c in terms:
                        return result
                else:
                    for t in terms:
                        if result.endswith(t):
                            return result
        def readline(self, remove_term=True, timeout=None, skip_empty=True, error_on_timeout=True):
            """
            Read a single line from the device.
            
            Args:
                remove_term (bool): If ``True``, remove terminal characters from the result.
                timeout: Operation timeout. If ``None``, use the default device timeout.
                skip_empty (bool): If ``True``, ignore empty lines (works only for ``remove_term==True``).
                error_on_timeout (bool): If ``False``, return an incomplete line instead of raising the error on timeout.
            """
            while True:
                result=self._read_terms(self.term_read or [],timeout=timeout,error_on_timeout=error_on_timeout)
                self.cooldown()
                if remove_term and self.term_read:
                    result=remove_longest_term(result,self.term_read)
                if not (skip_empty and remove_term and (not result)):
                    break
            return self._to_datatype(result)
        def read(self, size=None, max_read_size=65536, error_on_timeout=True):
            """
            Read data from the device.
            
            If `size` is not None, read `size` bytes (usual timeout applies); otherwise, read all available data (return immediately).
            """
            if size is None:
                result=self._read_terms(read_block_size=max_read_size,timeout=0,error_on_timeout=error_on_timeout)
            else:
                result=self.instr.read(self.ep_read,size,timeout=self._timeout()).tobytes()
                if len(result)!=size and self.check_read_size:
                    raise self.Error("read returned less than expected {} instead of {}".format(len(result),size))
            self.cooldown()
            return self._to_datatype(result)
        def read_multichar_term(self, term, remove_term=True, timeout=None, error_on_timeout=True):
            """
            Read a single line with multiple possible terminators.
            
            Args:
                term: Either a string (single multi-char terminator) or a list of strings (multiple terminators).
                remove_term (bool): If ``True``, remove terminal characters from the result.
                timeout: Operation timeout. If ``None``, use the default device timeout.
                error_on_timeout (bool): If ``False``, return an incomplete line instead of raising the error on timeout.
            """
            if isinstance(term,anystring):
                term=[term]
            result=self._read_terms(term,timeout=timeout,error_on_timeout=error_on_timeout)
            self.cooldown()
            if remove_term and term:
                result=remove_longest_term(result,term)
            return self._to_datatype(result)
        def write(self, data, read_echo=False, read_echo_delay=0, read_echo_lines=1):
            """
            Write data to the device.
            
            If ``read_echo==True``, wait for `read_echo_delay` seconds and then perform :func:`readline` (`read_echo_lines` times).
            """
            data=py3.as_builtin_bytes(data)
            if self.term_write:
                data=data+py3.as_builtin_bytes(self.term_write)
            self.instr.write(self.ep_write,data,timeout=self._timeout())
            self.cooldown()
            if read_echo:
                if read_echo_delay>0.:
                    time.sleep(read_echo_delay)
                for _ in range(read_echo_lines):
                    self.readline()
                    self.cooldown()

        def __repr__(self):
            return "PyUSBDeviceBackend("+self.instr.__repr__()+")"
        
        
    _backends["pyusb"]=PyUSBDeviceBackend
except ImportError:
    pass
    

    
    
_serial_re=re.compile(r"^com\d+",re.IGNORECASE)
def _is_serial_addr(addr):
    return isinstance(addr,anystring) and bool(_serial_re.match(addr))
_network_re=re.compile(r"(\d+\.){3}\d+(:\d+)?",re.IGNORECASE)
def _is_network_addr(addr):
    return isinstance(addr,anystring) and bool(_network_re.match(addr))
[docs]def autodetect_backend(conn):
    """
    Try to determine the backend by the connection.

    The assumed default backend is ``'visa'``.
    """
    if isinstance(conn, (tuple,list)):
        conn=conn[0]
    elif isinstance(conn, dict):
        if "addr" in conn and _is_network_addr(conn["addr"]):
            return "network"
        if "port" in conn and _is_serial_addr(conn["port"]):
            return "serial"
        return "visa"
    if _is_network_addr(conn):
        return "network"
    if _is_serial_addr(conn):
        return "serial"
    return "visa"

[docs]def new_backend(conn, timeout=None, backend="auto", **kwargs):
    """
    Build new backend with the supplied parameters.
    
    Args:
        conn: Connection parameters (depend on the backend).
        timeout (float): Default timeout (in seconds).
        backend (str): Backend type. Available backends are ``'auto'`` (try to autodetect), ``'visa'``, ``'serial'``, ``'ft232'``, and ``'network'``.
        **kwargs: parameters sent to the backend.
    """
    if isinstance(conn,IDeviceBackend):
        return conn
    if backend=="auto":
        backend=autodetect_backend(conn)
    funcargparse.check_parameter_range(backend,"backend",_backends)
    return _backends[backend](conn,timeout=timeout,**kwargs)







### Interface for a generic device class ###

[docs]class IBackendWrapper(interface.IDevice):
    """
    A base class for an instrument using a communication backend.
    
    Args:
        instr: Backend (assumed to be already opened).
    """
    def __init__(self, instr):
        interface.IDevice.__init__(self)
        self.instr=instr
        
[docs]    def open(self):
        """Open the backend."""
        return self.instr.open()

[docs]    def close(self):
        """Close the backend."""
        return self.instr.close()

[docs]    def is_opened(self):
        """Check if the device is connected"""
        return bool(self.instr)

    
[docs]    def lock(self, timeout=None):
        """Lock the access to the device from other threads/processes (isn't necessarily implemented)."""
        return self.instr.lock(timeout=timeout)

[docs]    def unlock(self):
        """Unlock the access to the device from other threads/processes (isn't necessarily implemented)."""
        return self.instr.unlock()

[docs]    def locking(self, timeout=None):
        """Context manager for lock & unlock."""
        return self.instr.locking(timeout=timeout)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.devio.data_format

"""
Library for binary data encoding/decoding for device communication.
"""


import numpy as np
import re

from ..utils import py3

[docs]class DataFormat(object):
    """
    Describes data encoding for device communications.
    
    Args:
        size (int): Size of a single element (in bytes).
        kind (str): Kind of the element. Can be
            ``'i'`` (integer), ``'u'`` (unsigned integer), ``'f'`` (floating point) or ``'ascii'`` (text representation).
        byteorder (str): Byte order: ``'>'`` is big-endian (MSB first), ``'>'`` is little-endian (LSB first). 
    """
    _native_byteorder="<"
    def __init__(self, size, kind, byteorder):
        object.__init__(self)
        self.size=size and int(size)
        self.kind=kind
        self.byteorder=byteorder
    
[docs]    def flip_byteorder(self):
        """Flip byteorder of the description."""
        if self.byteorder is not None:
            self.byteorder="<" if self.byteorder==">" else ">"

    
[docs]    def is_ascii(self):
        """Check of the format is textual."""
        return self.kind=="ascii"

[docs]    @staticmethod
    def from_desc(desc, str_type="numpy"):
        """
        Build the format from the string description.
        
        `str_type` is the description format. Can be
        ``'numpy'`` (numpy dtype description),
        ``'struct'`` (:mod:`struct` description) or
        ``'SCPI'`` (the standard SCPI description).
        """
        if isinstance(desc, DataFormat):
            return desc
        if desc.lower()=="ascii":
            return DataFormat(None,"ascii",None)
        if str_type=="numpy":
            dtype=np.dtype(desc)
            if not dtype.kind in "uif":
                raise ValueError("can't describe data format: {0}".format(desc))
            byteorder=DataFormat._native_byteorder if dtype.byteorder in "=|" else dtype.byteorder
            return DataFormat(dtype.itemsize,dtype.kind,byteorder)
        elif str_type=="struct":
            if desc[:1]=="@":
                desc="="+desc[1:]
            return DataFormat.from_desc(desc,"numpy")
        elif str_type=="SCPI":
            return DataFormat.from_desc_SCPI(desc)
        else:
            raise ValueError("unrecognized format type: {0}".format(str_type))

[docs]    @staticmethod
    def from_desc_SCPI(desc, border="norm"):
        """
        Build the format from the string SCPI description.
        
        `border` describes byte order (either ``'norm'`` or ``'swap'``). 
        """
        desc=desc.lower().strip()
        border=border.lower().strip()[:4]
        if border=="norm":
            byteorder=">"
        elif border=="swap":
            byteorder="<"
        else:
            raise ValueError("unrecognized SCPI border: {0}".format(border))
        if desc[:3]=="asc":
            # split_desc=desc.split(",")
            # if len(desc)>=2:
            #     size=int(desc[1])
            # else:
            #     size=None
            # return DataFormat(size,"ascii",None)
            return DataFormat(None,"ascii",None)
        split_desc=desc.split(",")
        if len(split_desc)<2:
            raise ValueError("can't determine SCPI format: {0}".format(desc))
        bitlen=int(split_desc[1])
        if bitlen%8!=0 or bitlen==0:
            raise ValueError("wrong bitlength in SCPI format: {0}".format(desc))
        if desc[:4]=="real":
            kind="f"
        elif desc[:3]=="int":
            kind="i"
        else:
            raise ValueError("can't determine SCPI format: {0}".format(desc))
        return DataFormat(bitlen//8,kind,byteorder)

    
    _struct_descriptors={("i",1):"b",("i",2):"h",("i",4):"i",("i",8):"q",
                         ("u",1):"B",("u",2):"H",("u",4):"I",("u",8):"Q",
                         ("f",4):"f",("f",8):"d"}
    _SCPI_descriptors={"i":"int","u":"int","f":"real"}
[docs]    def to_desc(self, str_type="auto"):
        """
        Build a description string of this format.
        
        `str_type` can be ``'auto'`` (similar to ``'numpy'``, but also accepts ``'ascii'``),
        ``'numpy'``, ``'struct'`` or ``'SCPI'`` (return tuple ``(desc, border)``).
        """
        if self.is_ascii():
            if str_type=="auto":
                return "ascii"
            elif str_type=="SCPI":
                return "ascii", "norm"
            else:
                raise ValueError("can't represent format 'ascii' as {0}".format(str_type))
        if str_type in ["numpy","auto"]:
            return self.byteorder+self.kind+str(self.size)
        elif str_type=="struct":
            if (self.kind,self.size) in self._struct_descriptors:
                desc=self._struct_descriptors[(self.kind,self.size)]
            else:
                raise ValueError("can't represent format {0} as struct".format(self))
            return self.byteorder+desc
        elif str_type=="SCPI":
            desc=self._SCPI_descriptors[self.kind]
            border="norm" if self.byteorder==">" else "swap"
            return "{0},{1}".format(desc,self.size*8), border
        else:
            raise ValueError("unrecognized format type: {0}".format(str_type))

    def __str__(self):
        return self.to_desc()
    def __repr__(self):
        return "{0}('{1}')".format(self.__class__.__name__,self.__str__())
    
[docs]    def convert_from_str(self, data):
        """Convert the string data into an array."""
        if self.is_ascii():
            if isinstance(data,py3.bytestring):
                data=[e.strip() for e in re.split(br"\s*,\s*|\s+",data)]
            else:
                data=[e.strip() for e in re.split(r"\s*,\s*|\s+",data)]
            return np.array([float(e) for e in data if e])
        else:
            return np.fromstring(data,dtype=self.to_desc("numpy"))

[docs]    def convert_to_str(self, data, ascii_format=".5f"):
        """
        Convert the array into a string data.
        
        `ascii_format` is the :meth:`str.format` string for textual representation.
        """
        if self.is_ascii():
            fmt="{:"+ascii_format+"}"
            return ",".join([fmt.format(e) for e in data])
        else:
            return np.asarray(data).astype(self.to_desc("numpy")).tostring()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.devio.interface

### Interface for a generic device class ###

from ..utils import functions
 
_info_node_kinds=["settings","status","full_info"]

[docs]class IDevice(object):
    """
    A base class for an instrument.
     
    Contains some useful functions for dealing with device settings.
    """
    def __init__(self):
        object.__init__(self)
        self._nodes_ignore_error={"get":(),"set":()}
        self._info_nodes=dict([(ik,{}) for ik in _info_node_kinds])
        self._info_nodes_order=dict([(ik,[]) for ik in _info_node_kinds])
        self._add_full_info_node("cls",lambda: self.__class__.__name__)
         
[docs]    def open(self):
        """Open the connection"""
        pass

[docs]    def close(self):
        """Close the connection"""
        pass

[docs]    def is_opened(self):
        """Check if the device is connected"""
        return True

    def __bool__(self):
        return self.is_opened()
    def __enter__(self):
        return self
    def __exit__(self, *args, **vargs):
        self.close()
        return False
     
    @staticmethod
    def _multiplex_func(func, choices, arg_pos=0, multiarg=True):
        def func_mux(args=None):
            res=[]
            if args:
                for a,ch in zip(args,choices):
                    margs=list(a) if (multiarg and isinstance(a,tuple)) else [a]
                    margs.insert(arg_pos,ch)
                    res.append(func(tuple(margs)))
                return res
            else:
                return [func(ch) for ch in choices]
        return func_mux
    def _add_info_node(self, path, kind, getter=None, setter=None, ignore_error=(), mux=None, multiarg=True):
        """
        Adds an info parameter.
         
        Args:
            path: parameter name.
            kind(str): can be ``"settings"`` (device settings parameter), ``"status"`` (device status parameter) or ``"full_info"`` (full device info).
            getter: methods for getting this parameter. Can be ``None``, meaning that this parameter is ignored when executing :meth:`get_settings`/:meth:`get_full_status`/:meth:`get_full_info`.
            setter: methods for setting this parameter. Can be ``None``, meaning that this parameter is ignored when executing :meth:`apply_settings`.
            ignore_error(tuple): is a list of exception classes; if raised during getter/setter call, they are ignored.
            mux(tuple): 1- or 2-tuple with parameters for function multiplexing (calling several times and combining result in a list).
                The first element is an iterable of argument values to be iterated over, the second argument is the position where this argument is inserted (by default, 0)
            multiarg(bool): if ``True`` and the setter argument is a tuple, interpret it as a tuple of arguments and expand it; otherwise, keep it as a single tuple argument.
        """
        if kind not in self._info_nodes:
            raise ValueError("unrecognized info node kind: {}".format(kind))
        if not isinstance(ignore_error,tuple):
            ignore_error=(ignore_error,)
        if multiarg and setter:
            osetter=setter
            setter=lambda v: functions.call_cut_args(osetter,*v) if isinstance(v,tuple) else osetter(v)
        if mux:
            getter=self._multiplex_func(getter,*mux[:2],multiarg=multiarg) if getter else None
            setter=self._multiplex_func(setter,*mux[:2],multiarg=multiarg) if setter else None
        self._info_nodes[kind][path]=(getter,setter,ignore_error)
        self._info_nodes_order[kind].append(path)
    def _add_full_info_node(self, path, getter=None, ignore_error=(), mux=None):
        return self._add_info_node(path,"full_info",getter=getter,ignore_error=ignore_error,mux=mux)
    def _add_status_node(self, path, getter=None, ignore_error=(), mux=None):
        return self._add_info_node(path,"status",getter=getter,ignore_error=ignore_error,mux=mux)
    def _add_settings_node(self, path, getter=None, setter=None, ignore_error=(), mux=None, multiarg=True):
        return self._add_info_node(path,"settings",getter=getter,setter=setter,ignore_error=ignore_error,mux=mux,multiarg=multiarg)
    def _get_info(self, kinds, nodes=None):
        """
        Get dict ``{name: value}`` containing all the device settings.
         
        `kinds` is the list of info nodes kinds to be included in the info.
        `nodes` specifies nodes to acquire.
        """
        for kind in kinds:
            if kind not in self._info_nodes:
                raise ValueError("unrecognized info node kind: {}".format(kind))
        info={}
        for kind in kinds:
            for k in self._info_nodes_order[kind]:
                if (nodes is None or k in nodes):
                    g,_,err=self._info_nodes[kind][k]
                    if g:
                        try:
                            info[k]=g()
                        except err+self._nodes_ignore_error["get"]:
                            pass
        return info
[docs]    def get_settings(self, nodes=None):
        """
        Get dict ``{name: value}`` containing all the device settings.
        
        `nodes` specifies nodes to acquire.
        """
        return self._get_info(["settings"],nodes=nodes)

[docs]    def get_full_status(self, nodes=None):
        """
        Get dict ``{name: value}`` containing the device status (including settings).
        
        `nodes` specifies nodes to acquire.
        """
        return self._get_info(["settings","status"],nodes=nodes)

[docs]    def get_full_info(self, nodes=None):
        """
        Get dict ``{name: value}`` containing full device information (including status and settings).
        
        `nodes` specifies nodes to acquire.
        """
        return self._get_info(["settings","status","full_info"],nodes=nodes)

[docs]    def apply_settings(self, settings):
        """
        Apply the settings.
         
        `settings` is the dict ``{name: value}`` of the device available settings.
        Non-applicable settings are ignored.
        """
        for k in self._info_nodes_order["settings"]:
            _,s,err=self._info_nodes["settings"][k]
            if s and (k in settings):
                try:
                    s(settings[k])
                except err+self._nodes_ignore_error["set"]:
                    pass

    def __getitem__(self, key):
        """Get the value of a settings, status, or full info parameter."""
        for kind in _info_node_kinds:
            if key in self._info_nodes[kind]:
                g=self._info_nodes[kind][key][0]
                if g:
                    return g()
                raise ValueError("no getter for value '{}'".format(key))
        raise KeyError("no property '{}'".format(key))
    def __setitem__(self, key, value):
        """Set the value of a settings parameter."""
        if key in self._info_nodes["settings"]:
            s=self._info_nodes["settings"][key][1]
            if s:
                return s(value)
            raise ValueError("no setter for value '{}'".format(key))
        raise KeyError("no property '{}'".format(key))





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.devio.units

"""
Routines for conversion of physical units.
"""

from __future__ import division

import numpy as np
from ..utils import string as string_utils  #@UnresolvedImport
import re
    

[docs]def split_units(value):
    """
    Split string dimensionful value.

    Return tuple ``(val, unit)``, where ``val`` is the float part of the value, and ``unit`` is the string representing units.
    """
    m=re.match(r"([+-.\d]+)\s*([a-zA-Z]*)$",value)
    if not m:
        raise ValueError("can't parse value {}".format(value))
    return float(m[1]),m[2]

[docs]def convert_length_units(value, value_unit="m", result_unit="m", case_sensitive=True):
    """
    Convert `value` from `value_unit` to `result_unit`.
    
    The possible length units are ``'m'``,``'mm'``, ``'um'``, ``'nm'``, ``'pm'``, ``'fm'``.
    If ``case_sensitive==True``, matching units is case sensitive. 
    """
    if string_utils.string_equal(value_unit,"m",case_sensitive=case_sensitive):
        value_m=value
    elif string_utils.string_equal(value_unit,"mm",case_sensitive=case_sensitive):
        value_m=value*1E-3
    elif string_utils.string_equal(value_unit,"um",case_sensitive=case_sensitive):
        value_m=value*1E-6
    elif string_utils.string_equal(value_unit,"nm",case_sensitive=case_sensitive):
        value_m=value*1E-9
    elif string_utils.string_equal(value_unit,"pm",case_sensitive=case_sensitive):
        value_m=value*1E-12
    elif string_utils.string_equal(value_unit,"fm",case_sensitive=case_sensitive):
        value_m=value*1E-15
    else:
        raise IOError("unrecognized length unit: {0}".format(value_unit))
    if string_utils.string_equal(result_unit,"m",case_sensitive=case_sensitive):
        return value_m
    elif string_utils.string_equal(result_unit,"mm",case_sensitive=case_sensitive):
        return value_m*1E3
    elif string_utils.string_equal(result_unit,"um",case_sensitive=case_sensitive):
        return value_m*1E6
    elif string_utils.string_equal(result_unit,"nm",case_sensitive=case_sensitive):
        return value_m*1E9
    elif string_utils.string_equal(result_unit,"pm",case_sensitive=case_sensitive):
        return value_m*1E12
    elif string_utils.string_equal(result_unit,"fm",case_sensitive=case_sensitive):
        return value_m*1E15
    else:
        raise IOError("unrecognized length unit: {0}".format(result_unit))

    
[docs]def convert_time_units(value, value_unit="s", result_unit="s", case_sensitive=True):
    """
    Convert `value` from `value_unit` to `result_unit`.
    
    The possible time units are ``'s'``,``'ms'``, ``'us'``, ``'ns'``, ``'ps'``, ``'fs'``, ``'as'``.
    If ``case_sensitive==True``, matching units is case sensitive. 
    """
    if string_utils.string_equal(value_unit,"s",case_sensitive=case_sensitive):
        value_s=value
    elif string_utils.string_equal(value_unit,"ms",case_sensitive=case_sensitive):
        value_s=value*1E-3
    elif string_utils.string_equal(value_unit,"us",case_sensitive=case_sensitive):
        value_s=value*1E-6
    elif string_utils.string_equal(value_unit,"ns",case_sensitive=case_sensitive):
        value_s=value*1E-9
    elif string_utils.string_equal(value_unit,"ps",case_sensitive=case_sensitive):
        value_s=value*1E-12
    elif string_utils.string_equal(value_unit,"fs",case_sensitive=case_sensitive):
        value_s=value*1E-15
    elif string_utils.string_equal(value_unit,"as",case_sensitive=case_sensitive):
        value_s=value*1E-18
    else:
        raise IOError("unrecognized length unit: {0}".format(value_unit))
    if string_utils.string_equal(result_unit,"s",case_sensitive=case_sensitive):
        return value_s
    elif string_utils.string_equal(result_unit,"ms",case_sensitive=case_sensitive):
        return value_s*1E3
    elif string_utils.string_equal(result_unit,"us",case_sensitive=case_sensitive):
        return value_s*1E6
    elif string_utils.string_equal(result_unit,"ns",case_sensitive=case_sensitive):
        return value_s*1E9
    elif string_utils.string_equal(result_unit,"ps",case_sensitive=case_sensitive):
        return value_s*1E12
    elif string_utils.string_equal(result_unit,"fs",case_sensitive=case_sensitive):
        return value_s*1E15
    elif string_utils.string_equal(result_unit,"as",case_sensitive=case_sensitive):
        return value_s*1E18
    else:
        raise IOError("unrecognized length unit: {0}".format(result_unit))

        
[docs]def convert_frequency_units(value, value_unit="Hz", result_unit="Hz", case_sensitive=True):
    """
    Convert `value` from `value_unit` to `result_unit`.
    
    The possible frequency units are ``'Hz'``,``'kHz'``, ``'MHz'``, ``'GHz'``.
    If ``case_sensitive==True``, matching units is case sensitive. 
    """
    if string_utils.string_equal(value_unit,"Hz",case_sensitive=case_sensitive):
        value_Hz=value
    elif string_utils.string_equal(value_unit,"kHz",case_sensitive=case_sensitive):
        value_Hz=value*1E3
    elif string_utils.string_equal(value_unit,"MHz",case_sensitive=case_sensitive):
        value_Hz=value*1E6
    elif string_utils.string_equal(value_unit,"GHz",case_sensitive=case_sensitive):
        value_Hz=value*1E9
    else:
        raise IOError("unrecognized frequency unit: {0}".format(value_unit))
    if string_utils.string_equal(result_unit,"Hz",case_sensitive=case_sensitive):
        return value_Hz
    elif string_utils.string_equal(result_unit,"kHz",case_sensitive=case_sensitive):
        return value_Hz/1E3
    elif string_utils.string_equal(result_unit,"MHz",case_sensitive=case_sensitive):
        return value_Hz/1E6
    elif string_utils.string_equal(result_unit,"GHz",case_sensitive=case_sensitive):
        return value_Hz/1E9
    else:
        raise IOError("unrecognized frequency unit: {0}".format(result_unit))

        
[docs]def convert_power_units(value, value_unit="dBm", result_unit="dBm", case_sensitive=True, impedance=50.):
    """
    Convert `value` from `value_unit` to `result_unit`.
    
    For conversion between voltage and power, assume RMS voltage and the given `impedance`.
    The possible power units are ``'dBm'``, ``'dBmV'``, ``'dBuV'``, ``'W'``, ``'mW'``, ``'uW'``, ``'nW'``, ``'mV'``, ``'nV'``.
    If ``case_sensitive==True``, matching units is case sensitive. 
    """
    # dBmV=20*log10(V/1mV), 220mV<->1mW => 20*log10(220)dBmV=47dBmV<->0dBm
    s=1.
    W2V_dB=np.log10(impedance)*10.
    if string_utils.string_equal(value_unit,"dBm",case_sensitive=case_sensitive):
        value_dBm=value
    elif string_utils.string_equal(value_unit,"dBmV",case_sensitive=case_sensitive):
        value_dBm=value-30.-W2V_dB
    elif string_utils.string_equal(value_unit,"dBuV",case_sensitive=case_sensitive):
        value_dBm=value-90.-W2V_dB
    else:
        s=np.sign(value)
        value=abs(value)
        if string_utils.string_equal(value_unit,"W",case_sensitive=case_sensitive):
            value_dBm=10.*np.log10(value)+30.
        elif string_utils.string_equal(value_unit,"mW",case_sensitive=case_sensitive):
            value_dBm=10.*np.log10(value)
        elif string_utils.string_equal(value_unit,"uW",case_sensitive=case_sensitive):
            value_dBm=10.*np.log10(value)-30.
        elif string_utils.string_equal(value_unit,"nW",case_sensitive=case_sensitive):
            value_dBm=10.*np.log10(value)-60.
        elif string_utils.string_equal(value_unit,"mV",case_sensitive=case_sensitive):
            value_dBm=20.*np.log10(value)-30.-W2V_dB
        elif string_utils.string_equal(value_unit,"uV",case_sensitive=case_sensitive):
            value_dBm=20.*np.log10(value)-90.-W2V_dB
        else:
            raise IOError("unrecognized power unit: {0}".format(value_unit))
    if string_utils.string_equal(result_unit,"dBm",case_sensitive=case_sensitive):
        return value_dBm if s>0 else np.nan
    elif string_utils.string_equal(result_unit,"dBmV",case_sensitive=case_sensitive):
        return value_dBm+30.+W2V_dB if s>0 else np.nan
    elif string_utils.string_equal(result_unit,"dBuV",case_sensitive=case_sensitive):
        return value_dBm+90.+W2V_dB if s>0 else np.nan
    elif string_utils.string_equal(result_unit,"W",case_sensitive=case_sensitive):
        return 10.**((value_dBm-30.)/10.)*s
    elif string_utils.string_equal(result_unit,"mW",case_sensitive=case_sensitive):
        return 10.**(value_dBm/10.)*s
    elif string_utils.string_equal(result_unit,"uW",case_sensitive=case_sensitive):
        return 10.**((value_dBm+30.)/10.)*s
    elif string_utils.string_equal(result_unit,"nW",case_sensitive=case_sensitive):
        return 10.**((value_dBm+60.)/10.)*s
    elif string_utils.string_equal(result_unit,"mV",case_sensitive=case_sensitive):
        return 10.**((value_dBm+30.+W2V_dB)/20.) if s>0 else np.nan
    elif string_utils.string_equal(result_unit,"uV",case_sensitive=case_sensitive):
        return 10.**((value_dBm+90.+W2V_dB)/20.) if s>0 else np.nan
    else:
        raise IOError("unrecognized power unit: {0}".format(result_unit))





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.fileio.binio

"""Binary files input/output"""


from ..utils import general, py3
import numpy as np
import pickle
import contextlib



##### Complex structures file IO #####

default_byteorder="<"
_sbase=0x01
_tbase=0x10
_bobase=0x20

fdtypes={0x40:">f2",0x41:">f4",0x42:">f8",0x60:"<f2",0x61:"<f4",0x62:"<f8"}
fdtypes_inv=general.invert_dict(fdtypes)
idtypes={0x00:"<i1",0x01:"<i2",0x02:"<i4",0x03:"<i8",0x10:"<u1",0x11:"<u2",0x12:"<u4",0x13:"<u8",
        0x20:">i1",0x21:">i2",0x22:">i4",0x23:">i8",0x30:">u1",0x31:">u2",0x32:">u4",0x33:">u8"}
idtypes_inv=general.invert_dict(idtypes)
sdtypes={0x80:"sp<u1",0x81:"sp<u2",0x82:"sp<u4",0x83:"sp<u8",
         0xa0:"sp>u1",0xa1:"sp>u2",0xa2:"sp>u4",0xa3:"sp>u8"}
sdtypes_inv=general.invert_dict(sdtypes)
pkdtypes={}
for pkp in [0,1,2,3]:
    for bo in [0,1]:
        for s in [1,2,4,8]:
            pkdtypes[0x100+0x40*pkp+0x20*bo+s]="pk{}{}u{}".format(pkp,"<>"[bo],s)
pkdtypes_inv=general.invert_dict(pkdtypes)
asdtypes={0x1000:"as<u1",0x1001:"as<u2",0x1020:"as>u1",0x1021:"as>u2"}
asdtypes_inv=general.invert_dict(asdtypes)

alltypes=general.merge_dicts(fdtypes,idtypes,sdtypes,pkdtypes)
alltypes_inv=general.invert_dict(alltypes)

[docs]def write_num(x, f, dtype):
    """
    Write a number `x` into file `f`.

    `dtype` is the textual representation of data type (numpy-style).
    """
    if dtype[0] not in "<>":
        dtype=default_byteorder+dtype
    if dtype in idtypes_inv:
        np.asarray(int(x)).astype(dtype).tofile(f)
    elif dtype in fdtypes_inv:
        np.asarray(float(x)).astype(dtype).tofile(f)
    else:
        raise ValueError("unrecognized dtype: {}".format(dtype))

[docs]def write_str(s, f, dtype, strict=False):
    """
    Write a string `s` into a file `f`.

    `dtype` is the textual representation of data type. Can be ``"s"`` (simply translate into bytes and write),
    ``"sp"+sdtype`` (e.g., ``"sp<u2"``), where the string is prepended by its length written using ``sdtype`` format,
    or ``"s"+len`` (e.g., ``"s16"``), where ``len`` is the textual representation of string length (written data is equivalent to ``"s"`` format).

    If ``strict==True``, raise error if string length is incompatible with the format
    (too long for a given ``"sp"``-type prefix, or doesn't agree with ``"s"``-type length).
    """
    s=py3.as_bytes(s)
    if dtype=="s":
        f.write(s)
    elif dtype.startswith("sp"):
        iinfo=np.iinfo(dtype[2:])
        if strict and len(s)>iinfo.max:
            raise ValueError("string length {} doesn't agree with length dtype {}".format(len(s),dtype[2:]))
        slen=min(iinfo.max,len(s))
        write_num(slen,f,dtype[2:])
        f.write(s[:slen])
    elif dtype.startswith("s"):
        if strict and len(s)!=int(dtype[1:]):
            raise ValueError("string length {} doesn't agree with dtype {}".format(len(s),int(dtype[1:])))
        f.write(s)
    else:
        raise ValueError("unrecognized dtype: {}".format(dtype))

[docs]def write_pickle(v, f, dtype):
    """
    Write a value `v` into file `f` as a Python pickle object.

    `dtype` is the textual representation of data type (numpy-style), and should be ``"pk"+proto+sdtype`` (e.g., ``"pk3<u2"``),
    where ``proto`` is the textual representation of the pickle protocol,
    and ``sdtype`` is the data type of the prepended string length (see ``"sp"+sdtype`` type in :func:`write_str`).
    """
    if dtype.startswith("pk"):
        proto=int(dtype[2])
        sdtype=dtype[3:]
        v=pickle.dumps(v,protocol=proto)
        write_str(v,f,"sp"+sdtype)
    else:
        raise ValueError("unrecognized dtype: {}".format(dtype))

[docs]def write_val(v, f, dtype):
    """
    Write an arbitrary value `v` into file `f` using the supplied `dtype`.

    Storage type depends on `dtype`: can be string (see :func:`write_str`), number (see :func:`write_num`), or pickled value (see :func:`write_pickle`).
    In addition, `dtype` can be a tuple of dtypes with length equal to the length of `v`, in which case the values in `v` are written sequentially.
    """
    if isinstance(dtype,py3.textstring):
        if dtype.startswith("s"):
            write_str(v,f,dtype)
        elif dtype.startswith("pk"):
            write_pickle(v,f,dtype)
        else:
            write_num(v,f,dtype)
    if isinstance(dtype,tuple):
        if len(v)!=len(dtype):
            raise ValueError("value {} doesn't agree with dtype {}".format(v,dtype))
        for (el,dt) in zip(v,dtype):
            write_val(el,f,dt)


[docs]def read_num(f, dtype):
    """
    Read a number from file `f`.

    `dtype` is the textual representation of data type (numpy-style).
    """
    if dtype[0] not in "<>":
        dtype=default_byteorder+dtype
    if dtype in idtypes_inv:
        return int(np.fromfile(f,dtype=dtype,count=1)[0])
    elif dtype in fdtypes_inv:
        return float(np.fromfile(f,dtype=dtype,count=1)[0])
    else:
        raise ValueError("unrecognized dtype: {}".format(dtype))

[docs]def read_str(f, dtype):
    """
    Read a string from file `f`.

    `dtype` is the textual representation of data type.
    Can be ``"sp"+sdtype`` (e.g., ``"sp<u2"``), where the string is prepended by its length written using ``sdtype`` format,
    or ``"s"+len`` (e.g., ``"s16"``), where ``len`` is the textual representation of string length (i.e., read ``len`` bytes and translate the result into string).
    """
    if dtype.startswith("sp"):
        sl=read_num(f,dtype[2:])
        return py3.as_str(f.read(sl))
    elif dtype.startswith("s"):
        sl=int(dtype[1:])
        return py3.as_str(f.read(sl))
    else:
        raise ValueError("unrecognized dtype: {}".format(dtype))

[docs]def read_pickle(f, dtype):
    """
    Read a value from file `f` as a Python pickle object.

    `dtype` is the textual representation of data type (numpy-style), and should be ``"pk"+proto+sdtype`` (e.g., ``"pk3<u2"``),
    where ``proto`` is the textual representation of the pickle protocol (ignored, added for compatibility with :func:`write_pickle`),
    and ``sdtype`` is the data type of the prepended string length (see ``"sp"+sdtype`` type in :func:`write_str`).
    """
    if dtype.startswith("pk"):
        sdtype=dtype[3:]
        v=read_str(f,"sp"+sdtype)
        return pickle.loads(v)
    else:
        raise ValueError("unrecognized dtype: {}".format(dtype))

[docs]def read_val(f, dtype):
    """
    Read an arbitrary value from file `f` using the supplied `dtype`.

    Storage type depends on `dtype`: can be string (see :func:`read_str`), number (see :func:`read_num`), or pickled value (see :func:`read_pickle`).
    In addition, `dtype` can be a tuple of dtypes with length equal to the length of `v`, in which case the values in `v` are read sequentially.
    """
    if isinstance(dtype,py3.textstring):
        if dtype.startswith("s"):
            return read_str(f,dtype)
        elif dtype.startswith("pk"):
            return read_pickle(f,dtype)
        else:
            return read_num(f,dtype)
    if isinstance(dtype,tuple):
        return tuple([ read_val(f,dt) for dt in dtype ])



[docs]@contextlib.contextmanager
def size_prepend(f, dtype, added=0):
    """
    Context manager that prepends the data written inside the block with its size (after the writing is done).

    `dtype` specifies size format; `added` is added to the size when saving.
    Note that this method requires back-seeking, so it doesn't work if the file is opened in append (``"a"``) mode;
    use ``"w"`` or ``"r+"`` mode instead.
    """
    spos=f.tell()
    write_num(0,f,dtype)
    bpos=f.tell()
    yield
    epos=f.tell()
    f.seek(spos)
    write_num(epos-bpos+added,f,dtype)
    f.seek(epos)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.fileio.datafile

from ..utils import files as file_utils #@UnresolvedImport

import os
import datetime


[docs]class DataFile(object):
    """
    Describes a single datafile.
    
    Args:
        data: The main data of the file (usually :class:`.DataTable` or :class:`.Dictionary`).
        filepath (str): absolute path
        filetype (str): a source type
        creation_time (datetime.datetime): File creation time
        props (dict): all the metainfo about the file (extracted from comments, filename etc.)
        comments (list): all the comments excluding the ones containing props
    """
    def __init__(self, data, filepath=None, filetype=None, creation_time=None, comments=None, props=None):
        object.__init__(self)
        self.data=data
        if filepath is not None:
            filepath=os.path.abspath(filepath)
            self.filename=os.path.basename(filepath)
        else:
            self.filename=None
        self.filepath=filepath
        self.filetype=filetype
        if creation_time is None:
            if filepath is not None:
                creation_time=file_utils.get_file_modification_time(filepath,timestamp=False)
            else:
                creation_time=datetime.datetime.now()
        self.creation_time=creation_time
        self.comments=comments or []
        self.props=props or {}
    
[docs]    def addprop(self, name, value):
        """
        Add a property to the dictionary
        """
        self.props[name]=value

        
[docs]    def getprop(self, name, default=None):
        """
        Get a property from the dictionary. Use default value if it's not found
        """
        return self.props.get(name,default)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.fileio.dict_entry

"""
Classes for dealing with the :class:`.Dictionary` entries with special conversion rules when saved or loaded.
Used to redefine how certain objects (e.g., tables) are written into files and read from files.
"""


from ..utils import dictionary, py3 #@UnresolvedImport
from ..datatable import table as datatable #@UnresolvedImport
from . import location, parse_csv

import numpy as np
import pandas as pd



[docs]def special_load_rules(branch):
    """
    Detect if the branch requires special conversion rules.
    """
    try:
        return "__data_type__" in branch
    except TypeError:
        return False



[docs]class InlineTable(object):
    """Simple marker class that denotes that the wrapped numpy 2D array should be written inline"""
    def __init__(self, table):
        object.__init__(self)
        self.table=table



### General description ###

[docs]class IDictionaryEntry(object):
    """
    A generic `Dictionary` entry.
    """
    def __init__(self, data=None):
        object.__init__(self)
        self.set_data(data)
        
[docs]    def set_data(self, data=None):
        """
        Set internal data.
        """
        self.data=data

[docs]    def get_data(self):
        """
        Get internal data.
        """
        return self.data

    
[docs]    def to_dict(self, dict_ptr, loc):
        """
        Convert data to a dictionary branch on saving.
        
        Virtual method, to be defined in subclasses.
        
        Args:
            dict_ptr (~core.utils.dictionary.DictionaryPointer): Pointer to the dictionary location for the entry.
            loc: Location for the data to be saved.
        """
        raise NotImplementedError("IDictionaryEntry.to_dict")

    
    
[docs]    @classmethod
    def build_entry(cls, data, **kwargs):
        """
        Create a `DictionaryEntry` object based on the supplied data and arguments.
        
        Args:
            data: Data to be saved.
        """
        return None

    
[docs]    @classmethod
    def from_dict(cls, dict_ptr, loc, **kwargs):
        """
        Convert a dictionary branch to a specific `DictionaryEntry` object.
        
        Args:
            dict_ptr (~core.utils.dictionary.DictionaryPointer): Pointer to the dictionary location for the entry.
            loc: Location for the data to be loaded.
        """
        return cls(dict_ptr)





_entry_classes=[]
[docs]def add_entry_class(cls, branch_predicate, object_predicate=None):
    """
    Add an entry class which is automatically used in the :func:`build_entry` and :func:`from_dict` functions
    to delegate work for converting objects and dictionary branches into dictionary entries.

    Args:
        cls: the :class:`IDictionaryEntry` subclass whose `:meth:`build_entry` and :meth:`from_dict` methods will be used
        branch_predicate: predicate used to determine whether the specified subclass is used in`:func:`from_dict` function;
            it is a function which takes a single argument (dictionary branch) and returns ``True`` if the conversion should be delegated to the `subclass`
            can be a string or a tuple of strings, in which case it is interpreted as passing branches with a given ``"_data_type__"`` value.
        object_predicate: predicate used to determine whether the specified subclass is used in`:func:`build_entry` function;
            it is a function which takes a single argument (an object to be converted) and returns ``True`` if the conversion should be delegated to the `subclass`
            can be a type or a tuple of types, in which case it is interpreted as passing object of the given type;
            can also be ``None``, which means that the predicate always returns ``False``
            (i.e., this dictionary entries aren't created automatically on dictionary saving, but need to be created manually)
    """
    if isinstance(branch_predicate, (tuple,list)):
        bp=lambda branch: branch.get("__data_type__") in branch_predicate
    elif isinstance(branch_predicate, py3.textstring):
        bp=lambda branch: branch.get("__data_type__")==branch_predicate
    else:
        bp=branch_predicate
    if isinstance(object_predicate, (type, tuple)):
        op=lambda obj: isinstance(obj,object_predicate)
    elif object_predicate is None:
        op=lambda obj: False
    else:
        op=object_predicate
    _entry_classes.append((cls,op,bp))


[docs]def build_entry(data, **kwargs):
    """
    Create a `DictionaryEntry` object based on the supplied data and arguments.
    
    Args:
        data: Data to be saved.
        dict_ptr (~core.utils.dictionary.DictionaryPointer): Pointer to the dictionary location for the entry.
        loc: Location for the data to be saved.
    """
    if isinstance(data, IDictionaryEntry):
        return data
    for cls,op,_ in _entry_classes:
        if op(data):
            return cls.build_entry(data,**kwargs)
    return None


[docs]def from_dict(dict_ptr, loc, **kwargs):
    """
    Convert a dictionary branch to a specific `DictionaryEntry` object.
    
    Args:
        dict_ptr (~core.utils.dictionary.DictionaryPointer): Pointer to the dictionary location for the entry.
        loc: Location for the data to be loaded.
    """
    for cls,_,bp in _entry_classes:
        if bp(dict_ptr):
            return cls.from_dict(dict_ptr,loc,**kwargs)
    return IDictionaryEntry(dict_ptr)





###  Table formatters  ###

[docs]class ITableDictionaryEntry(IDictionaryEntry):
    """
    A generic table Dictionary entry.
    
    Args:
        data: Table data.
        columns (list): If not ``None``, list of column names (if ``None`` and data is a DataTable object, get column names from that). 
    """
    
    def __init__(self, data=None, columns=None):
        IDictionaryEntry.__init__(self,data)
        self.columns=columns
        
    def _prepare_desc_data(self):
        data=self.data
        desc=dictionary.Dictionary()
        desc["__data_type__"]="table"
        columns=self.columns
        if isinstance(data,datatable.DataTable):
            desc["__cont_type__"]="table"
            if columns is None:
                columns=data.get_column_names()
            elif len(data.get_column_names())!=len(columns):
                raise ValueError("supplied columns length {} doesn't agree with the data columns length {}".format(len(columns),len(data.get_column_names())))
        elif isinstance(data,pd.DataFrame):
            desc["__cont_type__"]="pandas"
            desc["column_multiindex"]=False
            if columns is None:
                columns=data.columns.tolist()
                desc["column_multiindex"]=data.columns.nlevels>1
            elif len(data.columns)!=len(columns):
                raise ValueError("supplied columns length {} doesn't agree with the data columns length {}".format(len(columns),len(data.columns)))
            default_idx=data.index.equals(pd.RangeIndex(stop=len(data)))
            if not default_idx:
                desc["index_columns"]=list(data.index.names)
                data=data.reset_index() # allow index/column name clashes to raise errors
                columns=data.columns.tolist()
                if desc["column_multiindex"]:
                    data.columns=columns
        else:
            desc["__cont_type__"]="array"
            data=np.asarray(data)
        if columns is not None:
            desc["columns"]=columns
        return desc, data

    @classmethod
    def _parse_desc_data(cls, desc, data=None, out_type="table"):
        columns=desc.get("columns",None)
        data=desc.get("data",data)
        out_type=desc.get("__cont_type__",out_type)
        if out_type=="datatable":
            out_type="table"
        if data is None:
            raise ValueError("can't load {0} with format {1}".format(desc,"inline"))
        if len(data)==0:
            data=parse_csv.columns_to_table([],columns=columns,out_type="table")
        if out_type=="table":
            if columns:
                data.set_column_names(columns)
        elif out_type=="pandas":
            column_data=[c._column for c in data.c]
            if columns is None:
                columns=data.get_column_names()
            data=pd.DataFrame(dict(zip(columns,column_data)),columns=columns)
            if "index_columns" in desc:
                index_width=len(desc["index_columns"])
                data=data.set_index(columns[:index_width])
                data.index.names=desc["index_columns"]
                columns=columns[index_width:]
            if desc.get("column_multiindex",False):
                data.columns=pd.MultiIndex.from_tuples(columns)
        else:
            if columns and len(columns)!=data.shape[1]:
                raise ValueError("columns number doesn't agree with the table size")
            data=np.asarray(data)
        return data,columns
        
[docs]    @classmethod
    def build_entry(cls, data, table_format="inline", **kwargs):
        """
        Create a DictionaryEntry object based on the supplied data and arguments.
        
        Args:
            data: Data to be saved.
            dict_ptr (~core.utils.dictionary.DictionaryPointer): Pointer to the dictionary location for the entry.
            loc: Location for the data to be saved.
            table_format (str): Method of saving the table. Can be either
                ``'inline'`` (table is saved directly in the dictionary file),
                ``'csv'`` (table is saved in an external CSV file) or
                ``'bin'`` (table is saved in an external binary file).
        """
        if isinstance(table_format,ITableDictionaryEntry):
            table_format.set_data(data)
            return table_format
        if table_format=="inline":
            return InlineTableDictionaryEntry(data,**kwargs)
        elif table_format in {"csv","bin"}:
            if table_format in {"csv"}:
                return ExternalTextTableDictionaryEntry(data,file_format=table_format,**kwargs)
            else:
                return ExternalBinTableDictionaryEntry (data,file_format=table_format,**kwargs)
        else:
            raise ValueError("unrecognized table format: {0}".format(table_format))

[docs]    @classmethod
    def from_dict(cls, dict_ptr, loc, out_type="table", **kwargs):
        """
        Convert a dictionary branch to a specific DictionaryEntry object.
        
        Args:
            dict_ptr (~core.utils.dictionary.DictionaryPointer): Pointer to the dictionary location for the entry.
            loc: Location for the data to be loaded.
            out_type (str): Output format of the data (``'array'`` for numpy arrays or ``'table'`` for :class:`.DataTable` objects). 
        """
        table_type=dict_ptr.get("__table_type__",None)
        if table_type is None:
            if "data" in dict_ptr:
                table_type="inline"
            elif "file_path" in dict_ptr:
                table_type="external"
            else:
                raise ValueError("unrecognized table format: {0}".format(dict_ptr))
        if table_type=="inline":
            return InlineTableDictionaryEntry.from_dict(dict_ptr,loc,out_type=out_type,**kwargs)
        else:
            return IExternalTableDictionaryEntry.from_dict(dict_ptr,loc,out_type=out_type,**kwargs)


add_entry_class(ITableDictionaryEntry,"table",(np.ndarray,datatable.DataTable,pd.DataFrame))
 
[docs]class InlineTableDictionaryEntry(ITableDictionaryEntry):
    """
    An inlined table Dictionary entry.
    
    Args:
        data: Table data.
        columns (list): If not ``None``, a list of column names (if ``None`` and data is a DataTable object, get column names from that). 
    """
[docs]    def to_dict(self, dict_ptr, loc):
        """
        Convert the data to a dictionary branch and write the table to the file.
        """
        if self.data is None:
            raise ValueError("can't build entry for empty table")
        d,table=self._prepare_desc_data()
        d["__table_type__"]="inline"
        d["data"]=InlineTable(table)
        return d

[docs]    @classmethod
    def from_dict(cls, dict_ptr, loc, out_type="table", **kwargs):
        """
        Build an :class:`InlineTableDictionaryEntry` object from the dictionary and read the inlined data.
        
        Args:
            dict_ptr (~core.utils.dictionary.DictionaryPointer): Pointer to the dictionary location for the entry.
            loc: Location for the data to be loaded.
            out_type (str): Output format of the data (``'array'`` for numpy arrays or ``'table'`` for :class:`.DataTable` objects).
        """
        data,columns=cls._parse_desc_data(dict_ptr,out_type=out_type)
        return InlineTableDictionaryEntry(data,columns)



[docs]class IExternalTableDictionaryEntry(ITableDictionaryEntry):
    def __init__(self, data, file_format, name, columns, force_name=True, **kwargs):
        from . import savefile
        data,file_format=savefile.get_output_format(data,file_format,**kwargs)
        ITableDictionaryEntry.__init__(self,data,columns)
        self.file_format=file_format
        self.name=location.LocationName.from_object(name)
        self.force_name=force_name
    def _get_name(self, dict_ptr, loc):
        name=self.name
        if name.get_path()=="":
            name=location.LocationName("_".join(dict_ptr.get_path()),name.ext)
        if not self.force_name:
            name=loc.generate_new_name(name,idx=None)
        return name
[docs]    @classmethod
    def from_dict(cls, dict_ptr, loc, out_type="table", **kwargs):
        file_type=dict_ptr.get("file_type",None)
        if not (file_type in {"bin","csv"}): # TODO:  add autodetect
            raise ValueError("can't load {0} with format {1}".format(dict_ptr,"external"))
        if file_type=="csv":
            return ExternalTextTableDictionaryEntry.from_dict(dict_ptr,loc,out_type=out_type,**kwargs)
        else:
            return ExternalBinTableDictionaryEntry.from_dict (dict_ptr,loc,out_type=out_type,**kwargs)


[docs]class ExternalTextTableDictionaryEntry(IExternalTableDictionaryEntry):
    """
    An external text table Dictionary entry.
    
    Args:
        data: Table data.
        file_format (str): Output file format.
        name (str): Name template for the external file (default is the full path connected with ``"_"`` symbol).
        columns (list): If not ``None``, a list of column names (if ``None`` and data is a DataTable object, get column names from that).
        force_name (bool): If ``False`` and the target file already exists, generate a new unique name; otherwise, overwrite the file.
    """
    def __init__(self, data=None, file_format="csv", name="", columns=None, force_name=True, **kwargs):
        IExternalTableDictionaryEntry.__init__(self,data,file_format,name,columns,force_name=force_name,**kwargs)
[docs]    def to_dict(self, dict_ptr, loc):
        """
        Convert the data to a dictionary branch and save the table to an external file.
        """
        if self.data is None:
            raise ValueError("can't build entry for empty table")
        d,table=self._prepare_desc_data()
        name=self._get_name(dict_ptr,loc)
        d["__table_type__"]="external"
        d["file_type"]=self.file_format.format_name
        save_file=location.LocationFile(loc,name)
        self.file_format.write(save_file,table,columns=d.get("columns",None))
        d["file_path"]=save_file.get_path()
        return d

[docs]    @classmethod
    def from_dict(cls, dict_ptr, loc, out_type="table"):
        """
        Build an :class:`ExternalTextTableDictionaryEntry` object from the dictionary and load the external data.
        
        Args:
            dict_ptr (~core.utils.dictionary.DictionaryPointer): Pointer to the dictionary location for the entry.
            loc: Location for the data to be loaded.
            out_type (str): Output format of the data (``'array'`` for numpy arrays or ``'table'`` for :class:`.DataTable` objects).
        """
        from . import loadfile
        file_path=dict_ptr["file_path"]
        file_type=dict_ptr.get("file_type","csv")
        out_type=dict_ptr.get("__cont_type__",out_type)
        load_file=location.LocationFile(loc,file_path)
        file_out_type="table" if out_type=="pandas" else out_type
        data=loadfile.IInputFileFormat.read_file(load_file,file_format=file_type,out_type=file_out_type,dtype="generic").data # TODO: autodetect data dtype when saving
        data,_=cls._parse_desc_data(dict_ptr,data=data,out_type=out_type)
        return ExternalTextTableDictionaryEntry(data,name=load_file.name)


[docs]class ExternalBinTableDictionaryEntry(IExternalTableDictionaryEntry):
    """
    An external binary table Dictionary entry.
    
    Args:
        data: Table data.
        file_format (str): Output file format.
        name (str): Name template for the external file (default is the full path connected with ``"_"`` symbol).
        columns (list): If not ``None``, a list of column names (if ``None`` and data is a DataTable object, get column names from that).
        force_name (bool): If ``False`` and the target file already exists, generate a new unique name; otherwise, overwrite the file.
    """
    def __init__(self, data=None, file_format="bin", name="", columns=None, force_name=True, **kwargs):
        IExternalTableDictionaryEntry.__init__(self,data,file_format,name,columns,force_name=force_name, **kwargs)
[docs]    def to_dict(self, dict_ptr, loc):
        """
        Convert the data to a dictionary branch and save the table to an external file.
        """
        if self.data is None:
            raise ValueError("can't build entry for empty table")
        d,table=self._prepare_desc_data()
        name=self._get_name(dict_ptr,loc)
        d["__table_type__"]="external"
        d["file_type"]=self.file_format.format_name
        save_file=location.LocationFile(loc,name)
        self.file_format.write(save_file,table)
        d.merge_branch(self.file_format.get_preamble(save_file,table),"preamble")
        d["file_path"]=save_file.get_path()
        return d

[docs]    @classmethod
    def from_dict(cls, dict_ptr, loc, out_type="table", **kwargs):
        """
        Build an :class:`ExternalBinTableDictionaryEntry` object from the dictionary and load the external data.
        
        Args:
            dict_ptr (~core.utils.dictionary.DictionaryPointer): Pointer to the dictionary location for the entry.
            loc: Location for the data to be loaded.
            out_type (str): Output format of the data (``'array'`` for numpy arrays or ``'table'`` for :class:`.DataTable` objects).
        """
        from . import loadfile
        file_path=dict_ptr["file_path"]
        file_type=dict_ptr.get("file_type","bin")
        preamble=dict_ptr.get("preamble",None)
        out_type=dict_ptr.get("__cont_type__",out_type)
        load_file=location.LocationFile(loc,file_path)
        file_out_type="table" if out_type=="pandas" else out_type
        data=loadfile.IInputFileFormat.read_file(load_file,file_format=file_type,preamble=preamble,out_type=file_out_type).data
        if out_type=="pandas" and data.shape[1]>0:
            npdata=data[:]
            data=datatable.DataTable(npdata.astype(npdata.dtype.type)) # convert to native byteorder (required for pandas indexing)
        data,_=cls._parse_desc_data(dict_ptr,data=data,out_type=out_type)
        return ExternalBinTableDictionaryEntry(data,name=load_file.name)





[docs]class IExternalFileDictionaryEntry(IDictionaryEntry):
    """
    Generic dictionary entry for data in an external file.

    Args:
        data: Stored data.
        name (str): Name template for the external file (default is the full path connected with ``"_"`` symbol).
        force_name (bool): If ``False`` and the target file already exists, generate a new unique name; otherwise, overwrite the file.
    """
    def __init__(self, data, name="", force_name=True, **kwargs):
        IDictionaryEntry.__init__(self,data)
        self.name=location.LocationName.from_object(name)
        self.force_name=force_name
    file_format=None
    _file_formats={}
[docs]    @staticmethod
    def add_file_format(subclass):
        """
        Register an :class:`IExternalFileDictionaryEntry` as a possible stored file format.

        Used to automatically invoke a correct loader when loading the dictionary file.
        Only needs to be done once after the subclass declaration.
        """
        IExternalFileDictionaryEntry._file_formats[subclass.file_format]=subclass


    def _get_name(self, dict_ptr, loc):
        name=self.name
        if name.get_path()=="":
            name=location.LocationName("_".join(dict_ptr.get_path()),name.ext)
        if not self.force_name:
            name=loc.generate_new_name(name,idx=None)
        return name
[docs]    def to_dict(self, dict_ptr, loc):
        """Convert the data to a dictionary branch and save the data to an external file."""
        name=self._get_name(dict_ptr,loc)
        d=dictionary.Dictionary()
        d["__data_type__"]="external_file"
        d["file_type"]=self.file_format
        save_file=location.LocationFile(loc,name)
        self.save_file(save_file)
        d.merge_branch(self.get_preamble(),"preamble")
        d["file_path"]=save_file.get_path()
        return d

[docs]    @classmethod
    def from_dict(cls, dict_ptr, loc, **kwargs):
        """
        Build an :class:`IExternalFileDictionaryEntry` object from the dictionary and load the external data.
        
        Args:
            dict_ptr (~core.utils.dictionary.DictionaryPointer): Pointer to the dictionary location for the entry.
            loc: Location for the data to be loaded.
        """
        file_path=dict_ptr["file_path"]
        file_type=dict_ptr.get("file_type",None)
        preamble=dict_ptr.get("preamble",{})
        load_file=location.LocationFile(loc,file_path)
        try:
            subclass=cls._file_formats[file_type]
        except KeyError:
            raise ValueError("unrecognized file type: {}".format(file_type))
        data=subclass.load_file(load_file,preamble,**kwargs)
        return subclass(data,name=load_file.name)

[docs]    def get_preamble(self):
        """Generate preamble (dictionary with supplementary data which allows to load the data from the file)"""
        return {}

[docs]    def save_file(self, loc_file):
        """
        Save stored data into the given location.

        Virtual method, should be overloaded in subclasses
        """
        raise NotImplementedError("IExternalFileDictionaryEntry.save_file")

[docs]    @classmethod
    def load_file(cls, loc_file, preamble, **kwargs):
        """
        Load stored data from the given location, using the supplied preamble.

        Virtual method, should be overloaded in subclasses
        """
        raise NotImplementedError("IExternalFileDictionaryEntry.load_file")


add_entry_class(IExternalFileDictionaryEntry,"external_file")



[docs]class ExternalNumpyDictionaryEntry(IExternalFileDictionaryEntry):
    """
    A dictionary entry which stores the numpy array data into an external file in binary format.

    Args:
        data: Numpy array data.
        name (str): Name template for the external file (default is the full path connected with ``"_"`` symbol).
        force_name (bool): If ``False`` and the target file already exists, generate a new unique name; otherwise, overwrite the file.
        dtype: numpy dtype to load/save the data (by default, dtype of the supplied data).
    """
    def __init__(self, data, name="", force_name=True, dtype=None, **kwargs):
        data=np.asarray(data,dtype=dtype)
        IExternalFileDictionaryEntry.__init__(self,data,name=name,force_name=force_name,**kwargs)
    file_format="numpy"
[docs]    def get_preamble(self):
        """Generate preamble (dictionary with supplementary data which allows to load the data from the file)"""
        return {"shape":self.data.shape,"dtype":self.data.dtype.str}

[docs]    def save_file(self, loc_file):
        """Save stored data into the given location."""
        with loc_file.opening("wb") as f:
            self.data.tofile(f)

[docs]    @classmethod
    def load_file(cls, loc_file, preamble, **kwargs):
        """Load stored data from the given location, using the supplied preamble."""
        with loc_file.opening("rb") as f:
            return np.fromfile(f,dtype=preamble["dtype"]).reshape(preamble["shape"])


IExternalFileDictionaryEntry.add_file_format(ExternalNumpyDictionaryEntry)



[docs]class ExpandedContainerDictionaryEntry(IDictionaryEntry):
    """
    A dictionary entry which expands containers (lists, tuples, dictionaries) into subdictionaries.

    Useful when the data in the containers is complex, so writing it into one line (as is default for lists and tuples) wouldn't work.

    Args:
        data: Container data.
    """
    def __init__(self, data, **kwargs):
        IDictionaryEntry.__init__(self,data)

[docs]    def to_dict(self, dict_ptr, loc):
        """Convert the stored container to a dictionary branch."""
        if isinstance(self.data,list):
            clabel="list"
        elif isinstance(self.data,tuple):
            clabel="tuple"
        elif isinstance(self.data,dict):
            clabel="dict"
        else:
            raise ValueError("unrecognized container type of {}".format(self.data))
        d=dictionary.Dictionary()
        d["__data_type__"]="exp_container"
        d["container_type"]=clabel
        if isinstance(self.data,dict):
            ldata=[{"k":k,"v":v} for (k,v) in self.data.items()]
        else:
            ldata=self.data
        for i,v in enumerate(ldata):
            d[i]=v
        return d

[docs]    @classmethod
    def from_dict(cls, dict_ptr, loc, **kwargs):
        """Build an :class:`ExpandedContainerDictionaryEntry` object from the dictionary."""
        clabel=dict_ptr["container_type"]
        if clabel in ["list","tuple"]:
            value=[dict_ptr[k] for k in range(len(dict_ptr)-2)]
            if clabel=="tuple":
                value=tuple(value)
        else:
            value={dict_ptr[k,"k"]:dict_ptr[k,"v"] for k in range(len(dict_ptr)-2)}
        return cls(value)


add_entry_class(ExpandedContainerDictionaryEntry,"exp_container")




          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.fileio.loadfile

"""
Utilities for reading data files.
"""

from builtins import bytes, range

from . import datafile, location, dict_entry, parse_csv  #@UnresolvedImport

from ..utils import dictionary, funcargparse, string  #@UnresolvedImport

import datetime
import re
import numpy as np

_depends_local=[".parse_csv"]
_module_parameters={"fileio/loadfile/csv/out_type":"table"}

##### File type detection #####

def _is_unprintable_character(chn):
    return chn<8 or 13<chn<27 or 27<chn<32
def _detect_binary_file(stream):
    pos=stream.tell()
    chunk=bytes(stream.read(4096))
    stream.seek(pos)
    for c in chunk:
        if _is_unprintable_character(c):
            return True
    return False

_dict_line_soft=r"^[\S]*(/[\S]*)*\s+"
_dict_line_soft_regexp=re.compile(_dict_line_soft)
_dict_line_hard=r"^[\w]*(/[\w]*)+\s+"
_dict_line_hard_regexp=re.compile(_dict_line_hard)
_dicttable_line=r"^#+\s*table\s+(start|end)"
_dicttable_line_regexp=re.compile(_dicttable_line)
## single comma with whitespaces, or just whitespaces, but no less than 3 spaces in a row
##_table_delimiters_hard=r"\s*(,|   )\s*|[\f\n\r\t\v]+"
##_table_delimiters_hard_regexp=re.compile(_table_delimiters_hard)
def _try_row_type(line):
    """
    Try to determine whether the line is a comment line, a numerical data row, a dictionary row or an unrecognized row.
    
    Doesn't distinguish with a great accuracy; useful only for trying to guess file format. 
    """
    line=line.strip().lower()
    if line=="":
        return "empty"
    if _dicttable_line_regexp.match(line):
        return "dict_table"
    if line[0]=="#":
        return "comment"
    if _dict_line_hard_regexp.match(line):
        return "dict"
    split_line=parse_csv._table_delimiters_regexp.split(line)
    split_line=[el for el in split_line if el!=""]
    try:
        for e in split_line:
            if not e in {"","nan",'inf',"+inf","-inf"}:
                complex(e.replace("i","j"))
        return "numerical"
    except ValueError:
        return "unrecognized"
def _detect_textfile_type(stream):
    line_type_count={"empty":0,"dict":0,"dict_table":0,"comment":0,"numerical":0,"unrecognized":0}
    pos=stream.tell()
    data_lines=0
    while data_lines<20:
        l=stream.readline()
        if l=="":
            break
        line_type=_try_row_type(l)
        line_type_count[line_type]=line_type_count[line_type]+1
        if line_type in {"dict","numerical"}:
            data_lines=data_lines+1
    stream.seek(pos)
    if line_type_count["dict_table"]>0 and data_lines>2:
        return "dict"
    if data_lines<5 and data_lines<line_type_count["unrecognized"]*2:
        return "unrecognized"
    if line_type_count["dict"]>line_type_count["numerical"]:
        return "dict"
    else:
        return "table"
    
_time_expr=r"(\d+)\s*/\s*(\d+)\s*/\s*(\d+)\s+(\d+)\s*:\s*(\d+)\s*:\s*(\d+)(.\d+)?"
_time_comment=r"(?:saved|created)\s+(?:on|at)\s*"+_time_expr
_time_comment_regexp=re.compile(_time_comment,re.IGNORECASE)
def _try_time_comment(line):
    m=_time_comment_regexp.match(line)
    if m is None:
        return None
    else:
        year,month,day,hour,minute,second,usec=m.groups()
        usec=usec or 0
        return datetime.datetime(int(year),int(month),int(day),int(hour),int(minute),int(second),int(float(usec)*1E6))
def _try_columns_line(line, row_size):
    split_line=string.from_row_string(line,parse_csv._table_delimiters_regexp)
    if len(split_line)!=row_size:
        return None
    try:
        for e in split_line:
            complex(e.replace("i","j"))
        return None # all numerical, can't be column names
    except (ValueError, AttributeError):
        return split_line
def _find_columns_lines(corrupted, comments, row_size):
    if len(corrupted["type"])>0:
        return corrupted["type"][0],None
    for i,l in enumerate(comments):
        columns=_try_columns_line(l,row_size)
        if columns is not None:
            return columns,i
    return None,None



def _parse_dict_line(line):
    s=line.split(None,1)
    if len(s)==0:
        return None
    if len(s)==1:
        return tuple(s)
    key,value=tuple(s)
    value=string.from_string(value)
    return key,value

_dicttable_start=r"^#+\s*(table\s+start|start\s+table)"
_dicttable_start_regexp=re.compile(_dicttable_start,re.IGNORECASE)
_dicttable_end=r"^#+\s*(table\s+end|end\s+table)"
_dicttable_end_regexp=re.compile(_dicttable_end,re.IGNORECASE)
def _load_dict_and_comments(f, case_normalization=None, inline_dtype="generic"):
    case_sensitive=case_normalization is None
    data=dictionary.Dictionary(case_sensitive=case_sensitive, case_normalization=case_normalization or "lower")
    comment_lines=[]
    line=f.readline()
    root_keys=[]
    prev_key=None
    while line:
        line=line.strip()
        if line!="":
            if line[:1]!='#': #dict row
                parsed=_parse_dict_line(line)
                if parsed is not None:
                    if len(parsed)==1:
                        key=parsed[0]
                        if key.startswith("///"): # root key one level up
                            root_keys=root_keys[:-1]
                        elif key.startswith("//"): # new nested root key
                            root_keys.append(key[2:])
                        else:
                            if root_keys:
                                key="/".join(root_keys)+"/"+key
                            prev_key=(key,) # single-key line possibly means that an inline table follows
                    else:
                        key,value=parsed
                        if root_keys:
                            key="/".join(root_keys)+"/"+key
                        data[key]=value
                        prev_key=key
            else:
                if _dicttable_start_regexp.match(line[1:]) is not None:
                    table,comments,corrupted=parse_csv.load_table(f,dtype=inline_dtype,stop_comment=_dicttable_end_regexp)
                    columns,comment_idx=_find_columns_lines(corrupted,comments,table.shape[1])
                    if comment_idx is not None:
                        del comments[comment_idx]
                    if columns is not None:
                        table.set_column_names(columns)
                    comment_lines=comment_lines+comments
                    if prev_key is not None:
                        data[prev_key]=table
                    else:
                        raise IOError("inline table isn't attributed to any dict node")
                else:
                    comment_lines.append(line.lstrip("# \t"))
        line=f.readline()
    return (data,comment_lines)


##### Data normalization #####

def _extract_savetime_comment(comments):
    if len(comments)==0:
        return None
    for i,c in enumerate(comments):
        creation_time=_try_time_comment(c)
        if creation_time is not None:
            break
    if i<len(comments):
        del comments[i]
    return creation_time
def _determine_columns_comment(comment):
    pass





##### File formats #####


[docs]class IInputFileFormat(object):
    """
    Generic class for an input file format.
    
    Based on `file_format` or autodetection, calls one of its subclasses to read the file.
    """
    def __init__(self):
        object.__init__(self)
    
[docs]    @staticmethod
    def read_file(location_file, file_format, **kwargs):
        file_format=file_format or "generic"
        if file_format in {"txt","csv","dict"}:
            return ITextInputFileFormat.read_file(location_file,file_format=file_format,**kwargs)
        if file_format in {"bin"}:
            return BinaryTableInputFileFormatter.read_file(location_file,file_format=file_format,**kwargs)
        if file_format in {"generic"}:
            with location_file.opening(mode="read",data_type="binary"):
                is_binary=_detect_binary_file(location_file.stream)
            if is_binary:
                return BinaryTableInputFileFormatter.read_file(location_file,file_format="bin",**kwargs)
            else:
                return ITextInputFileFormat.read_file(location_file,file_format="txt",**kwargs)


    
    
    
[docs]class ITextInputFileFormat(IInputFileFormat):
    """
    Generic class for a text input file format.
    
    Based on `file_format` or autodetection, calls one of its subclasses to read the file.
    """
    def __init__(self):
        IInputFileFormat.__init__(self)
    
[docs]    @staticmethod
    def read_file(location_file, file_format, **kwargs):
        if file_format in {"csv"}:
            return CSVTableInputFileFormat.read_file(location_file,file_format=file_format,**kwargs)
        if file_format in {"dict"}:
            return DictionaryInputFileFormat.read_file(location_file,file_format=file_format,**kwargs)
        if file_format in {"txt"}:
            with location_file.opening(mode="read",data_type="text"):
                txt_type=_detect_textfile_type(location_file.stream)
            if txt_type=="table":
                return CSVTableInputFileFormat.read_file(location_file,file_format="csv",**kwargs)
            elif txt_type=="dict":
                return DictionaryInputFileFormat.read_file(location_file,file_format="dict",**kwargs)
            else:
                raise IOError("can't determine file type")


            
            
[docs]class CSVTableInputFileFormat(ITextInputFileFormat):
    """
    Class for CSV input file format.
    """
    def __init__(self):
        ITextInputFileFormat.__init__(self)
[docs]    @staticmethod
    def read_file(location_file, out_type="default", dtype="numeric", columns=None, delimiters=None, empty_entry_substitute=None, ignore_corrupted_lines=True, skip_lines=0, **kwargs):
        """
        Read CSV file.
        
        See :func:`.parse_csv.load_table` for more description.
        
        Args:
            location_file: Location of the data.
            out_type (str): type of the result: ``'array'`` for numpy array, ``'pandas'`` for pandas DataFrame, ``'table'`` for :class:`.DataTable` object,
                or ``'default'`` (determined by the library default; ``'table'`` by default)
            dtype: dtype of entries; can be either a single type, or a list of types (one per column).
                Possible dtypes are: ``'int'``, ``'float'``, ``'complex'``,
                ``'numeric'`` (tries to coerce to minimal possible numeric type, raises error if data can't be converted to `complex`),
                ``'generic'`` (accept arbitrary types, including lists, dictionaries, escaped strings, etc.),
                ``'raw'`` (keep raw string).
            columns: either a number if columns, or a list of columns names.
            delimiters (str): Regex string which recognizes entries delimiters (by default ``r"\\s*,\\s*|\\s+"``, i.e., commas and whitespaces).
            empty_entry_substitute: Substitute for empty table entries. If ``None``, all empty table entries are skipped.
            ignore_corrupted_lines (bool): If ``True``, skip corrupted (e.g., non-numeric for numeric dtype, or with too few entries) lines;
                otherwise, raise :exc:`ValueError`.
            skip_lines (int): Number of lines to skip from the beginning of the file.
        """
        if out_type=="default":
            out_type=_module_parameters["fileio/loadfile/csv/out_type"]
        if delimiters is None:
            delimiters=parse_csv._table_delimiters
        with location_file.opening(mode="read",data_type="text"):
            for _ in range(skip_lines):
                location_file.stream.readline()
            data,comments,corrupted=parse_csv.load_table(location_file.stream,dtype=dtype,columns=columns,out_type=out_type,
                            delimiters=delimiters,empty_entry_substitute=empty_entry_substitute,ignore_corrupted_lines=ignore_corrupted_lines)
        if out_type in {"table","pandas"} and not funcargparse.is_sequence(columns,"builtin;nostring") and len(data)>0:
            columns,comment_idx=_find_columns_lines(corrupted,comments,data.shape[1])
            if comment_idx is not None:
                del comments[comment_idx]
            if columns is not None:
                if out_type=="table":
                    data.set_column_names(columns)
                else:
                    data.columns=columns
        creation_time=_extract_savetime_comment(comments)
        return datafile.DataFile(data=data,comments=comments,creation_time=creation_time,filetype="csv")


    
[docs]class DictionaryInputFileFormat(ITextInputFileFormat):
    """
    Class for Dictionary input file format.
    """
    def __init__(self):
        ITextInputFileFormat.__init__(self)
[docs]    @staticmethod
    def read_file(location_file, case_normalization=None, inline_dtype="generic", entry_format="value", skip_lines=0, **kwargs):
        """
        Read Dictionary file.
        
        Args:
            location_file: Location of the data.
            case_normalization (str): If ``None``, the dictionary paths are case-sensitive;
                otherwise, defines the way the entries are normalized (``'lower'`` or ``'upper'``).
            inline_dtype (str): dtype for inlined tables.
            entry_format (str): Determines the way for dealing with :class:`.dict_entry.IDictionaryEntry` objects
                (objects transformed into dictionary branches with special recognition rules). Can be
                ``'branch'`` (don't attempt to recognize those object, leave dictionary as in the file),
                ``'dict_entry'`` (recognize and leave as :class:`.dict_entry.IDictionaryEntry` objects) or
                ``'value'`` (recognize and keep the value).
            skip_lines (int): Number of lines to skip from the beginning of the file.
        """
        if not entry_format in {"branch","dict_entry","value"}:
            raise ValueError("unrecognized entry format: {0}".format(entry_format))
        with location_file.opening(mode="read",data_type="text"):
            for _ in range(skip_lines):
                location_file.stream.readline()
            data,comments=_load_dict_and_comments(location_file.stream,inline_dtype=inline_dtype,case_normalization=case_normalization)
        creation_time=_extract_savetime_comment(comments)
        def map_entries(ptr):
            if dict_entry.special_load_rules(ptr):
                entry=dict_entry.from_dict(ptr,location_file.loc)
                if entry_format=="value":
                    entry=entry.data
                return entry
            else:
                return ptr
        if entry_format!="branch":
            data.map_self(map_entries,to_visit="branches",topdown=False)
        if len(data)==1 and list(data.keys())==["__data__"]: # special case of files with preamble
            data=data["__data__"]
        return datafile.DataFile(data=data,comments=comments,creation_time=creation_time,filetype="dict")


    
    
    
    
    
[docs]class BinaryTableInputFileFormatter(IInputFileFormat):
    """
    Class for binary input file format.
    """
    def __init__(self):
        IInputFileFormat.__init__(self)
    
[docs]    @staticmethod
    def read_file(location_file, out_type="default", dtype=">f8", columns=None, packing="flatten", preamble=None, skip_bytes=0, **kwargs):
        
        """
        Read binary file.
        
        Args:
            location_file: Location of the data.
            out_type (str): type of the result: ``'array'`` for numpy array, ``'pandas'`` for pandas DataFrame, ``'table'`` for :class:`.DataTable` object,
                or ``'default'`` (determined by the library default; ``'table'`` by default)
            dtype: :class:`numpy.dtype` describing the data.
            columns: either number if columns, or a list of columns names.
            packing (str): The way the 2D array is packed. Can be either
                ``'flatten'`` (data is stored row-wise) or
                ``'transposed'`` (data is stored column-wise).
            preamble (dict): If not ``None``, defines binary file parameters that supersede the parameteres supplied to the function.
                The defined parameters are ``'dtype'``, ``'packing'``, ``'ncols'`` (number of columns) and ``'nrows'`` (number of rows).
            skip_bytes (int): Number of bytes to skip from the beginning of the file.
        """
        if out_type=="default":
            out_type=_module_parameters["fileio/loadfile/csv/out_type"]
        preamble=preamble or {}
        dtype=preamble.get("dtype",dtype)
        packing=preamble.get("packing",packing)
        preamble_columns_num=preamble.get("ncols",None)
        preamble_rows_num=preamble.get("nrows",None)
        with location_file.opening(mode="read",data_type="binary"):
            if skip_bytes:
                location_file.stream.seek(skip_bytes,1)
            data=np.fromfile(location_file.stream,dtype=dtype)
        try:
            columns_num=len(columns)
        except TypeError:
            columns_num=columns
            columns=None
        if columns_num is None:
            columns_num=preamble_columns_num
        elif preamble_columns_num is not None and preamble_columns_num!=columns_num:
            raise ValueError("supplied columns number {0} disagrees with extracted form preamble {1}".format(columns_num,preamble_columns_num))
        if columns_num is not None:
            if packing=="flatten":
                data=data.reshape((-1,columns_num))
            elif packing=="transposed":
                data=data.reshape((columns_num,-1)).transposed()
            else:
                raise ValueError("unrecognized packing method: {0}".format(packing))
        else:
            data=np.column_stack([data])
        if preamble_rows_num is not None and len(data)!=preamble_rows_num:
            raise ValueError("supplied rows number {0} disagrees with extracted form preamble {1}".format(len(data),preamble_rows_num))
        data=parse_csv.columns_to_table([data[:,i] for i in range(data.shape[1])],columns=columns,out_type=out_type)
        return datafile.DataFile(data=data,filetype="bin")


        
        


[docs]def load(path=None, input_format=None, loc="file", return_file=False, **kwargs):
    """
    Load data from the file.
    
    Args:
        path (str): Path to the file.
        input_format (str): Input file format. If ``None``, attempt to auto-detect file format (same as ``'generic'``).
        loc (str): Location type.
        return_file (bool): If ``True``, return :class:`.DataFile` object (contains some metainfo);
            otherwise, return just the file data.
    
    `**kwargs` are passed to the file formatter used to read the data
    (see :meth:`CSVTableInputFileFormat.read_file`, :meth:`DictionaryInputFileFormat.read_file` and :meth:`BinaryTableInputFileFormatter.read_file` for the possible arguments).
    The default format names are:
    
        - ``'generic'``: Generic file format. Attempt to autodetect, raise :exc:`IOError` if unsuccessful;
        - ``'txt'``: Generic text file. Attempt to autodetect, raise :exc:`IOError` if unsuccessful
        - ``'csv'``: CSV file, corresponds to :class:`CSVTableInputFileFormat`;
        - ``'dict'``: Dictionary file, corresponds to :class:`DictionaryInputFileFormat`;
        - ``'bin'``: Binary  file, corresponds to :class:`BinaryTableInputFileFormatter`
    """
    loc=location.get_location(loc,path)
    location_file=location.LocationFile(loc)
    data_file=IInputFileFormat.read_file(location_file,file_format=input_format,**kwargs)
    if return_file:
        return data_file
    else:
        return data_file.data





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.fileio.location

"""
Classes for describing a generic file location.
"""

# from io import open

from ..utils import files as file_utils
from ..utils import dictionary

import os.path
import contextlib

[docs]class LocationName(object):
    """
    File name inside a location.
    
    Args:
        path: Path inside the location. Gets normalized according to the Dictionary rules (not case-sensitive; ``'/'`` and ``'\\'`` are the delimiters).
        ext (str): Name extension (``None`` is default).
    """
    def __init__(self, path=None, ext=None):
        object.__init__(self)
        self.path=self._normalize_path(path)
        self.ext=str(ext).lower() if ext is not None else None
    def _normalize_path(self, path):
        if path is None:
            return None
        return tuple(dictionary.normalize_path(path,omit_empty=True,case_sensitive=False,case_normalization="lower",sep=r"[/\\]"))
[docs]    def get_path(self, default_path="", sep="/"):
        """
        Get the string path.
        
        If the object's `path` is ``None``, use `default_path` instead.
        If `sep` is not ``None``, use it to join the path entries; otherwise, return the path in a list form.
        """
        path=self.path or (self._normalize_path(default_path) or [])
        if sep is None:
            return path
        return sep.join(path)

[docs]    def get_ext(self, default_ext=""):
        """
        Get the extension.
        
        If the object's `ext` is ``None``, use `default_ext` instead.
        """
        return self.ext if self.ext is not None else (default_ext or "")

[docs]    def to_string(self, default_path="", default_ext="", path_sep="/", ext_sep="|", add_empty_ext=True):
        """
        Convert the path to a string representation.
        
        Args:
            default_path (str): Use it as path if the object's `path` is ``None``.
            default_ext (str): Use it as path if the object's `ext` is ``None``.
            path_sep (str): Use it to join the path entries.
            ext_sep (str): Use it to join path and extension.
            add_empty_ext (str): If ``False`` and the extension is empty, don't add `ext_sep` in the end.
        """
        path=self.get_path(default_path,path_sep)
        ext=self.get_ext(default_ext)
        if ext=="" and not add_empty_ext:
            return path
        return ext_sep.join((path,ext))

[docs]    def to_path(self, default_path="", default_ext="", ext_sep="|", add_empty_ext=True):
        """
        Convert the path to a list representation.
        
        Extension is added with `ext_sep` to the last entry in the path.
        
        Args:
            default_path (str): Use it as path if the object's `path` is ``None``.
            default_ext (str): Use it as path if the object's `ext` is ``None``.
            ext_sep (str): Use it to join path and extension.
            add_empty_ext (str): If ``False`` and the extension is empty, don't add `ext_sep` in the end.
        """
        path=self.get_path(default_path,sep=None)
        ext=self.get_ext(default_ext)
        if ext=="" and not add_empty_ext:
            return path
        if not path:
            return [ext_sep+ext]
        return tuple(list(path[:-1])+[ext_sep.join((path[-1],ext))])

    def __str__(self):
        return self.to_string()
    def __repr__(self):
        return "{0}('{1}')".format(type(self).__name__,str(self))
[docs]    @staticmethod
    def from_string(expr, ext_sep="|"):
        """
        Create a :class:`LocationName` object from a string representation.
        
        `ext_sep` defines extension separator; the path separators are ``'/'`` and ``'\\'``.
        Empty path or extension translate into ``None``.
        """
        expr=expr.split(ext_sep)
        if len(expr)==0:
            expr=(None,None)
        elif len(expr)==1:
            expr=(expr[0],None)
        elif len(expr)>2:
            raise ValueError("can't parse path {0}".format(expr))
        expr=[None if s=="" else s for s in expr]
        return LocationName(*expr)

[docs]    @staticmethod
    def from_object(obj):
        """
        Create a :class:`LocationName` object from an object.
        
        `obj` can be a :class:`LocationName` (return unchanged), tuple or list (use as construct arguments),
        string (treat as a string representation) or ``None`` (return empty name).
        """
        if isinstance(obj,LocationName):
            return obj
        elif isinstance(obj,tuple) or isinstance(obj,list):
            return LocationName(*obj)
        elif obj is None:
            return LocationName()
        else:
            return LocationName.from_string(obj)

[docs]    def copy(self):
        return LocationName(self.path,self.ext)


    
    
[docs]class LocationFile(object):
    """
    A file at a location.
    
    Can be opened for reading or writing.
    
    Args:
        loc: File location.
        name: File's name inside the location.
    """
    def __init__(self, loc, name=None):
        object.__init__(self)
        self.loc=loc
        self.name=LocationName.from_object(name)
        self.opened=False
        self.stream=None
        self.mode=None
        self.data_type=None
[docs]    def get_path(self):
        """
        Get file path in a string representation.
        """
        return self.name.to_string()

    _default_modes={"r":("read","text"),"rb":("read","binary"),"w":("write","text"),"wb":("write","binary"),"a":("append","text"),"ab":("append","binary")}
[docs]    def open(self, mode="read", data_type="text"):
        """
        Open the file.
        
        Args:
            mode (str): Opening mode. Can be ``'read'``, ``'write'`` or ``'append'``.
            data_type (str): Either ``'text'`` or ``'binary'``.
        """
        if self.opened:
            raise RuntimeError("opening file {0} twice".format(self.get_path()))
        mode,data_type=self._default_modes.get(mode,(mode,data_type))
        self.stream=self.loc.open_file(mode,self.name,data_type)
        self.mode=mode
        self.data_type=data_type
        self.opened=True

[docs]    def close(self):
        """Close the file."""
        if not self.opened:
            raise RuntimeError("closing non-opened file {0}".format(self.get_path()))
        self.loc.close_file(self.name)
        self.stream=None
        self.opened=False

[docs]    @contextlib.contextmanager
    def opening(self, mode="read", data_type="text"):
        """
        Context for working with opened file (file is closed automatically on exitting a ``with`` block),
        
        Args:
            mode (str): Opening mode. Can be ``'read'``, ``'write'`` or ``'append'``.
            data_type (str): Either ``'text'`` or ``'binary'``.
        """
        try:
            self.open(mode=mode,data_type=data_type)
            yield self.stream
        finally:
            if self.opened:
                self.close()






[docs]class IDataLocation(object):
    """
    Generic location.
    """
    def __init__(self):
        object.__init__(self)
    
[docs]    def is_name_free(self, name=None):
        """Check if the name is unoccupied."""
        raise NotImplementedError("IDataLocation.is_name_free")

[docs]    def generate_new_name(self, prefix_name, idx=0):
        """
        Generate a new name inside the location using the given prefix and starting index.
        
        If `idx` is ``None``, check just the `prefix_name` first before starting to append indices.
        """
        prefix_name=LocationName.from_object(prefix_name)
        if idx is None:
            if self.is_name_free(prefix_name):
                return prefix_name
            idx=0
        while True:
            path="{0}_{1:03d}".format(prefix_name.get_path(),idx)
            name=LocationName(path,prefix_name.ext)
            if self.is_name_free(name):
                return name
            idx=idx+1
        return 

    
[docs]    def open_file(self, mode, name=None, data_type="text"):
        """
        Open a location file.
        
        Args:
            mode (str): Opening mode. Can be ``'read'``, ``'write'`` or ``'append'``.
            name: File name inside the location.
            data_type (str): Either ``'text'`` or ``'binary'``.
        """
        raise NotImplementedError("IDataLocation.open_write")

[docs]    def close_file(self, name):
        """Close a location file. """
        raise NotImplementedError("IDataLocation.close")

[docs]    def get_opened_files(self):
        """Get a list for files opened in that location."""
        raise NotImplementedError("IDataLocation.get_open_files")


    


[docs]class IFileSystemDataLocation(IDataLocation):
    """
    A generic filesystem data location.
    
    A single file name describes a single file in the filesystem.
    """
    def __init__(self):
        IDataLocation.__init__(self)
        self.opened_files={}
[docs]    def get_filesystem_path(self, name=None, path_type="absolute"):
        """
        Get the filesystem path corresponding to a given name.
        
        `path_type` can be ``'absolute'`` (return absolute path),
        ``'relative'`` (return relative path; level depends on the location) or
        ``'name'`` (only return path inside the location).
        """
        raise NotImplementedError("IFileSystemDataLocation.get_filesystem_path")

    @staticmethod
    def _name_to_filesystem_path(name, default_path=None, default_ext=None):
        split_name=name.to_path(default_path=default_path,default_ext=default_ext,ext_sep=".",add_empty_ext=False)
        return os.path.join(*split_name) if split_name else ""
    def __call__(self, name=None, path_type="absolute"):
        return self.get_filesystem_path(name,path_type)
[docs]    def is_name_free(self, name=None):
        """Check if the name is unoccupied."""
        path=self.get_filesystem_path(name,path_type="absolute")
        return not os.path.exists(path)

    def _open_file_stream(self, mode, name, data_type):
        name=LocationName.from_object(name)
        name_str=name.to_string()
        if name_str in self.opened_files:
            raise ValueError("file {0} is already opened".format(name_str))
        file_path=self.get_filesystem_path(name,path_type="absolute")
        if data_type=="binary":
            mode=mode+"b"
        elif data_type!="text":
            raise ValueError("unrecognized data type: {0}".format(data_type))
        f=open(file_path,mode)
        self.opened_files[name_str]=f
        return f
[docs]    def open_file(self, mode, name=None, data_type="text"):
        """
        Open a location file.
        
        See :meth:`IDataLocation.open_file` for arguments.
        """
        if mode=="read":
            s=self._open_file_stream("r",name,data_type)
        elif mode=="write":
            s=self._open_file_stream("w",name,data_type)
        elif mode=="append":
            s=self._open_file_stream("a",name,data_type)
            s.seek(0,2)
        else:
            raise ValueError("unrecognized open mode: {0}".format(mode))
        return s

[docs]    def close_file(self, name):
        """Close a location file."""
        name_str=LocationName.from_object(name).to_string()
        if not name_str in self.opened_files:
            raise ValueError("name {0} is not opened".format(self.get_filesystem_path(name,"relative")))
        self.opened_files.pop(name_str).close()

[docs]    def get_opened_files(self):
        """Get a list for files opened in that location."""
        return self.opened_files



[docs]class SingleFileSystemDataLocation(IFileSystemDataLocation):
    """
    A location describing a single file.
    
    Any use of a non-default name raises :exc:`ValueError`.
    
    Args:
        file_path (str): The path to the file.
    """
    def __init__(self, file_path):
        IFileSystemDataLocation.__init__(self)
        self.rel_path=file_path
        self.abs_path=os.path.abspath(file_path)
        file_utils.retry_ensure_dir(os.path.split(file_path)[0])
[docs]    def get_filesystem_path(self, name=None, path_type="absolute"):
        name=LocationName.from_object(name)
        if name.path is None and name.ext is None:
            if path_type=="absolute":
                return self.abs_path
            elif path_type=="relative":
                return self.rel_path
            elif path_type=="name":
                return os.path.split(self.rel_path)[1]
            else:
                raise ValueError("unrecognized path type: {0}".format(path_type))
        else:
            raise ValueError("SingleFileSystemDataLocation can only generate default path")


[docs]class PrefixedFileSystemDataLocation(IFileSystemDataLocation):
    """
    A location describing a set of prefixed files.
    
    Args:
        file_path (str): A master path. Its name is used as a prefix, and its extension is used as a default.
        prefix_template (str): A :meth:`str.format` string for generating prefixed files. Has two arguments:
            the first is the master name, the second is the sub_location.
    
    Multi-level paths translate into nested folders (the top level folder is combined from the `file_path` prefix and the first path entry).
    """
    def __init__(self, file_path, prefix_template="{0}_{1}"):
        IFileSystemDataLocation.__init__(self)
        self.rel_path,self.master_name=os.path.split(file_path)
        self.abs_path=os.path.abspath(self.rel_path)
        self.master_prefix, self.master_ext=os.path.splitext(self.master_name)
        if self.master_ext[1:]=="": # remove leading .
            self.master_ext=None
        else:
            self.master_ext=self.master_ext[1:]
        self.prefix_template=prefix_template
        file_utils.retry_ensure_dir(os.path.split(file_path)[0])
[docs]    def get_filesystem_path(self, name=None, path_type="absolute"):
        name=LocationName.from_object(name)
        if not path_type in {"absolute", "relative","name"}:
            raise ValueError("unrecognized path type: {0}".format(path_type))
        if name.path is None:
            fsname=self.master_prefix
        else:
            fsname=self.prefix_template.format(self.master_prefix,os.path.join(*name.get_path(sep=None)))
        if name.get_ext(self.master_ext):
            fsname="{0}.{1}".format(fsname,name.get_ext(self.master_ext))
        if path_type=="absolute":
            return os.path.join(self.abs_path,fsname)
        elif path_type=="relative":
            return os.path.join(self.rel_path,fsname)
        else:
            return fsname


[docs]class FolderFileSystemDataLocation(IFileSystemDataLocation):
    """
    A location describing a single folder.
    
    Args:
        folder_path (str): A path to the folder.
        default_name (str): The default file name.
        default_ext (str): The default file extension.
    
    Multi-level paths translate into nested subfolders.
    """
    def __init__(self, folder_path, default_name="", default_ext=""):
        IFileSystemDataLocation.__init__(self)
        self.rel_path=folder_path
        self.abs_path=os.path.abspath(folder_path)
        self.default_name=default_name
        self.default_ext=default_ext
        file_utils.retry_ensure_dir(self.abs_path)
[docs]    def get_filesystem_path(self, name=None, path_type="absolute"):
        name=LocationName.from_object(name)
        if not path_type in {"absolute", "relative", "name"}:
            raise ValueError("unrecognized path type: {0}".format(path_type))
        fsname=self._name_to_filesystem_path(name,self.default_name,self.default_ext)
        if path_type=="absolute":
            return os.path.join(self.abs_path,fsname)
        elif path_type=="relative":
            return os.path.join(self.rel_path,fsname)
        else:
            return fsname


        
    

[docs]def get_location(loc, path, *args, **kwargs):
    """
    Build a location.
    
    If `loc` or `path` are instances of :class:`IDataLocation`, return them unchanged.
    If `loc` is a string, it describes location kind:
    
        - ``'single_file'``: :class:`SingleFileSystemDataLocation` with the given `path`.
        - ``'file'`` or ``'prefixed_file'``: :class:`PrefixedFileSystemDataLocation` with the given `path` as a master path.
        - ``'folder'``: :class:`FolderFileSystemDataLocation` with the given folder `path`.
    
    Any additional arguments are relayed to the constructors.
    """
    if isinstance(loc,IDataLocation):
        return loc
    elif isinstance(path,IDataLocation):
        return path
    elif loc=="single_file":
        return SingleFileSystemDataLocation(path,*args,**kwargs)
    elif loc=="file" or loc=="prefixed_file":
        return PrefixedFileSystemDataLocation(path,*args,**kwargs)
    elif loc=="folder":
        return FolderFileSystemDataLocation(path,*args,**kwargs)
    else:
        raise ValueError("unrecognized location: {}".format(loc))





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.fileio.logfile

# from io import open

import time
import os.path
from ..utils import string, files as file_utils


[docs]class LogFile(object):
    """
    Expanding file.
    
    Args:
        path (str): Path to the destination file.
        default_fmt (list): If not ``None``, it's a defult value of `fmt` for :meth:`write_dataline` method. 
    """
    def __init__(self, path, default_fmt=None):
        object.__init__(self)
        self.path=path
        self.sep="\t"
        self.default_fmt=default_fmt
        
    def _get_path(self, line, header, timestamp):
        return self.path
    def _get_timestamp_line(self, timestamp):
        return "{:.3f}".format(timestamp)
    
    def _write_lines(self, path, lines, header=""):
        if os.path.exists(path):
            with open(path,"a") as f:
                f.write("\n"+"\n".join(lines))
        else:
            file_utils.ensure_dir(os.path.split(path)[0])
            with open(path,"a") as f:
                if header:
                    f.write(header+"\n")
                f.write("\n"+"\n".join(lines))
                
[docs]    def write_lines(self, lines, header="", add_timestamp=True):
        """
        Write a single line into the file.
        
        Create the file if it doesn't exist.
        
        Args:
            line (str): Data line to be added.
            header (str): If non-empty, add it to the beginning of the file on creation.
            add_timestamp (bool): If ``True``, add the UNIX timestamp in the beginning of the line.
        """
        timestamp=time.time()
        if add_timestamp:
            lines=[self._get_timestamp_line(timestamp)+self.sep+line for line in lines]
        path=self._get_path(lines[0],header,timestamp)
        self._write_lines(path,lines,header)

[docs]    def write_dataline(self, data, columns=None, fmt=None, add_timestamp=True):
        """
        Write a single data line into the file. 
        
        Create the file if it doesn't exist.
        
        Args:
            data (list or numpy.ndarray): Data row to be added.
            columns (list): If not ``None``, it's a list of column names to be added as a header on creation.
            fmt (str): If not ``None``, it's a list of format strings for the line entries.
            add_timestamp (bool): If ``True``, add the UNIX timestamp in the beginning of the line.\
        """
        self.write_multi_datalines([data],columns=columns,fmt=fmt,add_timestamp=add_timestamp)

[docs]    def write_multi_datalines(self, data, columns=None, fmt=None, add_timestamp=True):
        """
        Write a multiple data lines into the file. 
        
        Create the file if it doesn't exist.
        
        Args:
            data ([list]): Data rows to be added.
            columns (list): If not ``None``, it's a list of column names to be added as a header on creation.
            fmt (str): If not ``None``, it's a list of format strings for the line entries.
            add_timestamp (bool): If ``True``, add the UNIX timestamp in the beginning of the line.\
        """
        if len(data)==0:
            return
        datalen=len(data[0])
        if columns:
            if len(columns)!=datalen:
                raise ValueError("columns dimensions don't agree with data dimensions")
            if add_timestamp:
                columns=["Timestamp"]+columns
            header="# "+self.sep.join(columns)
        else:
            header=""
        fmt=fmt or self.default_fmt
        if fmt is None:
            fmt=[None]*datalen
        lines=[]
        for row in data:
            row=[string.to_string(v,location="entry") if f is None else ("{:"+f+"}").format(v) for f,v in zip(fmt,row)]
            line=self.sep.join(row)
            lines.append(line)
        self.write_lines(lines,header,add_timestamp=add_timestamp)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.fileio.parse_csv

"""
Utilities for parsing CSV files.
"""

from builtins import range, zip
from ..utils.py3 import textstring

from ..utils import string, funcargparse  #@UnresolvedImport
from ..datatable import table as datatable  #@UnresolvedImport

import re
import numpy as np
import pandas as pd

_depends_local=["..utils.string"]


_table_delimiters=string._delimiters
_table_delimiters_regexp=re.compile(_table_delimiters)

[docs]def read_table_and_comments(f, delimiters=_table_delimiters_regexp, empty_entry_substitute=None, stop_comment=None, chunk_size=None, as_text=True, simple_entries=True):
    """
    Load data table (in text format) and comments from the opened file `f` (must be open as binary).
    
    Comment lines are the ones starting with ``#``.
    
    Args:
        delimiters (str): Regex string which recognizes delimiters (by default ``r"\s*,\s*|\s+"``, i.e., commas and whitespaces).
        empty_entry_substitute: Substitute for empty table entries. If ``None``, all empty table entries are skipped.
        stop_comment (str): Regex string for the stopping comment.
            If not ``None``. the function will stop if comment satisfying `stop_comment` regex is encountered.
        chunk_size (int): Maximal size (number of lines) of the data to read.
        as_text (bool): If ``False``, return entries as strings; otherwise, convert them into values.
        simple_entries (bool): If ``True``, assume that there are no escaped strings or parenthesis structures in the files,
            so line splitting routine is simplified.
            
    Returns:
        tuple: ``(data, comments, finished)``, where data is 2D-list of table entries (already recognized unless ``as_text==True``)
            and `comments` is a list of strings. Data lines may have different lengths.
            `finished` indicates if file has been read through the end (it's ``True`` unless `chunk_size` is not ``None``).
    """
    delimiters=re.compile(delimiters)
    data=[]
    comment_lines=[]
    line=f.readline()
    cnt=0
    while line:
        line=line.strip()
        if line:
            if line[:1]!='#': # data row
                if simple_entries:
                    line=delimiters.split(line)
                    if not as_text:
                        line=[string.from_string(e) for e in line]
                    empty_string=""
                else:
                    line=string.from_row_string(line,delimiters,return_string=as_text)
                    empty_string=string.empty_string
                if empty_entry_substitute is None:
                    line=[el for el in line if el is not empty_string]
                else:
                    line=[el if el is not empty_string else empty_entry_substitute for el in line]
                data.append(line)
            else:
                if stop_comment is not None and re.match(stop_comment,line[1:]) is not None: #end of continuous block
                    break
                else:
                    comment_lines.append(line.lstrip("# \t"))
        cnt=cnt+1
        if chunk_size is not None and cnt==chunk_size:
            return data,comment_lines,False
        line=f.readline()
    return data,comment_lines,True





def _try_convert_element(element, dtype="numeric"):
    # if dtype=="complex":
    #     return [complex(e.lower().replace('i','j')) for e in line]
    # else:
    if dtype=="raw":
        return element
    if dtype=="generic":
        return string.from_string(element)
    elif dtype=="numeric":
        element=string.from_string(element)
        try:
            complex(element)
            return element
        except (TypeError, ValueError):
            raise ValueError("malformed element")
    else:
        return np.asscalar(np.array(element).astype(dtype))
def _try_convert_row(line, dtype):
    """
    Try and parse a single line with a given dtype.
    """
    dtype=funcargparse.as_sequence(dtype,len(line),allowed_type="builtin;nostring",length_conflict_action="error")
    return np.array([_try_convert_element(e,dt) for e,dt in zip(line,dtype)])
def _get_row_length(table, dtype):
    if funcargparse.is_sequence(dtype,"builtin;nostring"):
        row_len=len(dtype)
    else:
        row_len=None
        for row in table:
            try:
                row_len=len(_try_convert_row(row,dtype))
                break
            except ValueError:
                pass
        return row_len
def _try_convert_column(column, dtype, min_dtype="int"):
    """
    Try and parse a single column with a given dtype.
    Return tuple converted_column, actual_dtype.
    If dtype=="generic" or dtype=="numeric", min_dtype determines "minimal" (in a sense that int<float<complex<generic) dtype.
        If min_dtype!="generic", the routine first tries to convert the whole column into a numpy array, gradually increasing types on fails. 
    """
    if len(column)>0 and not isinstance(column[0],textstring):
        raise ValueError("_try_convert_column only works for string input")
    if dtype=="raw":
        return column, dtype
    elif dtype in {"numeric","generic"}:
        if min_dtype!="generic":
            dtypes_order=["int","float","complex"]
            start_dtype=dtypes_order.index(min_dtype)
            column_array=np.array(column)
            for dt in dtypes_order[start_dtype:]:
                try:
                    return column_array.astype(dt), dt
                except ValueError:
                    pass
                except OverflowError: # need to use the standard Python long integer type, which can't be stored in a numpy array 
                    break
        column=[string.from_string(e) for e in column]
        if dtype=="numeric":
            for e in column:
                complex(e) # check numeric nature
        min_dtype="generic" if dtype=="numeric" else dtype
        return column, min_dtype
    else:
        return np.array(column,dtype=dtype), dtype # dtype is specified, just convert

[docs]class ChunksAccumulator(object):
    """
    Class for accumulating data chunks into a single array.
    
    Args:
        dtype: dtype of entries; can be either a single type, or a list of types (one per column).
            Possible dtypes are: ``'int'``, ``'float'``, ``'complex'``,
            ``'numeric'`` (tries to coerce to minimal possible numeric type, raises error if data can't be converted to complex),
            ``'generic'`` (accept arbitrary types, including lists, dictionaries, escaped strings, etc.), ``'raw'`` (keep raw string).
        ignore_corrupted_lines: If ``True``, skip corrupted (e.g., non-numeric for numeric dtype, or with too few entries) lines;
            otherwise, raise :exc:`ValueError`.
    """
    def __init__(self, dtype="numeric", ignore_corrupted_lines=True):
        object.__init__(self)
        self.dtype=dtype
        self.row_size=len(dtype) if funcargparse.is_sequence(dtype,"builtin;nostring") else None
        self.min_dtype=None if self.row_size is None else ["int"]*self.row_size
        self.ignore_corrupted_lines=ignore_corrupted_lines
        self.corrupted_lines={"size":[],"type":[]}
        self.columns=[]
[docs]    def corrupted_number(self):
        return len(self.corrupted_lines["size"])+len(self.corrupted_lines["type"])

[docs]    def convert_columns(self, raw_columns):
        """
        Convert raw columns into appropriate data structure (numpy array for numeric dtypes, list for generic and raw).
        """
        columns=[]
        new_min_dtype=[]
        for rc,dt,mdt in zip(raw_columns,self.dtype,self.min_dtype):
            c,mdt=_try_convert_column(rc,dt,mdt)
            new_min_dtype.append(mdt)
            columns.append(c)
        self.min_dtype=new_min_dtype
        return columns

[docs]    def add_columns(self, columns):
        """
        Append columns (lists or numpy arrays) to the existing data.
        """
        if columns==[]:
            return
        if self.columns==[]:
            self.columns=columns
        else:
            new_columns=[]
            for c,ac in zip(self.columns,columns):
                if isinstance(c,np.ndarray) and isinstance(ac,np.ndarray):
                    nc=np.concatenate((c,ac))
                elif isinstance(ac,np.ndarray):
                    nc=c+list(ac)
                elif isinstance(c,np.ndarray):
                    nc=list(c)+ac
                else:
                    nc=c+ac
                new_columns.append(nc)
            self.columns=new_columns

[docs]    def add_chunk(self, chunk):
        """
        Add a chunk (2D list) to the pre-existing data.
        """
        # determine row size
        if self.row_size is None:
            self.row_size=_get_row_length(chunk,self.dtype)
            if self.row_size is None:
                self.corrupted_lines["type"]=self.corrupted_lines["type"]+chunk
                return
            else:
                self.min_dtype=["int"]*self.row_size
                self.dtype=[self.dtype]*self.row_size
        row_size=self.row_size
        # trim chunks
        trimmed_chunk=[]
        for row in chunk:
            if len(row)>=row_size:
                trimmed_chunk.append(row[:row_size])
            else:
                if self.ignore_corrupted_lines:
                    self.corrupted_lines["size"].append(row)
                else:
                    raise ValueError("size of the row doesn't agree with the number of columns")
        # convert chunks
        try:
            raw_columns=zip(*trimmed_chunk)
            columns=self.convert_columns(raw_columns)
        except ValueError:
            filtered_chunk=[]
            dtype=self.dtype
            for row in trimmed_chunk:
                try:
                    #filtered_chunk.append([_try_convert_element(e,dt) for e,dt in zip(row,dtype)])
                    # check convertability, but otherwise leave in raw state
                    for e,dt in zip(row,dtype):
                        _try_convert_element(e,dt)
                    filtered_chunk.append(row)
                except ValueError:
                    self.corrupted_lines["type"].append(row)
            raw_columns=zip(*filtered_chunk)
            columns=self.convert_columns(raw_columns)
        self.add_columns(columns)




_complex_dtypes={"generic","raw"} # dtypes for which simple_entries==False (they can potentially be strings or lists, so that splitting lines is more complicated)
[docs]def load_columns(f, dtype, delimiters=_table_delimiters, empty_entry_substitute=None, ignore_corrupted_lines=True, stop_comment=None):
    """
    Load columns from the file stream `f`.
    
    Args:
        dtype: dtype of entries; can be either a single type, or a list of types (one per column).
            Possible dtypes are: ``'int'``, ``'float'``, ``'complex'``,
            ``'numeric'`` (tries to coerce to minimal possible numeric type, raises error if data can't be converted to complex),
            ``'generic'`` (accept arbitrary types, including lists, dictionaries, escaped strings, etc.), ``'raw'`` (keep raw string).
        delimiters (str): Regex string which recognizes delimiters (by default ``r"\s*,\s*|\s+"``, i.e., commas and whitespaces).
        empty_entry_substitute: Substitute for empty table entries. If ``None``, all empty table entries are skipped.
        ignore_corrupted_lines: If ``True``, skip corrupted (e.g., non-numeric for numeric dtype, or with too few entries) lines;
            otherwise, raise :exc:`ValueError`.
        stop_comment (str): Regex string for the stopping comment.
            If not ``None``. the function will stop if comment satisfying `stop_comment` regex is encountered.
            
    Returns:
        tuple: ``(columns, comments, corrupted_lines)``.
        
            `columns` is a list of columns with data.
            
            `comments` is a list of comment strings.
            
            `corrupted_lines` is a dict ``{'size':list, 'type':list}`` of corrupted lines (already split into entries),
            based on the corruption type (``'size'`` means too small size, ``'type'`` means it couldn't be converted using provided dtype).
    """
    original_chunk_size=1000
    chunk_multiplier=1.5
    chunk_size=original_chunk_size
    comments=[]
    accum=ChunksAccumulator(dtype,ignore_corrupted_lines=ignore_corrupted_lines)
    if funcargparse.is_sequence(dtype,"builtin;nostring"):
        generic_dtype=any(dt in _complex_dtypes for dt in dtype)
    else:
        generic_dtype=dtype in _complex_dtypes
    finished=False
    while not finished:
        current_corrupted=accum.corrupted_number()
        chunk,chunk_comments,chunk_finished=read_table_and_comments(f,
                        delimiters=delimiters,empty_entry_substitute=empty_entry_substitute,stop_comment=stop_comment,chunk_size=chunk_size,simple_entries=not generic_dtype)
        finished=finished or chunk_finished
        comments=comments+chunk_comments
        accum.add_chunk(chunk)
        if accum.corrupted_number()==current_corrupted:
            chunk_size=int(chunk_size*chunk_multiplier)
        else:
            chunk_size=max(int(chunk_size/chunk_multiplier),original_chunk_size)
    return accum.columns,comments,accum.corrupted_lines



[docs]def columns_to_table(data, columns=None, out_type="table"):
    """
    Convert `data` (columns list) into a table.
    
    Args:
        columns: either number if columns, or a list of columns names.
        out_type (str): type of the result: ``'array'`` for numpy array, ``'pandas'`` for pandas DataFrame, ``'table'`` for :class:`.DataTable` object.
    """
    funcargparse.check_parameter_range(out_type,"out_type",{"table","array","pandas"})
    if columns is not None:
        if funcargparse.is_sequence(columns,"builtin;nostring"):
            col_num=len(columns)
        else:
            col_num=columns
            columns=None
    else:
        col_num=None
    if out_type=="table":
        if len(data)==0 and col_num is not None:
            data=[np.zeros(0,) for _ in range(col_num)] # to from array columns instead of list ones
        return datatable.DataTable(data,column_names=columns,transposed=True)
    elif out_type=="pandas":
        if columns is None:
            columns=list(range(len(data)))
        return pd.DataFrame(dict(zip(columns,data)),columns=columns)
    else:
        if len(data)==0:
            data=np.zeros((0,col_num or 0))
        else:
            data=np.column_stack(data)
    return data



[docs]def load_table(f, dtype="numeric", columns=None, out_type="table", delimiters=_table_delimiters, empty_entry_substitute=None, ignore_corrupted_lines=True, stop_comment=None):
    """
    Load table from the file stream `f`.
    
    Arguments are the same as in :func:`load_columns` and :func:`columns_to_table`.
    
    Returns:
        tuple: ``(table, comments, corrupted_lines)``.
        
            `table` is a table of the format `out_type`.
            
            `corrupted_lines` is a dict ``{'size':list, 'type':list}`` of corrupted lines (already split into entries),
            based on the corruption type (``'size'`` means too small size, ``'type'`` means it couldn't be converted using provided dtype).
            
            `comments` is a list of comment strings.
    """
    if columns is not None:
        if funcargparse.is_sequence(columns,"builtin;nostring"):
            col_num=len(columns)
        else:
            col_num=columns
        dtype=funcargparse.as_sequence(dtype,col_num,allowed_type="builtin;nostring",length_conflict_action="error")
    data,comments,corrupted_lines=load_columns(f,dtype,
                    delimiters=delimiters,empty_entry_substitute=empty_entry_substitute,stop_comment=stop_comment,ignore_corrupted_lines=ignore_corrupted_lines)
    return columns_to_table(data,columns=columns,out_type=out_type),comments,corrupted_lines





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.fileio.savefile

"""
Utilities for writing data files.
"""

from future.utils import viewitems

from . import datafile
from . import location
from . import dict_entry

from ..utils import string as string_utils  #@UnresolvedImport
from ..utils import files as file_utils  #@UnresolvedImport
from ..utils import general as general_utils  #@UnresolvedImport
from ..utils import dictionary  #@UnresolvedImport
from ..utils import log #@UnresolvedImport
from ..datatable import table as datatable  #@UnresolvedImport

import numpy as np
import pandas as pd
import datetime




def _is_file(value):
    return isinstance(value,datafile.DataFile)

def _is_table(value, allow_1D=False):
    return isinstance(value, datatable.DataTable) \
        or (isinstance(value, np.ndarray) and (value.ndim==2 or (allow_1D and value.ndim==1)) ) \
        or (isinstance(value, pd.DataFrame))
def _table_row_iterator(value):
    if isinstance(value, datatable.DataTable):
        return value.r
    elif isinstance(value, pd.DataFrame):
        return value.itertuples(index=False)
    else:
        return value



##### FILE FORMAT #####

[docs]class IOutputFileFormat(object):
    """
    Generic class for an output file format.
    
    Args:
        format_name (str): The name of the format (to be defined in subclasses).
        default_kwargs (dict): Default `**kwargs` values for the :meth:`write` method.
    """
    def __init__(self, format_name, default_kwargs=None):
        object.__init__(self)
        self.format_name=format_name
        self.default_kwargs=default_kwargs or {}
    
[docs]    def write_file(self, location_file, to_save, *args, **kwargs):
        raise NotImplementedError("IOutputFileFormat.write_file")

    
[docs]    def write(self, location_file, data, *args, **kwargs):
        if not _is_file(data):
            data=datafile.DataFile(data)
        self.write_file(location_file,data,*args,**general_utils.merge_dicts(self.default_kwargs,kwargs))






[docs]class ITextOutputFileFormat(IOutputFileFormat):
    """
    Generic class for a text output file format.
    
    Args:
        format_name (str): The name of the format (to be defined in subclasses).
        save_props (bool): If ``True`` and saving `~datafile.DataFile` object, save its props metainfo.
        save_comments (bool): If ``True`` and saving `~datafile.DataFile` object, save its comments metainfo.
        save_time (bool): If ``True``, append the file creation time in the end.
        new_time (bool): If saving `~datafile.DataFile` object, determines if the time should be updated to the current time.
        default_kwargs (dict): Default `**kwargs` values for the :meth:`IOutputFileFormat.write` method.
    """
    def __init__(self, format_name, save_props=True, save_comments=True, save_time=True, new_time=True, default_kwargs=None):
        IOutputFileFormat.__init__(self,format_name,default_kwargs)
        self.save_props=save_props
        self.save_comments=save_comments
        self.save_time=save_time
        self.new_time=new_time
    
[docs]    def get_comment_line(self, comment):
        return "# "+string_utils.escape_string(comment,"parameter")

[docs]    def get_prop_line(self, name, value):
        return "# {0} :\t{1}".format(name,string_utils.to_string(value,"parameter"))

[docs]    def get_time_line(self, time):
        return "# Saved on {0}".format(time.strftime("%Y/%m/%d %H:%M:%S"))

    
[docs]    @staticmethod
    def write_line(stream, line):
        if line is not None:
            stream.write(line+"\n")

[docs]    def write_comments(self, stream, comments):
        if self.save_comments and len(comments)>0:
            self.write_line(stream,"")
            for c in comments:
                self.write_line(stream,self.get_comment_line(c))

[docs]    def write_props(self, stream, props):
        if self.save_props and len(props)>0:
            self.write_line(stream,"")
            for name,value in viewitems(props):
                self.write_line(stream,self.get_prop_line(name,value))

[docs]    def write_time(self, stream, time):
        if self.save_time:
            self.write_line(stream,"")
            self.write_line(stream,self.get_time_line(time))

[docs]    def write_file(self, location_file, to_save, *args, **vargs):
        with location_file.opening(mode="write",data_type="text"):
            self.write_data(location_file,to_save.data,*args,**vargs)
            self.write_props(location_file.stream,to_save.props)
            self.write_comments(location_file.stream,to_save.comments)
            self.write_time(location_file.stream,datetime.datetime.now() if self.new_time else to_save.creation_time)

[docs]    def write_data(self, location_file, data, **kwargs):
        raise NotImplementedError("ITextOutputFileFormat.write_data")


        

[docs]class CSVTableOutputFileFormat(ITextOutputFileFormat):
    """
    Class for CSV output file format.
    
    Args:
        save_props (bool): If ``True`` and saving `~datafile.DataFile` object, save its props metainfo.
        save_comments (bool): If ``True`` and saving `~datafile.DataFile` object, save its comments metainfo.
        save_time (bool): If ``True``, append the file creation time in the end.
        columns_delimiter (str): Used to separate entries in a row.
        custom_reps (str): If not ``None``, defines custom representations to be passed to :func:`.utils.string.to_string` function.
        use_rep_classes (bool): If ``True``, use representation classes for Dictionary entries (e.g., numpy arrays will be represented as ``"array([1, 2, 3])"`` instead of just ``"[1, 2, 3]"``);
            This improves storage fidelity, but makes result harder to parse (e.g., by external string parsers).
        **kwargs (dict): Default `**kwargs` values for the :meth:`IOutputFileFormat.write` method.
    """
    def __init__(self, save_props=True, save_comments=True, save_time=True, save_columns=True, columns_delimiter="\t", custom_reps=None, use_rep_classes=False, **kwargs):
        ITextOutputFileFormat.__init__(self,"csv",save_props,save_comments,save_time,default_kwargs=kwargs)
        self.save_columns=save_columns
        self.columns_delimiter=columns_delimiter
        self.custom_reps=custom_reps
        self.use_rep_classes=use_rep_classes
        
[docs]    def get_table_line(self, line):
        line=[string_utils.to_string(e,"entry",self.custom_reps,use_classes=self.use_rep_classes) for e in line]
        return self.columns_delimiter.join(line)

[docs]    def get_columns_line(self, columns):
        if self.save_columns:
            return "# "+self.get_table_line(columns)
        else:
            return None

[docs]    def write_data(self, location_file, data, columns=None, **kwargs):
        """
        Write data to a CSV file.
        
        Args:
            location_file: Location of the destination.
            data: Data to be saved. Can be :class:`.DataTable` or an arbitrary 2D array (numpy array, 2D list, etc.).
            columns ([str]): If not ``None``, the list of column names.
                If ``None`` and data is of type :class:`.DataTable`, use its columns names.
                If ``None`` and data is of other type, don't put the column line in the output.
        """
        if not _is_table(data):
            data=datatable.DataTable(data)
            #raise ValueError("format '{0}' can't save data {1}".format(self.format_name,data))
        stream=location_file.stream
        if columns is None and data is not None:
            if isinstance(data, datatable.DataTable):
                columns=data.get_column_names()
            elif isinstance(data, pd.DataFrame):
                columns=data.columns
        if columns is not None:
            self.write_line(stream,self.get_columns_line(columns))
        for line in _table_row_iterator(data):
            self.write_line(stream,self.get_table_line(line))


        
        




[docs]class DictionaryOutputFileFormat(ITextOutputFileFormat):
    """
    Class for Dictionary output file format.
    
    Args:
        save_props (bool): If ``True`` and saving `~datafile.DataFile` object, save its props metainfo.
        save_comments (bool): If ``True`` and saving `~datafile.DataFile` object, save its comments metainfo.
        save_time (bool): If ``True``, append the file creation time in the end.
        table_format (str): Default format for table (numpy arrays or :class:`.DataTable` objects) entries. Can be
            ``'inline'`` (table is written inside the file),
            ``'csv'`` (external CSV file) or
            ``'bin'`` (external binary file).
        inline_columns_delimiter (str): Used to separate entries in a row for inline tables.
        inline_reps (str): If not ``None``, defines custom representations to be passed to :func:`.utils.string.to_string` function when writing inline tables.
        param_reps (str): If not ``None``, defines custom representations to be passed to :func:`.utils.string.to_string` function when writing Dictionary entries.
        use_rep_classes (bool): If ``True``, use representation classes for Dictionary entries (e.g., numpy arrays will be represented as ``"array([1, 2, 3])"`` instead of just ``"[1, 2, 3]"``);
            This improves storage fidelity, but makes result harder to parse (e.g., by external string parsers).
        **kwargs (dict): Default `**kwargs` values for the :meth:`IOutputFileFormat.write` method.
    """
    def __init__(self, save_props=True, save_comments=True, save_time=True, table_format="inline", inline_columns_delimiter="\t", inline_reps=None, param_reps=None, use_rep_classes=False, **kwargs):
        ITextOutputFileFormat.__init__(self,"dict",save_props,save_comments,save_time,default_kwargs=kwargs)
        self.inline_columns_delimiter=inline_columns_delimiter
        self.table_format=table_format
        self.inline_reps=inline_reps
        self.param_reps=param_reps
        self.use_rep_classes=use_rep_classes
    
[docs]    def get_dictionary_line(self, path, value):
        path="/".join(path)
        value=string_utils.to_string(value,"parameter",self.param_reps,use_classes=self.use_rep_classes)
        return "{0}\t{1}".format(path,value)

    def _write_table_inline(self, stream, table):
        self.write_line(stream,"## Table start ##")
        for line in _table_row_iterator(table):
            line=[string_utils.to_string(e,"entry",self.inline_reps) for e in line]
            line=self.inline_columns_delimiter.join(line)
            self.write_line(stream,line)
        self.write_line(stream,"## Table end ##")
[docs]    def write_data(self, loc_file, data, **kwargs):
        """
        Write data to a Dictionary file.
        
        Args:
            location_file: Location of the destination.
            data: Data to be saved. Can be :class:`.DataTable` or an arbitrary 2D array (numpy array, 2D list, etc.).
        """
        if not dictionary.is_dictionary(data):
            raise ValueError("format '{0}' can't save data {1}".format(self.format_name,data))
        loc=loc_file.loc
        stream=loc_file.stream
        for path, value in data.iternodes(ordered=True,to_visit="leafs",include_path=True):
            if string_utils.is_convertible(value):
                self.write_line(stream,self.get_dictionary_line(path,value))
            elif isinstance(value,dict_entry.InlineTable):
                self.write_line(stream,self.get_dictionary_line(path,"table"))
                self._write_table_inline(stream,value.table)
            else:
                rel_path=path[len(data.get_path()):]
                dict_ptr=data.branch_pointer(rel_path)
                table_entry=dict_entry.build_entry(value,table_format=self.table_format)
                if table_entry is None:
                    log.default_log.info("No formatter for {0}".format(value),origin="fileio/savefile",level="warning")
                    self.write_line(stream,self.get_dictionary_line(path,value))
                else:
                    d=table_entry.to_dict(dict_ptr,loc)
                    br=data.detach_branch(rel_path)
                    data.add_entry(rel_path,d,branch_option="attach")
                    try:
                        self.write_data(loc_file,data.branch_pointer(rel_path),**kwargs)
                    finally:
                        data.detach_branch(rel_path)
                        data.add_entry(rel_path,br,branch_option="attach")


                
                
                


[docs]class IBinaryOutputFileFormat(IOutputFileFormat):
    def __init__(self, format_name, default_kwargs=None):
        IOutputFileFormat.__init__(self,format_name,default_kwargs)
[docs]    def get_preamble(self, loc_file, data):
        return dictionary.Dictionary()


    
    
[docs]class TableBinaryOutputFileFormat(IBinaryOutputFileFormat):
    """
    Class for binary output file format.
    
    Args:
        dtype: :class:`numpy.dtype` describing the data. By default, ``'>f8'`` for real data and ``'>c16'`` for complex data.
        transposed (bool): If ``False``, write the data row-wise; otherwise, write it column-wise.
        **kwargs (dict): Default `**kwargs` values for the :meth:`IOutputFileFormat.write` method.
    """
    def __init__(self, dtype=None, transposed=False, **kwargs):
        IBinaryOutputFileFormat.__init__(self,"bin",default_kwargs=kwargs)
        self.dtype=dtype
        self.transposed=transposed
    
[docs]    def get_dtype(self, table):
        if self.dtype is None:
            if np.iscomplexobj(table):
                return ">c16"
            else:
                return ">f8"
        else:
            return self.dtype

[docs]    def get_preamble(self, loc_file, data):
        """
        Generate a preamble (dictionary describing the file format).
        
        The parameters are ``'dtype'``, ``'packing'`` (``'transposed'`` or ``'flatten'``, depending on the `transposed` attribute),
        ``'ncol'`` (number of columns) and ``'nrows'`` (number of rows). 
        """
        preamble=dictionary.Dictionary()
        preamble["nrows"]=data.shape[0]
        preamble["ncols"]=data.shape[1]
        preamble["dtype"]=self.get_dtype(data)
        if self.transposed:
            preamble["packing"]="transposed"
        else:
            preamble["packing"]="flatten"
        return preamble

[docs]    def write_table(self, location_file, data):
        """
        Write data to a binary file.
        
        Args:
            location_file: Location of the destination.
            data: Data to be saved. Can be :class:`.DataTable` or an arbitrary 2D array (numpy array, 2D list, etc.).
                Converted to numpy array before saving.
        """
        stream=location_file.stream
        dtype=self.get_dtype(data)
        data=np.asarray(data)
        if self.transposed:
            data=data.transpose()
        data.flatten().astype(dtype).tofile(stream,format=dtype)

[docs]    def write_file(self, location_file, to_save, **kwargs):
        data=to_save.data
        if _is_table(data):
            with location_file.opening(mode="write",data_type="binary"):
                self.write_table(location_file,data)
        else:
            raise ValueError("Can't save data {}".format(data))


        
        
        
        
        
[docs]def get_output_format(data, output_format, **kwargs):
    if isinstance(output_format, IOutputFileFormat):
        return data,output_format
    if output_format=="csv":
        return data,CSVTableOutputFileFormat(**kwargs)
    elif output_format=="dict":
        return data,DictionaryOutputFileFormat(**kwargs)
    elif output_format=="bin":
        return data,TableBinaryOutputFileFormat(**kwargs)
    elif output_format=="bin_desc":
        data=dict_entry.ExternalBinTableDictionaryEntry(data,name="data|bin",force_name=True,**kwargs)
        data=dictionary.Dictionary({"data":data})
        return data,DictionaryOutputFileFormat()
    else:
        raise ValueError("unknown output file format: {0}".format(output_format))

        
        
        
        
[docs]def save(data, path="", output_format=None, loc="file", **kwargs):
    """
    Save data to a file.
    
    Args:
        data: Data to be saved.
        path (str): Path to the file.
        output_format (str): Output file format. Can be either
            ``None`` (defaults to ``'csv'`` for table data and ``'dict'`` for Dictionary data),
            a string with one of the default format names, or 
            an already prepared :class:`IOutputFileFormat` object. 
        loc (str): Location type.
    
    `**kwargs` are passed to the file formatter constructor
    (see :class:`CSVTableOutputFileFormat`, :class:`DictionaryOutputFileFormat` and :class:`TableBinaryOutputFileFormat` for the possible arguments).
    The default format names are:
    
        - ``'csv'``: CSV file, corresponds to :class:`CSVTableOutputFileFormat`;
        - ``'dict'``: Dictionary file, corresponds to :class:`DictionaryOutputFileFormat`;
        - ``'bin'``: Binary  file, corresponds to :class:`TableBinaryOutputFileFormat`
    """
    if output_format is None:
        if _is_table(data,allow_1D=True) or (_is_file(data) and _is_table(data.data)):
            output_format="csv"
        elif dictionary.is_dictionary(data) or (_is_file(data) and dictionary.is_dictionary(data.data)):
            output_format="dict"
        else:
            raise ValueError("can't determine output file format for data: {}".format(data))
    data,output_format=get_output_format(data,output_format,**kwargs)
    loc=location.get_location(loc,path)
    f=location.LocationFile(loc)
    output_format.write(f,data)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.gui.format

import math
import re


SI_prefixes={"Y":1E+24,
             "Z":1E+21,
             "E":1E+18,
             "P":1E+15,
             "T":1E+12,
             "G":1E+9,
             "M":1E+6,
             "k":1E+3,
             "h":1E+2,
             "da":1E+1,
             "":1E+0,
             "d":1E-1,
             "c":1E-2,
             "m":1E-3,
             "u":1E-6,
             "n":1E-9,
             "p":1E-12,
             "f":1E-15,
             "a":1E-18,
             "z":1E-21,
             "y":1E-24}
SI_prefixes_print=dict([ (int(math.log10(o)),p) for p,o in SI_prefixes.items() if int(round(math.log10(o)))%3==0 ])

_SI_prefix_re_str="({0})".format( "|".join(SI_prefixes.keys()) )
_SI_float_re=re.compile(r'^\s*([+-]?)(\d*)(\.?)(\d*)((?:[Ee][+-]?\d+)?){0}\s*$'.format(_SI_prefix_re_str))
[docs]def parse_float(s):
    """
    Parse string as a float, with metric prefixes recognition.

    Return tuple ``(sign, integer, dot, fractional, exponent, prefix)``, where each entry has structure ``(begin, end, text)``.
    Return ``None`` if string is unrecognizable.
    """
    m=re.match(_SI_float_re,s)
    if m==None:
        return None
    g=m.groups()
    if g[1]=="" and g[3]=="":
        return None
    return tuple([(b,e,t) for (b,e),t in zip(m.regs[1:],g)])

[docs]def pos_to_order(s,pos):
    """
    For a given string representation of a float and position in the string, get the decimal order for this position.

    Return ``None`` if string is un-parsable or position is out of range (not in mantissa section of the number). 
    """
    parsed_value=parse_float(s)
    if parsed_value==None:
        return None
    sign_position=parsed_value[0][1]
    exponent_order=0
    if parsed_value[4][2]!="":
        exponent_order=int(parsed_value[4][2][1:])
    prefix_order=int(round( math.log10(SI_prefixes[parsed_value[5][2]]) ))
    order=exponent_order+prefix_order
    if pos<=sign_position: #before the number
        affected_digit=max(len(parsed_value[1][2])-1,0)
    elif pos<=parsed_value[1][1]: #inside integer part
        affected_digit=parsed_value[1][1]-pos
    elif pos==parsed_value[2][1]: #right after the dot (if it's not there, then this condition is never true)
        affected_digit=-1
    elif pos<=parsed_value[3][1]: #inside fractional part
        affected_digit=parsed_value[3][0]-pos
    else:
        return None
    return order+affected_digit

[docs]def order_to_pos(s,order):
    """
    For a given string representation of float and decimal order, get the position in the string corresponding to this order.

    If order is out of range for a given representation, truncates to most/least significant digit position.
    Return ``None`` if string is un-parsable. 
    """
    parsed_value=parse_float(s)
    if parsed_value==None:
        return None
    exponent_order=0
    if parsed_value[4][2]!="":
        exponent_order=int(parsed_value[4][2][1:])
    prefix_order=int(round( math.log10(SI_prefixes[parsed_value[5][2]]) ))
    rel_order=order-(exponent_order+prefix_order)
    
    if rel_order>=0:
        if rel_order>=len(parsed_value[1][2]):
            pos=parsed_value[1][0]
        else:
            pos=parsed_value[1][1]-rel_order
    else:
        if (-rel_order)>=len(parsed_value[3][2]):
            pos=parsed_value[3][1]
        else:
            pos=parsed_value[3][0]+(-rel_order)
    return pos

    


[docs]def str_to_float(s):
    """
    Return float value of a string, with metric prefixes recognition.

    Raise ``ValueError`` if string is unrecognizable. 
    """
    if len(s)==0:
        raise ValueError()
    if len(s)>2 and s[-2:] in SI_prefixes:
        prefix=SI_prefixes[s[-2:]]
        s=s[:-2]
    elif s[-1:] in SI_prefixes:
        prefix=SI_prefixes[s[-1:]]
        s=s[:-1]
    else:
        prefix=1.
    return float(s)*prefix

[docs]def is_integer(n, tolerance=0.):
    """
    Check if `n` is less than `tolerance` away from the nearest integer.
    """
    return abs(n-round(n))<=tolerance

[docs]def float_to_str_SI(n, digits=9, trailing_zeros=False):
    """
    Represent float using SI metric prefixes.

    For orders ``>=27`` and ``<-24`` use usual scientific notation with order being multiple of 3.
    If ``trailing_zeros==True``, then digits define precision, rather than number significant digits
    """
    if n==0:
        if trailing_zeros:
            return "0."+"0"*digits
        else:
            return "0"
    order=int(math.floor(math.log10(abs(n))))
    order_SI=(order/3)*3
    n=n*10**(-order_SI)
    if order_SI in SI_prefixes_print:
        prefix=SI_prefixes_print[order_SI]
    else:
        prefix="E{0:+d}".format(order_SI)
    if trailing_zeros:
        nstr="{{:.{:d}F}}".format(digits).format(n)
    else:
        nstr="{{:.{:d}G}}".format(digits).format(n)
    return nstr+prefix



[docs]class FloatFormatter(object):
    """
    Floating point number formatter.

    Callable object with takes a number as an argument and returns is string representation.

    Args:
        output_format(str): can be ``"auto"`` (use standard Python conversion), ``"SI"`` (use SI prefixes if possible), or ``"sci"`` (scientific "E" notation).
        digits (int): if ``trailing_zeros==False``, determines the number of significant digits; otherwise, determines precision (number of digits after decimal point).
        add_trailing_zeros (bool): if ``True``, always show fixed number of digits after the decimal point, with zero padding if necessary.
        leading_zeros (bool): determines the minimal size of the integer part (before the decimal point) of the number; pads with zeros if necessary.
        explicit_sign (bool): if ``True``, always add explicit plus sign.
    """
    def __init__(self, output_format="auto", digits=9, add_trailing_zeros=True, leading_zeros=0, explicit_sign=False):
        "If trailing_zeros==True, then digits define precision, rather than number significant digits"
        object.__init__(self)
        if not output_format in ["auto", "SI", "sci"]:
            raise ValueError("unrecognized output format: {0}".format(output_format))
        self.output_format=output_format
        self.explicit_sign=explicit_sign
        #if not output_format in ["significant", "precision"]:
        #    raise ValueError("unrecognized precision type: {0}".format(precision_type))
        #self.precision_type=precision_type
        self.digits=digits
        self.add_trailing_zeros=add_trailing_zeros
        self.leading_zeros=leading_zeros
    def __call__(self, value):
        if self.output_format=="auto":
            if self.add_trailing_zeros:
                dig="{{:.{:d}F}}".format(self.digits).format(abs(value))
            else:
                dig="{{:.{:d}G}}".format(self.digits).format(abs(value))
        elif self.output_format=="sci":
            if self.add_trailing_zeros:                
                dig="{{:.0{:d}E}}".format(self.digits).format(abs(value))
            else:
                dig="{{:.{:d}E}}".format(self.digits).format(abs(value))
        else:
            dig=float_to_str_SI(abs(value),self.digits,self.add_trailing_zeros)
        int_part_len=dig.find(".")
        if int_part_len<0:
            int_part_len=len(dig)
        if self.leading_zeros>int_part_len:
            dig="0"*(self.leading_zeros-int_part_len)+dig
        if self.explicit_sign and value>=0:
            dig="+"+dig
        elif value<0:
            dig="-"+dig
        return dig

        
[docs]class IntegerFormatter(object):
    """
    Simple integer number formatter.

    Callable object with takes a number as an argument and returns is string representation.

    For more flexibility (e.g., adding leading zeros) it is possible to use :class:`FloatFormatter` with ``digits=0`` and ``add_trailing_zeros=True``.
    """
    def __init__(self):
        object.__init__(self)
    def __call__(self, value):
        return "{:d}".format(int(value))


[docs]def as_formatter(formatter):
    """
    Turn an object into a formatter.

    Can be a callable object (returned as is), a string (``"float"`` or ``"int"``),
    or a tuple starting with ``"float"`` which contains arguments to the :class:`FloatFormatter`.
    """
    if hasattr(formatter,"__call__"):
        return formatter
    if formatter=="float":
        return FloatFormatter()
    if formatter=="int":
        return IntegerFormatter()
    if isinstance(formatter,tuple):
        if formatter[0]=="float":
            return FloatFormatter(*formatter[1:])
    raise ValueError("unknown formatter: {}".format(formatter))





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.gui.limit

[docs]class LimitError(ArithmeticError):
    """Error raised when the value is out of limits and can't be coerced."""
    def __init__(self, value, lower_limit=None, upper_limit=None):
        self.value=value
        self.lower_limit=lower_limit
        self.upper_limit=upper_limit
    def __str__(self):
        lb=self.lower_limit
        if lb==None:
            lb="-Inf"
        hb=self.upper_limit
        if hb==None:
            hb="+Inf"
        return "value {0} is out of limits ({1}, {2})".format(self.value, lb,hb)

[docs]class NumberLimit(object):
    """
    Number limiter, which checks validity of user inputs.

    Callable object with takes a number as an argument and either returns its coerced version (or the number itself, if it is within limits),
    or raises :exc:`LimitError` if it should be ignored.

    Args:
        lower_limit: lower limit (inclusive), or ``None`` if there is no limit.
        upper_limit: upper limit (inclusive), or ``None`` if there is no limit.
        action (str): action taken if the number is out of limits; either ``"coerce"`` (return the closest valid value),
            or ``"ignore"`` (raise :exc:`LimitError`).
        value_type (str): determines value type coercion; can be ``None`` (do nothing, only check limits), ``"float"`` (cast to float), or ``"int"`` (cast to integer).
    """
    def __init__(self, lower_limit=None, upper_limit=None, action="ignore", value_type=None):
        object.__init__(self)
        if not value_type in [None,"float","int"]:
            raise ValueError("unrecognized value type: {0}".format(value_type))
        self.value_type=value_type
        lower_limit,upper_limit=self.cast(lower_limit), self.cast(upper_limit)
        if lower_limit!=None and upper_limit!=None and lower_limit>upper_limit:
            raise ValueError("impossible value range: ({0}, {1})".format(lower_limit,upper_limit))
        self.range=(lower_limit,upper_limit)
        if not action in ["coerce", "ignore"]:
            raise ValueError("unrecognized action: {0}".format(action))
        self.action=action
    def __call__(self, value):
        """
        Restrict value to the preset limit and type.
        Raise LimitError if value is outside bounds and action=='ignore'.
        """
        value=self.cast(value)
        if self.range[0] is not None and value<self.range[0]:
            if self.action=="coerce":
                return self.cast(self.range[0])
            elif self.action=="ignore":
                raise LimitError(value,*self.range)
        elif self.range[1] is not None and value>self.range[1]:
            if self.action=="coerce":
                return self.cast(self.range[1])
            elif self.action=="ignore":
                raise LimitError(value,*self.range)
        else:
            return value
[docs]    def cast(self, value):
        if value==None:
            return None
        if self.value_type=="float":
            return float(value)
        elif self.value_type=="int":
            return int(value)
        else:
            return value



[docs]def filter_limiter(pred):
    """
    Turn a predicator into a limiter.

    Returns a function that raises :exc:`LimitError` if the predicate is false.
    """
    def wrapped(v):
        if not pred(v):
            raise LimitError(v)
        return v
    return wrapped


[docs]def as_limiter(limiter):
    """
    Turn an object into a limiter.

    Can be a callable object (returned as is) or a tuple which is used as a list of arguments to the :class:`NumberLimit` object.
    """
    if hasattr(limiter,"__call__"):
        return limiter
    if isinstance(limiter,tuple):
        return NumberLimit(*limiter)
    raise ValueError("unknown limiter: {}".format(limiter))





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.gui.qt.utils

import sip

[docs]def delete_layout_item(layout, idx):
    """Remove and item with the given index (completely delete it)"""
    if layout:
        item=layout.takeAt(idx)
        layout.removeItem(item)
        if item.layout():
            clean_layout(item.layout())
        if item.widget():
            clean_layout(item.widget().layout())
            item.widget().deleteLater()

[docs]def clean_layout(layout, delete_layout=False):
    """
    Delete all items from the layout.

    If ``delete_layout==True``, delete the layout as well.
    """
    if layout:
        while layout.count():
            delete_layout_item(layout,0)
        if delete_layout:
            sip.delete(layout)



[docs]def is_layout_row_empty(layout, row):
    """Check if the given row in a grid layout is empty"""
    if layout:
        if row<layout.rowCount():
            return False
        for c in range(layout.columnCount()):
            if layout.itemAtPosition(row,c):
                return False
        return True
    return False

[docs]def get_last_filled_row(layout, start_row=0):
    """
    Find the last non-empty row in a grid layout after `start_row` (inclusive).
    
    If all rows after (and including) `start_row` are empty, return ``None`` .
    """
    for r in range(layout.rowCount()-1,start_row-1,-1):
        if not is_layout_row_empty(layout,r):
            return r
    return None

[docs]def get_first_empty_row(layout, start_row=0):
    """Find the first completely empty row in a grid layout after `start_row` (inclusive)"""
    for r in range(start_row,layout.rowCount()):
        if is_layout_row_empty(layout,r):
            return r
    return layout.rowCount()

[docs]def insert_layout_row(layout, row):
    """
    Insert row in a grid layout at a given tow index.

    Any multi-column item spanning over the row (i.e., starting at least one row before `row` and ending at least on row after `row`) gets stretched.
    Anything else either stays in place (if it's above `row`), or gets moved one row down.
    """
    if layout:
        free_row=get_first_empty_row(layout,row+1)
        items_to_shift=[]
        for i in range(layout.count()):
            pos=layout.getItemPosition(i)
            if pos[0]<free_row and pos[0]+pos[2]>row:
                items_to_shift.append((layout.itemAt(i),pos))
        for i,_ in items_to_shift:
            layout.removeItem(i)
        for i,p in items_to_shift:
            row_shift=1 if p[0]>=row else 0
            layout.addItem(i,p[0]+row_shift,p[1],p[2]+(1-row_shift),p[3])


[docs]def compress_grid_layout(layout):
    """Find all empty rows in a grid layout and shift them to the bottom"""
    if layout:
        curr_row=0
        filled_rows=layout.rowCount()
        while curr_row<filled_rows:
            if is_layout_row_empty(layout,curr_row):
                items_to_shift=[]
                for i in range(layout.count()):
                    pos=layout.getItemPosition(i)
                    if pos[0]>curr_row:
                        items_to_shift.append((layout.itemAt(i),pos))
                for i,_ in items_to_shift:
                    layout.removeItem(i)
                for i,p in items_to_shift:
                    layout.addItem(i,p[0]-1,p[1],p[2],p[3])
                filled_rows-=1
            else:
                curr_row+=1





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.gui.qt.values

"""
Uniform representation of values from different widgets: numerical and text edits and labels, combo and check boxes, buttons.
"""

from .widgets import edit
from PyQt5 import QtCore, QtWidgets
from ...utils import dictionary, py3, string
from ...utils.functions import FunctionSignature
from .thread import controller


[docs]def build_children_tree(root, types_include, is_atomic=None, is_excluded=None, self_node="#"):
    is_atomic=is_atomic or (lambda _: False)
    is_excluded=is_excluded or (lambda _: False)
    children=dictionary.Dictionary()
    if not (is_atomic and is_atomic(root)):
        for ch in root.findChildren(QtCore.QObject):
            chn=str(ch.objectName())
            if (ch.parent() is root) and chn and not is_excluded(ch) and (chn not in children):
                children[str(ch.objectName())]=build_children_tree(ch,types_include,is_atomic,is_excluded,self_node)
        if isinstance(root,tuple(types_include)):
            children[self_node]=root
    else:
        children[self_node]=root
    return children



[docs]def has_methods(widget, methods_sets):
    """
    Chick if the widget has methods from given set.

    `methods_sets` is a list of method sets. The function returns ``True`` iff the widget has at least one method from each of the sets.
    """
    for ms in methods_sets:
        if not any([hasattr(widget,m) for m in ms]):
            return False
    return True


[docs]def get_method_kind(method, add_args=0):
    """
    Determine whether the method takes name as its argument

    `add_args` specifies number of additional required arguments.
    Return ``"named"`` is the method has at least ``add_args+1`` arguments, and the first one is called ``"name"``.
    Otherwise, return ``"simple"``.
    """
    if method is None:
        return None
    fsig=FunctionSignature.from_function(method)
    if len(fsig.arg_names)>=1+add_args and fsig.arg_names[0]=="name":
        return "named"
    else:
        return "simple"



[docs]class IValueHandler(object):
    """
    Generic handler of a widget value.

    Has method to get and set the value (or all values, if the widget has internal value structure), representing values as strings, and value changed signal.

    Args:
        widget: handled widget.
    """
    def __init__(self, widget):
        object.__init__(self)
        self.widget=widget
[docs]    def get_value(self, name=None):
        """
        Get widget value.

        If ``name`` is not ``None``, it specifies the name of the value parameter inside the widget (for complex widgets).
        """
        raise NotImplementedError("IValueHandler.get_value")

[docs]    def get_all_values(self):
        """
        Get all values of the widget.

        Return widget value for simple widgets, or a dictionary of all internal values for complex widgets.
        """
        return self.get_value()

[docs]    def set_value(self, value, name=None):
        """
        Set widget value.

        If ``name`` is not ``None``, it specifies the name of the value parameter inside the widget (for complex widgets).
        """
        raise NotImplementedError("IValueHandler.set_value")

[docs]    def set_all_values(self, value):
        """
        Set all values of the widget.

        `value` is a target value for simple widgets, or a dictionary of values for complex widgets.
        """
        return self.set_value(value)

[docs]    def repr_value(self, value, name=None):
        """
        Return textual representation of the value.

        If ``name`` is not ``None``, it specifies the name of the value parameter inside the widget (for complex widgets).
        """
        return str(value)

[docs]    def value_changed_signal(self):
        """
        Get the pyQt signal emitted when the value is changed.
        """
        if hasattr(self.widget,"value_changed"):
            return self.widget.value_changed
        return None




[docs]class VirtualValueHandler(IValueHandler):
    """
    Virtual value handler (to simulate controls which are not present in the GUI).

    Args:
        value: initial value
        complex_value (bool): if ``True``, the internal value is assumed to be complex, so it is forced to be a :class:`.Dictionary`.
    """
    def __init__(self, value=None, complex_value=False):
        IValueHandler.__init__(self,None)
        self.complex_value=complex_value
        self.value=dictionary.Dictionary(value) if complex_value else value
        self.value_changed=QtCore.pyqtSignal("PyQt_PyObject")
[docs]    def get_value(self, name=None):
        if name is None:
            return self.value
        else:
            return self.value[name]

[docs]    def set_value(self, value, name=None):
        if name is None:
            if self.complex_value:
                self.value=dictionary.Dictionary(value)
            else:
                self.value=value
        else:
            if name in self.value:
                del self.value[name]
            self.value[name]=value
        self.value_changed.emit(self.value)

[docs]    def value_changed_signal(self):
        return self.value_changed



_default_getters=("get_value","get_all_values")
_default_setters=("set_value","set_all_values")
[docs]class IDefaultValueHandler(IValueHandler):
    """
    Default value handler, typically used for custom widgets.

    To implement getting and setting values, looks for ``get/set_value`` and ``get/set_all_values`` methods for the widget and uses them accordingly.

    Args:
        widget: handled widget
        default_name(str): default name to be supplied to ``get/set_value`` and ``get/set_all_values`` methods if they require a name argument.
    """
    def __init__(self, widget, default_name=None):
        IValueHandler.__init__(self,widget)
        self.get_value_kind=get_method_kind(getattr(self.widget,"get_value",None))
        self.get_all_values_kind="simple" if hasattr(self.widget,"get_all_values") else None
        if not (self.get_value_kind or self.get_all_values_kind):
            raise ValueError("can't find default getter for widget {}".format(self.widget))
        self.set_value_kind=get_method_kind(getattr(self.widget,"set_value",None),add_args=1)
        self.set_all_values_kind="simple" if hasattr(self.widget,"set_all_values") else None
        if not (self.set_value_kind or self.set_all_values_kind):
            raise ValueError("can't find default setter for widget {}".format(self.widget))
        self.repr_value_kind=get_method_kind(getattr(self.widget,"repr_value",None),add_args=1)
        self.default_name=default_name
[docs]    def get_value(self, name=None):
        if not name:
            if self.get_value_kind=="simple":
                return self.widget.get_value()
            elif self.get_value_kind=="named":
                return self.widget.get_value(self.default_name)
            else:
                return self.widget.get_all_values()
        else:
            if self.get_value_kind=="named":
                return self.widget.get_value(name)
            elif self.get_all_values_kind=="simple":
                return self.widget.get_all_values()[name]
        raise ValueError("can't find getter for widget {} with name {}".format(self.widget,name))

[docs]    def get_all_values(self):
        if self.get_all_values_kind=="simple":
            return self.widget.get_all_values()
        elif self.get_value_kind=="simple":
            return self.widget.get_value()
        else:
            return self.widget.get_value(self.default_name)

[docs]    def set_value(self, value, name=None):
        if not name:
            if self.set_value_kind=="simple":
                return self.widget.set_value(value)
            elif self.set_value_kind=="named":
                return self.widget.set_value(self.default_name,value)
            else:
                return self.widget.set_all_values(value)
        else:
            if self.set_value_kind=="named":
                return self.widget.set_value(name,value)
            elif self.set_all_values_kind=="simple":
                if isinstance(name,list):
                    name="/".join(name)
                return self.widget.set_all_values({name:value})
        raise ValueError("can't find setter for widget {} with name {}".format(self.widget,name))

[docs]    def set_all_values(self, value):
        if self.set_all_values_kind=="simple":
            return self.widget.set_all_values(value)
        elif self.set_value_kind=="simple":
            return self.widget.set_value(value)
        else:
            return self.widget.set_value(self.default_name,value)

[docs]    def repr_value(self, value, name=None):
        if not name:
            if self.repr_value_kind=="simple":
                return self.widget.repr_value(value)
            elif self.repr_value_kind=="named":
                return self.widget.repr_value(self.default_name,value)
        else:
            if self.repr_value_kind=="named":
                return self.widget.repr_value(value)
        return str(value)



[docs]class ISingleValueHandler(IValueHandler):
    """
    Base class for single-value widget handler, typically used for built-in pyQt widgets.

    Defines new functions ``get/set_single_value`` which don't take a name argument; raises an error if the name is supplied to any of the standard functions. 

    Args:
        widget: handled widget
    """
    def __init__(self, widget):
        IValueHandler.__init__(self,widget)
[docs]    def get_single_value(self):
        """Get the widget value"""
        raise ValueError("can't find default getter for widget {}".format(self.widget))

[docs]    def get_value(self, name=None):
        """
        Get widget value.

        If ``name`` is not ``None`` raise an error.
        """
        if name:
            raise KeyError("no value with name {}".format(name))
        return self.get_single_value()

[docs]    def set_single_value(self, value):
        """Set the widget value"""
        raise ValueError("can't find default setter for widget {}".format(self.widget))

[docs]    def set_value(self, value, name=None):
        """
        Set widget value.

        If ``name`` is not ``None`` raise an error.
        """
        if name:
            raise KeyError("no value with name {}".format(name))
        return self.set_single_value(value)

[docs]    def repr_single_value(self, value):
        """Represent the widget value as a string"""
        if hasattr(self.widget,"repr_value"):
            return self.widget.repr_value(value)
        return str(value)

[docs]    def repr_value(self, value, name=None):
        """
        Return textual representation of the value.

        If ``name`` is not ``None`` raise an error.
        """
        if name:
            raise KeyError("no value with name {}".format(name))
        return self.repr_single_value(value)



[docs]class LineEditValueHandler(ISingleValueHandler):
    """Value handler for ``QLineEdit`` widget"""
[docs]    def get_single_value(self):
        return str(self.widget.text())

[docs]    def set_single_value(self, value):
        return self.widget.setText(str(value))

[docs]    def value_changed_signal(self):
        return self.widget.textChanged


[docs]class LabelValueHandler(ISingleValueHandler):
    """Value handler for ``QLabel`` widget"""
[docs]    def get_single_value(self):
        return str(self.widget.text())

[docs]    def set_single_value(self, value):
        return self.widget.setText(str(value))


[docs]class IBoolValueHandler(ISingleValueHandler):
    """Generic value handler for widgets with boolean values"""
    def __init__(self, widget, labels=("Off","On")):
        ISingleValueHandler.__init__(self,widget)
        self.labels=labels
[docs]    def repr_single_value(self, value):
        return self.labels[value]


[docs]class CheckboxValueHandler(IBoolValueHandler):
    """Value handler for ``QCheckBox`` widget"""
[docs]    def get_single_value(self):
        return self.widget.isChecked()

[docs]    def set_single_value(self, value):
        return self.widget.setChecked(value)

[docs]    def value_changed_signal(self):
        return self.widget.stateChanged


[docs]class PushButtonValueHandler(IBoolValueHandler):
    """Value handler for ``QPushButton`` widget"""
[docs]    def get_single_value(self):
        return self.widget.isChecked()

[docs]    def set_single_value(self, value):
        if self.widget.isCheckable():
            return self.widget.setChecked(value)
        elif value:
            return self.widget.click()

[docs]    def value_changed_signal(self):
        if self.widget.isCheckable():
            return self.widget.toggled
        else:
            return self.widget.clicked

[docs]    def repr_single_value(self, value):
        if not self.widget.isCheckable():
            return ""
        return IBoolValueHandler.repr_single_value(self,value)


[docs]class ToolButtonValueHandler(IBoolValueHandler):
    """Value handler for ``QToolButton`` widget"""
[docs]    def get_single_value(self):
        return self.widget.isChecked()

[docs]    def set_single_value(self, value):
        return self.widget.setChecked(value)

[docs]    def value_changed_signal(self):
        return self.widget.triggered

[docs]    def repr_single_value(self, value):
        if not self.widget.isCheckable():
            return ""
        return IBoolValueHandler.repr_single_value(self,value)


[docs]class ComboBoxValueHandler(ISingleValueHandler):
    """Value handler for ``QComboBox`` widget"""
[docs]    def get_single_value(self):
        return self.widget.currentIndex()

[docs]    def set_single_value(self, value):
        return self.widget.setCurrentIndex(value)

[docs]    def value_changed_signal(self):
        return self.widget.currentIndexChanged

[docs]    def repr_single_value(self, value):
        if isinstance(value,py3.anystring):
            return value
        return self.widget.itemText(value)


[docs]class ProgressBarValueHandler(ISingleValueHandler):
    """Value handler for ``QProgressBar`` widget"""
[docs]    def get_single_value(self):
        return self.widget.value()

[docs]    def set_single_value(self, value):
        return self.widget.setValue(int(value))



[docs]def is_handled_widget(widget):
    """Check if the widget can be handles by :class:`IDefaultValueHandler`"""
    return has_methods(widget,[_default_getters,_default_setters])


[docs]def get_default_value_handler(widget):
    """Autodetect value handler for the given widget"""
    if is_handled_widget(widget):
        return IDefaultValueHandler(widget)
    if isinstance(widget,QtWidgets.QLineEdit):
        return LineEditValueHandler(widget)
    if isinstance(widget,QtWidgets.QLabel):
        return LabelValueHandler(widget)
    if isinstance(widget,QtWidgets.QCheckBox):
        return CheckboxValueHandler(widget)
    if isinstance(widget,QtWidgets.QPushButton):
        return PushButtonValueHandler(widget)
    if isinstance(widget,(QtWidgets.QComboBox)):
        return ComboBoxValueHandler(widget)
    if isinstance(widget,QtWidgets.QProgressBar):
        return ProgressBarValueHandler(widget)
    return IValueHandler(widget)




[docs]class ValuesTable(object):
    """
    A table of values which can be used to manipulate many value handlers at once and represent them as a hierarchical structure.

    Has two container-like accessor:
    ``.v`` for settings/getting values
    (i.e., ``self.get_value(name)`` is equivalent to ``self.v[name]``, and ``self.set_value(name, value)`` is equivalent to ``self.v[name]=value``)
    and ``.w`` for getting the underlying widget
    (i.e., ``self.get_widget(name)`` is equivalent to ``self.w[name]``)

    Args:
        gui_thread_safe (bool): if ``True``, all value-access calls (``get/set_value``, ``get/set_all_values``)
            are automatically called in the GUI thread.
    """
    def __init__(self, gui_thread_safe=False):
        object.__init__(self)
        self.handlers=dictionary.Dictionary()
        self.gui_thread_safe=gui_thread_safe
        self.v=dictionary.ItemAccessor(self.get_value,self.set_value)
        self.w=dictionary.ItemAccessor(self.get_widget)

[docs]    def add_handler(self, name, handler):
        """Add a value handler under a given name"""
        self.handlers[name]=handler
        return handler

[docs]    def remove_handler(self, name):
        """Remove the value handler with a given name"""
        del self.handlers[name]

[docs]    def get_handler(self, name):
        """Get the value hander with the given name"""
        return self.handlers[name]


    def __getitem__(self, name):
        return self.get_handler(name)
    def __setitem__(self, name, value):
        return self.add_handler(name,value)
    def __delitem__(self, name):
        return self.remove_handler(name)
    def __contains__(self, name):
        return name in self.handlers

[docs]    def add_widget(self, name, widget):
        """Add a widget under a given name (value handler type is auto-detected)"""
        return self.add_handler(name,get_default_value_handler(widget))

[docs]    def get_widget(self, name):
        """Get the widget corresponding to the handler under the given name"""
        return self.get_handler(name).widget

[docs]    def add_table(self, name, table):
        """Add a nested :class:`ValuesTable` under a given name"""
        return self.add_handler(name,IDefaultValueHandler(table))

[docs]    def add_virtual_element(self, name, value=None):
        """
        Add a virtual value element.

        Doesn't correspond to any actual widget, but behaves very similarly from the application point of view
        (its value can be set or read, it has on-change events, it can have indicator).
        """
        return self.add_handler(name,VirtualValueHandler(value))

    _default_value_types=(edit.LVTextEdit,edit.LVNumEdit,QtWidgets.QLineEdit,QtWidgets.QCheckBox,QtWidgets.QPushButton,QtWidgets.QComboBox)
[docs]    def add_all_children(self, root, root_name=None, types_include=None, types_exclude=(), names_exclude=None):
        """
        Add a widget and all its children to the table.

        Args:
            root: root widget
            root_name: path to the sub-branch where the values will be placed
            types_include: if not ``None``, specifies list of widget classes to include in the table
            types_include: specifies list of widget classes to exclude from the table
            names_exclude: if not ``None``, specifies list of widget names to exclude from the table
        """
        name_filt=string.sfregex(exclude=names_exclude)
        def is_excluded(w):
            return isinstance(w,types_exclude) or not name_filt(str(w.objectName()))
        types_include=types_include or self._default_value_types
        tree=build_children_tree(root,types_include,is_atomic=is_handled_widget,is_excluded=is_excluded)
        for path,widget in tree.iternodes(include_path=True):
            if path[-1]=="#":
                path=path[:-1]
                if root_name is not None:
                    path=[root_name]+path[1:]
                name="/".join([p for p in path if p])
                self.add_widget(name,widget)


    @controller.gui_thread_method
    def get_value(self, name):
        """
        Get value under a given name.

        Automatically handles complex widgets and sub-names
        """
        path,subpath=self.handlers.get_max_prefix(name,kind="leaf")
        if path is None:
            raise KeyError("missing handler {}".format(name))
        return self.handlers[path].get_value(subpath)
    @controller.gui_thread_method
    def get_all_values(self, root="", include=None):
        """
        Get all values in a subtree with the given root (all table values by default).
        
        If supplied, `include` is a container specifies which specifies names (relative to the root) to include in the result; by default, include everything.
        Return a :class:`.Dictionary` object containing tree structure of the names.
        """
        values=dictionary.Dictionary()
        if root in self.handlers:
            for n in self.handlers[root].paths():
                if (include is None) or ("/".join(n) in include):
                    values[n]=self.handlers[(root,n)].get_all_values()
        return values
    @controller.gui_thread_method
    def set_value(self, name, value):
        """
        Set value under a given name.

        Automatically handles complex widgets and sub-names
        """
        path,subpath=self.handlers.get_max_prefix(name,kind="leaf")
        if path is None:
            raise KeyError("missing handler {}".format(name))
        return self.handlers[path].set_value(value,subpath)
    @controller.gui_thread_method
    def set_all_values(self, values, root="", include=None):
        """
        Set all values in a subtree with the given root (all table values by default).
        
        `values` is a dictionary with values (can only contain some values out of the ones the table).
        If supplied, `include` is a container specifies which specifies names (relative to the root) to include in the result; by default, include everything.
        """
        for n,v in dictionary.as_dictionary(values).iternodes(to_visit="all",topdown=True,include_path=True):
            if self.handlers.has_entry((root,n),kind="leaf"):
                if (include is None) or ("/".join(n) in include):
                    self.handlers[root,n].set_all_values(v)
            
[docs]    def repr_value(self, name, value):
        """
        Get a textual representation of a value under a given name.

        Automatically handles complex widgets and sub-names
        """
        path,subpath=self.handlers.get_max_prefix(name,kind="leaf")
        if path is None:
            raise KeyError("missing handler {}".format(name))
        return self.handlers[path].repr_value(value,subpath)

[docs]    def changed_event(self, name):
        """Get changed events for a value under a given name."""
        return self.handlers[name].value_changed_signal()

[docs]    def update_value(self, name):
        """Send update signal for a handler with a given name (emit a changed signal with the current value)"""
        changed_event=self.handlers[name].value_changed_signal()
        if changed_event:
            changed_event.emit(self.get_value(name))








[docs]class IIndicatorHandler(object):
    """
    Generic handler of an indicator.

    Has methods to get and set the indicator value.
    """
[docs]    def get_value(self, name=None):
        """
        Get indicator value.

        If ``name`` is not ``None``, it specifies the name of the indicator parameter inside the widget (for complex widgets).
        """
        raise NotImplementedError("IIndicatorHandler.get_value")

[docs]    def set_value(self, value, name=None):
        """
        Set indicator value.

        If ``name`` is not ``None``, it specifies the name of the indicator parameter inside the widget (for complex widgets).
        """
        raise NotImplementedError("IIndicatorHandler.set_value")



VirtualIndicatorHandler=VirtualValueHandler
_default_indicator_getters=("get_indicator","get_all_indicators")
_default_indicator_setters=("set_indicator","set_all_indicators")
[docs]class IDefaultIndicatorHandler(IIndicatorHandler):
    """
    Default indicator handler, typically used for custom widgets.

    To implement getting and setting values, looks for ``get/set_indicator`` methods for the widget and uses them accordingly.

    Args:
        widget: handled widget
        default_name(str): default name to be supplied to ``get/set_indicator`` methods if they require a name argument.
    """
    def __init__(self, widget, default_name=None):
        IIndicatorHandler.__init__(self)
        self.widget=widget
        self.get_indicator_kind=get_method_kind(getattr(self.widget,"get_indicator",None))
        self.get_all_indicators_kind="simple" if hasattr(self.widget,"get_all_indicators") else None
        self.set_indicator_kind=get_method_kind(getattr(self.widget,"get_indicator",None),add_args=1)
        self.set_all_indicators_kind="simple" if hasattr(self.widget,"set_all_indicators") else None
        self.default_name=default_name
[docs]    def get_value(self, name=None):
        if not (self.get_indicator_kind or self.get_all_indicators_kind):
            raise ValueError("can't find default indicator getter for widget {}".format(self.widget))
        if not name:
            if self.get_indicator_kind=="simple":
                return self.widget.get_indicator()
            elif self.get_indicator_kind=="named":
                return self.widget.get_indicator(self.default_name)
            else:
                return self.widget.get_all_indicators()
        else:
            if self.get_indicator_kind=="named":
                return self.widget.get_indicator()
            elif self.get_all_indicators_kind=="simple":
                return self.widget.get_all_indicators()[name]
        raise ValueError("can't find indicator getter for widget {} with name {}".format(self.widget,name))

[docs]    def set_value(self, value, name=None):
        if not (self.set_indicator_kind or self.set_all_indicators_kind):
            raise ValueError("can't find default indicator setter for widget {}".format(self.widget))
        if not name:
            if self.set_indicator_kind=="simple":
                return self.widget.set_indicator(value)
            elif self.set_indicator_kind=="named":
                return self.widget.set_indicator(self.default_name,value)
            else:
                return self.widget.set_all_indicators(value)
        else:
            if self.set_indicator_kind=="named":
                return self.widget.set_indicator(name,value)
            elif self.set_all_indicators_kind=="simple":
                if isinstance(name,list):
                    name="/".join(name)
                return self.widget.set_all_indicators({name:value})
        raise ValueError("can't find indicator setter for widget {} with name {}".format(self.widget,name))


[docs]class FuncLabelIndicatorHandler(IIndicatorHandler):
    """
    Indicator handler which uses a label to show the value.

    To takes optional function which converts values into strings (by default, use the standard string conversion).

    Args:
        label: widget or value hander used to represent the value (takes string values)
        repr_func: if not ``None``, specifies function used to convert values into strings
        repr_value_name(str): default name to be supplied to `repr_func` if it requires a name argument and name is not supplied.
    """
    def __init__(self, label, repr_func=None, repr_value_name=None):
        IIndicatorHandler.__init__(self)
        if not isinstance(label,IValueHandler):
            label=get_default_value_handler(label)
        self.label_handler=label
        self.repr_func=repr_func
        self.repr_func_kind=get_method_kind(repr_func,add_args=1)
        self.repr_value_name=repr_value_name
[docs]    def get_value(self, name=None):
        if name:
            raise KeyError("no indicator value with name {}".format(name))
        return self.label_handler.get_value()

[docs]    def repr_value(self, value, name=None):
        """Represent a value with a given name"""
        if name is None:
            if self.repr_func_kind is None:
                return str(value)
            elif self.repr_func_kind=="simple":
                return self.repr_func(value)
            else:
                return self.repr_func(self.repr_value_name,value)
        elif self.repr_func_kind=="named":
            return self.repr_func(name,value)
        raise KeyError("no indicator value with name {}".format(name))

[docs]    def set_value(self, value, name=None):
        return self.label_handler.set_value(self.repr_value(value,name=name))


[docs]class WidgetLabelIndicatorHandler(IIndicatorHandler):
    """
    Indicator handler which uses a label to show the value.

    To takes optional widget or widget handler which converts values into strings using its ``repr_value`` method
    (by default, use the standard string conversion).

    Args:
        label: widget or value hander used to represent the value (takes string values)
        widget: if not ``None``, specifies widget used to convert values into strings
        repr_value_name(str): default name to be supplied to `repr_value` if it requires a name argument and name is not supplied.
    """
    def __init__(self, label, widget=None, repr_value_name=None):
        IIndicatorHandler.__init__(self)
        if not isinstance(label,IValueHandler):
            label=get_default_value_handler(label)
        self.label_handler=label
        if widget and not isinstance(widget,IValueHandler):
            widget=get_default_value_handler(widget)
        self.widget_handler=widget
        self.repr_value_name=repr_value_name
[docs]    def get_value(self, name=None):
        if name:
            raise KeyError("no indicator value with name {}".format(name))
        return self.label_handler.get_value()

[docs]    def repr_value(self, value, name=None):
        """Represent a value with a given name"""
        if self.widget_handler:
            return self.widget_handler.repr_value(value,name=self.repr_value_name if name is None else name)
        if name:
            raise KeyError("no indicator value with name {}".format(name))
        return str(value)

[docs]    def set_value(self, value, name=None):
        return self.label_handler.set_value(self.repr_value(value,name=name))



[docs]def get_default_indicator_handler(widget, label=None, require_setter=False):
    """Autodetect indicator handler for the given widget and label"""
    if label is not None:
        return WidgetLabelIndicatorHandler(label,widget)
    if has_methods(widget,[_default_indicator_getters]):
        if (not require_setter) or has_methods(widget,[_default_indicator_setters]):
            return IDefaultIndicatorHandler(widget)
    return None



[docs]class IndicatorValuesTable(ValuesTable):
    """
    A table of values which can also handle indicators. Inherits :class:`ValuesTable`

    Has an additional container-like accessor ``.i`` for settings/getting indicator values
    (i.e., ``self.get_indicator(name)`` is equivalent to ``self.i[name]``, and ``self.set_indicator(name, value)`` is equivalent to ``self.i[name]=value``)

    Args:
        gui_thread_safe (bool): if ``True``, all value-access and indicator-access calls
            (``get/set_value``, ``get/set_all_values``, ``get/set_indicator``, ``get/set_all_indicators``, and ``update_indicators``)
            are automatically called in the GUI thread.
    """
    def __init__(self, gui_thread_safe=False):
        ValuesTable.__init__(self,gui_thread_safe=gui_thread_safe)
        self.indicator_handlers=dictionary.Dictionary()
        self.i=dictionary.ItemAccessor(self.get_indicator,self.set_indicator)
[docs]    def add_indicator_handler(self, name, handler, ind_name="__default__"):
        """
        Add indicator handler with a given name.

        `ind_name` can distinguish different sub-indicators with the same name, if the same value has multiple indicators.
        """
        if handler is not None:
            self.indicator_handlers[name,ind_name]=handler
            return handler
        return None

[docs]    def remove_indicator_handler(self, name, ind_name=None):
        """
        Remove indicator handler with a given name.

        `ind_name` can distinguish different sub-indicators with the same name, if the same value has multiple indicators.
        By default, remove all indicators with this name
        """
        if ind_name is None:
            del self.indicator_handlers[name]
        else:
            del self.indicator_handlers[name,ind_name]

[docs]    def add_widget_indicator(self, name, widget, label=None, ind_name="__default__"):
        """
        Add widget-based indicator with a given name.

        If ``label`` is ``None``, use widget's ``set_indicator`` and ``get_indicator`` functions to indicate the value.
        Otherwise, use :class:`WidgetLabelIndicatorHandler` with the given label (`label` is used to show the value, `widget` is used to represent it).
        `ind_name` can distinguish different sub-indicators with the same name, if the same value has multiple indicators.
        """
        return self.add_indicator_handler(name,get_default_indicator_handler(widget,label),ind_name=ind_name)

[docs]    def add_label_indicator(self, name, label, repr_func=None, ind_name="__default__"):
        """
        Add label-based indicator with a given name.

        `repr_func` can specify representation function which turns values into text.
        `ind_name` can distinguish different sub-indicators with the same name, if the same value has multiple indicators.
        """
        return self.add_indicator_handler(name,FuncLabelIndicatorHandler(label,repr_func=repr_func),ind_name=ind_name)

[docs]    def add_widget(self, name, widget):
        h=ValuesTable.add_widget(self,name,widget)
        self.add_indicator_handler(name,IDefaultIndicatorHandler(widget))
        return h

[docs]    def add_virtual_element(self, name, value=None):
        h=ValuesTable.add_virtual_element(self,name,value=value)
        self.add_indicator_handler(name,VirtualIndicatorHandler(value))
        return h

[docs]    def add_table(self, name, table):
        h=ValuesTable.add_table(self,name,table)
        self.add_indicator_handler(name,IDefaultIndicatorHandler(table))
        return h


    @controller.gui_thread_method
    def get_indicator(self, name, ind_name="__default__"):
        """
        Get indicator value with a given name.

        `ind_name` can distinguish different sub-indicators with the same name, if the same value has multiple indicators.
        """
        path,subpath=self.indicator_handlers.get_max_prefix(name)
        epath=path+[ind_name] if (ind_name and path is not None) else path
        if path is None or (len(subpath)>0 and not self.indicator_handlers.has_entry(epath,kind="leaf")):
            raise KeyError("missing handler {}".format(name))
        args=[subpath] if len(subpath) else []
        return self.indicator_handlers[epath].get_value(*args)
    @controller.gui_thread_method
    def get_all_indicators(self, root="", ind_name="__default__", include=None):
        """
        Get all indicator values in a subtree with the given root (all table values by default).
        
        `ind_name` can distinguish different sub-indicators with the same name, if the same value has multiple indicators.
        If supplied, `include` is a container specifies which specifies names (relative to the root) to include in the result; by default, include everything.
        Return a :class:`.Dictionary` object containing tree structure of the names.
        """
        values=dictionary.Dictionary()
        if root in self.handlers:
            for n in self.handlers[root].paths():
                if (include is None) or ("/".join(n) in include):
                    try:
                        values[n]=self.get_indicator(n,ind_name=ind_name)
                    except (KeyError, ValueError):
                        pass
        return values
    @controller.gui_thread_method
    def set_indicator(self, name, value, ind_name=None):
        """
        Set indicator value with a given name.

        `ind_name` can distinguish different sub-indicators with the same name, if the same value has multiple indicators.
        By default, set all sub-indicators to the given value.
        """
        path,subpath=self.indicator_handlers.get_max_prefix(name)
        epath=path+[ind_name] if (ind_name and path is not None) else path
        if path is None:
            raise KeyError("missing handler {}".format(name))
        args=[value,subpath] if len(subpath) else [value]
        if ind_name is None:
            for i in self.indicator_handlers[path].iternodes():
                i.set_value(*args)
        else:
            return self.indicator_handlers[epath].set_value(*args)
    @controller.gui_thread_method
    def set_all_indicators(self, values, root="", include=None):
        """
        Set all indicator values in a subtree with the given root (all table values by default).
        
        `values` is a dictionary with indicated values (can only contain some values out of the ones the table).
        If supplied, `include` is a container specifies which specifies names (relative to the root) to include in the result; by default, include everything.
        """
        for n,v in dictionary.as_dictionary(values).iternodes(include_path=True):
            if self.indicator_handlers.has_entry((root,n,"__default__"),kind="leaf"):
                if (include is None) or ("/".join(n) in include):
                    try:
                        self.set_indicator((root,n),v)
                    except ValueError:
                        pass
    @controller.gui_thread_method
    def update_indicators(self, root="", include=None):
        """
        Update all indicators in a subtree with the given root (all table values by default) to represent current values.
        If supplied, `include` is a container specifies which specifies names (relative to the root) to include in the result; by default, include everything.
        """
        for n in self.handlers[root].paths():
            if (include is None) or ("/".join(n) in include):
                p=(root,n)
                if p in self.indicator_handlers:
                    try:
                        self.set_indicator(p,self.get_value(p))
                    except ValueError:
                        pass





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.gui.qt.thread.callsync

from . import threadprop
from .synchronizing import QThreadNotifier, QMultiThreadNotifier
from ....utils import general, funcargparse

import threading, time, collections

_depends_local=[".synchronizing"]

[docs]class QCallResultSynchronizer(QThreadNotifier):
[docs]    def get_progress(self):
        """
        Get the progress of the call execution.

        Can be ``"waiting"`` (call is not done executing), ``"done"`` (call done successfully),
        ``"fail"`` (call failed, probably due to thread being stopped), ``"skip"`` (call was skipped),
        or ``"exception"`` (call raised an exception).
        """
        value=self.value
        if value is None:
            return "waiting"
        tag=value[0]
        if tag=="result":
            return "done"
        return tag

[docs]    def skipped(self):
        """Check if the call was skipped"""
        return self.get_progress()=="skip"

[docs]    def failed(self):
        """Check if the call failed"""
        return self.get_progress()=="fail"

[docs]    def get_value_sync(self, timeout=None, default=None, error_on_fail=True, error_on_skip=True, pass_exception=True):
        """
        Wait (with the given `timeout`) for the value passed by the notifier

        If ``error_on_fail==True`` and the controlled thread notifies of a fail (usually, if it's stopped before it executed the call),
        raise :exc:`.qt.thread.threadprop.NoControllerThreadError`; otherwise, return `default`.
        If ``error_on_skip==True`` and the call was skipped (e.g., due to full call queue), raise :exc:`.qt.thread.threadprop.SkippedCallError`; otherwise, return `default`.
        If ``pass_exception==True`` and the returned value represents exception, re-raise it in the caller thread; otherwise, return `default`.
        """
        res=QThreadNotifier.get_value_sync(self,timeout=timeout)
        if res is not None:
            kind,value=res
            if kind=="result":
                return value
            elif kind=="exception":
                if pass_exception:
                    raise value
                else:
                    return default
            elif kind=="skip":
                if error_on_skip:
                    raise threadprop.SkippedCallError()
                return default
            elif kind=="fail":
                if error_on_fail:
                    raise threadprop.NoControllerThreadError("failed executing remote call: controller is stopped")
                return default
            else:
                raise ValueError("unrecognized return value kind: {}".format(kind))
        else:
            if error_on_fail:
                raise threadprop.TimeoutThreadError
            return default



[docs]class QDummyResultSynchronizer(object):
    """Dummy result synchronizer for call which don't require result synchronization (e.g., signals)"""
[docs]    def notify(self, value):
        pass



[docs]class QScheduledCall(object):
    """
    Object representing a scheduled remote call.

    Args:
        func: callable to be invoked in the destination thread
        args: arguments to be passed to `func`
        kwargs: keyword arguments to be passed to `func`
        result_synchronizer: result synchronizer object; can be ``None`` (create new :class:`QCallResultSynchronizer`),
            ``"async"`` (no result synchronization), or a :class:`QCallResultSynchronizer` object. 
    """
    TCallback=collections.namedtuple("TCallback",["func","pass_result","call_on_fail"])
    def __init__(self, func, args=None, kwargs=None, result_synchronizer=None):
        object.__init__(self)
        self.func=func
        self.args=args or []
        self.kwargs=kwargs or {}
        if result_synchronizer=="async":
            result_synchronizer=QDummyResultSynchronizer()
        elif result_synchronizer is None:
            result_synchronizer=QCallResultSynchronizer()
        self.result_synchronizer=result_synchronizer
        self.callbacks=[]
        self._notified=[0] # hack to avoid use of locks ([0] is False, [] is True, use .pop() to atomically check and change)
    def _check_notified(self):
        try:
            self._notified.pop()
            return False
        except IndexError:
            return True
    def __call__(self):
        if self._check_notified():
            return
        try:
            res=("fail",None)
            res=("result",self.func(*self.args,**self.kwargs))
        except Exception as e:
            res=("exception",e)
            raise
        finally:
            for c in self.callbacks:
                if c.call_on_fail or res[0]=="result":
                    if c.pass_result:
                        c.func(res[1] if res[0]=="result" else None)
                    else:
                        c.func()
            self.result_synchronizer.notify(res)
[docs]    def add_callback(self, callback, pass_result=True, call_on_fail=False, position=None):
        """
        Set the callback to be executed after the main call is done.
        
        Callback is not provided with any arguments.
        If ``pass_result==True``, pass function result to the callback (or ``None`` if call failed); otherwise, pass no arguments.
        If ``callback_on_fail==True``, call it even if the original call raised an exception.
        `position` specifies callback position in the call list (by default, end of the list).
        """
        cb=self.TCallback(callback,pass_result,call_on_fail)
        if position is None:
            self.callbacks.append(cb)
        else:
            self.callbacks.insert(position,cb)

[docs]    def fail(self):
        """Notify that the call is failed (invoked by the destination thread)"""
        if self._check_notified():
            return
        self.result_synchronizer.notify(("fail",None))

[docs]    def skip(self):
        """Notify that the call is skipped (invoked by the destination thread)"""
        if self._check_notified():
            return
        self.result_synchronizer.notify(("skip",None))






### Call schedulers ###

TDefaultCallInfo=collections.namedtuple("TDefaultCallInfo",["call_time"])
[docs]class QScheduler(object):
    """
    Generic call scheduler.

    Two methods are used by the external scheduling routines: :meth:`build_call` to create a :class:`QScheduledCall` with appropriate parameters,
    and :meth:`schedule`, which takes a call and schedules it.
    The :meth:`schedule` method should return ``True`` if the scheduling was successfull (at least, for now), and ``False`` otherwise.

    Args:
        call_info_argname: if not ``None``, supplies a name of a keyword argument
            via which call info (generated by :meth:`build_call_info`) is passed on function call
    """
    def __init__(self, call_info_argname=None):
        object.__init__(self)
        self.call_info_argname=call_info_argname
[docs]    def build_call_info(self):
        """Build call info tuple which can be passed to scheduled calls"""
        return TDefaultCallInfo(time.time())

[docs]    def build_call(self, func, args=None, kwargs=None, callback=None, pass_result=True, callback_on_fail=True, sync_result=True):
        """
        Build :class:`QScheduledCall` for subsequent scheduling.

        Args:
            func: function to be called
            args: arguments to be passed to `func`
            kwargs: keyword arguments to be passed to `func`
            callback: optional callback to be called when `func` is done
            pass_result (bool): if ``True``, pass `func` result as a single argument to the callback; otherwise, give no arguments
            callback_on_fail (bool): if ``True``, execute the callback on call fail or skip (if it requires an argument, ``None`` is supplied);
                otherwise, only execute it if the call was successfull
            sync_result: if ``True``, the call has a default result synchronizer; otherwise, no synchronization is made.
        """
        result_synchronizer=None if sync_result else "async"
        scheduled_call=QScheduledCall(func,args,kwargs,result_synchronizer=result_synchronizer)
        if self.call_info_argname:
            scheduled_call.kwargs[self.call_info_argname]=self.build_call_info()
        if callback is not None:
            scheduled_call.add_callback(callback,pass_result=pass_result,call_on_fail=callback_on_fail)
        return scheduled_call

[docs]    def schedule(self, call):
        """Schedule the call"""
        return False

[docs]    def clear(self):
        """Clear the scheduler"""
        pass





[docs]class QDirectCallScheduler(QScheduler):
    """
    Simplest call scheduler: directly executes the calls on scheduling

    Args:
        call_info_argname: if not ``None``, supplies a name of a keyword argument
            via which call info (generated by :meth:`QScheduler.build_call_info`) is passed on function call
    """
[docs]    def build_call(self, func, args=None, kwargs=None, callback=None, pass_result=True, callback_on_fail=True, sync_result=False):
        return QScheduler.build_call(self,func,args=args,kwargs=kwargs,
            callback=callback,pass_result=pass_result,callback_on_fail=callback_on_fail,sync_result=sync_result)

[docs]    def schedule(self, call):
        call()
        return True





[docs]class QQueueScheduler(QScheduler):
    """
    Call scheduler with a builtin call queue.

    Supports placing the calls and retrieving them (from the destination thread).
    Has ability to skip some calls if, e.g., the queue is too full. Whether the call should be skipped is determined
    by :meth:`can_schedule` (should be overloaded in subclasses). 
    Used as a default command scheduler.

    Args:
        on_full_queue: action to be taken if the call can't be scheduled (i.e., :meth:`can_schedule` returns ``False``);
            can be ``"skip_current"`` (skip the call which is being scheduled), ``"skip_newest"`` (skip the most recent call; place the current)
            ``"skip_oldest"`` (skip the oldest call in the queue; place the current),
            ``"wait"`` (wait until the call can be scheduled, which is checked after every call removal from the queue; place the call),
            or ``"call"`` (execute the call directly in the calling thread; should be used with caution).
        call_info_argname: if not ``None``, supplies a name of a keyword argument
            via which call info (generated by :meth:`QScheduler.build_call_info`) is passed on function call

    Methods to overload:
        ``can_schedule``: check if the call can be scheduled
        ``call_added``: called when a new call has been added to the queue
        ``call_popped``: called when a call has been removed from the queue (either for execution, or for skipping)
    """
    def __init__(self, on_full_queue="current", call_info_argname=None):
        QScheduler.__init__(self,call_info_argname=call_info_argname)
        self.call_queue=collections.deque()
        funcargparse.check_parameter_range(on_full_queue,"on_full_queue",{"skip_current","skip_newest","skip_oldest","call","wait"})
        self.on_full_queue=on_full_queue
        self.lock=threading.Lock()
        self.call_popped_notifier=QMultiThreadNotifier() if on_full_queue=="wait" else None
        self.working=True
[docs]    def can_schedule(self, call):
        """Check if the call can be scheduled"""
        return True

[docs]    def call_added(self, call):
        """Called whenever `call` has been added to the queue"""
        pass

[docs]    def call_popped(self, call, head):
        """
        Called whenever `call` has been removed from the queue
        
        `head` determines whether the call has been removed from the queue head, or from the queue tail.
        """
        pass

    def _add_call(self, call):
        self.call_queue.append(call)
        self.call_added(call)
    def _pop_call(self, head=False):
        try:
            call=self.call_queue.popleft() if head else self.call_queue.pop()
            if self.call_popped_notifier is not None:
                self.call_popped_notifier.notify()
            self.call_popped(call,head)
            return call
        except IndexError:
            return None
[docs]    def schedule(self, call):
        """Schedule a call"""
        if not self.working:
            call.fail()
            return
        if self.on_full_queue=="wait":
            while True:
                with self.lock:
                    if self.can_schedule(call):
                        self._add_call(call)
                        return True
                    elif not self.working:
                        return
                    wait_n=self.call_popped_notifier.wait(-1)
                self.call_popped_notifier.wait(wait_n)
        scheduled=True
        skipped_call=None
        with self.lock:
            if self.can_schedule(call):
                self._add_call(call)
            elif self.on_full_queue=="skip_newest":
                skipped_call=self._pop_call()
                self._add_call(call)
            elif self.on_full_queue=="skip_oldest":
                skipped_call=self._pop_call(head=True)
                self._add_call(call)
            elif self.on_full_queue=="skip_current":
                skipped_call=call
                scheduled=False
            else:
                scheduled=False
        if skipped_call is not None:
            skipped_call.skip()
        if self.on_full_queue=="call" and not scheduled:
            call()
            scheduled=True
        return scheduled

[docs]    def pop_call(self):
        """
        Pop the call from the queue head.

        If the queue is empty, return ``None``
        """
        with self.lock:
            return self._pop_call(head=True)

[docs]    def has_calls(self):
        """Check if there are queued calls"""
        return bool(self.call_queue)

[docs]    def clear(self, close=True):
        """
        Clear the call queue.

        If ``close==True``, mark the queue as closed (any attempt to schedule more calls fails automatically) and fail all calls in the queue;
        otherwise, skip all calls currently in the queue.
        """
        if close:
            self.working=False
        with self.lock:
            all_calls=[]
            c=self._pop_call(head=True)
            while c is not None:
                all_calls.append(c)
                c=self._pop_call()
        for c in all_calls:
            if close:
                c.fail()
            else:
                c.skip()
        if self.call_popped_notifier is not None:
            self.call_popped_notifier.notify()


                
[docs]class QQueueLengthLimitScheduler(QQueueScheduler):
    """
    Queued call scheduler with a length limit.

    Args:
        max_len: maximal queue length; non-positive values are interpreted as no limit
        on_full_queue: action to be taken if the call can't be scheduled (the queue is full);
            can be ``"skip_current"`` (skip the call which is being scheduled), ``"skip_newest"`` (skip the most recent call; place the current)
            ``"skip_oldest"`` (skip the oldest call in the queue; place the current), ``"wait"`` (wait until the queue has space; place the call),
            or ``"call"`` (execute the call directly in the calling thread; should be used with caution).
        call_info_argname: if not ``None``, supplies a name of a keyword argument
            via which call info (generated by :meth:`QScheduler.build_call_info`) is passed on function call
    """
    def __init__(self, max_len=1, on_full_queue="skip_current", call_info_argname=None):
        QQueueScheduler.__init__(self,on_full_queue=on_full_queue,call_info_argname=call_info_argname)
        self.max_len=max_len
[docs]    def change_max_len(self, max_len):
        """Change maximal length of the call queue (doesn't affect already scheduled calls)"""
        self.max_len=max_len

[docs]    def get_current_len(self):
        """Get current number of calls in the queue"""
        return len(self.call_queue)

[docs]    def can_schedule(self, call):
        return self.max_len<=0 or len(self.call_queue)<self.max_len



[docs]class QQueueSizeLimitScheduler(QQueueScheduler):
    """
    Queued call scheduler with a generic size limit; similar to :class:`QQueueLengthLimitScheduler`,
    but more flexible and can implement more restrictions (e.g., queue length and arguments RAM size).

    Args:
        max_size: maximal total size of the arguments; can be either a single number, or a tuple (if several different size metrics are involved);
            non-positive values are interpreted as no limit
        size_calc: function that takes a single argument (call to be placed) and returns its size; can be either a single number,
            or a tuple (if several different size metrics are involved);
            by default, simply returns 1, which makes the scheduler behavior identical to :class:`QQueueLengthLimitScheduler`
        on_full_queue: action to be taken if the call can't be scheduled (the queue is full);
            can be ``"skip_current"`` (skip the call which is being scheduled), ``"skip_newest"`` (skip the most recent call; place the current)
            ``"skip_oldest"`` (skip the oldest call in the queue; place the current), ``"wait"`` (wait until the queue has space; place the call),
            or ``"call"`` (execute the call directly in the calling thread; should be used with caution).
        call_info_argname: if not ``None``, supplies a name of a keyword argument
            via which call info (generated by :meth:`QScheduler.build_call_info`) is passed on function call
    """
    def __init__(self, max_size=1, size_calc=None, on_full_queue="skip_current", call_info_argname=None):
        QQueueScheduler.__init__(self,on_full_queue=on_full_queue,call_info_argname=call_info_argname)
        self.max_size=funcargparse.as_sequence(max_size)
        self.size_queues=tuple([[] for _ in self.max_size])
        self.size_calc=size_calc
[docs]    def change_max_size(self, max_size):
        """Change size restrictions"""
        self.max_size=funcargparse.as_sequence(max_size)

[docs]    def get_current_size(self):
        """Get current size metrics"""
        return tuple([sum(q) for q in self.size_queues])

    def _get_size(self, call):
        if self.size_calc is not None:
            return self.size_calc(call)
        return 1
[docs]    def call_added(self, call):
        size=funcargparse.as_sequence(self._get_size(call))
        for s,q in zip(size,self.size_queues):
            q.append(s)

[docs]    def call_popped(self, call, head):
        for q in self.size_queues:
            q.pop(0 if head else -1)

[docs]    def can_schedule(self, call):
        for ms,q in zip(self.max_size,self.size_queues):
            if ms>0 and sum(q)>=ms:
                return False
        return True






[docs]class QThreadCallScheduler(QScheduler):
    """
    Call scheduler via thread calls (:meth:`.QThreadController.call_in_thread_callback`)

    Args:
        thread: destination thread (by default, thread which creates the scheduler)
        tag: if supplied, send the call in a message with the given tag; otherwise, use the interrupt call (generally, higher priority method).
        priority: message priority (only when `tag` is not ``None``)
        call_info_argname: if not ``None``, supplies a name of a keyword argument
            via which call info (generated by :meth:`QScheduler.build_call_info`) is passed on function call
    """
    def __init__(self, thread=None, tag=None, priority=0, call_info_argname=None):
        QScheduler.__init__(self,call_info_argname=call_info_argname)
        self.thread=thread or threadprop.current_controller()
        self.tag=tag
        self.priority=priority
[docs]    def schedule(self, call):
        self.thread._place_call(call,tag=self.tag,priority=self.priority)
        return True



[docs]class QSignalThreadCallScheduler(QThreadCallScheduler):
    """
    Extended call scheduler via thread calls, which can limit number of queued calls.

    Args:
        thread: destination thread (by default, thread which creates the scheduler)
        limit_queue: call queue limit (non-positive numbers are interpreted as no limit)
        tag: if supplied, send the call in a message with the given tag; otherwise, use the interrupt call (generally, higher priority method).
        priority: message priority (only when `tag` is not ``None``)
        call_info_argname: if not ``None``, supplies a name of a keyword argument
            via which call info (generated by :meth:`QScheduler.build_call_info`) is passed on function call
    """
    def __init__(self, thread=None, limit_queue=1, tag=None, priority=0, call_info_argname=None):
        QThreadCallScheduler.__init__(self,thread,tag=tag,priority=priority,call_info_argname=call_info_argname)
        self.limit_queue=limit_queue
        self.queue_cnt=0
        self.queue_cnt_lock=threading.Lock()
    def _call_done(self):
        with self.queue_cnt_lock:
            self.queue_cnt-=1
[docs]    def schedule(self, call):
        if self.limit_queue<=0 or self.queue_cnt<self.limit_queue:
            with self.queue_cnt_lock:
                self.queue_cnt+=1
            call.add_callback(self._call_done,pass_result=False,call_on_fail=True,position=0)
            return QThreadCallScheduler.schedule(self,call)
        else:
            call.skip()
            return False






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.gui.qt.thread.controller

from __future__ import print_function # Python 2 compatibility
from ....utils import general, funcargparse, dictionary, functions as func_utils
from . import signal_pool as spool, threadprop, synchronizing, callsync

from PyQt5 import QtCore

import threading
import contextlib
import time
import sys, traceback
import heapq
    
_depends_local=[".signal_pool",".synchronizing",".callsync","....utils.functions"]

_default_signal_pool=spool.SignalPool()

_created_threads={}
_running_threads={}
_stopped_threads=set()
_running_threads_lock=threading.Lock()
_running_threads_notifier=synchronizing.QMultiThreadNotifier()
_running_threads_stopping=False


_exception_print_lock=threading.Lock()


[docs]@contextlib.contextmanager
def exint(error_msg_template="{}:"):
    """Context that intercepts exceptions and stops the execution in a controlled manner (quitting the main thread)"""
    try:
        yield
    except threadprop.InterruptExceptionStop:
        pass
    except:
        with _exception_print_lock:
            try:
                ctl_name=get_controller(wait=False).name
                print(error_msg_template.format("Exception raised in thread '{}'".format(ctl_name)),file=sys.stderr)
            except threadprop.NoControllerThreadError:
                print(error_msg_template.format("Exception raised in an uncontrolled thread"),file=sys.stderr)
            traceback.print_exc()
            sys.stderr.flush()
        try:
            stop_controller("gui",code=1,sync=False,require_controller=True)
        except threadprop.NoControllerThreadError:
            with _exception_print_lock:
                print("Can't stop GUI thread; quitting the application",file=sys.stderr)
                sys.stderr.flush()
            sys.exit(1)
        except threadprop.InterruptExceptionStop:
            pass


[docs]def exsafe(func):
    """Decorator that intercepts exceptions raised by `func` and stops the execution in a controlled manner (quitting the main thread)"""
    error_msg_template="{{}} executing function '{}':".format(func.__name__)
    @func_utils.getargsfrom(func,hide_outer_obj=True) # PyQt slots don't work well with bound methods
    def safe_func(*args, **kwargs):
        with exint(error_msg_template=error_msg_template):
            return func(*args,**kwargs)
    return safe_func

[docs]def exsafeSlot(*slargs, **slkwargs):
    """Wrapper around ``PyQt5.QtCore.pyqtSlot`` which intercepts exceptions and stops the execution in a controlled manner"""
    def wrapper(func):
        return QtCore.pyqtSlot(*slargs,**slkwargs)(exsafe(func))
    return wrapper


[docs]class QThreadControllerThread(QtCore.QThread):
    finalized=QtCore.pyqtSignal()
    _stop_request=QtCore.pyqtSignal()
    def __init__(self, controller):
        QtCore.QThread.__init__(self)
        self.moveToThread(self)
        self.controller=controller
        threadprop.get_app().aboutToQuit.connect(self.quit_sync)
        self._stop_request.connect(self._do_quit)
        self._stop_requested=False
[docs]    def run(self):
        with exint():
            try:
                self.exec_() # main execution event loop
            finally:
                self.finalized.emit()
                self.exec_() # finalizing event loop (exitted after finalizing event is processed)

    @QtCore.pyqtSlot()
    def _do_quit(self):
        if self.isRunning() and not self._stop_requested:
            self.controller.request_stop() # signal controller to stop
            self.quit() # quit the first event loop
            self._stop_requested=True
[docs]    def quit_sync(self):
        self._stop_request.emit()




[docs]def remote_call(func):
    """Decorator that turns a controller method into a remote call (call from a different thread is passed synchronously)"""
    @func_utils.getargsfrom(func)
    def rem_func(self, *args, **kwargs):
        return self.call_in_thread_sync(func,args=(self,)+args,kwargs=kwargs,sync=True,same_thread_shortcut=True)
    return rem_func


[docs]def call_in_thread(thread_name):
    """Decorator that turns any function into a remote call in a thread with a given name (call from a different thread is passed synchronously)"""
    def wrapper(func):
        @func_utils.getargsfrom(func)
        def rem_func(*args, **kwargs):
            thread=get_controller(thread_name)
            return thread.call_in_thread_sync(func,args=args,kwargs=kwargs,sync=True,same_thread_shortcut=True)
        return rem_func
    return wrapper

call_in_gui_thread=call_in_thread("gui")
"""Decorator that turns any function into a remote call in a GUI thread (call from a different thread is passed synchronously)"""
[docs]def gui_thread_method(func):
    """Decorator for an object's method that checks if the object's ``gui_thread_safe`` attribute is true, in which case the call is routed to the GUI thread"""
    sync_func=call_in_gui_thread(func)
    @func_utils.getargsfrom(func)
    def rem_func(self, *args, **kwargs):
        if getattr(self,"gui_thread_safe",False):
            return sync_func(self,*args,**kwargs)
        return func(self,*args,**kwargs)
    return rem_func





[docs]class QThreadController(QtCore.QObject):
    """
    Generic Qt thread controller.

    Responsible for all inter-thread synchronization. There is one controller per thread, and 

    Args:
        name(str): thread name (by default, generate a new unique name);
            this name can be used to obtain thread controller via :func:`get_controller`
        kind(str): thread kind; can be ``"loop"`` (thread is running in the Qt message loop; behavior is implemented in :meth:`process_message` and remote calls),
            ``"run"`` (thread executes :meth:`run` method and quits after it is complete), or ``"main"`` (can only be created in the main GUI thread)
        signal_pool: :class:`.SignalPool` for this thread (by default, use the default common pool)

    Methods to overload:
        on_start: executed on the thread startup (between synchronization points ``"start"`` and ``"run"``)
        on_finish: executed on thread cleanup (attempts to execute in any case, including exceptions)
        run: executed once per thread; thread is stopped afterwards (only if ``kind=="run"``)
        process_message: function that takes 2 arguments (tag and value) of the message and processes it; returns ``True`` if the message has been processed and ``False`` otherwise (in which case it is stored and can be recovered via :meth:`wait_for_message`/:meth:`pop_message`); by default, always return ``False``
        process_interrupt: function that tales 2 arguments (tag and value) of the interrupt message (message with a tag starting with ``"interrupt."``) and processes it; by default, assumes that any value with tag ``"execute"`` is a function and executes it
    
    Signals:
        started: emitted on thread start (after :meth:`on_start` is executed)
        finished: emitted on thread finish (before :meth:`on_finish` is executed)
    """
    def __init__(self, name=None, kind="loop", signal_pool=None):
        QtCore.QObject.__init__(self)
        funcargparse.check_parameter_range(kind,"kind",{"loop","run","main"})
        if kind=="main":
            name="gui"
        self.name=name or threadprop.thread_uids(type(self).__name__)
        self.kind=kind
        # register thread
        _store_created_controller(self)
        if self.kind=="main":
            if not threadprop.is_gui_thread():
                raise threadprop.ThreadError("GUI thread controller can only be created in the main thread")
            if threadprop.current_controller(require_controller=False):
                raise threadprop.DuplicateControllerThreadError()
            self.thread=threadprop.get_gui_thread()
            threadprop.local_data.controller=self
            _register_controller(self)
        else:
            self.thread=QThreadControllerThread(self)

        # set up message processing
        self._wait_timer=QtCore.QBasicTimer()
        self._message_queue={}
        self._message_uid=0
        self._sync_queue={}
        self._sync_clearance=set()
        # set up variable handling
        self._params_val=dictionary.Dictionary()
        self._params_val_lock=threading.Lock()
        self._params_exp={}
        self._params_exp_lock=threading.Lock()
        self._params_funcs=dictionary.Dictionary()
        # set up high-level synchronization
        self._exec_notes={}
        self._exec_notes_lock=threading.Lock()
        self._signal_pool=signal_pool or _default_signal_pool
        self._signal_pool_uids=[]
        self._stop_notifiers=[]
        # set up life control
        self._stop_requested=(self.kind!="main")
        self._lifetime_state_lock=threading.Lock()
        self._lifetime_state="stopped"
        # set up signals
        self.moveToThread(self.thread)
        self._messaged.connect(self._get_message,QtCore.Qt.QueuedConnection)
        self._interrupt_called.connect(self._on_call_in_thread,QtCore.Qt.QueuedConnection)
        if self.kind=="main":
            threadprop.get_app().aboutToQuit.connect(self._on_finish_event,type=QtCore.Qt.DirectConnection)
            threadprop.get_app().lastWindowClosed.connect(self._on_last_window_closed,type=QtCore.Qt.DirectConnection)
            self._recv_started_event.connect(self._on_start_event,type=QtCore.Qt.QueuedConnection) # invoke delayed start event (call in the main loop)
            self._recv_started_event.emit()
            self._lifetime_state="setup"
        else:
            self.thread.started.connect(self._on_start_event,type=QtCore.Qt.QueuedConnection)
            self.thread.finalized.connect(self._on_finish_event,type=QtCore.Qt.QueuedConnection)
    
    ### Special signals processing ###
    _messaged=QtCore.pyqtSignal("PyQt_PyObject")
    @exsafeSlot("PyQt_PyObject")
    def _get_message(self, msg): # message signal processing
        kind,tag,priority,value=msg
        if kind=="msg":
            if tag.startswith("interrupt."):
                self.process_interrupt(tag[len("interrupt."):],value)
                return
            if self.process_message(tag,value):
                return
            mq=self._message_queue.setdefault(tag,[])
            heapq.heappush(mq,(priority,self._message_uid,value))
            self._message_uid+=1
        elif kind=="sync":
            if (tag,value) in self._sync_clearance:
                self._sync_clearance.remove((tag,value))
            else:
                self._sync_queue.setdefault(tag,set()).add(value)
        elif kind=="stop":
            with self._lifetime_state_lock:
                if self._lifetime_state!="finishing":
                    self._stop_requested=True
    _interrupt_called=QtCore.pyqtSignal("PyQt_PyObject")
    @exsafeSlot("PyQt_PyObject")
    def _on_call_in_thread(self, call): # call signal processing
        call()

    ### Execution starting / finishing ###
    _recv_started_event=QtCore.pyqtSignal()
    started=QtCore.pyqtSignal()
    @exsafeSlot()
    def _on_start_event(self):
        self._stop_requested=False
        with self._lifetime_state_lock:
            self._lifetime_state="setup"
        try:
            if self.kind!="main":
                threadprop.local_data.controller=self
                _register_controller(self)
            with self._lifetime_state_lock:
                self._lifetime_state="starting"
            self.notify_exec("start")
            self.on_start()
            self.started.emit()
            with self._lifetime_state_lock:
                self._lifetime_state="running"
            self.notify_exec("run")
            if self.kind=="run":
                self._do_run()
                self.thread.quit_sync()
        except threadprop.InterruptExceptionStop:
            self.thread.quit_sync()
        finally:
            self.poke()  # add a message into the event loop, so that it executed and detects that the thread.quit was called
    finished=QtCore.pyqtSignal()
    @exsafeSlot()
    def _on_finish_event(self):
        with self._lifetime_state_lock:
            self._lifetime_state="finishing"
        self._stop_requested=False
        self.finished.emit()
        try:
            self.check_messages()
            self.on_finish()
            self.check_messages()
        finally:
            if self.kind=="main":
                stop_all_controllers(stop_self=False)
            with self._lifetime_state_lock:
                self._lifetime_state="cleanup"
            for sn in self._stop_notifiers:
                sn()
            self._stop_notifiers=[]
            for uid in self._signal_pool_uids:
                self._signal_pool.unsubscribe(uid)
            self.notify_exec("stop")
            _unregister_controller(self)
            self.thread.quit() # stop event loop (no regular messages processed after this call)
            self.poke()  # add a message into the event loop, so that it executed and detects that the thread.quit was called
            with self._lifetime_state_lock:
                self._lifetime_state="stopped"
    @QtCore.pyqtSlot()
    def _on_last_window_closed(self):
        if threadprop.get_app().quitOnLastWindowClosed():
            self.request_stop()



    ##########  INTERNAL CALLS  ##########
    ## Methods to be called by functions executing in the controlled thread ##

    ### Message loop management ###
    def _do_run(self):
        self.run()
    def _wait_in_process_loop(self, done_check, timeout=None):
        ctd=general.Countdown(timeout)
        while True:
            if self._stop_requested:
                raise threadprop.InterruptExceptionStop()
            if timeout is not None:
                time_left=ctd.time_left()
                if time_left:
                    self._wait_timer.start(max(int(time_left*1E3),1),self)
                    threadprop.get_app().processEvents(QtCore.QEventLoop.AllEvents|QtCore.QEventLoop.WaitForMoreEvents)
                    self._wait_timer.stop()
                else:
                    self.check_messages()
                    raise threadprop.TimeoutThreadError()
            else:
                threadprop.get_app().processEvents(QtCore.QEventLoop.AllEvents|QtCore.QEventLoop.WaitForMoreEvents)
            # looks like sometimes processEvents(QtCore.QEventLoop.WaitForMoreEvents) returns and marks event (signal) as processed, but only processes it on the next processEvents call
            # therefore, need extra call to make sure all events are processed
            threadprop.get_app().processEvents(QtCore.QEventLoop.AllEvents)
            done,value=done_check()
            if done:
                return value
[docs]    def wait_for_message(self, tag, timeout=None):
        """
        Wait for a single message with a given tag.

        Return value of a received message with this tag.
        If timeout is passed, raise :exc:`.threadprop.TimeoutThreadError`.
        """
        def done_check():
            if self._message_queue.setdefault(tag,[]):
                value=heapq.heappop(self._message_queue[tag])[-1]
                return True,value
            return False,None
        return self._wait_in_process_loop(done_check,timeout=timeout)

[docs]    def new_messages_number(self, tag):
        """
        Get the number of queued messages with a given tag.
        """
        return len(self._message_queue.setdefault(tag,[]))

[docs]    def pop_message(self, tag):
        """
        Pop the latest message with the given tag.

        Select the message with the highest priority, and among those the oldest one.
        If no messages are available, raise :exc:`.threadprop.NoMessageThreadError`.
        """
        if self.new_messages_number(tag):
            return heapq.heappop(self._message_queue[tag])[-1]
        raise threadprop.NoMessageThreadError("no messages with tag '{}'".format(tag))

[docs]    def wait_for_sync(self, tag, uid, timeout=None):
        """
        Wait for synchronization signal with the given tag and UID.

        This method is rarely invoked directly, and is usually used by synchronizers code.
        If timeout is passed, raise :exc:`.threadprop.TimeoutThreadError`.
        """
        def done_check():
            if uid in self._sync_queue.setdefault(tag,set()):
                self._sync_queue[tag].remove(uid)
                return True,None
            return False,None
        try:
            self._wait_in_process_loop(done_check,timeout=timeout)
        except threadprop.TimeoutThreadError:
            self._sync_clearance.add((tag,uid))
            raise

[docs]    def wait_for_any_message(self, timeout=None):
        """
        Wait for any message (including synchronization messages or pokes).

        If timeout is passed, raise :exc:`.threadprop.TimeoutThreadError`.
        """
        self._wait_in_process_loop(lambda: (True,None),timeout=timeout)

[docs]    def wait_until(self, check, timeout=None):
        """
        Wait until a given condition is true.

        Condition is given by the `check` function, which is called after every new received message and should return ``True`` if the condition is met.
        If timeout is passed, raise :exc:`.threadprop.TimeoutThreadError`.
        """
        self._wait_in_process_loop(lambda: (check(),None),timeout=timeout)

[docs]    def check_messages(self):
        """
        Receive new messages.

        Runs the underlying message loop to process newly received message and signals (and place them in corresponding queues if necessary).
        This method is rarely invoked, and only should be used periodically during long computations to not 'freeze' the thread.
        """
        threadprop.get_app().processEvents(QtCore.QEventLoop.AllEvents)
        if self._stop_requested:
            raise threadprop.InterruptExceptionStop()

[docs]    def sleep(self, timeout):
        """
        Sleep for a given time (in seconds).

        Unlike :func:`time.sleep`, constantly checks the event loop for new messages (e.g., if stop or interrupt commands are issued).
        """
        try:
            self._wait_in_process_loop(lambda: (False,None),timeout=timeout)
        except threadprop.TimeoutThreadError:
            pass



    ### Overloaded methods for thread events ###
[docs]    def process_interrupt(self, tag, value):
        if tag=="execute":
            value()

[docs]    def process_message(self, tag, value):
        """
        Process a new message.

        If the function returns ``False``, the message is put in the corresponding queue.
        Otherwise, the the message is considered to be already, and it gets 'absorbed'.
        """
        return False

[docs]    def on_start(self):
        """Method invoked on the start of the thread."""
        pass

[docs]    def on_finish(self):
        """
        Method invoked in the end of the thread.
        
        Called regardless of the stopping reason (normal finishing, exception, application finishing).
        """
        pass

[docs]    def run(self):
        """Method called to run the main thread code (only for ``"run"`` thread kind)."""
        pass



    ### Managing signal pool interaction ###
[docs]    def subscribe(self, callback, srcs="any", dsts=None, tags=None, filt=None, priority=0, limit_queue=1, add_call_info=False, id=None):
        """
        Subscribe synchronous callback to a signal.

        See :meth:`.SignalPool.subscribe` for details.
        By default, the subscribed destination is the thread's name.
        """
        if self._signal_pool:
            uid=self._signal_pool.subscribe(callback,srcs=srcs,dsts=dsts or self.name,tags=tags,filt=filt,priority=priority,
                limit_queue=limit_queue,add_call_info=add_call_info,dest_controller=self,id=id)
            self._signal_pool_uids.append(uid)
            return uid

[docs]    def subscribe_nonsync(self, callback, srcs="any", dsts=None, tags=None, filt=None, priority=0, scheduler=None, id=None):
        """
        Subscribe asynchronous callback to a signal.

        See :meth:`.SignalPool.subscribe_nonsync` for details.
        By default, the subscribed destination is the thread's name.
        """
        if self._signal_pool:
            uid=self._signal_pool.subscribe_nonsync(callback,srcs=srcs,dsts=dsts or self.name,tags=tags,filt=filt,priority=priority,scheduler=scheduler,id=id)
            self._signal_pool_uids.append(uid)
            return uid

[docs]    def unsubscribe(self, id):
        """Unsubscribe from a subscription with a given ID."""
        self._signal_pool_uids.pop(id)
        self._signal_pool.unsubscribe(id)

[docs]    def send_signal(self, dst="any", tag=None, value=None, src=None):
        """
        Send a signal to the signal pool.

        See :meth:`.SignalPool.signal` for details.
        By default, the signal source is the thread's name.
        """
        self._signal_pool.signal(src or self.name,dst,tag,value)



    ### Variable management ###
    _variable_change_tag="#sync.wait.variable"
[docs]    def set_variable(self, name, value, notify=False, notify_tag="changed/*"):
        """
        Set thread variable.

        Can be called in any thread (controlled or external).
        If ``notify==True``, send a signal with the given `notify_tag` (where ``"*"`` symbol is replaced by the variable name).
        """
        split_name=tuple(dictionary.normalize_path(name))
        notify_list=[]
        with self._params_val_lock:
            if name in self._params_funcs:
                del self._params_funcs[name]
            self._params_val.add_entry(name,value,force=True)
            for exp_name in self._params_exp:
                if exp_name==split_name[:len(exp_name)] or split_name==exp_name[:len(split_name)]:
                    notify_list.append((self._params_val[exp_name],self._params_exp[exp_name]))
        for val,lst in notify_list:
            for ctl in lst:
                ctl.send_message(self._variable_change_tag,val)
        if notify:
            notify_tag.replace("*",name)
            self.send_signal("any",notify_tag,value)

[docs]    def set_func_variable(self, name, func, use_lock=True):
        """
        Set a 'function' variable.

        Acts as a thread variable to the external user, but instead of reading a stored value, it executed a function instead.
        Note, that the function is executed in the caller thread (i.e., the thread which tries to access the variable),
        so use of synchronization methods (commands, signals, locks) is highly advised.

        If ``use_lock==True``, then the function call will be wrapped into the usual variable lock,
        i.e., it won't run concurrently with other variable access.
        """
        with self._params_val_lock:
            self._params_funcs[name]=func,use_lock
            if name in self._params_val:
                del self._params_val[name]

    def __setitem__(self, name, value):
        self.set_variable(name,value)
    def __delitem__(self, name):
        with self._params_val_lock:
            if name in self._params_val:
                del self._params_val[name]
            if name in self._params_funcs:
                del self._params_funcs[name]
    def __contains__(self, name):
        with self._params_val_lock:
            return name in self._params_val


    ##########  EXTERNAL CALLS  ##########
    ## Methods to be called by functions executing in other thread ##

    ### Message synchronization ###
[docs]    def send_message(self, tag, value, priority=0):
        """Send a message to the thread with a given tag, value and priority"""
        self._messaged.emit(("msg",tag,priority,value))

[docs]    def send_sync(self, tag, uid):
        """
        Send a synchronization signal with the given tag and UID.

        This method is rarely invoked directly, and is usually used by synchronizers code.
        """
        self._messaged.emit(("sync",tag,0,uid))



    ### Variables access ###
[docs]    def get_variable(self, name, default=None, copy_branch=True, missing_error=False):
        """
        Get thread variable.

        Can be called in any thread (controlled or external).
        If ``missing_error==False`` and no variable exists, return `default`; otherwise, raise and error.
        If ``copy_branch==True`` and the variable is a :class:`.Dictionary` branch, return its copy to ensure that it stays unaffected on possible further variable assignments.
        """
        with self._params_val_lock:
            if name in self._params_val:
                var=self._params_val[name]
                if copy_branch and dictionary.is_dictionary(var):
                    var=var.copy()
            elif name in self._params_funcs:
                func,use_lock=self._params_funcs[name]
                if use_lock:
                    with self._params_val_lock:
                        var=func()
                else:
                    var=func()
            elif missing_error:
                raise KeyError("no parameter {}".format(name))
            else:
                var=default
        return var

    def __getitem__(self, name):
        return self.get_variable(name,missing_error=True)
[docs]    def wait_for_variable(self, name, pred, timeout=None):
        """
        Wait until thread variable with the given `name` satisfies the given condition.
        
        `pred` is a function which takes one argument (variable value) and returns whether the condition is satisfied.
        """
        if not hasattr(pred,"__call__"):
            v=pred
            if isinstance(pred,(tuple,list,set,dict)):
                pred=lambda x: x in v
            else:
                pred=lambda x: x==v
        ctl=threadprop.current_controller()
        split_name=tuple(dictionary.normalize_path(name))
        with self._params_exp_lock:
            self._params_exp.setdefault(split_name,[]).append(ctl)
        ctd=general.Countdown(timeout)
        try:
            value=self.get_variable(name)
            while True:
                if pred(value):
                    return value
                value=ctl.wait_for_message(self._variable_change_tag,timeout=ctd.time_left())
        finally:
            with self._params_exp_lock:
                self._params_exp[split_name].remove(ctl)
                if not self._params_exp[split_name]:
                    del self._params_exp[split_name]



    ### Thread execution control ###
[docs]    def start(self):
        """Start the thread."""
        self.thread.start()

[docs]    def request_stop(self):
        """Request thread stop (send a stop command)."""
        self._messaged.emit(("stop",None,0,None))

[docs]    def stop(self, code=0):
        """
        Stop the thread.

        If called from the thread, stop immediately by raising a :exc:`.qt.thread.threadprop.InterruptExceptionStop` exception. Otherwise, schedule thread stop.
        If the thread kind is ``"main"``, stop the whole application with the given exit code. Otherwise, stop the thread.
        """
        if self.kind=="main":
            def exit_main():
                threadprop.get_app().exit(code)
                self.request_stop()
            self.call_in_thread_callback(exit_main)
        else:
            self.thread.quit_sync()
        if self.is_in_controlled():
            raise threadprop.InterruptExceptionStop

[docs]    def poke(self):
        """
        Send a dummy message to the thread.
        
        A cheap way to notify the thread that something happened (useful for, e.g., making thread leave :meth:`wait_for_any_message` method).
        """
        self._messaged.emit(("poke",None,0,None))

[docs]    def running(self):
        """Check if the thread is running."""
        return self._lifetime_state in {"starting","running","finishing"}

    

[docs]    def is_controlled(self):
        """Check if this controller corresponds to the current thread."""
        return QtCore.QThread.currentThread() is self.thread



    ### Notifier access ###
    def _get_exec_note(self, point):
        with self._exec_notes_lock:
            if point not in self._exec_notes:
                self._exec_notes[point]=synchronizing.QMultiThreadNotifier()
            return self._exec_notes[point]
[docs]    def notify_exec(self, point):
        """
        Mark the given execution point as passed.
        
        Automatically invoked points include ``"start"`` (thread starting), ``"run"`` (thread setup and ready to run), and ``"stop"`` (thread finished),
        but can be extended for arbitrary points.
        Any given point can be notified only once, the repeated notification causes error.
        """
        self._get_exec_note(point).notify()

[docs]    def sync_exec(self, point, timeout=None, counter=1):
        """
        Wait for the given execution point.
        
        Automatically invoked points include ``"start"`` (thread starting), ``"run"`` (thread setup and ready to run), and ``"stop"`` (thread finished).
        If timeout is passed, raise :exc:`.threadprop.TimeoutThreadError`.
        `counter` specifies the minimal number of pre-requisite :meth:`notify_exec` calls to finish the waiting (by default, a single call is enough).
        Return actual number of notifier calls up to date.
        """
        return self._get_exec_note(point).wait(timeout=timeout,state=counter)

[docs]    def add_stop_notifier(self, func, call_if_stopped=True):
        """
        Add stop notifier: a function which is called when the thread is about to be stopped (left the main message loop).

        The function is called in the controlled thread close to its shutdown, so it should be short, non-blocking, and thread-safe.
        If the thread is already stopped and ``call_if_stopped==True``, call `func` immediately (from the caller's thread).
        Return ``True`` if the thread is still running and the notifier is added, and ``False`` otherwise.
        """
        with self._lifetime_state_lock:
            if self._lifetime_state not in {"cleanup","stopped"}:
                if func not in self._stop_notifiers:
                    self._stop_notifiers.append(func)
                return True
        if call_if_stopped:
            func()
        return False

[docs]    def remove_stop_notifier(self, func):
        """
        Remove the stop notifier from this controller.

        Return ``True`` if the notifier was in this thread and is now removed, and ``False`` otherwise.
        """
        with self._lifetime_state_lock:
            try:
                self._stop_notifiers.remove(func)
                return True
            except ValueError:
                return False



    ### Simple inquiring methods ###
[docs]    def is_in_controlled(self):
        """Check if the thread execution this code is controlled by this controller"""
        return threadprop.current_controller(require_controller=False) is self

    

    ### External call management ###
    def _place_call(self, call, tag=None, priority=0):
        if tag is None:
            self._interrupt_called.emit(call)
        else:
            self.send_message(tag,call,priority=priority)
[docs]    def call_in_thread_callback(self, func, args=None, kwargs=None, callback=None, tag=None, priority=0):
        """
        Call a function in this thread with the given arguments.

        If `callback` is supplied, call it with the result as a single argument (call happens in the controller thread).
        If `tag` is supplied, send the call in a message with the given tag; otherwise, use the interrupt call (generally, higher priority method).
        """
        call=callsync.QScheduledCall(func,args,kwargs,result_synchronizer="async")
        if callback:
            call.add_callback(callback,pass_result=True,call_on_fail=False)
        self._place_call(call,tag=tag,priority=priority)

[docs]    def call_in_thread_sync(self, func, args=None, kwargs=None, sync=True, callback=None, timeout=None, default_result=None, pass_exception=True, tag=None, priority=0, error_on_stopped=True, same_thread_shortcut=True):
        """
        Call a function in this thread with the given arguments.

        If ``sync==True``, calling thread is blocked until the controlled thread executes the function, and the function result is returned
        (in essence, the fact that the function executes in a different thread is transparent).
        Otherwise, exit call immediately, and return a synchronizer object (:class:`.QCallResultSynchronizer`),
        which can be used to check if the call is done (method `is_done`) and obtain the result (method :meth:`.QCallResultSynchronizer.get_value_sync`).
        If `callback` is not ``None``, call it after the function is successfully executed (from the target thread), with a single parameter being function result.
        If ``pass_exception==True`` and `func` raises and exception, re-raise it in the caller thread (applies only if ``sync==True``).
        If `tag` is supplied, send the call in a message with the given tag and priority; otherwise, use the interrupt call (generally, higher priority method).
        If ``error_on_stopped==True`` and the controlled thread is stopped before it executed the call, raise :exc:`.qt.thread.threadprop.NoControllerThreadError`; otherwise, return `default_result`.
        If ``same_thread_shortcut==True`` (default), the call is synchronous, and the caller thread is the same as the controlled thread, call the function directly.
        """
        if same_thread_shortcut and tag is None and sync and self.is_in_controlled():
            res=func(*(args or []),**(kwargs or {}))
            if callback:
                callback(res)
            return res
        call=callsync.QScheduledCall(func,args,kwargs)
        if callback:
            call.add_callback(callback,pass_result=True,call_on_fail=False)
        if self.add_stop_notifier(call.fail):
            call.add_callback(lambda: self.remove_stop_notifier(call.fail),call_on_fail=True,pass_result=False)
        self._place_call(call,tag=tag,priority=priority)
        result=call.result_synchronizer
        if sync:
            result=result.get_value_sync(timeout=timeout,default=default_result,pass_exception=pass_exception,error_on_fail=error_on_stopped)
        return result







[docs]class QMultiRepeatingThreadController(QThreadController):
    """
    Thread which allows to set up and run jobs and batch jobs with a certain time period, and execute commands in the meantime.

    Mostly serves as a base to a much more flexible :class:`QTaskThread` class; should rarely be considered directly.

    Args:
        name(str): thread name (by default, generate a new unique name)
        signal_pool: :class:`.SignalPool` for this thread (by default, use the default common pool)

    Methods to overload:
        on_start: executed on the thread startup (between synchronization points ``"start"`` and ``"run"``)
        on_finish: executed on thread cleanup (attempts to execute in any case, including exceptions)
        check_commands: executed once a scheduling cycle to check for new commands / events and execute them
    """
    _new_jobs_check_period=0.02 # command refresh period if no jobs are scheduled (otherwise, after every job)
    def __init__(self, name=None, signal_pool=None):
        QThreadController.__init__(self,name,kind="run",signal_pool=signal_pool)
        self.sync_period=0
        self._last_sync_time=0
        self.jobs={}
        self.timers={}
        self._jobs_list=[]
        self.batch_jobs={}
        self._batch_jobs_args={}
        
    ### Job handling ###
    # Called only in the controlled thread #

[docs]    def add_job(self, name, job, period, initial_call=True):
        """
        Add a recurrent `job` which is called every `period` seconds.

        The job starts running automatically when the main thread loop start executing.
        If ``initial_call==True``, call `job` once immediately after adding.
        """
        if name in self.jobs:
            raise ValueError("job {} already exists".format(name))
        self.jobs[name]=job
        self.timers[name]=general.Timer(period)
        self._jobs_list.append(name)
        if initial_call:
            self._acknowledge_job(name)
            job()

[docs]    def change_job_period(self, name, period):
        """Change the period of the job `name`"""
        if name not in self.jobs:
            raise ValueError("job {} doesn't exists".format(name))
        self.timers[name].change_period(period)

[docs]    def remove_job(self, name):
        """Change the job `name` from the roster"""
        if name not in self.jobs:
            raise ValueError("job {} doesn't exists".format(name))
        self._jobs_list.remove(name)
        del self.jobs[name]
        del self.timers[name]


[docs]    def add_batch_job(self, name, job, cleanup=None, min_runtime=0):
        """
        Add a batch `job` which is executed once, but with continuations.

        After this call the job is just created, but is not running. To start it, call :meth:`start_batch_job`.
        If specified, `cleanup` is a finalizing function which is called both when the job terminates normally,
        and when it is forcibly stopped (including thread termination).
        `min_runtime` specifies minimal expected runtime of a job; if a job executes faster than this time,
        it is repeated again unless at least `min_runtime` seconds passed; useful for high-throughput jobs,
        as it reduces overhead from the job scheduling mechanism (repeating within `min_runtime` time window is fast)

        Unlike the usual recurrent jobs, here `job` is a generator (usually defined by a function with ``yield`` statement).
        When the job is running, the generator is periodically called until it raises :exc:`StopIteration` exception, which signifies that the job is finished.
        From generator function point of view, after the job is started, the function is executed once normally,
        but every time ``yield`` statement is encountered, the execution is suspended for `period` seconds (specified in :meth:`start_batch_job`).
        """
        if name in self.jobs or name in self.batch_jobs:
            raise ValueError("job {} already exists".format(name))
        self.batch_jobs[name]=(job,cleanup,min_runtime)

[docs]    def change_batch_job_params(self, name, job=None, cleanup=None, min_runtime=None, stop=False, restart=False):
        """
        Change parameters (main body, cleanup function, and minimal runtime) of the batch job.

        The parameters are the same as for :meth:`add_batch_job`. If any of them are ``None``, don't change them.
        If ``stop==True``, stop the job before changing the parameters;
        otherwise the job is continued with the previous parameters (including cleanup) until it is stopped and restarted.
        If ``restart==True``, restart the job after changing the parameteres.
        """
        if name not in self.batch_jobs:
            raise ValueError("job {} doesn't exists".format(name))
        running=self.batch_job_running(name)
        if (stop or restart) and running:
            period,args,kwargs,_=self._batch_jobs_args[name]
            self.stop_batch_job(name,error_on_stopped=False)
        if job is None:
            job=self.batch_jobs[name][0]
        if cleanup is None:
            cleanup=self.batch_jobs[name][1]
        if min_runtime is None:
            min_runtime=self.batch_jobs[name][2]
        self.batch_jobs[name]=(job,cleanup,min_runtime)
        if restart and running:
            self.start_batch_job(name,period,*args,**kwargs)

[docs]    def start_batch_job(self, name, period, *args, **kwargs):
        """
        Start the batch job with the given name.

        `period` specifies suspension period. Optional arguments are passed to the job and the cleanup functions.
        """
        if name not in self.batch_jobs:
            raise ValueError("job {} doesn't exists".format(name))
        if name in self.jobs:
            self.stop_batch_job(name)
        job,cleanup,min_runtime=self.batch_jobs[name]
        self._batch_jobs_args[name]=(period,args,kwargs,cleanup)
        gen=job(*args,**kwargs)
        def do_step():
            cnt=general.Countdown(min_runtime) if min_runtime else None
            try:
                while True:
                    p=next(gen)
                    if p is not None:
                        self.change_job_period(name,p)
                    if cnt is None or cnt.passed():
                        return
            except StopIteration:
                pass
            self.stop_batch_job(name)
        self.add_job(name,do_step,period,initial_call=False)

[docs]    def batch_job_running(self, name):
        """Check if a given batch job running"""
        if name not in self.batch_jobs:
            raise ValueError("job {} doesn't exists".format(name))
        return name in self.jobs

[docs]    def stop_batch_job(self, name, error_on_stopped=False):
        """
        Stop a given batch job.
        
        If ``error_on_stopped==True`` and the job is not currently running, raise an error. Otherwise, do nothing.
        """
        if name not in self.batch_jobs:
            raise ValueError("job {} doesn't exists".format(name))
        if name not in self.jobs:
            if error_on_stopped:
                raise ValueError("job {} doesn't exists".format(name))
            return
        self.remove_job(name)
        _,args,kwargs,cleanup=self._batch_jobs_args.pop(name)
        if cleanup:
            cleanup(*args,**kwargs)


[docs]    def check_commands(self):
        """
        Check for commands to execute.

        Called once every scheduling cycle: after any recurrent or batch job, but at least every `self._new_jobs_check_period` seconds (by default 20ms).
        """
        pass



    def _get_next_job(self, ct):
        if not self._jobs_list:
            return None,None
        name=None
        left=None
        for n in self._jobs_list:
            t=self.timers[n]
            l=t.time_left(ct)
            if l==0:
                name,left=n,0
                break
            elif (left is None) or (l<left):
                name,left=n,l
        return name,left
    def _acknowledge_job(self, name):
        try:
            idx=self._jobs_list.index(name)
            self._jobs_list.pop(idx)
            self._jobs_list.append(name)
            self.timers[name].acknowledge(nmin=1)
        except ValueError:
            pass
[docs]    def run(self):
        """Main scheduling loop"""
        while True:
            ct=time.time()
            name,to=self._get_next_job(ct)
            if name is None:
                self.sleep(self._new_jobs_check_period)
            else:
                run_job=True
                if (self._last_sync_time is None) or (self._last_sync_time+self.sync_period<=ct):
                    self._last_sync_time=ct
                    if not to:
                        self.check_messages()
                if to:
                    if to>self._new_jobs_check_period:
                        run_job=False
                        self.sleep(self._new_jobs_check_period)
                    else:
                        self.sleep(to)
                if run_job:
                    self._acknowledge_job(name)
                    job=self.jobs[name]
                    job()
            self.check_commands()


[docs]    def on_finish(self):
        QThreadController.on_finish(self)
        for n in self.batch_jobs:
            if n in self.jobs:
                self.stop_batch_job(n)




[docs]class QTaskThread(QMultiRepeatingThreadController):
    """
    Thread which allows to set up and run jobs and batch jobs with a certain time period, and execute commands in the meantime.

    Extension of :class:`QMultiRepeatingThreadController` with more powerful command scheduling and more user-friendly interface.

    Args:
        name(str): thread name (by default, generate a new unique name)
        setupargs: args supplied to :math:`setup_task` method
        setupkwargs: keyword args supplied to :math:`setup_task` method
        signal_pool: :class:`.SignalPool` for this thread (by default, use the default common pool)

    Attributes:
        c: command accessor, which makes calls more function-like;
            ``ctl.c.comm(*args,**kwarg)`` is equivalent to ``ctl.call_command("comm",args,kwargs)``
        q: query accessor, which makes calls more function-like;
            ``ctl.q.comm(*args,**kwarg)`` is equivalent to ``ctl.call_query("comm",args,kwargs)``
        qs: query accessor which is made 'exception-safe' via :func:`exsafe` wrapper (i.e., safe to directly connect to slots)
            ``ctl.qi.comm(*args,**kwarg)`` is equivalent to ``with exint(): ctl.call_query("comm",args,kwargs)``
        qi: query accessor which ignores and silences any exceptions (including missing /stopped controller)
            useful for sending queries during thread finalizing / application shutdown, when it's not guaranteed that the query recipient is running
            (commands already ignore any errors, unless their results are specifically requested)
        m: method accessor; directly calles the method corresponding to the command;
            ``ctl.m.comm(*args,**kwarg)`` is equivalent to ``ctl.call_command("comm",*args,**kwargs)``, which is often also equivalent to ``ctl.comm(*args,**kwargs)``;
            for most practical purposes it's the same as directly invoking the class method, but it makes intent more explicit
            (as command methods are usually not called directly from other threads), and it doesn't invoke warning about calling method instead of query from another thread.

    Methods to overload:
        setup_task: executed on the thread startup (between synchronization points ``"start"`` and ``"run"``)
        finalize_task: executed on thread cleanup (attempts to execute in any case, including exceptions)
        process_signal: process a directed signal (signal with ``dst`` equal to this thread name); by default, does nothing
    """
    ## Action performed when another thread explicitly calls a method corresponding to a command (which is usually a typo)
    ## Can be used to overload default behavior in children classes or instances
    ## Can be ``"warning"``, which prints warning about this call (default),
    ## or one of the accessor names (e.g., ``"c"`` or ``"q"``), which routes the call through this accessor
    _direct_comm_call_action="warning"
    def __init__(self, name=None, setupargs=None, setupkwargs=None, signal_pool=None):
        QMultiRepeatingThreadController.__init__(self,name=name,signal_pool=signal_pool)
        self.setupargs=setupargs or []
        self.setupkwargs=setupkwargs or {}
        self._directed_signal.connect(self._on_directed_signal,QtCore.Qt.QueuedConnection)
        self._commands={}
        self._sched_order=[]
        self._signal_schedulers={}
        self._command_warned=set()
        self.c=self.CommandAccess(self,sync=False)
        self.q=self.CommandAccess(self,sync=True)
        self.qs=self.CommandAccess(self,sync=True,safe=True)
        self.qi=self.CommandAccess(self,sync=True,safe=True,ignore_errors=True)
        self.m=self.CommandAccess(self,sync=True,direct=True)

    
    def _call_command_method(self, name, original_method, args, kwargs):
        """Call given method taking into account ``_direct_comm_call_action``"""
        if threadprop.current_controller() is not self:
            action=self._direct_comm_call_action
            if action=="warning":
                if name not in self._command_warned:
                    print("Warning: direct call of command '{}' of thread '{}' from a different thread '{}'".format(
                            name,self.name,threadprop.current_controller().name),file=sys.stderr)
                    self._command_warned.add(name)
            else:
                accessor=QMultiRepeatingThreadController.__getattribute__(self,action)
                return accessor.__getattr__(name)(*args,**kwargs)
        return original_method(*args,**kwargs)
    def _override_command_method(self, name):
        """Replace given method with the one that checks conflicts with the command names"""
        method=getattr(self,name,None)
        if method is not None:
            @func_utils.getargsfrom(method)
            def new_method(*args, **kwargs):
                return self._call_command_method(name,method,args,kwargs)
            setattr(self,name,new_method)

    ### Functions to be overloaded in subclasses ###
[docs]    def setup_task(self, *args, **kwargs):
        """Setup the thread (called before the main task loop)"""
        pass

[docs]    def process_signal(self, src, tag, value):
        """Process a named signal (with `dst` equal to the thread name) from the signal pool"""
        pass

[docs]    def finalize_task(self):
        """Finalize the thread (always called on thread termination, regardless of the reason)"""
        pass


    ### Status update function ###
[docs]    def update_status(self, kind, status, text=None, notify=True):
        """
        Update device status represented in thread variables.

        `kind` is the status kind and `status` is its value.
        Status variable name is ``"status/"+kind``.
        If ``text is not None``, it specifies new status text stored in ``"status/"+kind+"_text"``.
        If ``notify==True``, send a signal about the status change.
        """
        status_str="status/"+kind if kind else "status"
        self[status_str]=status
        if notify:
            self.send_signal("any",status_str,status)
        if text:
            self.set_variable(status_str+"_text",text)
            self.send_signal("any",status_str+"_text",text)


    ### Start/stop control (called automatically) ###
[docs]    def on_start(self):
        QMultiRepeatingThreadController.on_start(self)
        self.setup_task(*self.setupargs,**self.setupkwargs)
        self.subscribe_nonsync(self._recv_directed_signal)

[docs]    def on_finish(self):
        QMultiRepeatingThreadController.on_finish(self)
        self.finalize_task()
        for name in self._commands:
            self._commands[name][1].clear()


    _directed_signal=QtCore.pyqtSignal("PyQt_PyObject")
    @exsafeSlot("PyQt_PyObject")
    def _on_directed_signal(self, msg):
        self.process_signal(*msg)
    def _recv_directed_signal(self, tag, src, value):
        self._directed_signal.emit((tag,src,value))

    ### Command control ###
    def _add_scheduler(self, scheduler, priority):
        for i,(p,_) in enumerate(self._sched_order):
            if p<priority:
                self._sched_order.insert(i,(priority,scheduler))
                return
        self._sched_order.append((priority,scheduler))
    def _remover_scheduler(self, scheduler):
        for i,(_,s) in enumerate(self._sched_order):
            if s is scheduler:
                del scheduler[i]
                return
[docs]    def add_command(self, name, command=None, scheduler=None, limit_queue=None, on_full_queue="skip_current", priority=0):
        """
        Add a new command to the command set (by default same set applies both to commands and queries).

        Args:
            command: command function; is ``None``, look for the method with the given `name`.
            scheduler: a command scheduler; by default, it is a :class:`.QQueueLengthLimitScheduler`,
                which maintains a call queue with the given length limit and full queue behavior
            limit_queue: command call queue limit; ``None`` means no limit
            on_full_queue: call queue overflow behavior; can be ``"skip_current"`` (skip the call which is being scheduled),
                ``"skip_newest"`` (skip the most recent call, place the current), ``"skip_oldest"`` (skip the oldest call in the queue, place the current),
                ``"wait"`` (wait until queue has at least one free spot, place the call),
                or ``"call"`` (execute the call directly in the calling thread; should be used with caution).
            priority: command priority; higher-priority signals and commands are always executed before the lower-priority ones.
        """
        if name in self._commands:
            raise ValueError("command {} already exists".format(name))
        if command is None:
            command=getattr(self,name)
        if scheduler is None:
            scheduler=callsync.QQueueLengthLimitScheduler(max_len=limit_queue or 0,on_full_queue=on_full_queue)
        self._commands[name]=(command,scheduler)
        self._add_scheduler(scheduler,priority)
        self._override_command_method(name)

[docs]    def check_commands(self):
        while True:
            called=False
            for _,scheduler in self._sched_order:
                call=scheduler.pop_call()
                if call is not None:
                    call()
                    called=True
                    break
            if not called:
                return
            self.check_messages()


[docs]    def subscribe_commsync(self, callback, srcs="any", dsts=None, tags=None, filt=None, priority=0, scheduler=None, limit_queue=1, on_full_queue="skip_current", add_call_info=False, id=None):
        """
        Subscribe callback to a signal which is synchronized with commands and jobs execution.

        Unlike the standard :meth:`.QThreadController.subscribe` method, the subscribed callback will only be executed between jobs or commands, not during one of these.
        
        Args:
            callback: callback function, which takes 3 arguments: signal source, signal tag, signal value.
            srcs(str or [str]): signal source name or list of source names to filter the subscription;
                can be ``"any"`` (any source) or ``"all"`` (only signals specifically having ``"all"`` as a source).
            dsts(str or [str]): signal destination name or list of destination names to filter the subscription;
                can be ``"any"`` (any destination) or ``"all"`` (only source specifically having ``"all"`` as a destination).
            tags: signal tag or list of tags to filter the subscription (any tag by default).
            filt(callable): additional filter function which takes 4 arguments: signal source, signal destination, signal tag, signal value,
                and checks whether signal passes the requirements.
            priority(int): subscribed signal priority; higher-priority signals and commands are always executed before the lower-priority ones.
            limit_queue(int): limits the maximal number of scheduled calls
                0 or negative value means no limit (not recommended, as it can unrestrictedly bloat the queue)
            on_full_queue: action to be taken if the call can't be scheduled (i.e., :meth:`.QQueueScheduler.can_schedule` returns ``False``);
                can be ``"skip_current"`` (skip the call which is being scheduled), ``"skip_newest"`` (skip the most recent call; place the current)
                ``"skip_oldest"`` (skip the oldest call in the queue; place the current),
                ``"wait"`` (wait until the call can be scheduled, which is checked after every call removal from the queue; place the call),
                or ``"call"`` (execute the call directly in the calling thread; should be used with caution).
            add_call_info(bool): if ``True``, add a fourth argument containing a call information (tuple with a single element, a timestamps of the call).
            id(int): subscription ID (by default, generate a new unique name).
            """
        if self._signal_pool:
            if scheduler is None:
                scheduler=callsync.QQueueLengthLimitScheduler(max_len=limit_queue or 0,on_full_queue=on_full_queue,call_info_argname="call_info" if add_call_info else None)
            uid=self.subscribe_nonsync(callback,srcs=srcs,dsts=dsts or self.name,tags=tags,filt=filt,priority=priority,scheduler=scheduler,id=id)
            self._signal_schedulers[uid]=scheduler
            self._add_scheduler(scheduler,priority)
            return uid


[docs]    def unsubscribe(self, id):
        QMultiRepeatingThreadController.unsubscribe(self,id)
        if id in self._signal_schedulers:
            self._remover_scheduler(self._signal_schedulers[id])
            del self._signal_schedulers[id]


    ##########  EXTERNAL CALLS  ##########
    ## Methods to be called by functions executing in other thread ##

    ### Request calls ###
    def _schedule_comm(self, name, args, kwargs, callback=None, sync_result=True):
        comm,sched=self._commands[name]
        call=sched.build_call(comm,args,kwargs,callback=callback,pass_result=True,callback_on_fail=False,sync_result=sync_result)
        sched.schedule(call)
        return call.result_synchronizer
[docs]    def call_command_direct(self, name, args=None, kwargs=None):
        """
        Invoke a command directly and immediately in the current thread.
        """
        comm,_=self._commands[name]
        return comm(*(args or []),**(kwargs or {}))

[docs]    def call_command(self, name, args=None, kwargs=None, callback=None):
        """
        Invoke command call with the given name and arguments
        
        If `callback` is not ``None``, call it after the command is successfully executed (from the target thread), with a single parameter being the command result.
        Return :class:`.QCallResultSynchronizer` object which can be used to wait for and read the command result.
        """
        return self._schedule_comm(name,args,kwargs,callback=callback)

[docs]    def call_query(self, name, args=None, kwargs=None, timeout=None, ignore_errors=False):
        """
        Invoke query call with the given name and arguments, and return the result.
        
        Unlike :meth:`call_command`, wait until the call is done before returning.
        If ``ignore_errors==True``, ignore all possible problems with the call (controller stopped, call raised an exception, call was skipped) and return ``None`` instead.
        """
        synch=self._schedule_comm(name,args,kwargs)
        return synch.get_value_sync(timeout=timeout,error_on_fail=not ignore_errors,error_on_skip=not ignore_errors,pass_exception=not ignore_errors)


[docs]    class CommandAccess(object):
        """
        Accessor object designed to simplify command and query syntax.

        Automatically created by the thread, so doesn't need to be invoked externally.
        """
        def __init__(self, parent, sync, direct=False, timeout=None, safe=False, ignore_errors=False):
            object.__init__(self)
            self.parent=parent
            self.sync=sync
            self.direct=direct
            self.timeout=timeout
            self.safe=safe
            self.ignore_errors=ignore_errors
            self._calls={}
        def __getattr__(self, name):
            if name not in self._calls:
                parent=self.parent
                def remcall(*args, **kwargs):
                    if self.direct:
                        return self.call_command_direct(name,*args,**kwargs)
                    elif self.sync:
                        return parent.call_query(name,args,kwargs,timeout=self.timeout,ignore_errors=self.ignore_errors)
                    else:
                        return parent.call_command(name,args,kwargs)
                if self.safe:
                    remcall=exsafe(remcall)
                self._calls[name]=remcall
            return self._calls[name]






def _store_created_controller(controller):
    """
    Register a newly created controller.

    Called automatically on controller creation.
    """
    with _running_threads_lock:
        if _running_threads_stopping:
            raise threadprop.InterruptExceptionStop()
        name=controller.name
        if (name in _running_threads) or (name in _created_threads):
            raise threadprop.DuplicateControllerThreadError("thread with name {} already exists".format(name))
        _created_threads[name]=controller
def _register_controller(controller):
    """
    Register a controller as running.

    Called automatically on thread start.
    """
    with _running_threads_lock:
        if _running_threads_stopping:
            raise threadprop.InterruptExceptionStop()
        name=controller.name
        if name in _running_threads:
            raise threadprop.DuplicateControllerThreadError("thread with name {} already exists".format(name))
        if name not in _created_threads:
            raise threadprop.NoControllerThreadError("thread with name {} hasn't been created".format(name))
        _running_threads[name]=controller
        del _created_threads[name]
    _running_threads_notifier.notify()
def _unregister_controller(controller):
    """
    Remove a controller from the list of running controller.

    Called automatically on thread finish.
    """
    with _running_threads_lock:
        name=controller.name
        if name not in _running_threads:
            raise threadprop.NoControllerThreadError("thread with name {} doesn't exist".format(name))
        _stopped_threads.add(name)
        del _running_threads[name]
    _running_threads_notifier.notify()



[docs]def get_controller(name=None, wait=True, timeout=None, sync=None):
    """
    Find a controller with a given name.

    If `name` is not supplied, yield current controller instead.
    If the controller is not present and ``wait==True``, wait (with the given timeout) until the controller is running;
    otherwise, raise error if the controller is not running.
    If `sync` is not ``None``, synchronize to the thread `sync` point (usually, ``"run"``) before returning.
    """
    if name is None:
        return threadprop.current_controller()
    with _running_threads_lock:
        if (not wait) and (name not in _running_threads):
            raise threadprop.NoControllerThreadError("thread with name {} doesn't exist".format(name))
    def wait_cond():
        with _running_threads_lock:
            if name in _running_threads:
                return _running_threads[name]
            if name in _stopped_threads:
                raise threadprop.NoControllerThreadError("thread with name {} is stopped".format(name))
    thread=_running_threads_notifier.wait_until(wait_cond,timeout=timeout)
    if sync is not None:
        thread.sync_exec(sync,timeout=timeout)
    return thread

[docs]def get_gui_controller(wait=False, timeout=None, create_if_missing=True):
    """
    Get GUI thread controller.

    If the controller is not present and ``wait==True``, wait (with the given timeout) until the controller is running.
    If the controller is still not present and ``create_if_missing==True``, initialize the standard GUI controller.
    """
    try:
        gui_ctl=get_controller("gui",wait=wait,timeout=timeout)
    except threadprop.NoControllerThreadError:
        if create_if_missing:
            gui_ctl=QThreadController("gui",kind="main")
        else:
            raise
    return gui_ctl



[docs]def stop_controller(name, code=0, sync=True, require_controller=False):
    """
    Stop a controller with a given name.

    `code` specifies controller exit code (only applies to the main thread controller).
    If ``require_controller==True`` and the controller is not present, raise and error; otherwise, do nothing.
    If ``sync==True``, wait until the controller is stopped.
    """
    try:
        controller=get_controller(name,wait=False)
        controller.stop(code=code)
        if sync:
            controller.sync_exec("stop")
            controller.thread.wait()
        return controller
    except threadprop.NoControllerThreadError:
        if require_controller:
            raise

[docs]def stop_all_controllers(sync=True, concurrent=True, stop_self=True):
    """
    Stop all running threads.

    If ``sync==True``, wait until the all of the controller are stopped.
    If ``sync==True`` and ``concurrent==True`` stop threads in concurrent manner (first issue stop messages to all of them, then wait until all are stopped).
    If ``sync==True`` and ``concurrent==False`` stop threads in consecutive manner (wait for each thread to stop before stopping the next one).
    If ``stop_self==True`` stop current thread after stopping all other threads.
    """
    global _running_threads_stopping
    with _running_threads_lock:
        _running_threads_stopping=True
        names=list(_running_threads.keys())
    current_ctl=get_controller().name
    if concurrent and sync:
        ctls=[]
        for n in names:
            if n!=current_ctl:
                ctls.append(stop_controller(n,sync=False))
        for ctl in ctls:
            if ctl:
                ctl.sync_exec("stop")
                ctl.thread.wait()
    else:
        for n in names:
            if (n!=current_ctl):
                stop_controller(n,sync=sync)
    if stop_self:
        stop_controller(current_ctl,sync=True)

[docs]def stop_app():
    """
    Initialize stopping the application.
    
    Do this either by stopping the GUI controller (if it exists), or by stopping all controllers.
    """
    try:
        get_gui_controller(create_if_missing=False).stop()
    except threadprop.NoControllerThreadError:
        stop_all_controllers(sync=False)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.gui.qt.thread.mthread

from ....mthread import threadprop, controller, sync_primitives
from ....utils import funcargparse

from PyQt5 import QtCore, QtWidgets

import threading
import sys
    
_depends_local=["....mthread.controller"]

[docs]def get_app():
    """
    Get current application instance.
    """
    return QtCore.QCoreApplication.instance()

[docs]def is_gui_running():
    """
    Check if GUI is running.
    """
    return get_app() is not None

[docs]def is_gui_thread():
    """
    Check if the current thread is the one running the GUI loop.
    """
    app=get_app()
    return (app is not None) and (QtCore.QThread.currentThread() is app.thread())

[docs]def is_gui_controlled_thread():
    """
    Check if the current thread is controlled by a GUI controller.
    """
    return isinstance(threadprop.current_controller(),GUIThreadController)


[docs]class CallerObject(QtCore.QObject):
    """
    Auxiliary object for making remote calls in the GUI thread.
    """
    call_signal=QtCore.pyqtSignal("PyQt_PyObject")
    def __init__(self):
        QtCore.QObject.__init__(self)
        self.call_signal.connect(self.on_call)
        self.lock=threading.Lock()
        self.app_stopped=False
[docs]    def on_call(self, func):
        func()

[docs]    def on_app_stop(self):
        with self.lock:
            self.app_stopped=True

[docs]    def call_after(self, func):
        with self.lock:
            if self.app_stopped:
                raise threadprop.NotRunningThreadError("GUI thread is not running")
            self.call_signal.emit(func)


[docs]def setup_call_after(): # needs to be called from the main thread
    """
    Setup the :func:`call_after` functionality.

    Needs to be called once in the GUI thread.
    """
    app=get_app()
    if app is None:
        raise threadprop.NotRunningThreadError("GUI thread is not running")
    if not hasattr(app,"_caller_object"):
        app._caller_object=CallerObject()
        app.aboutToQuit.connect(app._caller_object.on_app_stop)

[docs]def call_after(func, *args, **kwargs):
    """
    Call the function `func` with the given arguments in a GUI thread.

    Return immediately. If synchronization is needed, use :func:`call_in_gui_thread`.
    Analogue of ``wx.CallAfter``.
    """
    app=get_app()
    if app is None:
        raise threadprop.NotRunningThreadError("GUI thread is not running")
    app._caller_object.call_after(lambda: func(*args,**kwargs))


[docs]def call_in_gui_thread(func, args=None, kwargs=None, to_return="result", note=None, on_stopped="error"):
    """
    Call the function `func` with the given arguments in a GUI thread.

    `to_return` specifies the return value parameters:
        - ``"none"``: execute immediately, return nothing, no synchronization is performed;
        - ``"syncher"``: execute immediately, return a synchronizer object (:class:`.ValueSynchronizer`),
            which can be used to check if the execution is done and to obtain the result.
        - ``"result"``: pause until the function has been executed, return the result. Mostly equivalent to a simple function call.

    If `note` is not ``None``, it specific a callback function to be called after the execution is done, or (if it's a string), a message tag which is sent after the execution is done.
    """
    funcargparse.check_parameter_range(to_return,"to_return",{"none","result","syncher"})
    if is_gui_thread():
        if to_return=="syncher":
            raise ValueError("can't return syncher for the gui thread")
        res=func(*(args or []),**(kwargs or {}))
        return res if to_return=="result" else True
    if to_return!="none" or note is not None:
        call=sync_primitives.SyncCall(func,args,kwargs,sync=(None if to_return=="none" else True),note=note)
        try:
            call_after(call)
        except threadprop.NotRunningThreadError:
            return bool(threadprop.on_error(on_stopped,threadprop.NotRunningThreadError("GUI thread is not running")))
        value=call.value(sync=(to_return=="result"),default=None if to_return=="result" else False)
        return value
    else:
        call_after(func,*(args or []),**(kwargs or {}))

    
[docs]def gui_func(to_return="result", note=None, on_stopped="error"): #decorator
    """
    Decorator for a function which makes it execute through a :func:`call_in_gui_thread` call.

    Effectively, makes a GUI-realted function thread-safe (can be called from any thread, but the execution is done in the GUI thread).
    """
    def wrapper(func):
        def wrapped(*args, **kwargs):
            return call_in_gui_thread(func,args,kwargs,to_return=to_return,note=note,on_stopped=on_stopped)
        return wrapped
    return wrapper

gui_func_sync=gui_func()
    



[docs]class GUIThreadController(controller.IThreadController):
    """
    Thread controller optimized for a GUI thread (uses GUI message loop).

    Args:
        name(str): thread name (can be used to, e.g., get the controller from a different thread).
        setup(callable): if not ``None``, function to be called when the thread is starting.
        cleanup(callable): if not ``None``, function to be called when the thread is stopped (regardless of the stopping reason).

    Any thread creation and synchronization should be done after the controller has started, hence, it should be put into the `setup` function.
    """
    def __init__(self, name="gui", setup=None, cleanup=None):
        controller.IThreadController.__init__(self,name)
        self.setup=setup
        self.cleanup=cleanup
        self.app=get_app() or QtWidgets.QApplication(sys.argv)
        if hasattr(self.app,"_controller"):
            raise threadprop.ThreadError("a GUI thread controller already exists")
        self.app._controller=self
        setup_call_after()

[docs]    @staticmethod
    def get_current():
        app=get_app()
        if app is not None:
            return getattr(app,"_controller",None)

    
[docs]    def check_messages(self, tags=None, filt=None, on_broken="error"):
        if threadprop.current_controller() is self:
            self.exhaust_messages(tags,filt)
        else:
            call_in_gui_thread(self.check_messages,tags,filt,on_stopped=on_broken)

[docs]    def add_message(self, msg, sync=True, on_broken="error", request_message_check="none"):
        funcargparse.check_parameter_range(request_message_check,"request_message_check",{"none","empty","tag"})
        msg=controller.IThreadController.add_message(self,msg,sync=False,on_broken=on_broken)
        if msg:
            if request_message_check!="none":
                self.check_messages(([msg.tag] if request_message_check=="tag" else []),on_broken=on_broken)
            if sync:
                msg.sync()
        return msg

[docs]    def add_new_message(self, tag, value=None, priority=0, schedule_sync="wait", receive_sync="none", sync=True, timeout=None, on_broken="error", request_message_check="auto"):
        msg=self.message_queue.build_message(tag,value,priority,schedule_sync,receive_sync)
        if request_message_check=="auto":
            request_message_check="tag" if (receive_sync in {"wait_even","wait"}) else "none"
        self.add_message(msg,sync=sync,on_broken=on_broken,request_message_check=request_message_check)

    def _ask_for_call(self, call, sync=True, as_interrupt=False, priority=0, on_broken="error"):
        if sync:
            tag="interrupt.execute" if as_interrupt else "execute"
            request_message_check="empty" if as_interrupt else "tag"
            return self.add_new_message(tag,call,priority=priority,receive_sync="wait",sync=True,request_message_check=request_message_check,on_broken=on_broken)
        else:
            call_in_gui_thread(call,on_stopped=on_broken)
    
    def _on_start(self):
        call_after(controller.IThreadController._on_start,self) # delay until gui message loop is running
[docs]    def run(self):
        if self.setup:
            self.setup_res=self.setup()
        self.app.exec_()

[docs]    def finalize(self):
        if self.cleanup:
            self.cleanup_res=self.cleanup()

[docs]    def start(self, setup=None):
        self.setup=setup or self.setup
        controller.IThreadController.start_continuing(self)

    def _stop_self(self):
        if self.passed_stage("created") and not self.passed_stage("running"): 
            self.app.exit()





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.gui.qt.thread.signal_pool

from ....utils import observer_pool, py3
from . import callsync

import collections


def _as_name_list(lst):
    if lst is None:
        return None
    elif isinstance(lst,py3.textstring):
        return [lst]
    return lst
TSignal=collections.namedtuple("TSignal",["src","tag","value"])
[docs]class SignalPool(object):
    """
    Signal dispatcher (somewhat similar in functionality to Qt signals).

    Manages dispatching signals between sources and destinations (callback functions).
    Each signal has defined source, destination (both can also be ``"all"`` or ``"any"``, see methods descriptions for details), tag and value.
    Any thread can send a signal or subscribe for a signal with given filters (source, destination, tag, additional filters).
    If a signal is emitted, it is checked against filters for all subscribers, and the passing ones are then called.
    """
    def __init__(self):
        object.__init__(self)
        self._pool=observer_pool.ObserverPool()
        self._schedulers={}

[docs]    def subscribe_nonsync(self, callback, srcs="any", dsts="any", tags=None, filt=None, priority=0, scheduler=None, id=None):
        """
        Subscribe asynchronous callback to a signal.

        If signal is sent, `callback` is called from the sending thread (not subscribed thread). Therefore, should be used with care.
        In Qt, analogous to making signal connection with a direct call.

        Args:
            callback: callback function, which takes 3 arguments: signal source, signal tag, signal value.
            src(str or [str]): signal source or list of sources (controller names) to filter the subscription;
                can be ``"any"`` (any source) or ``"all"`` (only signals specifically having ``"all"`` as a source).
            src(str or [str]): signal destination or list of destinations (controller names) to filter the subscription;
                can be ``"any"`` (any destination) or ``"all"`` (only source specifically having ``"all"`` as a destination).
            tags: signal tag or list of tags to filter the subscription (any tag by default).
            filt(callable): additional filter function which takes 4 arguments: signal source, signal destination, signal tag, signal value,
                and checks whether signal passes the requirements.
            priority(int): subscription priority (higher priority subscribers are called first).
            scheduler: if defined, signal call gets scheduled using this scheduler instead of being called directly (which is the default behavior)
            id(int): subscription ID (by default, generate a new unique name).

        Returns:
            subscription ID, which can be used to unsubscribe later.
        """
        srcs=_as_name_list(srcs)
        dsts=_as_name_list(dsts)
        tags=_as_name_list(tags)
        src_any="any" in srcs
        dst_any="any" in dsts
        def full_filt(tag, value):
            src,dst,tag=tag
            if (tags is not None) and (tag is not None) and (tag not in tags):
                return False
            if (not src_any) and (src!="all") and (src not in srcs):
                return False
            if (not dst_any) and (dst!="all") and (dst not in dsts):
                return False
            return filt(src,dst,tag,value) if (filt is not None) else True
        if scheduler is not None:
            _orig_callback=callback
            def schedule_call(*args, **kwargs):
                call=scheduler.build_call(_orig_callback,args,kwargs,sync_result=False)
                scheduler.schedule(call)
            callback=schedule_call
        id=self._pool.add_observer(callback,name=id,filt=full_filt,priority=priority,cacheable=(filt is None))
        if scheduler is not None:
            self._schedulers[id]=scheduler
        return id

[docs]    def subscribe(self, callback, srcs="any", dsts="any", tags=None, filt=None, priority=0, limit_queue=1, dest_controller=None, call_tag=None, add_call_info=False, id=None):
        """
        Subscribe synchronous callback to a signal.

        If signal is sent, `callback` is called from the `dest_controller` thread (by default, thread which is calling this function)
        via the thread call mechanism (:meth:`.QThreadController.call_in_thread_callback`).
        In Qt, analogous to making signal connection with a queued call.
        
        Args:
            callback: callback function, which takes 3 arguments: signal source, signal tag, signal value.
            srcs(str or [str]): signal source name or list of source names to filter the subscription;
                can be ``"any"`` (any source) or ``"all"`` (only signals specifically having ``"all"`` as a source).
            dsts(str or [str]): signal destination name or list of destination names to filter the subscription;
                can be ``"any"`` (any destination) or ``"all"`` (only source specifically having ``"all"`` as a destination).
            tags: signal tag or list of tags to filter the subscription (any tag by default).
            filt(callable): additional filter function which takes 4 arguments: signal source, signal destination, signal tag, signal value,
                and checks whether signal passes the requirements.
            priority(int): subscription priority (higher priority subscribers are called first).
            limit_queue(int): limits the maximal number of scheduled calls
                (if the signal is sent while at least `limit_queue` callbacks are already in queue to be executed, ignore it)
                0 or negative value means no limit (not recommended, as it can unrestrictedly bloat the queue)
            call_tag(str or None): tag used for the synchronized call; by default, use the interrupt call (which is the default of ``call_in_thread``).
            add_call_info(bool): if ``True``, add a fourth argument containing a call information (tuple with a single element, a timestamps of the call).
            id(int): subscription ID (by default, generate a new unique name).

        Returns:
            subscription ID, which can be used to unsubscribe later.
        """
        scheduler=callsync.QSignalThreadCallScheduler(thread=dest_controller,limit_queue=limit_queue,
            tag=call_tag,call_info_argname="call_info" if add_call_info else None)
        return self.subscribe_nonsync(callback,srcs=srcs,dsts=dsts,tags=tags,filt=filt,priority=priority,scheduler=scheduler,id=id)

[docs]    def unsubscribe(self, id):
        """Unsubscribe from a subscription with a given ID."""
        self._pool.remove_observer(id)
        if id in self._schedulers:
            scheduler=self._schedulers.pop(id)
            scheduler.clear()


[docs]    def signal(self, src, dst="any", tag=None, value=None):
        """
        Send a signal.

        Args:
            src(str): signal source; can be a name, ``"all"`` (will pass all subscribers' source filters),
                or ``"any"`` (will only be passed to subscribers specifically subscribed to signal with ``"any"`` source).
            dst(str): signal destination; can be a name, ``"all"`` (will pass all subscribers' destination filters),
                or ``"any"`` (will only be passed to subscribers specifically subscribed to signal with ``"any"`` destination).
            tag(str): signal tag.
            value: signal value.
        """
        to_call=self._pool.find_observers(TSignal(src,dst,tag),value)
        for _,obs in to_call:
            obs.callback(src,tag,value)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.gui.qt.thread.synchronizing

from . import threadprop
from ....mthread import notifier
from ....utils import general

import threading, time, collections


[docs]class QThreadNotifier(notifier.ISkippableNotifier):
    """
    Wait-notify thread synchronizer for controlled Qt threads based on :class:`.notifier.ISkippableNotifier`.

    Like :class:`.notifier.ISkippableNotifier`, the main functions are :meth:`.ISkippableNotifier.wait` (wait in a message loop until notified or until timeout expires)
    and :meth:`.ISkippableNotifier.notify` (notify the waiting thread). Both of these can only be called once and will raise and error otherwise.
    Along with notifying a variable can be passed, which can be accessed using :meth:`get_value` and :meth:`get_value_sync`.

    Args:
        skippable (bool): if ``True``, allows for skippable wait events
            (if :meth:`.ISkippableNotifier.notify` is called before :meth:`.ISkippableNotifier.wait`, neither methods are actually called).
    """
    _uid_gen=general.UIDGenerator(thread_safe=True)
    _notify_tag="#sync.notifier"
    def __init__(self, skippable=True):
        notifier.ISkippableNotifier.__init__(self,skippable=skippable)
        self._uid=None
        self.value=None
    def _pre_wait(self, *args, **kwargs):
        self._controller=threadprop.current_controller(require_controller=True)
        self._uid=self._uid_gen()
        return True
    def _do_wait(self, timeout=None):
        try:
            self._controller.wait_for_sync(self._notify_tag,self._uid,timeout=timeout)
            return True
        except threadprop.TimeoutThreadError:
            return False
    def _pre_notify(self, value=None):
        self.value=value
    def _do_notify(self, *args, **kwargs):
        self._controller.send_sync(self._notify_tag,self._uid)
        return True
[docs]    def get_value(self):
        """Get the value passed by the notifier (doesn't check if it has been passed already)"""
        return self.value

[docs]    def get_value_sync(self, timeout=None):
        """Wait (with the given `timeout`) for the value passed by the notifier"""
        if not self.done_wait():
            self.wait(timeout=timeout)
        return self.get_value()




[docs]class QMultiThreadNotifier(object):
    """
    Wait-notify thread synchronizer that can be used for multiple threads and called multiple times.

    Performs similar function to conditional variables.
    The synchronizer has an internal counter which is incread by 1 every time it is notified.
    The wait functions have an option to wait until the counter reaches the specific counter value (usually, 1 above the last wait call).
    """
    def __init__(self):
        object.__init__(self)
        self._lock=threading.Lock()
        self._cnt=0
        self._notifiers={}
[docs]    def wait(self, state=1, timeout=None):
        """
        Wait until notifier counter is equal to at least `state`
        
        Return current counter state plus 1, which is the next smallest value resulting in waiting.
        """
        with self._lock:
            if self._cnt>=state:
                return self._cnt+1
            n=QThreadNotifier()
            self._notifiers.setdefault(state,[]).append(n)
        success=n.wait(timeout=timeout)
        if success:
            return n.get_value()
        raise threadprop.TimeoutThreadError("synchronizer timed out")

[docs]    def wait_until(self, condition, timeout=None):
        """
        Wait until `condition` is met.

        `condition` is a function which is called (in the waiting thread) every time the synchronizer is notified.
        If it return non-``False``, the waiting is complete and its result is returned.
        """
        ctd=general.Countdown(timeout)
        cnt=1
        while True:
            res=condition()
            if res:
                return res
            cnt=self.wait(cnt,timeout=ctd.time_left())

[docs]    def notify(self):
        """Notify all waiting threads"""
        with self._lock:
            self._cnt+=1
            cnt=self._cnt
            notifiers=[]
            for k in list(self._notifiers):
                if k<=self._cnt:
                    notifiers+=self._notifiers.pop(k)
        for n in notifiers:
            n.notify(cnt)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.gui.qt.thread.threadprop

from ....utils import general

from PyQt5 import QtCore

import threading

local_data=threading.local()

thread_uids=general.NamedUIDGenerator(thread_safe=True)

### Errors ###
[docs]class ThreadError(RuntimeError):
    """Generic thread error."""
    def __init__(self, msg=None):
        msg=msg or "thread error"
        RuntimeError.__init__(self, msg)

        
[docs]class NoControllerThreadError(ThreadError):
    """Thread error for a case of thread having no conrollers."""
    def __init__(self, msg=None):
        msg=msg or "thread has no controller"
        ThreadError.__init__(self, msg)

[docs]class DuplicateControllerThreadError(ThreadError):
    """Thread error for a case of a duplicate thread controller."""
    def __init__(self, msg=None):
        msg=msg or "trying to create a duplicate thread controller"
        ThreadError.__init__(self, msg)

[docs]class TimeoutThreadError(ThreadError):
    """Thread error for a case of a wait timeout."""
    def __init__(self, msg=None):
        msg=msg or "waiting has timed out"
        ThreadError.__init__(self, msg)

[docs]class NoMessageThreadError(ThreadError):
    """Thread error for a case of trying to get a non-existant message."""
    def __init__(self, msg=None):
        msg=msg or "no message available"
        ThreadError.__init__(self, msg)

[docs]class SkippedCallError(ThreadError):
    """Thread error for a case of external call getting skipped (unscheduled)."""
    def __init__(self, msg=None):
        msg=msg or "call has been skipped"
        ThreadError.__init__(self, msg)


### Interrupts ###
[docs]class InterruptException(Exception):
    """Generic interrupt exception (raised by some function to signal interrupts from other threads)."""
    def __init__(self, msg=None):
        msg=msg or "thread interrupt"
        Exception.__init__(self, msg)

[docs]class InterruptExceptionStop(InterruptException):
    """Interrupt exception denoting thread stop request."""
    def __init__(self, msg=None):
        msg=msg or "thread interrupt: stop"
        InterruptException.__init__(self, msg)



[docs]def get_app():
    """Get current application instance."""
    return QtCore.QCoreApplication.instance()

[docs]def get_gui_thread():
    """Get main (GUI) thread, or ``None`` if Application is not running."""
    app=get_app()
    return app and app.thread()

[docs]def is_gui_running():
    """Check if GUI is running."""
    return get_app() is not None

[docs]def is_gui_thread():
    """Check if the current thread is the one running the GUI loop."""
    app=get_app()
    return (app is not None) and (QtCore.QThread.currentThread() is app.thread())

[docs]def current_controller(require_controller=True):
    """
    Get controller of the current thread.

    If the current thread has not controller `and `require_controller==True``, raise an error; otherwise, return ``None``.
    """
    controller=getattr(local_data,"controller",None)
    if require_controller and (controller is None):
        raise NoControllerThreadError("current thread has no controller")
    return controller





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.gui.qt.widgets.edit

from PyQt5 import QtWidgets, QtCore
from ... import format, limit

[docs]class LVTextEdit(QtWidgets.QLineEdit):
    """
    Expanded text edit.

    Maintains internally stored consistent value (which can be, e.g., accessed from different threads).
    """
    def __init__(self, parent, value=None):
        QtWidgets.QLineEdit.__init__(self, parent)
        self.returnPressed.connect(self._on_enter)
        self.editingFinished.connect(self._on_edit_done)
        self._value=None
        if value is not None:
            self.set_value(value)
        self.textChanged.connect(self._on_change_text)
    def _on_edit_done(self):
        self.set_value(self.text())
        self.value_entered.emit(self._value)
    def _on_enter(self):
        self._on_edit_done()
        self.clearFocus()
    def _on_change_text(self, text):
        if not self.isModified():
            self.set_value(text)
[docs]    def keyPressEvent(self, event):
        if event.key()==QtCore.Qt.Key_Escape:
            self.clearFocus()
            self.show_value()
        else:
            QtWidgets.QLineEdit.keyPressEvent(self,event)


    value_entered=QtCore.pyqtSignal("PyQt_PyObject")
    """Signal emitted when value is entered (regardless of whether it stayed the same)"""
    value_changed=QtCore.pyqtSignal("PyQt_PyObject")
    """Signal emitted when value is changed"""
[docs]    def get_value(self):
        """Get current numerical value"""
        return self._value

[docs]    def show_value(self, interrupt_edit=False):
        """
        Display currently stored numerical value
        
        If ``interrupt_edit==True`` and the edit is currently being modified by the user, don't update the display.
        """
        if (not self.hasFocus()) or interrupt_edit:
            self.setText(self._value)

[docs]    def set_value(self, value, notify_value_change=True, interrupt_edit=False):
        """
        Set current numerical value.
        
        If ``notify_value_change==True``, emit the `value_changed` signal; otherwise, change value silently.
        If ``interrupt_edit==True`` and the edit is currently being modified by the user, don't update the display (but still update the internally stored value).
        """
        value_changed=False
        value=str(value)
        if self._value!=value:
            self._value=value
            if notify_value_change:
                self.value_changed.emit(self._value)
            value_changed=True
        self.show_value(interrupt_edit=interrupt_edit)
        return value_changed



[docs]class LVNumEdit(QtWidgets.QLineEdit):
    """
    Labview-style numerical edit.

    Maintains internally stored consistent value (which can be, e.g., accessed from different threads).
    Supports different number representations, metric perfixes (in input or output), keyboard shortcuts (up/down for changing number, escape for cancelling).
    """
    def __init__(self, parent, value=None, num_limit=None, num_format=None):
        QtWidgets.QLineEdit.__init__(self, parent)
        self.num_limit=limit.as_limiter(num_limit) if num_limit is not None else limit.NumberLimit()
        self.num_format=format.as_formatter(num_format) if num_format is not None else format.FloatFormatter()
        self.returnPressed.connect(self._on_enter)
        self.editingFinished.connect(self._on_edit_done)
        self._value=None
        if value is not None:
            self.set_value(value)
        else:
            self.set_value(0)
            if self._value is None:
                raise ValueError("can't assign a safe default value")
        self.textChanged.connect(self._on_change_text)
    def _on_edit_done(self):
        self.set_value(self._read_input())
        self.value_entered.emit(self._value)
    def _on_enter(self):
        self._on_edit_done()
        self.clearFocus()
    def _on_change_text(self, text):
        if not self.isModified():
            try:
                value=format.str_to_float(str(self.text()))
                self.set_value(value)
            except ValueError:
                pass
[docs]    def keyPressEvent(self, event):
        k=event.key()
        if k==QtCore.Qt.Key_Escape:
            self.show_value(interrupt_edit=True)
            self.clearFocus()
        elif k in [QtCore.Qt.Key_Up,QtCore.Qt.Key_Down]:
            try:
                str_value=str(self.text())
                num_value=format.str_to_float(str_value)
                cursor_order=self.get_cursor_order()
                if cursor_order!=None:
                    step=10**(cursor_order)
                    if k==QtCore.Qt.Key_Up:
                        self.set_value(num_value+step,interrupt_edit=True)
                    else:
                        self.set_value(num_value-step,interrupt_edit=True)
            except ValueError:
                self.show_value(interrupt_edit=True)
        else:
            QtWidgets.QLineEdit.keyPressEvent(self,event)

    def _read_input(self):
        try:
            return format.str_to_float(str(self.text()))
        except ValueError:
            return self._value

[docs]    def change_limiter(self, limiter, new_value=None):
        """Change current numerical limiter"""
        self.num_limit=limit.as_limiter(limiter)
        if new_value is None:
            new_value=self._value
        new_value=self._coerce_value(new_value,coerce_on_limit=True)
        if new_value!=self._value:
            self.set_value(new_value)

[docs]    def set_number_limit(self, lower_limit=None, upper_limit=None, action="ignore", value_type=None):
        """
        Set number limit.
        
        `lower_limit` and `upper_limit` set the value limits (``None`` means no limit).
        `action` specifies the action on out-of-limit: either ``"ignore"`` (return to the previously stored value), or ``"coerce"`` (coerce to the closest limit)
        `value_type` can be either ``"float"`` (any floating point number is accepted), or ``"int"`` (round to the nearest integer).
        """
        limiter=limit.NumberLimit(lower_limit=lower_limit,upper_limit=upper_limit,action=action,value_type=value_type)
        self.change_limiter(limiter)

[docs]    def change_formatter(self, formatter):
        """Change current numerical formatter"""
        self.num_format=format.as_formatter(formatter)
        self.show_value()

[docs]    def set_number_format(self, kind="float", *args, **kwargs):
        """
        Set numerical format
        
        `kind` specifies the format kind (``"float"`` or ``"int"``), and the additional arguments are passed to the corresponding formatter.
        See :class:`.format.FloatFormatter` and :class:`.format.IntegerFormatter` for details.
        """
        if kind=="float":
            formatter=format.FloatFormatter(*args,**kwargs)
        elif kind=="int":
            formatter=format.IntegerFormatter()
        else:
            raise ValueError("unknown format: {}".format(kind))
        self.change_formatter(formatter)


[docs]    def get_cursor_order(self):
        """Get a decimal order of the text cursor"""
        str_value=str(self.text())
        cursor_pos=self.cursorPosition()
        return format.pos_to_order(str_value,cursor_pos)

[docs]    def set_cursor_order(self, order):
        """Move text cursor to a given decimal order"""
        if order is not None:
            new_cursor_pos=format.order_to_pos(str(self.text()),order)
            self.setCursorPosition(new_cursor_pos)


    def _coerce_value(self, value, coerce_on_limit=False):
        for _ in range(10):
            str_value=self.num_format(value)
            num_value=format.str_to_float(str_value)
            try:
                new_value=self.num_limit(num_value)
            except limit.LimitError:
                if coerce_on_limit and isinstance(self.num_limit,limit.NumberLimit):
                    if self.num_limit.range[0] is not None and num_value<self.num_limit.range[0]:
                        new_value=self.num_limit.range[0]
                    else:
                        new_value=self.num_limit.range[1]
                else:
                    raise
            if new_value==value:
                return new_value
            value=new_value
        raise ValueError("couldn't coerce the new value")
[docs]    def repr_value(self, value):
        """Return representation of `value` according to the current numerical format"""
        return self.num_format(value)


    value_entered=QtCore.pyqtSignal("PyQt_PyObject")
    """Signal emitted when value is entered (regardless of whether it stayed the same)"""
    value_changed=QtCore.pyqtSignal("PyQt_PyObject")
    """Signal emitted when value is changed"""
[docs]    def get_value(self):
        """Get current numerical value"""
        return self._value

[docs]    def show_value(self, interrupt_edit=False, preserve_cursor_order=True):
        """
        Display currently stored numerical value
        
        If ``interrupt_edit==True`` and the edit is currently being modified by the user, don't update the display.
        If ``preserve_cursor_order==True`` and the display value is being edited, keep the decimal order of the cursor position after change.
        """
        if (not self.hasFocus()) or interrupt_edit:
            if preserve_cursor_order and self.hasFocus():
                cursor_order=self.get_cursor_order()
                self.setText(self.num_format(self._value))
                if cursor_order is not None:
                    self.set_cursor_order(cursor_order)
            else:
                self.setText(self.num_format(self._value))

[docs]    def set_value(self, value, notify_value_change=True, interrupt_edit=False, preserve_cursor_order=True):
        """
        Set and display current numerical value.
        
        If ``notify_value_change==True``, emit the `value_changed` signal; otherwise, change value silently.
        If ``interrupt_edit==True`` and the edit is currently being modified by the user, don't update the display (but still update the internally stored value).
        If ``preserve_cursor_order==True`` and the display value is being edited, keep the decimal order of the cursor position after change.
        """
        value_changed=False
        try:
            value=self._coerce_value(value)
            if self._value!=value:
                self._value=value
                if notify_value_change:
                    self.value_changed.emit(self._value)
                value_changed=True
        except limit.LimitError:
            pass
        self.show_value(interrupt_edit=interrupt_edit,preserve_cursor_order=preserve_cursor_order)
        return value_changed






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.gui.qt.widgets.label

from PyQt5 import QtWidgets
from ... import format,limit

[docs]class LVNumLabel(QtWidgets.QLabel):
    """
    Labview-style numerical label.

    Supports different number representations and metric perfixes.
    """
    def __init__(self, parent, value=None, num_limit=None, num_format=None, allow_text=True):
        QtWidgets.QLineEdit.__init__(self, parent)
        self.num_limit=limit.as_limiter(num_limit) if num_limit is not None else limit.NumberLimit()
        self.num_format=format.as_formatter(num_format) if num_format is not None else format.FloatFormatter()
        self._value=None
        self.allow_text=allow_text
        if value is not None:
            self.set_value(value)
            
[docs]    def change_limiter(self, limiter):
        """Change current numerical limiter"""
        self.num_limit=limit.as_limiter(limiter)
        self.set_value(self._value)

[docs]    def set_number_limit(self, lower_limit=None, upper_limit=None, action="ignore", value_type=None):
        """
        Set number limit.
        
        `lower_limit` and `upper_limit` set the value limits (``None`` means no limit).
        `action` specifies the action on out-of-limit: either ``"ignore"`` (return to the previously stored value), or ``"coerce"`` (coerce to the closest limit)
        `value_type` can be either ``"float"`` (any floating point number is accepted), or ``"int"`` (round to the nearest integer).
        """
        limiter=limit.NumberLimit(lower_limit=lower_limit,upper_limit=upper_limit,action=action,value_type=value_type)
        self.change_limiter(limiter)

[docs]    def change_formatter(self, formatter):
        """Change current numerical formatter"""
        self.num_format=format.as_formatter(formatter)
        self.set_value(None)

[docs]    def set_number_format(self, kind="float", *args, **kwargs):
        """
        Set numerical format
        
        `kind` specifies the format kind (``"float"`` or ``"int"``), and the additional arguments are passed to the corresponding formatter.
        See :class:`.format.FloatFormatter` and :class:`.format.IntegerFormatter` for details.
        """
        if kind=="float":
            formatter=format.FloatFormatter(*args,**kwargs)
        elif kind=="int":
            formatter=format.IntegerFormatter()
        else:
            raise ValueError("unknown format: {}".format(kind))
        self.change_formatter(formatter)

    
[docs]    def repr_value(self, value):
        """Return representation of `value` according to the current numerical format"""
        return self.num_format(value)


[docs]    def get_value(self):
        """Get current numerical value"""
        return self._value

[docs]    def set_value(self, value):
        """Set and display current numerical value"""
        if value is not None:
            try:
                if isinstance(value,str):
                    if self.allow_text:
                        self._value=value
                        self.setText(self._value)
                    else:
                        raise ValueError("this label doesn't accept text values")
                else:
                    value=self.num_limit(value)
                    self._value=value
                    self.setText(self.num_format(self._value))
                return True
            except limit.LimitError:
                pass
        if self._value is not None:
            self.setText(self.num_format(self._value))
        return False






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.gui.qt.widgets.plot

from matplotlib.backends.qt_compat import is_pyqt5
if is_pyqt5():
    from matplotlib.backends.backend_qt5agg import FigureCanvasQTAgg, NavigationToolbar2QT as NavigationToolbar
else:
    from matplotlib.backends.backend_qt4agg import FigureCanvasQTAgg, NavigationToolbar2QT as NavigationToolbar

from PyQt5 import QtWidgets

import matplotlib.pyplot as mpl
import time

[docs]class MPLFigureCanvas(FigureCanvasQTAgg):
    """
    Simple widget wrapper for MPL plotting canvas.
    """
    def __init__(self, parent=None):
        FigureCanvasQTAgg.__init__(self,mpl.Figure())
        if parent:
            self.setParent(parent)
        self.redraw_period=0.01
        self._last_draw_time=None

[docs]    def redraw(self, force=False):
        """
        Replot the data.

        If ``force==False``, and less than ``self.redraw_period`` (10ms by default) passed since the last replot event, do nothing.
        """
        t=time.time()
        if force or (not self._last_draw_time) or (self._last_draw_time+self.redraw_period<=t):
            self.draw_idle()
            self._last_draw_time=t





[docs]class MPLFigureToolbarCanvas(QtWidgets.QWidget):
    """
    Simple widget wrapper for MPL plotting canvas with the toolbar (for plot zooming/panning)
    """
    def __init__(self, parent=None):
        QtWidgets.QFrame.__init__(self,parent)
        self.layout=QtWidgets.QVBoxLayout(self)
        self.canvas=MPLFigureCanvas(self)
        self.layout.addWidget(self.canvas)
        self.figure=self.canvas.figure
        self.toolbar=NavigationToolbar(self.canvas,self)
        self.layout.addWidget(self.toolbar)
    @property
    def redraw_period(self):
        """Set redraw period"""
        return self.canvas.redraw_period
    @redraw_period.setter
    def redraw_period(self, value):
        """Get redraw period"""
        self.canvas.redraw_period=value
[docs]    def redraw(self, force=False):
        """
        Replot the data.

        If ``force==False``, and less than ``self.redraw_period`` (10ms by default) passed since the last replot event, do nothing.
        """
        self.canvas.redraw(force=force)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.mthread.controller

from . import threadprop, message_queue, tag_queue, sync_primitives
from ..utils import funcargparse, general

import threading

_depends_local=["..utils.general"]
    
### Global thread inventory ###
# _running_threads_condition=sync_primitives.Condition(lock=sync_primitives.Lock(blocking_sync=True),blocking_sync=True)
# _running_threads_condition=sync_primitives.Condition(lock=threading.Lock(),blocking_sync=True)
_running_threads_condition=sync_primitives.Condition()
_running_threads={}
_thread_uids=general.NamedUIDGenerator(thread_safe=True)



[docs]class IThreadController(object):
    """
    Generic thread controller.

    Deals with correctly initializing and destroying the message queue, processing standard messages, and synchronizing with other threads.

    Args:
        name(str): thread name (can be used to, e.g., get the controller from a different thread).
    """
    def __init__(self, name=None):
        object.__init__(self)
        self.name=name or _thread_uids(type(self).__name__)
        self.message_queue=message_queue.MessageQueue(self)
        self.running_thread=None
        self.running_thread_lock=threading.RLock()
        self.start_event=sync_primitives.Event(False)
        self.stop_event=sync_primitives.Event(False)
        self._clear_on_stop=True
        self._stage="created"
        self._dependent_threads=[]
        self._daemon=False
    
    ### Message queue ###
[docs]    def limit_queue_length(self, tag, length):
        """
        Set length limit for a given tag.
        """
        self.message_queue.limit_length(tag,length)

        
    ### Instant messages processing ###
    # These are overloaded methods, which shouldn't be called from the outside
[docs]    def process_interrupt(self, msg):
        """
        Process interrupt message (automatically called for all messages with tag starting with ``"interrupt"``).

        Automatically called by the controller; to be overridden in subclasses.
        """
        if msg.tag=="interrupt.control":
            if msg.value=="stop":
                self._stop_self()
        elif msg.tag=="interrupt.execute":
            msg.value()

[docs]    def process_message(self, _):
        """
        Instant message processing.

        If return value is ``True``, the message is assumed to be processed internally (i.e., it doesn't get explicitly received).

        Automatically called by the controller; to be overridden in subclasses.
        """
        return False

    def _process_any_message(self, msg):
        if msg.tag.startswith("sync"):
            return False # always pass sync messages directly
        if msg.tag.startswith("interrupt"):
            self.process_interrupt(msg)
            return True # always silence interrupts
        if msg.tag=="execute":
            msg.value()
            return True
        return self.process_message(msg)
    
    
    ### Receiving messages ###
    def _build_message_filter(self, tags=None, filt=None):
        return tag_queue.build_filter(tags,filt,["interrupt"])
[docs]    def exhaust_messages(self, tags=None, filt=None):
        """
        Read and return (instantaneously) all available messages which satisfy the filter `filt`.

        Called from the controlled thread.
        """
        filt=self._build_message_filter(tags,filt)
        return self.message_queue.exhaust_messages(filt,self._process_any_message)

[docs]    def wait_for_message(self, tags=None, timeout=None, filt=None, exhaust=False, discard_on_timeout=False):
        """
        Wait for a message with given `tags` and satisfying the filter `filt`.

        if `exhaust` is ``True``, returns list of all messages satisfying `filt`, if several of them are available immediately.
        if `discard_on_timeout` is ``True`` and the wait timed out, mark the message for discarding using `filt` (see :meth:`.tag_queue.TaggedQueue.get`).

        Called from the controlled thread.
        """
        discard_filt=filt
        filt=self._build_message_filter(tags,filt)
        return self.message_queue.wait_for_message(filt,self._process_any_message,timeout,exhaust=exhaust,discard_on_timeout=discard_on_timeout,discard_filt=discard_filt)

[docs]    def check_interrupt(self):
        """
        Check for interrupt messages.

        Useful to insert in the middle of computationally-heavy code with no synchronization, to respond to interrupts from other threads (e.g., stopping requests).

        Called from the controlled thread.
        """
        self.wait_for_message([],timeout=0)

[docs]    def sleep(self, delay):
        """
        Sleep while still receiving interrupts.

        Called from the controlled thread.
        """
        self.wait_for_message([],timeout=delay)

        
        
    ### Thread function ###
    # These are overloaded methods, which shouldn't be called from the outside
    
[docs]    def run(self):
        """
        Body of the thread.

        Automatically called by the controller; to be overridden in subclasses.
        """
        raise NotImplementedError("IThreadController.run")

[docs]    def finalize(self):
        """
        Finalize the thread execution (regardless of the stopping reason).

        Automatically called by the controller; to be overridden in subclasses.
        """
        pass

    
    # Event functions called at changes in state.
    def _on_restart(self):
        self.message_queue.fix()
        self.start_event.clear()
        self.stop_event.clear()
    def _on_start(self):
        with _running_threads_condition:
            if self.name in _running_threads:
                raise RuntimeError("thread with name {} is already running".format(self.name))
            _running_threads[self.name]=self
            _running_threads_condition.notify_all()
        if _check_daemon_threads():
            self._stop_self()
        self.start_event.set()
    def _on_stop(self):
        self.stop_event.set()
        with _running_threads_condition:
            del _running_threads[self.name]
            _running_threads_condition.notify_all()
        with self.running_thread_lock:
            for th in self._dependent_threads:
                threadprop.kill_thread(th,sync=True)
        _check_daemon_threads()
        
            
    def _run_full(self, stop_after=True):
        """
        Full run routine (including state transitions and events).
        """
        if self._stage=="broken": # reinitialize message queue
            self._stage="created"
            self._on_restart()
        try:
            self._stage="starting"
            self._on_start()
            self._stage="running"
            self.run()
        except threadprop.InterruptExceptionStop:
            stop_after=True
        finally:
            if stop_after:
                self.finalize()
                self._stage="stopping"
                self._on_stop()
                self._stage="cleaning" # at this point the thread can't use its queue
                if self._clear_on_stop:
                    self.message_queue.clear()
                self.running_thread=None
                self._stage="broken"
    
    
    ### External calls ###
[docs]    def add_message(self, msg, sync=True, on_broken="error"):
        """
        Add the message to the queue.

        If `sync` is ``True``, do the synchronization (wait for receiving and scheduling) after sending the message.
        `on_broken` decides what happens if thethread is stopped or hasn't started yet (see :func:`.threadprop.on_error`).

        Called from any thread.
        """
        try:
            return self.message_queue.add_message(msg,sync=sync)
        except tag_queue.BrokenQueueError as e:
            if self.passed_stage("stopping") or not self.passed_stage("created"):
                e=threadprop.NotRunningThreadError("can't send message to a non-running thread")
            return threadprop.on_error(on_broken,e)

[docs]    def add_new_message(self, tag, value=None, priority=0, schedule_sync="wait", receive_sync="none", sync=True, timeout=None, on_broken="error"):
        """
        Create a new message, add it to the thread's queue, and return it.

        If `sync` is ``True``, do the synchronization (wait for receiving and scheduling) after sending the message.
        `on_broken` decides what happens if thethread is stopped or hasn't started yet (see :func:`.threadprop.on_error`).

        Called from any thread.
        """
        msg=self.message_queue.build_message(tag,value,priority,schedule_sync,receive_sync)
        return self.add_message(msg,sync=sync,on_broken=on_broken)# TODO: add timeout to messaging routines

    send_message=add_new_message
            
[docs]    def start(self, as_dependent=False, as_daemon=False):
        """
        Start the controller.

        if `as_dependent` is ``True``, the new thread becomes dependent on the caller thread (it stops when the caller thread stops).
        if `as_deamon` is ``True``, the new thread becomes a daemon (if only daemon threads are running, they get stopped).
        """
        with self.running_thread_lock:
            if self.running():
                raise RuntimeError("current thread is already running")
            self.running_thread=threading.Thread(target=self._run_full,name=self.name)
            self.running_thread.thread_controller=self
            if as_dependent:
                self.set_as_dependent()
            self._daemon=as_daemon
            self.running_thread.start()

[docs]    def start_continuing(self, stop_after_run=True):
        """
        Start the current controller in the current non-controlled thread.

        If `stop_after_run` is ``True``, the controller is stopped after the :meth:`run` function is done;
        otherwise, th controller continues (e.g., :meth:`run` can be empty, which means that this function simply initializes the controller).
        """
        with self.running_thread_lock:
            if self.running():
                raise RuntimeError("current thread is already running")
            if threadprop.current_controller() is threadprop.no_thread_controller:
                self.running_thread=threading.current_thread()
                self.running_thread.thread_controller=self
            else:
                raise RuntimeError("current thread already has a controller")
        self._run_full(stop_after=stop_after_run)

        
[docs]    def interrupt(self, subclass, value, sync=True, priority=0, timeout=None, on_broken="error"):
        """
        Send an interrupt with the given `subclass` and `value`.

        If `sync` is ``True``, wait until the interrupt is received (with the given `timeout`).
        `on_broken` decides what happens if thethread is stopped or hasn't started yet (see :func:`.threadprop.on_error`).

        Called from any thread.
        """
        tag="interrupt"
        if subclass is not None:
            tag="{0}.{1}".format(tag,subclass)
        receive_sync="wait" if sync else "none"
        self.add_new_message(tag,value,priority=priority,receive_sync=receive_sync,timeout=timeout,on_broken=on_broken)

        
    def _ask_for_call(self, call, sync=True, as_interrupt=False, priority=0, on_broken="error"):
        tag="interrupt.execute" if as_interrupt else "execute"
        receive_sync="wait" if sync else "none"
        return self.add_new_message(tag,call,priority=priority,receive_sync=receive_sync,on_broken=on_broken)
[docs]    def call_from_thread(self, func, args=None, kwargs=None, sync_recv=True, sync_done=False, as_interrupt=False, priority=0, on_broken="error"):
        """
        Call a function `func` with the arguments (`args` and `kwargs`) in in this controller thread.

        Called from any thread.
        """
        if sync_done:
            call=sync_primitives.SyncCall(func,args,kwargs)
            self._ask_for_call(call,sync=sync_recv,as_interrupt=as_interrupt,priority=priority,on_broken=on_broken)
            return call.value()
        else:
            args=args or []
            kwargs=kwargs or {}
            def call():
                func(*args,**kwargs)
            self._ask_for_call(call,sync=sync_recv,as_interrupt=as_interrupt,priority=priority,on_broken=on_broken)

    def _stop_self(self):
        if self.passed_stage("created") and not self.passed_stage("running"): 
            raise threadprop.InterruptExceptionStop()
[docs]    def stop(self, sync=True):
        """
        Stop the thread.

        If called from the current thread, stop self.
        If called from a different thread, send a stop interrupt. In this case, if `sync` is ``True``, wait until the thread received the message.
        """
        if threadprop.current_controller() is self:
            self._stop_self()
        else:
            self.interrupt("control","stop",sync=sync,priority=10)

[docs]    def sync(self, point="interrupt", timeout=None, on_broken="error"):
        """
        Synchronize with the thread.

        `point` determines where the synchronization happens. Can be either ``"interrupt"`` (sync on any interrupt),
        ``"start"`` (synchronize with the thread after its start), or ``"stop"`` (synchronize with the thread after its stop).

        Called from a non-controlled thread.
        """
        funcargparse.check_parameter_range(point,"point",{"interrupt","start","stop"})
        if point=="interrupt":
            self.interrupt("control","sync",sync=True,timeout=timeout,on_broken=on_broken)
        elif point=="start":
            self.start_event.wait(timeout=timeout)
        elif point=="stop":
            self.stop_event.wait(timeout=timeout)

        
        
[docs]    def add_dependent_thread(self, dependent=None):
        """
        Add a dependent thread (caller's thread by default) to this controller.

        A dependent thread is automatically stopped after this thread is stopped.

        Called from a non-controlled thread.
        """
        if dependent is self:
            return
        dependent=dependent or threadprop.current_controller()
        with self.running_thread_lock:
            if (dependent is not threadprop.no_thread_controller) and (dependent is not self):
                if not (dependent in self._dependent_threads):
                    self._dependent_threads.append(dependent)

[docs]    def set_as_dependent(self):
        """
        Set this thread as a dependent for the caller thread.

        A dependent thread is automatically stopped after the caller thread is stopped.

        Called from a non-controlled thread.
        """
        current_ctrl=threadprop.current_controller()
        if current_ctrl is not threadprop.no_thread_controller:
            current_ctrl.add_dependent_thread(self)

            
    ### Thread properties ###
    _stage_order={"created":0,"starting":1,"running":2,"stopping":3,"cleaning":4,"broken":5}
[docs]    def current_stage(self):
        """
        Return current stage of the process.
        
        Can have following values:
            - ``"created"``: thread is created, but not started
            - ``"starting"``: thread is starting, but is not running yet (notifying waiting threads)
            - ``"running"``: thread is executing its run code
            - ``"stopping"``: thread has done running and is currently stopping (notifying waiting threads, cleaning up dependent threads and daemons)
            - ``"cleaning"``: cleaning the message queue; communication is impossible at this point
            - ``"broken"``: thread is finished executing  

        Called from any thread.
        """
        return self._stage

[docs]    def passed_stage(self, stage):
        """
        Check if the thread passed the given `stage`.

        For stage description, see :meth:`current_stage`.

        Called from any thread.
        """
        return self._stage_order[self._stage]>self._stage_order[stage]

[docs]    def running(self):
        """
        Check if the thread is running,

        Called from any thread.
        """
        return self._stage=="running"

    
[docs]    def is_daemon(self):
        """
        Check if the thread is daemon,

        Called from any thread.
        """
        return self._daemon






[docs]def wait_for_thread_name(name): # TODO: doesn't work? (thread owner problems in _running_threads_condition.wait())
    """
    Wait until a thread with the given name starts.
    """
    with _running_threads_condition:
        while True:
            if name in _running_threads:
                return _running_threads[name]
            _running_threads_condition.wait()

            
def _check_daemon_threads(allow_non_controlled=True):
    """
    Check all threads. If only daemon threads are left, kill them in sync way.
    """
    with _running_threads_condition:
        all_daemon=all([d.is_daemon() for d in _running_threads.values()])
        if allow_non_controlled:
            all_threads=threading.enumerate()
            has_non_controlled=any([not t.isDaemon() and not threadprop.has_controller(t) for t in all_threads])
            all_daemon=all_daemon and not has_non_controlled
    if all_daemon:
        threadprop.kill_all(sync=True, include_current=False)
    return all_daemon






                    
[docs]class SimpleThreadController(IThreadController):
    """
    Simple thread.
    
    Runs a single task, with a possible cleanup after the end.

    Args:
        name(str): thread name (can be used to, e.g., get the controller from a different thread).
        job(callable): function to be executed in the thread.
        cleanup(callable): if not ``None``, function to be called when the thread is stopped (regardless of the stopping reason).
        args(list): arguments for `job` and `cleanup` functions.
        kwargs(dict): keyword arguments for `job` and `cleanup` functions.
        self_as_arg(bool): if ``True``, pass this controller as a first argument to the `job` and `cleanup` functions.
    """
    def __init__(self, name, job, cleanup=None, args=None, kwargs=None, self_as_arg=False):
        IThreadController.__init__(self,name)
        self.job=job
        self.cleanup=cleanup
        self.args=args or []
        if self_as_arg:
            self.args=[self]+self.args
        self.kwargs=kwargs or {}
[docs]    def run(self):
        self.job(*self.args,**self.kwargs)

[docs]    def finalize(self):
        if self.cleanup:
            self.cleanup(*self.args,**self.kwargs)






[docs]class ServiceThreadController(IThreadController):
    """
    Service thread.

    Receives and processes messages, and replies using a ``reply`` function.

    Args:
        name(str): thread name (can be used to, e.g., get the controller from a different thread).
        reply(callable): message processing function; if it returns a tuple, interpret it as tag and value for a reply message.
        setup(callable): if not ``None``, function to be called when the thread is starting.
        cleanup(callable): if not ``None``, function to be called when the thread is stopped (regardless of the stopping reason).
        args(list): arguments for `reply`, `startup` and `cleanup` functions.
        kwargs(dict): keyword arguments for `reply`, `startup` and `cleanup` functions.
        stopped_recipient_action(str): action to take if the reply recipient has stopped;
            can be ``"error"`` (raise an error), ``"stop"`` (stop the thread; similar to th previous) or ``"ignore"`` (ignore and continue).
    """
    def __init__(self, name, reply, setup=None, cleanup=None, args=None, kwargs=None, stopped_recipient_action="ignore"):
        funcargparse.check_parameter_range(stopped_recipient_action,"stopped_recipient_action",{"error","ignore","stop"})
        IThreadController.__init__(self,name)
        self.reply=reply
        self.setup=setup
        self.cleanup=cleanup
        self.stopped_recipient_action=stopped_recipient_action
        self.args=args or []
        self.kwargs=kwargs or {}
            
[docs]    def process_request(self, tag, value):
        return self.reply(tag,value,*self.args,**self.kwargs)

[docs]    def run(self):
        if self.setup:
            self.setup(*self.args,**self.kwargs)
        while True:
            msg=self.wait_for_message()
            reply=self.process_request(msg.tag,msg.value)
            if reply is not None:
                message_queue.send_message(msg.sender,reply[0],reply[1],on_broken=self.stopped_recipient_action)

[docs]    def finalize(self):
        if self.cleanup:
            self.cleanup(*self.args,**self.kwargs)


            
            
            
            
[docs]class RepeatingThreadController(IThreadController):
    """
    Recurring task thread.

    Periodically repeats a single function.

    Args:
        name(str): thread name (can be used to, e.g., get the controller from a different thread).
        job(callable): periodically called function.
        delay(float): calling period.
        setup(callable): if not ``None``, function to be called when the thread is starting.
        cleanup(callable): if not ``None``, function to be called when the thread is stopped (regardless of the stopping reason).
        args(list): arguments for `job`, `startup` and `cleanup` functions.
        kwargs(dict): keyword arguments for `job`, `startup` and `cleanup` functions.
        self_as_arg(bool): if ``True``, pass this controller as a first argument to the `job` and `cleanup` functions.
    """
    def __init__(self, name, job, delay=0, setup=None, cleanup=None, args=None, kwargs=None, self_as_arg=False):
        IThreadController.__init__(self, name)
        self.job=job
        self.setup=setup
        self.cleanup=cleanup
        self.delay=delay
        self.paused=False
        self.single_shot=False
        self.args=args or []
        if self_as_arg:
            self.args=[self]+self.args
        self.kwargs=kwargs or {}
        
[docs]    def execute(self):
        self.job(*self.args,**self.kwargs)

    
[docs]    def process_message(self, msg):
        if msg.tag=="control":
            if msg.value=="pause":
                self.paused=True
            elif msg.value=="resume":
                self.paused=False
            elif msg.value=="single":
                self.single_shot=True
                self.paused=True
            elif msg.value!="trigger":
                return True # ignore everything else, keep polling
        return False

[docs]    def run(self):
        if self.setup:
            self.setup(*self.args,**self.kwargs)
        while True:
            countdown=general.Countdown(self.delay)
            if ((not self.paused) or (self.single_shot)) and not self.skip:
                self.execute()
            self.single_shot=False
            self.skip=False
            timeout=None if self.paused else countdown.time_left()
            self.wait_for_message(["control","execute"],timeout=timeout,exhaust=True)

[docs]    def finalize(self):
        if self.cleanup:
            self.cleanup(*self.args,**self.kwargs)

    
    ##### External calls #####
[docs]    def control(self, value, sync=True, priority=0):
        """
        Send a control signal to the thread.

        If `sync` is ``True``, wait until the signal is received before continuing.

        Called from a non-controlled thread.
        """
        receive_sync="wait" if sync else "none"
        self.add_new_message("control",value,priority=priority,receive_sync=receive_sync)

[docs]    def pause(self, do_pause=True, sync=True):
        """
        Pause or resume the thread (depending on `do_pause` value).
        """
        if do_pause:
            self.control("pause",sync=sync)
        else:
            self.control("resume",sync=sync)

[docs]    def resume(self, sync=True):
        """
        Resume the thread execution if it's paused.
        """
        self.pause(False,sync=sync)

[docs]    def trigger(self, sync=True):
        """
        Trigger an execution cycle immediately (without waiting for the required delay).
        
        The execution is only performed if the thread is not paused.
        """
        self.control("trigger",sync=sync)

[docs]    def single(self, sync=True):
        """
        Trigger a single execution cycle and pause afterwards.
        """
        self.control("single",sync=sync)

[docs]    def sync(self, point="waiting"):
        funcargparse.check_parameter_range(point,"point",{"interrupt","start","stop","waiting"})
        if point=="waiting":
            self.control("sync",sync=True)
        else:
            IThreadController.sync(self,point=point)

[docs]    def set_delay(self, delay):
        """
        Set the repetition delay.
        """
        self.delay=delay

        
[docs]    def start(self, as_dependent=False, as_daemon=False, paused=False, skip_first=None):
        """
        Start the thread.

        if `as_dependent` is ``True``, the new thread becomes dependent on the caller thread (it stops when the caller thread stops).
        if `as_deamon` is ``True``, the new thread becomes a daemon (if only daemon threads are running, they get stopped).
        If `paused` is ``True``, the thread starts in a paused state (but it will still execute the first cycle, unless `skip_first` is ``True``).
        If `skip_first` is ``True``, skip the first cycle execution (by default ``True`` if ``paused==True`` and ``False`` otherwise).
        """
        self.paused=paused
        self.skip=paused if (skip_first is None) else skip_first
        IThreadController.start(self,as_dependent=as_dependent,as_daemon=as_daemon)





[docs]class MultiRepeatingThreadController(IThreadController):
    _new_jobs_check_period=0.1
    def __init__(self, name, setup=None, cleanup=None, args=None, kwargs=None, self_as_arg=False):
        IThreadController.__init__(self, name)
        self.setup=setup
        self.cleanup=cleanup
        self.paused=False
        self.single_shot=False
        self.args=args or []
        if self_as_arg:
            self.args=[self]+self.args
        self.kwargs=kwargs or {}
        self.jobs={}
        self.timers={}
        self._jobs_list=[]
        
[docs]    def add_job(self, name, job, period):
        if name in self.jobs:
            raise ValueError("job {} already exists".format(name))
        self.jobs[name]=(job,period)
        self.timers[name]=general.Timer(period)
        self._jobs_list.append(name)

    
    def _get_next_job(self):
        if not self._jobs_list:
            return None,None
        idx=None
        left=None
        for i,n in enumerate(self._jobs_list):
            t=self.timers[n]
            l=t.time_left()
            if l==0:
                idx,left=i,0
                break
            elif (left is None) or (l<left):
                idx=i
                left=l
        n=self._jobs_list.pop(idx)
        self._jobs_list.append(n)
        return n,left
        
[docs]    def run(self):
        if self.setup:
            self.setup(*self.args,**self.kwargs)
        while True:
            name,to=self._get_next_job()
            if name is None:
                self.sleep(self._new_jobs_check_period)
            else:
                self.sleep(to)
                job=self.jobs[name][0]
                self.timers[name].acknowledge(nmin=1)
                job(*self.args,**self.kwargs)

[docs]    def finalize(self):
        if self.cleanup:
            self.cleanup(*self.args,**self.kwargs)


        
        
        
[docs]class TimerThreadController(RepeatingThreadController):
    """
    Timer thread.

    Simplified version of the :class:`RepeatingThreadController`. Doesn't require a name, starts as a dependent and a daemon by default.

    Args:
        period(float): calling period.
        callback(callable): periodically called function.
        setup(callable): if not ``None``, function to be called when the thread is starting.
        cleanup(callable): if not ``None``, function to be called when the thread is stopped (regardless of the stopping reason).
        name(str): thread name (can be used to, e.g., get the controller from a different thread). By default, a unique identifier.
    """
    def __init__(self, period, callback, setup=None, cleanup=None, name=None):
        name=name or _thread_uids("timer")
        RepeatingThreadController.__init__(self,name,callback,period,setup=setup,cleanup=cleanup)
[docs]    def start(self, as_dependent=True, as_daemon=True, skip_first=None, single=False):
        """
        Start the thread.

        if `as_dependent` is ``True``, the new thread becomes dependent on the caller thread (it stops when the caller thread stops).
        if `as_deamon` is ``True``, the new thread becomes a daemon (if only daemon threads are running, they get stopped).
        If `skip_first` is ``True``, skip the first cycle execution.
        If `single` is ``True``, start in a single mode (only execute once). In combination with ``skip_first=True``, performs one callback function call after the `period` delay.
        """
        RepeatingThreadController.start(self,as_dependent=as_dependent,as_daemon=as_daemon,paused=single,skip_first=skip_first)
        if single:
            self.single()


        
[docs]def timer_message_notifier(period, tag="timer", listener=None, queue_limit=None, name=None):
    """
    Build a timer notifier thread.
    
    This thread (:class:`TimerThreadController`) sends notification messages to a `listener` thread (caller thread by default) with a given `period`.
    `tag` specifies the message tag. If `queue_limit` is not ``None``, sets the limit to how many notification messages can be in the queue at a given time.
    """
    listener=listener or threadprop.current_controller(require_controller=True)
    # if isinstance(listener, py3.textstring):
    #     listener=wait_for_thread_name(listener)
    def callback():
        message_queue.send_message(listener,tag,on_broken="stop")
    if queue_limit is not None:
        threadprop.as_controller(listener,require_controller=True).limit_queue_length(tag,queue_limit)
    return TimerThreadController(period,callback,name=name)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.mthread.message

import threading
from . import threadprop, notifier
from ..utils import general, funcargparse, functions, py3

_depends_local=["..utils.general"]

       

[docs]class CallNotifier(notifier.ISkippableNotifier):
    """
    Wrapper for :class:`.notifier.ISkippableNotifier`, with external functions provided for ``_do_wait`` and ``_do_notify`` methods.

    Args:
        wait (callable): function to be called for waiting; if ``None``, nothing is called.
        notify (callable): function to be called for notifying; if ``None``, nothing is called.
        skippable (bool): if ``True``, allows for skippable wait events
            (if :meth:`.notifier.ISkippableNotifier.notify` is called before :meth:`.notifier.ISkippableNotifier.wait`, neither methods are actually called).
    """
    def __init__(self, wait=None, notify=None, skippable=False):
        notifier.ISkippableNotifier.__init__(self,skippable=skippable)
        self._wait=wait
        self._notify=notify
        
    def _do_wait(self, timeout=None):
        if self._wait:
            functions.call_cut_args(self._wait,timeout=timeout)
    def _do_notify(self):
        if self._notify:
            self._notify()



_sync_types={"message","wait","wait_event","none"}
_sync_nothread_substitutes={"message":"none","wait":"wait_event"}
[docs]def build_notifier(note_tag, note_value, sync, notification_controller):
    """
    Build a notifier object.

    `sync` can be:
        - a callable object, in which case it is called as a notifier (waiting is absent);
        - a tuple ``(note_tag, note_value)``, in which case it is interpreted as a ``"message"`` notifier with the corresponding tags (see below),
            while the `note_tag` and `note_value` arguments are ignored;
        - a string, in which case it determines a synchronization primitive type. Possible types are:
            - ``"none"``: 'dummy' synchronizer (no waiting, return immediately);
            - ``"wait_event"``: standard wait-notify pattern (`wait()` call waits until the `notify()` is called from a different thread).
                Waiting is implemented using the standard python `threading.Event` primitive (completely synchronous, can't be interrupted; should be used carefully);
            - ``"wait"``: standard wait-notify pattern (`wait()` call waits until the `notify()` is called from a different thread).
                Waiting is implemented using the thread message queue; (synchronous, but still responds to interrupts);
            - ``"message"``: send notifying message, but don't do any waiting (asynchronous)

            `note_tag` and `note_value` arguments are used for ``"wait"`` and ``"message"`` synchronizers
            
    `notification_controller` is a thread controller for the thread to be waiting/notified using this primitive.
    If it's a `no_thread_controller`, `sync` types are coerced: ``"wait"`` is interpreted as ``"wait_even"``, and ``"message"`` is interpreted as ``"none"``.
    """
    if isinstance(sync,tuple):
        note_tag,note_value=sync
        sync="message"
    if isinstance(sync,py3.textstring):
        funcargparse.check_parameter_range(sync,"sync_type",_sync_types)
        if notification_controller is threadprop.no_thread_controller:
            sync=_sync_nothread_substitutes.get(sync,sync)
        if sync in {"message","wait"}:
            if sync=="wait":
                def wait(timeout=None):
                    notification_controller.wait_for_message(note_tag,filt=lambda msg: msg.value==note_value,timeout=timeout,discard_on_timeout=True)
                skippable=True
            else:
                wait=None
                skippable=False
            notify=lambda: notification_controller.add_new_message(note_tag,note_value,schedule_sync="wait_event",receive_sync="none",on_broken="ignore")
            return CallNotifier(wait,notify,skippable=skippable)
        elif sync=="wait_event":
            evt=threading.Event()
            evt.clear()
            return CallNotifier(evt.wait,evt.set,skippable=True)
        else:
            return CallNotifier()
    elif hasattr(sync,"__call__"):
        return CallNotifier(None,sync,skippable=False)
    else:
        raise ValueError("unapplicable synchronizer: {}".format(sync))

            
            
[docs]class Message(object):
    """
    A message object.

    Args:
        tags (str): message tag (used for control in the message queue).
        value: message value (if appropriate).
        priority (int): message priority (standard is 0).
        sender: sender controller.
        schedule_sync (CallNotifier): object which is notified when the message is scheduled (``None`` means no notifier).
        receive_sync (CallNotifier): object which is notified when the message is received (``None`` means no notifier).
    """
    _uid_gen=general.UIDGenerator(thread_safe=True)
    def __init__(self, tag="", value=None, priority=0, sender=None, schedule_sync=None, receive_sync=None):
        object.__init__(self)
        self.tag=tag
        self.value=value
        self.priority=priority
        self.sender=sender
        self.schedule_sync=schedule_sync
        self.receive_sync=receive_sync
        self.uid=self._uid_gen()
[docs]    def scheduled(self):
        """
        Notify the message of being scheduled.

        Called internally by the message queue.
        """
        if self.schedule_sync:
            self.schedule_sync.notify()

[docs]    def received(self):
        """
        Notify the message of being received.

        Called internally by the message queue.
        """
        if self.receive_sync:
            self.receive_sync.notify()

[docs]    def sync(self):
        """
        Wait until this message is scheduled and received by the target thread.
        """
        if self.schedule_sync:
            self.schedule_sync.wait()
        if self.receive_sync:
            self.receive_sync.wait()

            
    def __repr__(self):
        return "Message({0}: {1})".format(self.tag,self.value)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.mthread.message_queue

from . import tag_queue, message, threadprop
from ..utils import general


[docs]class MessageQueue(object):
    """
    Mostly a wrapper around :class:`.tag_queue.TaggedQueue`, with several routines specifically for dealing with messages.

    Args:
        owner: owner thread controller.
    """
    def __init__(self, owner):
        object.__init__(self)
        self.queue=tag_queue.TaggedQueue()
        self.owner=owner
        
[docs]    def limit_length(self, tag, length):
        """
        Set length limit for a given tag.
        """
        self.queue.limit_length(tag,length)

    
    _message_sync_tag="sync.message"
[docs]    @staticmethod
    def build_notifier(uid, sync, event_type, notification_controller):
        """
        Create a notifier for a message with an ID `uid`.

        If `sync` is a tuple ``(tag, value)``, it specifies the notifier message parameters (see :func:`.message.build_notifier`).
        Otherwise, they are determined by the `uid`.

        Called from the sender thread.
        """
        if isinstance(sync,tuple):
            tag,value=sync
        else:
            tag="{0}.{1}".format(MessageQueue._message_sync_tag,event_type)
            value=uid
        return message.build_notifier(tag,value,sync,notification_controller)

    
    # Adding messages
[docs]    @staticmethod
    def build_message(tag, value=None, priority=0, schedule_sync="wait", receive_sync="none", sender=None):
        """
        Create a message.

        `tag` and `value` determine the message contents, `priority` is its priority for scheduling.
        `schedule_sync` and `receive_sync` specify synchronizers for scheduling and receiving this message (see :func:`.message.build_notifier`).
        `sender` is the sender thread controller (current controller by default).

        Called from a sender thread.
        """
        sender=sender or threadprop.current_controller()
        msg=message.Message(tag,value,priority=priority,sender=sender)
        msg.schedule_sync=MessageQueue.build_notifier(msg.uid,schedule_sync,"schedule",sender)
        msg.receive_sync=MessageQueue.build_notifier(msg.uid,receive_sync,"receive",sender)
        return msg

[docs]    def add_message(self, msg, sync=True):
        """
        Add the message to the queue.

        If `sync` is ``True``, do the synchronization (wait for receiving and scheduling) after sending the message.

        Called from a sender thread.
        """
        self.queue.put(msg)
        if sync:
            msg.sync()
        return msg

        
    # Receiving messages
    def _read_process_loop(self, filt, interrupt_check, timeout, discard_on_timeout=False, discard_filt=None):
        countdown=general.Countdown(timeout)
        while True:
            msg=self.queue.get(filt,timeout=countdown.time_left(),discard_on_timeout=discard_on_timeout,discard_filt=discard_filt)
            if msg is not None:
                if not interrupt_check(msg):
                    return msg
            else:
                return None
[docs]    def exhaust_messages(self, filt, interrupt_check):
        """
        Read and return (instantaneously) all available messages which satisfy the filter `filt`.

        `interrupt_check` is an interrupt filter function, which pre-processes the message and return ``True`` if it was an interrupt
        (in which case it's omitted in the output).

        Called from the receiver thread.
        """
        recv_msg=[]
        while True:
            new_msg=self._read_process_loop(filt,interrupt_check,0)
            if new_msg is None:
                return recv_msg
            else:
                recv_msg.append(new_msg)
        return recv_msg

[docs]    def wait_for_message(self, filt, interrupt_check, timeout=None, exhaust=False, discard_on_timeout=False, discard_filt=None):
        """
        Wait for a message satisfying the filter `filt`.

        `interrupt_check` is an interrupt filter function, which pre-processes the message and return ``True`` if it was an interrupt
        (in which case the waiting continues). 
        if `exhaust` is ``True``, returns list of all messages satisfying `filt`, if several of them are available immediately.
        if `discard_on_timeout` is ``True`` and the wait timed out, mark the message for discarding using `discard_filt` (see :meth:`.tag_queue.TaggedQueue.get`).

        Called from the receiver thread.
        """
        if exhaust:
            msg=self.exhaust_messages(filt,interrupt_check)
            if len(msg)>0:
                return msg
        msg=self._read_process_loop(filt,interrupt_check,timeout,discard_on_timeout=discard_on_timeout,discard_filt=discard_filt)
        if exhaust:
            return [] if msg is None else [msg]
        else:
            return msg

        
    # Clearing
[docs]    def clear(self, notify_all=True, ignore_exceptions=True, mark_broken=True):
        """
        Clear the queue.

        See :meth:`.tag_queue.TaggedQueue.clear`
        """
        self.queue.clear(notify_all,ignore_exceptions,mark_broken)

[docs]    def broken(self):
        """
        Check if the queue is broken.

        See :meth:`.tag_queue.TaggedQueue.broken`
        """
        return self.queue.broken()

[docs]    def fix(self):
        """
        Fix broken queue.

        See :meth:`.tag_queue.TaggedQueue.fix`
        """
        return self.queue.fix()


    
    
    
### Send message to a thread ###
[docs]def send_message(dest, tag, value=None, priority=0, schedule_sync="wait", receive_sync="none", sync=True, on_broken="error"):
    """
    Send a message to the thread `dest` from the current thread.

    See :meth:`MessageQueue.add_message`.
    """
    try:
        dest=threadprop.as_controller(dest)
        return dest.send_message(tag,value,priority,schedule_sync,receive_sync,sync=sync,on_broken=on_broken)
    except threadprop.NoControllerThreadError as e:
        return threadprop.on_error(on_broken,e)



### Receive messages (only for threads with controllers) ###
[docs]def exhaust_messages(tags=None, filt=None):
    """
    Exhaust messages for the current thread.

    See :meth:`MessageQueue.exhaust_messages`.
    """
    return threadprop.current_controller(True).exhaust_messages(tags=tags,filt=filt)

[docs]def wait_for_message(tags=None, timeout=None, filt=None, exhaust=False, discard_on_timeout=False):
    """
    Wait for a message for the current thread.

    See :meth:`MessageQueue.wait_for_message`.
    """
    return threadprop.current_controller(True).wait_for_message(tags=tags,timeout=timeout,filt=filt,exhaust=exhaust,discard_on_timeout=discard_on_timeout)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.mthread.notifier

import threading

[docs]class ISkippableNotifier(object):
    """
    Generic skippable notifier.

    The main methods are :meth:`wait` (wait until the event happend) and :meth:`notify` (notify that the event happend).
    Only calls underlying waiting and notifying methods once, duplicate calls are ignored.

    Args:
        skippable (bool): if ``True``, allows for skippable wait events
            (if :meth:`notify` is called before :meth:`wait`, neither methods are actually called).
    """
    def __init__(self, skippable=False):
        object.__init__(self)
        self._lock=threading.Lock()
        self._waiting="init"
        self._notifying="init"
        self._skippable=skippable # if skippable and Notifier.notify() is called before Notifier.wait(), doesn't call the internal _notify and _wait functions
    
    def _pre_wait(self, *args, **kwargs):
        """
        Check if the waiting initialization is successfull.

        Called inside an internal lock section, so should be short and preferably non-blocking.
        If return value is ``False``, waiting aborts and returns `False``, and the waiting status is marked as ``"failed"``.
        """
        return True
    def _do_wait(self, *args, **kwargs):
        """
        Main waiting routine.

        If return value is ``False``, waiting returns `False``, and the waiting status is marked as ``"failed"``.
        """
        return True
    def _post_wait(self, *args, **kwargs):
        """
        Perform post-waiting actions.

        Only called if the :meth:`_pre_wait` was successfull.
        """
        pass
[docs]    def wait(self, *args, **kwargs):
        """
        Wait for the notification.

        Can only be called once per notifier lifetime.
        If the notifier allows skipping, and this method is called after :meth:`notify`, return immediately.
        """
        with self._lock:
            if self._waiting!="init":
                raise RuntimeError("waiting can only be called once")
            success=self._pre_wait(*args,**kwargs)
            if not success:
                self._waiting="fail"
                return False
            if self._notifying=="skip":
                self._waiting="skip"
            else:
                self._waiting="proc"
        if self._waiting=="proc":
            success=self._do_wait(*args,**kwargs)
            with self._lock:
                self._waiting="done" if success else "fail"
        self._post_wait(*args,**kwargs)
        return success

    
    def _pre_notify(self, *args, **kwargs):
        """
        Perform pre-notification actions.

        Called inside an internal lock section, so should be short and preferably non-blocking.
        """
        pass        
    def _do_notify(self):
        """
        Main notification routine.
        """
        pass
    def _post_notify(self, *args, **kwargs):
        """
        Perform post-notification actions.
        """
        pass
[docs]    def notify(self, *args, **kwargs):
        """
        Notify the waiting process.

        Can only be called once per notifier lifetime.
        If the notifier allows skipping, and this method is called before :meth:`wait`, return immediately.
        """
        with self._lock:
            if self._notifying!="init":
                raise RuntimeError("notifier can only be called once")
            self._pre_notify(*args,**kwargs)
            if self._skippable and self._waiting=="init":
                self._notifying="skip"
            else:
                self._notifying="proc"
        if self._notifying=="proc":
            self._do_notify(*args,**kwargs)
            with self._lock:
                self._notifying="done"
        self._post_notify(*args,**kwargs)

            
[docs]    def waiting(self):
        """Check if waiting is in progress."""
        with self._lock:
            return self._waiting=="proc"

[docs]    def done_wait(self):
        """Check if waiting is done."""
        with self._lock:
            return self._waiting in {"skip","done","fail"}

[docs]    def success_wait(self):
        """Check if waiting is done successfully."""
        with self._lock:
            return self._waiting in {"skip","done"}

[docs]    def done_notify(self):
        """Check if notifying is done."""
        with self._lock:
            return self._notifying in {"done","skip"}

[docs]    def waiting_state(self):
        return self._waiting

[docs]    def notifying_state(self):
        return self._notifying






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.mthread.sync_primitives

from . import threadprop, notifier
from ..utils import general, observer_pool, py3

import threading

_depends_local=["..utils.general","..utils.observer_pool"]




_defualt_value_sync_tag="sync.notify.value"
[docs]class ValueSynchronizer(notifier.ISkippableNotifier):
    _uid_gen=general.UIDGenerator(thread_safe=True)
    def __init__(self, sync=True, note=None, receiver=None):
        notifier.ISkippableNotifier.__init__(self,skippable=True)
        self._receiver=receiver
        self._uid=self._uid_gen()
        if sync is True:
            sync=_defualt_value_sync_tag
        self._sync=sync
        if isinstance(note,py3.textstring):
            def note_func(value):
                try:
                    threadprop.as_controller(self._receiver).add_new_message(note,value,receive_sync="none",schedule_sync="wait_event",on_broken="ignore")
                except (threadprop.NotRunningThreadError,threadprop.NoControllerThreadError):
                    pass
        else:
            note_func=note
        self._note_func=note_func
        self._notify_lock=threading.Lock()
        self._waiting="init"
        self._notifying="init"
        self._blocking_sync=(self._sync=="event")
        if self._sync and (self._blocking_sync or (receiver is threadprop.no_thread_controller) or (receiver is None)):
            self._sync_event=threading.Event()
        else:
            self._sync_event=None
        self._value=None
        
    def _pre_wait(self, *args, **kwargs):
        self._receiver=self._receiver or threadprop.current_controller()
        return True
    def _do_wait(self, timeout=None):
        if self._sync:
            if self._blocking_sync or (self._receiver is threadprop.no_thread_controller):
                return self._sync_event.wait(timeout=timeout)
            else:
                if threadprop.current_controller() is not self._receiver:
                    raise RuntimeError("only receiver can wait for the synchronizer")
                msg=self._receiver.wait_for_message([self._sync],timeout=timeout,filt=(lambda msg: msg.value==self._uid),discard_on_timeout=True)
                return (msg is not None)
        else:
            return True
        
    def _pre_notify(self, value=None):
        self._value=value
    def _post_notify(self, value=None):
        if self._note_func:
            self._note_func(value)
    def _do_notify(self, value=None):
        if self._sync:
            if self._blocking_sync or (self._receiver is threadprop.no_thread_controller):
                self._sync_event.set()
            else:
                try:
                    dest=threadprop.as_controller(self._receiver)
                    dest.add_new_message(self._sync,self._uid,receive_sync="none",schedule_sync="wait_event",on_broken="ignore")
                except (threadprop.NotRunningThreadError,threadprop.NoControllerThreadError):
                    pass
            
[docs]    def wait(self, timeout=None):
        return notifier.ISkippableNotifier.wait(self,timeout)

[docs]    def notify(self, value=None):
        return notifier.ISkippableNotifier.notify(self,value)

[docs]    def get_value(self):
        with self._notify_lock:
            if self._notifying=="init":
                raise RuntimeError("value hasn't been set")
            return self._value

[docs]    def uid(self):
        return self._uid




[docs]class SyncCall(object):
    def __init__(self, func, args=None, kwargs=None, sync=True, note=None):
        object.__init__(self)
        self.func=func
        self.args=args or []
        self.kwargs=kwargs or {}
        self.synchronizer=ValueSynchronizer(sync=sync,note=note,receiver=threadprop.current_controller())
    def __call__(self):
        res=self.func(*self.args,**self.kwargs)
        self.synchronizer.notify(res)
[docs]    def value(self, sync=True, timeout=None, default=None):
        if sync:
            if self.synchronizer.wait(timeout):
                return self.synchronizer.get_value()
            else:
                return default
        else:
            return self.synchronizer

[docs]    def wait(self, timeout=None):
        return self.synchronizer.wait(timeout)

[docs]    def done(self):
        return self.synchronizer.done_wait()








[docs]class BasicSynchronizer(object):
    _sync_tag="sync.notify"
    _uid_gen=general.UIDGenerator(thread_safe=True)
    def __init__(self, receiver=None, blocking_sync=False):
        object.__init__(self)
        self._receiver=receiver
        self._uid=self._uid_gen()
        self._notify_lock=threading.Lock()
        self._waiting=False
        self._notified=False
        self._blocking_sync=blocking_sync
        if self._blocking_sync or (receiver is threadprop.no_thread_controller) or (receiver is None):
            self._sync_event=threading.Event()
        else:
            self._sync_event=None
        
    def _do_wait(self, timeout=None):
        if (self._receiver is threadprop.no_thread_controller) or self._blocking_sync:
            return self._sync_event.wait(timeout=timeout)
        else:
            msg=self._receiver.wait_for_message([self._sync_tag],timeout=timeout,filt=(lambda msg: msg.value==self._uid),discard_on_timeout=True)
            return (msg is not None)
    def _do_notify(self):
        if (self._receiver is threadprop.no_thread_controller) or self._blocking_sync:
            self._sync_event.set()
        else:
            try:
                dest=threadprop.as_controller(self._receiver)
                dest.add_new_message(self._sync_tag,self._uid,receive_sync="none",schedule_sync="wait_event",on_broken="ignore")
            except threadprop.NoControllerThreadError:
                pass
[docs]    def wait(self, timeout=None):
        with self._notify_lock:
            if self._notified or self._waiting:
                return True
            self._waiting=True
            self._receiver=self._receiver or threadprop.current_controller()
        return self._do_wait(timeout)

[docs]    def notify(self):
        with self._notify_lock:
            if self._notified:
                return
            self._notified=True
            if not self._waiting:
                return
        self._do_notify()

[docs]    def uid(self):
        return self._uid







[docs]class PendingSynchronizerPool(object):
    def __init__(self, wait_func, notify_func, blocking_sync=False, recursive_calls=False):
        self._wait_func=wait_func
        self._notify_func=notify_func
        self._blocking_sync=blocking_sync
        self._pending={}
        self._state_lock=threading.RLock() if recursive_calls else threading.Lock() 
        
[docs]    def pending_num(self):
        with self._state_lock:
            return len(self._pending)

        
    def _extract_pending(self, uid=None):
        if len(self._pending)==0:
            return None
        if uid is None:
            return self._pending.popitem()[1]
        else:
            return self._pending.pop(uid,None)
    def _extract_and_notify(self, uid=None):
        with self._state_lock:
            syncher=self._extract_pending(uid)
        if syncher:
            syncher.notify()
            return True
        return False
    
    def _create_synchronizer(self, blocking_sync=None):
        if blocking_sync is None:
            return BasicSynchronizer(blocking_sync=self._blocking_sync)
        else:
            return BasicSynchronizer(blocking_sync=blocking_sync)
[docs]    def wait(self, blocking=True, timeout=None, blocking_sync=None, *args, **vargs):
        with self._state_lock:
            if self._wait_func(*args,**vargs):
                return True
            elif not blocking:
                return False
            else:
                syncher=self._create_synchronizer(blocking_sync)
                self._pending[syncher.uid()]=syncher
        raised_error=True
        try:
            syncher.wait(timeout)
            raised_error=False
        finally:
            notified=not self._extract_and_notify(syncher.uid())
            if notified and raised_error: # has been notified in notify, but raised an error in parallel
                self._extract_and_notify()
        return notified

[docs]    def notify(self, *args, **vargs):
        with self._state_lock:
            n=self._notify_func(*args,**vargs)
            if not n:
                return False
            if n<0:
                n=len(self._pending)
            synchers=[self._extract_pending() for _ in range(n)]
        for s in synchers:
            if s:
                s.notify()
        return True


    
    
[docs]class ResourceSynchronizerPool(object):
    def __init__(self, grab_func, free_func, blocking_sync=False, recursive_calls=False):
        self._grab_func=grab_func
        self._free_func=free_func
        self._blocking_sync=blocking_sync
        self._pending={}
        self._state_lock=threading.RLock() if recursive_calls else threading.Lock()
        
[docs]    def pending_num(self):
        with self._state_lock:
            return len(self._pending)

        
    def _extract_pending(self, uid=None):
        if len(self._pending)==0:
            return None
        if uid is None:
            return self._pending.popitem()[1]
        else:
            return self._pending.pop(uid,None)
    def _extract_and_notify(self, uid=None):
        with self._state_lock:
            syncher=self._extract_pending(uid)
        if syncher:
            syncher.notify()
            return True
        return False
    
    def _create_synchronizer(self, blocking_sync=None):
        if blocking_sync is None:
            return BasicSynchronizer(blocking_sync=self._blocking_sync)
        else:
            return BasicSynchronizer(blocking_sync=blocking_sync)
[docs]    def grab(self, blocking=True, timeout=None, blocking_sync=None, *args, **vargs):
        countdown=general.Countdown(timeout)
        while True:
            if countdown.passed():
                blocking=False
            with self._state_lock:
                res=self._grab_func(*args,**vargs)
                if res:
                    return res
                elif not blocking:
                    return False
                else:
                    syncher=self._create_synchronizer(blocking_sync)
                    self._pending[syncher.uid()]=syncher
            raised_error=True
            try:
                if not syncher.wait(countdown.time_left()):
                    blocking=False
                raised_error=False
            finally:
                notified=not self._extract_and_notify(syncher.uid())
                if notified and raised_error: # has been notified in notify, but raised an error in parallel
                    self._extract_and_notify()

[docs]    def free(self, *args, **vargs):
        with self._state_lock:
            n=self._free_func(*args,**vargs)
            if not n:
                return False
            if n<0:
                n=len(self._pending)
            synchers=[self._extract_pending() for _ in range(n)]
        for s in synchers:
            if s is not None:
                s.notify()
        return True








[docs]class ISyncObject(object):
    def __init__(self):
        object.__init__(self)
    
    def __enter__(self):
        self.acquire()
        return self
    def __exit__(self, *args):
        try:
            self.release()
        except RuntimeError:
            pass
        return False
[docs]    def acquire(self, blocking=True, timeout=None, blocking_sync=None):
        raise NotImplementedError("ISyncObject.acquire")

[docs]    def release(self):
        raise NotImplementedError("ISyncObject.release")


    
    
[docs]class IResourceSyncObject(ISyncObject):
    def __init__(self, blocking_sync=False):
        ISyncObject.__init__(self)
        self._resource=ResourceSynchronizerPool(self._try_acquire,self._try_release,blocking_sync=blocking_sync)
    def _try_acquire(self):
        raise NotImplementedError("IResourceSyncObject._try_acquire")
    def _try_release(self):
        raise NotImplementedError("IResourceSyncObject._try_release")
[docs]    def acquire(self, blocking=True, timeout=None, blocking_sync=None):
        return self._resource.grab(blocking=blocking,timeout=timeout,blocking_sync=blocking_sync)

[docs]    def release(self):
        return self._resource.free()


    
            
[docs]class Lock(IResourceSyncObject):
    def __init__(self, blocking_sync=False):
        IResourceSyncObject.__init__(self,blocking_sync=blocking_sync)
        self._locked=False
    
    def _try_acquire(self):
        if self._locked:
            return False
        self._locked=True
        return True
    def _try_release(self):
        if not self._locked:
            raise RuntimeError("attempting to release a free lock")
        self._locked=False
        return 1

        
        
[docs]class RLock(IResourceSyncObject):
    def __init__(self, blocking_sync=False):
        IResourceSyncObject.__init__(self,blocking_sync=blocking_sync)
        self._locked=False
        self._locked_cnt=0
        self._locked_owner=None
    
    def _try_acquire(self):
        cth=threading.current_thread()
        if not self._locked:
            self._locked=True
            self._locked_cnt=1
            self._locked_owner=cth
            return True
        elif self._locked_owner==cth:
            self._locked_cnt=self._locked_cnt+1
            return True
        return False
    def _try_release(self):
        cth=threading.current_thread()
        if not self._locked:
            raise RuntimeError("attempting to release a free lock")
        if cth is not self._locked_owner:
            raise RuntimeError("attempting to release a lock from a non-owner thread")
        self._locked_cnt=self._locked_cnt-1
        if self._locked_cnt>0:
            return 0
        self._locked=False
        self._locked_owner=None
        return 1
    
[docs]    def recursion_depth(self):
        return self._locked_cnt

[docs]    def full_release(self):
        n=0
        while not self.release():
            n=n+1
        return n+1

[docs]    def full_acquire(self, n, blocking=True, timeout=None):
        for _ in range(n):
            self.acquire(blocking=blocking,timeout=timeout)


    
    
[docs]class Semaphore(IResourceSyncObject):
    def __init__(self, value, upper_bound=None, blocking_sync=False):
        IResourceSyncObject.__init__(self,blocking_sync=blocking_sync)
        self._value=value
        self._upper_bound=upper_bound
    
    def _try_acquire(self):
        if self._value>0:
            self._value=self._value-1
            return True
        return False
    def _try_release(self):
        if self._upper_bound is not None and self._upper_bound<=self._value:
            raise ValueError("increasing semaphore above upper bound")
        self._value=self._value+1
        return 1

    

[docs]class Event(object):
    def __init__(self, flag=False, blocking_sync=False):
        object.__init__(self)
        self._event_state=PendingSynchronizerPool(self._get_flag,self._set_flag,blocking_sync=blocking_sync)
        self._flag=flag
    
    def _get_flag(self):
        return self._flag
    def _set_flag(self, flag):
        self._flag=flag
        return -1 if self._flag else 0
    
[docs]    def wait(self, blocking=True, timeout=None, blocking_sync=None):
        return self._event_state.wait(blocking=blocking,timeout=timeout,blocking_sync=blocking_sync)

[docs]    def set(self):
        self._event_state.notify(flag=True)

[docs]    def clear(self):
        self._event_state.notify(flag=False)


        
        
[docs]class VersionEvent(object):
    def __init__(self, blocking_sync=False):
        object.__init__(self)
        self._event_state=ResourceSynchronizerPool(self._check_version,self._update_version,blocking_sync=blocking_sync)
        self._version=0
    
    def _check_version(self, version):
        return self._version>=version
    def _update_version(self):
        self._version=self._version+1
        return -1
    
[docs]    def current_version(self):
        with self._event_state._state_lock:
            return self._version

[docs]    def wait(self, version=None, blocking=True, timeout=None, blocking_sync=None):
        if version is None:
            version=self.current_version()+1
        return self._event_state.grab(version=version,blocking=blocking,timeout=timeout,blocking_sync=blocking_sync)

[docs]    def update(self):
        self._event_state.free()


        
        
[docs]class TaskSet(object):
    def __init__(self, blocking_sync=None):
        object.__init__(self)
        self._event_state=PendingSynchronizerPool(self._tasks_done,self._tasks_change,blocking_sync=blocking_sync)
        self._tasks_num=0
    
    def _tasks_done(self):
        return self._tasks_num==0
    def _tasks_change(self, delta=0, value=None):
        new_val=self._tasks_num+delta if value is None else value
        if new_val<0:
            raise ValueError("decreasing number of tasks below zero")
        self._tasks_num=new_val
        return 0 if new_val>0 else -1
    
[docs]    def wait(self, blocking=True, timeout=None, blocking_sync=None):
        return self._event_state.wait(blocking=blocking,timeout=timeout,blocking_sync=blocking_sync)

[docs]    def set(self, value):
        self._event_state.notify(value=value)

[docs]    def get(self):
        return self._tasks_num

[docs]    def done(self, number=1):
        self._event_state.notify(delta=-number)

[docs]    def add(self, number=1):
        self._event_state.notify(delta=number)


    
    
[docs]class Condition(ISyncObject):
    _waiting_uid_gen=general.UIDGenerator(thread_safe=True)
    def __init__(self, lock=None, blocking_sync=False):
        ISyncObject.__init__(self)
        lock=lock or RLock()
        self._condition_lock=lock
        self._owner_lock=threading.Lock()
        self._lock_owner=None
        self._waiting_synch=PendingSynchronizerPool(lambda: False, lambda n: n, blocking_sync=blocking_sync)
    
[docs]    def acquire(self, blocking=True, timeout=None, blocking_sync=None):
        if self._condition_lock.acquire(blocking,timeout,blocking_sync=blocking_sync):
            with self._owner_lock:
                self._lock_owner=threading.current_thread()
            return True
        return False

[docs]    def release(self):
        with self._owner_lock:
            if self._condition_lock.release():
                self._lock_owner=None

    
    def _acq_cond_lock(self, n):
        if isinstance(self._condition_lock,RLock):
            self._condition_lock.full_acquire(n)
        else:
            self._condition_lock.acquire()
        with self._owner_lock:
            assert self._lock_owner is None # if the lock was acquired, there should be no owner
            self._lock_owner=threading.current_thread()
    def _rel_cond_lock(self):
        with self._owner_lock:
            self._lock_owner=None
        if isinstance(self._condition_lock,RLock):
            return self._condition_lock.full_release()
        else:
            self._condition_lock.release()
    def _check_owner(self):
        cth=threading.current_thread()
        with self._owner_lock:
            if self._lock_owner is not cth:
                raise RuntimeError("method can only be called by the owner of the lock")
[docs]    def wait(self, timeout=None, blocking_sync=None):
        self._check_owner()
        n=self._rel_cond_lock()
        result=self._waiting_synch.wait(timeout=timeout,blocking_sync=blocking_sync)
        self._acq_cond_lock(n)
        return result

[docs]    def notify(self, n=1):
        self._check_owner()
        self._waiting_synch.notify(n=n)

[docs]    def notify_all(self):
        self._check_owner()
        self._waiting_synch.notify(n=-1)


        

[docs]class BrokenBarrierError(Exception):
    def __init__(self, msg=None):
        msg=msg or "trying to wait for a broken barrier"
        Exception.__init__(self, msg)

[docs]class Barrier(object):
    def __init__(self, parties, blocking_sync=None):
        object.__init__(self)
        self._barrier_state=PendingSynchronizerPool(self._start_waiting,self._stop_waiting,blocking_sync=blocking_sync,recursive_calls=True)
        self._parties=parties
        self._waiting=0
        self._broken=False
        self._state_lock=threading.Lock()
        self._sync_state=None
        self._res_idx=0
    
    def _start_waiting(self):
        self._waiting=self._waiting+1
        if self._waiting==self._parties:
            self._barrier_state.notify()
        return self._waiting==self._parties
    def _stop_waiting(self):
        self._waiting=0
        return -1
    
[docs]    class SyncState(object):
        def __init__(self):
            object.__init__(self)
            self.event=threading.Event()
            self.idx=0
            self.notified=0

[docs]    def wait(self, blocking=True, timeout=None, blocking_sync=None):
        if self._broken:
            raise BrokenBarrierError()
        with self._state_lock:
            if self._sync_state is None or self._sync_state.idx==self._parties:
                self._sync_state=self.SyncState()
            sync_state=self._sync_state
            idx=sync_state.idx
            sync_state.idx=sync_state.idx+1
        try:
            res=False # so that it's set in the finally block
            res=self._barrier_state.wait(blocking=blocking,timeout=timeout,blocking_sync=blocking_sync)
        finally:
            if not res:
                self._broken=True
                self._barrier_state.notify()
                sync_state.event.set()
        if self._broken:
            sync_state.event.set()
            raise BrokenBarrierError()
        with self._state_lock:
            sync_state.notified=sync_state.notified+1
            if sync_state.notified==self._parties:
                sync_state.event.set()
        sync_state.event.wait()
        if self._broken:
            raise BrokenBarrierError()
        return idx


        

        

[docs]class QueueEmptyError(Exception):
    def __init__(self, msg=None):
        msg=msg or "queue empty"
        Exception.__init__(self, msg)

[docs]class QueueFullError(Exception):
    def __init__(self, msg=None):
        msg=msg or "queue full"
        Exception.__init__(self, msg)

[docs]class Queue(object):
    def __init__(self, max_size=None, blocking_sync=False):
        object.__init__(self)
        self._queue=[]
        self._max_size=max_size
        self._space_res=ResourceSynchronizerPool(self._grab_space, lambda: 1, blocking_sync=blocking_sync)
        self._item_res=ResourceSynchronizerPool(self._grab_item, lambda: 1, blocking_sync=blocking_sync)
    
[docs]    def qsize(self):
        return len(self._queue)

[docs]    def empty(self):
        return len(self._queue)==0

[docs]    def full(self):
        return self._max_size is not None and len(self._queue)>=self._max_size


    def _grab_item(self):
        if len(self._queue)>0:
            res=self._queue.pop(0)
            return (res,)
        else:
            return False
    def _grab_space(self, item):
        if not self.full():
            self._queue.append(item)
            return True
        return False
    
[docs]    def get(self, blocking=True, timeout=None, blocking_sync=None):
        item=self._item_res.grab(blocking,timeout,blocking_sync=blocking_sync)
        if item:
            self._space_res.free()
            return item[0]
        else:
            raise QueueEmptyError()

[docs]    def put(self, item, blocking=True, timeout=None, blocking_sync=None):
        if self._space_res.grab(blocking,timeout,blocking_sync=blocking_sync,item=item):
            self._item_res.free()
        else:
            raise QueueFullError()


        
        

[docs]class ThreadObserverPool(observer_pool.ObserverPool):
[docs]    def add_observer(self, callback, name=None, filt=None, priority=0, attr=None, cacheable=False):
        """
        Add the observer callback.

        Same as :meth:`.observer_pool.ObserverPool.add_observer`, but callback can be a string,
        in which case it's interpreted as sending a message to a thread with the given name.
        """
        if isinstance(callback,py3.textstring):
            controller=threadprop.current_controller(require_controller=True)
            callback=controller.add_new_message
        return observer_pool.ObserverPool.add_observer(self,callback,name=name,filt=filt,priority=priority,attr=attr,cacheable=cacheable)


        
        
[docs]class StateUIDGenerator(object):
    def __init__(self, thread_safe=True):
        self._value=0
        if thread_safe:
            self._lock=threading.Lock()
        else:
            self._lock=general.DummyResource()
        self._enabled=True
        self._enabled_evt=Event(True)
        
[docs]    def disable(self):
        with self._lock:
            self._enabled_evt.clear()
            self._enabled=False

[docs]    def enable(self):
        with self._lock:
            self._enabled=True
            self._enabled_evt.set()

[docs]    def is_enabled(self):
        with self._lock:
            return self._enabled

[docs]    def wait_enabled(self, timeout=None):
        return self._enabled_evt.wait(blocking=(timeout!=0),timeout=timeout)

        
[docs]    def up(self, enable=True):
        with self._lock:
            self._value=self._value+1
            if enable:
                self._enabled=True
                self._enabled_evt.set()
            return self._value

[docs]    def check(self, value, allow_disabled=False):
        with self._lock:
            if not (self._enabled or allow_disabled):
                return False
            return value is None or self._value==value

    def __call__(self, timeout=None):
        timed_out=(timeout!=0)
        while True:
            with self._lock:
                if self._enabled:
                    return self._value
                if timed_out:
                    return -1
            timed_out=not self.wait_enabled(timeout)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.mthread.tag_queue

"""
Tagged queue with priority and size limitation (set tag-wise).
"""

import threading
from ..utils import general


[docs]class BrokenQueueError(RuntimeError):
    """
    An error signalizing that the queue is in a broken (shut down) state.
    """
    def __init__(self, msg=None):
        msg=msg or "access to a broken TaggedQueue"
        RuntimeError.__init__(self,msg)

[docs]class TaggedQueue(object):
    """
    Tagged queue with priority and size limitation (set tag-wise).

    Supports multi-thread adding, but only single-thread extracting (receiving function is completely synchronous).
    Item is assumed to have ``tag`` and ``priority`` properties, and ``scheduled()`` and ``received()`` methods (callbacks).

    Extraction and discarding is based on filter functions. These should be as simple as possible and have short determined runtime (no synchronization or locks) to prevent deadlocks.
    When item is scheduled (i.e., added and passes length limitation), ``item.scheduled()`` method is called;
    when item is extracted, ``item.received()`` method is called;
    under various circumstances, both of these methods may be called in either adding thread, or extracting thread.
    It is guaranteed that ``scheduled()`` is called before ``received()``, and both methods are called eventually if the message is ever extracted or discarded.
    """
    def __init__(self):
        object.__init__(self)
        self._queue=[]
        self._unscheduled={}
        self._lengths={}
        self._lock=threading.Lock()
        self._broken_lock=threading.Lock()
        self._getting_lock=threading.RLock()
        self._new_item_event=threading.Event()
        self._to_discard=[]
        self._broken_put=False
        self._broken_get=False
        
[docs]    def limit_length(self, tag, length):
        """
        Set length limit for a given tag.
        """
        self._lengths[tag]=length

        
    @staticmethod
    def _find_max_priority_idx(queue):
        max_idx=0
        max_priority=queue[max_idx].priority
        for i in range(1,len(queue)):
            if queue[i].priority>max_priority:
                max_idx=i
                max_priority=queue[i].priority
        return max_idx
    
    def _check_discarding(self, item):
        for i,filt in enumerate(self._to_discard):
            if filt(item):
                self._to_discard.pop(i)
                return True
        return False
    
    def _schedule_item(self, item, check_discarding=True):
        tag=item.tag
        if self._lengths.get(tag,0)>0:
            cnt=len([m for m in self._queue if m.tag==tag])
            if cnt>=self._lengths[tag]:
                self._unscheduled.setdefault(tag,[]).append(item)
                return "unscheduled"
        if check_discarding and self._check_discarding(item):
            return "discarded"
        else:
            self._queue.append(item)
            return "scheduled"
    def _check_unscheduled(self, tag):
        discarded=[]
        while len(self._unscheduled.get(tag,[]))>0:
            unscheduled=self._unscheduled[tag]
            new_msg_idx=self._find_max_priority_idx(unscheduled)
            item=unscheduled.pop(new_msg_idx)
            if self._check_discarding(item):
                discarded.append(item)
            else:
                return item,discarded
        return None,discarded
        
    def _find_item(self, filt, start=0):
        found=[(i+start,item) for (i,item) in enumerate(self._queue[start:]) if filt(item)]
        if not found:
            return None
        found_idx,found_items=zip(*found)
        idx=self._find_max_priority_idx(found_items)
        return self._queue.pop(found_idx[idx])
    def _wait_for_item(self, filt, timeout=None, discard_on_timeout=False, discard_filt=None):
        start=0
        countdown=general.Countdown(timeout)
        while True:
            with self._lock:
                if self._broken_get:
                    raise BrokenQueueError()
                item=self._find_item(filt,start)
                if item is not None:
                    new_scheduled,discarded=self._check_unscheduled(item.tag)
                    if new_scheduled is not None:
                        if self._schedule_item(new_scheduled,check_discarding=False)!="scheduled":
                            new_scheduled=None
                    return item,(new_scheduled,discarded)
                start=len(self._queue)
                self._new_item_event.clear()
                if countdown.passed():
                    if discard_on_timeout:
                        discard_filt=discard_filt or filt
                        self._to_discard.append(discard_filt)
                    return None,(None,[])
            self._new_item_event.wait(countdown.time_left())
    
[docs]    def put(self, item):
        """
        Put an item in the queue.

        This function doesn't perform synchronization waits as long as ``scheduled()`` and ``received()`` methods of `item` don't perfrom them.
        """
        with self._lock:
            if self._broken_put:
                raise BrokenQueueError()
            res=self._schedule_item(item)
            if res=="scheduled":
                self._new_item_event.set()
        if res in {"scheduled","discarded"}:
            item.scheduled()
        if res=="discarded":
            item.received()
        return res

            
[docs]    def get(self, filt=None, timeout=None, discard_on_timeout=False, discard_filt=None):
        """
        Extract an item from the queue which satisfies `filt` filter function.

        If `timeout` is not ``None``, it determines the wait time. If it is passed before an item has been acquired, the return ``None``.
        If `discard_on_timeout` is ``True`` and `timeout` is passed, marks `discard_filt` (same as `filt` by default) for discarding;
        this means that the next time a single message satisfying `discard_filt` is scheduled (either directly during :meth:`put`, or from scheduling queue during :meth:`get`),
        it is silently 'received' (notified of scheduling and receiving, but never explicitly passed to the destination thread).
        """
        if filt is None:
            filt=lambda _: True
        with self._getting_lock:
            item,(new_scheduled,discarded)=self._wait_for_item(filt,timeout=timeout,discard_on_timeout=discard_on_timeout,discard_filt=discard_filt)
            if new_scheduled:
                new_scheduled.scheduled()
            if item is not None:
                item.received()
            for d_item in discarded:
                d_item.scheduled()
                d_item.received()
        return item

    @staticmethod
    def _del_item_from_list(item, lst):
        for n,i in enumerate(lst):
            if i is item:
                del lst[n]
                return True
        return False
[docs]    def remove(self, item, only_unscheduled=False):
        """
        Remove the item if it is in the queue without calling its ``scheduled`` or ``received`` methods.

        Return ``True`` if removal is successful, and ``False`` otherwise.
        If ``only_unscheduled==True``, only remove item if it hasn't been scheduled yet.
        """
        res=None
        if only_unscheduled:
            with self._lock:
                if self._broken_get:
                    raise BrokenQueueError()
                if self._del_item_from_list(item,self._unscheduled[item.tag]):
                    res="unscheduled"
        else:
            with self._getting_lock:
                with self._lock:
                    if self._broken_get:
                        raise BrokenQueueError()
                    if self._del_item_from_list(item,self._queue):
                        res="scheduled"
                    elif self._del_item_from_list(item,self._unscheduled[item.tag]):
                        res="unscheduled"
        if res=="unscheduled":
            item.scheduled()
            item.received()
        elif res=="scheduled":
            item.received()
        return (res is not None)

[docs]    def clear(self, notify_all=True, ignore_exceptions=True, mark_broken=True):
        """
        Clear the queue.

        If ``notify_all==True``, behave as if all the messages are received or discarded; otherwise, just remove them silently (equivalent to :meth:`remove` method).
        If ``ignore_exceptions==True``, ignore exceptions on scheduling and receiving (e.g., if the notified thread is stopped); the queue is cleaned regardless.
        If ``mark_broken==True``, mark the queue as broken (any subsequent calls to its methods raise :exc:`BrokenQueueError`).
        """
        with self._broken_lock:
            if notify_all:
                if mark_broken:
                    with self._lock:
                        self._broken_put=True
                try:
                    while True:
                        try:
                            if self.get(timeout=0) is None:
                                return
                        except RuntimeError:
                            if not ignore_exceptions:
                                raise
                finally:
                    self._queue=[]
                    self._unscheduled={}
                    self._to_discard=[]
                    if mark_broken:
                        with self._lock:
                            self._broken_get=True
                            self._new_item_event.set()
            else:
                with self._lock:
                    self._queue=[]
                    self._unscheduled={}
                    self._to_discard=[]
                    self._new_item_event.set()
                    self._broken_get=self._broken_get and mark_broken
                    self._broken_put=self._broken_put and mark_broken

[docs]    def broken(self):
        """
        Check if the queue is broken.
        """
        with self._broken_lock:
            return self._broken_get and self._broken_put

[docs]    def fix(self):
        """
        Fix broken queue.
        
        Should be used carefully, since it can introduce problems with outside logic that relies on a broken queue staying broken.
        """
        with self._broken_lock:
            self._broken_get=False
            self._broken_put=False


                
                


def _tag_match_p(tags, tag_separator=None):
    if tag_separator is None:
        def filt(item):
            for t in tags:
                if item.tag.startswith(t):
                    return True
            return False
    else:
        def filt(item):
            for t in tags:
                if (item.tag==t) or (item.tag.startswith(t+tag_separator)):
                    return True
            return False
    return filt
[docs]def build_filter(tags=None, filt=None, uncond_tags=None, tag_separator=None):
    """
    Build a filter function.

    Args:
        tags ([str]): list of prefixes that match message tags.
        filt (callable): an additional filter function which needs to be satisfied (checking, e.g., message content to decide if it should be extracted).
        uncond_tags ([str]): works like tags, but independently of `filt` function (allows message even if `filt` returns ``False``).
        tag_separator (str): a separator used to divide tag levels (usually ``'.'`` or ``'/'``).
            If it's not ``None``, tags are matched only either exactly, or if they're followed by tag separator (i.e., each tag level is treated as an indivisible word).
    """
    if tags is None:
        tags_p=lambda _: True
    else:
        tags=set(tags)
        tags_p=_tag_match_p(tags,tag_separator)
    uncond_tags=set(uncond_tags or [])
    uncond_tags_p=_tag_match_p(uncond_tags,tag_separator)
    if filt is None:
        filt=lambda _: True
    return lambda item: uncond_tags_p(item) or (tags_p(item) and filt(item))





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.mthread.threadprop

import threading
import time
from ..utils import funcargparse, py3

### Errors ###
[docs]class ThreadError(RuntimeError):
    """
    Generic thread error.
    """
    def __init__(self, msg=None):
        msg=msg or "thread error"
        RuntimeError.__init__(self, msg)

        
[docs]class NotRunningThreadError(ThreadError):
    """
    Thread error for a case of a missing or stopped thread.
    """
    def __init__(self, msg=None):
        msg=msg or "thread is not running"
        ThreadError.__init__(self, msg)

[docs]class NoControllerThreadError(ThreadError):
    """
    Thread error for a case of thread having no conrollers.
    """
    def __init__(self, msg=None):
        msg=msg or "thread has no controller"
        ThreadError.__init__(self, msg)

        
        
[docs]def on_error(action, error_object=None):
    """
    React to an error depending on the `action`.

    `action` can be ``'error'`` (raise `error_object` if it's supplied, or :exc:`ThreadError` by default),
    ``'stop'`` (raise an appropriate exception to stop the thread), ``'return_error'`` (return `error_object`) or ``'ignore'`` (do nothing).
    """
    funcargparse.check_parameter_range(action,"action",{"error","ignore","stop","return_error"})
    if action=="error":
        raise error_object or ThreadError()
    elif action=="stop":
        stop()
    elif action=="ignore":
        return
    elif action=="return_error":
        return error_object

        
        
### Interrupts ###
[docs]class InterruptException(Exception):
    """
    Generic interrupt exception (raised by some function to signal interrupts from other threads).
    """
    def __init__(self, msg=None):
        msg=msg or "thread interrupt"
        Exception.__init__(self, msg)

[docs]class InterruptExceptionStop(InterruptException):
    """
    Interrupt exception denoting thread stop request.
    """
    def __init__(self, msg=None):
        msg=msg or "thread interrupt: stop"
        InterruptException.__init__(self, msg)

        


### Thread controller ###
[docs]class NoThreadController(object):
    """
    A 'dummy' thread controller implementing the most standard function for a thread without any explicitly created controller.
    """
    def __init__(self):
        object.__init__(self)
        self.name="no_thread_controller"
[docs]    def add_message(self, msg, sync=True, on_broken="error"):
        raise NoControllerThreadError("can't add message without a thread controller")

[docs]    def add_new_message(self, tag, value=None, priority=0, schedule_sync="wait", receive_sync="none", sender=None, sync=True, on_broken="error"):
        raise NoControllerThreadError("can't add message without a thread controller")

[docs]    def sleep(self, delay):
        """
        Sleep for `delay` seconds.
        """
        time.sleep(delay)

[docs]    def stop(self):
        """
        Stop the thread.
        """
        raise SystemExit()


no_thread_controller=NoThreadController()

[docs]def current_controller(require_controller=False):
    """
    Return the controller of the current thread.

    If the thread has no controller and ``require_controller==False``, return a :class:`NoThreadController` object; otherwise, raise :exc:`NoControllerThreadError`.
    """
    controller=getattr(threading.current_thread(),"thread_controller",no_thread_controller)
    if require_controller and controller is no_thread_controller:
        raise NoControllerThreadError("current thread has no controller")
    return controller

[docs]def has_controller(thread):
    """Check if the current thread has a controller."""
    return hasattr(thread,"thread_controller")

[docs]def all_controllers():
    """Return a list of all the available thread controllers."""
    threads=threading.enumerate()
    return [t.thread_controller for t in threads if has_controller(t)]

[docs]def controller_by_name(name, require_controller=False):
    """
    Return a controller for a given name.

    If the controller is not found and ``require_controller==False``, return a :class:`NoThreadController` object; otherwise, raise :exc:`NoControllerThreadError`.
    """
    controllers=all_controllers()
    for c in controllers:
        if c.name==name:
            return c
    if require_controller:
        raise NoControllerThreadError("can't find controller with name {}".format(name))
    return no_thread_controller

[docs]def as_controller(ctrl, require_controller=False):
    """
    Return a controller corresponding to `ctrl`.

    `ctrl` can be ``None`` (return current thread controller), a thread name, or a  thread controller instance.
    If the cooresponding controller doesn't exist and ``require_controller==False``, return a :class:`NoThreadController` object; otherwise, raise :exc:`NoControllerThreadError`.
    """
    if ctrl is None:
        return current_controller(require_controller=require_controller)
    if isinstance(ctrl,py3.textstring):
        return controller_by_name(ctrl,require_controller=require_controller)
    if isinstance(ctrl,threading.Thread):
        try:
            return ctrl.thread_controller
        except AttributeError:
            if require_controller:
                return no_thread_controller
            else:
                raise NoControllerThreadError("thread has no controller")
    if ctrl is no_thread_controller and require_controller:
        raise NoControllerThreadError("thread has no controller")
    return ctrl



### Message queue ###
[docs]class NoMessageQueue(object):
    def __init__(self, owner):
        object.__init__(self)
        self.owner=owner
        owner.message_queue=self

no_message_queue=NoMessageQueue(no_thread_controller)
[docs]def current_message_queue(require_queue=False):
    """
    Return a message queue corresponding to the current thread.

    If the queue doesn't exist and ``require_queue==False``, return a :class:`NoMessageQueue` object; otherwise, raise :exc:`NoControllerThreadError`.
    """
    controller=current_controller(require_queue)
    return controller.message_queue




### Common functions ###

[docs]def sleep(delay):
    """
    Sleep for `delay` seconds.

    Behavior depends on whether the thread has a controller.
    """
    current_controller().sleep(delay)

[docs]def stop():
    """
    Stop the current thread by raising an appropriate interrupt exception.

    Behavior depends on whether the thread has a controller.
    """
    current_controller().stop()


[docs]def kill_thread(th, sync=True):
    """
    Stop thread `th` (can be a thread controller, or the thread name).

    If ``sync==True``, return only after the thread is stopped.
    Ignore any errors if the thread is already stopped.
    """
    try:
        controller=as_controller(th,require_controller=True)
        controller.stop(sync=sync)
    except (NotRunningThreadError,NoControllerThreadError):
        pass

[docs]def kill_all(sync=True, include_current=True):
    """
    Stop all threads.

    If ``sync==True``, return only after all threads are stopped.
    If ``include_current==True``, stop the current as well.
    """
    controllers=all_controllers()
    cc=current_controller()
    for c in controllers:
        if c is not cc:
            try:
                c.stop(sync=sync)
            except (NotRunningThreadError, NoControllerThreadError):
                pass
    if include_current:
        stop()





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.ctypes_wrap

from . import functions, py3
from ..devio import data_format
from .funcargparse import getdefault

import numpy as np

import ctypes
import collections

def _default_argnames(argtypes):
    return ["arg{}".format(i+1) for i in range(len(argtypes))]

def _get_value(rval):
	try:
		return rval.value
	except AttributeError:
		return rval

[docs]def setup_func(func, argtypes, restype=None, errcheck=None):
    """
    Setup a ctypes function.

    Assign argtypes (list of argument types), restype (return value type) and errcheck (error checking function called for the return value).
    """
    func.argtypes=argtypes
    if restype is not None:
        func.restype=restype
    if errcheck is not None:
        func.errcheck=errcheck


def _default_argprep(arg, argtype):
    if argtype in [ctypes.c_int8,ctypes.c_int16,ctypes.c_int32,ctypes.c_int64,
                    ctypes.c_uint8,ctypes.c_uint16,ctypes.c_uint32,ctypes.c_uint64]:
        return int(arg)
    if argtype in [ctypes.c_float,ctypes.c_double]:
        return float(arg)
    if argtype==ctypes.c_char_p:
        return py3.as_builtin_bytes(arg)
    return arg



[docs]class CTypesWrapper(object):
    """
    Wrapper object for ctypes function.

    Constructor arguments coincide with the call arguments, and determine their default values.
    For their meaning, see :meth:`wrap`.
    """
    def __init__(self, argtypes=None, argnames=None, addargs=None, restype=None, return_res="auto", rvprep=None, rvconv=None, rvref=None, rvnames=None, tuple_single_retval=False, errcheck=None):
        object.__init__(self)
        self.argtypes=getdefault(argtypes,[])
        self.argnames=argnames
        self.restype=restype
        self.addargs=getdefault(addargs,[])
        self.errcheck=errcheck
        self.rvconv=rvconv
        self.rvnames=rvnames
        self.rvprep=rvprep
        self.rvref=rvref
        self.return_res=return_res
        self.tuple_single_retval=tuple_single_retval
    
    @staticmethod
    def _default_names(pref, n):
        return ["{}{}".format(pref,i+1) for i in range(n)]
    @staticmethod
    def _get_value(rval):
        try:
            return rval.value
        except AttributeError:
            return rval
    @staticmethod
    def _prep_rval(argtypes, rvprep, args):
        if rvprep is None:
            rvprep=[None]*len(argtypes)
        return [t() if p is None else (p(*args) if hasattr(p,"__call__") else t(p)) for (t,p) in zip(argtypes,rvprep)]
    @staticmethod
    def _prep_args(argtypes, args):
        return [_default_argprep(a,t) for (t,a) in zip(argtypes,args)]
    @staticmethod
    def _conv_rval(rvals, rvconv, args):
        if rvconv is None:
            rvconv=[None]*len(rvals)
        return [CTypesWrapper._get_value(v) if c is None else c(v,*args) for (v,c) in zip(rvals,rvconv)]
    @staticmethod
    def _split_args(argnames):
        iargs=[i for i,n in enumerate(argnames) if n is not None]
        irvals=[i for i,n in enumerate(argnames) if n is None]
        return iargs,irvals
    @staticmethod
    def _join_args(iargs, args, irvals, rvals):
        vals=[None]*(len(args)+len(rvals))
        for i,a in zip(iargs,args):
            vals[i]=a
        for i,rv in zip(irvals,rvals):
            vals[i]=rv
        return vals
    @staticmethod
    def _wrap_rvals(res, rvals, rvnames, return_res):
        if isinstance(return_res,tuple):
            return_res,res_pos=return_res
        else:
            res_pos=0
        if return_res:
            rvals[res_pos:res_pos]=[res]
            if rvnames is not None:
                rvnames[res_pos:res_pos]=["return_value"]
        if rvnames is None:
            return tuple(rvals)
        else:
            rvnames,rvals=list(zip( *[(n,v) for (n,v) in zip(rvnames,rvals) if n] ))
            return collections.namedtuple("Result",rvnames)(*rvals)

[docs]    def setup(self, func, argtypes=None, restype=None, errcheck=None):
        """
        Setup a ctypes function.

        Analogous to :func:`setup_func`, but uses wrapper's default arguments.
        """
        argtypes=getdefault(argtypes,self.argtypes)
        restype=getdefault(restype,self.restype)
        errcheck=getdefault(errcheck,self.errcheck)
        setup_func(func,argtypes,restype=restype,errcheck=errcheck)


[docs]    def wrap(self, func, argtypes=None, argnames=None, addargs=None, restype=None, return_res=None, rvprep=None, rvconv=None, rvref=None, rvnames=None, tuple_single_retval=None, errcheck=None):
        """
        Wrap C function in a Python call.

        Args:
            func: C function
            argtypes (list): list of `func` argument types;
                if an argument is of return-by-pointer kind, it should be the value type (the pointer is added automatically), with the exception of the void pointer
                (in which case, custom rvprep function should be supplied)
            argnames (list): list of argument names of the function. Includes either strings (which are interpreted as argument names passed to the wrapper function),
                or ``None`` (which mean that this argument is return-by-pointer).
            addargs (list): list of additional arguments which are added to the wrapper function, but are not passed to the wrapped function (added in the end);
                can be used for, e.g., `rvprep` or `rvconv` functions.
            restype: type of the return value. Can be ``None`` if the return value isn't used.
            return_res (bool): determines whether return the function return value. By default, it is returned only if there are no return-by-pointer arguments.
            rvprep (list): list of functions which prepare return-by-pointer arguments before passing them to the function.
                By default, these are standard ctypes initializer for the corresponding types (usually equivalent to zero).
            rvconv (list): list of functions which convert the return-by-pointer values after the function call.
                By default, simply get the corresponding Python value inside the ctypes wrapper.
            rvref ([bool]): determines if the corresponding return-by-pointer arguments need to be wrapped into :func:`ctypes.byref` (most common case),
                or passed as is (e.g., for manually prepared buffers).
            rvnames ([str]): names of returned values inside the returned named tuple. By default, return standard un-named tuple.
                If any name is ``None``, omit that value from the resulting tuple.
            tuple_single_retval (bool): determines if a single return values gets turned into a single-element tuple.
            errcheck: error-checking function which is automatically called for the return value; no function by default.
        """
        argtypes=getdefault(argtypes,self.argtypes)
        argnames=getdefault(argnames,self.argnames)
        argnames=getdefault(argnames,self._default_names("arg",len(argtypes)))
        addargs=getdefault(addargs,self.addargs)
        iargs,irvals=self._split_args(argnames)
        restype=getdefault(restype,self.restype)
        return_res=getdefault(return_res,self.return_res)
        rvprep=getdefault(rvprep,self.rvprep)
        rvconv=getdefault(rvconv,self.rvconv)
        rvref=getdefault(rvref,self.rvref)
        rvref=getdefault(rvref,[True]*len(irvals))
        rvnames=getdefault(rvnames,self.rvnames)
        tuple_single_retval=getdefault(tuple_single_retval,self.tuple_single_retval)
        errcheck=getdefault(errcheck,self.errcheck)
        if return_res=="auto":
            return_res=not irvals
        sign_argtypes=list(argtypes)
        for i,ref in zip(irvals,rvref):
            if ref and (sign_argtypes[i] is not ctypes.c_void_p):
                sign_argtypes[i]=ctypes.POINTER(sign_argtypes[i])
        call_argnames=[argnames[i] for i in iargs]+addargs
        sign=functions.FunctionSignature(call_argnames,name=func.__name__)
        setup_func(func,sign_argtypes,restype=restype,errcheck=errcheck)
        def wrapped_func(*args):
            rvals=self._prep_rval([argtypes[i] for i in irvals],rvprep,args)
            args=self._prep_args([argtypes[i] for i in iargs],args)
            argrvals=[ctypes.byref(rv) if ref else rv for (ref,rv) in zip(rvref,rvals)]
            func_args=self._join_args(iargs,args,irvals,argrvals)
            res=func(*func_args)
            rvals=self._conv_rval(rvals,rvconv,args)
            res=self._wrap_rvals(res,rvals,rvnames,return_res)
            if (not tuple_single_retval) and len(res)==0:
                return None
            elif (not tuple_single_retval) and len(res)==1:
                return res[0]
            return res
        return sign.wrap_function(wrapped_func)

    __call__=wrap



[docs]def strprep(l, ctype=None, unicode=False):
    """
    Make a string preparation function.
    
    Return a function which creates a string with a fixed length of `l` bytes and returns a pointer to it.
    `ctype` can specify the type of the result (by default, :class:`ctypes.c_char_p`).
    """
    if unicode:
        ctype=ctype or ctypes.c_wchar_p
        def prep(*args, **kwargs):
            return ctypes.cast(ctypes.create_unicode_buffer(l),ctype)
    else:
        ctype=ctype or ctypes.c_char_p
        def prep(*args, **kwargs):
            return ctypes.cast(ctypes.create_string_buffer(l),ctype)
    return prep


[docs]def buffprep(size_arg_pos, dtype):
    """
    Make a buffer preparation function.
    
    Return a function which creates a string with a variable size (specified by an argument at a position `size_arg_pos`).
    The buffer size is given in elements. `dtype` specifies the datatype of the buffer, whose size is used to determine buffer size in bytes.
    """
    el_size=data_format.DataFormat.from_desc(dtype).size
    def prep(*args, **kwargs):
        n=args[size_arg_pos]
        return ctypes.create_string_buffer(n*el_size)
    return prep

[docs]def buffconv(size_arg_pos, dtype):
    """
    Make a buffer conversion function.
    
    Return a function which converts a pointer of a variable size (specified by an argument at a position `size_arg_pos`) into a numpy array.
    The buffer size is given in elements. `dtype` specifies the datatype of the resulting array.
    """
    dformat=data_format.DataFormat.from_desc(dtype)
    def conv(buff, *args, **kwargs):
        n=args[size_arg_pos]
        data=ctypes.string_at(buff,n*dformat.size)
        return np.fromstring(data,dtype=dformat.to_desc("numpy"))
    return conv


[docs]def nullprep(*args, **kwrags):
    """NULL preperation function which always returns ``None``"""
    return None



[docs]class StructWrap(object):
    class _struct(ctypes.Structure):
        _fields_=[]
    _prep={}
    _conv={}
    _tup={} # functions for struct-to-tuple conversion
    _tup_exc={} # fields to exclude in struct-to-tuple conversion
    _tup_inc=None # fields to include in struct-to-tuple conversion (if not specified, include all)
    _tup_add=[] # fields to add in struct-to-tuple conversion
    _tup_order=None # tuple fields order in struct-to-tuple conversion (by default, same as in the struct)
    _default={}
    def __init__(self, struct=None):
        struct=struct or self._struct()
        if not isinstance(struct,self._struct):
            raise ValueError("source should be of type {}".format(self._struct.__name__))
        fnames,ftypes=zip(*self._struct._fields_)
        for f in fnames:
            if f in self._default:
                v=self._default[f]
            else:
                cv=getattr(struct,f)
                v=self._conv[f](cv) if f in self._conv else _get_value(cv)
            setattr(self,f,v)
        self.conv()
[docs]    def to_struct(self):
        params=self.prepdict()
        fnames,ftypes=zip(*self._struct._fields_)
        for f in fnames:
            if f not in params:
                params[f]=getattr(self,f)
        ordparams=[params[f] for f in fnames]
        cparams={}
        for f,t in self._struct._fields_:
            if f in self._prep:
                cv=self._prep[f](*ordparams)
            else:
                cv=params[f]
            cparams[f]=cv
        return self.prep(self._struct(**cparams))


[docs]    def prep(self, struct):
        return struct

[docs]    def prepdict(self):
        return {}

[docs]    def conv(self):
        pass

[docs]    def tupdict(self):
        return {}

[docs]    def tup(self):
        params=self.tupdict()
        fnames,ftypes=zip(*self._struct._fields_)
        fnames=[f for f in fnames if f not in self._tup_exc]
        fnames+=self._tup_add
        if self._tup_inc is not None:
            fnames=[f for f in fnames if f in self._tup_inc]
        if self._tup_order is not None:
            def key(name):
                try:
                    return self._tup_order.index(name)
                except ValueError:
                    return len(self._tup_order)
            fnames.sort(key=key)
        for f in fnames:
            if f not in params:
                params[f]=getattr(self,f)
            if f in self._tup:
                params[f]=self._tup[f](params[f])
            elif isinstance(params[f],ctypes.Array):
                params[f]=params[f][:]
        vals=[params[f] for f in fnames]
        tcls=collections.namedtuple(self.__class__.__name__,fnames)
        return tcls(*vals)


[docs]    @classmethod
    def prep_struct(cls, *args):
        return cls().to_struct()

[docs]    @classmethod
    def tup_struct(cls, struct, *args):
        return cls(struct).tup()






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.dictionary

"""
Tree-like multi-level dictionary with advanced indexing options.
"""

from functools import reduce
from future.utils import viewitems as viewitems_, viewvalues as viewvalues_

from . import funcargparse, general, strdump
import re
import collections
import pandas as pd

_depends_local=["..utils.strdump"]

[docs]def split_path(path, omit_empty=True, sep=None):
    """
    Split generic path into individual path entries.
    
    Args:
        path: Generic path. Lists and tuples (possible nested) are flattened;
            strings are split according to separators; non-strings are converted into strings first.
        omit_empty (bool): Determines if empty entries are skipped.
        sep (str): If not ``None``, defines regex for path separators; default separator is ``'/'``.
    Returns:
        list: A list of individual entries.
    """
    if not (isinstance(path, list) or isinstance(path, tuple)):
        path=[path]
    else:
        path=general.flatten_list(path)
    if sep is None:
        path=[e for t in path for e in str(t).split("/")]
    else:
        path=[e for t in path for e in re.split(sep,t)]
    if omit_empty:
        path=[p for p in path if p!=""]
    return path

[docs]def normalize_path_entry(entry, case_sensitive=True, case_normalization="lower"):
    """Normalize the case of the entry if it's not case-sensitive. Normalization is either either ``'lower'`` or ``'upper'``."""
    funcargparse.check_parameter_range(case_normalization,"case_normalization",{"lower","upper"})
    if not case_sensitive:
        if case_normalization=="lower":
            return entry.lower()
        else:
            return entry.upper()
    else:
        return entry

[docs]def normalize_path(path, omit_empty=True, case_sensitive=True, case_normalization="lower", sep=None, force=False):
    """
    Split and normalize generic path into individual path entries.
    
    Args:
        path: Generic path. Lists and tuples (possible nested) are flattened;
            strings are split according to separators; non-strings are converted into strings first.
        omit_empty (bool): Determines if empty entries are skipped.
        case_sensitive (bool): If ``False``, entries case is normalized according to case_normalization.
        case_normalization (str): Normalization rules; either ``'lower'`` or ``'upper'``.
        sep (str): If not None, defines regex for path separators; default separator is ``'/'``.
        force (bool): If ``False``, treat lists as if they're already normalized.
    Returns:
        list: A list of individual normalized entries.
    """
    if isinstance(path,list) and not force:
        return path
    funcargparse.check_parameter_range(case_normalization,"case_normalization",{"lower","upper"})
    path=split_path(path,omit_empty,sep=sep)
    if not case_sensitive:
        if case_normalization=="lower":
            path=[p.lower() for p in path]
        else:
            path=[p.upper() for p in path]
    return path



[docs]def is_dictionary(obj, generic=False):
    """
    Determine if the object is a dictionary.
    
    Args:
        obj: object
        generic (bool): if ``False``, passes only :class:`Dictionary` (or subclasses) objects;
            otherwise, passes any dictionary-like object.
    Returns:
        bool
    """
    return Dictionary.is_dictionary(obj,generic=generic)

[docs]def as_dictionary(obj, case_sensitive=True, case_normalization="lower"):
    """
    Convert object into :class:`Dictionary` with the given parameters.
    
    If object is already a :class:`Dictionary` (or its subclass), return unchanged, even if its parameters are different.
    """
    return Dictionary.as_dictionary(obj,case_sensitive=case_sensitive,case_normalization=case_normalization)

[docs]def as_dict(obj, style="nested", copy=True):
    """
    Convert object into standard `dict` with the given parameters.
    
    If object is already a `dict`, return unchanged, even if the parameters are different.
    """
    if isinstance(obj,dict):
        return obj
    return Dictionary.as_dictionary(obj).as_dict(style=style,copy=copy)

     


[docs]class Dictionary(object):
    """
    Multi-level dictionary.
    
    Access is done by path (all path elements are converted into strings and concatenated to form a single string path).
    If dictionary is not case-sensitive, all inserted and accessed paths are normalized to lower or upper case.
    
    Args:
        root (dict or Dictionary): Initial value.
        case_sensitive (bool): If ``False``, entries case is normalized according to `case_normalization`.
        case_normalization (str): Normalization rules; either ``'lower'`` or ``'upper'``.
        copy (bool): If ``True``, make copy of the supplied data; otherwise, just make it the root.
        
    Warning:
        If ``copy==False``, the root data is already assumed to be normalized. If it isn't, the behavior might be incorrect.
    """
    def __init__(self, root=None, case_sensitive=True, case_normalization="lower", copy=True):
        object.__init__(self)
        self._case_sensitive=case_sensitive
        self._case_normalization=case_normalization
        if root is not None:
            if isinstance(root,pd.Series):
                root=dict(zip(root.index,root))
            elif isinstance(root,pd.DataFrame):
                if root.shape[1]==1:
                    root=dict(zip(root.index,root.iloc(axis=1)[0]))
                elif root.shape[1]==2:
                    root=dict(zip(root.iloc(axis=1)[0],root.iloc(axis=1)[1]))
                else:
                    raise ValueError("only accept 1- and 2-column arrays")
            root=Dictionary._get_root(root)
            if copy:
                self._data={}
                self.merge_branch(root) # automatically normalizes source
            else:
                self._data=root
        else:
            self._data={}
    
    def _make_similar_dict(self, root=None, copy=True):
        return Dictionary(root=root,copy=copy,case_sensitive=self._case_sensitive,case_normalization=self._case_normalization)
    def _normalize_path_entry(self, entry):
        return normalize_path_entry(entry,case_sensitive=self._case_sensitive,case_normalization=self._case_normalization)
    def _normalize_path(self, path):
        return normalize_path(path,omit_empty=True,case_sensitive=self._case_sensitive,case_normalization=self._case_normalization)
    @staticmethod
    def _is_branch(v):
        return isinstance(v,dict) 
    @staticmethod
    def _get_root(source):
        if isinstance(source, Dictionary):
            return source._data
        elif Dictionary._is_branch(source):
            return source
        else:
            raise ValueError("source isn't a tree")
    @staticmethod
    def _is_empty(source):
        if isinstance(source, Dictionary):
            return not source._data
        elif Dictionary._is_branch(source):
            return not source
        else:
            return False
[docs]    @staticmethod
    def is_dictionary(obj, generic=True):
        """
        Determine if the object is a dictionary.
    
        Args:
            obj
            generic (bool): if False, passes only :class:`Dictionary` (or subclasses) objects;
                otherwise, passes any dictionary-like object.
        Returns:
            bool
        """
        if generic:
            return isinstance(obj, Dictionary) or Dictionary._is_branch(obj)
        else:
            return isinstance(obj, Dictionary)

[docs]    @staticmethod
    def as_dictionary(obj, case_sensitive=True, case_normalization="lower"):
        """
        Convert object into :class:`Dictionary` with the given parameters.
    
        If object is already a :class:`Dictionary` (or its subclass), return unchanged, even if its parameters are different.
        """
        if isinstance(obj,DictionaryPointer):
            return Dictionary(obj,copy=False)
        if isinstance(obj, Dictionary):
            return obj
        else:
            return Dictionary(obj,case_sensitive=case_sensitive,case_normalization=case_normalization)

    
    def _get_valid_subpath(self, s_path):
        branch=self._data
        for i,p in enumerate(s_path):
            if self._is_branch(branch) and p in branch:
                branch=branch[p]
            else:
                break
        return s_path[:i]
    
    def _get_branch(self, s_path, append=False, overwrite_leaves=False):
        branch=self._data
        for p in s_path:
            if append:
                new_branch=branch.setdefault(p,{})
                if not self._is_branch(new_branch):
                    if overwrite_leaves:
                        new_branch=branch[p]={}
                    else:
                        return None
                branch=new_branch
            elif p in branch:
                branch=branch[p]
                if not self._is_branch(branch):
                    return None
            else:
                return None
        return branch

    def _attach_node(self, dest, key, value, branch_option="normalize"):
        """
        Attach a node.
        
        branch_option decides what to do if the value is dictionary-like: just attach root, copy, or normalize all the keys
        attaching empty dictionary does nothing.
        """
        try:
            value=Dictionary._get_root(value)
            if value: # adding empty dictionary doesn't change anything
                if branch_option=="attach":
                    dest[key]=value
                else:
                    branch={}
                    self._insert_branch(value,branch,overwrite=True,normalize_paths=(branch_option=="normalize"))
                    dest[key]=branch
        except ValueError:
            dest[key]=value
        
    
[docs]    def add_entry(self, path, value, force=False, branch_option="normalize"):
        """
        Add value to a given path (overwrite leaf value if necessary).
        
        Doesn't replace leaves with branches and vice-verse if ``force==False``.
        
        Args:
            path
            value
            force (bool): If ``True``, change leaf into a branch and vice-versa; otherwise, raises :exc:`ValueError` if the conversion is necessary.
            branch_option (str):
                Decides what to do if the value is dictionary-like:
                    - ``'attach'`` -- just attach the root,
                    - ``'copy'`` -- copy and attach,
                    - ``'normalize'`` -- copy while normalizing all the keys according to the current rules.
        """
        funcargparse.check_parameter_range(branch_option,"branch_option",{"attach","copy","normalize"})
        if self._is_empty(value):
            if force:
                self.del_entry(path)
            return self
        path=self._normalize_path(path)
        if path==[]:
            raise KeyError("can't reassign root")
        if force:
            branch=self._get_branch(path[:-1],append=True,overwrite_leaves=True)
        else:
            branch=self._get_branch(path[:-1],append=True,overwrite_leaves=False)
            if branch is None:
                wrong_path="/".join(self._get_valid_subpath(path))
                raise KeyError("can't replace the leaf '{0}' with a subtree; delete the leaf explicitly first, or use force=True".format(wrong_path))
            if self._is_branch(branch.get(path[-1],None)):
                wrong_path="/".join(path)
                raise KeyError("can't replace the subtree '{0}' with a leaf; delete the subtree explicitly first, or use force=True".format(wrong_path))
        self._attach_node(branch,path[-1],value,branch_option=branch_option)
        return self

    def _get_entry(self, path):
        path=self._normalize_path(path)
        if path==[]:
            return self._data
        branch=self._get_branch(path[:-1],append=False)
        if branch and (path[-1] in branch):
            return branch[path[-1]]
        else:
            raise KeyError("unaccessible entry with path {0}".format(path))
[docs]    def get_entry(self, path, as_pointer=False):
        """
        Get entry at a given path
        
        Args:
            path
            as_pointer (bool): If ``True`` and entry is not a leaf, return :class:`Dictionary` or :class:`DictionaryPointer`
        """
        value=self._get_entry(path)
        if self._is_branch(value):
            if as_pointer:
                return DictionaryPointer(self,path,case_sensitive=self._case_sensitive,case_normalization=self._case_normalization,copy=False)
            else:
                return self._make_similar_dict(value,copy=False)
        else:
            return value

[docs]    def has_entry(self, path, kind="all"):
        """
        Determine if the path is in the dictionary.
        
        `kind` determines which kind of path to consider and can be ``'leaf'``, ``'branch'`` or ``'all'``.
        """
        funcargparse.check_parameter_range(kind,"kind",{"leaf","branch","all"})
        try:
            v=self._get_entry(path)
            return (kind=="all") or (kind=="branch" and self._is_branch(v)) or (kind=="leaf" and not self._is_branch(v))
        except KeyError:
            return False

[docs]    def get_max_prefix(self, path, kind="all"):
        """
        Find the longest prefix of `path` contained in the dictionary.

        Return tuple ``(prefix, rest)``, where both path entries are normalized according to the dictionary rules.
        `kind` determines which kind of path to consider and can be ``'leaf'``, ``'branch'`` or ``'all'``. If the longest prefix is of a different kind, return ``(None,None)``.
        """
        funcargparse.check_parameter_range(kind,"kind",{"leaf","branch","all"})
        s_path=self._normalize_path(path)
        if s_path==[]:
            if not self._data and kind!="branch":
                return ([],[])
            if self._data and kind!="leaf":
                return ([],[])
            return (None,None)
        branch=self._data
        for i,p in enumerate(s_path):
            if p in branch:
                branch=branch[p]
                if not self._is_branch(branch):
                    return (None,None) if kind=="branch" else (s_path[:i+1],s_path[i+1:])
            else:
                return (None,None) if kind=="leaf" else (s_path[:i],s_path[i:])
        return (None,None) if kind=="leaf" else (s_path,[])

[docs]    def del_entry(self, path):
        """ Delete entry from the dictionary. Return ``True`` if the path was present."""
        path=self._normalize_path(path)
        if path==[]:
            return False
        branch=self._get_branch(path[:-1],append=False)
        if branch:
            try:
                del branch[path[-1]]
                return True
            except KeyError:
                pass
        return False

    
    __getitem__=get_entry
    __setitem__=add_entry
    __contains__=has_entry
    __delitem__=del_entry
    def __len__(self): return len(self._data)
[docs]    def size(self):
        """Return the total size of the dictionary (number of nodes)."""
        def _branch_size(branch):
            if self._is_branch(branch):
                return sum(_branch_size(v) for v in viewvalues_(branch))
            else:
                return 1
        return _branch_size(self._data)

[docs]    def get(self, path, default=None):
        """
        Analog of ``dict.get()``: ``D.get(k,d) -> D[k] if k in D else d``.
        """
        try:
            return self.__getitem__(path)
        except KeyError:
            return default

[docs]    def setdefault(self, path, default=None):
        """
        Analog of ``dict.setdefault()``: ``D.setdefault(k,d) -> D.get(k,d)``, also sets ``D[k]=d`` if ``k is not in D``.
        """
        try:
            return self.__getitem__(path)
        except KeyError:
            self.__setitem__(path, default)
            return default

[docs]    def viewitems(self, ordered=False, leafs=False, path_kind="split", wrap_branches=True):
        """
        Analog of ``dict.viewitems()``, by default iterating only over the immediate children of the root.
        
        Args:
            ordered (bool): If ``True``, loop over keys in alphabetic order.
            leafs (bool): If ``True``, loop over leaf nodes (i.e., behave as 'flat' dictionary);
                otherwise, loop over immediate children (i.e., behave as 'nested' dictionary)
            path_kind (str): either ``"split"`` (each path is a tuple of individual keys), or ``"joined"`` (each path is a single string)
            wrap_branches (bool): if ``True``, wrap sub-branches into :class:`DictionaryPointer` objects; otherwise, return them as nested built-in dictionaries
        """
        if leafs:
            funcargparse.check_parameter_range(path_kind,"path_kind",{"split","joined"})
            makep=tuple if path_kind=="split" else "/".join
            for p,v in self.iternodes(to_visit="leafs",ordered=ordered,include_path=True):
                yield makep(p),v
        else:
            items_=sorted(viewitems_(self._data)) if ordered else viewitems_(self._data)
            if wrap_branches:
                makev=lambda p,v: (self._fast_build_branch_pointer([p],v) if self._is_branch(v) else v)
            else:
                makev=lambda p,v: v
            for p,v in items_:
                yield p,makev(p,v)

    iteritems=viewitems # for compatibility
    items=viewitems
[docs]    def viewvalues(self, ordered=False, leafs=False, wrap_branches=True):
        """
        Analog of ``dict.viewvalues()``, iterating only over the immediate children of the root.

        Args:
            ordered (bool): If ``True``, loop over keys in alphabetic order.
            leafs (bool): If ``True``, loop over leaf nodes (i.e., behave as 'flat' dictionary);
                otherwise, loop over immediate children (i.e., behave as 'nested' dictionary)
            wrap_branches (bool): if ``True``, wrap sub-branches into :class:`DictionaryPointer` objects; otherwise, return them as nested built-in dictionaries
        """
        for _,v in self.items(ordered=ordered,leafs=leafs,wrap_branches=wrap_branches):
            yield v

    itervalues=viewvalues
    values=viewvalues
[docs]    def viewkeys(self, ordered=False):
        """
        Analog of ``dict.viewkeys()``, iterating only over the immediate children of the root.
        
        Args:
            ordered (bool): If ``True``, loop over keys in alphabetic order.
        """
        return sorted(self._data) if ordered else list(self._data)

    iterkeys=viewkeys # for compatibility
    def __iter__(self):
        return self._data.__iter__()
    keys=viewkeys
[docs]    def paths(self, ordered=False, topdown=False, path_kind="split"):
        """
        Return list of all leaf paths.
        
        Args:
            ordered (bool): If ``True``, loop over paths in alphabetic order.
            topdown (bool): If ``True``, return node's leafs before its subtrees leafs.
            path_kind (str): either ``"split"`` (each path is a tuple of individual keys), or ``"joined"`` (each path is a single string)
        """
        ps=[]
        funcargparse.check_parameter_range(path_kind,"path_kind",{"split","joined"})
        makep=tuple if path_kind=="split" else "/".join
        for p,_ in self.iternodes(to_visit="leafs",ordered=ordered,topdown=topdown,include_path=True):
            ps.append(makep(p))
        return ps

    def _iterbranches(self, ordered=False, topdown=False):
        if topdown:
            yield self
        source=self._data
        path=self.get_path()
        if ordered:
            iter_range=sorted(viewitems_(source))
        else:
            iter_range=viewitems_(source)
        for k,v in iter_range:
            if self._is_branch(v):
                ptr=self._fast_build_branch_pointer(path+[k],v)
                for b in ptr._iterbranches(ordered=ordered,topdown=topdown):
                    yield b
        if not topdown:
            yield self
[docs]    def iternodes(self, to_visit="leafs", ordered=False, include_path=False, topdown=False):
        """
        Iterate over nodes.
        
        Args:
            to_visit (str): Can be ``'leafs'``, ``'branches'`` or ``'all'`` and determines which parts of the dictionary are visited.
            ordered (bool): If ``True``, loop over paths in alphabetic order.
            include_path (bool): Include in the return value.
            topdown (bool): If ``True``, visit node and its leafs before its subtrees leafs.
            
        Yield:
            Values for leafs and :class:`DictionaryPointer` for branches.
            If ``include_path==True``, yields tuple ``(path, value)``, where `path` is in the form of a normalized list.
        """
        funcargparse.check_parameter_range(to_visit,"to_visit",{"branches","leafs","all"})
        for br in self._iterbranches(ordered=ordered,topdown=topdown):
            path=br.get_path()
            if topdown and (to_visit in {"branches","all"}):
                yield (path,br) if include_path else br
            if to_visit in {"leafs","all"}:
                for k,v in br.viewitems(ordered=ordered,wrap_branches=False):
                    if not self._is_branch(v):
                        yield (path+[k],v) if include_path else v
            if (not topdown) and (to_visit in {"branches","all"}):
                yield (path,br) if include_path else br

    nodes=iternodes
    
                
    def __str__(self):
        iterleafs=self.iternodes(ordered=True,to_visit="leafs",include_path=True)
        content="\n".join("'{0}': {1}".format("/".join(k),str(v)) for k,v in iterleafs)
        return "{0}({1})".format(type(self).__name__,content)
    __repr__=__str__
    
    def _insert_branch(self, source, dest, overwrite=True, normalize_paths=True):
        for k,v in viewitems_(source):
            if normalize_paths:
                k=self._normalize_path(k)
                if len(k)>1:
                    v=reduce((lambda d,sk: {sk:d}), [v]+k[:0:-1]) # build dict corresponding to {"k[1]/k[2]/.../k[-1]":v}
                k=k[0]
            else:
                k=self._normalize_path_entry(str(k))
            try:
                v=self._get_root(v)
                is_branch=True
            except ValueError:
                is_branch=False
            if is_branch:
                if k in dest and not (self._is_branch(dest[k])):
                    if overwrite:
                        dest[k]={}
                    else:
                        continue
                dest.setdefault(k,{})
                self._insert_branch(v,dest[k],overwrite=overwrite,normalize_paths=normalize_paths)
            else:
                if overwrite:
                    dest[k]=v
                else:
                    dest.setdefault(k,v)
[docs]    def merge_branch(self, source, branch="", overwrite=True, normalize_paths=True):
        """
        Attach source (:class:`dict` or other :class:`Dictionary`) to a given branch; source is automatically deep-copied.
        
        Args:
            source (dict or Dictionary)
            branch (tuple or str): Destination path.
            overwrite (bool): If ``True``, replaces the old entries with the new ones (it only matters for leaf assignments).
            normalize_paths (bool): If ``True`` and the dictionary isn't case sensitive, perform normalization if the `source`.
        """
        source=Dictionary._get_root(source)
        if not source:
            return self
        path=self._normalize_path(branch)
        dest=self._get_branch(path,append=True,overwrite_leaves=overwrite)
        if dest is None:
            raise KeyError("can't replace the leaf '{0}' with a subtree; delete the leaf explicitly first, or use force=True".format("/".join(path)))
        self._insert_branch(source,dest,overwrite=overwrite,normalize_paths=normalize_paths)
        return self

    update=merge_branch
[docs]    def detach_branch(self, branch=""):
        """Remove branch from the current dictionary and return it as a separate :class:`Dictionary`."""
        subtree=self[branch]
        del self[branch]
        return subtree

        
    @staticmethod
    def _deep_copy(leaf):
        if Dictionary._is_branch(leaf):
            res={}
            for k,v in viewitems_(leaf):
                res[k]=Dictionary._deep_copy(v)
        else:
            res=leaf
        return res
[docs]    def branch_copy(self, branch=""):
        """Get a copy of the branch as a :class:`Dictionary`."""
        source=self._get_branch(self._normalize_path(branch),append=False)
        if source is None:
            raise KeyError("unaccessible entry with path {0}".format(branch))
        return self._make_similar_dict(self._deep_copy(source),copy=False)

[docs]    def copy(self):
        """Get a full copy the dictionary."""
        return self.branch_copy()

[docs]    def updated(self, source, branch="", overwrite=True, normalize_paths=True):
        """
        Get a copy of the dictionary and attach a new branch to it.
        
        Parameters are the same as in the :meth:`Dictionary.merge_branch`. 
        """
        cpy=self.copy()
        cpy.merge_branch(source,branch=branch,overwrite=overwrite,normalize_paths=normalize_paths)
        return cpy

[docs]    def as_dict(self, style="nested", copy=True):
        """
        Convert into a :class:`dict` object.
        
        Args:
            style (str):
                Determines style of the returned :
                    - ``'nested'`` -- subtrees are turned into nested dictionaries,
                    - ``'flat'`` --  single dictionary is formed with full paths as keys.
            copy (bool): If ``False`` and ``style=='nested'``, return the root dictionary. 
        """
        if isinstance(self,dict):
            return self.copy() if copy else self
        funcargparse.check_parameter_range(style,"style",{"nested","flat"})
        if style=="nested":
            return self.copy()._data if copy else self._data
        else:
            d={}
            for p,v in self.iternodes(to_visit="leafs",include_path=True):
                d["/".join(p)]=v
            return d

[docs]    def as_pandas(self, index_key=True, as_series=True):
        """
        Convert into a pandas DataFrame or Series object.
        
        Args:
            index_key (bool): If ``False``, create a 2-column table with the first column (``"key"``) containing string path
                and the second column (``"value"``) containing value; otherwise, move key to the table index.
            as_series (bool): If ``index_key==True`` and ``as_series==True``, convert the resulting DataFrame into 1D Series
                (the key is the index); otherwise, keep it as a single-column table
        """
        data=[("/".join(p), v) for p,v in self.iternodes(to_visit="leafs",include_path=True,ordered=True)]
        table=pd.DataFrame(data,columns=["key","value"])
        if index_key:
            table=table.set_index("key")
            if as_series:
                table=table["value"]
        return table

    
[docs]    def get_path(self): return [] # for compatibility with pointer

[docs]    def branch_pointer(self, branch=""):
        """
        Get a :class:`DictionaryPointer` of a given branch.
        """
        return DictionaryPointer(self,branch,case_sensitive=self._case_sensitive,case_normalization=self._case_normalization,copy=False)

    def _fast_build_branch_pointer(self, norm_path, node):
        return DictionaryPointer._fast_build(self,norm_path,node,case_sensitive=self._case_sensitive,case_normalization=self._case_normalization,copy=False)
    
    
[docs]    def map_self(self, func, to_visit="leafs", pass_path=False, topdown=False, branch_option="normalize"):
        """
        Apply `func` to the nodes in the dictionary.
        
        Args:
            func (callable): Mapping function. Leafs are passed by value, branches (if visited) are passed as :class:`DictionaryPointer`.
            to_visit (str): Can be ``'leafs'``, ``'branches'`` or ``'all'`` and determines which parts of the dictionary passed to the map function.
            pass_path (bool): If ``True``, pass the node path (in the form of a normalized list) as a first argument to `func`.
            topdown (bool): If ``True``, visit node and its leafs before its subtrees leafs.
            branch_option (str): If the function returns a dict-like object, determines how to 
        """
        funcargparse.check_parameter_range(to_visit,"to_visit",{"branches","leafs","all"})
        funcargparse.check_parameter_range(branch_option,"branch_option",{"attach","copy","normalize"})
        visit_branches=to_visit in {"branches","all"}
        visit_leafs=to_visit in {"leafs","all"}
        for br in self._iterbranches(topdown=topdown):
            path=br.get_path()
            source=br._data
            for k,v in viewitems_(source):
                if self._is_branch(v):
                    if visit_branches:
                        ptr=self._fast_build_branch_pointer(path+[k],v)
                        res=func(ptr.get_path(),ptr) if pass_path else func(ptr)
                        if res is not ptr:
                            self._attach_node(source,k,res,branch_option=branch_option)
                elif visit_leafs:
                    res=func(path+[k],v) if pass_path else func(v)
                    if res is not v:
                        self._attach_node(source,k,res,branch_option=branch_option)
        return self

[docs]    def filter_self(self, pred, to_visit="leafs", pass_path=False, topdown=False):
        """
        Remove all the nodes from the dictionary for which `pred` returns ``False``.
        
        Args:
            pred (callable): Filter function. Leafs are passed to `pred` by value, branches (if visited) are passed as :class:`DictionaryPointer`.
            to_visit (str): Can be ``'leafs'``, ``'branches'`` or ``'all'`` and determines which parts of the dictionary passed to the predicate.
            pass_path (bool): If ``True``, pass the node path (in the form of a normalized list) as a first argument to `pred`.
            topdown (bool): If ``True``, visit node and its leafs before its subtrees leafs.
        """
        funcargparse.check_parameter_range(to_visit,"to_visit",{"branches","leafs","all"})
        visit_branches=to_visit in {"branches","all"}
        visit_leafs=to_visit in {"leafs","all"}
        for br in self._iterbranches(topdown=topdown):
            path=br.get_path()
            source=br._data
            for k,v in list(source.items()):
                keep=True
                if self._is_branch(v):
                    if visit_branches:
                        ptr=self._fast_build_branch_pointer(path+[k],v)
                        keep=pred(ptr.get_path(),ptr) if pass_path else pred(ptr)
                elif visit_leafs:
                    keep=pred(path+[k],v) if pass_path else pred(v)
                if not keep:
                    del source[k]
        return self

    
    
[docs]    class DictionaryDiff(collections.namedtuple("DictionaryDiff",["same","changed_from","changed_to","removed","added"])): # making Sphinx autodoc generate correct docstring
        """
        Describes a difference between the two dictionaries.
        
        Attributes:
            same (:class:`Dictionary`): Contains the leafs which is the same.
            changed_from (:class:`Dictionary`): Contains the leafs from the first dictionary which have different values in the second dictionary.
            changed_to (:class:`Dictionary`): Contains the leafs from the second dictionary which have different values in the first dictionary.
            removed (:class:`Dictionary`): Contains the leafs from the first dictionary which are absent in the second dictionary.
            added (:class:`Dictionary`): Contains the leafs from the second dictionary which are absent in the first dictionary.
        """

[docs]    def diff(self, other):
        """
        Perform an element-wise comparison to another Dictionary.
        
        If the other Dictionary has a different case sensitivity, raise :exc:`ValueError`.
        
        Returns:
            :class:`Dictionary.DictionaryDiff`
        """
        if self._case_sensitive!=other._case_sensitive:
            raise ValueError("can't compare dictionaries with different case sensitivity")
        self_paths=set(["/".join(p) for p in self.paths()])
        if self._case_sensitive or self._case_normalization!=other._case_normalization:
            other_paths=other.paths()
        else:
            other_paths=[ tuple([self._normalize_path_entry(e) for e in p]) for p in other.paths() ]
        other_paths=set(["/".join(p) for p in other_paths])
        same_paths=set.intersection(self_paths,other_paths)
        added=self._make_similar_dict()
        removed=self._make_similar_dict()
        for p in set.difference(self_paths,same_paths):
            removed[p]=self[p]
        for p in set.difference(other_paths,same_paths):
            added[p]=other[p]
        same=self._make_similar_dict()
        changed_from=self._make_similar_dict()
        changed_to=self._make_similar_dict()
        for p in same_paths:
            vs,vo=self[p],other[p]
            if vs==vo:
                same[p]=vs
            else:
                changed_from[p]=vs
                changed_to[p]=vo
        return self.DictionaryDiff(same,changed_from,changed_to,removed,added)

[docs]    @staticmethod
    def diff_flatdict(first, second):
        """
        Find the difference between flat :class:`dict` objects.
        
        Returns:
            :class:`Dictionary.DictionaryDiff`
        """
        first_paths=set(first)
        second_paths=set(second)
        same_paths=first_paths&second_paths
        added=dict([ (k,second[k]) for k in (second_paths-same_paths) ])
        removed=dict([ (k,first[k]) for k in (first_paths-same_paths) ])
        same={}
        changed_from={}
        changed_to={}
        for p in same_paths:
            vf,vs=first[p],second[p]
            if vf==vs:
                same[p]=vf
            else:
                changed_from[p]=vf
                changed_to[p]=vs
        return Dictionary.DictionaryDiff(same,changed_from,changed_to,removed,added)

[docs]    class DictionaryIntersection(collections.namedtuple("DictionaryIntersection",["common","individual"])): # making Sphinx autodoc generate correct docstring
        """
        Describes the result of finding intersection of multiple dictionaries.
        
        Attributes:
            common (:class:`Dictionary`): Contains the intersection of all dictionaries.
            individual ([:class:`Dictionary`]): Contains list of difference from intersection for all dictionaries.
        """

[docs]    @staticmethod
    def find_intersection(dicts, use_flatten=False):
        """
        Find intersection of multiple dictionaries.
        
        Args:
            dicts ([:class:`Dictionary`])
            use_flatten (bool): If ``True`` flatten all dictionaries before comparison (works faster for a large number of dictionaries).
        
        Returns:
            :class:`Dictionary.DictionaryIntersection`
        """
        if len(dicts)==0:
            return Dictionary.DictionaryIntersection(Dictionary(),[])
        if len(dicts)==1:
            return Dictionary.DictionaryIntersection(dicts[0],[Dictionary()])
        if not use_flatten:
            common=dicts[0]
            for d in dicts[1:]:
                common=common.diff(d).same
            individual=[d.diff(common).removed for d in dicts]
            return Dictionary.DictionaryIntersection(common,individual)
        else:
            d0=dicts[0]
            for d in dicts[1:]:
                if d._case_sensitive!=d0._case_sensitive:
                    raise ValueError("can't compare dictionaries with different case sensitivity")
            if not d0._case_sensitive:
                for d in dicts[1:]:
                    if d._case_normalization!=d0._case_normalization:
                        return Dictionary.find_intersection(dicts,use_flatten=False)
            fdicts=[d.as_dict("flat") for d in dicts]
            common=fdicts[0]
            for d in fdicts[1:]:
                common=Dictionary.diff_flatdict(common,d).same
            individual=[Dictionary.diff_flatdict(d,common).removed for d in fdicts]
            common=d0._make_similar_dict(common)
            individual=[d0._make_similar_dict(i) for i in individual]
            return Dictionary.DictionaryIntersection(common,individual)


    def _add_dict(self, d1, d2):
        if self._is_branch(d1):
            for k,v in viewitems_(d2):
                if k in d1:
                    self._add_dict(d1[k],v)
                else:
                    d1[k]=v
    def _dfs_pattern(self, path, root, wildkey, wildpath, match_leaves, wrap_nodes=None):
        if wrap_nodes is None:
            wrap_nodes=not match_leaves
        res=(root,) if wrap_nodes else root
        if not path:
            return res, not (match_leaves and self._is_branch(root))
        if not self._is_branch(root):
            return res, (len(path)==1 and path[0]==wildpath)
        if path[0]==wildkey:
            res={}
            for k,v in viewitems_(root):
                mv,succ=self._dfs_pattern(path[1:],v,wildkey,wildpath,match_leaves,wrap_nodes=wrap_nodes)
                if succ:
                    res[k]=mv
            return res,bool(res)
        elif path[0]==wildpath:
            mvd,succd=self._dfs_pattern(path[1:],root,wildkey,wildpath,match_leaves,wrap_nodes=wrap_nodes)
            mvk={}
            for k,v in viewitems_(root):
                mv,succ=self._dfs_pattern(path,v,wildkey,wildpath,match_leaves,wrap_nodes=wrap_nodes)
                if succ:
                    mvk[k]=mv
            if succd:
                if mvk:
                    self._add_dict(mvd,mvk)
                return mvd,True
            else:
                return mvk,bool(mvk)
        elif path[0] in root:
            mv,succ=self._dfs_pattern(path[1:],root[path[0]],wildkey,wildpath,match_leaves,wrap_nodes=wrap_nodes)
            return ({path[0]:mv} if succ else None), succ
        else:
            return None,False
                    
[docs]    def get_matching_paths(self, pattern, wildkey="*", wildpath="**", only_leaves=True):
        """
        Get all paths in the tree that match the provided pattern.
        
        Args:
            wildkey (str): Pattern symbol that matches any key.
            wildpath (str): Pattern symbol that matches any subpath (possibly empty).
            only_leaves (bool): If ``True``, only check leaf paths; otherwise, check subtree paths (i.e., incomplete leaf paths) as well.
                Basically, ``only_leaves=False`` is analogous to adding wildpath at the end of the pattern.
        """
        s_path=self._normalize_path(pattern)
        dfs_tree,matched=self._dfs_pattern(s_path,self._data,wildkey,wildpath,match_leaves=only_leaves)
        if not matched:
            return []
        def _get_paths(d):
            if self._is_branch(d):
                return [ [k]+p for k,v in viewitems_(d) for p in _get_paths(v)]
            else:
                return [[]]
        paths=_get_paths(dfs_tree)
        return paths

[docs]    def get_matching_subtree(self, pattern, wildkey="*", wildpath="**", only_leaves=True):
        """
        Get a subtree containing nodes with paths matching the provided pattern.
        
        Args:
            wildkey (str): Pattern symbol that matches any key.
            wildpath (str): Pattern symbol that matches any subpath (possibly empty).
            only_leaves (bool): If ``True``, only check leaf paths; otherwise, check subtree paths (i.e., incomplete leaf paths) as well.
                Basically, ``only_leaves=False`` is analogous to adding wildpath at the end of the pattern.
        """
        s_path=self._normalize_path(pattern)
        if s_path[-1]==wildpath:
            return self.get_matching_subtree(s_path[:-1],wildkey,wildpath,only_leaves=False)
        dfs_tree,matched=self._dfs_pattern(s_path,self._data,wildkey,wildpath,match_leaves=only_leaves,wrap_nodes=False)
        if not matched:
            return self._make_similar_dict({},copy=False)
        return self._make_similar_dict(dfs_tree,copy=False)




### Conversion to and from a tuple ###
### Used in .strdump module (see that module for more info) ###
def _dump_dictionary(d, dumpf):
    v=d.as_dict("nested")
    v=dumpf(v)
    return v,d._case_sensitive,d._case_normalization
def _load_dictionary(v, loadf):
    d,case_sensitive,case_normalization=v
    return Dictionary(loadf(d),case_sensitive=case_sensitive,case_normalization=case_normalization,copy=False)
strdump.dumper.add_class(Dictionary,_dump_dictionary,_load_dictionary,"dict",recursive=True)
                 
    
    
    
[docs]class DictionaryPointer(Dictionary):
    """
    Similar to :class:`Dictionary`, but can point at one of the branches instead of the full dictionary.
    
    Effect is mostly equivalent to prepending some path to all queries.
    
    Args:
        root (dict or Dictionary): Complete tree.
        pointer: Path to the pointer location. 
        case_sensitive (bool): If ``False``, entries case is normalized according to `case_normalization`.
        case_normalization (str): Normalization rules; either ``'lower'`` or ``'upper'``.
        copy (bool): If ``True``, make copy of the supplied data; otherwise, just make it the root.
        
    Warning:
        If ``copy==False``, the root data is already assumed to be normalized. If it isn't, the behavior might be incorrect.
    """
    def __init__(self, root=None, pointer=None, case_sensitive=True, case_normalization="lower", copy=True):
        Dictionary.__init__(self,root=root,case_sensitive=case_sensitive,case_normalization=case_normalization,copy=copy)
        self._root=self._data
        if len(pointer)==0:
            self._path=[]
        else:
            self.move(pointer)
        
    def __str__(self):
        iterleafs=self.iternodes(ordered=True,to_visit="leafs",include_path=True)
        path_length=len(self.get_path())
        content="\n".join("'{0}': {1}".format("/".join(k[path_length:]),str(v)) for k,v in iterleafs)
        return "{0}(location = '{1}'; {2})".format(type(self).__name__,"/".join(self.get_path()),content)
    __repr__=__str__
    
[docs]    def get_path(self):
        """
        Return pointer path in the whole dictionary.
        """
        return self._path

[docs]    def move(self, path="", absolute=True):
        """
        Move the pointer to a new path.
        
        Args:
            path
            absolute (bool): If ``True``, path is specified with respect to the root;
                otherwise, it's specified with respect to the current position (and can only go deeper).
        """
        path=self._normalize_path(path)
        if not absolute:
            path=self._path+path
        self._path=path
        self._data=self._root
        self._data=self._get_branch(self._path)

        
    @staticmethod
    def _fast_build(root, norm_path, node, case_sensitive=True, case_normalization="lower", copy=False):
        ptr=DictionaryPointer(root=root,pointer=[],case_sensitive=case_sensitive,case_normalization=case_normalization,copy=copy)
        ptr._data=node
        ptr._path=norm_path
        return ptr
    
[docs]    def branch_pointer(self, branch=""):
        """
        Get a :class:`DictionaryPointer` of a given branch.
        """
        branch=self._path+self._normalize_path(branch)
        return DictionaryPointer(self._root,branch,case_sensitive=self._case_sensitive,case_normalization=self._case_normalization,copy=False)


    
    



[docs]class PrefixTree(Dictionary):
    """
    Expansion of a :class:`Dictionary` designed to store data related to prefixes.
    
    Each branch node can have a leaf with a name given by wildcard (``'*'`` by default) or matchcard (``'.'`` by default).
    Wildcard assumes that the branch node path is a prefix; matchcard assumes exact match.
    These leafs are inspected when specific prefix tree functions (find_largest_prefix and find_all_prefixes) are used.
        
    Args:
        root (dict or Dictionary): Complete tree.
        case_sensitive (bool): If ``False``, entries case is normalized according to `case_normalization`.
        case_normalization (str): Normalization rules; either ``'lower'`` or ``'upper'``.
        wildcard (str): Symbol for a wildcard entry.
        matchcard (str): Symbol for a matchcard entry.
        copy (bool): If ``True``, make copy of the supplied data; otherwise, just make it the root.
        
    Warning:
        If ``copy==False``, the root data is already assumed to be normalized. If it isn't, the behavior might be incorrect.
    """
    def __init__(self, root=None, case_sensitive=True, case_normalization="lower", wildcard="*", matchcard=".", copy=True):
        Dictionary.__init__(self,root,case_sensitive=case_sensitive,case_normalization=case_normalization,copy=copy)
        self._wildcard=wildcard
        self._matchcard=matchcard
    
[docs]    def copy(self):
        """Get a full copy the prefix tree."""
        return PrefixTree(self.branch_copy(),case_sensitive=self._case_sensitive,case_normalization=self._case_normalization,
                          wildcard=self._wildcard,matchcard=self._matchcard,copy=False)

        
    def _loop_over_prefixes(self, path, allow_nomatch_exact=True):
        s_path=self._normalize_path(path)
        l=len(s_path)
        branch=self._data
        for i,p in enumerate(s_path):
            if not self._is_branch(branch):
                return
            if self._wildcard in branch:
                yield i,branch[self._wildcard]
            if p in branch:
                branch=branch[p]
            else:
                return
        if not self._is_branch(branch):
            if allow_nomatch_exact:
                #yield None,branch
                yield l,branch
        else:
            if self._wildcard in branch:
                yield l,branch[self._wildcard]
            if self._matchcard in branch:
                yield l,branch[self._matchcard]
[docs]    def find_largest_prefix(self, path, default=None, allow_nomatch_exact=True, return_path=False, return_subpath=False):
        """
        Find the entry which is the largest prefix of a given path.
        
        Args:
            path
            default: Default value if the path isn't found.
            allow_nomatch_exact (bool): If ``True``, just element with the given path can be returned;
                otherwise, only elements stored under wildcards and matchcards are considered.
            return_path (bool): If ``True``, return path to the element (i.e., the largest prefix) instead of the element itself.
            return_subpath (bool): If ``True``, return tuple with a second element being part of the `path` left after subtraction of the prefix.
        """
        s_path=self._normalize_path(path)
        cut_pos=0
        data=default
        for l in self._loop_over_prefixes(s_path,allow_nomatch_exact=allow_nomatch_exact):
            cut_pos,data=l
        if return_subpath:
            return (s_path[:cut_pos] if return_path else data),s_path[cut_pos:]
        else:
            return (s_path[:cut_pos] if return_path else data)

[docs]    def find_all_prefixes(self, path, allow_nomatch_exact=True, return_path=True, return_subpath=False):
        """
        Find list of all the entries which are prefixes of a given path.
        
        Args:
            path
            default: Default value if the path isn't found.
            allow_nomatch_exact (bool): If ``True``, just element with the given path can be returned;
                otherwise, only elements stored under wildcards and matchcards are considered.
            return_path (bool): If ``True``, return path to the element (i.e., the largest prefix) instead of the element itself.
            return_subpath (bool): If ``True``, return tuple with a second element being part of the `path` left after subtraction of the prefix.
        """
        s_path=self._normalize_path(path)
        pfxs=[]
        for l in self._loop_over_prefixes(s_path,allow_nomatch_exact=allow_nomatch_exact):
            cut_pos,data=l
            if return_subpath:
                pfxs.append( ((s_path[:cut_pos] if return_path else data),s_path[cut_pos:]) )
            else:
                pfxs.append( (s_path[:cut_pos] if return_path else data) )
        return pfxs





[docs]def combine_dictionaries(dicts, func, select="all", pass_missing=False):
    """
    Combine several dictionaries element-wise (only for leafs) using a given function.

    Args:
        dicts(list or tuple): list of dictionaries (:class:`Dictionary` or ``dict``) to be combined
        func(callable): combination function. Takes a single argument, which is a list of elements to be combined.
        select(str): determins which keys are selected for the resulting dictionary.
            Can be either ``"all"`` (only keep keys which are present in all the dictionaries), or ``"any"`` (keep keys which are present in at least one dictionary).
            Only keys that point to leafs count; if a key points to a non-leaf branch in some dictionary, it is considered absent from this dictionary.
        pass_missing(bool): if ``select=="any"``, this parameter determines whether missing elements will be passed to `func` as ``None``, or omitted entirely.
    """
    funcargparse.check_parameter_range(select,"select",["all","any"])
    if not dicts:
        return Dictionary()
    dicts=[as_dictionary(d) for d in dicts]
    paths=set(dicts[0].paths())
    if select=="all":
        paths=set([p for p in paths if all([d.has_entry(p,kind="leaf") for d in dicts]) ])
    else:
        for d in dicts:
            paths.update(d.paths())
    result=dicts[0]._make_similar_dict()
    for p in paths:
        if select=="any" and pass_missing:
            values=[d[p] for d in dicts if d.has_entry(p,"leaf")]
        else:
            values=[(d[p] if d.has_entry(p,"leaf") else None) for d in dicts]
        joined_value=func(values)
        result[p]=joined_value
    return result



    
    

## Simple substitute for Serializable ##
## Generate (local) objects hierarchy from Dictionary
## local here means that object is created based only on its immediate children, not on grand children or parents
[docs]class DictionaryNode(object):
    def __init__(self, **vargs):
        object.__init__(self)
        for name, value in viewitems_(vargs):
            setattr(self,name,value)
    def __str__(self):
        return str(self.__dict__)
    def __repr__(self):
        return "DictionaryNode({})".format(self)

def _default_object_generator(data, name=None):
    return DictionaryNode(**data)
[docs]def dict_to_object_local(data, name=None, object_generator=_default_object_generator):
    obj_dict={}
    for name,value in viewitems_(data):
        if Dictionary._is_branch(value):
            obj_dict[name]=dict_to_object_local(value,name=name,object_generator=object_generator)
        else:
            obj_dict[name]=value
    return object_generator(obj_dict,name)






[docs]class PrefixShortcutTree(object):
    """
    Convenient storage for dictionary path shortcuts.
    
    Args:
        shortcuts (dict): Dictionary of shortcuts ``{shortcut: full_path}``.
    """
    def __init__(self, shortcuts=None):
        self._tree=PrefixTree()
        if shortcuts:
            self.add_shortcuts(shortcuts)
            
[docs]    def copy(self):
        """Return full copy."""
        res=PrefixShortcutTree()
        res._tree=self._tree.copy()
        return res

[docs]    def add_shortcut(self, source, dest, exact=False):
        """
        Add a single shortcut.
        
        Args:
            source: Shortcut path.
            dest: expanded path corresponding to the shortcut.
            exact (bool): If ``True``, the shortcut works only for the exact path; otherwise, it works for any path with 'source' as a prefix.
        """
        self._tree[source,"." if exact else "*"]=normalize_path(dest)
        return self

[docs]    def add_shortcuts(self, shortcuts, exact=False):
        """
        Add a dictionary of shortcuts ``{shortcut: full_path}``.
        
        Arguments are the same as in :meth:`PrefixShortcutTree.add_shortcut`.
        """
        for s,d in viewitems_(shortcuts):
            self.add_shortcut(s,d,exact=exact)
        return self

[docs]    def remove_shortcut(self, source):
        """Remove a shortcut from the tree"""
        pfx=self._tree.find_largest_prefix(source,return_path=True)
        del self._tree[pfx]

[docs]    def updated(self, shortcuts, exact=False):
        """
        Make a copy and add additional shortcuts.
        
        Arguments are the same as in :meth:`PrefixShortcutTree.add_shortcuts`.
        """
        return self.copy().add_shortcuts(shortcuts,exact=exact)


    def _find_shortcut(self, source):
        dest,subpath=self._tree.find_largest_prefix(source,return_subpath=True)
        if dest and subpath:
            dest=dest+subpath
        return dest
    def __call__(self, source, recursive=True):
        """
        Find and expand shortcuts in the path.
        
        Args:
            source: Source path.
            recursive (bool): If ``True``, keep substituting shortcuts while possible; otherwise, do a single substitute.
        """
        source=normalize_path(source)
        if recursive:
            while True:
                dest=self._find_shortcut(source)
                if dest is None:
                    return source
                source=dest
        else:
            return self._find_shortcut(source) or source




### Indexing accessor decorator ###

[docs]class ItemAccessor(object):
    def __init__(self, getter=None, setter=None, deleter=None, normalize_names=True, path_separator="/", allow_incomplete_paths=False):
        object.__init__(self)
        self.getter=getter
        self.setter=setter
        self.deleter=deleter
        self.normalize_names=normalize_names or allow_incomplete_paths
        self.allow_incomplete_paths=allow_incomplete_paths
        self.path_separator=path_separator
    def _norm_name(self, name):
        if self.normalize_names:
            return "/".join(normalize_path(name,sep=self.path_separator))
        return name
[docs]    class ItemAccessorBranch(object):
        def __init__(self, src, branch):
            object.__init__(self)
            self.src=src
            self.branch=src._norm_name(branch)+src.path_separator
        def __getitem__(self, name): return self.src.__getitem__(self.branch+self.src._norm_name(name))
        def __setitem__(self, name, value):  return self.src.__setitem__(self.branch+self.src._norm_name(name),value)
        def __delitem__(self, name):  return self.src.__delitem__(self.branch+self.src._norm_name(name))

    def __getitem__(self, name):
        name=self._norm_name(name)
        try:
            if self.getter is not None:
                return self.getter(name)
        except KeyError:
            if not self.allow_incomplete_paths:
                raise
        if self.allow_incomplete_paths:
            return self.ItemAccessorBranch(self,name+self.path_separator)
        raise NotImplementedError("getter is not specified")
    def __setitem__(self, name, value):
        name=self._norm_name(name)
        if self.setter is not None:
            return self.setter(name, value)
        raise NotImplementedError("setter is not specified")
    def __delitem__(self, name):
        name=self._norm_name(name)
        if self.deleter is not None:
            return self.deleter(name)
        raise NotImplementedError("deleter is not specified")
[docs]    def get(self, name, default=None):
        try:
            return self.__getitem__(name)
        except KeyError:
            return default






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.files

"""
Utilities for working with the file system: creating/removing/listing folders, comparing folders and files, working with zip archives.
"""

# from io import open
from builtins import range

from . import general, string, funcargparse

try:
    from Tkinter import Tk
    from tkFileDialog import askopenfilename, asksaveasfilename, askdirectory
except ImportError:
    try:
        from tkinter import Tk
        from tkinter.filedialog import askopenfilename, asksaveasfilename, askdirectory
    except ImportError:
        pass

import os
import os.path
import errno
import stat
import filecmp
import shutil
import datetime
import time
import zipfile
import collections




### General routines ###
[docs]def eof(f, strict=False):
    """
    Standard EOF function.
    
    Return ``True`` if the the marker is at the end of the file.
    If ``strict==True``, only return ``True`` if the marker is exactly at the end of file; otherwise, return ``True`` if it's at the end of further.
    """
    p=f.tell()
    f.seek(0,2)
    ep=f.tell()
    f.seek(p)
    return (ep==p) or (ep<=p and not strict)

    
[docs]def get_file_creation_time(path, timestamp=True):
    """
    Try to find a file creation time. Return current time if an error occurs.
    
    If ``timestamp==True``, return UNIX timestamp; otherwise, return :class:`datetime.datetime`.
    """
    if not timestamp:
        return datetime.datetime.fromtimestamp(get_file_creation_time(path,timestamp=True))
    try:
        return os.path.getctime(path)
    except:
        return time.time()

[docs]def get_file_modification_time(path, timestamp=True):
    """
    Try to find a file modification time. Return current time if an error occurs.
    
    If ``timestamp==True``, return UNIX timestamp; otherwise, return :class:`datetime.datetime`
    """
    if not timestamp:
        return datetime.datetime.fromtimestamp(get_file_modification_time(path,timestamp=True))
    try:
        return os.path.getmtime(path)
    except:
        return time.time()


[docs]def touch(fname, times=None):
    """
    Update file access and modification times.
    
    Args:
        times(tuple): Access and modification times; if `times` is ``None``, use current time. 
    """
    with open(fname,'ab'):
        os.utime(fname,times)


### Working with paths ###
[docs]def generate_indexed_filename(name_format, idx_start=0, folder=""):
    """
    Generate an unused indexed filename in `folder`.
    
    The name has `name_format` (using standard Python :func:`format()` rules), with index starting with `idx_start`.
    """
    while True:
        name=name_format.format(idx_start)
        if not os.path.exists(os.path.join(folder,name)):
            return name
        idx_start=idx_start+1

[docs]def generate_prefix_filename(prefix="", suffix="", idx_start=None, folder=""):
    """
    Generate an unused filename in `folder` with the given prefix and suffix.
    
    The format is ``prefix_{:d}_suffix``, where the parameter is the index starting with `idx_start`.
    If `idx_start` is ``None`` first check ``prefix+suffix`` name before using numbered indices. 
    """
    if idx_start is None:
        name=prefix+suffix
        if not os.path.exists(os.path.join(folder,name)):
            return name
        idx_start=0
    return generate_indexed_filename(prefix+"_{:d}"+suffix,idx_start=idx_start,folder=folder)

[docs]def generate_temp_filename(prefix="__tmp__", idx_start=0, idx_template="d", folder=""):
    """
    Generate a temporary filename with a given prefix. 
    
    `idx_template` is the number index format (only the parameter itself, not the whole string).
    """
    name_format=prefix+"{:"+idx_template+"}"
    return generate_indexed_filename(name_format=name_format,idx_start=idx_start,folder=folder)

        
[docs]def fullsplit(path, ignore_empty=True):
    """
    Split path into list.
    
    If ``ignore_empty==True``, omit empty folder names.
    """
    names=[]
    while True:
        path,name=os.path.split(path)
        if name!="" or not ignore_empty:
            names.append(name)
        if path=="" or path[-1] in "\\/":
            if not all([e in "\\/" for e in path]):
                names.append(path)
            break
    return names[::-1]


[docs]def normalize_path(p):
    """Normalize filesystem path (case and origin). If two paths are identical, they should be equal when normalized."""
    return os.path.normcase(os.path.abspath(p))

[docs]def case_sensitive_path():
    """Check if OS path names are case-sensitive (e.g., Linux)"""
    return os.path.normcase("TEMP")!="temp"

[docs]def paths_equal(a, b):
    """
    Determine if the two paths are equal (can be local or have different case).
    """
    a_norm=normalize_path(a)
    b_norm=normalize_path(b)
    return a_norm==b_norm

[docs]def relative_path(a, b, check_paths=True):
    """
    Determine return path `a` as seen from `b`.
    
    If ``check_paths==True``, check if `a` is contained in `b` and raise the :exc:OSError if it isn't.
    """
    a_split=fullsplit(os.path.abspath(a))
    b_split=fullsplit(os.path.abspath(b))
    blen=len(b_split)
    if check_paths and not ( paths_equal(os.path.join(*a_split[:blen]),os.path.join(*b_split)) and len(a_split)>=blen ):
        raise OSError("path {0} is not contained in a path {1}".format(a,b))
    if len(a_split)==blen:
        return ""
    return os.path.join(*a_split[blen:])

    


### Temp file ###
[docs]class TempFile(object):
    """
    Temporary file context manager.
    
    Upon creation, generate an unused temporary filename.
    Upon entry, create the file using supplied mode and return self.
    Upon exit, close and remove the file.
    
    Args:
        folder (str): Containing folder.
        name (str): File name. If ``None``, generate new temporary name.
        mode (str): File opening mode.
        wait_time (float): Waiting time between attempts to create the file if the first try fails.
        rep_time (int): Number of attempts to create the file if the first try fails. 
        
    Attributes:
        f: File object.
        name (str): File name.
        full_name (str): File name including containing folder.
    """
    _default_wait_time=0.3
    _default_rep_time=5
    def __init__(self, folder="", name=None, mode="w", wait_time=None, rep_time=None):
        self.folder=folder
        if name is None:
            name=generate_temp_filename(folder=folder)
        self.name=name
        self.full_name=os.path.join(self.folder,self.name)
        self.wait_time=self._default_wait_time if wait_time is None else wait_time
        self.rep_time=self._default_rep_time if rep_time is None else rep_time
        self.mode=mode
        self.f=None
    def __enter__(self):
        self.f=general.retry_wait(lambda: open(self.full_name,mode=self.mode),self.rep_time,self.wait_time)
        self.f=self.f.__enter__()
        if self.wait_time!=0:
            time.sleep(self.wait_time)
        return self
    def __exit__(self, *args, **vargs):
        res=self.f.__exit__(*args,**vargs)
        retry_remove(self.full_name,self.rep_time,self.wait_time)
        return res



### Moving and copying files ###
[docs]def copy_file(source, dest, overwrite=True, cmp_on_overwrite=True):
    """
    Copy file, creating a containing folder if necessary. Return ``True`` if the operation was performed.
    
    Args:
        overwrite (bool): If ``True``, overwrite existing file.
        cmp_on_overwrite (bool): If ``True`` and the two files are compared to be the same, don't perform overwrite.
    """
    if paths_equal(source,dest):
        return False
    if os.path.exists(dest):
        if not overwrite or (cmp_on_overwrite and filecmp.cmp(source,dest,shallow=False)):
            return False
    else:
        ensure_dir(os.path.split(dest)[0])
    shutil.copy(source,dest)
    return True

[docs]def move_file(source, dest, overwrite=True, cmp_on_overwrite=True, preserve_if_not_move=False):
    """
    Move file, creating a containing folder if necessary. Returns ``True`` if the operation was performed.
    
    Args:
        overwrite (bool): If ``True``, overwrite existing file (if the existing file isn't overwritten, preserve the original).
        cmp_on_overwrite (bool): If ``True`` and the two files are compared to be the same, don't perform overwrite.
        preserve_if_not_move (bool): If ``True`` and the files are identical, preserve the original.
    """
    if paths_equal(source,dest):
        return
    if os.path.exists(dest):
        if not overwrite or (cmp_on_overwrite and filecmp.cmp(source,dest,shallow=False)):
            if not preserve_if_not_move:
                os.remove(source)
            return
    else:
        ensure_dir(os.path.split(dest)[0])
    shutil.move(source,dest)

    
### Creating directories ###
[docs]def ensure_dir_singlelevel(path, error_on_file=True):
    if os.path.exists(path):
        if not os.path.isdir(path):
            if error_on_file:
                raise OSError("path {0} is not a directory".format(path))
    else:
        os.mkdir(path)

[docs]def ensure_dir(path, error_on_file=True):
    """
    Ensure that the folder exists (create a new one if necessary). 
    
    If ``error_on_file==True``, raise :exc:`OSError` if there's a file with the same name.
    """
    dirs=fullsplit(path)
    for i in range(len(dirs)):
        ensure_dir_singlelevel(os.path.join(*dirs[:i+1]),error_on_file=error_on_file)

        
def _handleRemoveReadonly(func, path, exc):
    excvalue = exc[1]
    if func in (os.rmdir,os.remove) and excvalue.errno==errno.EACCES:
        os.chmod(path,stat.S_IRWXU|stat.S_IRWXG|stat.S_IRWXO) # 0777
        func(path)
    else:
        raise
[docs]def remove_dir(path, error_on_file=True):
    """
    Remove the folder recursively if it exists.
    
    If ``error_on_file==True``, raise :exc:`OSError` if there's a file with the same name.
    """
    if os.path.exists(path):
        if not os.path.isdir(path):
            if error_on_file:
                raise IOError("path {0} is not a directory".format(path))
            else:
                for _ in range(10):
                    os.remove(path)
                    if not os.path.exists(path):
                        return True
        for _ in range(10):
            shutil.rmtree(path,ignore_errors=False,onerror=_handleRemoveReadonly)
            if not os.path.exists(path):
                return True
    else:
        return False

[docs]def remove_dir_if_empty(path, error_on_file=True):
    """
    Remove the folder only if it's empty.
    
    If ``error_on_file==True``, raise :exc:`OSError` if there's a file with the same name.
    """
    if os.path.exists(path) and dir_empty(path,error_on_file=error_on_file):
        return remove_dir(path)
    else:
        return False

[docs]def clean_dir(path, error_on_file=True):
    """
    Remove the folder and then recreate it.
    
    If ``error_on_file==True``, raise :exc:`OSError` if there's a file with the same name.
    """
    remove_dir(path,error_on_file=error_on_file)
    ensure_dir(path,error_on_file=error_on_file)



### Folder walking, extension of os.walk ###
[docs]class FolderList(collections.namedtuple("FolderList",["folders","files"])): # making Sphinx autodoc generate correct docstring
    """
    Describes folder content.
    """


[docs]def list_dir(folder="", folder_filter=None, file_filter=None, separate_kinds=True, error_on_file=True):
    """
    Return folder content filtered by `folder_filter` and `file_filter`.
    
    Args:
        folder (str): Path to the folder.
        folder_filter: Folder filter function (more description at :func:`.string.get_string_filter`).
        file_filter: File filter function (more description at :func:`.string.get_string_filter`).
        separate_kinds (bool): if ``True``, return :class:`FolderList` with files and folder separate; otherwise, return a single list (works much faster).
        error_on_file (bool): if ``True``, raise :exc:`OSError` if there's a file with the same name as the target folder.
    """
    folder=folder or "."
    if not os.path.exists(folder):
        return FolderList([], [])
    if not os.path.isdir(folder):
        if error_on_file:
            raise IOError("path {0} is not a directory".format(folder))
        else:
            return FolderList([], [])
    elements=os.listdir(folder)
    elements.sort()
    file_filter=string.get_string_filter(file_filter,match_case=case_sensitive_path())
    folder_filter=string.get_string_filter(folder_filter,match_case=case_sensitive_path())
    if separate_kinds:
        folders,files=general.partition_list(lambda p: os.path.isdir(os.path.join(folder,p)), elements)
        files=string.filter_string_list(files,file_filter)
        folders=string.filter_string_list(folders,folder_filter)
        return FolderList(folders, files)
    else:
        elements=string.filter_string_list(elements,folder_filter)
        elements=string.filter_string_list(elements,file_filter)
        return elements

[docs]def dir_empty(folder, folder_filter=None, file_filter=None, level="single", error_on_file=True):
    """
    Check if the folder is empty (only checks content filtered by `folder_filter` and `file_filter`).
    
    Args:
        folder (str): Path to the folder.
        folder_filter: Folder filter function (more description at :func:`.string.get_string_filter`).
        file_filter: File filter function (more description at :func:`.string.get_string_filter`).
        level (str): if ``'single'``, check only immediate folder content; if ``'recursive'``, follow recursively in all folders passing `folder_filter`.
        error_on_file (bool): if ``True``, raise :exc:`OSError` if there's a file with the same name as the target folder.
    """
    funcargparse.check_parameter_range(level,"level",{"single","recursive"})
    folders,files=list_dir(folder,folder_filter,file_filter,error_on_file=error_on_file)
    if level=="single":
        return len(folders)==0 and len(files)==0
    else:
        if len(files)!=0:
            return False
        for f in folders:
            if not dir_empty(os.path.join(folder,f),folder_filter=folder_filter,file_filter=file_filter,level="recursive"):
                return False
        return True

[docs]def walk_dir(folder, folder_filter=None, file_filter=None, rel_path=True, topdown=True, visit_folder_filter=None, max_depth=None):
    """
    Modification of :func:`os.walk` function.
    
    Acts in a similar way, but `followlinks` is always ``False`` and errors of :func:`os.listdir` are always passed.
    
    Args:
        folder (str): Path to the folder.
        folder_filter: Folder filter function (more description at :func:`.string.get_string_filter`).
        file_filter: File filter function (more description at :func:`.string.get_string_filter`).
        rel_path (bool): If ``True``, the returned folder path is specified relative to the initial path.
        topdown (bool): If ``True``, return folder before its subfolders.
        visit_folder_filter: Filter for visiting folders (more description at :func:`.string.get_string_filter`).
            If not ``None``, specifies filter for visiting folders which is different from  `folder_filter` (filter for returned folders).
        max_depth (int): If not ``None``, limits the recursion depth.
    
    Yields:
        For each folder (including the original) yields a tuple ``(folder_path, folders, files)``,
            where `folder_path` is the containing folder name and `folders` and `files` are its content (similar to :func:`list_dir`). 
    """
    folder=folder or "."
    if max_depth is not None and max_depth<0:
        return
    if not os.path.exists(folder):
        return
    if not os.path.isdir(folder):
        raise OSError("path {0} is not a directory".format(folder))
    if visit_folder_filter is not None:
        all_folders,files=list_dir(folder,file_filter=file_filter)
        file_filter=string.get_string_filter(file_filter,match_case=case_sensitive_path())
        folder_filter=string.get_string_filter(folder_filter,match_case=case_sensitive_path())
        return_folders=string.filter_string_list(all_folders,folder_filter)
        walk_folders=string.filter_string_list(all_folders,visit_folder_filter)
    else:
        walk_folders,files=list_dir(folder,folder_filter=folder_filter,file_filter=file_filter)
        return_folders=walk_folders
    def process_folders():
        for f in walk_folders:
            for path,dirs,files in walk_dir(os.path.join(folder,f),folder_filter,file_filter,rel_path=True,topdown=topdown,
                                            visit_folder_filter=visit_folder_filter,max_depth=None if (max_depth is None) else max_depth-1):
                if path=="":
                    path=f
                else:
                    path=os.path.join(f,path)
                if not rel_path:
                    path=os.path.join(folder,path)
                yield path,dirs,files
    if topdown:
        yield ("" if rel_path else folder), return_folders, files
        for t in process_folders():
            yield t
    else:
        for t in process_folders():
            yield t
        yield ("" if rel_path else folder), return_folders, files

[docs]def list_dir_recursive(folder, folder_filter=None, file_filter=None, topdown=True, visit_folder_filter=None, max_depth=None):
    """
    Recursive walk analog of :func:`list_dir`.
    
    Parameters are the same as :func:`walk_dir`.
    
    Returns:
        :class:`FolderList`
    """
    all_folders=[]
    all_files=[]
    for cf, folders, files in walk_dir(folder,folder_filter,file_filter,topdown=topdown,visit_folder_filter=visit_folder_filter,max_depth=max_depth):
        all_folders=all_folders+[os.path.join(cf,f) for f in folders]
        all_files=all_files+[os.path.join(cf,f) for f in files]
    return FolderList(all_folders,all_files)

[docs]def copy_dir(source, dest, folder_filter=None, file_filter=None, overwrite=True, cmp_on_overwrite=True):
    """
    Copy files satisfying the filtering conditions.
    
    Args:
        source (str): Source path.
        dest (str): Destination path.
        folder_filter: Folder filter function (more description at :func:`.string.get_string_filter`).
        file_filter: File filter function (more description at :func:`.string.get_string_filter`).
        overwrite (bool): If ``True``, overwrite existing files.
        cmp_on_overwrite (bool): If ``True`` and the two files are compared to be the same, don't perform overwrite.
    """
    if paths_equal(source,dest):
        return
    for path,_,files in walk_dir(source,folder_filter=folder_filter,file_filter=file_filter):
        source_dir=os.path.join(source,path)
        dest_dir=os.path.join(dest,path)
        ensure_dir(dest_dir)
        for f in files:
            source_path=os.path.join(source_dir,f)
            dest_path=os.path.join(dest_dir,f)
            copy_file(source_path,dest_path,overwrite=overwrite,cmp_on_overwrite=cmp_on_overwrite)

[docs]def move_dir(source, dest, folder_filter=None, file_filter=None, overwrite=True, cmp_on_overwrite=True, preserve_if_not_move=False):
    """
    Move files satisfying the filtering conditions.
    
    Args:
        source (str): Source path.
        dest (str): Destination path.
        folder_filter: Folder filter function (more description at :func:`.string.get_string_filter`).
        file_filter: File filter function (more description at :func:`.string.get_string_filter`).
        overwrite (bool): If ``True``, overwrite existing files (if the existing file isn't overwritten, preserve the original).
        cmp_on_overwrite (bool): If ``True`` and the two files are compared to be the same, don't perform overwrite.
        preserve_if_not_move (bool): If ``True`` and the files are identical, preserve the original.
    """
    if paths_equal(source,dest):
        return
    for path,folders,files in walk_dir(source,folder_filter=folder_filter,file_filter=file_filter,topdown=False):
        source_dir=os.path.join(source,path)
        dest_dir=os.path.join(dest,path)
        ensure_dir(dest_dir)
        for f in files:
            source_path=os.path.join(source_dir,f)
            dest_path=os.path.join(dest_dir,f)
            move_file(source_path,dest_path,overwrite=overwrite,cmp_on_overwrite=cmp_on_overwrite,preserve_if_not_move=preserve_if_not_move)
        for f in folders:
            if dir_empty(f):
                remove_dir(f)


def _diff_from_cnt(c1, c2):
    if c1 and c2:
        return "*"
    if c1:
        return "+"
    if c2:
        return "-"
    return "="
[docs]def combine_diff(d1, d2):
    if d1=="=":
        return d2
    if d2=="=":
        return d1
    return d1 if (d1==d2) else "*"

def _diff_dirs(a, b, folder_filter=None, file_filter=None, shallow=True):
    list_a=list_dir(a,folder_filter=folder_filter,file_filter=file_filter)
    list_b=list_dir(b,folder_filter=folder_filter,file_filter=file_filter)
    files_both,files_a_only,files_b_only=general.compare_lists(list_a.files,list_b.files,sort_lists=True)
    diff=_diff_from_cnt(files_a_only,files_b_only)
    if diff=="*":
        return diff
    for f in files_both:
        if not filecmp.cmp(os.path.join(a,f),os.path.join(b,f),shallow=shallow):
            return "*"
    folders_both,folders_a_only,folders_b_only=general.compare_lists(list_a.folders,list_b.folders,sort_lists=True)
    diff=combine_diff(diff,_diff_from_cnt(folders_a_only,folders_b_only))
    if diff=="*":
        return diff
    for f in folders_both:
        sub_diff=_diff_dirs(os.path.join(a,f),os.path.join(b,f),shallow=shallow,folder_filter=folder_filter,file_filter=file_filter)
        diff=combine_diff(diff,sub_diff)
        if diff=="*":
            return "*"
    return diff
[docs]def cmp_dirs(a, b, folder_filter=None, file_filter=None, shallow=True, return_difference=False):
    """
    Compare the folders based on the content filtered by `folder_filter` and `file_filter`.
    
    Args:
        a (str): First folder path
        b (str): Second folder path
        folder_filter: Folder filter function (more description at :func:`.string.get_string_filter`).
        file_filter: File filter function (more description at :func:`.string.get_string_filter`).
        shallow: If ``True``, do shallow comparison of the files (see :func:`filecmp.cmp`).
        return_difference: If ``False``, simply return `bool`; otherwise, return difference type (``'='``, ``'+'``, ``'-'`` or ``'*'``). 
    """
    if return_difference:
        return _diff_dirs(a,b,folder_filter=folder_filter,file_filter=file_filter,shallow=shallow)
    list_a=list_dir(a,folder_filter=folder_filter,file_filter=file_filter)
    list_b=list_dir(b,folder_filter=folder_filter,file_filter=file_filter)
    files_both,files_a_only,files_b_only=general.compare_lists(list_a.files,list_b.files,sort_lists=True)
    if len(files_a_only)!=0 or len(files_b_only)!=0:
        return False
    for f in files_both:
        if not filecmp.cmp(os.path.join(a,f),os.path.join(b,f),shallow=shallow):
            return False
    folders_both,folders_a_only,folders_b_only=general.compare_lists(list_a.folders,list_b.folders,sort_lists=True)
    if len(folders_a_only)!=0 or len(folders_b_only)!=0:
        return False
    for f in folders_both:
        if not cmp_dirs(os.path.join(a,f),os.path.join(b,f),shallow=shallow,return_difference=False,folder_filter=folder_filter,file_filter=file_filter):
            return False
    return True


### Retrying os modifying calls ###
[docs]def retry_copy(source, dest, overwrite=True, cmp_on_overwrite=True, try_times=5, delay=0.3):
    """
    Retrying version of :func:`copy_file`.
    
    If the operation raises error, wait for `delay` (in seconds) and call it again.
    Try total of `try_times` times.
    """
    general.retry_wait(lambda: copy_file(source,dest,overwrite,cmp_on_overwrite), try_times, delay)

[docs]def retry_move(source, dest, overwrite=True, cmp_on_overwrite=True, preserve_if_not_move=False, try_times=5, delay=0.3):
    """
    Retrying version of :func:`move_file` (see :func:`retry_copy` for details on retrying).
    """
    general.retry_wait(lambda: move_file(source,dest,overwrite,cmp_on_overwrite,preserve_if_not_move), try_times, delay)

[docs]def retry_remove(path, try_times=5, delay=0.3):
    """
    Retrying version of :func:`os.remove` (see :func:`retry_copy` for details on retrying).
    """
    general.retry_wait(lambda: os.remove(path), try_times, delay)


[docs]def retry_ensure_dir(path, error_on_file=True, try_times=5, delay=0.3):
    """
    Retrying version of :func:`ensure_dir` (see :func:`retry_copy` for details on retrying).
    """
    general.retry_wait(lambda: ensure_dir(path,error_on_file=error_on_file), try_times, delay)

[docs]def retry_copy_dir(source, dest, folder_filter=None, file_filter=None, overwrite=True, cmp_on_overwrite=True, try_times=5, delay=0.3):
    """
    Retrying version of :func:`copy_dir` (see :func:`retry_copy` for details on retrying).
    """
    general.retry_wait(lambda: copy_dir(source,dest,folder_filter,file_filter,overwrite,cmp_on_overwrite), try_times, delay)

[docs]def retry_move_dir(source, dest, folder_filter=None, file_filter=None, overwrite=True, cmp_on_overwrite=True, preserve_if_not_move=False, try_times=5, delay=0.3):
    """
    Retrying version of :func:`move_dir` (see :func:`retry_copy` for details on retrying).
    """
    general.retry_wait(lambda: move_dir(source,dest,folder_filter,file_filter,overwrite,cmp_on_overwrite,preserve_if_not_move), try_times, delay)

[docs]def retry_remove_dir(path, error_on_file=True, try_times=5, delay=0.3):
    """
    Retrying version of :func:`remove_dir` (see :func:`retry_copy` for details on retrying).
    """
    general.retry_wait(lambda: remove_dir(path,error_on_file=error_on_file), try_times, delay)

[docs]def retry_remove_dir_if_empty(path, error_on_file=True, try_times=5, delay=0.3):
    """
    Retrying version of :func:`remove_dir_if_empty` (see :func:`retry_copy` for details on retrying).
    """
    general.retry_wait(lambda: remove_dir_if_empty(path,error_on_file=error_on_file), try_times, delay)

[docs]def retry_clean_dir(path, error_on_file=True, try_times=5, delay=0.3):
    """
    Retrying version of :func:`clean_dir` (see :func:`retry_copy` for details on retrying).
    """
    retry_remove_dir(path,error_on_file,try_times,delay)
    retry_ensure_dir(path,error_on_file,try_times,delay)

    
    
    
### Archiving zip files ###
[docs]def zip_folder(zip_path, source_path, inside_path="", folder_filter=None, file_filter=None, mode="a", compression=zipfile.ZIP_DEFLATED):
    """
    Add a folder into a zip archive.
    
    Args:
        zip_path (str): Path to the .zip file.
        source_path (str): Path to the source folder.
        inside_path (str): Destination path inside the zip archive.
        folder_filter: Folder filter function (more description at :func:`.string.get_string_filter`).
        file_filter: File filter function (more description at :func:`.string.get_string_filter`).
        mode (str): Zip archive adding mode (see :class:`zipfile.ZipFile`).
        compression: Zip archive compression (see :class:`zipfile.ZipFile`).
    """
    with zipfile.ZipFile(zip_path, mode=mode, compression=compression) as zf:
        for containing_folder,_,files in walk_dir(source_path,rel_path=True,folder_filter=folder_filter,file_filter=file_filter):
            for f in files:
                zf.write(os.path.join(source_path,containing_folder,f),os.path.join(inside_path,containing_folder,f),compress_type=compression)

[docs]def zip_file(zip_path, source_path, inside_name=None, mode="a", compression=zipfile.ZIP_DEFLATED): 
    """
    Add a file into a zip archive.
    
    Args:
        zip_path (str): Path to the .zip file.
        source_path (str): Path to the source file.
        inside_name (str): Destination file name inside the zip archive (source name on the top level by default).
        mode (str): Zip archive adding mode (see :class:`zipfile.ZipFile`).
        compression: Zip archive compression (see :class:`zipfile.ZipFile`). 
    """
    if inside_name is None:
        inside_name=os.path.split(source_path)[1]
    with zipfile.ZipFile(zip_path, mode=mode, compression=compression) as zf:
        zf.write(source_path,inside_name,compress_type=compression)

[docs]def zip_multiple_files(zip_path, source_paths, inside_names=None, mode="a", compression=zipfile.ZIP_DEFLATED): 
    """
    Add a multiple files into a zip archive.
    
    Args:
        zip_path (str): Path to the .zip file.
        source_paths ([str]): List of path to the source files.
        inside_names ([str] or None): List of destination file names inside the zip archive (source name on the top level by default).
        mode (str): Zip archive adding mode (see :class:`zipfile.ZipFile`).
        compression: Zip archive compression (see :class:`zipfile.ZipFile`). 
    """
    if inside_names is None:
        inside_names=[None]*len(source_paths)
    for sp,inm in zip(source_paths,inside_names):
        zip_file(zip_path,sp,inside_name=inm,mode=mode,compression=compression)

[docs]def unzip_folder(zip_path, dest_path, inside_path="", folder_filter=None, file_filter=None):
    """
    Extract a folder from a zip archive (create containing folder if necessary).
    
    Args:
        zip_path (str): Path to the .zip file.
        dest_path (str): Path to the destination folder.
        inside_path (str): Source path inside the zip archive; extracted data paths are relative (i.e., they don't include `inside_path`).
        folder_filter: Folder filter function (more description at :func:`.string.get_string_filter`).
        file_filter: File filter function (more description at :func:`.string.get_string_filter`).
    """
    with zipfile.ZipFile(zip_path, mode="r") as zf:
        if inside_path=="" and folder_filter is None and file_filter is None:
            zf.extractall(dest_path)
        else:
            folder_filter=string.get_string_filter(folder_filter)
            file_filter=string.get_string_filter(file_filter)
            inside_path=fullsplit(inside_path)
            for f in zf.filelist:
                path=fullsplit(f.filename)
                if path[:len(inside_path)]==inside_path and file_filter(path[-1]) and all([folder_filter(p) for p in path[:-1]]):
                    if len(inside_path)==0:
                        zf.extract(f,dest_path)
                    else:
                        dest_filepath=os.path.join(dest_path,*path[len(inside_path):])
                        with zf.open(f,"r") as source_file:
                            ensure_dir(os.path.split(dest_filepath)[0])
                            with open(dest_filepath,"wb") as dest_file:
                                shutil.copyfileobj(source_file,dest_file)

[docs]def unzip_file(zip_path, dest_path, inside_path):
    """
    Extract a file from a zip archive (create containing folder if necessary).
    
    Args:
        zip_path (str): Path to the .zip file.
        dest_path (str): Destination file path.
        inside_path (str): Source path inside the zip archive.
    """
    with zipfile.ZipFile(zip_path, mode="r") as zf:
        with zf.open(inside_path,"r") as source_file:
            ensure_dir(os.path.split(dest_path)[0])
            with open(dest_path,"wb") as dest_file:
                shutil.copyfileobj(source_file,dest_file)




### File-related dialog windows ###
## Use default Tkinter window manager
[docs]def openfiledialog(**options):
    """
    Open file dialog, wrapper for tkFileDialog.
    """
    main=Tk()
    main.withdraw()
    path=askopenfilename(**options)
    main.quit()
    return path

[docs]def savefiledialog(**options):
    """
    Save file dialog, wrapper for tkFileDialog.
    """
    main=Tk()
    main.withdraw()
    path=asksaveasfilename(**options)
    main.quit()
    return path

[docs]def opendirdialog(**options):
    """
    Open directory dialog, wrapper for tkFileDialog.
    """
    main=Tk()
    main.withdraw()
    path=askdirectory(**options)
    main.quit()
    return path





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.funcargparse

"""
Contains routines for checking arguments passed into a function for better flexibility. 
"""

from .py3 import textstring

import numpy as np


_default_parameter_error_message="unrecognized value of a parameter '{1}': '{0}'"
[docs]def parameter_value_error(par_val, par_name, message=None, error_type=None):
    """
    Raise parameter value error (:exc:`ValueError` by default).
    """
    error_type=error_type or ValueError
    message=message or _default_parameter_error_message
    raise error_type(message.format(par_val,par_name))


_default_parameter_range_error_message=_default_parameter_error_message+"; acceptable values are {2}"
[docs]def parameter_range_error(par_val, par_name, par_set=None, message=None, error_type=None):
    """
    Raise parameter range error (:exc:`ValueError` by default).
    """
    if par_set is None:
        parameter_value_error(par_val,par_name,message,error_type)
    error_type=error_type or ValueError
    message=message or _default_parameter_range_error_message
    raise error_type(message.format(par_val,par_name,list(par_set)))


[docs]def check_parameter_range(par_val, par_name, par_set, message=None, error_type=None):
    """
    Raise error if `par_val` is not in in the `par_set` (`par_name` is used in the error message).
    """
    if not (par_val in par_set):
        parameter_range_error(par_val,par_name,par_set,message,error_type)

        
        
_default_parameter_disagreeing_message="assigned value {1} doesn't agree with the current values {0}"
[docs]def getdefault(value, default_value, unassigned_value=None, conflict_action="ignore", message=None, error_type=None):
    """
    Analog of ``dict``'s ``getdefault``.
    
    If `value` is `unassigned_value`, return `default_value` instead.
    If ``conflict_action=='error'`` and ``value!=default_value``, raise value error using `message` and `error_type`.
    """
    if unassigned_value is None:
        unassigned=value is None
    else:
        unassigned=(value==unassigned_value)
    if unassigned:
        return default_value
    elif value!=default_value:
        check_parameter_range(conflict_action,"conflict_action",{"ignore","error"})
        if conflict_action=="error":
            error_type=error_type or ValueError
            message=message or _default_parameter_disagreeing_message
            raise error_type(message.format(value,default_value))
    return value





[docs]def is_sequence(value, sequence_type="builtin;nostring"):
    """
    Check if `value` is a sequence.
    
    `sequence_type` is semicolon separated list of possible sequence types:
        - ``'builtin'`` - ``list``, ``tuple`` or ``str``
        - ``'nostring'`` - ``str`` is not allows
        - ``'array'`` - ``list``, ``tuple`` or ``numpy.ndarray``
        - ``'indexable'`` - anything which can be indexed
        - ``'haslength'`` - anything with length property
    """
    try:
        iter(value) # iter is supported by any object having __getitem__ or __iter__
    except TypeError:
        return False
    sequence_types=sequence_type.split(";")
    for st in sequence_types:
        if st=="builtin":
            if not (isinstance(value,list) or isinstance(value,tuple) or isinstance(value,textstring)):
                return False
        elif st=="nostring":
            if isinstance(value,textstring):
                return False
        elif st=="array":
            if not (isinstance(value,list) or isinstance(value,tuple) or isinstance(value,np.ndarray)):
                return False
        elif st=="indexable":
            try:
                value[0]
            except (IndexError,ValueError,KeyError):
                pass
            except TypeError:
                return False
        elif st=="haslength":
            try:
                len(value)
            except TypeError:
                return False
        else:
            check_parameter_range(st,"sequence_type",{"builtin","indexable","nostring","haslength","array"})
    return True

[docs]def make_sequence(element, length=1, sequence_type="list"):
    """
    Turn element into a sequence of `sequence_type` (``'list'`` or ``'tuple'``) repeated `length` times.
    """
    check_parameter_range(sequence_type,"sequence_type",{"list","tuple"})
    if sequence_type=="list":
        return [element]*length
    elif sequence_type=="tuple":
        return (element,)*length

_default_length_disagreeing_message="length of a parameter {0} doesn't agree with the expected length {1}"
[docs]def as_sequence(value, multiply_length=1, allowed_type="builtin;nostring", wrapping_type="list", length_conflict_action="ignore", message=None, error_type=None):
    """
    Ensure that `value` is a sequence.
    
    If `value` is not a sequence of `allowed_type` (as checked by :func:`is_sequence`), turn it into a sequence specified by `wrapping_type` and `multiply_length`.
    
    If value is a sequence and ``length_conflict_action=='error'``, raise error with `error_type` and `error_message` if the length doesn't match `multiply_length`.
    Otherwise, return value unchanged.
    """
    if is_sequence(value,sequence_type=allowed_type):
        if len(value)!=multiply_length:
            check_parameter_range(length_conflict_action,"length_conflict_action",{"ignore","error"})
            if length_conflict_action=="error":
                error_type=error_type or ValueError
                message=message or _default_length_disagreeing_message
                raise error_type(message.format(value,multiply_length))
        return value
    else:
        return make_sequence(value,length=multiply_length,sequence_type=wrapping_type)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.functions

"""
Utilities for dealing with function, methods and function signatures.
"""

from future.utils import viewitems
from .py3 import textstring

import inspect
from types import MethodType



### Function arguments introspection ###

[docs]class FunctionSignature(object):
    """
    Description of a function signature, including name, argument names, default values, names of varg and kwarg arguments, class and object (for methods) and docstring.
    
    Args:
        arg_names (list): Names of the arguments.
        default (dict): Dictionary ``{name: value}`` of default values.
        varg_name (str): Name of ``*varg`` parameter (``None`` means no such parameter).
        kwarg_name (str): Name of ``**kwarg`` parameter (``None`` means no such parameter). 
        cls: Caller class, for methods.
        obj: Caller object, for methods.
        name (str): Function name.
        doc (str): Function docstring. 
    """
    def __init__(self, arg_names=None, defaults=None, varg_name=None, kwarg_name=None, kwonly_arg_names=None, cls=None, obj=None, name=None, doc=None):
        self.arg_names=arg_names or []
        self.kwonly_arg_names=kwonly_arg_names or []
        self.defaults=defaults or {}
        self.varg_name=varg_name
        self.kwarg_name=kwarg_name
        self.cls=cls
        self.obj=obj
        self.name=name
        self.doc=doc
[docs]    def get_defaults_list(self):
        """
        Get list of default values for arguments in the order specified in the signature.
        """
        defaults_list=[]
        for arg in self.arg_names[::-1]:
            if arg in self.defaults:
                defaults_list.append(self.defaults[arg])
        return defaults_list[::-1]

[docs]    def signature(self, pass_order=None):
        """
        Get string containing a signature (arguments list) of the function (call or definition), including ``*vargs`` and ``**kwargs``.
        
        If `pass_order` is not ``None``, it specifies the order in which the arguments are passed.
        """
        if pass_order is None:
            args_sig=", ".join(self.arg_names)
        else:
            args_sig=", ".join(pass_order)
        varg_sig=("*"+self.varg_name) if self.varg_name else ""
        kwonly_args_sig=", ".join(["{}={}".format(n,self.defaults[n]) for n in self.kwonly_arg_names])
        kwarg_sig=("**"+self.kwarg_name) if self.kwarg_name else ""
        sigs=[args_sig,varg_sig,kwonly_args_sig,kwarg_sig]
        sigs=[s for s in sigs if s!=""]
        return ", ".join(sigs)

[docs]    def wrap_function(self, func, pass_order=None):
        """
        Wrap a function `func` into a containing function with this signature.
        
        Sets function name, argument names, default values, object and class (for methods) and docstring.
        If `pass_order` is not ``None``, it determines the order in which the positional arguments are passed to the wrapped function.
        """
        eval_string="lambda {0}: _func_({1})".format(self.signature(),self.signature(pass_order))
        wrapped=eval(eval_string,{'_func_':func})
        wrapped.__defaults__=tuple(self.get_defaults_list())
        if self.doc:
            wrapped.__doc__=self.doc
        else:
            wrapped.__doc__=func.__doc__
        if self.name:
            wrapped.__name__=self.name
        else:
            wrapped.__name__=func.__name__
        if self.obj is not None:
            wrapped=MethodType(wrapped,self.obj)
        return wrapped

    
[docs]    def mandatory_args_num(self):
        """
        Get minimal number of arguments which have to be passed to the function.
        
        The mandatory arguments are the ones which are not bound to caller object (i.e., not ``self``) and don't have default values.
        """
        mand_args=len(self.arg_names)-len(self.defaults)
        if self.obj is not None:
            return mand_args-1 if mand_args>0 else 0 
        else:
            return mand_args

[docs]    def max_args_num(self, include_positional=True, include_keywords=True):
        """
        Get maximal number of arguments which can be passed to the function.
        
        Args:
            include_positional (bool): If ``True`` and function accepts ``*vargs``, return ``None`` (unlimited number of arguments).
            include_keywords (bool): If ``True`` and function accepts ``**kwargs``, return ``None`` (unlimited number of arguments).
        """
        if (include_positional and self.varg_name is not None) or (include_keywords and self.kwarg_name is not None):
            return None
        if self.obj is not None:
            return len(self.arg_names)-1
        else:
            return len(self.arg_names)

    
[docs]    @staticmethod
    def from_function(func, follow_wrapped=True):
        """
        Get signature of the given function or method.

        If ``follow_wrapped==True``, follow ``__wrapped__`` attributes until the innermost function
        (useful for getting signatures of functions wrapped using ``functools`` methods).
        """
        ifunc=func
        if follow_wrapped:
            while hasattr(ifunc,"__wrapped__"):
                ifunc=ifunc.__wrapped__
        try:
            try:
                args=inspect.getfullargspec(ifunc)
            except TypeError:
                ifunc=ifunc.__call__
                args=inspect.getfullargspec(ifunc)
            defaults=dict(zip(args.args[::-1],args.defaults[::-1])) if args.defaults else {}
            if args.kwonlydefaults:
                defaults.update(args.kwonlydefaults)
            kwonly_arg_names=args.kwonlyargs
            kwargs=args.varkw
        except AttributeError:
            try:
                args=inspect.getargspec(ifunc)
            except TypeError:
                ifunc=ifunc.__call__
                args=inspect.getargspec(ifunc)
            defaults=args.defaults and dict(zip(args.args[::-1],args.defaults[::-1]))
            kwonly_arg_names=None
            kwargs=args.keywords
        try:
            cls=func.__self__.__class__
            obj=func.__self__
            func=func.__func__
        except AttributeError:
            cls=None
            obj=None
        return FunctionSignature(arg_names=args.args,defaults=defaults,varg_name=args.varargs,kwarg_name=kwargs,kwonly_arg_names=kwonly_arg_names,
            cls=cls,obj=obj,name=func.__name__,doc=func.__doc__)

[docs]    def copy(self):
        """Return a copy"""
        return FunctionSignature(arg_names=self.arg_names,defaults=self.defaults,varg_name=self.varg_name,kwarg_name=self.kwarg_name,kwonly_arg_names=self.kwonly_arg_names,
                cls=self.cls,obj=self.obj,name=self.name,doc=self.doc)

[docs]    def as_simple_func(self):
        """
        Turn the signature into a simple function (as opposed to a bound method).

        If the signature corresponds to a bound method, get rid of the first argument in the signature (``self``) and the bound object.
        Otherwise, return unchanged.
        """
        if self.obj is None:
            return self.copy()
        else:
            return FunctionSignature(arg_names=self.arg_names[1:],defaults=self.defaults,varg_name=self.varg_name,kwarg_name=self.kwarg_name,kwonly_arg_names=self.kwonly_arg_names,
                cls=None,obj=None,name=self.name,doc=self.doc)

[docs]    @staticmethod
    def merge(inner, outer, add_place="front", merge_duplicates=True, overwrite=None, hide_outer_obj=False):
        """
        Merge two signatures (used for wrapping functions).

        The signature describes the function would take arguments according to the `outer` signature and pass them accroding to the `inner` signature.
        
        The arguments are combined:
            - if ``add_place=='front'``, the outer arguments are placed in the beginning, followed by inner arguments not already listed;
            - if ``add_place=='back'``,  the inner arguments are placed in the beginning, followed by outer arguments not already listed.
            
        The default values are joined, with the outer values superseding the inner values.
        
        `overwrite` is a set or a list specifying which inner parameters are overwritten by the outer.
        It includes ``'name'``, ``'doc'``, ``'cls'``, ``'obj'``, ``'varg_name'`` and ``'kwarg_name'``;
        the default value is all parameters.

        If the inner signature is a bound method and ``hide_inner_obj==True``, treat it as a function (with ``self`` argument missing).
        In this case, the wrapped signature ``.obj`` field will be ``None``.
        
        Returns:
            tuple: ``(signature, pass_order)``
            
            `pass_order` is the order in which the arguments of the combined signature may be passed to the inner signature;
            it may be different from the signature order if ``add_place=='front'``.
            If ``merge_duplicates==True``, duplicate entries in `pass_order` are omitted; otherwise, they're repeated.
        """
        overwrite=overwrite or {"kwarg_name","varg_name","doc","name","cls","obj"}
        if hide_outer_obj:
            outer=outer.as_simple_func()
        if add_place=="back":
            arg_names=inner.arg_names+[a for a in outer.arg_names if not a in inner.arg_names]
        elif add_place=="front":
            arg_names=outer.arg_names+[a for a in inner.arg_names if not a in outer.arg_names]
        else:
            raise ValueError("unrecognized add_place: {0}".format(add_place))
        kwonly_arg_names=inner.kwonly_arg_names+[a for a in outer.kwonly_arg_names if not a in inner.kwonly_arg_names]
        if (inner.obj is None) and (outer.obj is not None): # hide "self" argument from the inner function, as it will be bound later
            out_arg_names=outer.arg_names[1:]
        else:
            out_arg_names=outer.arg_names
        if merge_duplicates:
            pass_order=inner.arg_names+[a for a in out_arg_names if not a in inner.arg_names]
        else:
            pass_order=inner.arg_names+out_arg_names
        defaults=inner.defaults.copy()
        defaults.update(outer.defaults)
        varg_name =outer.varg_name  if "varg_name"  in overwrite else inner.varg_name
        kwarg_name=outer.kwarg_name if "kwarg_name" in overwrite else inner.kwarg_name
        name=outer.name if "name" in overwrite else inner.name
        doc=outer.doc if ("doc" in overwrite or inner.doc is None) else inner.doc
        ow_cls="cls" in overwrite or ("obj" in overwrite and outer.obj is not None)
        cls=outer.cls if ow_cls or inner.cls is None else inner.cls
        obj=outer.obj if "obj" in overwrite or inner.obj is None else inner.obj
        return FunctionSignature(arg_names=arg_names,defaults=defaults,varg_name=varg_name,kwarg_name=kwarg_name,kwonly_arg_names=kwonly_arg_names,
            cls=cls,obj=obj,name=name,doc=doc),pass_order



[docs]def funcsig(func, follow_wrapped=True):
    """Return a function signature object"""
    return FunctionSignature.from_function(func,follow_wrapped=follow_wrapped)

    
[docs]def getargsfrom(source, **merge_params):
    """
    Decorator factory.
    
    Returns decorator that conforms function signature to the source function.
    ``**merge_params`` are passed to the :meth:`FunctionSignature.merge` method merging wrapped and source signature.
    
    The default behavior (conforming parameter names, default values args and kwargs names) is useful for wrapping universal functions like ``g(*args, **kwargs)``.
    
    Example::
    
        def f(x, y=2):
            return x+y
            
        @getargsfrom(f)
        def g(*args): # Now g has the same signature as f, including parameter names and default values.
            return prod(args)
    """
    out_sig=FunctionSignature.from_function(source)
    def wrapper(dest):
        in_sig=FunctionSignature.from_function(dest)
        full_sig,pass_order=FunctionSignature.merge(in_sig,out_sig,**merge_params)
        return full_sig.wrap_function(dest,pass_order=pass_order)
    return wrapper


[docs]def call_cut_args(func, *args, **kwargs):
    """
    Call `func` with the given arguments, omitting the ones that don't fit its signature.
    """
    sig=FunctionSignature.from_function(func)
    if sig.kwarg_name is not None:
        cut_kwargs=kwargs
    else:
        cut_kwargs={}
        arg_names=sig.arg_names+sig.kwonly_arg_names
        for n,v in viewitems(kwargs):
            if n in arg_names:
                cut_kwargs[n]=v
    max_args_num=sig.max_args_num()
    if max_args_num is None:
        return func(*args,**cut_kwargs)
    else:
        return func(*args[:max_args_num],**cut_kwargs)

        



### Functions for accessing object attributes ###

[docs]def getattr_call(obj, attr_name, *args, **vargs):
    """
    Call the getter for the attribute `attr_name` of `obj`.

    If the attribute is a property, pass ``*args`` and ``**kwargs`` to the getter (`fget`); otherwise, ignore them.
    """
    try:
        return getattr(type(obj),attr_name).fget(obj,*args,**vargs)
    except AttributeError:
        return getattr(obj,attr_name)

[docs]def setattr_call(obj, attr_name, *args, **vargs):
    """
    Call the setter for the attribute `attr_name` of `obj`.

    If the attribute is a propert, pass ``*args`` and ``**kwargs`` to the setter (`fset`);
    otherwise, the set value is assumed to be either the first argument, or the keyword argument with the name ``'value'``.
    """
    try:
        return getattr(type(obj),attr_name).fset(obj,*args,**vargs)
    except AttributeError:
        value=args[0] if len(args)>0 else vargs["value"]
        return setattr(obj,attr_name,value)

[docs]def delattr_call(obj, attr_name, *args, **vargs):
    """
    Call the deleter for the attribute `attr_name` of `obj`.

    If the attribute is a property, pass ``*args`` and ``**kwargs`` to the deleter (`fdel`); otherwise, ignore them.
    """
    try:
        return getattr(type(obj),attr_name).fdel(obj,*args,**vargs)
    except AttributeError:
        return delattr(obj,attr_name)




### Universal wrappers for object calls (includes methods, attributes and properties) ###

[docs]class IObjectCall(object):
    """
    Universal interface for object method call (makes methods, attributes and properties look like methods).
    
    Should be called with an object as a first argument.
    """
    def __init__(self):
        object.__init__(self)
    def __call__(self, obj, *args, **vargs):
        raise NotImplementedError("IEventCallback.__call__")

    
[docs]class MethodObjectCall(IObjectCall):
    """
    Object call created from an object method.
    
    Args:
        method: Either a method object or a method name which is used for the call.
    """
    def __init__(self, method):
        IObjectCall.__init__(self)
        self.method=method
        self.named=isinstance(method,textstring)
    def __call__(self, obj, *args, **vargs):
        """
        Call this method for the object `obj` with the given arguments.
        """
        if self.named:
            return getattr(obj,self.method)(*args,**vargs)
        else:
            return self.method(obj,*args,**vargs)

[docs]class AttrObjectCall(IObjectCall):
    """
    Object call created from an object attribute (makes attributes and properties look like methods).
    
    Args:
        name (str): Attribute name.
        as_getter (bool): If ``True``, call the getter when invoked; otherwise, call the setter.
    
    If an attribute is a simple attribute, than getter gets no arguments and setter gets one argument
    (either the first argument, or the keyword argument named ``'value'``).
    If it's a property, pass all the parameters to the property call.
    """
    def __init__(self, name, as_getter):
        IObjectCall.__init__(self)
        self.name=name
        self.as_getter=as_getter
    def __call__(self, obj, *args, **vargs):
        """
        Access this attribute of the object `obj`.

        If it is a simple attribute, than the getter gets no arguments and the setter gets one argument
        (either thw first argument, or thw keyword argument named ``'value'``).
        If it's a property, pass all the parameters to the property call (`fget` or `fset`).
        """
        if self.as_getter:
            try:
                return getattr(type(obj),self.name).fget(obj,*args,**vargs)
            except AttributeError:
                return getattr(obj,self.name)
        else:
            try:
                return getattr(type(obj),self.name).fset(obj,*args,**vargs)
            except AttributeError:
                value=args[0] if len(args)>0 else vargs["value"]
                return setattr(obj,self.name,value)




### Universal interfaces for object properties (includes methods, attributes and properties) ###

[docs]class IObjectProperty(object):
    """
    Universal interface for an object property (makes methods, attributes and properties look like properties).
    
    Can be used to get, set or remove a property.
    """
    def __init__(self):
        object.__init__(self)
    def __call__(self, obj, *args):
        if len(args)==0:
            return self.get(obj)
        else:
            return self.set(obj,args[0])
[docs]    def get(self, obj, params=None):
        raise NotImplementedError("IObjectProperty.get")

[docs]    def set(self, obj, value):
        raise NotImplementedError("IObjectProperty.set")

[docs]    def rem(self, obj, params=None):
        raise NotImplementedError("IObjectProperty.rem")


    
[docs]class MethodObjectProperty(IObjectProperty):
    """
    Object property created from object methods (makes methods look like properties).
    
    Args:
        getter (callable): Method invoked on ``get()``. If ``None``, raise :exc:`RuntimeError` when called.
        setter (callable): Method invoked on ``set()``. If ``None``, raise :exc:`RuntimeError` when called.
        remover (callable): Method invoked on ``rem()``. If ``None``, raise :exc:`RuntimeError` when called.
        expand_tuple (bool): If ``True`` and if the first argument in the method call is a tuple,
            expand it as an argument list for the underlying function call.
    """
    def __init__(self, getter=None, setter=None, remover=None, expand_tuple=True):
        IObjectProperty.__init__(self)
        self.setter=MethodObjectCall(setter) if setter else None
        self.getter=MethodObjectCall(getter) if getter else None
        self.remover=MethodObjectCall(remover) if remover else None
        self.expand_tuple=expand_tuple
[docs]    def get(self, obj, params=None):
        if self.getter:
            if params is not None:
                if self.expand_tuple and isinstance(params,tuple):
                    return self.getter(obj,*params)
                return self.getter(obj,params)
            return self.getter(obj)
        raise RuntimeError("getter is not supplied")

[docs]    def set(self, obj, value):
        if self.setter:
            if self.expand_tuple and isinstance(value,tuple):
                return self.setter(obj,*value)
            else:
                return self.setter(obj,value)
        raise RuntimeError("setter is not supplied")

[docs]    def rem(self, obj, params=None):
        if self.remover:
            if params is not None:
                if self.expand_tuple and isinstance(params,tuple):
                    return self.remover(obj,*params)
                return self.remover(obj,params)
            return self.remover(obj, *params)
        raise RuntimeError("remover is not supplied")


[docs]class AttrObjectProperty(IObjectProperty):
    """
    Object property created from object attribute. Works with attributes or properties.
    
    Args:
        name (str): Attribute name.
        use_getter (bool): If ``False``, raise :exc:`RuntimeError` when calling ``get`` method.
        use_setter (bool): If ``False``, raise :exc:`RuntimeError` when calling ``set`` method.
        use_remover (bool): If ``False``, raise :exc:`RuntimeError` when calling ``rem`` method.
        expand_tuple (bool): If ``True`` and if the first argument in the method call is a tuple,
            expand it as an argument list for the underlying function call.
    """
    def __init__(self, name, use_getter=True, use_setter=True, use_remover=True, expand_tuple=True):
        IObjectProperty.__init__(self)
        self.name=name
        self.use_getter=use_getter
        self.use_setter=use_setter
        self.use_remover=use_remover
        self.expand_tuple=expand_tuple
[docs]    def get(self, obj, params=None):
        if self.use_getter:
            try:
                if params is None:
                    return getattr(type(obj),self.name).fget(obj)
                elif self.expand_tuple and isinstance(params,tuple):
                    return getattr(type(obj),self.name).fget(obj,*params)
                else:
                    return getattr(type(obj),self.name).fget(obj,params)
            except AttributeError:
                return getattr(obj,self.name)
        raise RuntimeError("getter is not supplied")

[docs]    def set(self, obj, value):
        if self.use_setter:
            try:
                if self.expand_tuple and isinstance(value,tuple):
                    return getattr(type(obj),self.name).fset(obj,*value)
                else:
                    return getattr(type(obj),self.name).fset(obj,value)
            except AttributeError:
                if self.expand_tuple and isinstance(value,tuple):
                    return setattr(obj,self.name,value[0])
                return setattr(obj,self.name,value)
        raise RuntimeError("setter is not supplied")

[docs]    def rem(self, obj, params=None):
        if self.use_remover:
            try:
                if params is None:
                    return getattr(type(obj),self.name).fdel(obj)
                elif self.expand_tuple and isinstance(params,tuple):
                    return getattr(type(obj),self.name).fdel(obj,*params)
                else:
                    return getattr(type(obj),self.name).fdel(obj,params)
            except AttributeError:
                return delattr(obj,self.name)
        raise RuntimeError("remover is not supplied")



[docs]def empty_object_property(value=None):
    """
    Dummy property which does nothing and returns `value` on `get` (``None`` by default).
    """
    return MethodObjectProperty(lambda *_, **__:value, lambda *_, **__:None, lambda *_, **__:None)


[docs]def obj_prop(*args, **kwargs):
    """
    Build an object property wrapper.
    
    If no arguments (or a single ``None`` argument) are suppled, return a dummy property.
    If one argument is supplied, return :class:`AttrObjectProperty` for a property with a given name.
    Otherwise, return :class:`MethodObjectProperty` property.
    """
    if len(args)==0:
        return empty_object_property()
    if len(args)==1:
        if args[0] is None: # empty property
            return empty_object_property()
        return AttrObjectProperty(args[0],**kwargs)
    elif len(args)<=3:
        return MethodObjectProperty(*args,**kwargs)
    else:
        raise ValueError("invalid number of arguments")

[docs]def as_obj_prop(value):
    """
    Turn value into an object property using :func:`obj_prop` function.
    
    If it's already :class:`IObjectProperty`, return unchanged.
    If `value` is a tuple, expand as an argument list.
    """
    if isinstance(value,IObjectProperty):
        return value
    if isinstance(value,tuple):
        return obj_prop(*value)
    if isinstance(value,textstring):
        return obj_prop(value)
    return value





##### Delayed definition #####

[docs]def delaydef(gen):
    """
    Wrapper for a delayed definition of a function inside of a module.
    
    Useful if defining a function is computationally costly.
    The wrapped function should be a generator of the target function rather than the function itself.
    
    On the first call the generator is executed to define the target function, which is then substituted for all subsequent calls.
    """
    @getargsfrom(gen)
    def wrapped(*args, **kwargs):
        func=gen()
        globals()[gen.__name__]=func
        return func(*args,**kwargs)
    return wrapped





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.general

"""
Collection of small utilities.
"""

from builtins import input
from future.utils import viewitems, viewvalues

import time
import threading
import os, signal
from . import functions

[docs]def set_props(obj, prop_names, props):
    """
    Set multiple attributes of `obj`.
    
    Names are given by `prop_names` list and values are given by `props` list. 
    """
    for (n,p) in zip(prop_names,props):
        setattr(obj,n,p)

[docs]def get_props(obj, prop_names):
    """
    Get multiple attributes of `obj`.
    
    Names are given by `prop_names` list.
    """
    return [getattr(obj,p) for p in prop_names]



[docs]def try_method_wrapper(func, method_name=None, inherit_signature=True):
    """
    Decorator that makes the function attempt to call the first argument's method instead of `func`.
    
    Before calling the function, try and call a method of the first argument named `method_name` (`func` name by default).
    If the method exists, call it instead of the wrapped function.
    If ``inherit_signature==True``, completely copy the signature of the wrapped method (name, args list, docstring, etc.).
    """
    if method_name is None:
        method_name=func.__name__
    def wrapped(*args, **kwargs):
        if args:
            self,args=args[0],args[1:]
            if "self" in kwargs:
                raise TypeError("{}() got multiple values for keyword argument 'self'".format(func.__name__))
        elif kwargs:
            if "self" not in kwargs:
                raise TypeError("{}() reqiqres jeyword argument 'self'".format(func.__name__))
            self=kwargs.pop("self")
        try:
            return getattr(self,method_name)(*args,**kwargs)
        except AttributeError:
            return func(self,*args,**kwargs)
    if inherit_signature:
        wrapped=functions.getargsfrom(func)(wrapped)
    else:
        wrapped.__doc__=func.__doc__
    return wrapped



### Predicates ###
[docs]def to_predicate(x):
    """
    Turn `x` into a predicate.
    
    If `x` is callable, it will be called with a single argument and returned value determines if the argument passes.
    If `x` is a container, an argument passes if it's contained in `x`.
    """
    if hasattr(x,"__call__"):
        return x
    if hasattr(x,"__contains__"):
        return lambda e: e in x
    raise ValueError("can't build predicate for {0}".format(x))



### Container routines ###
[docs]def map_container(value, func):
    """
    Map values  in the container.
    
    `value` can be a ``tuple``, a ``list`` or a ``dict`` (mapping is applied to the values)
    raises :exc:`ValueError` if it's something else.
    """
    if isinstance(value,tuple):
        return tuple(func(v) for v in value)
    if isinstance(value,list):
        return list(func(v) for v in value)
    if isinstance(value,dict):
        return dict([(k,func(v)) for k,v in viewitems(value)])
    raise ValueError("value {} is not a container")

[docs]def recursive_map(value, func):
    """
    Map container recursively.
    
    `value` can be a ``tuple``, a ``list`` or a ``dict`` (mapping is applied to the values).
    """
    if isinstance(value,tuple):
        return tuple(recursive_map(v,func) for v in value)
    if isinstance(value,list):
        return list(recursive_map(v,func) for v in value)
    if isinstance(value,dict):
        return dict([(k,recursive_map(v,func)) for k,v in viewitems(value)])
    return func(value)


### Dictionary routines ###
[docs]def any_item(d):
    """Return arbitrary tuple ``(key, value)`` contained in the dictionary (works both in Python 2 and 3)"""
    return next(iter(viewitems(d)))

[docs]def merge_dicts(*dicts):
    """
    Combine multiple ``dict`` objects together.
    
    If multiple dictionaries have the same keys, later arguments have higher priority.
    """
    res={}
    for d in dicts:
        if d is not None:
            res.update(d)
    return res

[docs]def filter_dict(pred, d, exclude=False):
    """
    Filter dictionary based on a predicate.
    
    `pred` can be a callable or a container (in which case the predicate is true if a value is in the container).
    If ``exclude==True``, the predicate is inverted.
    """
    if pred is None:
        return d.copy() if exclude else {}
    pred=to_predicate(pred)
    filtered={}
    for k,v in viewitems(d):
        if ( (not exclude) and pred(k) ) or ( exclude and not pred(k) ):
            filtered[k]=v
    return filtered

[docs]def map_dict_keys(func, d):
    """Map dictionary keys with `func`"""
    return dict((func(k),v) for k,v in viewitems(d))

[docs]def map_dict_values(func, d):
    """Map dictionary values with `func`"""
    return dict((k,func(v)) for k,v in viewitems(d))

[docs]def to_dict(d, default=None):
    """
    Convert a ``dict`` or a ``list`` of pairs or single keys (or mixed) into a ``dict``.
    
    If a list element is single, `default` value is used.
    """
    if d is None:
        return {}
    if isinstance(d,dict):
        return d
    res={}
    for e in d:
        if isinstance(e,list) or isinstance(e,tuple):
            res[d[0]]=d[1]
        else:
            res[d[0]]=default
    return res

[docs]def to_pairs_list(d, default=None):
    """
    Convert a ``dict`` or a ``list`` of pairs or single keys (or mixed) into a ``list`` of pairs.
    
    If a list element is single, `default` value is used.
    When converting ``list`` into ``list``, the order is preserved.
    """
    if d is None:
        return []
    if isinstance(d,dict):
        collection=viewitems(d)
    else:
        collection=d
    res=[]
    for e in collection:
        if isinstance(e,list) or isinstance(e,tuple):
            res.append((e[0],e[1]))
        else:
            res.append((e,default))
    return res

[docs]def invert_dict(d, kmap=None):
    """
    Invert dictionary (switch keys and values).

    If `kmap` is supplied, it's a function mapping dictionary values into inverted dictionary keys (identity by default).
    """
    return dict([(kmap(v),k) for (k,v) in viewitems(d)]) if kmap else dict([(v,k) for (k,v) in viewitems(d)])


### List routines ###
[docs]def flatten_list(l):
    """
    Flatten nested ``list``/``tuple`` structure into a single list.
    """
    for el in l:
        if isinstance(el, list) or isinstance(el, tuple):
            for sub in flatten_list(el):
                yield sub
        else:
            yield el

[docs]def partition_list(pred, l):
    """
    Split the lis` `l` into two parts based on the predicate.
    """
    t=[]
    f=[]
    pred=to_predicate(pred)
    for e in l:
        if pred(e):
            t.append(e)
        else:
            f.append(e)
    return t,f

[docs]def split_in_groups(key_func, l, continuous=True, max_group_size=None):
    """
    Split the list `l` into groups according to the `key_func`.
    
    Go over the list and group the elements with the same key value together.
    If ``continuous==False``, groups all elements with the same key together regardless of where they are in the list.
    otherwise, group only continuous sequences of the elements with the same key together (element with different key in the middle will result in two groups).
    If ``continuous==True`` and `max_group_size` is not ``None``, it determines the maximal size of a group; larger groups are split into separate groups. 
    """
    if continuous:
        if len(l)==0:
            return []
        groups=[]
        g=[l[0]]
        key=key_func(l[0])
        for e in l[1:]:
            ek=key_func(e)
            if ek!=key or (max_group_size is not None and len(g)>=max_group_size):
                key=ek
                groups.append(g)
                g=[]
            g.append(e)
        groups.append(g)
        return groups
    else:
        groups={}
        for e in l:
            groups.get(key_func(e),[]).append(e)
        return list(viewvalues(groups))

[docs]def sort_set_by_list(s, l, keep_duplicates=True):
    """
    Convert the set `s` into a list ordered by a list `l`.
    
    Elements in `s` which are not in `l` are omitted.
    If ``keep_duplicates==True``, keep duplicate occurrences in `l` in the result; otherwise, only keep the first occurrence.
    """
    if keep_duplicates:
        return [e for e in l if e in s]
    else:
        res=[]
        s=s.copy()
        for e in l:
            if e in s:
                res.append(e)
                s.remove(e)
        return res

[docs]def compare_lists(l1, l2, sort_lists=False, keep_duplicates=True):
    """
    Return three lists ``(l1 and l2, l1-l2, l2-l1)``.
    
    If ``sort_lists==True``, sort the first two lists by `l1`, and the last one by `l2`; otherwise, the order is undefined.
    If ``sort_lists==True``, `keep_duplicated` determines if duplicate elements show up in the result.
    """
    s1,s2=set(l1),set(l2)
    diff_12=set.difference(s1,s2)
    diff_21=set.difference(s2,s1)
    both=set.intersection(s1,s2)
    if sort_lists:
        return sort_set_by_list(both,l1,keep_duplicates),sort_set_by_list(diff_12,l1,keep_duplicates),sort_set_by_list(diff_21,l2,keep_duplicates)
    else:
        return list(both),list(diff_12),list(diff_21)



### Dummy resource ###

[docs]class DummyResource(object):
    """
    Object that acts as a resource (has ``__enter__`` and ``__exit__`` methods), but doesn't do anything.
    
    Analog of::
    
        @contextlib.contextmanager
        def dummy_resource():
            yield
    """
    def __enter__(self):
        return None
    def __exit__(self, etype, error, etrace):
        return False

    
### Errors handling / retrying ###

[docs]class RetryOnException(object):
    """
    Wrapper for repeating the same block of code several time if an exception occurs
    
    Useful for filesystem or communication operations, where retrying a failed operation is a valid option.
    
    Args:
        tries (int): Determines how many time will the chunk of code execute before re-rasing the exception;
            ``None`` (default) means no limit
        exceptions (Exception or list): A single exception class or a ``list`` of exception classes which are going to be silenced.
        
    Example::
    
        for t in RetryOnException(tries,exceptions):
            with t:
                ... do stuff ...
                
    is analogue of::
    
        for i in range(tries):
            try:
                ... do stuff ...
            except exceptions:
                if i==tries-1:
                    raise
    """
    def __init__(self, tries=None, exceptions=None):
        object.__init__(self)
        self.tries=tries
        if isinstance(exceptions, type) and issubclass(exceptions, Exception):
            exceptions=(exceptions,)
        self.exceptions=exceptions or (Exception,)
[docs]    class ExceptionCatcher(object):
        def __init__(self, retrier, try_number):
            object.__init__(self)
            self.silent=retrier.tries is None or try_number+1<retrier.tries
            self.try_number=try_number
            self.retrier=retrier
        def __enter__(self):
            return self
        def __exit__(self, etype, error, etrace):
            self.etype=etype
            self.error=error
            self.etrace=etrace
            if etype is None:
                return True
            if not self.silent:
                return False
            for et in self.retrier.exceptions:
                if isinstance(error,et):
                    return True
            return False
[docs]        def reraise(self):
            raise self.error


    def __iter__(self):
        cnt=0
        while True:
            yield self.ExceptionCatcher(self,cnt)
            cnt=cnt+1

            
[docs]def retry_wait(func, try_times=1, delay=0., exceptions=None):
    """
    Try calling function (with no arguments) at most `try_times` as long as it keeps raising exception.
    
    If `exceptions` is not ``None``, it specifies which exception types should be silenced.
    If an exception has been raised, wait `delay` seconds before retrying.
    """
    for t in RetryOnException(try_times,exceptions):
        with t:
            return func()
        if delay>0:
            time.sleep(delay)

            
[docs]class SilenceException(object):
    """
    Context which silences exceptions raised in a block of code.
    
    Args:
        exceptions (Exception or list): A single exception class or a list of exception classes which are going to be silenced.
        on_exception (callable): A callback to be invoked if an exception occurs.
        reraise (bool): Defines if the exception is re-rased after the callback has been invoked.
        
    A simple bit of syntax sugar. The code::
    
        with SilenceException(exceptions,on_exception,reraise):
            ... do stuff ...
            
    is exactly analogous to::
    
        try:
            ... do stuff ...
        except exceptions:
            on_exception()
            if reraise:
                raise
    """
    def __init__(self, exceptions=None, on_exception=None, reraise=False):
        object.__init__(self)
        self.on_exception=on_exception
        self.reraise=reraise
        if isinstance(exceptions, type) and issubclass(exceptions, Exception):
            exceptions=(exceptions,)
        self.exceptions=exceptions or (Exception,)
    def __enter__(self):
        return self
    def __exit__(self, etype, error, etrace):
        if etype is None:
            return True
        for et in self.exceptions:
            if isinstance(error,et):
                if self.on_exception:
                    return self.on_exception()
        return not self.reraise

    
    
    
### Process handling ###
[docs]def full_exit(code=signal.SIGTERM):
    """
    Terminate the current process and all of its threads.
    
    Doesn't perform any cleanup or resource release; should only be used if the process is irrevocably damaged.
    """
    os.kill(os.getpid(),code)
    os._exit(code)

        


### Tree routines ###
def _topological_order_dfs(graph, start, path=None, visited=None, order=None, priority=None):
    path=set(start) if path is None else path
    order=[] if order is None else order
    visited=set() if visited is None else visited
    children=graph.get(start,[])
    if priority is not None:
        children=sorted(children,key=lambda c: priority.get(c,None))
    for child in children:
        if child in path:
            raise ValueError("graph contains loop; topological order is impossible")
        if child in visited:
            continue
        path.add(child)
        _topological_order_dfs(graph,child,path,visited,order)
        path.remove(child)
    order.append(start)
    visited.add(start)
    return order
        
[docs]def topological_order(graph, visit_order=None):
    """
    Get a topological order of a graph.
    
    Return a list of nodes where each node is listed after its children.
    If `visit_order` is not ``None``, it is a list specifying nodes visiting order (nodes earlier in the list are visited first). Otherwise, the visit order is undefined.
    `graph` is a dictionary ``{node: [children]}``.
    If graph contains loops, raise :exc:`ValueError`.
    """
    order=[]
    visited=set()
    if visit_order is None:
        nodes=set(graph)
        while len(nodes)>0:
            start=nodes.pop()
            _topological_order_dfs(graph,start,visited=visited,order=order)
            nodes.difference_update(visited)
    else:
        vo_set=set(visit_order)
        nodes=visit_order+[n for n in graph if n not in vo_set]
        priority=dict([(v,i) for i,v in enumerate(nodes)])
        while len(nodes)>0:
            start=nodes.pop(0)
            _topological_order_dfs(graph,start,visited=visited,order=order,priority=priority)
            nodes=[n for n in nodes if n not in visited]
    return order





### UID generator ###

[docs]class UIDGenerator(object):
    """
    Generator of unique numeric IDs.
    
    Args:
        thread_safe (bool): If ``True``, using lock to ensure that simultaneous calls from different threads are handled properly.
    """
    def __init__(self, thread_safe=False):
        self._value=0
        if thread_safe:
            self._lock=threading.Lock()
        else:
            self._lock=DummyResource()
    def __call__(self, inc=True):
        """
        Return a new unique numeric ID.
        
        If ``inc==False``, don't increase the internal counter (the next call will return the same ID). 
        """
        with self._lock:
            if inc:
                self._value=self._value+1
            return self._value

            
[docs]class NamedUIDGenerator(object):
    """
    Generator of unique string IDs based on a name.
    
    Args:
        name_template (str): Format string with two parameters (name and numeric ID) used to generate string IDs.
        thread_safe (bool): If ``True``, using lock to ensure that simultaneous calls from different threads are handled properly.
    """
    def __init__(self, name_template="{0}{1:03d}", thread_safe=False):
        self._uids={}
        self._name_template=name_template
        if thread_safe:
            self._lock=threading.Lock()
        else:
            self._lock=DummyResource()
    def __call__(self, name):
        """
        Return a new unique string ID with the given `name`.
        """
        with self._lock:
            uid=self._uids.setdefault(name,UIDGenerator(thread_safe=False))()
        return self._name_template.format(name,uid)




### Skipped calling wrapper ###

[docs]def call_every(func, times=1, cooldown=0., default=None):
    """
    Wrap `func` such that calls to it are forwarded only under certain conditions.

    If ``times>1``, then `func` is called after at least `times` calls to the wrapped function.
    If ``cooldown>0``, then `func` is called after at least `cooldown` seconds passed since the last call.
    If both conditions are specified, they should be satisfied simultaneously.
    `default` specifies return value if `func` wasn't called.
    """
    state=[times,-cooldown] # counter, last_call_time
    @functions.getargsfrom(func)
    def wrapped(*args, **kwargs):
        curr_t=time.time()
        if (state[0]>=times-1) and (curr_t>state[1]+cooldown):
            state[1]=curr_t
            state[0]=0
            res=func(*args,**kwargs)
        else:
            state[0]+=1
            res=default
        return res
    return wrapped


[docs]def call_limit(func, times=1, cooldown=0., limit=None, default=None):
    """
    Wrap `func` such that calls to it are forwarded only under certain conditions.

    If ``times>1``, then `func` is called after at least `times` calls to the wrapped function.
    If ``cooldown>0``, then `func` is called after at least `cooldown` seconds passed since the last call.
    if ``limit is not None``, then `func` is called only first `limit` times.
    If several conditions are specified, they should be satisfied simultaneously.
    `default` specifies return value if `func` wasn't called.
    Returned function also has an added method ``reset``, which resets the internal call and time counters.
    """
    state=[times,0,-cooldown] # misses since last call, successfull calls, last call time
    @functions.getargsfrom(func)
    def wrapped(*args, **kwargs):
        curr_t=time.time()
        if (state[0]>=times-1) and (curr_t>state[1]+cooldown) and (limit is None or state[2]<limit):
            state[:]=0,curr_t,state[2]+1
            res=func(*args,**kwargs)
        else:
            state[0]+=1
            res=default
        return res
    def reset():
        state[:]=times,0,-cooldown
    wrapped.reset=reset
    return wrapped



### Docstring inheritance ###
[docs]def doc_inherit(parent):
    """
    Wrapper for inheriting docstrings from parent classes.
    
    Takes parent class as an argument and replaces the docstring of the wrapped function
    by the docstring of the same-named function from the parent class (if available).
    """
    def wrapper(func):
        if hasattr(parent,func.__name__):
            func.__doc__=getattr(parent,func.__name__).__doc__
        return func
    return wrapper




### Countdown ###

[docs]class Countdown(object):
    """
    Object for convenient handling of timeouts and countdowns with interrupts.
    
    Args:
        timeout (float): Countdown timeout; if ``None``, assumed to be infinite.
    """
    def __init__(self, timeout):
        self.timeout=timeout
        self.reset()
[docs]    def reset(self):
        self.start=time.time()
        if self.timeout is None:
            self.end=None
        else:
            self.end=self.timeout+self.start

[docs]    def time_left(self, bound_below=True):
        """
        Return the amount of time left. For infinite timeout, return ``None``.
        
        If ``bound_below==True``, instead of negative time return zero.
        """
        if self.timeout==0 or self.timeout is None:
            return self.timeout
        dtime=self.end-time.time()
        if bound_below:
            dtime=max(dtime,0.)
        return dtime

[docs]    def time_passed(self):
        """
        Return the amount of time passed since the countdown start/reset.
        """
        return time.time()-self.start

[docs]    def passed(self):
        """
        Check if the timeout has passed.
        """
        if self.timeout is None:
            return False
        elif self.timeout==0:
            return True
        else:
            t=time.time()
            return self.end<=t



[docs]class Timer(object):
    """
    Object for keeping time of repeating tasks.
    
    Args:
        period (float): Timer period.
    """
    def __init__(self, period, skip_first=False):
        self.period=period
        self.reset(skip_first=skip_first)
[docs]    def change_period(self, period, method="current"):
        """
        Change the timer period.

        `method` specifies the changing method. Could be ``"current"`` (change the period of the ongoing tick), ``"next"`` (change the period starting from the next tick),
        ``"reset_skip"`` (reset the timer and skip the first tick) or ``"reset_noskip"`` (reset the timer and don't skip the first tick).
        """
        if method not in {"current","next","reset_skip","reset_noskip"}:
            raise ValueError("unrecognized changing method: {}".format(method))
        old_period=self.period
        self.period=period
        if method=="reset_noskip":
            self.reset(skip_first=False)
        elif method=="reset_skip":
            self.reset(skip_first=True)
        elif method=="current":
            self.next+=(period-old_period)

[docs]    def reset(self, skip_first=False):
        """
        Reset the timer.

        If ``skip_first==False``, timer ticks immediately; otherwise, it starts ticking only after one period.
        """
        start=time.time()
        self.next=start+self.period if skip_first else start

[docs]    def time_left(self, t=None, bound_below=True):
        """
        Return the amount of time left before the next tick.
        
        If ``bound_below==True``, instead of negative time return zero.
        """
        t=t or time.time()
        dtime=self.next-t
        if bound_below:
            dtime=max(dtime,0.)
        return dtime

[docs]    def passed(self, t=None):
        """
        Return the number of ticks passed.

        If timer period is zero, always return 1.
        """
        t=t or time.time()
        return int((t-self.next)//self.period)+1 if self.period>0 else 1

[docs]    def acknowledge(self, n=None, nmin=0):
        """
        Acknowledge the timer tick.

        `n` specifies the number of tick to acknowledge (by default, all passed).
        Return number of actually acknowledged ticks (0 if the timer hasn't ticked since the last acknowledgement).
        """
        npassed=max(self.passed(),nmin)
        if n is None:
            nack=npassed
        else:
            nack=min(npassed,n)
        self.next+=self.period*nack
        return nack



### Stream redirection ###

[docs]class StreamFileLogger(object):
    """
    Steam logger that replaces standard output stream (usually stdout or stderr) and logs them into a file.

    Args:
        path: path to the destination logfile. The file is always appended.
        stream: an optional output stream into which the output will be duplicated; usually, the original stream which is being replaced
        lock: a thread lock object, which is used for any file writing operation;
            necessary if replacing standard streams (such as ``sys.stdout`` or ``sys.stderr``) in a multithreading environment.
        autoflush: if ``True``, flush after any write operation into `stream`

    It is also possible to subclass the file and overload :meth:`write_header` method to write a header before the first file write operation during the execution.
    
    The intended use is to log stdout or stderr streams::

        import sys, threading
        sys.stderr = StreamFileLogger("error_log.txt", stream=sys.stderr, lock=threading.Lock())
    """
    def __init__(self, path, stream=None, lock=None, autoflush=False):
        object.__init__(self)
        self.paths=path if isinstance(path,list) else [path]
        self.stream=stream
        self.header_done=False
        self.lock=lock or DummyResource()
        self.autoflush=autoflush
[docs]    def write_header(self, f):
        """Write header to file stream `f`"""
        pass

[docs]    def add_path(self, path):
        """Add another logging path to the list"""
        with self.lock:
            if path not in self.paths:
                self.paths.append(path)

[docs]    def remove_path(self, path):
        """Remove logging path to the list"""
        with self.lock:
            if path in self.paths:
                del self.paths[self.paths.index(path)]
                return True
            else:
                return False

[docs]    def write(self, s):
        with self.lock:
            for p in self.paths:
                try:
                    for t in RetryOnException(5,exceptions=IOError):
                        with t:
                            with open(p,"a") as f:
                                if not self.header_done:
                                    self.write_header(f)
                                    self.header_done=True
                                f.write(s)
                            break
                        time.sleep(0.1)
                except IOError:
                    pass
            if self.stream is not None:
                self.stream.write(s)
                if self.autoflush:
                    self.stream.flush()

[docs]    def flush(self):
        with self.lock:
            if self.stream is not None:
                self.stream.flush()


        
### Debugging ###

@functions.delaydef
def setbp():
    try:
        try:
            from traitlets.config.configurable import MultipleInstanceError
        except ImportError:
            from IPython.config.configurable import MultipleInstanceError
        try:
            import ipdb
            return ipdb.set_trace
        except (ImportError, MultipleInstanceError):
            from IPython.core.debugger import Tracer
            return Tracer()
    except Exception:
        import pdb
        return pdb.set_trace


### Misc ###

[docs]def wait_for_keypress(message="Waiting..."):
    input(message)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.ipc

"""
Universal interface for inter-process communication.

Focus on higher throughput for large numpy arrays via shared memory.
"""

from multiprocessing import Array, Pipe
import ctypes
import collections
import pickle
import numpy as np
from . import strpack


[docs]class IIPCChannel(object):
    """
    Generic IPC channel interface
    """
[docs]    def send(self, data):
        """Send data"""
        pass

[docs]    def recv(self, timeout=None):
        """Receive data"""
        pass

    
[docs]    def send_numpy(self, data):
        """Send numpy array"""
        return self.send(data)

[docs]    def recv_numpy(self, timeout=None):
        """Receive numpy array"""
        return self.recv(timeout=timeout)


[docs]    def get_peer_args(self):
        """Get arguments required to create a peer connection"""
        return ()

[docs]    @classmethod
    def from_args(cls, *args):
        """Create a peer connection from teh supplied arguments"""
        return cls(*args)




TPipeMsg=collections.namedtuple("TPipeMsg",["id","data"])
_simple_msg=0
_ack_msg=1
_sharedmem_start=16
_sharedmem_recvd=18
[docs]class PipeIPCChannel(IIPCChannel):
    """
    Generic IPC channel interface using pipe.
    """
    def __init__(self, pipe_conn=None):
        IIPCChannel.__init__(self)
        self.conn,self.peer_conn=pipe_conn or Pipe()
    
[docs]    def get_peer_args(self):
        """Get arguments required to create a peer connection"""
        return ((self.peer_conn,self.conn),)

    
    def _recv_with_timeout(self, timeout):
        if (timeout is None) or self.conn.poll(timeout):
            return self.conn.recv()
        else:
            raise TimeoutError
[docs]    def send(self, data):
        """Send data"""
        self.conn.send(data)

[docs]    def recv(self, timeout=None):
        """Receive data"""
        return self._recv_with_timeout(timeout)




[docs]class SharedMemIPCChannel(PipeIPCChannel):
    """
    Generic IPC channel interface using pipe and shared memory for large arrays.
    """
    _default_array_size=2**24
    def __init__(self, pipe_conn=None, arr=None, arr_size=None):
        PipeIPCChannel.__init__(self,pipe_conn)
        if arr is None:
            self.arr_size=arr_size or self._default_array_size
            self.arr=Array("c",self.arr_size)
        else:
            self.arr=arr
            self.arr_size=len(arr)
    
[docs]    def get_peer_args(self):
        """Get arguments required to create a peer connection"""
        return ((self.peer_conn,self.conn),self.arr,self.arr_size)

    
    def _check_strides(self, array):
        """Check if array is stored in memory continuously"""
        esize=array.dtype.itemsize
        for s,st in zip(array.shape[::-1],array.strides[::-1]):
            if st!=esize:
                return False
            esize*=s
        return True
[docs]    def send_numpy(self, data, method="auto", timeout=None):
        """Send numpy array"""
        if method=="auto":
            method="pipe" if data.nbytes<2**16 else "shm"
        if method=="pipe":
            return PipeIPCChannel.send_numpy(self,data)
        if not self._check_strides(data): # need continuous array to send
            data=data.copy()
        buff_ptr,count=data.ctypes.get_data(),data.nbytes
        self.conn.send(TPipeMsg(_sharedmem_start,(count,data.dtype.str,data.shape)))
        while count>0:
            chunk_size=min(count,self.arr_size)
            ctypes.memmove(ctypes.addressof(self.arr.get_obj()),buff_ptr,chunk_size)
            count-=chunk_size
            buff_ptr+=chunk_size
            self.conn.send(chunk_size)
            self._recv_with_timeout(timeout)

[docs]    def recv_numpy(self, timeout=None):
        """Receive numpy array"""
        msg=self._recv_with_timeout(timeout)
        if not isinstance(msg,TPipeMsg):
            return msg
        if msg.id==_simple_msg:
            return msg.data
        else:
            count,dtype,shape=msg.data
            data=np.empty(shape,dtype=dtype)
            buff_ptr=data.ctypes.get_data()
            while count>0:
                chunk_size=self._recv_with_timeout(timeout)
                ctypes.memmove(buff_ptr,ctypes.addressof(self.arr.get_obj()),chunk_size)
                buff_ptr+=chunk_size
                count-=chunk_size
                self.conn.send(TPipeMsg(_sharedmem_recvd,None))
            return data







TShmemVarDesc=collections.namedtuple("TShmemVarDesc",["offset","size","kind","fixed_size"])
[docs]class SharedMemIPCTable(object):
    """
    Shared memory table for exchanging shared variables between processes.

    Can be used instead of channels for variables which are rarely changed but frequently checked (e.g., status),
    or when synchronization of sending and receiving might be difficult
    """
    _default_array_size=2**24
    def __init__(self, pipe_conn=None, arr=None, arr_size=None, lock=True):
        object.__init__(self)
        self.pipe=PipeIPCChannel(pipe_conn)
        if arr is None:
            self.arr_size=arr_size+4 or self._default_array_size
            self.arr=Array("c",self.arr_size,lock=lock)
        else:
            self.arr=arr
            self.arr_size=len(arr)
        self.conn_side=0 if pipe_conn is None else 1
        self.var_table={}
        self.max_offset=4
        self._check_variables()
        self.arr[self.conn_side*2]=1

    def _check_variables(self):
        while True:
            try:
                name,desc=self.pipe.recv(timeout=0.)
                if name in self.var_table:
                    if self.var_table[name]!=desc:
                        raise RuntimeError("received variable {} is already defined".format(name))
                self.var_table[name]=desc
                self.max_offset=max(self.max_offset,desc.offset)
            except TimeoutError:
                return
    def _send_variable(self, name):
        self.pipe.send((name,self.var_table[name]))
[docs]    def add_variable(self, name, size, kind="pickle"):
        """
        Add a variable with a given name.

        The variable info is also communicated to the other endpoint.
        `size` determines maximal variable size in bytes. If the actual size ever exceeds it, an exception will be raised.
        `kind` determines the way to convert variable into bytes; can be ``"pickle"`` (universal, but large size overhead),
        ``"nps_###"``` (where ``###`` can be any numpy scalar dtype description, e.g., ``"float"`` or ``"<u2"``) for numpy scalars,
        or ``"npa_###"``` (where ``###`` means the same as for ``nps``) for numpy arrays (in this case the array size and shape need to be communicated separately).
        """
        self._check_variables()
        if name in self.var_table:
            raise RuntimeError("variable {} is already defined".format(name))
        fixed_size=kind.startswith("nps_")
        if not fixed_size:
            size+=8
        if self.max_offset+size>self.arr_size:
            raise RuntimeError("variable {} can't fit into the array (need {} bytes, available {})".format(name,self.max_offset+size,self.arr_size))
        self.var_table[name]=TShmemVarDesc(self.max_offset,size,kind,fixed_size)
        self.max_offset+=size
        self._send_variable(name)

    
[docs]    def set_variable(self, name, value):
        """
        Set a variable with a given name.
        
        If the variable is missing, raise an exception.
        """
        if name not in self.var_table:
            self._check_variables()
        desc=self.var_table[name]
        kind=desc.kind
        if kind=="pickle":
            sval=pickle.dumps(value)
        elif kind.startswith("nps_") or kind.startswith("npa_"):
            sval=np.asarray(value,kind[4:]).tostring()
        vlen=len(sval)
        if desc.fixed_size:
            if vlen!=desc.size:
                raise RuntimeError("unexpected variable size {} (expected {})".format(vlen,desc.size))
            self.arr[desc.offset:desc.offset+vlen]=sval
        else:
            if vlen>desc.size-8:
                raise RuntimeError("size of packed variable {} exceeds maximal specified size {}".format(vlen,desc.size-8))
            self.arr[desc.offset:desc.offset+8]=strpack.int2bytes(vlen,8,">")
            self.arr[desc.offset+8:desc.offset+8+vlen]=sval

    __setitem__=set_variable
[docs]    def get_variable(self, name, default=None):
        """
        Get a variable with a given name.
        
        If the variable is missing, return `default`.
        """
        if name not in self.var_table:
            self._check_variables()
        if name not in self.var_table:
            return default
        desc=self.var_table[name]
        if desc.fixed_size:
            sval=self.arr[desc.offset:desc.offset+desc.size]
        else:
            vlen=strpack.bytes2int(self.arr[desc.offset:desc.offset+8],">")
            if vlen==0:
                return default
            sval=self.arr[desc.offset+8:desc.offset+8+vlen]
        kind=desc.kind
        if kind=="pickle":
            return pickle.loads(sval)
        elif kind.startswith("nps_"):
            return np.fromstring(sval,dtype=kind[4:])[0]
        elif kind.startswith("npa_"):
            return np.fromstring(sval,dtype=kind[4:])
        return default

    __getitem__=get_variable

[docs]    def is_peer_connected(self):
        """Check if the peer is connected (i.e., the other side of the pipe is initialized)"""
        return self.arr[(1-self.conn_side)*2]==b"\x01"

[docs]    def close_connection(self):
        """Mark the connection as closed"""
        self.arr[self.conn_side*2+1]=1

[docs]    def is_peer_closed(self):
        """Check if the peer is closed"""
        return self.arr[(1-self.conn_side)*2+1]==b"\x01"


[docs]    def get_peer_args(self):
        """Get arguments required to create a peer connection"""
        return (self.pipe.get_peer_args()[0],self.arr)

[docs]    @classmethod
    def from_args(cls, *args):
        """Create a peer connection from teh supplied arguments"""
        return cls(*args)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.iterator

"""
Class for building common iterators
"""

[docs]class AccessIterator(object):
    """
    Simple sequential access iterator with customizable access function (by default it's 1D indexing).
    
    Determines end of iterations by :exc:`IndexError`.
    
    Args:
        obj: Container to be iterated over.
        access_function (callable): A function which takes two parameteres `obj` and `idx`
            and either returns the element or raises :exc:`IndexError`. By default, a simple ``__getitem__`` operation.
    """
    def __init__(self, obj, access_function=None):
        object.__init__(self)
        self.obj=obj
        self.idx=0
        if access_function is None:
            access_function=lambda obj, idx: obj[idx]
        self.access_function=access_function
    def __iter__(self):
        return self
    def __next__(self):
        try:
            result=self.access_function(self.obj,self.idx)
            self.idx=self.idx+1
            return result
        except IndexError:
            raise StopIteration()
    next=__next__





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.library_parameters

"""Storage for global library parameters"""

from . import dictionary, module as module_utils

[docs]class LibraryParametersStorage(object):
    """
    Global library parameters storage.

    Args:
        root_name(str): name of the root module

    On creation goes through the root module and all of its submodules and checks if any have ``'_module_parameters'`` variable.
    If they do, this variable is interpreted as a dictionary with parameters from that module.
    All of the found dictionaries are stored together and the contained parameters can be transparently read and changed.
    """
    def __init__(self, root_name):
        object.__init__(self)
        self.root_name=root_name
        self.parameters=self._collect_parameters(self.root_name)
    
    @staticmethod
    def _collect_parameters(pkg_name):
        all_packages=module_utils.get_loaded_package_modules(pkg_name)
        values={}
        for name,pkg in all_packages.items():
            if hasattr(pkg,"_module_parameters"):
                values[name]=pkg._module_parameters
        return values

[docs]    def refresh(self):
        """Repeat the modules scan (should be called if any of the modules are reloaded)"""
        self.parameters=self._collect_parameters(self.root_name)

    
    def __getitem__(self, name):
        res=dictionary.Dictionary()
        for v in self.parameters.values():
            res.update(v)
        return res[name]
    def __setitem__(self, name, value):
        name="/".join(dictionary.normalize_path(name))
        for v in self.parameters.values():
            if name in v:
                v[name]=value
                return
        raise KeyError("can't find parameter named {}".format(name))
    def __str__(self):
        return str(self[""].as_dict("flat"))
    def __repr__(self):
        return "{}({})".format(self.__class__.__name__,str(self))

[docs]    def update(self, d):
        """Update parameters with the supplied dictionary"""
        for k,v in d.items():
            self[k]=v






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.log

"""
Logging class that incorporates making file and console logs.
The actions taken can be altered for different message types and level ranges.
"""

# from io import open
from builtins import range
from .py3 import textstring

from datetime import datetime
from . import dictionary, funcargparse
from . import files as file_utils
import os.path
import sys
import re

_depends_local=[".dictionary"]


level_classes={"misc":0, "note":10, "warning":20, "error":30, "failure":40}
_max_level=50
[docs]def normalize_level(level):
    if level in level_classes:
        return (level_classes[level],level)
    level=int(level)
    if level<0:
        return (0,"misc")
    if level<10:
        return (level,"misc")
    if level<20:
        return (level,"note")
    elif level<30:
        return (level,"warning")
    elif level<40:
        return (level,"error")
    elif level<50:
        return (level,"failure")
    else:
        return (_max_level-1,"failure")



kind_classes=["progress", "debug", "unexpected", "info", "exectime"]



[docs]class ILogAction(object):
    """
    The interface for a log action.
    """
[docs]    def report(self, message="", origin=None, kind=None, level="note", display=None, continued=False):
        """
        Report an event.

        Args:
            message(str): log message
            origin(str): origin of the message. Can be anything, generally specifies position in the code/runtime
            kind(str): kind of the message. Can be anything, predefined kinds are:
                ``'progress'`` (general execution flow), ``'debug'`` (debugging messages), ``'unexpected'`` (unexpected situation),
                ``'info'`` (generic information), ``'exectime'`` (execution timing)
            level(int or str): severity of the event. Can be an integer between 0 and 50, or one of the predefined levels:
                ``'misc'`` (0), ``'note'`` (10), ``'warning'`` (20), ``'error'`` (30), ``'failure'`` (40)
            display(str or tuple): message display parameters, which overrides default class parameters.
                List of symbols specifying which elements show up in the log record:
                ``'t'`` (event time), ``'l'`` (level), ``'k'`` (kind), ``'o'`` (origin)
                If `display` is a tuple, it defines two formats: for a full record, and for a continued record (added after a record with ``continued==True``)
            continued(bool): if ``True``, the event is assumed to be incomplete, and the next report will continue the current record
                (applicable to console or file logging, but not error raising)
        """
        raise NotImplementedError("ILogAction.report")


    
[docs]class LogAction_None(ILogAction):
    """
    Log action that does nothing.
    """
[docs]    def report(self, message="", origin=None, kind=None, level="note", display=None, continued=False):
        pass

    report.__doc__=ILogAction.report.__doc__

    
    
    
[docs]class IMessageLogAction(ILogAction):
    """
    A generic log action that generates a text message.

    Operation performed on the text is defined in subclass by overloading :meth:`report_text`.

    Args:
        display(str or tuple): default display format (see :meth:`report` for details)
        min_display(str or tuple): default "minimal" display format (applied to all messages regardless of other display parameters)

    """
    def __init__(self, display=("lko",""), min_display=("","")):
        ILogAction.__init__(self)
        self.display=display
        self.min_display=min_display
        self.continuing=False
        self.time_width=30
        self.level_width=8
        self.kind_width=10
        self.origin_width=0
        self.horizontal_width=self.time_width+self.level_width+self.kind_width+self.origin_width+20
        self.format_alias={}
    
[docs]    def format_time(self, time=None):
        """Build a time string."""
        time=time or datetime.today()
        return time.strftime("[%Y/%m/%d %H:%M:%S.%f]").ljust(self.time_width)    

[docs]    def format_level(self, level):
        """Build a level string."""
        lev_class=normalize_level(level)
        return "{0}({1:02d})".format(lev_class[1].upper(),lev_class[0]).ljust(self.level_width+4)

[docs]    def format_kind(self, kind):
        """Build a kind string."""
        return ("["+kind.lower()+"]").ljust(self.kind_width)

[docs]    def format_origin(self, origin):
        """Build an origin string."""
        return ("@"+origin).rjust(self.origin_width+1)

    
[docs]    def special_format(self, message):
        """Build a format string."""
        message=self.format_alias.get(message,message)
        parts=[p.strip() for p in message.split("|")]
        result=""
        for p in parts:
            if p.startswith("lineskip"):
                lstr=p[8:].strip()
                l=int(lstr) if lstr else 1
                result=result+"\n"*l
            if p.startswith("horizontal"):
                lstr=p[10:].strip()
                l=int(lstr) if lstr else self.horizontal_width
                result=result+"="*l
        return result

            
        
[docs]    def format_message(self, message="", origin=None, kind=None, level="note", display=None):
        """
        Build a report string.

        Parameters are the same as :meth:`report`, except for the missing `continuing` parameter.
        """
        if message.startswith("%%"):
            return self.special_format(message[2:])
        if display is None:
            display=self.display
        display=display[self.continuing] if isinstance(display,tuple) else display
        display=display+(self.min_display[self.continuing] if isinstance(self.min_display, tuple) else self.min_display)
        txt=""
        if "t" in display:
            txt=self.format_time()
        if "l" in display:
            l=self.format_level(level)
            txt=txt+l
        if kind and "k" in display:
            k=self.format_kind(kind)
            txt=txt+k if txt else k
        if origin and "o" in display:
            o=self.format_origin(origin)
            txt=txt+"  "+o if txt else o
        return txt+":  "+message if txt else message

    
[docs]    def report_text(self, txt):
        """
        Report the generated text.

        To be overloaded in subclasses.
        """
        raise NotImplementedError("MessageLogAction.report_text")

[docs]    def report(self, message="", origin=None, kind=None, level="note", display=None, continued=False):
        if continued:
            self.report_text(self.format_message(message,origin,kind,level,display))
            self.continuing=True
        else:
            self.report_text(self.format_message(message,origin,kind,level,display)+"\n")
            self.continuing=False

    report.__doc__=ILogAction.report.__doc__

    
    
[docs]class LogAction_Console(IMessageLogAction):
    """
    The log action that generates a report text and writes it to the console.
    """
    def __init__(self):
        IMessageLogAction.__init__(self)
        self.horizontal_width=79
        self.format_alias={"linebreak":"lineskip", "parbreak":"lineskip 2", "pagebreak":"lineskip 4"}
[docs]    def report_text(self, txt):
        """Write the message to the console."""
        sys.stdout.write(txt)
        sys.stdout.flush()


        
        
[docs]class LogAction_File(IMessageLogAction):
    """
    The log action that generates a report text and writes it to a log file.
    
    Args:
        path(str): path to the log file. The file is always appended.
        display(str or tuple): default display format (see :meth:`IMessageLogAction.report` for details)
        min_display(str or tuple): default "minimal" display format (applied to all messages regardless of other display parameters)

    """
    def __init__(self, path=None, display=("tlko",""), min_display=("tlko","")):
        IMessageLogAction.__init__(self,display=display,min_display=min_display)
        self.origin_width=20
        self.path=path
        self.horizontal_width=self.time_width+self.level_width+self.kind_width+self.origin_width+50
        self.format_alias={"linebreak":"", "parbreak":"lineskip", "pagebreak":"lineskip|horizontal|lineskip"}
[docs]    def report_text(self, txt):
        """Write the message to the log file."""
        if self.path:
            try:
                with open(self.path,"a") as f:
                    f.write(txt)
            except IOError:
                folder=os.path.split(self.path)[0]
                file_utils.retry_ensure_dir(folder)


            
        
[docs]class LogError(Exception):
    """
    The standard log exception. Raised on :class:`LogAction_Exception` action.
    """
    def __init__(self, message):
        Exception.__init__(self)
        self.message=message
    def __str__(self):
        return self.message

[docs]class LogAction_Exception(IMessageLogAction):
    """
    The log action that generates a report text and raises a :exc:`LogError` exception with it.
    """
    def __init__(self, display="tlko"):
        IMessageLogAction.__init__(self,display=display)
[docs]    def report_text(self, txt):
        raise LogError(txt)


    
    
[docs]class Log(object):
    """
    Log object.

    Handles dispatching of report to appropriate actions according to the set rules (see :meth:`add_rule`).
    
    Actions can be added using :meth:`add_named_action`. The pre-existing actions are:
        - ``'console'`` (prints the message to the console, see :class:`LogAction_Console`)
        - ``'file'`` (writes the message to a log file, see :class:`LogAction_File`)
        - ``'exception'`` (raises message as an exception, see :class:`LogAction_Exception`).

    Args:
        enabled(bool): determines if the logger is enabled by default (a disabled logger never invokes any actions).

    """
    def __init__(self, enabled=True):
        object.__init__(self)
        self.enabled=enabled
        self._actions_dict={"none":LogAction_None(), "console":LogAction_Console(), "exception":LogAction_Exception(), "file":LogAction_File()}
        self.add_named_action("file.error",LogAction_File())
        self._rules=dictionary.PrefixTree() # PrefixTree[dict[list[dict]]] PrefixTree -> origin, dict -> kind, list -> level, dict-> action:kwargs
        self._hash={}
        
[docs]    def enable(self, enabled=True):
        """Enable or disable the log."""
        self.enabled=enabled

        
[docs]    def add_named_action(self, name, action):
        """Add an action to the log under the given name"""
        self._actions_dict[name]=action

[docs]    def get_named_action(self, name):
        """Get the action with the given name"""
        return self._actions_dict[name]

[docs]    def set_logfile(self, path, name="file"):
        """Set the log file path of the log action with the given name."""
        self._actions_dict.setdefault(name,LogAction_File()).path=path

    
    def _normalize_level_range(self, level_range):
        if level_range is None:
            level_range=(0,_max_level)
        elif not funcargparse.is_sequence(level_range):
            level_range=(level_range,_max_level)
        return [normalize_level(l)[0] for l in level_range]
[docs]    def add_rule(self, action, origin="", kind="*", level_range=None, **kwargs):
        """
        Add a reporting rule.

        Args:
            action (str): name of the action invoked
            origin (str): origin prefix specifying the rule domain (by default, empty prefix, i.e., any origin)
            kind (str): a kind name or ``'*'`` (all kinds; default) for which the action is invoked
            level_range (tuple): a range (lower and upper bound) of levels for which the action is invoked
            **kwargs: additional arguments passed to the action ``report`` method (override the default action arguments, but are overridden by the ``report`` arguments)
        
        If several rules are applicable to the same message, all of them are invoked.
        """
        action=self._actions_dict.get(action,action)
        kind_table=self._rules.setdefault((origin,"*"),({},))[0]
        level_table=kind_table.setdefault(kind,[ {} for _ in range(_max_level)])
        level_range=self._normalize_level_range(level_range)
        for l in range(*level_range):
            level_table[l][action]=kwargs
        self._hash.clear()

[docs]    def remove_rule(self, action=None, origin="", kind="*", level_range=None):
        """
        Remove a reporting rule.

        Args:
            action (str): name of the action to be removed
            origin (str): origin prefix specifying the rule domain (by default, empty prefix, i.e., any origin)
            kind (str): a kind name or ``'*'`` (all kinds; default) for which the action is removed
            level_range (tuple): a range (lower and upper bound) of levels for which the action will be removed
        """
        action=self._actions_dict.get(action,action)
        if (origin,"*") not in self._rules:
            return
        kind_table=self._rules[origin,"*"][0]
        if kind not in kind_table:
            return
        level_table=kind_table[kind]
        level_range=self._normalize_level_range(level_range)
        for l in range(*level_range):
            if action is None:
                level_table[l].clear()
            elif action in level_table[l]: 
                del level_table[l][action]
        self._hash.clear()

    def _find_actions(self, origin, kind, level):
        pfx=self._rules.find_all_prefixes(origin,return_path=False)
        ks=[kind,"*"]
        actions=[]
        for kt, in pfx[::-1]:
            for k in ks:
                if k in kt:
                    acts=kt[k][level]
                    if "suppress" in acts:
                        return actions
                    actions+=list(acts.items())
        return actions
    def _find_actions_hashed(self, origin, kind, level):
        acts=self._hash.get((origin,kind,level),None)
        if acts is None:
            acts=self._find_actions(origin,kind,level)
            self._hash[origin,kind,level]=acts
        return acts
        
        
        
[docs]    def report(self, message="", origin=None, kind=None, level="note", display=None, continued=False, action=None):
        if not self.enabled:
            return
        if not isinstance(message,textstring):
            message=str(message)
        level=normalize_level(level)[0]
        if action is None:
            actions=self._find_actions_hashed(origin,kind,level)
        else:
            actions=[(self._actions_dict.get(action,action),{})]
        for a,kwargs in actions:
            if a!="suppress":
                if display is not None:
                    kwargs["display"]=display
                exc=None
                try:
                    a.report(message,origin or "",kind or "",level,continued=continued,**kwargs)
                except LogError as e:
                    exc=exc or e
                if exc is not None:
                    raise exc
        return len(actions)>0

    report.__doc__=ILogAction.report.__doc__
            
[docs]    def error(self, message="", origin=None, kind="unexpected", level="error", display=None, continued=False, action=None):
        """Generate an error report (same as :meth:`report`, but with different default arguments)."""
        return self.report(message,origin,kind,level,display,continued,action)

[docs]    def prog(self, message="", origin=None, kind="progress", level="note", display=("o",""), continued=False, action=None):
        """Generate a progress report (same as :meth:`report`, but with different default arguments)."""
        return self.report(message,origin,kind,level,display,continued,action)

[docs]    def progc(self, message="", origin=None, kind="progress", level="note", display=("o",""), continued=True, action=None):
        """Generate a continued progress report (same as :meth:`report`, but with different default arguments)."""
        return self.report(message,origin,kind,level,display,continued,action)

[docs]    def info(self, message="", origin=None, kind="info", level="note", display=("o",""), continued=False, action=None):
        """Generate an info report (same as :meth:`report`, but with different default arguments)."""
        return self.report(message,origin,kind,level,display,continued,action)

[docs]    def infoc(self, message="", origin=None, kind="info", level="note", display=("o",""), continued=True, action=None):
        """Generate a continued info report (same as :meth:`report`, but with different default arguments)."""
        return self.report(message,origin,kind,level,display,continued,action)

[docs]    def debug(self, message="", origin=None, kind="debug", level="note", display=("o",""), continued=False, action=None):
        """Generate a debug report (same as :meth:`report`, but with different default arguments)."""
        return self.report(message,origin,kind,level,display,continued,action)

[docs]    def debugc(self, message="", origin=None, kind="debug", level="note", display=("o",""), continued=True, action=None):
        """Generate a continued debug report (same as :meth:`report`, but with different default arguments)."""
        return self.report(message,origin,kind,level,display,continued,action)

[docs]    def etime(self, message="", origin=None, kind="exectime", level="note", display=("to",""), continued=False, action=None):
        """Generate an execution time report (same as :meth:`report`, but with different default arguments)."""
        return self.report(message,origin,kind,level,display,continued,action)

[docs]    def etimec(self, message="", origin=None, kind="exectime", level="note", display=("to",""), continued=True, action=None):
        """Generate a continued execution time report (same as :meth:`report`, but with different default arguments)."""
        return self.report(message,origin,kind,level,display,continued,action)

    
[docs]    def enable_kind(self, kind, enable=True, level=0, action="console", **kwargs):
        actions=funcargparse.as_sequence(action)
        if enable:
            self.enable()
            for a in actions:
                self.add_rule(a,kind=kind,level_range=level,**kwargs)
        else:
            for a in actions:
                self.remove_rule(a,kind=kind)


                

        
default_log=Log(enabled=False)
"""
Default logger.

Raises exception on any reports with ``level=='error'``; prints to console on any reports with ``kind=='unexpected'``.
"""
default_log.add_rule("exception",level_range="error")
default_log.add_rule("console",kind="unexpected")





##### Log file reading and parsing #####

#_default_log_line_re_date=r"\[([\d\s/:.]+)\]"
_default_log_line_re_time=r"\[(.+?)\]"
_default_log_line_time_fmt="%Y/%m/%d %H:%M:%S.%f"
_default_log_line_re_level=r"[\w\d]*?\((\d+)\)"
_default_log_line_re_kind=r"\[(.*?)\]"
_default_log_line_re_origin=r"@\s*(.*?)"
_default_log_line_re_description=r":\s*(.*)"
_default_log_line_re_parts=[_default_log_line_re_time,_default_log_line_re_level,
                            _default_log_line_re_kind,_default_log_line_re_origin,
                            _default_log_line_re_description]
_default_log_line_re="^"+r"\s*".join(["(?:"+p+")?" for p in _default_log_line_re_parts])+"$"
_default_log_line_rec=re.compile(_default_log_line_re)
_default_log_skip_re=r"^\s*[-=#]*\s*$"
_default_log_skip_rec=re.compile(_default_log_skip_re)
def _parse_log_line(line, strict=True):
    """
    Parse a single log line.

    Return a dictionary ``{'time':time, 'level':level, 'kind':kind, 'origin':origin, 'message':message'}`` or ``None`` if the line is invalid (can't be parsed).
    If the elements are missing from the message, set them to ``None``.

    Try to convert the time string into a :class:`datetime.datetime` object and the level string into an integer.
    If it fails and ``strict==True``, treat the line as invalid.
    """
    regex=_default_log_line_rec
    m=re.match(regex,line)
    if m is None:
        return None
    g=dict(zip(["time","level","kind","origin","message"],m.groups()))
    g["full"]=line
    if g["time"] is not None:
        try:
            g["time"]=datetime.strptime(g["time"],_default_log_line_time_fmt)
        except ValueError:
            if strict:
                return None
    if g["level"] is not None:
        try:
            g["level"]=int(g["level"])
        except ValueError:
            if strict:
                return None
    return g
    
    
[docs]def read_log(path, strict=True, required=None, bad_line_action="append"):
    """
    Read the log file.

    Return a list of lines, where each line is a dictionary ``{'time':time, 'level':level, 'kind':kind, 'origin':origin, 'message':message'}``.
    If some elements of the line are missing from the message, set them to ``None``.
    Try to convert the time string into a :class:`datetime.datetime` object and the level string into an integer.

    Args:
        path(str): path to the file.
        strict(bool): if ``True`` and time or level can't be converted, treat the line as invalid
        required(list): list of required non-``None`` line items to consider it valid
        bad_line_action(str): if ``'ingore'``, ignore all bad lines; if ``'append'``, append bad lines to messages of the previous valid lines
            (i.e., assume that the messages can span several lines)
    """
    required=required or {"message","time"}
    funcargparse.check_parameter_range(bad_line_action,"bad_line_action",{"append","ignore"})
    log_lines=[]
    with open(path,"r") as f:
        for line in f:
            line=line.strip()
            if re.match(_default_log_skip_rec,line):
                continue
            parsed=_parse_log_line(line,strict=strict)
            if parsed is None:
                bad_line=True
            else:
                bad_line=False
                for r in required:
                    if parsed.get(r) is None:
                        bad_line=True
                        break
            if bad_line:
                if bad_line_action=="append" and log_lines:
                    log_lines[-1]["message"]=(log_lines[-1]["message"] or "")+line
            else:
                log_lines.append(parsed)
    return log_lines





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.module

"""
Library for dealing with python module properties.
"""

try:
    from importlib import reload
except ImportError:
    from imp import reload

import pkg_resources
import sys
import subprocess
import os.path
from . import general, files as file_utils

[docs]def get_package_version(pkg):
    """
    Get the version of the package.
    
    If the package version is unavailable, return ``None``.
    """
    try:
        return pkg_resources.get_distribution(pkg).version
    except pkg_resources.DistributionNotFound:
        return None


def _tryint(v):
    try:
        return int(v)
    except ValueError:
        return v
[docs]def cmp_versions(ver1, ver2):
    """
    Compare two package versions.
    
    Return ``'<'`` if the first version is older (smaller), ``'>'`` if it's younger (larger) or ``'='`` if it's the same.
    """
    ver1=[_tryint(v.strip()) for v in ver1.split(".")]
    ver2=[_tryint(v.strip()) for v in ver2.split(".")]
    if ver1>ver2:
        return ">"
    if ver1<ver2:
        return "<"
    return "="

[docs]def cmp_package_version(pkg, ver):
    """
    Compare current package version to `ver`.
    
    `ver` should be a name of the package (rather than the module).
    Return ``'<'`` if current version is older (smaller), ``'>'`` if it's younger (larger) or ``'='`` if it's the same.
    If the package version is unavailable, return ``None``.
    """
    cver=get_package_version(pkg)
    if cver is None:
        return None
    if ver=="":
        return ">"
    return cmp_versions(ver,cver)

            


[docs]def expand_relative_path(module_name, rel_path):
    """
    Turn a relative module path into an absolute one.
    
    `module_name` is the absolute name of the reference module, `rel_path` is the path relative to this module.
    """
    module_path=module_name.split(".")
    if not rel_path.startswith("."):
        return rel_path
    else:
        while rel_path.startswith("."):
            rel_path=rel_path[1:]
            module_path=module_path[:-1]
        return ".".join(module_path)+"."+rel_path



[docs]def get_loaded_package_modules(pkg_name):
    """
    Get all modules in the package `pkg_name`.
    
    Returns a dict ``{name: module}``.
    """
    prefix=pkg_name+"."
    return dict([(name,module) for name,module in sys.modules.items() if (name.startswith(prefix) or name==pkg_name) and module is not None])


[docs]def get_reload_order(modules):
    """
    Find reload order for modules which respects dependencies (a module is loaded before its dependants).
    
    `modules` is a dict ``{name: module}``.
    
    The module dependencies (i.e., the modules which the current module depends on) are described in the variable ``_depends_local`` defined at its toplevel
    (missing variable means no dependencies).
    """
    deps={}
    for name,module in modules.items():
        try:
            deps[name]=[expand_relative_path(name,dep) for dep in module._depends_local]
        except AttributeError:
            pass
        for ch_name in modules:
            if ch_name.startswith(name+"."):
                deps.setdefault(name,[]).append(ch_name)
    for name in deps:
        deps[name]=list(set(deps[name]))
    order=general.topological_order(deps)
    order=[name for name in modules if not name in order]+order
    return order

[docs]def reload_package_modules(pkg_name, ignore_errors=False):
    """
    Reload package `pkg_name`, while respecting dependencies of its submodules.
    
    If ``ignore_errors=True``, ignore :exc:`ImportError` exceptions during the reloading process.
    """
    modules=get_loaded_package_modules(pkg_name)
    order=get_reload_order(modules)
    for name in order:
        try:
            reload(modules[name])
        except ImportError:
            if not ignore_errors:
                raise

[docs]def unload_package_modules(pkg_name, ignore_errors=False):
    """
    Reload package `pkg_name`, while respecting dependencies of its submodules.
    
    If ``ignore_errors=True``, ignore :exc:`ImportError` exceptions during the reloading process.
    """
    modules=get_loaded_package_modules(pkg_name)
    order=get_reload_order(modules)
    for name in order:
        try:
            del sys.modules[name]
        except IndexError:
            if not ignore_errors:
                raise

            
            
[docs]def get_library_path():
    """
    Get a filesystem path for the pyLabLib library (the one containing current the module).
    """
    module_path=sys.modules[__name__].__file__
    module_path=file_utils.normalize_path(module_path)
    return os.path.join(*file_utils.fullsplit(module_path)[:-3])



[docs]def get_library_name():
    """
    Get the name for the pyLabLib library (the one containing current the module).
    """
    module_name=__name__
    return ".".join(module_name.split(".")[:-3])



[docs]def pip_install(pkg, upgrade=True):
    """
    Call ``pip install`` for a given package.
    
    If ``upgrade==True``, call with ``--upgrade`` key (upgrade current version if it is already installed).
    """
    if upgrade:
        subprocess.call([sys.executable, "-m", "pip", "install", "--upgrade", pkg])
    else:
        subprocess.call([sys.executable, "-m", "pip", "install", pkg])


[docs]def install_if_older(pkg, min_ver=""):
    """
    Install `pkg` from the default PyPI repository if its version is lower that `min_ver`
    
    If `min_ver` is ``None``, upgrade to the newest version regardless; if ``min_ver==""``, install only if no version is installed
    """
    if get_package_version(pkg) is None or cmp_package_version(pkg,min_ver)=="<":
        pip_install(pkg,upgrade=True)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.net

"""
A wrapper for built-in TCP/IP routines.
"""


import socket, json, contextlib
from . import funcargparse, strpack, general, py3


[docs]class SocketError(socket.error):
    """
    Base socket error class.
    """
    pass

        
[docs]class SocketTimeout(SocketError):
    """
    Socket timeout error.
    """
    pass



def _wait_sock_func(func, timeout, wait_callback):
    if wait_callback is None:
        return func()
    cnt=general.Countdown(timeout)
    while True:
        try:
            return func()
        except socket.timeout:
            wait_callback()
            if cnt.passed():
                raise

[docs]def get_local_addr():
    """Get local IP address."""
    return socket.gethostbyname(socket.gethostname())

[docs]def get_all_local_addr():
    """Get a list of all local IP address."""
    return socket.gethostbyname_ex(socket.gethostname())[2]

[docs]def get_local_hostname():
    """Get a local host name."""
    return socket.gethostbyname_ex(socket.gethostname())[0]


[docs]class ClientSocket(object):
    """
    A client socket (used to connect to a server socket).
    
    Args:
        sock (socket.socket): If not ``None``, use already created socket.
        timeout (float): The timeout used for connecting and sending/receiving (``None`` means no timeout).
        wait_callback (callable): Called periodically (every 100ms by default) while waiting for connecting or sending/receiving.
        send_method (str): Default sending method.
        recv_method (str): Default receiving method.
        datatype (str): Type of the returned data; can be ``"bytes"`` (return `bytes` object), ``"str"`` (return `str` object),
            or ``"auto"`` (default Python result: `str` in Python 2 and `bytes` in Python 3)
        nodelay (bool): Whether to enable ``TCP_NODELAY``.
    
    Possible sending/receiving methods are:
        - ``'fixedlen'``: data is sent as is, and receiving requires to know the length of the message;
        - ``'decllen'``: data is prepended by a length, and receiving reads this length and doesn't need predetermined length info.
        
    Attributes:
        sock (socket.socket): Correpsonding Python socket.
        decllen_bo (str): Byteorder of the prependend length for ``'decllen'`` sending method.
            Can be either ``'>'`` (big-endian, default) or ``'<'``.
        decllen_ll (int): Length of the prependend length for ``'decllen'`` sending method; default is 4 bytes.
    """
    _default_wait_callback_timeout=0.1
    def __init__(self, sock=None, timeout=None, wait_callback=None, send_method="decllen", recv_method="decllen", datatype="auto", nodelay=False):
        funcargparse.check_parameter_range(send_method,"send_method",{"fixedlen","decllen"})
        funcargparse.check_parameter_range(recv_method,"recv_method",{"fixedlen","decllen"})
        funcargparse.check_parameter_range(datatype,"datatype",{"auto","str","bytes"})
        object.__init__(self)
        self.nodelay=nodelay
        self.sock=sock or socket.socket(socket.AF_INET,socket.SOCK_STREAM)
        if self.nodelay:
            self.sock.setsockopt(socket.IPPROTO_TCP,socket.TCP_NODELAY,1)
        self.connected=False
        self.timeout=timeout
        self.wait_callback=wait_callback
        if wait_callback is not None:
            self.sock.settimeout(self._default_wait_callback_timeout)
        elif timeout is not None:
            self.sock.settimeout(timeout)
        self.send_method=send_method
        self.recv_method=recv_method
        self.datatype=datatype
        self.decllen_bo=">"
        self.decllen_ll=4
        
[docs]    def set_wait_callback(self, wait_callback=None):
        """Set callback function for waiting during connecting or sending/receiving."""
        self.wait_callback=wait_callback
        if wait_callback is not None:
            self.sock.settimeout(self._default_wait_callback_timeout)
        else:
            self.sock.settimeout(self.timeout)

[docs]    def set_timeout(self, timeout=None):
        """Set timeout for connecting or sending/receiving."""
        self.timeout=timeout
        if self.wait_callback is None:
            self.sock.settimeout(self.timeout)

[docs]    def get_timeout(self):
        """Get timeout for connecting or sending/receiving."""
        return self.timeout

[docs]    @contextlib.contextmanager
    def using_timeout(self, timeout=None):
        """Context manager for usage of a different timeout inside a block."""
        if timeout is not None:
            to=self.get_timeout()
            self.set_timeout(timeout)
        try:
            yield
        finally:
            if timeout is not None:
                self.set_timeout(to)

    
    def _connect_callback(self):
        self.sock.close()
        self.sock=socket.socket(socket.AF_INET,socket.SOCK_STREAM)
        if self.nodelay:
            self.sock.setsockopt(socket.IPPROTO_TCP,socket.TCP_NODELAY,1)
        if self.wait_callback:
            self.sock.settimeout(self._default_wait_callback_timeout)
        elif self.timeout is not None:
            self.sock.settimeout(self.timeout)
        if self.wait_callback:
            self.wait_callback()
[docs]    def connect(self, host, port):
        """Connect to a remote host."""
        def sock_func():
            self.sock.connect((host,port))
            self.connected=True
        return _wait_sock_func(sock_func,self.timeout,self._connect_callback)

[docs]    def close(self):
        """Close the connection."""
        try:
            self.sock.shutdown(socket.SHUT_RDWR)
        except socket.error:
            pass
        try:
            self.sock.close()
        except socket.error:
            pass
        self.connected=False

[docs]    def is_connected(self):
        """Check if the connection is opened"""
        return self.connected

    def __bool__(self):
        return self.is_connected()

[docs]    def get_local_name(self):
        """Return IP address and port of this socket."""
        return self.sock.getsockname()

[docs]    def get_peer_name(self):
        """Return IP address and port of the peer socket."""
        return self.sock.getpeername()

        
    def _recv_wait(self, l):
        sock_func=lambda: self.sock.recv(l)
        try:
            recvd=_wait_sock_func(sock_func,self.timeout,self.wait_callback)
        except socket.timeout:
            raise SocketTimeout("timeout while receiving")
        except ConnectionResetError:
            raise SocketError("connection closed while receiving")
        if len(recvd)==0:
            raise SocketError("connection closed while receiving")
        return recvd
    def _send_wait(self, msg):
        sock_func=lambda: self.sock.send(py3.as_builtin_bytes(msg))
        return _wait_sock_func(sock_func,self.timeout,self.wait_callback)
    
[docs]    def recv_fixedlen(self, l):
        """Receive fixed-length message of length `l`."""
        chunks=[]
        lread=0
        while lread<l:
            chunks.append(self._recv_wait(l-lread))
            lread+=len(chunks[-1])
        buf=b"".join(chunks)
        return py3.as_datatype(buf,self.datatype)

[docs]    def recv_delimiter(self, delim, lmax=None, chunk_l=1024, strict=False):
        """
        Receive a single message ending with a delimiter `delim` (can be several characters, or list several possible delimiter strings).
        
        `lmax` specifies the maximal received length (`None` means no limit).
        `chunk_l` specifies the size of data chunk to be read in one try.
        If ``strict==False``, keep receiving as much data as possible until a delimiter is found in the end (only works properly if a single line is expected);
        otherwise, receive the data byte-by-byte and stop as soon as a delimiter is found (equivalent ot setting ``chunk_l=1``).
        """
        buf=b""
        if isinstance(delim, py3.anystring):
            delim=[delim]
        delim=[py3.as_builtin_bytes(d) for d in delim]
        if strict:
            chunk_l=1
        while not any([buf.endswith(d) for d in delim]):
            buf=buf+self._recv_wait(chunk_l)
            if (lmax is not None) and len(buf)>lmax:
                break
        return py3.as_datatype(buf,self.datatype)

[docs]    def recv_decllen(self):
        """
        Receive variable-length message (prepended by its length).
        
        Length format is described by `decllen_bo` and `decllen_ll` attributes.
        """
        len_msg=self.recv_fixedlen(self.decllen_ll)
        l=strpack.unpack_uint(len_msg,self.decllen_bo)
        return self.recv_fixedlen(l)

[docs]    def recv(self, l=None):
        """
        Receive a message using the default method.
        """
        if self.send_method=="decllen":
            return self.recv_decllen()
        else:
            return self.recv_fixedlen(l)

[docs]    def recv_all(self, chunk_l=1024):
        """
        Receive all of the data currently in the socket.

        `chunk_l` specifies the size of data chunk to be read in one try.
        For technical reasons, use 1ms timeout (i.e., this operation takes 1ms).
        """
        buf=b""
        with self.using_timeout(1E-3):
            try:
                while True:
                    buf+=self._recv_wait(chunk_l)
            except SocketTimeout:
                pass
        return py3.as_datatype(buf,self.datatype)

[docs]    def recv_ack(self, l=None):
        """Receive a message using the default method and send an acknowledgement (message length)."""
        msg=self.recv(l=l)
        ack_msg=strpack.pack_uint(len(msg),self.decllen_ll,self.decllen_bo)
        self.send_fixedlen(ack_msg)
        return msg

    
[docs]    def send_fixedlen(self, msg):
        """Send a message as is."""
        sent_total=0
        while sent_total<len(msg):
            try:
                sent=self._send_wait(msg[sent_total:])
            except socket.timeout:
                raise SocketTimeout("timeout while sending")
            if sent==0:
                raise SocketError("connection closed while sending")
            sent_total=sent_total+sent
        return sent_total

[docs]    def send_decllen(self, msg):
        """
        Send a message as a variable-length (prepending its length in the sent message).
        
        Length format is described by `decllen_bo` and `decllen_ll` attributes.
        """
        len_msg=strpack.pack_uint(len(msg),self.decllen_ll,self.decllen_bo)
        msg=py3.as_builtin_bytes(msg)
        if self.nodelay:
            return self.send_fixedlen(len_msg+msg)-len(len_msg)
        else:
            self.send_fixedlen(len_msg)
            return self.send_fixedlen(msg)

[docs]    def send_delimiter(self, msg, delimiter):
        """
        Send a message with a delimiter `delim` (can be several characters).
        """
        return self.send_fixedlen(msg+delimiter)-len(delimiter)

[docs]    def send(self, msg):
        """
        Send a message using the default method.
        """
        if self.send_method=="decllen":
            return self.send_decllen(msg)
        else:
            return self.send_fixedlen(msg)

[docs]    def send_ack(self, msg):
        """
        Send a message using default method and wait for acknowledgement (message length).
        
        If the acknowledgement message length doesn't agree, raise :exc:`SocketError`.
        """
        res=self.send(msg)
        ack_msg=self.recv_fixedlen(self.decllen_ll)
        l=strpack.unpack_uint(ack_msg,self.decllen_bo)
        if l!=len(msg):
            raise SocketError("acknowledgement message contains wrong length: expect {}, got {}".format(len(msg),l))
        return res


        
        

[docs]def recv_JSON(socket, chunk_l=1024, strict=True):
    """
    Receive a complete JSON token from the socket.

    `chunk_l` specifies the size of data chunk to be read in one try.
    If ``strict==False``, keep receiving as much data as possible until the received data forms a complete JSON token.
    otherwise, receive the data byte-by-byte and stop as soon as a token is formed (equivalent ot setting ``chunk_l=1``).
    """
    msg="" if socket.datatype=="str" else b""
    while True:
        msg+=socket.recv_delimiter("}",chunk_l=chunk_l,strict=strict)
        try:
            json.loads(msg)
            return msg
        except ValueError:
            pass

        
        
_listen_wait_callback_timeout=0.1
[docs]def listen(host, port, conn_func, port_func=None, wait_callback=None, timeout=None, backlog=10, wrap_socket=True, connections_number=None, socket_args=None):
    """
    Run a server socket at the given host and port.
    
    Args:
        host (str): Server host address. If ``None``, use the local host defined by :func:`socket.gethostname`.
        port (int): Server port. If ``0``, generate an arbitrary free port.
        conn_func (callable): Called with the client socket as a single argument every time a connection is established.
        port_func (callable): Called with the port as a single argument when the listening starts (useful with ``port=0``).
        wait_callback (callable): A callback function which is called periodically (every 100ms by default) while awaiting for connections.
        timeout (float): Timeout for waiting for the connections (``None`` is no timeout).
        backlog (int): Backlog length for the socket (see :meth:`socket.socket.listen`).
        wrap_socket (bool): If ``True``, wrap the client socket of the connection into :class:`ClientSocket` class;
            otherwise, return :class:`socket.socket` object.
        connections_number (int): Specifies maximal number of connections before the listening function returns (by default, the number is unlimited).
        socket_args (dict): parameters passed to :class:`ClientSocket` constructor.
        
    Checking for connections is paused until `conn_func` returns.
    If multiple connections are expected, `conn_func` should spawn a separate processing thread and return.
    """
    if host is None:
        host=socket.gethostbyname(socket.gethostname())
    serv_sock=socket.socket(socket.AF_INET,socket.SOCK_STREAM)
    if wait_callback is not None:
        serv_sock.settimeout(_listen_wait_callback_timeout)
    elif timeout is not None:
        serv_sock.settimeout(timeout)
    serv_sock.bind((host,port))
    if port_func:
        port_func(serv_sock.getsockname()[1])
    serv_sock.listen(backlog)
    def sock_func():
        client_sock,_=serv_sock.accept()
        if wrap_socket:
            client_sock=ClientSocket(client_sock,**(socket_args or {}))
        conn_func(client_sock)
    try:
        cnt=0
        while True:
            _wait_sock_func(sock_func,timeout,wait_callback)
            cnt+=1
            if connections_number is not None and cnt>=connections_number:
                return
    finally:
        serv_sock.close()





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.numclass

"""
Contains utilities for simplifying emulation of numerical classes.
"""

from __future__ import division


[docs]def iadd(a, b):
    a+=b
    return a

[docs]def isub(a, b):
    a-=b
    return a

[docs]def imul(a, b):
    a*=b
    return a

[docs]def idiv(a, b):
    a/=b
    return a

[docs]def ipow(a, b):
    a**=b
    return a

[docs]def ifloordiv(a, b):
    a//=b
    return a

[docs]def imod(a, b):
    a%=b
    return a

[docs]def ilshift(a, b):
    a<<=b
    return a

[docs]def irshift(a, b):
    a>>=b
    return a

[docs]def iand(a, b):
    a&=b
    return a

[docs]def ior(a, b):
    a|=b
    return a

[docs]def ixor(a, b):
    a^=b
    return a



[docs]class NumClass(object):
    """
    Simplifies numerical class emulation.
    
    Defines all of the built-in arithmetic functions and generic methods for handling them.
    
    The most generic method is
    
    .. automethod:: _perform_numop
    
    The other more specialized methods are (by default they all invoke :meth:`_perform_numop`):
    
    Methods:
        _perform_numop_l: Binary operations with the object as the first argument (e.g., ``obj + x``).
        _perform_numop_r: Binary operations with the object as the second argument (e.g., ``x + obj``).
        _perform_numop_i: Binary in-place operations (e.g., ``obj += x``).
        _perform_numop_u: Unary operations (e.g., ``-obj``).
        _perform_numop_comp: Binary comparison operation (e.g., ``obj < x``).
        
    A class-level set `_numops_impl` contains symbols for operations which are implemented.
    By default, the operations not contained in `_numops_impl` raise :exc:`NotImplementedError`.
        
    The operation symbols are:
        - arithmetic binary operations with the object as the first argument:
            ``'l+'``, ``'l-'``, ``'l*'``, ``'l/'``, ``'l**'``, ``'l//'``, ``'l%'``
            (contained in constant `_numops_arith_l`)
        - arithmetic binary operations with the object as the second argument:
            ``'r+'``, ``'r-'``, ``'r*'``, ``'r/'``, ``'r**'``, ``'r//'``, ``'r%'``
            (contained in constant `_numops_arith_r`)
        - arithmetic binary in-place operations:
            ``'i+'``, ``'i-'``, ``'i*'``, ``'i/'``, ``'i**'``, ``'i//'``, ``'i%'``
            (contained in constant `_numops_arith_i`)
        - arithmetic unary operations:
            ``'u+'``, ``'u-'``, ``'uabs'``
            (contained in constant `_numops_arith_u`)
        - bitwise binary operations with the object as the first argument:
            ``'l<<'``, ``'l>>'``, ``'l&'``, ``'l|'``, ``'l^'``
            (contained in constant `_numops_bitwise_l`)
        - bitwise binary operations with the object as the second argument:
            ``'r<<'``, ``'r>>'``, ``'r&'``, ``'r|'``, ``'r^'``
            (contained in constant `_numops_bitwise_r`)
        - bitwise binary in-place operations:
            ``'i<<'``, ``'i>>'``, ``'i&'``, ``'i|'``, ``'i^'``
            (contained in constant `_numops_bitwise_i`)
        - bitwise unary operations:
            ``'u~'``
            (contained in constant `_numops_bitwise_u`)
        - comparison operations:
            ``'<'``, ``'<='``, ``'>'``, ``'>='``, ``'=='``, ``'!='``
            (contained in constant `_numpos_comp`)
    """
    _numops_impl=set()
    
    
    _numops_arith_l={"l+","l-","l*","l/","l**","l//","l%"}
    _numops_arith_r={"r+","r-","r*","r/","r**","r//","r%"}
    _numops_arith_i={"i+","i-","i*","i/","i**","i//","i%"}
    _numops_arith_u={"u+","u-","uabs"}
    _numops_bitwise_l={"l<<","l>>","l&","l|","l^"}
    _numops_bitwise_r={"r<<","r>>","r&","r|","r^"}
    _numops_bitwise_i={"i<<","i>>","i&","i|","i^"}
    _numops_bitwise_u={"u~"}
    _numpos_comp={"<","<=","==","!=",">",">="}
    _numops_l=set.union(_numops_arith_l,_numops_bitwise_l)
    _numops_r=set.union(_numops_arith_r,_numops_bitwise_r)
    _numops_i=set.union(_numops_arith_i,_numops_bitwise_i)
    _numops_arith=set.union(_numops_arith_l,_numops_arith_r,_numops_arith_i,_numops_arith_u)
    _numops_bitwise=set.union(_numops_bitwise_l,_numops_bitwise_r,_numops_bitwise_i,_numops_bitwise_u)
    _numops_all=set.union(_numops_arith,_numops_bitwise,_numpos_comp)
    
    
[docs]    def _perform_numop(self, x, op_func, op_sym):
        """
        Perform a numeric operation.
        
        Abstract method, has to be overloaded in subclasses.
        
        Args:
            x: A second argument (``None`` if the operation is unary).
            op_func (callable): A default function which performs the operation
                (e.g., ``lambda (x, y): x + y`` for addition).
            op_sym (str): A symbol for the operation. 
        """
        raise NotImplementedError("NumClass._perform_numop")

[docs]    def _perform_numop_l(self, x, op_func, op_sym):
        """_perform_numop_l docstring"""
        return self._perform_numop(x,op_func,op_sym)

[docs]    def _perform_numop_r(self, x, op_func, op_sym):
        return self._perform_numop(x,op_func,op_sym)

[docs]    def _perform_numop_i(self, x, op_func, op_sym):
        return self._perform_numop(x,op_func,op_sym)

[docs]    def _perform_numop_u(self, op_func, op_sym):
        return self._perform_numop(None,op_func,op_sym)

[docs]    def _perform_numop_comp(self, x, op_func, op_sym):
        return self._perform_numop(x,op_func,op_sym)

    
    def _test_op_impl(self, op_sym):
        if not op_sym in self._numops_impl:
            raise NotImplementedError("{}.{}".format(type(self).__name__,op_sym))
    
    def _call_numop_l(self, x, op_func, op_sym):
        self._test_op_impl(op_sym)
        return self._perform_numop_l(x,op_func,op_sym)
    def _call_numop_r(self, x, op_func, op_sym):
        self._test_op_impl(op_sym)
        return self._perform_numop_r(x,op_func,op_sym)
    def _call_numop_i(self, x, op_func, op_sym):
        self._test_op_impl(op_sym)
        return self._perform_numop_i(x,op_func,op_sym)
    def _call_numop_u(self, op_func, op_sym):
        self._test_op_impl(op_sym)
        return self._perform_numop_u(op_func,op_sym)
    def _call_numop_comp(self, x, op_func, op_sym):
        self._test_op_impl(op_sym)
        return self._perform_numop_comp(x,op_func,op_sym)
            
            
            
    def __add__(self, x): return self._call_numop_l(x,lambda a,b: a+b, "l+")
    def __sub__(self, x): return self._call_numop_l(x,lambda a,b: a-b, "l-")
    def __mul__(self, x): return self._call_numop_l(x,lambda a,b: a*b, "l*")
    def __div__(self, x): return self._call_numop_l(x,lambda a,b: a/b, "l/")
    __truediv__=__div__
    def __pow__(self, x): return self._call_numop_l(x,lambda a,b: a**b, "l**")
    def __floordiv__(self, x): return self._call_numop_l(x,lambda a,b: a//b, "l//")
    def __mod__(self, x): return self._call_numop_l(x,lambda a,b: a%b, "l%")
    def __divmod__(self, x):  return (self.__floordiv__(x), self.__mod__(x))
    
    def __radd__(self, x): return self._call_numop_r(x,lambda a,b: b+a, "r+")
    def __rsub__(self, x): return self._call_numop_r(x,lambda a,b: b-a, "r-")
    def __rmul__(self, x): return self._call_numop_r(x,lambda a,b: b*a, "r*")
    def __rdiv__(self, x): return self._call_numop_r(x,lambda a,b: b/a, "r/")
    __rtruediv__=__rdiv__
    def __rpow__(self, x): return self._call_numop_r(x,lambda a,b: b**a, "r**")
    def __rfloordiv__(self, x): return self._call_numop_r(x,lambda a,b: b//a, "r//")
    def __rmod__(self, x): return self._call_numop_r(x,lambda a,b: b%a, "r%")
    def __rdivmod__(self, x):  return (self.__rfloordiv__(x), self.__rmod__(x))
    
    def __iadd__(self, x): return self._call_numop_i(x,iadd, "i+")
    def __isub__(self, x): return self._call_numop_i(x,isub, "i-")
    def __imul__(self, x): return self._call_numop_i(x,imul, "i*")
    def __idiv__(self, x): return self._call_numop_i(x,idiv, "i/")
    __itruediv__=__idiv__
    def __ipow__(self, x): return self._call_numop_i(x,ipow, "i**")
    def __ifloordiv__(self, x): return self._call_numop_i(x,ifloordiv, "i//")
    def __imod__(self, x): return self._call_numop_i(x,imod, "i%")
    
    def __pos__(self): return self._call_numop_u(lambda a,_=None: +a, "u+")
    def __neg__(self): return self._call_numop_u(lambda a,_=None: -a, "u-")
    def __abs__(self): return self._call_numop_u(lambda a,_=None: abs(a), "uabs")
    
    def __lshift__(self, x): return self._call_numop_l(x,lambda a,b: a<<b, "l<<")
    def __rshift__(self, x): return self._call_numop_l(x,lambda a,b: a>>b, "l>>")
    def __and__(self, x): return self._call_numop_l(x,lambda a,b: a&b, "l&")
    def __or__(self, x): return self._call_numop_l(x,lambda a,b: a|b, "l|")
    def __xor__(self, x): return self._call_numop_l(x,lambda a,b: a^b, "l^")
    
    def __rlshift__(self, x): return self._call_numop_r(x,lambda a,b: b<<a, "r<<")
    def __rrshift__(self, x): return self._call_numop_r(x,lambda a,b: b>>a, "r>>")
    def __rand__(self, x): return self._call_numop_r(x,lambda a,b: b&a, "r&")
    def __ror__(self, x): return self._call_numop_r(x,lambda a,b: b|a, "r|")
    def __rxor__(self, x): return self._call_numop_r(x,lambda a,b: b^a, "r^")
    
    def __ilshift__(self, x): return self._call_numop_i(x,ilshift, "i<<")
    def __irshift__(self, x): return self._call_numop_i(x,irshift, "i>>")
    def __iand__(self, x): return self._call_numop_i(x,iand, "i&")
    def __ior__(self, x): return self._call_numop_i(x,ior, "i|")
    def __ixor__(self, x): return self._call_numop_i(x,ixor, "i^")
    
    def __invert__(self): return self._call_numop_u(lambda a,_=None: ~a, "u~")
    
    def __lt__(self, x): return self._call_numop_comp(x,lambda a,b: a< b, "<")
    def __le__(self, x): return self._call_numop_comp(x,lambda a,b: a<=b, "<=")
    def __eq__(self, x): return self._call_numop_comp(x,lambda a,b: a==b, "==")
    def __ne__(self, x): return self._call_numop_comp(x,lambda a,b: a!=b, "!=")
    def __gt__(self, x): return self._call_numop_comp(x,lambda a,b: a> b, ">")
    def __ge__(self, x): return self._call_numop_comp(x,lambda a,b: a>=b, ">=")





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.numerical

"""
Numerical functions that don't deal with sequences (those are contained in waveforms.general).
"""
from __future__ import division
from builtins import range

import math

[docs]def gcd(*numbers):
    """Euclid's algorithm for GCD. Arguments are cast to integer."""
    def gcd2(a,b):
        a=abs(int(a))
        b=abs(int(b))
        a,b = max(a,b), min(a,b)
        while b>0:
            a,b=b,a%b
        return a
    if len(numbers)==0:
        return 1
    res=numbers[0]
    for n in numbers[1:]:
        res=gcd2(n,res)
    return res

        
[docs]def integer_distance(x):
    """Get distance to the closes integer"""
    return abs(x-round(x))


[docs]def gcd_approx(a, b, min_fraction=1E-8, tolerance=1E-5):
    """
    Approximate Euclid's algorithm for possible non-integer values.
    
    Try to find a number `d` such that ``a/d`` and ``b/d`` are less than `tolerance` away from a closest integer.
    If GCD becomes less than ``min_fraction * min(a, b)``, raise :exc:`ArithmeticError`.
    """
    a=abs(a)
    b=abs(b)
    a,b = max(a,b), min(a,b)
    a0,b0 = a,b
    if b==0:
        raise ArithmeticError("Can't find GCD if one of numbers is 0")
    min_gcd=b*min_fraction
    while b>=min_gcd:
        if (integer_distance(a0/b)+integer_distance(b0/b))<=tolerance:
            return b
        a,b = b,a%b
    raise ArithmeticError("Can't find approximate GCD for numbers",a0,b0)



[docs]def round_significant(x, n):
    """
    Rounds `x` to `n` significant digits (not the same as `n` decimal places!).
    """
    if x==0.:
        return 0.
    exp10=10**int(math.ceil(math.log10(abs(x))))
    return exp10*round(x/exp10,n)




[docs]def limit_to_range(x, min_val=None, max_val=None, default=0):
    """
    Confine `x` to the given limit.
    
    Default limit values are ``None``, which means no limit.
    """
    if (min_val is None) and (max_val is None):
        return x if x is not None else default
    if min_val is None:
        return min(max_val,x) if x is not None else max_val
    if max_val is None:
        return max(min_val,x) if x is not None else min_val
    return sorted([min_val,x,max_val])[1] if x is not None else (max_val+min_val)/2.



[docs]class infinite_list(object):
    """
    Mimics the behavior of the usual list, but is infinite and immutable.
    
    Supports accessing elements, slicing (including slices giving infinite lists) and iterating. 
    Iterating over it naturally leads to an infinite loop, so it should only be used either for finite slices or for loops with break condition.
    
    Args:
        start: The first element of the list.
        step: List step. 
    """
    def __init__(self, start=0, step=1):
        object.__init__(self)
        self.start=start
        self.step=step
    def __len__(self):
        raise ValueError("Can't express length of an infinite list")
    def __getitem__(self, idx):
        if isinstance(idx,slice):
            start,stop,step=idx.start,idx.stop,idx.step
            if step is None:
                step=1
            if step==0:
                raise ValueError("Slice step can't be zero")
            if stop is None:
                stop=-1
            if step<0:
                if start is None or start<0:
                    raise ValueError("Can't reverse infinite list")
                return [self[i] for i in range(start,stop,step)]
            else:
                if start is None:
                    start=0
                if stop<0:
                    return infinite_list(self[start],self.step*step)
                else:
                    return [self[i] for i in range(start,stop,step)]
        else:
            if idx<0:
                raise ValueError("Can't access tail element of an infinite list")
            return self.start+self.step*idx
    def __setitem__(self, *args):
        raise ValueError("Can't change element of an immutable list")
    def __delitem__(self, *args):
        raise ValueError("Can't delete element of an immutable list")
    def __contains__(self, value):
        if self.step==0:
            return value==self.start
        else:
            return ((value-self.start)*self.step>=0) and ((value-self.start)%self.step==0)
        
[docs]    class counter(object):
        def __init__(self, lst):
            object.__init__(self)
            self.lst=lst
            self.idx=0
        def __iter__(self):
            return self
        def __next__(self):
            elt=self.lst[self.idx]
            self.idx=self.idx+1
            return elt
        next=__next__

    def __iter__(self):
        return self.counter(self)
    
    def __str__(self):
        return "[{0}, {1}, {2}, ...]".format(self[0],self[1],self[2])
    def __repr__(self):
        return "infinite_list("+str(self)+")"

    
    
    
### Various arithmetic functions for map/sort routines.
[docs]def unity():
    """Return a unity function"""
    return lambda x:x


[docs]def constant(c):
    """
    Return a function which returns a constant `c`.
    
    `c` can only be either a scalar, or an array-like object with the shape matching the expected argument.
    """
    return lambda x:x*0+c


[docs]def polynomial(coeffs):
    """
    Return a polynomial function which with coefficients `coeffs`.
    
    Coefficients are list lowest-order first, so that ``coeffs[i]`` is the coefficient in front of ``x**i``.
    """
    if len(coeffs)==0:
        return lambda x:x*0
    def f(x):
        y=(x*0)+coeffs[0]
        for p,c in enumerate(coeffs[1:]):
            y=y+c*x**(p+1)
        return y
    return f





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.observer_pool

"""
A simple observer pool (notification pool) implementeation.
"""

import collections
from . import general

_depends_local=[".general"]

[docs]class ObserverPool(object):
    """
    An observer pool.

    Stores notification functions (callbacks), and calls them whenever :meth:`notify` is called.
    The callbacks can have priority (higher priority ones are called first) and filter (observer is only called if the filter function passes the notification tag).

    Args:
        expand_tuple(bool): if ``True`` and the notification value is a tuple, treat it as an argument list for the callback functions.
    """
    def __init__(self, expand_tuple=True):
        object.__init__(self)
        self._observers={}
        self._observers_uncacheable={}
        self._expand_tuple=expand_tuple
        self._call_cache={}
    
    _names_generator=general.NamedUIDGenerator(thread_safe=True)
    Observer=collections.namedtuple("Observer",["filt","callback","priority","attr","cacheable"])
[docs]    def add_observer(self, callback, name=None, filt=None, priority=0, attr=None, cacheable=False):
        """
        Add the observer callback.

        Args:
            callback(callable): callback function; takes at least one argument (notification tag), and possible more depending on the notification value.
            name(str): stored callback name; by default, a unique name is auto-generated
            filt(callable or None): a filter function for this observer (the observer is called only if the :meth:`notify` function tag and value pass the filter); by default, all tags are accepted
            priority(int): callback priority; higher priority callback are invoked first.
            attr: additional observer attributes (can be used by :class:`ObserverPool` subclasses to change their behavior).
            cacheable(bool): if ``True``, assumes that the filter function only depends on the tag, so its calls can be cached.
        Returns:
            callback name (equal to `name` if supplied; an automatically generated name otherwise).
        """
        if name is None:
            name=self._names_generator("observer")
        elif name in self._observers:
            raise ValueError("observer {} is already subscribed".format(name))
        self._observers[name]=self.Observer(filt,callback,priority,attr,cacheable)
        if not cacheable:
            self._observers_uncacheable[name]=self._observers[name]
        self._call_cache={}
        return name

[docs]    def remove_observer(self, name):
        """Remove the observer callback with the given name."""
        obs=self._observers.pop(name)
        if not obs.cacheable:
            del self._observers_uncacheable[name]
        self._call_cache={}

    
[docs]    def find_observers(self, tag, value):
        try:
            to_call=self._call_cache[tag]
        except KeyError:
            to_call=[]
            for n,o in self._observers.items():
                if (o.filt is None) or o.filt(tag,value):
                    to_call.append((n,o))
            to_call.sort(key=lambda x: -x[1].priority)
            self._call_cache[tag]=to_call
        found_uncachable=False
        for n,o in self._observers_uncacheable.items():
            if (o.filt is None) or o.filt(tag,value):
                to_call.append((n,o))
                found_uncachable=True
        if found_uncachable:
            to_call.sort(key=lambda x: -x[1].priority)
        return to_call

    def _call_observer(self, callback, tag, value):
        if self._expand_tuple and isinstance(value,tuple):
            return callback(tag,*value)
        else:
            return callback(tag,value)
[docs]    def notify(self, tag, value=()):
        """
        Notify the obserevers by calling their callbacks.

        Return a dictionary of the callback results.
        By default the value is an empty tuple: for ``expand_tuple==True`` this means that only one argument (`tag`) is passed to the callbacks.
        """
        to_call=self.find_observers(tag,value)
        results=[(n,self._call_observer(o.callback,tag,value)) for n,o in to_call]
        return dict(results)






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.plotting

"""
Utilities for matplotlib plotting.
"""

from builtins import range

import matplotlib.pyplot as mpl
from . import dictionary, funcargparse
from ..dataproc import waveforms

import numpy as np

[docs]class IRecurrentPlot(object):
    """
    Recurrent plot.
    
    Can be used to plot multiple similar datasets in the same plot.
    
    First ploting call creates figure and axes (calling :meth:`plot_prepare` method);
    all consecutive calls only change the data (calling :meth:`plot_next` method).
    This way the figure is preserved between the plotting calls, which decreases resource consumption and minimizes matplotlib memory leaks.
    
    Args:
        fig (matplotlib.figure.Figure): If not ``None``, the figure to use for plotting.
        auto_clear (bool): If ``True``, clear plot (empty data) before each subsequent plotting.
        auto_relim (bool): If ``True``, rescale plot after each plotting.
        auto_layout (bool): If ``True``, call `tight_layout` after each plotting.
    """
    def __init__(self, fig=None, auto_clear=True, auto_relim=True, auto_layout=True):
        object.__init__(self)
        self.fig=fig
        self.prepared=False
        self.auto_relim=auto_relim
        self.auto_clear=auto_clear
        self.auto_layout=auto_layout
        self.lines=dictionary.Dictionary()
        
    def __setitem__(self, name, line):
        if isinstance(line,list) and len(line)==1:
            line=line[0]
        self.lines[name]=line
    def __getitem__(self, name):
        return self.lines[name]
    
[docs]    def plot_prepare(self, *args, **vargs):
        """
        Prepare plot.
        
        Abstract method, has to be overloaded in subclasses.
        
        Called once before the first plotting happens.
        """
        raise NotImplementedError("IRecurrentPlot.plot_prepare")

[docs]    def plot_clear(self):
        """Clear the ploted data."""
        for p in self.lines.iternodes():
            try:
                p.set_data([],[])
            except AttributeError:
                pass
        return self

[docs]    def plot_next(self, *args, **kwargs):
        """
        Plot data.
        
        Abstract method, has to be overloaded in subclasses.
        
        Called every time the data is updated.
        """
        raise NotImplementedError("IRecurrentPlot.plot_next")

    
[docs]    def setup_figure(self):
        """
        Create a figure if it hasn't been created already.
        """
        if self.fig is None:
            self.fig=mpl.figure()

[docs]    def setup_prepare(self, *args, **kwargs):
        """
        Prepare the plot if it hasn't been prepared already.
        """
        if not self.prepared:
            self.setup_figure()
            self.plot_prepare(*args,**kwargs)
            self.prepared=True

[docs]    def plot(self, *args, **kwargs):
        """
        Plot the data.
        
        The supplied arguments are redirected to the overloaded methods :meth:`plot_prepare` and :meth:`plot_next`.
        """
        self.setup_prepare(*args,**kwargs)
        if self.auto_clear:
            self.plot_clear()
        self.plot_next(*args,**kwargs)
        if self.auto_relim:
            for plt in self.fig.axes:
                plt.relim()
                plt.autoscale_view()
        if self.auto_layout:
            self.fig.tight_layout()
        return self

[docs]    def savefig(self, path, *args, **kwargs):
        """
        Save the figure to the location defined by `path`.
        
        Arguments are passed to :meth:`matplotlib.figure.Figure.savefig`.
        """
        if self.fig is not None:
            self.fig.savefig(path,*args,**kwargs)
        return self

[docs]    def close(self):
        """Clear and close the figure."""
        if self.fig is not None:
            for plt in self.fig.axes:
                plt.cla()
            self.fig.clf()
            mpl.close(self.fig)
            self.fig=None
            self.prepared=False


            
            
            
            
[docs]class GenericPlotter(IRecurrentPlot):
    """
    Generic multi-axes plotter.
    
    Args:
        axes_num (int): Number of axes in the figure (all are aligned vertically).
        plots_num: Number of plot lines;
            can be either an integer (all plots have the same number of lines) or an integer list of length `axes_num`.
        axes_names ([str]): Names of axes for referencing in plotting (ordered integers by default).
        log_x/log_y: Use log scale for x/y axes;
            can be either a single bool (all plots have the same scale) or list of a bool list of length `axes_num`.
        xlabel/ylabel: Labels for for x/y axes;
            can be either a single string (all plots have the same axes labels) or a string list with length `axes_num`.
        legend ([str]): Plot legends
        xscale/yscale: Scales for x/y axes (supplied data is multiplied by these scales before plotting);
            can be either a single float (all axes have the same scale)
            or list of floats with length `axes_num` (all plots in the same axes have the same scale)
            or list of lists of floats (specifies scale for each line in each plot separately)
        fig (matplotlib.figure.Figure): If not ``None``, the figure to use for plotting.
    """
    def __init__(self, axes_num=1, plots_num=1, axes_names=None, log_x=False, log_y=False, xlabel="", ylabel="", legend=None, xscale=1., yscale=1., fig=None):
        IRecurrentPlot.__init__(self,fig=fig)
        self.axes_num=axes_num
        self.axes_names=axes_names or list(range(axes_num))
        self.plots_num=funcargparse.as_sequence(plots_num,axes_num)
        #plot_names=funcargparse.as_sequence(plot_names,axes_num)
        #self.plot_names=[funcargparse.as_sequence(pns,pn) if pn else range(pn) for pn,xs in zip(self.plots_num,plot_names)]
        self.plot_names=[list(range(pn)) for pn in self.plots_num]
        self.log_x=funcargparse.as_sequence(log_x,axes_num)
        self.log_y=funcargparse.as_sequence(log_y,axes_num)
        self.xlabel=funcargparse.as_sequence(xlabel,axes_num)
        self.ylabel=funcargparse.as_sequence(ylabel,axes_num)
        xscale=funcargparse.as_sequence(xscale,axes_num)
        yscale=funcargparse.as_sequence(yscale,axes_num)
        self.xscale=[funcargparse.as_sequence(xs,pn) for pn,xs in zip(self.plots_num,xscale)]
        self.yscale=[funcargparse.as_sequence(ys,pn) for pn,ys in zip(self.plots_num,yscale)]
        #legend=funcargparse.as_sequence(legend,axes_num)
        #self.legend=[funcargparse.as_sequence(l,pn,allowed_type="builtin;nostring") for pn,l in zip(self.plots_num,legend)]
        self.legend=funcargparse.as_sequence(legend,axes_num)
[docs]    def plot_prepare(self, *args, **kwargs):
        """
        Prepare the plot if it hasn't been prepared already.
        """
        for a in range(self.axes_num):
            an=self.axes_names[a]
            ax=self.fig.add_subplot(self.axes_num,1,a+1)
            for pn in self.plot_names[a]:
                self[an,pn]=ax.plot([],[])
            if self.log_x[a]:
                ax.set_xscale("log")
            if self.log_y[a]:
                ax.set_yscale("log")
            ax.set_xlabel(self.xlabel[a])
            ax.set_ylabel(self.ylabel[a])
            ax.grid(which="both")

[docs]    def plot_next(self, data, legend=None):
        """
        Plot data.
        
        Data is a list of lists ``[axes_num][plot_num]`` of 1D or 2D 2-columns array.
        """
        data=funcargparse.as_sequence(data,self.axes_num,allowed_type="builtin;nostring")
        legend=funcargparse.as_sequence(legend,self.axes_num,allowed_type="builtin;nostring") if (legend is not None) else self.legend
        for a in range(self.axes_num):
            an=self.axes_names[a]
            ad=funcargparse.as_sequence(data[a],self.plots_num[a],allowed_type="builtin;nostring")
            l=legend[a]
            for p,pn in enumerate(self.plot_names[a]):
                d=np.asarray(ad[p])
                xs,ys=self.xscale[a][p],self.yscale[a][p]
                if np.ndim(d)==1:
                    self[an,pn].set_data(np.arange(len(d))*xs,d*ys)
                else:
                    self[an,pn].set_data(d[:,0]*xs,d[:,1]*ys)
            if l is not None:
                self.fig.axes[a].legend(l)
            else:
                self.fig.axes[a].legend([]).set_visible(False)


                
                
            
[docs]def add_all_subplots(fig, r, c=None, *args, **vargs):
    if c is None:
        r,c=r//10,r%10
    for n in range(1,r*c+1):
        fig.add_subplot(r,c,n,*args,**vargs)
    return fig.axes[-r*c:]




[docs]def iterlabels(obj, include=["axes","ticks","title"]):
    """
    Iterate over text labels in `obj`.
    
    Args:
        obj: can be a single ``Axes`` or a ``Figure`` (in which case iteration goes over all contained axes).
        include ([str]): determines which kind of labels are iterated over. Can contain ``"axes"`` (axes label), ``"ticks"`` (axes tick labels) and ``"title"`` (plot title).
    """
    if isinstance(obj,mpl.Figure):
        for ax in obj.axes:
            for lab in iterlabels(ax, include=include):
                yield lab
        return
    if "axes" in include:
        yield obj.xaxis.label
        yield obj.yaxis.label
    if "ticks" in include:
        for lab in obj.get_xticklabels()+obj.get_yticklabels():
            yield lab
    if "title" in include:
        yield obj.title




[docs]def plot_func(func, rng, *args, **kwargs):
    """
    Plot a callable function over a given range.

    `rng` is a tuple `(start, stop, points_number)` passed to :func:`numpy.linspace` to generate plot points.
    The rest of the arguments is the same as in :func:`matplotlib.pyplot.plot`.
    """
    xs=np.linspace(*rng)
    mpl.plot(xs,func(xs),*args,**kwargs)


[docs]def plot_columns(data, x_column, y_column, *args, **kwargs):
    """
    Plot two data columns vs each other.
    """
    xs=waveforms.get_x_column(data,x_column)
    ys=waveforms.get_y_column(data,y_column)
    mpl.plot(xs,ys,*args,**kwargs)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.pstorage

"""
Implements names lifting feature (works both for attributes and for methods), similar to the standard class inheritance.
The goal is solely to simplify syntax (shortcut access to parameters deep in the subarguments tree).
Multiple inclusion is allowed (e.g., A->B->C and A->D->C), but recursive containment (A->B->C->A) is not.
"""

from __future__ import print_function

from weakref import WeakSet

from . import functions

def _get_lookup_table(storage, import_table):
    """
    Compile lookup table for the given import parameters.

    Lookup table format it ``{alias: [value]}``; list here serves as reference to the variable
    """
    original_lookup_table=storage._lookup_table
    new_lookup_table=dict()
    for (name, alias) in import_table.items():
        if alias and name!="*" and (name in original_lookup_table):
            if alias is True:
                alias=name
            new_lookup_table[alias]=original_lookup_table[name]
    general_names=set(original_lookup_table).difference(import_table) #Names without specific rule
    if "*" in import_table and import_table["*"]:
        mask=import_table["*"]
        if mask==True:
            mask="*"
        for name in general_names:
            new_lookup_table[mask.replace("*",name)]=original_lookup_table[name]
    return new_lookup_table
            

[docs]class ParametersStorage(object):
    """
    The basic class that stores local parameters and references to other (imported) storages.
    """
    def __init__(self):
        object.__init__(self)
        object.__setattr__(self,"_lookup_table",{})
        object.__setattr__(self,"_local_table",{}) # to implement re-importing of storages
        self._imported_storages=[]
        self._containing_storages=WeakSet()
            
    def _add_local_parameter(self, name, value):
        """
        Add a new local parameter to this object.
        """
        val=[value,self]
        self._local_table[name]=val
        self._lookup_table[name]=val
        self._notify_importers()
    def _del_local_parameter(self, name):
        """
        Delete a local parameter belonging to this object.
        """
        del self._local_table[name]
        del self._lookup_table[name]
        self._notify_importers()
        
    def _get_name_dest(self, name):
        """
        Get the final destination of the given name.

        Return tuple ``(storage, name)``, where the name is given within the storage.
        For a complex name (with possible ``'.'`` or ``'/'`` separators) get the leaf storage and name.
        The leaf storage may also be a generic container (names can be transformed into integers if possible in that case).
        Will raise :exc:`KeyError` if the storage doesn't exist.
        """
        name=name.replace("/",".")
        if name.find(".")!=-1:
            names=name.split(".")
            for n in names[:-1]:
                self=self._lookup_table[n][0]
            name=names[-1]
        return (self,name)
    def _get_parameter(self, name):
        """
        Get the parameter value, taking into account imported storages.
        """
        try:
            self,name=self._get_name_dest(name)
            param=self._lookup_table[name][0]
            if hasattr(param,"__get__"): # work with descriptors
                return param.__get__(self,type(self))
            return param
        except KeyError:
            raise AttributeError("'{0}' object has no parameter '{1}'".format(self.__class__.__name__,name))
        
    def _set_parameter(self, name, value):
        """
        Set the parameter value, taking into account imported storages.
        """
        try:
            self,name=self._get_name_dest(name)
            param=self._lookup_table[name][0]
            if hasattr(param,"__set__"): # work with descriptors
                param.__set__(self,value)
            else:
                self._lookup_table[name][0]=value
            return True
        except KeyError:
            return False
        
    
    def _import_storage(self, storage, import_table=None):
        """
        Add another storage, using import parameters defined by `import_table`.
    
        `import_table` is a dictionary of the type ``{name: alias}`` ;
        if alias evaluates to ``False``, the name is not imported; if alias is ``True``, the name of the parameter is preserved; otherwise alias is used to access this parameter
        the special name "*" provides default behavior (if alias for this name contains "*" symbol, it will be replaced with a name for any specific variable)
        """
        if import_table is None:
            import_table={"*": True}
        self._lookup_table.update( _get_lookup_table(storage,import_table) )
        self._imported_storages.append((storage,import_table))
        storage._containing_storages.add(self)
        self._notify_importers()
    def _remove_storage(self, storage):
        """
        Remove the storage from the imported storages list and update the parameters list.
        """
        storage._containing_storages.remove(self)
        self._imported_storages=[(st,it) for (st,it) in self._imported_storages if not (st is storage._lookup_table)]
        self._reimport_storages()
        self._notify_importers()
    def _get_owning_storage(self, name):
        try:
            return self._lookup_table[name][1]
        except KeyError:
            raise AttributeError("'{0}' object has no parameter '{1}'".format(self.__class__.__name__,name))
    def _reimport_storages(self):
        """
        Recursively update (re-imports) all of the storages without recursively updating them.
        """
        self._lookup_table=self._local_table.copy()
        for storage,import_table in self._imported_storages:
            self._lookup_table.update( _get_lookup_table(storage,import_table) )
    def _build_notification_order(self, current, visited, order):
        """
        Arrange all of the containers containing this storage in an ordered list (containing storages coming before contained storages). 
        """
        visited.add(self)
        current.add(self)
        for importer in self._containing_storages:
            if importer in current:
                raise RuntimeError("recursive referencing is found in pstorage structure")
            if not (importer in visited):
                order=importer._build_notification_order(current,visited,order)
        current.remove(self)
        order.append(self)
        return order
    def _notify_importers(self):
        """
        Update all the of storages importing this storage (directly or indirectly).
        """
        notification_order=self._build_notification_order(current=set(),visited=set(),order=[])[:-1] # last element is self
        for importer in notification_order:
            importer._reimport_storages()

            


[docs]class ParametersStorageInterface(ParametersStorage):
    """
    An interface of the :class:`ParametersStorage`.

    Lets access parameters as if they were attributes or container items, and implements ``__dir__`` method for autocomplete.
    By default, the attribute interface (``s.p=0``) adds a usual attribute, while the container interface (``s["p"]=0``) adds a new local parameter.
    """
    def __init__(self):
        ParametersStorage.__init__(self)
    
    def __setattr__(self, name, value):
        if (name in self.__dict__) or (not ParametersStorage._set_parameter(self, name, value)):
            #self.__dict__[name]=value
            object.__setattr__(self,name,value)
    __getattr__=ParametersStorage._get_parameter
    
    def __setitem__(self, name, value):
        if not self._set_parameter(name, value):
            self._add_local_parameter(name, value)
    __getitem__=ParametersStorage._get_parameter
    __delitem__=ParametersStorage._del_local_parameter
    def __contains__(self, name):
        return name in self._lookup_table
    
[docs]    def descriptor_to_storage(self, desc_name, stored_name=None):
        """
        Add a descriptor (usually a property) with the name `desc_name` to the storage.

        If ``stored_name`` is not ``None``, use it as the name of the parameter inside the storage.
        """
        if stored_name is None:
            stored_name=desc_name
        self._add_local_parameter(stored_name,getattr(type(self),desc_name))

        
    def __dir__(self):
        return list(self.__dict__.keys())+list(self._lookup_table.keys())



[docs]def init(init_func):
    """
    ``__init__`` function decorator. 
    """
    @functions.getargsfrom(init_func)
    def wrapped(self, *args, **kwargs):
        ParametersStorageInterface.__init__(self)
        init_func(self,*args,**kwargs)
    return wrapped





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.py3

"""
Dealing with Python2 / Python3 compatibility.
"""
from builtins import bytes as new_bytes

if str is bytes: # Python 2

    textstring=(basestring,)
    bytestring=(str,new_bytes)
    anystring=(str, unicode)

    def as_str(data):
        return data
    def as_bytes(data):
        return new_bytes(data)
[docs]    def as_builtin_bytes(data):
        return data


else:

    import locale
    locenc=locale.getpreferredencoding()
    use_locenc=True

    textstring=(str,)
    bytestring=(bytes,)
    anystring=(str,bytes)

[docs]    def as_str(data):
        try:
            return data if isinstance(data,str) else data.decode()
        except UnicodeDecodeError:
            if use_locenc:
                return data.decode(encoding=locenc)
            raise

[docs]    def as_bytes(data):
        return data if isinstance(data,bytes) else (data.encode("utf-8") if isinstance(data,str) else bytes(data))

    as_builtin_bytes=as_bytes

[docs]def as_datatype(data, datatype):
    if datatype=="auto":
        return data
    elif datatype=="str":
        return as_str(data)
    return as_bytes(data)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.rpyc

"""Routines and classes related to RPyC package"""

from . import module as module_utils, net, py3, strpack

import numpy as np

import importlib
rpyc=importlib.import_module("rpyc") # Python 2 compatibility (importing module from a module with the same name)
import pickle
import warnings
import socket


_default_packers={"numpy":np.ndarray.tostring,"pickle":pickle.dumps}
_default_unpackers={"pickle":pickle.loads}
def _is_tunnel_service(serv):
    return hasattr(serv,"tunnel_socket")
def _obtain_single(proxy, serv):
    if _is_tunnel_service(serv):
        loc_serv=serv.peer
        async_send=rpyc.async_(serv.tunnel_send)
        async_send(proxy,packer="pickle")
        data=pickle.loads(loc_serv.tunnel_recv())
        return data
    else:
        return rpyc.classic.obtain(proxy)


_numpy_block_size=int(2**20)
[docs]def obtain(proxy, serv=None):
    """
    Obtain a remote netfref object by value (i.e., copy it to the local Python instance).

    Wrapper around :func:`rpyc.utils.classic.obtain` with some special cases handling.
    `serv` specifies the current remote service. If it is of type :class:`SocketTunnelService`, use its socket tunnel for faster transfer.
    """
    if not isinstance(proxy,rpyc.BaseNetref):
        return proxy
    if isinstance(proxy, np.ndarray):
        elsize=np.prod(proxy.shape,dtype="u8")
        bytesize=proxy.dtype.itemsize*elsize
        if bytesize>_numpy_block_size:
            if _is_tunnel_service(serv):
                loc_serv=serv.peer
                async_send=rpyc.async_(serv.tunnel_send)
                async_send(proxy,packer="numpy")
                data=loc_serv.tunnel_recv()
                return np.frombuffer(data,dtype=proxy.dtype.str).reshape(proxy.shape)
            else:
                fproxy=proxy.flatten()
                loc=np.zeros(elsize,dtype=proxy.dtype.str)
                block_size=_numpy_block_size//proxy.dtype.itemsize
                for pos in range(0,elsize,block_size):
                    loc[pos:pos+block_size]=rpyc.classic.obtain(fproxy[pos:pos+block_size])
                return loc.reshape(proxy.shape)
    return rpyc.classic.obtain(proxy)

[docs]def transfer(obj, serv):
    """
    Send a local object to the remote PC by value (i.e., copy it to the remote Python instance).

    A 'reversed' version of :func:`obtain`.
    """
    return serv.transfer(obj)


[docs]class SocketTunnelService(rpyc.SlaveService):
    """
    Extension of the standard :class:`rpyc.core.service.SlaveService` with built-in network socket tunnel for faster data transfer.

    In order for the tunnel to work, services on both ends need to be subclasses of :class:`SocketTunnelService`.
    Because of the initial setup protocol, the two services are asymmetric: one should be 'server' (corresponding to the listening server),
    and one should be 'client' (external connection). The roles are decided by the `server` constructor parameter.
    """
    _tunnel_block_size=int(2**20)
    def __init__(self, server=False):
        rpyc.SlaveService.__init__(self)
        self.server=server
    _default_tunnel_timeout=10.
    def _recv_socket(self, addr):
        """Set up a listener to receive a socket connection from the other service."""
        def listen(s):
            s.set_timeout(self._default_tunnel_timeout)
            self.tunnel_socket=s
        remote_call=rpyc.async_(self._conn.root._send_socket)
        def port_func(port):
            remote_call(addr,port)
        net.listen(None,0,listen,port_func=port_func,timeout=self._default_tunnel_timeout,connections_number=1,socket_args={"nodelay":True})
    def _send_socket(self, dst_addr, dst_port):
        """Set up a client socket to connect to the other service."""
        self.tunnel_socket=net.ClientSocket(timeout=self._default_tunnel_timeout,nodelay=True)
        self.tunnel_socket.connect(dst_addr,dst_port)

[docs]    def tunnel_send(self, obj, packer=None):
        """
        Send data through the socket tunnel.

        If `packer` is not ``None``, it defines a function to convert `obj` to a bytes string.
        """
        packer=_default_packers.get(packer,packer)
        if packer:
            obj=packer(obj)
        nchunks=(len(obj)-1)//self._tunnel_block_size+1
        self.tunnel_socket.send_fixedlen(strpack.pack_uint(nchunks,4,">"))
        for pos in range(0,len(obj),self._tunnel_block_size):
            self.tunnel_socket.send_decllen(obj[pos:pos+self._tunnel_block_size])

[docs]    def tunnel_recv(self, unpacker=None):
        """
        Receive data sent through the socket tunnel.

        If `unpacker` is not ``None``, it defines a function to convert the received bytes string into an object.
        """
        nchunks=strpack.unpack_uint(self.tunnel_socket.recv_fixedlen(4),">")
        chunks=[]
        for _ in range(nchunks):
            chunks.append(self.tunnel_socket.recv_decllen())
        obj=b"".join(chunks)
        unpacker=_default_unpackers.get(unpacker,unpacker)
        return unpacker(obj) if unpacker else obj


[docs]    def obtain(self, proxy):
        """Execute :func:`obtain` on the local instance"""
        return obtain(proxy,self)

[docs]    def transfer(self, obj):
        """Execute :func:`transfer` on the local instance"""
        return self.peer.obtain(obj)

    
[docs]    def on_connect(self, conn):
        rpyc.SlaveService.on_connect(self,conn)
        self.peer=conn.root
        if not self.server:
            s=socket.fromfd(conn.fileno(),socket.AF_INET,socket.SOCK_STREAM)
            src_addr=s.getsockname()[0]
            s.close()
            self._recv_socket(src_addr)

[docs]    def on_disconnect(self, conn):
        try:
            self.tunnel_socket.close()
        except AttributeError:
            pass
        rpyc.SlaveService.on_disconnect(self,conn)



[docs]class DeviceService(SocketTunnelService):
    """
    Device RPyC service.

    Expands on :class:`SocketTunnelService` by adding :meth:`get_device` method,
    which opens local devices, tracks them, and closes them automatically on disconnect.
    """
    def __init__(self, verbose=False):
        SocketTunnelService.__init__(self,server=True)
        self.verbose=verbose
[docs]    def on_connect(self, conn):
        SocketTunnelService.on_connect(self,conn)
        self.devices=[]
        if self.verbose:
            print("Connected client {}".format(self._conn))

[docs]    def on_disconnect(self, conn):
        for dev in self.devices:
            try:
                dev.close()
            except:
                pass
        self.devices=[]
        if self.verbose:
            print("Disconnected client {}".format(self._conn))
        SocketTunnelService.on_disconnect(self,conn)

[docs]    def get_device(self, module, cls, *args, **kwargs):
        """
        Connect to a device.

        `cls` and `module` are names of the device class and the containing module
        (for module name the ``"pylablib.aux_libs.devices"`` prefix can be omitted)
        """
        try:
            module=importlib.import_module(module)
        except ModuleNotFoundError:
            module=importlib.import_module(module_utils.get_library_name()+".aux_libs.devices."+module)
        module._rpyc=True
        cls=module.__dict__[cls]
        dev=cls(*args,**kwargs)
        self.devices.append(dev)
        return dev



[docs]def run_device_service(port=18812, verbose=False):
    """Start :class:`DeviceService` at the given port"""
    rpyc.ThreadedServer(rpyc.utils.helpers.classpartial(DeviceService,verbose=verbose),port=port).start()


[docs]def connect_device_service(addr, port=18812, timeout=3, attempts=2):
    """
    Connect to the :class:`DeviceService` running at the given address and port
    
    `timeout` and `attempts` define respectively timeout of a single connection attempt, and the number of attempts
    (RPyC default is 3 seconds timeout and 6 attempts).
    """
    with warnings.catch_warnings():
        warnings.simplefilter("ignore")
        try:
            s=rpyc.SocketStream.connect(addr,port,timeout=timeout,attempts=attempts)
            return rpyc.connect_stream(s,SocketTunnelService).root
        except net.socket.timeout:
            return None





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.serializable

"""
Mixing class for converting object into dict structure.
If an attribute of an object is also serializable, it is going to be added to the top level of the dict.
Avoid recursive attributes (``x.a=y; y.b=x``), since they will lead to errors while trying to load an object.
Avoid recursive containers (``x[0]=y; y[0]=x``), since they will lead to an infinite loop while serializing.
Choice of the attributes to serialize is the same for all objects of the same class
"""

from future.utils import viewitems, viewvalues
from .py3 import textstring

import inspect
from . import string

[docs]class Serializable(object):
    """
    A serializable object: can be converted to/from a dictionary structure.
    """
    _classes={}
    @staticmethod
    def _find_class(name, case_sensitive=True):
        """
        Find the class name in the list of registered classes (can be case insensitive).

        Raise error if the class isn't found.
        """
        try:
            _,cls=string.find_dict_string(name,Serializable._classes,case_sensitive=case_sensitive)
            return cls
        except KeyError:
            raise KeyError("can't find serializable class: {0}".format(name))
    @classmethod
    def _register_class(cls, name=None, attributes=None):
        """
        To be called after class definition to register it in the main class list. 
        """
        if name is None:
            name=cls.__name__
        cls._class_name=name
        cls._objects_count=0
        Serializable._classes[name]=cls
        if attributes is None:
            attributes={}
        attributes.setdefault("init","auto")
        if attributes["init"]=="auto": # derive from __init__ function
            attributes["init"]=inspect.getargspec(cls.__init__).args[1:] # first argument is self, last argument is name
            if len(attributes["init"])>0 and attributes["init"][-1]=="name": # last argument is name
                attributes["init"]=attributes["init"][:-1]
        attributes.setdefault("attr",[])
        cls._serializable_attributes=attributes
    @classmethod
    def _find_attribute_name(cls, name, case_sensitive=True):
        """
        Find the attribute name in the attribute list (can be case insensitive).abs
        
        Return tuple ``(name, type)``, where type can be ``'init'`` (attribute is passed to the constructor) or ``'attr'`` (attribute is assigned later).
        Raise error if attribute isn't found.
        """
        for attr_type in ["init","attr"]:
            try:
                name=string.find_list_string(name,cls._serializable_attributes[attr_type],case_sensitive=case_sensitive)[1]
                return name,attr_type
            except KeyError:
                pass
        raise KeyError("can't find attribute {0} for class {1}".format(name,cls._class_name)) 
    @classmethod
    def _new_object_name(cls):
        """
        Generate a new unique object name using the shared counter.
        """
        name="{0}_{1}".format(cls._class_name,cls._objects_count)
        cls._objects_count=cls._objects_count+1
        return name
    
    def __init__(self, name=None):
        object.__init__(self)
        if not hasattr(self,"_object_name"):
            if name is None:
                name=self.__class__._new_object_name()
            self._object_name=name
    
    def _get_init_parameter(self, name):
        """
        Get the ``'init'`` parameter with the given name.

        Can be overloaded if init parameter isn't stored plainly in the object.
        If parameter doesn't need to be saved, raise :exc:`AttributeError`.
        """
        return getattr(self,name)
    def _get_attr_parameter(self, name):
        """
        Get the ``'attr'`` parameter with the given name.

        Can be overloaded if attr parameter isn't stored plainly in the object.
        If parameter doesn't need to be saved, raise :exc:`AttributeError`.
        """
        return getattr(self,name)
    def _set_attr_parameter(self, name, value):
        """
        Set the ``'attr'`` parameter with the given name.

        Can be overloaded if attr parameter setting isn't just equivalent to the value assignment.
        """
        setattr(self,name,value)
    
    def _serialize(self, full_dict):
        """
        Add the object into the dictionary `full_dict` and return the corresponding dict key (its name).
        """
        name=self._object_name
        if name in full_dict:
            return name #already serialized (or at least started)
        obj_dict=full_dict[name]={"__type__":self.__class__._class_name}
        for attr_name in self._serializable_attributes["init"]:
            try:
                attr=self._get_init_parameter(attr_name)
                obj_dict[attr_name]=_serialize(attr,full_dict)
            except AttributeError:
                pass
        for attr_name in self._serializable_attributes["attr"]:
            try:
                attr=self._get_attr_parameter(attr_name)
                obj_dict[attr_name]=_serialize(attr,full_dict)
            except AttributeError:
                pass
        return name
    @staticmethod
    def _deserialize(name, full_dict, loaded, case_sensitive=True):
        """
        Load the object with the given name from the `full_dict` dictionary.

        Return the loaded object, which is also added to the `loaded` dict under the given name.
        Only the initialization (assinging ``'init'`` attributes) of the object is performed; assign additional (``'attr'``) attributes is done later.
        `case_sensitive` determines if the object name matching in `full_dict` is case insensitive.
        """
        if name in loaded["#incomplete"]:
            raise ValueError("initialization loops for object {0}".format(name))
        try:
            name,obj_dict=string.find_dict_string(name,full_dict,case_sensitive=case_sensitive)
        except KeyError:
            raise KeyError("object isn't present in the dictionary: {0}".format(name))
        if name in loaded:
            return loaded[name] # already loaded
        cls=Serializable._find_class(obj_dict["__type__"],case_sensitive=case_sensitive)
        loaded["#incomplete"].append(name)
        init_dict={}
        for attr_name in obj_dict:
            if not string.string_equal(attr_name,"__type__",case_sensitive=case_sensitive):
                exact_name,attr_type=cls._find_attribute_name(attr_name,case_sensitive=case_sensitive)
                if attr_type=="init":
                    attr_val=_deserialize(obj_dict[attr_name],full_dict,loaded,case_sensitive=case_sensitive)
                    init_dict[exact_name]=attr_val
        loaded["#incomplete"].remove(name)
        obj=cls(**init_dict)
        obj._object_name=name
        loaded[name]=obj
        return obj
    def _set_additional_attributes(self, full_dict, loaded, case_sensitive=True):
        """
        Set additional attributes to the object after it has been loaded.
        """
        name=self._object_name
        if not name in full_dict:
            return
        obj_dict=full_dict[name]
        for attr_name in obj_dict:
            if not string.string_equal(attr_name,"__type__",case_sensitive=case_sensitive):
                exact_name,attr_type=self._find_attribute_name(attr_name,case_sensitive=case_sensitive)
                if attr_type=="attr":
                    attr_val=_deserialize(obj_dict[attr_name],full_dict,loaded)
                    self._set_attr_parameter(exact_name,attr_val)
    def _string_repr(self, attr_repr="repr"):
        params=[]
        if attr_repr=="repr":
            attr_repr=repr
        else:
            attr_repr=str
        for attr_name in self._serializable_attributes["init"]:
            try:
                attr=self._get_init_parameter(attr_name)
                params.append("{0}: {1}".format(attr_name,attr_repr(attr)))
            except AttributeError:
                pass
        for attr_name in self._serializable_attributes["attr"]:
            try:
                attr=self._get_init_parameter(attr_name)
                params.append("{0}: {1}".format(attr_name,attr_repr(attr)))
            except AttributeError:
                pass
        params=", ".join(params)
        return "("+params+")"



def _serialize(obj, full_dict, deep_copy=True):
    """
    Serialize object `obj` into the dictionary.

    Return the value which is to be stored in the dictionary and later used to deserialize the object.
    If the object is :class:`Serializable`, store it on the top level of `full_dict` and return its name. Otherwise, return the object itself.
    Containeres (lists, tuples and dictionaries) are processed recursively.
    If ``deep_copy==True``, attempt to copy (call ``.copy()`` method) all non-serializable attributes before returning them.
    """
    if isinstance(obj, Serializable):
        return obj._serialize(full_dict)
    if isinstance(obj, list):
        return [_serialize(elt,full_dict) for elt in obj]
    if isinstance(obj, tuple):
        return tuple([_serialize(elt,full_dict) for elt in obj])
    if isinstance(obj, dict):
        ser_dict={}
        for k,v in viewitems(obj):
            ser_dict[k]=_serialize(v,full_dict) # assume that k doesn't contain any serializable objects
        return ser_dict
    if deep_copy:
        try:
            return obj.copy()
        except AttributeError:
            pass
    return obj
    
def _deserialize(obj, full_dict, loaded, case_sensitive, deep_copy=True):
    """
    Deserialize object `obj` from the dictionary.

    If `obj` is a string, try to interpret it as a name of a stored :class:`Serializable` object and add it into `loaded` dict;
    if this name is missing, treat it as a string value.
    Containere (lists, tuples and dictionaries) objects are processed recursively.
    If ``deep_copy==True``, attempt to copy (call ``.copy()`` method) all non-serializable attributes before returning them.
    """
    if isinstance(obj,textstring):
        if obj in full_dict:
            return Serializable._deserialize(obj,full_dict,loaded,case_sensitive=case_sensitive)
        else: # assume that value is string itself
            return obj
    if isinstance(obj,list):
        return [_deserialize(elt,full_dict,loaded,case_sensitive=case_sensitive) for elt in obj]
    if isinstance(obj,tuple):
        return tuple([_deserialize(elt,full_dict,loaded,case_sensitive=case_sensitive) for elt in obj])
    if isinstance(obj,dict):
        deser_dict={}
        for k,v in viewitems(obj):
            deser_dict[k]=_deserialize(v,full_dict,loaded,case_sensitive=case_sensitive)
        return deser_dict
    if deep_copy:
        try:
            return obj.copy()
        except AttributeError:
            pass
    return obj


[docs]def init_name(object_name_arg="name"):
    """
    ``__init__`` function decorator. 
    """
    if object_name_arg is None:
        def decorator(init_func):
            def wrapped(self, *args, **vargs):
                Serializable.__init__(self)
                init_func(self,*args,**vargs)
            return wrapped
    else:
        def decorator(init_func):
            def wrapped(self, *args, **vargs):
                Serializable.__init__(self,vargs.get(object_name_arg,None))
                if object_name_arg in vargs:
                    del vargs[object_name_arg]
                init_func(self,*args,**vargs)
            return wrapped
    return decorator

init=init_name()


[docs]def to_dict(objects, full_dict=None, deep_copy=True):
    """
    Serialize the list of objects into the dictionary.

    Return `full_dict`.
    If ``deep_copy==True``, attempt to copy (call ``.copy()`` method) all non-serializable attributes before storing them in the dictionary.
    Only :class:`Serializable` objects get serialized.
    """
    if full_dict is None:
        full_dict={}
    if isinstance(objects,Serializable):
        objects=[objects]
    for obj in objects:
        _serialize(obj,full_dict,deep_copy=deep_copy)
    return full_dict

[docs]def from_dict(full_dict, case_sensitive=True, deep_copy=True):
    """
    Deserialize objects from the dictionary.

    Return a dictionary ``{name: object}`` containing the extracted objects.
    If ``deep_copy==True``, attempt to copy (call ``.copy()`` method) all non-serializable attributes before assigning them as objects attributes.
    Only :class:`Serializable` objects get deserialized.
    """
    loaded={"#incomplete":[]} #contains list of object currently being created, to escape recursive loops
    for name in full_dict:
        _deserialize(name,full_dict,loaded,case_sensitive=case_sensitive)
    del loaded["#incomplete"]
    for obj in viewvalues(loaded):
        obj._set_additional_attributes(full_dict,loaded,case_sensitive=case_sensitive)
    return loaded





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.strdump

"""
Utils for converting variables into standard python objects (lists, dictionaries, strings, etc.) and back (e.g., for a more predictable LAN transfer).
Provides an extension for pickle for more customized classes (numpy arrays, Datatable, Dictionary).
"""

from future.utils import viewitems

import pickle
import collections

import numpy as np

[docs]class StrDumper(object):
    """
    Class for dumping and loading an object.
    
    Stores procedures for dumping and loading, i.e.,
    conversion from complex classes (such as :class:`.Dictionary`) to simple built-in classes (such as :class:`dict` or :class:`str`).
    """
    def __init__(self):
        object.__init__(self)
        self._classes={}
        self.add_class(tuple,name="t",loadf=lambda t: tuple(self.load(v) for v in t)) # to distinguish from packed value tuples
    
    _ClassRecord=collections.namedtuple("_ClassRecord",["cls","dump","load","allow_subclass","recursive"])
[docs]    def add_class(self, cls, dumpf=None, loadf=None, name=None, allow_subclass=True, recursive=False):
        """
        Add a rule for dumping/loading an object of class `cls`.
        
        Args:
            cls
            dumpf (callable): Function for dumping an object of the class; ``None`` means identity function.
            loadf (callable): Function for loading an object of the class; ``None`` means identity function.
            name (str): Name of class, which is stored in the packed data (``cls.__name__`` by default).
            allow_subclass (bool): If ``True``, this rule is also used for subclasses of this class.
            recursive (bool): If ``True``, the functions are given a second argument, which is a dumping/loading function for their sub-elements.
        """
        if name is None:
            name=cls.__name__
        if name in self._classes:
            raise ValueError("class {} is already registered".format(name))
        self._classes[name]=self._ClassRecord(cls,dumpf,loadf,allow_subclass,recursive)

        
    def _find_cls(self, obj):
        ocls=type(object)
        found=None
        for n,v in viewitems(self._classes):
            cls=v.cls
            if v.allow_subclass:
                sat=isinstance(obj,cls)
            else:
                sat=(ocls is cls)
            if sat:
                if found is None:
                    found=n,cls
                elif issubclass(cls,found[1]):
                    found=n,cls
                elif not issubclass(found[1],cls):
                    raise ValueError("both {} and {} satisfy for a base class of {}".format(n,found[0],obj))
        return None if found is None else found[0]
    
    def _dump_recursive(self, value):
        if isinstance(value,tuple):
            return tuple(self.dump(v) for v in value)
        elif isinstance(value,list):
            return list(self.dump(v) for v in value)
        elif isinstance(value,dict):
            return dict([(k,self.dump(v)) for k,v in viewitems(value)])
        return value
[docs]    def dump(self, obj):
        """
        Convert an object into a dumped value.
        """
        obj=self._dump_recursive(obj)
        reg=self._find_cls(obj)
        if reg is None:
            return obj
        else:
            cls=self._classes[reg]
            if cls.dump is None:
                value=obj
            elif not cls.recursive:
                value=cls.dump(obj)
            else:
                value=cls.dump(obj,self.dump)
            return (reg,value)

    
    def _load_recursive(self, obj):
        if isinstance(obj,tuple):
            return tuple(self.load(v) for v in obj)
        if isinstance(obj,list):
            return list(self.load(v) for v in obj)
        if isinstance(obj,dict):
            return dict([(k,self.load(v)) for k,v in viewitems(obj)])
        return obj
[docs]    def load(self, obj):
        """
        Convert a dumped value into an object.
        """
        if not isinstance(obj,tuple):
            return self._load_recursive(obj)
        name,value=obj
        if name in self._classes:
            cls=self._classes[name]
            if cls.load is None:
                return value
            elif not cls.recursive:
                return cls.load(value)
            else:
                return cls.load(value,self.load)
        else:
            raise KeyError("class {} is not registered".format(name))

        
[docs]    def loads(self, s):
        """
        Convert a pickled string of a damped object into an object.
        """
        value=pickle.loads(s)
        return self.load(value)

[docs]    def dumps(self, obj):
        """
        Dumps an object into a pickled string.
        """
        value=self.dump(obj)
        return pickle.dumps(value,protocol=-1)


    
    
dumper=StrDumper()
"""
Default dumper for converting  into standard Python classes and pickling.

Converts :class:`numpy.ndarray`, :class:`.Dictionary` and :class:`.DataTable` objects
(these conversion routines are defined when corresponding modules are imported).
The converted values include non-printable characters (conversion uses :func:`numpy.ma.loads` and :func:`numpy.ma.dumps`),
so they can't be saved into text files. However, they're suited for pickling.
"""


### Numpy array ###
dumper.add_class(np.ndarray,np.ndarray.dumps,np.loads,"np")



[docs]def dump(obj):
    """
    Convert obj into standard Python classes using default dumper.
    """
    return dumper.dump(obj)

[docs]def load(s):
    """
    Convert standard Python class representation `s` into an object using default dumper.
    """
    return dumper.load(s)


[docs]def dumps(obj):
    """
    Convert obj into a pickled string using default dumper.
    """
    return dumper.dumps(obj)

[docs]def loads(s):
    """
    Convert a pickled string into an object. using default dumper
    """
    return dumper.loads(s)





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.string

"""
String search, manipulation and conversion routines.
"""
from future.utils import viewvalues
from .py3 import textstring, as_builtin_bytes, as_str

from . import funcargparse

import re
import fnmatch
import struct
import collections

import numpy as np


##### Searching and equality #####

[docs]def string_equal(name1, name2, case_sensitive=True, as_prefix=False):
    """
    Determine if `name1` and `name2` are equal with taking special rules (`case_sensitive` and `as_prefix`) into account.
    
    If ``as_prefix==True``, strings match even if `name1` is just a prefix of `name2`.
    """
    if not case_sensitive:
        name1=name1.lower()
        name2=name2.lower()
    if as_prefix:
        return name2.startswith(name1)
    else:
        return name2==name1

    
[docs]def find_list_string(name, str_list, case_sensitive=True, as_prefix=False, first_matched=False):
    """
    Find `name` in the string list.
    
    Comparison parameters are defined in :func:`string_equal`.
    If ``first_matched==True``, stop at the first match; otherwise if multiple occurrences happen, raise :exc:`ValueError`.
    
    Returns:
        tuple ``(index, value)``.
    """
    if not case_sensitive:
        lookup_name=name.lower()
    else:
        lookup_name=name
    found_name=None
    for i,s in enumerate(str_list):
        if not case_sensitive:
            lookup_s=s.lower()
        else:
            lookup_s=s
        if as_prefix:
            sat=lookup_s.startswith(lookup_name)
        else:
            sat=(lookup_s==lookup_name)
        if sat:
            if found_name is None:
                found_name=(i,s)
                if first_matched:
                    break
            else:
                raise ValueError("{0} and {1} both satisfy name {2}".format(found_name[1],s,name))
    if found_name is None:
        raise KeyError("can't find name in the container: {0}".format(name))
    return found_name

    
[docs]def find_dict_string(name, str_dict, case_sensitive=True, as_prefix=False):
    """
    Find name in the string list.
    
    Comparison parameters are defined in :func:`string_equal`. If multiple occurrences happen, raise :exc:`ValueError`.
    
    Returns:
        tuple ``(key, value)``.
    """
    if case_sensitive and not as_prefix:
        try:
            return name, str_dict[name]
        except KeyError:
            raise KeyError("can't find name in the container: {0}".format(name))
    found_name=find_list_string(name,str_dict,case_sensitive=case_sensitive,as_prefix=as_prefix)[1]
    return found_name, str_dict[found_name]



[docs]def find_first_entry(line, elements, start=0, not_found_value=-1):
    """
    Find the index of the earliest position inside the `line` of any of the strings in `elements`, starting from `start`.
    
    If none are found, return `not_found_value`.
    """
    first_entry=len(line)
    for e in elements:
        pos=line.find(e,start)
        if pos>0:
            first_entry=min(first_entry,pos)
    if first_entry==len(line):
        return not_found_value
    return first_entry



##### String filter #####

[docs]def translate_string_filter(filt, syntax, match_case=True, default=False):
    """
    Turns `filt` into a matching function.
    
    The matching function takes single :class:`str` argument, returns :class:`bool` value.
    
    `filt` can be
        - ``None``: function always returns default,
        - :class:`bool`: function always returns this value,
        - :class:`str`: pattern, determined by `syntax`,
        - anything else: returned as is (assumed to already be a callable).
    
    `syntax` can be ``'re'`` (:mod:`re`), ``'glob'`` (:mod:`glob`) or ``'pred'`` (simply matching predicate).
    `match_case` determines whether the filter cares about the string case when matching.
    """
    if filt is None:
        return lambda _: default
    if isinstance(filt, bool):
        return lambda _: filt
    funcargparse.check_parameter_range(syntax,"syntax",{"re","glob","pred"})
    if syntax=="re":
        comp=re.compile(filt,flags=0 if match_case else re.IGNORECASE)
        return lambda x: (comp.match(x) is not None)
    elif syntax=="glob":
        comp=re.compile(fnmatch.translate(filt))
        return lambda x: (comp.match(x) is not None)
    else:
        return filt


[docs]class StringFilter(object):
    """
    String filter function.
    
    Matches string if it matches include (matches all strings by default) and doesn't match exclude (matches nothing by default).
    
    Args:
        include: Inclusion filter (translated by :func:`translate_string_filter`; regex by default).
        exclude: Exclusion filter (translated by :func:`translate_string_filter`; regex by default).
        syntax: Default syntax for pattern filters.
        match_case (bool): Determines whether filter ignores case when matching.
    """
    def __init__(self, include=None, exclude=None, syntax="re", match_case=False):
        object.__init__(self)
        self.include=translate_string_filter(include,syntax,match_case=match_case,default=True)
        self.exclude=translate_string_filter(exclude,syntax,match_case=match_case,default=False)
    def __call__(self, s):
        return self.include(s) and not self.exclude(s)

[docs]def get_string_filter(include=None, exclude=None, syntax="re", match_case=False):
    """
    Generate :class:`StringFilter` with the given parameters.
    
    If the first argument is already :class:`StringFilter`, return as is. If it's a tuple, expand as argument list.
    """
    if isinstance(include, StringFilter):
        return include
    if isinstance(include, tuple):
        return StringFilter(*include)
    return StringFilter(include,exclude,syntax=syntax,match_case=match_case)

[docs]def sfglob(include=None, exclude=None):
    """
    Return string filter based on :mod:`glob` syntax.
    """
    return get_string_filter(include=include,exclude=exclude,syntax="glob")

[docs]def sfregex(include=None, exclude=None, match_case=False):
    """
    Return string filter based on :mod:`re` syntax.
    """
    return get_string_filter(include=include,exclude=exclude,syntax="re",match_case=match_case)

[docs]def filter_string_list(l, filt):
    """
    Filter string list based on the filter.
    """
    if filt is None:
        return l
    else:
        filt=get_string_filter(filt)
        return [f for f in l if filt(f)]





##### Conversion routines #####

class _EmptyString(object):
    """
    Dummy object to represent an empty string for conversion purposes.
    """
    def __init__(self):
        object.__init__(self)
    def __str__(self):
        return ""
    def __repr__(self):
        return "empty_string"
empty_string=_EmptyString()



_hard_delimiters="\n\t\v\r"
_soft_delimiters=" ,"
_quotation_characters="\"'"

_to_escape=_hard_delimiters+_quotation_characters
_escape_special_rules={"\n":"n","\t":"t","\v":"v","\r":"r"}
_unescape_special_rules=dict([(v,k) for (k,v) in _escape_special_rules.items()])

_parenthesis_pairs={"(":")", "[":"]", "{":"}"}



_border_escaped=_quotation_characters+" "
[docs]def escape_string(value, location="element", quote_type='"'):
    """
    Escape string.
    
    Escaping can be partially skipped depending on `location`:
        - ``"parameter"``: escape only if it contains hard delimiters (``"\\n\\t\\v\\r"``) anywhere
            or _border_escaped (``"``, ``'`` or space) on the sides (suited for parameters taking the full string);
        - ``"entry"``: same as above, plus containing soft delimiters anywhere (suited for entries of a table);
        - ``"element"``: always escaped
    
    If `quote_type` is not ``None``, automatically put the string into the specified quotation marks;
        if `quote_type` is ``None``, all quotation marks are escaped; if it's not ``None``, only `quote_type` marks are escaped.
    """
    funcargparse.check_parameter_range(location,"location",{"element","entry","parameter"})
    process=False
    if location=="element":
        process=True
    if location in ["parameter","entry"]:
        if len(value)==0 or (value[0] in _border_escaped) or (value[-1] in _border_escaped):
            process=True
        for c in _hard_delimiters:
            if value.find(c)>=0:
                process=True
    if location=="entry":
        for c in _soft_delimiters:
            if value.find(c)>=0:
                process=True
    if process:
        value=value.replace("\\","\\\\")
        for c in _to_escape:
            if (quote_type is not None) and (c in _quotation_characters) and (c!=quote_type):
                continue
            r="\\"+_escape_special_rules.get(c,c)
            value=value.replace(c,r)
        if quote_type is not None:
            value=quote_type+value+quote_type
    return value


def _numpy_to_str(a, custom_representations=None):
    """Convert multidimensional numpy array into a string using the standard number representation rules"""
    if a.ndim==0:
        return to_string(a,custom_representations=custom_representations,use_classes=True)
    elif a.ndim==1:
        return to_string(list(a),custom_representations=custom_representations,use_classes=True)
    else:
        return "["+", ".join([_numpy_to_str(e,custom_representations=custom_representations) for e in a])+"]"

_default_float_representation="{:.12E}"
_default_complex_representation="{:.12E}"
_default_int_representation="{:d}"
TConversionClass=collections.namedtuple("TConversionClass",["label","cls","to_str","from_str"])
_conversion_classes=[("array",np.ndarray,_numpy_to_str,np.array)]
[docs]def to_string(value, location="element", custom_representations=None, parenthesis_rules="text", use_classes=False):
    """
    Convert value to string with an option of modifying format string.
    
    Args:
        value
        location (str): Used for converting strings (see :func:`escape_string`).
        custom_representations (dict): dictionary ``{value_type: fmt}``,
            where value type can be ``'int'``, ``'float'`` or ``'complex'`` and `fmt` is a :meth:`str.format` string.
        parenthesis_rules (str): determine how to deal with single-element tuples and complex numbers
            can be ``"text"`` (single-element tuples are represented with simple parentheses, e.g., ``"(1)"``; complex number are represented without parentheses, e.g., ``"1+2j"``)
            or ``"python"`` (single-element tuples are represented with a comma in the end, e.g., ``"(1,)"``; complex number are represented with parentheses, e.g., ``"(1+2j)"``)
        use_classes (bool): if ``True``, use additional representation classes for special objects
            (e.g., numpy arrays will be represented as ``"array([1, 2, 3])"`` instead of just ``"[1, 2, 3]"``).
            This improves conversion fidelity, but makes result harder to parse (e.g., by external string parsers).
    """
    funcargparse.check_parameter_range(parenthesis_rules,"parenthesis_rules",{"text","python"})
    kwargs={"custom_representations":custom_representations,"parenthesis_rules":parenthesis_rules,"use_classes":use_classes}
    tr=custom_representations or {}
    if isinstance(value,complex):
        val=tr.get("complex",_default_complex_representation).format(complex(value))
        return val if parenthesis_rules=="text" else "("+val+")"
    if isinstance(value,float) or isinstance(value,np.floating):
        return tr.get("float",_default_float_representation).format(float(value))
    if isinstance(value,bool):
        return str(value)
    if isinstance(value,int) or isinstance(value,np.long) or isinstance(value,np.integer):
        return tr.get("int",_default_int_representation).format(int(value))
    if isinstance(value,textstring):
        return escape_string(value, location=location)
    if isinstance(value,list):
        return "["+", ".join(to_string(e,location="element",**kwargs) for e in value)+"]"
    if isinstance(value, tuple):
        val="("+", ".join(to_string(e,location="element",**kwargs) for e in value)+")"
        return val if parenthesis_rules=="text" else val[:-1]+",)"
    if isinstance(value, set):
        return "{"+", ".join(to_string(e,location="element",**kwargs) for e in value)+"}"
    if isinstance(value, dict):
        return "{"+", ".join("{}: {}".format(
                to_string(k,location="element",**kwargs),
                to_string(v,location="element",**kwargs))
                            for k,v in value.items())+"}"
    if isinstance(value,np.ndarray) and not use_classes:
        if np.ndim(value)==0:
            return to_string(np.asscalar(value),**kwargs)
        return to_string(list(value),**kwargs)
    if use_classes:
        for label,cls,to_str,_ in _conversion_classes:
            if isinstance(value,cls):
                return "{}({})".format(label,to_str(value,custom_representations=custom_representations))
    value=str(value) # booleans and None are included here
    for ec in "\n\v\r":
        value=value.replace(ec,"\t")
    return value

_conv_types=[float,int,np.floating,np.integer,textstring,complex,np.long,bool]
_cont_types=[list,tuple,set]
[docs]def is_convertible(value):
    """
    Check if the value can be converted to a string using standard :func:`to_string` function.
    """
    for t in _conv_types:
        if isinstance(value,t):
            return True
    for t in _cont_types:
        if isinstance(value,t):
            return all(is_convertible(v) for v in value)
    if isinstance(value,dict):
        return all(is_convertible(v) for v in viewvalues(value)) and all(is_convertible(v) for v in value) 
    if isinstance(value,np.ndarray) and np.ndim(value)<2:
        return True
    return (value is None)





def _extract_digits(s, start=0, maxlen=None):
    end=start
    while end<len(s) and (maxlen is None or start+maxlen>end) and s[end].isdigit():
        end=end+1
    return s[start:end]

[docs]def extract_escaped_string(line, start=0):
    """
    Extract escaped string in quotation marks from the `line`, starting from `start`.
    
    ``line[start]`` should be a quotation mark (``'`` or ``"``) or ``b`` followed by a quotation mark (for binary strings).
    
    Returns:
        tuple ``(end position, un-escaped string)``.
    """
    if start==len(line):
        return start,""
    if start>len(line):
        raise ValueError("starting position is further than line length")
    if line[start].lower()=="b":
        binary=True
        start+=1
    else:
        binary=False
    start_quote=line[start]
    if not (start_quote in _quotation_characters):
        raise ValueError("malformatted string representation")
    pos=start+1
    unescaped=""
    while True:
        quote_lookup=line.find(start_quote,pos)
        if quote_lookup<0:
            raise ValueError("malformatted string representation")
        dash_lookup=line.find("\\",pos)
        if dash_lookup<0 or quote_lookup<dash_lookup:
            unescaped=unescaped+line[pos:quote_lookup]
            return quote_lookup+1,(as_builtin_bytes(unescaped) if binary else unescaped)
        if dash_lookup==len(line)-1:
            raise ValueError("malformatted string representation")
        escaped_character=line[dash_lookup+1]
        if escaped_character=='x': #\x00
            hexn=_extract_digits(line,dash_lookup+2,2)
            if hexn=="":
                raise ValueError("malformatted string representation")
            escaped_character=as_str(struct.pack("B",int(hexn,16)))
            next_pos=dash_lookup+2+len(hexn)
        elif escaped_character.isdigit(): #\000
            octn=_extract_digits(line,dash_lookup+1,3)
            escaped_character=as_str(struct.pack("B",int(octn,8)))
            next_pos=dash_lookup+1+len(octn)
        else:
            escaped_character=_unescape_special_rules.get(escaped_character,escaped_character)
            next_pos=dash_lookup+2
        unescaped=unescaped+line[pos:dash_lookup]+escaped_character
        pos=next_pos

[docs]def unescape_string(value):
    """
    Un-escape string.
    
    Assume that all quotation marks have been escaped. 
    """
    pos,unescaped=extract_escaped_string('"'+value+'"')
    if pos!=len(value):
        raise ValueError("malformatted string representation")
    return unescaped


def _parse_parenthesis_struct(line, start=0, use_classes=True):
    """
    Parse parenthesis structure from the line, starting from start.
    
    Takes string constants into account.
    """
    if start>=len(line) or not (line[start] in _parenthesis_pairs):
        raise ValueError("structure {0} is not well-formatted: non-paired parentheses".format(str))
    pos=start+1
    open_par=line[start]
    elts=[]
    curr_elt=None
    while True:
        quote_pos=find_first_entry(line,_quotation_characters,pos,len(line))
        delim_pos=find_first_entry(line,[',',':'],pos,len(line))
        open_par_pos=find_first_entry(line,_parenthesis_pairs,pos,len(line))
        clos_par_pos=find_first_entry(line,_parenthesis_pairs.values(),pos,len(line))
        if clos_par_pos==len(line):
            raise ValueError("malformatted parenthesis structure")
        min_pos=min(quote_pos,delim_pos,open_par_pos,clos_par_pos)
        if min_pos==quote_pos:
            gap=line[pos:min_pos]
            if len(gap)>0 and gap[-1].lower()=="b":
                min_pos-=1
                gap=gap[:-1]
            if len(gap)>0 and not gap.isspace():
                raise ValueError("malformatted parenthesis structure")
            if curr_elt is None:
                new_pos,escaped_string=extract_escaped_string(line,min_pos)
                curr_elt=("'",escaped_string)
                pos=new_pos
            else:
                raise ValueError("malformatted parenthesis structure")
        elif min_pos==open_par_pos:
            gap=line[pos:min_pos]
            label=None
            if len(gap)>0 and not gap.isspace():
                label=gap.lstrip()
                if not (use_classes and label in [cc[0] for cc in _conversion_classes]):
                    raise ValueError("malformatted parenthesis structure")
            if curr_elt is None:
                new_pos,parsed_substructure=_parse_parenthesis_struct(line,min_pos,use_classes=use_classes)
                if label is None:
                    curr_elt=(line[min_pos],parsed_substructure)
                else:
                    curr_elt=("e",line[pos:new_pos].strip())
                pos=new_pos
            else:
                raise ValueError("malformatted parenthesis structure")
        elif min_pos==delim_pos or min_pos==clos_par_pos:
            closing_token=line[min_pos]
            if min_pos==clos_par_pos and closing_token!=_parenthesis_pairs[open_par]:
                raise ValueError("malformatted parenthesis structure")
            if curr_elt is None:
                curr_elt=("e",line[pos:min_pos].strip())
            else:
                gap=line[pos:min_pos]
                if len(gap)>0 and not gap.isspace():
                    raise ValueError("malformatted parenthesis structure")
            elts.append(curr_elt+(closing_token,))
            curr_elt=None
            pos=min_pos+1
            if min_pos==clos_par_pos:
                return min_pos+1,elts
[docs]def to_range(range_tuple):
    def is_zero(e):
        return (not e) or (e is empty_string)
    range_tuple=[0 if is_zero(e) else e for e in range_tuple]
    return list(np.arange(*range_tuple))

def _convert_parenthesis_struct(struct, case_sensitive=True, parenthesis_rules="text"):
    """
    Covert parsed parenthesis structure into python objects.
    
    `parenthesis_rules` determine how to deal with empty entries (e.g., ``[1,,3]``) and complex number representation (``"1+2j"`` vs. ``"(1+2j)"``):
        - ``'text'``: any empty entries are translated into ``empty_string`` (i.e., ``[,] -> [empty_string, empty_string]``), except for completely empty structures (``[]`` or ``()``);
            complex numbers are represented without parentheses, so that ``"(1+2j)"`` will be interpreted as a single-element tuple ``(1+2j,)``.
        - ``'python'``: empty entries in the middle are not allowed; empty entries at the end are ignored (i.e., ``[2,] -> [2]``)
            (single-element tuple can still be expressed in two ways: ``(e,)`` or ``(e)``);
            complex numbers are by default represented with parentheses, so that ``"(1+2j)"`` will be interpreted as a complex number,
            and only ``(1+2j,)``, ``((1+2j))`` or ``((1+2j),)`` as a single-element tuple.
    """
    funcargparse.check_parameter_range(parenthesis_rules,"parenthesis_rules",{"text","python"})
    elt_type,elt_val,_=struct
    if elt_type=="e":
        return from_string(elt_val,case_sensitive=case_sensitive,parenthesis_rules=parenthesis_rules)
    elif elt_type in _quotation_characters:
        return elt_val
    elif elt_type in _parenthesis_pairs:
        if parenthesis_rules=="python" and elt_type=="(" and len(elt_val)==1: # complex number check
            val=elt_val[0]
            if val[0]=="e" and _complex_re.match("("+val[1]+")"):
                strval=val[1]
                try:
                    return complex(strval)
                except ValueError:
                    pass
                try:
                    return complex(strval.lower().replace("i","j"))
                except ValueError:
                    pass
        if parenthesis_rules=="text":
            if (len(elt_val)==1) and (elt_val[0][:2]==("e","")):
                elt_val=[]
        elif parenthesis_rules=="python":
            if (len(elt_val)>0) and (elt_val[-1][:2]==("e","")):
                elt_val=elt_val[:-1]
            for e in elt_val:
                if e[:2]==("e",""):
                    raise ValueError("malformatted parenthesis structure")
        closing_tokens=[e[2] for e in elt_val]
        parsed=[_convert_parenthesis_struct(e,case_sensitive=case_sensitive,parenthesis_rules=parenthesis_rules) for e in elt_val]
        if elt_type in "[(":
            if any([ct==":" for ct in closing_tokens]):
                #raise ValueError("malformatted parenthesis structure")
                expanded=[]
                curr_range=tuple()
                for e_val,e_ct in zip(parsed,closing_tokens):
                    if e_ct==":":
                        if len(curr_range)>1:
                            raise ValueError("malformatted parenthesis structure")
                        else:
                            curr_range=curr_range+(e_val,)
                    else:
                        if len(curr_range)==0:
                            expanded.append(e_val)
                        else:
                            curr_range=curr_range+(e_val,)
                            expanded=expanded+to_range(curr_range)
                            curr_range=tuple()
                parsed=expanded
            if elt_type=="(":
                parsed=tuple(parsed)
            return parsed
        elif elt_type=="{":
            if len(parsed)==0:
                return {}
            if all([ct=="," for ct in closing_tokens[:-1]]):
                return set(parsed)
            elif len(parsed)%2==0 and all([ct==":" for ct in closing_tokens[:-1:2]]) and all([ct=="," for ct in closing_tokens[1:-1:2]]):
                return dict(zip(parsed[::2],parsed[1::2]))
            else:
                raise ValueError("malformatted parenthesis structure")
    else:
        raise ValueError("unrecognized element type: {0}".format(elt_type))


_complex_re=re.compile(r"\(([\d.+-Ee]*[+-])?[\d.+-Ee]*[ij]\)|([\d.+-Ee]*[+-])?[\d.+-Ee]*[ij]")
[docs]def from_string(value, case_sensitive=True, parenthesis_rules="text", use_classes=True):
    """
    Parse a string.
    
    Recognizes integers, floats, complex numbers (with ``i`` or ``j`` for complex part), strings (in quotation marks), dicts, sets, list and tuples, booleans and ``None``.
    If item is unrecognizable, assumed to be a string.
    
    `case_sensitive` is applied when compared to ``None``, ``True`` or ``False``.
    
    `parenthesis_rules` determine how to deal with empty entries (e.g., ``[1,,3]``) and complex number representation (``"1+2j"`` vs. ``"(1+2j)"``):
        - ``'text'``: any empty entries are translated into ``empty_string`` (i.e., ``[,] -> [empty_string, empty_string]``), except for completely empty structures (``[]`` or ``()``);
            complex numbers are represented without parentheses, so that ``"(1+2j)"`` will be interpreted as a single-element tuple ``(1+2j,)``.
        - ``'python'``: empty entries in the middle are not allowed; empty entries at the end are ignored (i.e., ``[2,] -> [2]``)
            (single-element tuple can still be expressed in two ways: ``(e,)`` or ``(e)``);
            complex numbers are by default represented with parentheses, so that ``"(1+2j)"`` will be interpreted as a complex number,
            and only ``(1+2j,)``, ``((1+2j))`` or ``((1+2j),)`` as a single-element tuple.
    `use_classes`: if ``True``, try to find additional representation classes for special objects
        (e.g., numpy arrays will be represented as ``"array([1, 2, 3])"`` instead of just ``"[1, 2, 3]"``).
    """
    value=value.strip()
    if len(value)==0:
        return empty_string
    if string_equal(value,"True",case_sensitive=case_sensitive):
        return True
    if string_equal(value,"False",case_sensitive=case_sensitive):
        return False
    if string_equal(value,"None",case_sensitive=case_sensitive):
        return None
    try:
        return int(value)
    except ValueError:
        pass
    try:
        return float(value)
    except ValueError:
        pass
    if _complex_re.match(value):
        try:
            return complex(value)
        except ValueError:
            pass
        try:
            return complex(value.lower().replace("i","j"))
        except ValueError:
            pass
    if value[0] in _parenthesis_pairs:
        pos,parsed_value=_parse_parenthesis_struct(value,use_classes=use_classes)
        if pos==len(value): # malformatted parentheses structures are treated as strings
            struct=(value[0],parsed_value,None)
            return _convert_parenthesis_struct(struct,case_sensitive=case_sensitive,parenthesis_rules=parenthesis_rules)
    if value[0] in _quotation_characters or (value[0].lower()=="b" and len(value)>1 and value[1] in _quotation_characters):
        pos,unescaped=extract_escaped_string(value)
        if pos!=len(value):
            raise ValueError("malformatted string representation")
        return unescaped
    if use_classes:
        for label,_,_,from_str in _conversion_classes:
            if value.startswith(label+"("):
                parsed=from_string(value[len(label):],case_sensitive=case_sensitive,parenthesis_rules=parenthesis_rules)
                if isinstance(parsed,tuple):
                    return from_str(*parsed)
    return value



_delimiters=r"\s*,\s*|\s+"
_delimiters_regexp=re.compile(_delimiters)
[docs]def from_string_partial(value, delimiters=_delimiters_regexp, case_sensitive=True, parenthesis_rules="text", use_classes=True, return_string=False):
    """
    Convert the first part of the supplied string (bounded by `delimiters`) into a value.
    
    `delimites` is a string or a regexp (default is ``"\\s*,\\s*|\\s+"``).
    
    If ``return_string==False``, return tuple ``(end position, converted value)``; else, return tuple ``(end position, value string)``.
    
    The rest of the parameters is the same as in :func:`from_string`.
    """
    if isinstance(delimiters,textstring):
        delimiters=re.compile(delimiters)
    value=value.strip()
    end=None
    if value[0] in _parenthesis_pairs:
        end,parsed_value=_parse_parenthesis_struct(value,use_classes=use_classes)
        if not return_string:
            struct=(value[0],parsed_value,None)
            res=_convert_parenthesis_struct(struct,case_sensitive=case_sensitive,parenthesis_rules=parenthesis_rules)
    elif value[0] in _quotation_characters:
        end,res=extract_escaped_string(value)
    elif use_classes:
        for label,_,_,from_str in _conversion_classes:
            if value.startswith(label+"("):
                end,parsed=from_string_partial(value[len(label):],delimiters=delimiters,case_sensitive=case_sensitive,parenthesis_rules=parenthesis_rules,use_classes=use_classes,return_string=return_string)
                if return_string:
                    if parsed.startswith("(") and parsed.endswith(")"):
                        end,res=end+len(label)+1,parsed
                else:
                    if isinstance(parsed,tuple):
                        end,res=end+len(label)+1,from_str(*parsed)
                        break
    if end is not None:
        if return_string:
            res=value[:end]
        m=delimiters.match(value[end:])
        if m is not None:
            end=end+m.end()
        return end,res
    else:
        m=delimiters.search(value)
        if m is None:
            del_pos=(len(value),len(value))
        else:
            del_pos=(m.start(),m.end())
        res=value[:del_pos[0]]
        if not return_string:
            res=from_string(res)
        return del_pos[1],res

        
[docs]def from_row_string(value, delimiters=_delimiters_regexp, case_sensitive=True, parenthesis_rules="text", use_classes=True, return_string=False):
    """
    Convert the row string into a list of values, separated by delimiters.
    
    If ``return_string==False``, return list of converted objects; otherwise, return list of unconverted strings.
    
    The rest of the parameters is the same as in :func:`from_string_partial`.
    """
    if isinstance(delimiters,textstring):
        delimiters=re.compile(delimiters)
    tokens=[]
    while value:
        pos,token=from_string_partial(value,delimiters=delimiters,case_sensitive=case_sensitive,parenthesis_rules=parenthesis_rules,use_classes=use_classes,return_string=return_string)
        tokens.append(token)
        value=value[pos:]
    return tokens





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.strpack

"""
Utilities for packing values into bitstrings.
Small extension of the struct module.
"""

from builtins import range, bytes

import struct
import numpy as np
from . import funcargparse


struct_descriptors={("i",1):"b",("i",2):"h",("i",4):"i",("i",8):"q",
                 ("u",1):"B",("u",2):"H",("u",4):"I",("u",8):"Q",
                 ("f",4):"f",("f",8):"d"}

[docs]def int2bytes(val, l, bo=">"):
    """
    Convert integer into a list of bytes of length `l`.
    
    `bo` determines byte order: ``'>'`` is big-endian (MSB first), ``'<'`` is little-endian (LSB first).
    """
    funcargparse.check_parameter_range(bo,"bo","<>")
    bs=[(val>>(n*8))&0xFF for n in range(l)]
    return bs if bo=="<" else bs[::-1]

[docs]def bytes2int(val, bo=">"):
    """
    Convert a list of bytes into an integer.
    
    `bo` determines byte order: ``'>'`` is big-endian (MSB first), ``'<'`` is little-endian (LSB first).
    """
    funcargparse.check_parameter_range(bo,"bo","<>")
    if bo=="<":
        bo=bo[::-1]
    return sum([(b<<(n*8)) for n,b in enumerate(val)])


[docs]def int2bits(val, l, bo=">"):
    """
    Convert integer into a list of bits of length `l`.
    
    `bo` determines byte (and bit) order: ``'>'`` is big-endian (MSB first), ``'<'`` is little-endian (LSB first).
    """
    funcargparse.check_parameter_range(bo,"bo","<>")
    bs=[bool((val>>n)&0x01) for n in range(l)]
    return bs if bo=="<" else bs[::-1]

[docs]def bits2int(val, bo=">"):
    """
    Convert a list of bits into an integer.
    
    `bo` determines byte (and bit) order: ``'>'`` is big-endian (MSB first), ``'<'`` is little-endian (LSB first).
    """
    funcargparse.check_parameter_range(bo,"bo","<>")
    if bo=="<":
        bo=bo[::-1]
    return sum([(int(b)<<n) for n,b in enumerate(val)])



[docs]def pack_uint(val, l, bo=">"):
    """
    Convert an unsigned integer into a bytestring of length `l`.
    
    Return ``bytes`` object in Py3 and ``builtins.bytes`` object in Py2.
    `bo` determines byte order: ``'>'`` is big-endian (MSB first), ``'<'`` is little-endian (LSB first).
    """
    fmt="u",l
    if fmt in struct_descriptors:
        fmt=bo+struct_descriptors[fmt]
        return struct.pack(fmt,val)
    bs=int2bytes(val,l,bo)
    return bytes(bs)

[docs]def pack_int(val, l, bo=">"):
    """
    Convert a signed integer into a bytestring of length `l`.
    
    Return ``bytes`` object in Py3 and ``builtins.bytes`` object in Py2.
    `bo` determines byte order: ``'>'`` is big-endian (MSB first), ``'<'`` is little-endian (LSB first).
    """
    return pack_uint(val%(1<<l*8),l,bo)

[docs]def unpack_uint(msg, bo=">"):
    """
    Convert a bytestring into an unsigned integer.
    
    `bo` determines byte order: ``'>'`` is big-endian (MSB first), ``'<'`` is little-endian (LSB first).
    """
    fmt="u",len(msg)
    if fmt in struct_descriptors:
        fmt=bo+struct_descriptors[fmt]
        return struct.unpack(fmt,msg)[0]
    return bytes2int(bytes(msg),bo)

[docs]def unpack_int(msg, bo=">"):
    """
    Convert a bytestring into an signed integer.
    
    `bo` determines byte order: ``'>'`` is big-endian (MSB first), ``'<'`` is little-endian (LSB first).
    """
    val=unpack_uint(msg,bo)
    maxint=1<<(len(msg)*8-1)
    return ((val+maxint)%(maxint*2))-maxint



[docs]def unpack_numpy_u12bit(buffer, byteorder="<", count=-1):
    u8count=count*3//2 if count>0 else -1
    data=np.frombuffer(buffer,dtype="u1",count=u8count)
    fst_uint8,mid_uint8,lst_uint8=np.reshape(data,(len(data)//3,3)).astype(np.uint16).T
    if byteorder==">":
        fst_uint12=(fst_uint8<<4)+(mid_uint8>>4)
        snd_uint12=((mid_uint8%16)<<8)+lst_uint8
    else:
        fst_uint12=fst_uint8+((mid_uint8>>4)<<8)
        snd_uint12=(mid_uint8%16)+(lst_uint8<<4)
    return np.concatenate((fst_uint12[:,None],snd_uint12[:,None]),axis=1).flatten()





          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.thread

"""
Simple threading routines.

A more extensive threading library is contained in the core.mthread package.
"""

import threading
try:
    from Queue import Queue, Empty
except ImportError:
    from queue import Queue, Empty


[docs]class PeriodicThread(object):
    """
    A thread that runs in an infinite loop (until externally stopped) and executes its task with a given periodicity.

    To use, it needs to be inherited, with the subclass redefining :meth:`execute` or :meth:`process_message` method.
    """
    def __init__(self):
        object.__init__(self)
        self.running=False
        self.paused=False
        self.message_queue=Queue(1)
        self.ack_queue=Queue(1)
    
[docs]    def execute(self):
        """
        Perform a single iteration of the loop.

        To be overridden in subclasses.
        """
        pass

[docs]    def process_message(self, msg):
        """
        Process a message sent from the parent thread.

        To be overridden in subclasses.
        """
        pass

        
[docs]    def loop(self, period, sync):
        """
        Main loop methods. Called automatically in a new thread when :meth:`start` is invoked.
        """
        self.running=True
        if sync:
            self.ack_queue.put("start")
        try:
            while True:
                try:
                    msg,sync=self.message_queue.get(timeout=period if not self.paused else None)
                    if sync:
                        self.ack_queue.put(msg)
                except Empty:
                    msg=None
                if msg=="pause":
                    self.paused=True
                elif msg=="resume":
                    self.paused=False
                elif msg=="stop":
                    break
                elif msg is not None:
                    self.process_message(msg)
                if not self.paused:
                    self.execute()
        finally:
            self.running=False
            self.paused=False

        
[docs]    def wait_for_execution(self):
        """Synchronize with the thread (wait until the current iteration is executed)."""
        self.send_message(None,sync=True)

[docs]    def send_message(self, msg, sync=True):
        """
        Send a message to the thread.
        
        The message is processed by the thread in the :meth:`process_message` method (by default does nothing).
        If ``sync==True``, wait until the thread received (not necessarily processed) the message.
        """
        if self.running:
            self.message_queue.put((msg,sync))
            if sync:
                ack_msg=self.ack_queue.get()
                if ack_msg!=msg:
                    raise RuntimeError("wrong acknowledgment '{0}' for message '{1}'".format(ack_msg,msg))
        else:
            raise RuntimeError("thread is not running")

[docs]    def start(self, period, sync=True):
        """
        Start the thread.

        `period` specifies the job execution period, in seconds.
        If ``sync==True``, wait until the thread is started.
        """
        if self.running:
            raise RuntimeError("thread is already running")
        threading.Thread(target=self.loop,args=(period,sync)).start()
        if sync:
            ack_msg=self.ack_queue.get()
            if ack_msg!="start":
                raise RuntimeError("wrong acknowledgment '{0}' for message 'start'".format(ack_msg))

[docs]    def stop(self, sync=True):
        """
        Stop the thread.

        If ``sync==True``, wait until the thread is stopped.
        """
        self.send_message("stop",sync=sync)

[docs]    def pause(self, sync=True):
        """
        Pause the thread execution.

        If ``sync==True``, wait until the thread is paused.
        """
        self.send_message("pause",sync=sync)

[docs]    def resume(self, sync=True):
        """
        Resume the thread execution.

        If ``sync==True``, wait until the thread is resumed.
        """
        self.send_message("resume",sync=sync)

    
[docs]    def is_looping(self):
        """Check if the thread is actively executing (not paused)."""
        return self.running and not self.paused

[docs]    def is_running(self):
        """Check if the thread is running (possibly paused)."""
        return self.running






          

      

      

    

  

    
      
          
            
  Source code for pylablib.core.utils.versioning

"""
Fetching, storing and recalling different script and library configurations.
"""

# from io import open
from builtins import range

from . import files as file_utils #@UnresolvedImport
from . import string as string_utils #@UnresolvedImport
from . import module as module_utils #@UnresolvedImport
from .. import version #@UnresolvedImport

import os.path
import datetime
import time
import filecmp

_depends_local=[".string"]


_storage_folder=".versions"
def _shelf_folder(shelf, coverage=None):
    """Get the shelf folder for the given coverage."""
    if coverage is None:
        return os.path.join(_storage_folder,shelf)
    else:
        return os.path.join(_storage_folder,shelf,coverage)
def _shelf_content(shelf, coverage=None, full_path=False):
    """Get the content of the shelf folder for the given coverage."""
    shelf_folder=_shelf_folder(shelf,coverage)
    files=file_utils.list_dir(shelf_folder,file_filter=r".*\.zip$").files
    if full_path:
        files=[os.path.join(shelf_folder,f) for f in files]
    return files
def _store_file_path(shelf, label=None, coverage="full"):
    """Store file with the given label in the shelf folder for the given coverage."""
    shelf_folder=_shelf_folder(shelf,coverage)
    file_utils.ensure_dir(shelf_folder)
    prefix=datetime.datetime.now().strftime("%Y%m%d%H%M%S")
    if label is not None:
        prefix=prefix+"_"+label
    return file_utils.generate_prefix_filename(os.path.join(shelf_folder,prefix),".zip")
def _recall_file_path(shelf, coverage, name):
    shelf_folder=_shelf_folder(shelf,coverage)
    return os.path.join(shelf_folder,name)


def _temp_folder(name):
    """Empty the temporary folder and return its path."""
    temp_dir=os.path.join(_storage_folder,".tmp",name)
    file_utils.retry_remove_dir(temp_dir,error_on_file=False)
    file_utils.retry_ensure_dir(temp_dir)
    return temp_dir
def _unpack_temp(store_path):
    """Unpack a zip archive into the temp folder."""
    temp_dir=_temp_folder("unpacked")
    file_utils.unzip_folder(store_path,temp_dir)
    return temp_dir
def _open_temp_file():
    """Create and open the temp file."""
    temp_dir=os.path.join(_storage_folder,".tmp","files")
    file_utils.retry_ensure_dir(temp_dir)
    return file_utils.TempFile(folder=temp_dir)



def _cleanup_shelf(shelf, coverage, max_items):
    """
    Clean the shelf by removing zip files so that there are at most `max_items` stored (leave the most recent files).
    """
    if max_items<=0:
        return 0
    file_list=_shelf_content(shelf,coverage,full_path=True)
    if len(file_list)<=max_items:
        return 0
    to_remove=len(file_list)-max_items
    file_list.sort(key=file_utils.get_file_creation_time)
    for f in file_list[:to_remove]:
        file_utils.retry_remove(f)
    return to_remove




[docs]def generate_version_idx():
    """
    Generate a unique string id based on the current time and a random number.
    """
    t=int(time.time()*1E3)
    r=os.urandom(10)
    r="".join(["{:02x}".format(ord(c)) for c in r])
    return "{:012x}".format(t)+r

_version_config_file="version_config.txt"
_dependencies_file="dependencies.txt"
_store_files_filter=string_utils.get_string_filter(exclude=r"\.|.*\.pyc$|make\.bat$|conf\.py$|Makefile$|.*\.rst$")
_store_folder_filter=string_utils.get_string_filter(exclude=r"\.|__.*__$")
_scripts_template=r".*\.py$"
[docs]class VersionConfig(object):
    """
    Current version configuration.

    Combines information about included library packages, additional scripts, package versions, and comments.

    Args:
        store_path(str): root folder of the configuration
        lib_path(str): library path inside the root folder
        libs(list or None): included packages inside the library (any package includes all of its sub-packages);
            by default, includes the ``'core'`` package and all individual ``'aux_libs'`` sub-packages
        additional_scripts(list or None): additional scripts (outside of the included libraries); by default, none are included
        versions(dict): list of versions of versions (e.g., of library packages); by default, none are supplied
        comments(str): config comment.
    """
    def __init__(self, store_path=".", lib_path="lib", libs=None, additional_scripts=None, versions=None, comments=None):
        object.__init__(self)
        self.store_path=store_path
        self.lib_path=lib_path
        if libs is None:
            libs_path=self.get_lib_path("aux_libs")
            libs=["aux_libs."+l for l in file_utils.list_dir(libs_path,folder_filter=_store_folder_filter).folders]
            if os.path.exists(self.get_lib_path("core")):
                libs=["core"]+libs
        self.libs=libs
        self.additional_scripts=additional_scripts or []
        self.versions=versions or {}
        self.comments=comments or ""
    
    @staticmethod
    def _join_list(l):
        return "; ".join(sorted(l))
    @staticmethod
    def _split_list(s):
        return [e.strip() for e in s.split(";")]
    @staticmethod
    def _join_dict(d):
        return "; ".join(["{}:{}".format(k,v) for k,v in sorted(d.items())])
    @staticmethod
    def _split_dict(s):
        pairs=[e.split(":",1) for e in s.split(";")]
        return dict([ (k.strip(),v.strip()) for k,v in pairs ])
    
[docs]    def to_file(self, f):
        """
        Save the config data to a file.
        """
        if self.lib_path is not None:
            f.write("lib_path\t{}\n".format(self.lib_path))
        if self.libs:
            f.write("libs\t{}\n".format(self._join_list(self.libs)))
        if self.additional_scripts:
            f.write("additional_scripts\t{}\n".format(self._join_list(self.additional_scripts)))
        if self.versions:
            f.write("versions\t{}\n".format(self._join_dict(self.versions)))
        if self.comments:
            f.write("comments\t{}\n".format(self.comments.replace("\n"," ")))

[docs]    @staticmethod
    def from_path(path, **additional_args):
        """
        Build the config data from the folder.

        `additional_args` include arguments supplied to the :class:`VersionConfig` constructor overriding the ones extracted from the config file (if it's present).
        """
        if os.path.isdir(path):
            store_path=path
            config_path=os.path.join(path,_version_config_file)
        else:
            store_path=os.path.split(path)[0]
            config_path=path
        data={}
        if os.path.exists(config_path):
            with open(config_path,"r") as f:
                for line in f:
                    name,value=line.strip().split(None,1)
                    data[name.lower()]=value
        if "libs" in data:
            data["libs"]=VersionConfig._split_list(data["libs"].lower())
        if "additional_scripts" in data:
            data["additional_scripts"]=VersionConfig._split_list(data["additional_scripts"].lower())
        if "versions" in data:
            data["versions"]=VersionConfig._split_dict(data["versions"])
        data["store_path"]=store_path
        data.update(additional_args)
        return VersionConfig(**data)

    
[docs]    def update(self, other, override=True):
        """
        Merge this config with the other one.

        Combine information about libraries, comments, and additional scripts.
        If ``override==True``, the priority versions data is taken from the other config; otherwise, it's taken from this config.
        """
        libs=list(set(self.libs+other.libs))
        additional_scripts=list(set(self.additional_scripts+other.additional_scripts))
        if override:
            versions=self.versions.copy()
            versions.update(other.versions)
        else:
            versions=other.versions.copy()
            versions.update(self.versions)
        if self.comments.find(other.comments)==-1:
            comments=self.comments+"  "+other.comments
        else:
            comments=self.comments
        return VersionConfig(self.store_path,self.lib_path,libs,additional_scripts,versions,comments)

[docs]    def copy(self):
        return VersionConfig(self.store_path,self.lib_path,list(self.libs),list(self.additional_scripts),self.versions.copy(),self.comments)

[docs]    def update_versions(self, parts, force_update=True):
        """
        Update versions to a new unique idx.
        """
        v=generate_version_idx()
        for p in parts:
            if force_update:
                self.versions[p]=v
            else:
                self.versions.setdefault(p,v)

[docs]    def includes(self, other):
        """
        Check if this config includes the other one.
        """
        if self.lib_path!=other.lib_path:
            return False
        if not (set(self.libs)>=set(other.libs)):
            return False
        if not (set(self.additional_scripts)>=set(other.additional_scripts)):
            return False
        return True


[docs]    def get_lib_path(self, spec_lib="", relative=False):
        """
        Generate a library path in this version config.
        """
        if relative:
            return os.path.join(self.lib_path,*spec_lib.split("."))
        else:
            return os.path.join(self.store_path,self.lib_path,*spec_lib.split("."))

[docs]    def common_lib_folders(self):
        """
        Return all of the libs folders, including intermediate containing folders. 
        """
        if len(self.libs)==0:
            return set()
        common_folders={""}
        for l in self.libs:
            l_path=l.split(".")
            for i in range(1,len(l_path)):
                common_folders.add(os.path.join(*l_path[:i]))
        return list(common_folders)

[docs]    def common_lib_files(self, path_type="absolute"):
        """
        Return all of the files in lib folders and intermediate containing folders (i.e., all files potentially used by libs). 
        """
        files=[]
        for lf in self.common_lib_folders():
            folder_files=file_utils.list_dir(os.path.join(self.get_lib_path(),lf),file_filter=_store_files_filter).files
            files=files+[os.path.join(lf,ff) for ff in folder_files]
        if path_type=="name":
            return files
        elif path_type=="relative":
            return [os.path.join(self.lib_path,f) for f in files]
        else:
            return [os.path.join(self.store_path,self.lib_path,f) for f in files]

[docs]    def template_script_files(self):
        """
        Get all script files in the main folder.
        """
        return file_utils.list_dir(self.store_path,file_filter=_scripts_template)[1]

[docs]    def script_files(self):
        """
        Get all included standalone script files (all script files in the main folder and the additional scripts).
        """
        if self.lib_path=="": # library source config; no non-library scripts
            return []
        template_files=self.template_script_files()
        return list(set(template_files+self.additional_scripts))

[docs]    def exists(self):
        """
        Check if this configuration exists on the hard drive.
        """
        libs_exist=any([os.path.exists(self.get_lib_path(l)) for l in self.libs])
        scripts_exist=any([os.path.exists(f) for f in self.script_files()])
        return libs_exist or scripts_exist





[docs]class RevisionDiff(object):
    """
    Describes the difference between two different script folder states.

    Args:
        lib_diffs (dict): dictionary with four entries:
            - ``"+"`` - list of libraries which are added in the first state compared to the second one;
            - ``"-"`` - list of libraries which are removed in the first state compared to the second one;
            - ``"*"`` - list of libraries which are changed in the first state compared to the second one;
            - ``"="`` - list of libraries which are the same in both states;
        common_lib_files_diff (str): difference in the common library files (files in the folders containing library subfolders).
            Can be ``"+"``, ``"-"``, ``"*"``, or ``"="``; the meaning is the same as for `lib_diffs`.
        scripts_diff (str): difference in the script files (files outside of the root library folder); the meaning is the same as for `common_lib_files_diff`.
    """
    def __init__(self, libs_diff=None, common_lib_files_diff="=", scripts_diff="="):
        self.libs_diff={"+":[],"-":[],"*":[],"=":[]} # additional, missing, modified, same
        if libs_diff:
            self.libs_diff.update(libs_diff) 
        self.scripts_diff=scripts_diff
        self.common_lib_files_diff=common_lib_files_diff
[docs]    def all_libs_diff(self):
        """
        Combine all library difference into one verdict.
        """
        diff_lens=dict([(k,len(v)) for k,v in self.libs_diff.items()])
        diff_lens[self.common_lib_files_diff]=diff_lens[self.common_lib_files_diff]+1
        if diff_lens["*"]>0 or (diff_lens["-"]>0 and diff_lens["+"]>0):
            return "*"
        if diff_lens["-"]>0:
            return "-"
        if diff_lens["+"]==0:
            return "+"
        return "="

[docs]    def all_diff(self):
        """
        Combine all differences (libraries and files) into one verdict.
        """
        return file_utils.combine_diff(self.all_libs_diff(),self.scripts_diff)

[docs]    def coverage(self, replace=True):
        """
        Get the coverage required to store changes of the first revision if it is to be replaced with the second one.

        Return either ``'script'`` (only store scripts, libraries are the same) or ``'full'`` (store both scripts and libraries).
        If ``replace==True``, assume that the new revision completely replaces the current one; otherwise, assume that it's added
        (i.e., if the current revision is larger than the new one, no need to store it).
        """
        if replace:
            if self.all_libs_diff()!="=":
                return "full"
            if self.scripts_diff!="=":
                return "script"
            return None
        else:
            if self.all_libs_diff() in "*-":
                return "full"
            if self.scripts_diff in "*-":
                return "script"
            return None


def _compare_source_folders(a, b):
    return file_utils.cmp_dirs(a,b,folder_filter=_store_folder_filter,file_filter=_store_files_filter,return_difference=True)
def _compare_source_files(a, a_dir, b, b_dir):
    """
    Compare two sets of files in different folders.

    `a` and `b` are two lists of files located in `a_dir` and `b_dir` respectively.
    """
    a=[os.path.normcase(n) for n in a]
    a.sort()
    b=[os.path.normcase(n) for n in b]
    b.sort()
    for s in set.intersection(set(a),set(b)):
        if not filecmp.cmp(os.path.join(a_dir,s),os.path.join(b_dir,s)):
            return "*"
    if a!=b:
        if set(a)>set(b):
            return "+"
        if set(a)<set(b):
            return "-"
        return "*"
    return "="
def _compare_revisions(a_config, b_config):
    """
    Compare two configs and return :class:`RevisionDiff` describing the difference.
    """
    diff=RevisionDiff()
    all_libs=set(a_config.libs+b_config.libs)
    for l in all_libs:
        cmp_res=_compare_source_folders(a_config.get_lib_path(l),b_config.get_lib_path(l))
        diff.libs_diff[cmp_res].append(l)
    diff.common_lib_files_diff=_compare_source_files(a_config.common_lib_files(path_type="name"),a_config.get_lib_path(),
                                                     b_config.common_lib_files(path_type="name"),b_config.get_lib_path())
    diff.scripts_diff=_compare_source_files(a_config.script_files(),a_config.store_path,
                                            b_config.script_files(),b_config.store_path)
    return diff







_full_history_size=40
_script_history_size=200
[docs]def set_history_size(full=None, script=None):
    """
    Set the size of the history shelf.
    
    If not ``None``, `full` and `script` define the size of the corresponding coverage shelves.
    Values ``<=0`` mean no limit.
    """
    global _full_history_size
    global _script_history_size
    if full is not None:
        _full_history_size=full
    if script is not None:
        _script_history_size=script

[docs]def get_history_size():
    """
    Get the sizes of the history shelves.
    
    Returns tuple ``(full_history_size, script_history_size)``.
    Values ``<=0`` mean no limit.
    """
    return _full_history_size, _script_history_size

[docs]def store(shelf, label=None, coverage="full", source_path=".", cleanup_shelf=False, **config_params):
    """
    Store the code to the shelf with a given label.
    
    Args:
        shelf (str): Storage shelf (folder).
        label (str): Snapshot label to be appended to the default filename (date and time of creation).
        coverage (str): Either ``'script'`` (include only application scripts) or ``'full'`` (include libraries as well).
        source_path (str): The code root folder.
        cleanup_shelf (bool): If ``True`` and the shelf size is above the limit, remove the oldest entries.
    
    ``**config_params`` are passed to the version config parameters.
    """
    if not coverage in ["full","script"]:
        raise ValueError("unrecognized coverage level: {0}".format(coverage))
    store_path=_store_file_path(shelf,label,coverage)
    version_config=VersionConfig.from_path(source_path,**config_params)
    if coverage=="full": # libraries
        for l in version_config.libs:
            source_lib_path=version_config.get_lib_path(l,relative=False)
            dest_lib_path=version_config.get_lib_path(l,relative=True)
            file_utils.zip_folder(store_path,source_lib_path,inside_path=dest_lib_path,folder_filter=_store_folder_filter,file_filter=_store_files_filter)
        for sf,df in zip(version_config.common_lib_files(path_type="absolute"),version_config.common_lib_files(path_type="relative")):
            file_utils.zip_file(store_path,sf,df)
    for f in version_config.script_files(): # scripts
        file_utils.zip_file(store_path,os.path.join(source_path,f),f)
    with _open_temp_file() as f: # version config
        version_config.to_file(f.f)
        f.f.flush()
        file_utils.zip_file(store_path,f.full_name,_version_config_file)
    with _open_temp_file() as f: # package versions
        version.write_version(f.f)
        f.f.flush()
        file_utils.zip_file(store_path,f.full_name,_dependencies_file)
    if cleanup_shelf:
        _cleanup_shelf(shelf,coverage,_full_history_size if coverage=="full" else _script_history_size)

            
def _clean_revision(version_config, diff=None):
    """
    Clean all parts of revision that are different from the target state (defined by diff).
    """
    for l in version_config.libs:
        if diff is None or l in (diff.libs_diff["*"]+diff.libs_diff["+"]):
            file_utils.retry_remove_dir(version_config.get_lib_path(l))
    if diff is None or diff.common_lib_files_diff in "*+":
        for f in version_config.common_lib_files():
            file_utils.retry_remove(f)
    if file_utils.dir_empty(version_config.get_lib_path(),folder_filter=_store_folder_filter,file_filter=_store_files_filter,level="recursive"):
        file_utils.retry_remove_dir(version_config.get_lib_path())
    if diff is None or diff.scripts_diff in "*+":
        for f in version_config.script_files():
            file_utils.retry_remove(f)
def _modify_revision(current_config, new_config):
    """
    Clean all parts of the revision to match the target state (defined by `new_config`).

    This includes removing unused libraries and changing the library folder.
    """
    for l in current_config.libs:
        source=current_config.get_lib_path(l)
        if l in new_config.libs:
            dest=new_config.get_lib_path(l)
            file_utils.retry_move_dir(source, dest)
        else:
            file_utils.retry_remove_dir(source)
    for f,source in zip(current_config.common_lib_files("name"),current_config.common_lib_files("absolute")):
        dest=os.path.join(new_config.get_lib_path(),f)
        if os.path.exists(os.path.split(dest)[0]): # check of the file is used by any libraries 
            file_utils.retry_move(source,dest)
        else:
            file_utils.retry_remove(source)
    file_utils.retry_remove_dir_if_empty(current_config.get_lib_path())
    template_files=current_config.template_script_files()
    for f in current_config.script_files(): # move scripts
        source=os.path.join(current_config.store_path,f)
        if (f in template_files) or (f in new_config.additional_scripts):
            dest=os.path.join(new_config.store_path,f)
            file_utils.retry_move(source,dest)
        else: 
            file_utils.retry_remove(source)
    current_lib_path=current_config.get_lib_path()
    if not file_utils.paths_equal(current_lib_path,new_config.get_lib_path()): #cleanup initial folder
        if file_utils.dir_empty(current_lib_path,folder_filter=_store_folder_filter,file_filter=_store_files_filter,level="recursive"):
            file_utils.retry_remove_dir(current_lib_path)
def _copy_revision(source_config, dest_config, overwrite=False):
    """
    Copy the new revision on top of the old one.
    """
    for l in set.intersection(set(source_config.libs),set(dest_config.libs)):
        source_path=source_config.get_lib_path(l)
        dest_path=dest_config.get_lib_path(l)
        if os.path.exists(dest_path) and not overwrite: # don't even add new files
            pass
        if os.path.exists(source_path):
            file_utils.retry_copy_dir(source_path,dest_path,folder_filter=_store_folder_filter,file_filter=_store_files_filter,overwrite=overwrite)
    source_files=[os.path.join(source_config.get_lib_path(),f) for f in source_config.common_lib_files(path_type="name")]
    source_files=source_files+[os.path.join(source_config.store_path,f) for f in source_config.script_files()]
    dest_files  =[os.path.join(  dest_config.get_lib_path(),f) for f in source_config.common_lib_files(path_type="name")]
    dest_files  =dest_files  +[os.path.join(  dest_config.store_path,f) for f in source_config.script_files()]
    for source_path,dest_path in zip(source_files,dest_files):
        if os.path.exists(source_path):
            file_utils.retry_copy(source_path,dest_path,overwrite=overwrite)
def _recall_config(source_config, current_config, merged_config, replace=False, overwrite=True):
    """
    Recall code from the `source_config` to the place of `current_config` to form `merged_config`.

    Store history of the current config if necessary.
    If ``replace==True``, remove all parts of the dest revision which are different from the source; otherwise, source is added to dest.
    """
    if current_config.exists(): 
        diff=_compare_revisions(a_config=current_config,b_config=source_config)
        diff_coverage=diff.coverage(replace)
        if diff_coverage:
            store("history",coverage=diff_coverage,source_path=current_config.store_path,cleanup_shelf=True)
        if not replace:
            if diff.all_diff() in "+=" and current_config.includes(merged_config):
                return
            _modify_revision(current_config,merged_config)
        else:
            _clean_revision(current_config)
            _modify_revision(current_config,merged_config)
    _copy_revision(source_config,merged_config,overwrite=overwrite)
    with open(os.path.join(merged_config.store_path,_version_config_file),"w") as f:
        merged_config.to_file(f)
        
[docs]def recall_from_folder(source_path, dest_path=".", replace=False, overwrite=True, source_config_params=None, recall_config_params=None):
    """
    Recall code from the source folder to the dest folder.

    If the configuration is changed, store the current state on the history shelf before changing it.
    
    Args:
        source_path (str): Path to the source folder.
        dest_path (str): Path to the destination folder.
        replace (bool): If ``True``, remove all parts of the dest revision which are different from the source; otherwise, source is added to dest.
        overwrite (bool): If ``True``, overwrite the old files.
        source_config_params (dict): Overrides source version config parameters.
        recall_config_params (dict): Overrides merged version config parameters.
    """
    source_config=VersionConfig.from_path(source_path,**(source_config_params or {}))
    current_config=VersionConfig.from_path(dest_path)
    merged_config=VersionConfig.from_path(source_path,**(recall_config_params or {}))
    merged_config.store_path=dest_path
    if not replace:
        merged_config=merged_config.update(source_config,override=True)
    _recall_config(source_config,current_config,merged_config,replace=replace,overwrite=overwrite)

    
[docs]def recall_from_file(file_name, dest_path=".", replace=False, overwrite=True, source_config_params=None, recall_config_params=None):
    """
    Recall code from the zip file.

    If the configuration is changed, store the current state on the history shelf before changing it.
    
    Arguments are the same as in :func:`recall_from_folder`, only instead of folder path it's zip file path.
    """
    if not os.path.exists(file_name):
        raise IOError("recalling path {0} does not exist".format(file_name))
    unpacked=_unpack_temp(file_name)
    recall_from_folder(unpacked,dest_path,replace=replace,overwrite=overwrite,
                       source_config_params=source_config_params,recall_config_params=recall_config_params)
    file_utils.retry_remove_dir(unpacked)

[docs]def recall_from_shelf(shelf, name, coverage, dest_path=".", replace=False, overwrite=True, source_config_params=None, recall_config_params=None):
    """
    Recall code from the shelf.

    If the configuration is changed, store the current state on the history shelf before changing it.
    
    Arguments are the same as in :func:`recall_from_file`, only instead of a path the file is specified by shelf, name and coverage.
    """
    store_path=_recall_file_path(shelf,coverage,name)
    recall_from_file(store_path,dest_path,replace=replace,overwrite=overwrite,
                       source_config_params=source_config_params,recall_config_params=recall_config_params)

[docs]def recall(shelf, name, coverage=None, replace=False, overwrite=True, **recall_config_params):
    """
    Alias for :func:`recall_from_shelf`.
    """
    recall_from_shelf(shelf,name,coverage,replace=replace,overwrite=overwrite,recall_config_params=recall_config_params)

[docs]def fetch(source_path, dest_path=".", overwrite=True, preserve_libs=True, **recall_config_params):
    """
    Fetch code library.

    If the configuration is changed, store the current state on the history shelf before changing it.
    
    Args:
        source_path (str): Path to the library root.
        dest_path (str): Path to the destination folder.
        overwrite (bool): If ``True``, overwrite the old files.
        preserve_libs (bool): If ``True``, preserve sub-libraries even if they are not specified in the `recall_config_params`.
        recall_config_params (dict): Overrides merged version config parameters (see :class:`VersionConfig`).
    """
    source_config=VersionConfig.from_path(source_path,lib_path="",libs=recall_config_params.get("libs",None))
    current_config=VersionConfig.from_path(dest_path)
    if preserve_libs and "libs" in recall_config_params:
        recall_config_params["libs"]=list(set(recall_config_params["libs"]+current_config.libs))
    merged_config=VersionConfig.from_path(dest_path,**recall_config_params).update(source_config,override=True)
    _recall_config(source_config,current_config,merged_config,replace=False,overwrite=overwrite)

    
[docs]def diff_from_latest(store_path=".", coverage=None):
    """
    Compare current revision with the latest item on the history shelf.
    
    Args:
        store_path (str): Path to the revision to check.
        coverage (str): Defines coverage levels to check. ``None`` means both ``'script'`` and ``'full'``.
    """
    if coverage in ["full","script"]:
        stored=_shelf_content("history",coverage,full_path=True)
    else:
        stored=_shelf_content("history","full",full_path=True)+_shelf_content("history","script",full_path=True)
    if len(stored)==0:
        vc=VersionConfig.from_path(store_path)
        return RevisionDiff({"+":list(vc.libs)}, "=" if len(vc.common_lib_files())==0 else "+", "=" if len(vc.script_files())==0 else "+")
    stored.sort(key=file_utils.get_file_creation_time)
    latest=stored[-1]
    unpacked=_unpack_temp(latest)
    diff=_compare_revisions(VersionConfig.from_path(store_path),VersionConfig.from_path(unpacked))
    file_utils.retry_remove_dir(unpacked)
    return diff

[docs]def store_script_if_changed(store_path=".", coverage=None):
    """
    Store script files (not library) if they are different from the latest revision.
    
    When storing changes, the shelves sizes are limited, and if the limit is exceeded, the oldest entries are deleted.
    For more details, see :func:`get_history_size` and :func:`set_history_size`.
    
    Args:
        store_path (str): Path to the revision to check.
        coverage (str): Defines coverage levels to check. ``None`` means both ``'script'`` and ``'full'``.
    """
    diff=diff_from_latest(store_path,coverage)
    if diff.scripts_diff!="=":
        store("history",coverage="script",source_path=store_path,cleanup_shelf=True)

        
_fetched=False
[docs]def fetch_and_store_script(source_path=None, dest_path=".", overwrite=True, once_per_run=True, preserve_libs=True, **recall_config_params):
    """
    Fetch code library from the `source_path` (current library path by default); store any recent changes of script or library on the history shelf.
    
    When storing changes, the shelves sizes are limited, and if the limit is exceeded, the oldest entries are deleted.
    For more details, see :func:`get_history_size` and :func:`set_history_size`.
    
    Args:
        source_path (str): Path to the library root. ``None`` means the current library path (library containing this module).
        dest_path (str): Path to the destination folder.
        overwrite (bool): If ``True``, overwrite the old files.
        once_per_run (bool): If ``True``, only perform operation once per run of the script. All subsequent call will return immediately.
        preserve_libs (bool): If ``True``, preserve sub-libraries even if they are not specified in the `recall_config_params`.
        recall_config_params (dict): Overrides merged version config parameters (see :class:`VersionConfig`).
    """
    global _fetched
    if (once_per_run and _fetched):
        return
    if source_path is None:
        source_path=module_utils.get_library_path()
    fetch(source_path,dest_path,overwrite,preserve_libs=preserve_libs,**recall_config_params)
    store_script_if_changed(dest_path)
    _fetched=True
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