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Submodules




bnlcrl.base_pkconfig module

Default config


	
bnlcrl.base_pkconfig.alpha()[source]

	




	
bnlcrl.base_pkconfig.beta()[source]

	




	
bnlcrl.base_pkconfig.dev()[source]

	




	
bnlcrl.base_pkconfig.prod()[source]

	






bnlcrl.bnlcrl_console module

Front-end command line for bnlcrl.

See pykern.pkcli for how this module is used.





	copyright:	Copyright (c) 2016 mrakitin.  All Rights Reserved.


	license:	http://www.apache.org/licenses/LICENSE-2.0.html






	
bnlcrl.bnlcrl_console.main()[source]

	






bnlcrl.crl_simulator module


	
class bnlcrl.crl_simulator.CRLSimulator(**kwargs)[source]

	
	
calc_T_total()[source]

	




	
calc_delta_focus(p)[source]

	




	
static calc_ideal_focus(**kwargs)[source]

	




	
calc_ideal_lens()[source]

	




	
calc_lens_array(radius, n)[source]

	Calculate accumulated T_fs for one cartridge with fixed radius.





	Parameters:	
	radius – radius.

	n – number of lenses in one cartridge.






	Return T_fs_accum:

		accumulated T_fs.












	
calc_real_lens()[source]

	




	
calc_y_teta()[source]

	




	
get_inserted_lenses()[source]

	




	
print_result(output_format=None)[source]

	




	
read_config_file()[source]

	










bnlcrl.delta_finder module

A library to get index of refraction (delta) or attenuation length.

Author: Maksim Rakitin (BNL)
2016


	
class bnlcrl.delta_finder.DeltaFinder(**kwargs)[source]

	
	
calculate_delta()[source]

	




	
print_info()[source]

	




	
save_to_file()[source]

	










bnlcrl.plot_delta module




bnlcrl.utils module


	
bnlcrl.utils.console(class_name, parameters_file)[source]

	




	
bnlcrl.utils.convert_types(input_dict)[source]

	Convert types of values from specified JSON file.






	
bnlcrl.utils.create_cli_function(function_name, parameters, config)[source]

	The function creates the content of the CLI functions with the input from JSON config.





	Parameters:	
	function_name (str [https://docs.python.org/library/functions.html#str]) – name of the function.

	parameters (dict [https://docs.python.org/library/stdtypes.html#dict]) – dictionary with the parameters of the arguments (default value, help info, type).

	config (dict [https://docs.python.org/library/stdtypes.html#dict]) – dictionary with the parameters (descriptions, used class name, returns, parameters (optional)).






	Returns:	resulted function represented as a string.




	Return type:	str [https://docs.python.org/library/functions.html#str]












	
bnlcrl.utils.defaults_file(suffix=None, defaults_file_path=None)[source]

	




	
bnlcrl.utils.get_cli_functions(config)[source]

	Get list of CLI functions’ content with the input from JSON config.





	Parameters:	config (dict [https://docs.python.org/library/stdtypes.html#dict]) – dictionary with the configuration in JSON format.


	Returns:	list of functions’ contents.


	Return type:	list










	
bnlcrl.utils.read_json(file_name)[source]

	






bnlcrl.visualize module


	
bnlcrl.visualize.plot_data(df, elements, property, thickness, e_min, e_max, n_points, file_name='data', x_label=None, figsize=(10, 6), show_plot=False)[source]

	




	
bnlcrl.visualize.save_to_csv(df, file_name='data', index=False)[source]

	




	
bnlcrl.visualize.to_dataframe(d, elements)[source]

	Convert a list of strings, each representing the read data, to a Pandas DataFrame object.





	Parameters:	
	d – a list of strings, each representing the read data.

	elements – Chemical elements of interest.






	Returns:	a tuple of DataFrame and the parsed columns.
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bnlcrl.pkcli package


Submodules




bnlcrl.pkcli.simulate module

Utilities for X-Ray beamlines.

The module to perform the following operations:


	simulate Compound Refractive Lenses (CRL) in the approximation of thick lens;

	get the Index of Refraction (Delta) value;

	calculate ideal focal distance.




	
bnlcrl.pkcli.simulate.calc_ideal_focus(delta, n, p0, radius)

	Calculate ideal focus for the CRL with specified parameters.





	Parameters:	
	delta (float [https://docs.python.org/library/functions.html#float]) – the index of refraction.

	n (int [https://docs.python.org/library/functions.html#int]) – number of lenses in the CRL.

	p0 (float [https://docs.python.org/library/functions.html#float]) – distance from source to the CRL [m].

	radius (float [https://docs.python.org/library/functions.html#float]) – radius on tip of parabola [m].






	Returns:	dictionary with the result.




	Return type:	dict [https://docs.python.org/library/stdtypes.html#dict]












	
bnlcrl.pkcli.simulate.find_delta(energy, calc_delta=False, characteristic='delta', data_file='', e_max=30000.0, e_min=30.0, e_step=10.0, formula='Be', n_points=500, outfile='', plot=False, precise=False, save=False, save_output=False, show_plot=False, thickness=0.1, use_numpy=False, verbose=False)

	Determine the Index of Refraction (delta).


The index of refraction can be defined by three different methods/approaches:


	Get delta for the closest energy from the saved *.dat files (see bnlcrl/package_data/dat/).

	Get delta from http://henke.lbl.gov/optical_constants/getdb2.html.

	Calculate delta analytically (requires periodictable package installed).










	Parameters:	
	calc_delta (bool [https://docs.python.org/library/functions.html#bool]) – a flag to calculate delta analytically.

	characteristic (str [https://docs.python.org/library/functions.html#str]) – characteristic to be extracted (atten - attenuation length, delta - index of refraction, transmission - filter transmission).

	data_file (str [https://docs.python.org/library/functions.html#str]) – a *.dat data file in bnlcrl/package_data/dat/ directory with delta values for the material of the CRL (e.g., Be).

	e_max (float [https://docs.python.org/library/functions.html#float]) – the highest available energy [eV].

	e_min (float [https://docs.python.org/library/functions.html#float]) – the lowest available energy [eV].

	e_step (float [https://docs.python.org/library/functions.html#float]) – energy step size used for saving data to a file [eV].

	energy (float [https://docs.python.org/library/functions.html#float]) – photon energy [eV].

	formula (str [https://docs.python.org/library/functions.html#str]) – material’s formula of the interest.

	n_points (int [https://docs.python.org/library/functions.html#int]) – number of points to get from the server.

	outfile (str [https://docs.python.org/library/functions.html#str]) – optional output file.

	plot (bool [https://docs.python.org/library/functions.html#bool]) – a flag to plot the obtained data.

	precise (bool [https://docs.python.org/library/functions.html#bool]) – a flag to find delta within the energy interval +/- 1 eV from the specified energy.

	save (bool [https://docs.python.org/library/functions.html#bool]) – a flag to save the obtained data.

	save_output (bool [https://docs.python.org/library/functions.html#bool]) – a flag to save the output dictionary in JSON format.

	show_plot (bool [https://docs.python.org/library/functions.html#bool]) – a flag to show the show the plot.

	thickness (float [https://docs.python.org/library/functions.html#float]) – thickness of the material.

	use_numpy (bool [https://docs.python.org/library/functions.html#bool]) – a flag to use NumPy.

	verbose (bool [https://docs.python.org/library/functions.html#bool]) – a flag to print output to console.






	Returns:	dictionary with the result.




	Return type:	dict [https://docs.python.org/library/stdtypes.html#dict]












	
bnlcrl.pkcli.simulate.simulate_crl(cart_ids, energy, beamline='smi', calc_delta=False, d_ssa_focus=8.1, data_file='Be_delta.dat', dl_cart=0.03, dl_lens=0.002, lens_array=[1, 2, 4, 8, 16], outfile='False', output_format='csv', p0=6.2, r_array=[50, 200, 500], radii_tolerance=1e-08, teta0=6e-05, use_numpy=False, verbose=False)

	Runner of the CRL simulator.

Calculate real CRL under-/over-focusing comparing with the ideal lens.

Example:

d = default_command(
    cart_ids=['2', '4', '6', '7', '8'],
    energy=21500,
    p0=6.52,
    verbose=True
)





Output:

"d","d_ideal","f","p0","p1","p1_ideal"
0.00120167289264,-0.0661303590822,1.0480597835,6.52,1.24879832711,1.31613035908









	Parameters:	
	beamline (str [https://docs.python.org/library/functions.html#str]) – beamline name.

	calc_delta (bool [https://docs.python.org/library/functions.html#bool]) – a flag to calculate delta analytically.

	cart_ids (list) – cartridges ids.

	d_ssa_focus (float [https://docs.python.org/library/functions.html#float]) – Distance from SSA [m].

	data_file (str [https://docs.python.org/library/functions.html#str]) – data file with delta values for the material of the CRL (e.g., Be).

	dl_cart (float [https://docs.python.org/library/functions.html#float]) – distance between centers of two neighbouring cartridges [m].

	dl_lens (float [https://docs.python.org/library/functions.html#float]) – distance between two lenses within a cartridge [m].

	energy (float [https://docs.python.org/library/functions.html#float]) – photon energy [eV].

	lens_array (list) – possible number of lenses in cartridges.

	outfile (str [https://docs.python.org/library/functions.html#str]) – output file.

	output_format (str [https://docs.python.org/library/functions.html#str]) – output file format (CSV, JSON, plain text).

	p0 (float [https://docs.python.org/library/functions.html#float]) – distance from z=50.9 m to the first lens in the most upstream cartridge at the most upstream position of the transfocator [m].

	r_array (list) – radii of available lenses in different cartridges [um].

	radii_tolerance (float [https://docs.python.org/library/functions.html#float]) – tolerance to compare radii [m].

	teta0 (float [https://docs.python.org/library/functions.html#float]) – divergence of the beam before CRL [rad].

	use_numpy (bool [https://docs.python.org/library/functions.html#bool]) – a flag to use NumPy for operations with matrices.

	verbose (bool [https://docs.python.org/library/functions.html#bool]) – a flag to print output to console.






	Returns:	dictionary with the result.




	Return type:	dict [https://docs.python.org/library/stdtypes.html#dict]














Module contents







          

      

      

    


    
         Copyright 2018, mrakitin.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          previous |

        	bnlcrl 20180115.183948 documentation 
 
      

    


    
      
          
            
  
bnlcrl



	bnlcrl package
	Subpackages
	bnlcrl.pkcli package
	Submodules

	bnlcrl.pkcli.simulate module

	Module contents









	Submodules

	bnlcrl.base_pkconfig module

	bnlcrl.bnlcrl_console module

	bnlcrl.crl_simulator module

	bnlcrl.delta_finder module

	bnlcrl.plot_delta module

	bnlcrl.utils module

	bnlcrl.visualize module

	Module contents













          

      

      

    


    
         Copyright 2018, mrakitin.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	bnlcrl 20180115.183948 documentation 
 
      

    


    
      
          
            
  
bnlcrl package


Subpackages



	bnlcrl.pkcli package
	Submodules

	bnlcrl.pkcli.simulate module

	Module contents












Submodules




bnlcrl.base_pkconfig module

Default config


	
bnlcrl.base_pkconfig.alpha()[source]

	




	
bnlcrl.base_pkconfig.beta()[source]

	




	
bnlcrl.base_pkconfig.dev()[source]

	




	
bnlcrl.base_pkconfig.prod()[source]

	






bnlcrl.bnlcrl_console module

Front-end command line for bnlcrl.

See pykern.pkcli for how this module is used.





	copyright:	Copyright (c) 2016 mrakitin.  All Rights Reserved.


	license:	http://www.apache.org/licenses/LICENSE-2.0.html






	
bnlcrl.bnlcrl_console.main()[source]

	






bnlcrl.crl_simulator module


	
class bnlcrl.crl_simulator.CRLSimulator(**kwargs)[source]

	
	
calc_T_total()[source]

	




	
calc_delta_focus(p)[source]

	




	
static calc_ideal_focus(**kwargs)[source]

	




	
calc_ideal_lens()[source]

	




	
calc_lens_array(radius, n)[source]

	Calculate accumulated T_fs for one cartridge with fixed radius.





	Parameters:	
	radius – radius.

	n – number of lenses in one cartridge.






	Return T_fs_accum:

		accumulated T_fs.












	
calc_real_lens()[source]

	




	
calc_y_teta()[source]

	




	
get_inserted_lenses()[source]

	




	
print_result(output_format=None)[source]

	




	
read_config_file()[source]

	










bnlcrl.delta_finder module

A library to get index of refraction (delta) or attenuation length.

Author: Maksim Rakitin (BNL)
2016


	
class bnlcrl.delta_finder.DeltaFinder(**kwargs)[source]

	
	
calculate_delta()[source]

	




	
print_info()[source]

	




	
save_to_file()[source]

	










bnlcrl.plot_delta module




bnlcrl.utils module


	
bnlcrl.utils.console(class_name, parameters_file)[source]

	




	
bnlcrl.utils.convert_types(input_dict)[source]

	Convert types of values from specified JSON file.






	
bnlcrl.utils.create_cli_function(function_name, parameters, config)[source]

	The function creates the content of the CLI functions with the input from JSON config.





	Parameters:	
	function_name (str [https://docs.python.org/library/functions.html#str]) – name of the function.

	parameters (dict [https://docs.python.org/library/stdtypes.html#dict]) – dictionary with the parameters of the arguments (default value, help info, type).

	config (dict [https://docs.python.org/library/stdtypes.html#dict]) – dictionary with the parameters (descriptions, used class name, returns, parameters (optional)).






	Returns:	resulted function represented as a string.




	Return type:	str [https://docs.python.org/library/functions.html#str]












	
bnlcrl.utils.defaults_file(suffix=None, defaults_file_path=None)[source]

	




	
bnlcrl.utils.get_cli_functions(config)[source]

	Get list of CLI functions’ content with the input from JSON config.





	Parameters:	config (dict [https://docs.python.org/library/stdtypes.html#dict]) – dictionary with the configuration in JSON format.


	Returns:	list of functions’ contents.


	Return type:	list










	
bnlcrl.utils.read_json(file_name)[source]

	






bnlcrl.visualize module


	
bnlcrl.visualize.plot_data(df, elements, property, thickness, e_min, e_max, n_points, file_name='data', x_label=None, figsize=(10, 6), show_plot=False)[source]

	




	
bnlcrl.visualize.save_to_csv(df, file_name='data', index=False)[source]

	




	
bnlcrl.visualize.to_dataframe(d, elements)[source]

	Convert a list of strings, each representing the read data, to a Pandas DataFrame object.





	Parameters:	
	d – a list of strings, each representing the read data.

	elements – Chemical elements of interest.






	Returns:	a tuple of DataFrame and the parsed columns.














Module contents
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bnlcrl.pkcli package


Submodules




bnlcrl.pkcli.simulate module

Utilities for X-Ray beamlines.

The module to perform the following operations:


	simulate Compound Refractive Lenses (CRL) in the approximation of thick lens;

	get the Index of Refraction (Delta) value;

	calculate ideal focal distance.




	
bnlcrl.pkcli.simulate.calc_ideal_focus(delta, n, p0, radius)

	Calculate ideal focus for the CRL with specified parameters.





	Parameters:	
	delta (float [https://docs.python.org/library/functions.html#float]) – the index of refraction.

	n (int [https://docs.python.org/library/functions.html#int]) – number of lenses in the CRL.

	p0 (float [https://docs.python.org/library/functions.html#float]) – distance from source to the CRL [m].

	radius (float [https://docs.python.org/library/functions.html#float]) – radius on tip of parabola [m].






	Returns:	dictionary with the result.




	Return type:	dict [https://docs.python.org/library/stdtypes.html#dict]












	
bnlcrl.pkcli.simulate.find_delta(energy, calc_delta=False, characteristic='delta', data_file='', e_max=30000.0, e_min=30.0, e_step=10.0, formula='Be', n_points=500, outfile='', plot=False, precise=False, save=False, save_output=False, show_plot=False, thickness=0.1, use_numpy=False, verbose=False)

	Determine the Index of Refraction (delta).


The index of refraction can be defined by three different methods/approaches:


	Get delta for the closest energy from the saved *.dat files (see bnlcrl/package_data/dat/).

	Get delta from http://henke.lbl.gov/optical_constants/getdb2.html.

	Calculate delta analytically (requires periodictable package installed).










	Parameters:	
	calc_delta (bool [https://docs.python.org/library/functions.html#bool]) – a flag to calculate delta analytically.

	characteristic (str [https://docs.python.org/library/functions.html#str]) – characteristic to be extracted (atten - attenuation length, delta - index of refraction, transmission - filter transmission).

	data_file (str [https://docs.python.org/library/functions.html#str]) – a *.dat data file in bnlcrl/package_data/dat/ directory with delta values for the material of the CRL (e.g., Be).

	e_max (float [https://docs.python.org/library/functions.html#float]) – the highest available energy [eV].

	e_min (float [https://docs.python.org/library/functions.html#float]) – the lowest available energy [eV].

	e_step (float [https://docs.python.org/library/functions.html#float]) – energy step size used for saving data to a file [eV].

	energy (float [https://docs.python.org/library/functions.html#float]) – photon energy [eV].

	formula (str [https://docs.python.org/library/functions.html#str]) – material’s formula of the interest.

	n_points (int [https://docs.python.org/library/functions.html#int]) – number of points to get from the server.

	outfile (str [https://docs.python.org/library/functions.html#str]) – optional output file.

	plot (bool [https://docs.python.org/library/functions.html#bool]) – a flag to plot the obtained data.

	precise (bool [https://docs.python.org/library/functions.html#bool]) – a flag to find delta within the energy interval +/- 1 eV from the specified energy.

	save (bool [https://docs.python.org/library/functions.html#bool]) – a flag to save the obtained data.

	save_output (bool [https://docs.python.org/library/functions.html#bool]) – a flag to save the output dictionary in JSON format.

	show_plot (bool [https://docs.python.org/library/functions.html#bool]) – a flag to show the show the plot.

	thickness (float [https://docs.python.org/library/functions.html#float]) – thickness of the material.

	use_numpy (bool [https://docs.python.org/library/functions.html#bool]) – a flag to use NumPy.

	verbose (bool [https://docs.python.org/library/functions.html#bool]) – a flag to print output to console.






	Returns:	dictionary with the result.




	Return type:	dict [https://docs.python.org/library/stdtypes.html#dict]












	
bnlcrl.pkcli.simulate.simulate_crl(cart_ids, energy, beamline='smi', calc_delta=False, d_ssa_focus=8.1, data_file='Be_delta.dat', dl_cart=0.03, dl_lens=0.002, lens_array=[1, 2, 4, 8, 16], outfile='False', output_format='csv', p0=6.2, r_array=[50, 200, 500], radii_tolerance=1e-08, teta0=6e-05, use_numpy=False, verbose=False)

	Runner of the CRL simulator.

Calculate real CRL under-/over-focusing comparing with the ideal lens.

Example:

d = default_command(
    cart_ids=['2', '4', '6', '7', '8'],
    energy=21500,
    p0=6.52,
    verbose=True
)





Output:

"d","d_ideal","f","p0","p1","p1_ideal"
0.00120167289264,-0.0661303590822,1.0480597835,6.52,1.24879832711,1.31613035908









	Parameters:	
	beamline (str [https://docs.python.org/library/functions.html#str]) – beamline name.

	calc_delta (bool [https://docs.python.org/library/functions.html#bool]) – a flag to calculate delta analytically.

	cart_ids (list) – cartridges ids.

	d_ssa_focus (float [https://docs.python.org/library/functions.html#float]) – Distance from SSA [m].

	data_file (str [https://docs.python.org/library/functions.html#str]) – data file with delta values for the material of the CRL (e.g., Be).

	dl_cart (float [https://docs.python.org/library/functions.html#float]) – distance between centers of two neighbouring cartridges [m].

	dl_lens (float [https://docs.python.org/library/functions.html#float]) – distance between two lenses within a cartridge [m].

	energy (float [https://docs.python.org/library/functions.html#float]) – photon energy [eV].

	lens_array (list) – possible number of lenses in cartridges.

	outfile (str [https://docs.python.org/library/functions.html#str]) – output file.

	output_format (str [https://docs.python.org/library/functions.html#str]) – output file format (CSV, JSON, plain text).

	p0 (float [https://docs.python.org/library/functions.html#float]) – distance from z=50.9 m to the first lens in the most upstream cartridge at the most upstream position of the transfocator [m].

	r_array (list) – radii of available lenses in different cartridges [um].

	radii_tolerance (float [https://docs.python.org/library/functions.html#float]) – tolerance to compare radii [m].

	teta0 (float [https://docs.python.org/library/functions.html#float]) – divergence of the beam before CRL [rad].

	use_numpy (bool [https://docs.python.org/library/functions.html#bool]) – a flag to use NumPy for operations with matrices.

	verbose (bool [https://docs.python.org/library/functions.html#bool]) – a flag to print output to console.






	Returns:	dictionary with the result.




	Return type:	dict [https://docs.python.org/library/stdtypes.html#dict]
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  Source code for bnlcrl.visualize

from io import StringIO  # StringIO behaves like a file object

import numpy as np


[docs]def plot_data(df, elements, property, thickness, e_min, e_max, n_points, file_name='data', x_label=None,
              figsize=(10, 6), show_plot=False):
    from matplotlib import pyplot as plt
    thickness = ', thickness={} [$\mathrm{{\mu}}$m]'.format(thickness) if property == 'transmission' else ''

    fig = plt.figure(figsize=figsize)
    axes = fig.add_subplot(111)
    ax = df.plot(x_label, grid=True, ax=axes)
    ax.set_title(r'{}: {} ({}-{} eV, {} points{})'.format(
        property.capitalize(),
        ', '.join(elements),
        e_min,
        e_max,
        n_points,
        thickness,
    ))
    ax.set_xlabel(x_label)
    ax.set_ylabel('{}'.format(property.capitalize()))
    plt.savefig('{}.png'.format(file_name))
    if show_plot:
        plt.show()



[docs]def save_to_csv(df, file_name='data', index=False):
    df.to_csv('{}.csv'.format(file_name), index=index)



[docs]def to_dataframe(d, elements):
    """Convert a list of strings, each representing the read data, to a Pandas DataFrame object.

    :param d: a list of strings, each representing the read data.
    :param elements: Chemical elements of interest.
    :return: a tuple of DataFrame and the parsed columns.
    """
    import pandas as pd
    df = None
    columns = None
    for i, str_data in enumerate(d):
        element = elements[i]
        c = StringIO(str_data)
        title, columns = str_data.split('\n')[0:2]
        columns = [x.strip() for x in columns.strip().split(',')]
        columns[1] = '{} {}'.format(columns[1], element) if len(elements) > 1 else columns[1]
        data = np.loadtxt(c, skiprows=2)
        if df is None:
            df = pd.DataFrame(data[:, :2], columns=columns[:2])
        else:
            df[columns[1]] = data[:, 1]
    return df, columns
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  Source code for bnlcrl.utils

import json
import os
from pykern import pkjinja


[docs]def defaults_file(suffix=None, defaults_file_path=None):
    script_path = os.path.dirname(os.path.realpath(__file__))

    # Fix for Jython:
    try:
        script_path = script_path.replace(
            os.path.join(format(os.environ['HOME']), '.jython-cache/cachedir/classes'),
            ''
        )
    except:
        pass

    dat_dir = os.path.join(script_path, 'package_data', 'dat')
    config_dir = os.path.join(script_path, 'package_data', 'json')
    if not defaults_file_path:
        file_name = 'defaults_{}.json'.format(suffix) if suffix else 'defaults.json'
        defaults_file = os.path.join(config_dir, file_name)
    else:
        defaults_file = defaults_file_path

    return {
        'dat_dir': dat_dir,
        'config_dir': config_dir,
        'defaults_file': defaults_file,
    }



[docs]def console(class_name, parameters_file):
    import argparse

    data = read_json(parameters_file)
    description = data['description']
    parameters = convert_types(data['parameters'])

    # Processing arguments:
    required_args = []
    optional_args = []

    for key in sorted(parameters.keys()):
        if parameters[key]['default'] is None:
            required_args.append(key)
        else:
            optional_args.append(key)

    parser = argparse.ArgumentParser(description=description)

    for key in required_args + optional_args:
        args = []
        if 'short_argument' in parameters[key]:
            args.append('-{}'.format(parameters[key]['short_argument']))
        args.append('--{}'.format(key))

        kwargs = {
            'dest': key,
            'default': parameters[key]['default'],
            'required': False,
            'type': parameters[key]['type'],
            'help': '{}.'.format(parameters[key]['help']),
        }
        if parameters[key]['default'] is None:
            kwargs['required'] = True

        if parameters[key]['type'] == bool:
            kwargs['action'] = 'store_true'
            del (kwargs['type'])

        if parameters[key]['type'] == str:
            pass

        if parameters[key]['type'] in [list, tuple]:
            kwargs['type'] = parameters[key]['element_type']
            kwargs['nargs'] = '*'  # '*' - zero or more elements, '+' - one or more elements

        parser.add_argument(*args, **kwargs)

    args = parser.parse_args()
    for key in args.__dict__.keys():
        if type(args.__dict__[key]) == str and args.__dict__[key] == 'None':
            args.__dict__[key] = None

    class_name(**args.__dict__)



[docs]def convert_types(input_dict):
    """Convert types of values from specified JSON file."""
    # Eval `type` and `element_type` first:
    for key in input_dict.keys():
        if input_dict[key]['type'] == 'tuple':
            input_dict[key]['type'] = 'list'
        for el_key in ['type', 'element_type']:
            if el_key in input_dict[key].keys():
                input_dict[key][el_key] = eval(input_dict[key][el_key])

    # Convert values:
    for key in input_dict.keys():
        if 'default' in input_dict[key].keys() and input_dict[key]['default'] is not None:
            if 'element_type' in input_dict[key].keys():
                if input_dict[key]['type'] == list:
                    for i in range(len(input_dict[key]['default'])):
                        input_dict[key]['default'][i] = input_dict[key]['element_type'](input_dict[key]['default'][i])
            else:
                input_dict[key]['default'] = input_dict[key]['type'](input_dict[key]['default'])

    return input_dict



[docs]def create_cli_function(function_name, parameters, config):
    """The function creates the content of the CLI functions with the input from JSON config.

    Args:
        function_name (str): name of the function.
        parameters (dict): dictionary with the parameters of the arguments (default value, help info, type).
        config (dict): dictionary with the parameters (descriptions, used class name, returns, parameters (optional)).

    Returns:
        str: resulted function represented as a string.
    """

    # argh_decorators:
    argh_args = ''
    argh_kwargs = ''
    for key in sorted(parameters.keys()):
        if parameters[key]['default'] is None:
            if parameters[key]['type'] in [list, tuple]:
                argh_args += "@argh.arg('{}', nargs='*', type={})\n".format(key,
                                                                            parameters[key]['element_type'].__name__)
            else:
                argh_args += "@argh.arg('{}', type={})\n".format(key, parameters[key]['type'].__name__)
        else:
            if parameters[key]['type'] in [list, tuple]:
                argh_kwargs += "@argh.arg('--{}', nargs='+', type={})\n".format(key, parameters[key][
                    'element_type'].__name__)
        if 'choices' in parameters[key]:
            argh_kwargs += "@argh.arg('--{}', choices=[{}])\n".format(
                key,
                ', '.join(["\'{}\'".format(x) for x in parameters[key]['choices'].keys()])
            )
    argh_decorators = '{}{}'.format(argh_args, argh_kwargs)

    # function_arguments:
    str_args = ''
    str_kwargs = ''
    for key in sorted(parameters.keys()):
        a = parameters[key]['default']
        if parameters[key]['default'] is None:
            str_args += '    {},\n'.format(key)
            continue
        if parameters[key]['type'] == str:
            a = "\'{}\'".format(parameters[key]['default'])
        str_kwargs += '    {}={},\n'.format(key, a)
    function_arguments = '\n{}{}'.format(str_args, str_kwargs)

    # descriptions:
    description_short = config['description_short']
    description_long = config['description_long']

    # arguments_description:
    arguments_description = ''
    for key in sorted(parameters.keys()):
        format_str = '        {} ({}): {}.\n'
        format_values = [
            key,
            parameters[key]['type'].__name__,
            parameters[key]['help'],
        ]
        if 'choices' in parameters[key]:
            format_str = '        {} ({}): {} ({}).\n'
            choices_str = ''
            comma = ', '
            for i, choices_key in enumerate(sorted(parameters[key]['choices'].keys())):
                if i == len(parameters[key]['choices'].keys()) - 1:
                    comma = ''
                choices_str += "``{}`` - {}{}".format(choices_key, parameters[key]['choices'][choices_key], comma)
            format_values.append(choices_str)
        arguments_description += format_str.format(*format_values)

    # class_name:
    class_name = config['class_name']

    # class_arguments:
    class_arguments = ''
    for key in sorted(parameters.keys()):
        class_arguments += '        {}={},\n'.format(key, key)

    # return_dict
    return_dict = ''
    if type(config['returns']) == list:
        for r in config['returns']:
            return_dict += "        '{}': c.{},\n".format(r, r)
        return_dict = '{{\n{}    }}'.format(return_dict)
    else:
        return_dict = config['returns']

    v = {
        'argh_decorators': argh_decorators,
        'function_name': function_name,
        'function_arguments': function_arguments,
        'description_short': description_short,
        'description_long': description_long,
        'arguments_description': arguments_description,
        'class_name': class_name,
        'class_arguments': class_arguments,
        'return_dict': return_dict,
    }
    return pkjinja.render_resource('cli_function', v)



[docs]def get_cli_functions(config):
    """Get list of CLI functions' content with the input from JSON config.

    Args:
        config (dict): dictionary with the configuration in JSON format.

    Returns:
        list: list of functions' contents.
    """
    functions_list = []
    for key in config['cli_functions'].keys():
        if 'parameters' in config['cli_functions'][key]:
            parameters = convert_types(config['cli_functions'][key]['parameters'])
        else:
            parameters = convert_types(config['parameters'])
        content = create_cli_function(key, parameters, config['cli_functions'][key])
        functions_list.append(content)
    return functions_list



[docs]def read_json(file_name):
    try:
        with open(file_name, 'r') as f:
            data = json.load(f)
    except IOError:
        raise Exception('The specified file <{}> not found!'.format(file_name))
    except ValueError:
        raise Exception('Malformed JSON file <{}>!'.format(file_name))
    return data
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  Source code for bnlcrl.bnlcrl_console

# -*- coding: utf-8 -*-
u"""Front-end command line for :mod:`bnlcrl`.

See :mod:`pykern.pkcli` for how this module is used.

:copyright: Copyright (c) 2016 mrakitin.  All Rights Reserved.
:license: http://www.apache.org/licenses/LICENSE-2.0.html
"""
from __future__ import absolute_import, division, print_function

import sys

from pykern import pkcli


[docs]def main():
    return pkcli.main('bnlcrl')



if __name__ == '__main__':
    sys.exit(main())
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  Source code for bnlcrl.delta_finder

#!/usr/bin/python
# -*- coding: utf-8 -*-
"""
A library to get index of refraction (delta) or attenuation length.

Author: Maksim Rakitin (BNL)
2016
"""

import json
import math
import os

from bnlcrl import visualize as vis
from bnlcrl.utils import convert_types, defaults_file, read_json

parms = defaults_file(suffix='delta')
DAT_DIR = parms['dat_dir']
CONFIG_DIR = parms['config_dir']
DEFAULTS_FILE = parms['defaults_file']


[docs]class DeltaFinder:
    def __init__(self, **kwargs):
        # Check importable libs:
        self._check_imports()

        # Get input variables:
        d = read_json(DEFAULTS_FILE)

        self.server_info = d['server_info']
        self.parameters = convert_types(d['parameters'])

        self.default_e_min = self.parameters['e_min']['type'](self.parameters['e_min']['default'])
        self.default_e_max = self.parameters['e_max']['type'](self.parameters['e_max']['default'])

        for key, default_val in self.parameters.items():
            if key in kwargs.keys():
                setattr(self, key, self.parameters[key]['type'](kwargs[key]))
            elif not hasattr(self, key) or getattr(self, key) is None:
                setattr(self, key, default_val['default'])

        self.characteristic_value = None
        self.analytical_delta = None
        self.closest_energy = None
        self.content = None
        self.raw_content = None
        self.method = None  # can be 'file', 'server', 'calculation'
        self.output = None
        self.elements = self.formula.split(',')
        self.element = self.elements[-1]

        if self.outfile:
            self.save_to_file()
            return

        if not self.data_file:
            self.method = 'server'
            self._request_from_server()
        else:
            self.method = 'file'
            self.data_file = os.path.join(DAT_DIR, self.data_file)

        if self.calc_delta:
            if self.available_libs['periodictable']:
                self.method = 'calculation'
                self.calculate_delta()
                self.characteristic_value = self.analytical_delta
                self.closest_energy = self.energy
            else:
                raise ValueError('"periodictable" library is not available. Install it if you want to use it.')
        else:
            self._find_characteristic_value()

        if self.verbose:
            self.print_info()

        if self.save_output:
            return_dict = {}
            for k in d['cli_functions']['find_delta']['returns']:
                return_dict[k] = getattr(self, k)
            file_name = '{}.json'.format(_output_file_name(self.elements, self.characteristic))
            with open(file_name, 'w') as f:
                json.dump(return_dict, f)

[docs]    def calculate_delta(self):
        rho = getattr(self.periodictable, self.formula).density
        z = getattr(self.periodictable, self.formula).number
        mass = getattr(self.periodictable, self.formula).mass
        z_over_a = z / mass
        wl = 2 * math.pi * 1973 / self.energy  # lambda= (2pi (hc))/E
        self.analytical_delta = 2.7e-6 * wl ** 2 * rho * z_over_a


[docs]    def print_info(self):
        msg = 'Found {}={} for the closest energy={} eV from {}.'
        print(msg.format(self.characteristic, self.characteristic_value, self.closest_energy, self.method))


[docs]    def save_to_file(self):
        self.e_min = self.default_e_min
        self.e_max = self.e_min
        counter = 0
        try:
            os.remove(self.outfile)
        except:
            pass
        while self.e_max < self.default_e_max:
            self.e_max += self.n_points * self.e_step
            if self.e_max > self.default_e_max:
                self.e_max = self.default_e_max

            self._request_from_server()

            if counter > 0:
                # Get rid of headers (2 first rows) and the first data row to avoid data overlap:
                content = self.content.split('\n')
                self.content = '\n'.join(content[3:])

            with open(self.outfile, 'a') as f:
                f.write(self.content)

            counter += 1
            self.e_min = self.e_max

        if self.verbose:
            print('Data from {} eV to {} eV saved to the <{}> file.'.format(
                self.default_e_min, self.default_e_max, self.outfile))
            print('Energy step: {} eV, number of points/chunk: {}, number of chunks {}.'.format(
                self.e_step, self.n_points, counter))


    def _check_imports(self):
        self.available_libs = {
            'numpy': None,
            'periodictable': None,
            'requests': None,
        }
        for key in self.available_libs.keys():
            try:
                __import__(key)
                setattr(self, key, __import__(key))
                self.available_libs[key] = True
            except:
                self.available_libs[key] = False

    def _find_characteristic_value(self):
        skiprows = 2
        energy_column = 0
        characteristic_value_column = 1
        error_msg = 'Error! Use energy range from {} to {} eV.'
        if self.use_numpy and self.available_libs['numpy']:
            if self.data_file:
                data = self.numpy.loadtxt(self.data_file, skiprows=skiprows)

                self.default_e_min = data[0, energy_column]
                self.default_e_max = data[-1, energy_column]

                try:
                    idx_previous = self.numpy.where(data[:, energy_column] <= self.energy)[0][-1]
                    idx_next = self.numpy.where(data[:, energy_column] > self.energy)[0][0]
                except IndexError:
                    raise Exception(error_msg.format(self.default_e_min, self.default_e_max))

                idx = idx_previous if abs(data[idx_previous, energy_column] - self.energy) <= abs(
                    data[idx_next, energy_column] - self.energy) else idx_next

                self.characteristic_value = data[idx][characteristic_value_column]
                self.closest_energy = data[idx][energy_column]
            else:
                raise Exception('Processing with NumPy is only possible with the specified file, not content.')
        else:
            if not self.content:
                with open(self.data_file, 'r') as f:
                    self.raw_content = f.read()
            else:
                if type(self.content) != list:
                    self.raw_content = self.content

            self.content = self.raw_content.strip().split('\n')

            energies = []
            characteristic_values = []
            for i in range(skiprows, len(self.content)):
                energies.append(float(self.content[i].split()[energy_column]))
                characteristic_values.append(float(self.content[i].split()[characteristic_value_column]))

            self.default_e_min = energies[0]
            self.default_e_max = energies[-1]

            indices_previous = []
            indices_next = []
            try:
                for i in range(len(energies)):
                    if energies[i] <= self.energy:
                        indices_previous.append(i)
                    else:
                        indices_next.append(i)
                idx_previous = indices_previous[-1]
                idx_next = indices_next[0]
            except IndexError:
                raise Exception(error_msg.format(self.default_e_min, self.default_e_max))

            idx = idx_previous if abs(energies[idx_previous] - self.energy) <= abs(
                energies[idx_next] - self.energy) else idx_next

            self.characteristic_value = characteristic_values[idx]
            self.closest_energy = energies[idx]
        if self.characteristic == 'atten':
            self.characteristic_value *= 1e-6  # Atten Length (microns)

    def _get_remote_file_content(self):
        get_url = '{}{}'.format(self.server_info['server'], self.file_name)
        r = self.requests.get(get_url)
        self.content = r.text
        return self.content

    def _get_remote_file_name(self, formula=None):
        if self.precise:
            e_min = self.energy - 1.0
            e_max = self.energy + 1.0
        else:
            e_min = self.e_min
            e_max = self.e_max
        payload = {
            self.server_info[self.characteristic]['fields']['density']: -1,
            self.server_info[self.characteristic]['fields']['formula']: formula,
            self.server_info[self.characteristic]['fields']['material']: 'Enter Formula',
            self.server_info[self.characteristic]['fields']['max']: e_max,
            self.server_info[self.characteristic]['fields']['min']: e_min,
            self.server_info[self.characteristic]['fields']['npts']: self.n_points,
            self.server_info[self.characteristic]['fields']['output']: 'Text File',
            self.server_info[self.characteristic]['fields']['scan']: 'Energy',
        }
        if self.characteristic == 'atten':
            payload[self.server_info[self.characteristic]['fields']['fixed']] = 90.0
            payload[self.server_info[self.characteristic]['fields']['plot']] = 'Log'
            payload[self.server_info[self.characteristic]['fields']['output']] = 'Plot',
        elif self.characteristic == 'transmission':
            payload[self.server_info[self.characteristic]['fields']['plot']] = 'Linear'
            payload[self.server_info[self.characteristic]['fields']['output']] = 'Plot',
            payload[self.server_info[self.characteristic]['fields']['thickness']] = self.thickness  # um
        r = self.requests.post(
            '{}{}'.format(self.server_info['server'], self.server_info[self.characteristic]['post_url']),
            payload
        )
        content = r.text

        # The file name should be something like '/tmp/xray2565.dat':
        try:
            self.file_name = str(
                content.split('{}='.format(self.server_info[self.characteristic]['file_tag']))[1]
                    .split('>')[0]
                    .replace('"', '')
            )
        except:
            raise Exception('\n\nFile name cannot be found! Server response:\n<{}>'.format(content.strip()))

    def _request_from_server(self):
        if self.available_libs['requests']:
            d = []
            for f in self.formula.split(','):  # to support multiple chemical elements comma-separated list
                self._get_remote_file_name(formula=f)
                r = self._get_remote_file_content()
                d.append(r)
            if self.plot or self.save:
                df, columns = vis.to_dataframe(d, self.elements)
                if df is not None and columns is not None:
                    file_name = _output_file_name(self.elements, self.characteristic)
                    if self.plot:
                        vis.plot_data(
                            df=df,
                            elements=self.elements,
                            property=self.characteristic,
                            thickness=self.thickness,
                            e_min=self.e_min,
                            e_max=self.e_max,
                            n_points=self.n_points,
                            file_name=file_name,
                            x_label=columns[0],
                            show_plot=self.show_plot,
                        )
                    if self.save:
                        vis.save_to_csv(df=df, file_name=file_name)
        else:
            msg = 'Cannot use online resource <{}> to get {}. Use local file instead.'
            raise Exception(msg.format(self.server_info['server'], self.characteristic))



def _output_file_name(elements, characteristic):
    return '{}_{}'.format(','.join(elements), characteristic) if len(elements) > 1 else characteristic
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  Source code for bnlcrl.pkcli.simulate

# -*- coding: utf-8 -*-
u"""Utilities for X-Ray beamlines.

The module to perform the following operations:

- simulate Compound Refractive Lenses (``CRL``) in the approximation of thick lens;
- get the Index of Refraction (``Delta``) value;
- calculate ideal focal distance.
"""
import argh

from bnlcrl.crl_simulator import CRLSimulator, DEFAULTS_FILE as DEFAULTS_FILE_CRL
from bnlcrl.delta_finder import DeltaFinder, DEFAULTS_FILE as DEFAULTS_FILE_DELTA

from bnlcrl.utils import get_cli_functions, read_json

# CRL:
config_crl = read_json(DEFAULTS_FILE_CRL)
functions_list = get_cli_functions(config_crl)
for content in functions_list:
    exec(content)

# Delta and focus:
config_delta = read_json(DEFAULTS_FILE_DELTA)
functions_list = get_cli_functions(config_delta)
for content in functions_list:
    exec(content)
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  Source code for bnlcrl.base_pkconfig

# -*- coding: utf-8 -*-
u"""Default config

"""
from __future__ import absolute_import, division, print_function

[docs]def alpha():
    return {}



[docs]def beta():
    return {}



[docs]def dev():
    return {}



[docs]def prod():
    return {}
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  Source code for bnlcrl.crl_simulator

# -*- coding: utf-8 -*-
# Author: Maksim Rakitin (BNL)
# 2016

from __future__ import division

import copy
import json
import math
import os

from bnlcrl.delta_finder import DeltaFinder
from bnlcrl.utils import convert_types, defaults_file, read_json

parms = defaults_file(suffix='crl')
DAT_DIR = parms['dat_dir']
CONFIG_DIR = parms['config_dir']
DEFAULTS_FILE = parms['defaults_file']


[docs]class CRLSimulator:
    def __init__(self, **kwargs):
        # Check importable libs:
        self._check_imports()

        # Get input variables:
        d = read_json(DEFAULTS_FILE)
        self.parameters = convert_types(d['parameters'])
        for key, default_val in self.parameters.items():
            if key in kwargs.keys():
                setattr(self, key, self.parameters[key]['type'](kwargs[key]))
            elif not hasattr(self, key) or getattr(self, key) is None:
                setattr(self, key, default_val['default'])

        # Initialize non-input variables:
        self.radii = None
        self.n = None
        self.T = None
        self.y = None
        self.teta = None
        self.ideal_focus = None
        self.p1 = 0
        self.p1_ideal = 0
        self.p1_ideal_from_source = 0
        self.d = 0
        self.d_ideal = 0
        self.f = 0

        # Read CRL config and check inputs:
        self.read_config_file()  # defines self.config_file and self.transfocator_config
        self._get_available_ids()  # defines self.available_ids
        if not self._check_ids():
            if self.verbose:
                self.print_result()
            return

        # Initialize non-input variables using methods:
        self._get_lens_config()  # defines self.lens_config
        self._calc_y0()  # defines self.y0

        # Find delta (the index of refraction) from other class:
        delta_obj = DeltaFinder(
            energy=self.energy,
            precise=True,
            data_file=self.data_file,
            use_numpy=self.use_numpy,
            verbose=False,  # self.verbose,
            calc_delta=self.calc_delta,
        )
        self.delta = delta_obj.characteristic_value

        # Perform calculations:
        self.calc_T_total()
        self.calc_y_teta()
        self.calc_real_lens()
        self.calc_ideal_lens()
        self.d = self.calc_delta_focus(self.p1)
        self.d_ideal = self.calc_delta_focus(self.p1_ideal)

        if self.verbose:
            self.print_result()

[docs]    def calc_delta_focus(self, p):
        if p is not None:
            d = self.d_ssa_focus - (self.p0 + p + self.transfocator_config[self._find_element_by_id(self.cart_ids[-1])][
                'offset_cart'] * self.dl_cart)
        else:
            d = None
        return d


    @staticmethod
[docs]    def calc_ideal_focus(**kwargs):
        # Get input variables:
        d = read_json(DEFAULTS_FILE)
        parameters = convert_types(d['cli_functions']['calc_ideal_focus']['parameters'])
        for key, default_val in parameters.items():
            if key in kwargs.keys():
                locals()[key] = parameters[key]['type'](kwargs[key])
            elif key not in locals() or locals()[key] is None:
                locals()[key] = default_val['default']

        # Perform calculation:
        assert locals()['n'] > 0
        assert locals()['delta'] != 0
        ideal_focus = locals()['radius'] / (2. * locals()['n'] * locals()['delta'])
        p1_ideal = 1. / (1. / ideal_focus - 1. / locals()['p0'])
        p1_ideal_from_source = p1_ideal + locals()['p0']
        return {
            'ideal_focus': ideal_focus,
            'p1_ideal': p1_ideal,
            'p1_ideal_from_source': p1_ideal_from_source,
        }


[docs]    def calc_ideal_lens(self):
        self._get_radii_n()
        if abs(sum(self.radii) / len(self.radii) - self.radii[0]) < self.radii_tolerance:
            d = self.calc_ideal_focus(
                radius=self.radii[0],
                n=self.n,
                delta=self.delta,
                p0=self.p0
            )
            for k in d.keys():
                setattr(self, k, d[k])
        else:
            print('Radii of the specified lenses ({}) are different! Cannot calculate ideal lens.'.format(self.radii))


[docs]    def calc_lens_array(self, radius, n):
        """Calculate accumulated T_fs for one cartridge with fixed radius.

        :param radius: radius.
        :param n: number of lenses in one cartridge.
        :return T_fs_accum: accumulated T_fs.
        """
        T_dl = self._calc_T_dl(self.dl_lens)
        T_fs = self._calc_T_fs(radius)

        T_fs_accum = self._dot(self._matrix_power(self._dot(T_fs, T_dl), n - 1), T_fs)
        return T_fs_accum


[docs]    def calc_real_lens(self):
        self.p1 = self.y / math.tan(math.pi - self.teta)
        self.f = 1 / (1 / self.p0 + 1 / self.p1)


[docs]    def calc_T_total(self):
        dist_list = []
        for i in range(len(self.cart_ids) - 1):
            dist_list.append(self._calc_distance(self.cart_ids[i], self.cart_ids[i + 1]))

        R_list = []
        N_list = []
        for i in range(len(self.cart_ids)):
            j = self._find_element_by_id(self.cart_ids[i])
            name = self.transfocator_config[j]['name']
            R_list.append(self.lens_config[name]['radius'])
            N_list.append(self.lens_config[name]['lens_number'])

        if len(self.cart_ids) == 1:
            self.T = self.calc_lens_array(R_list[0], N_list[0])
        elif len(self.cart_ids) > 1:
            A = self._calc_T_dl(dist_list[0])
            B = self.calc_lens_array(R_list[0], N_list[0])
            self.T = self._dot(A, B)
            for i in range(len(self.cart_ids) + len(self.cart_ids) - 3):
                if i % 2 == 0:
                    B = self.calc_lens_array(R_list[int((i + 2) / 2)], N_list[int((i + 2) / 2)])
                    self.T = self._dot(B, self.T)
                else:
                    A = self._calc_T_dl(dist_list[int((i + 1) / 2)])
                    self.T = self._dot(A, self.T)
        else:
            raise Exception('No lenses in the beam!')


[docs]    def calc_y_teta(self):
        (self.y, self.teta) = self._dot(self.T, [self.y0, self.teta0])


[docs]    def get_inserted_lenses(self):
        self._get_radii_n()
        return {
            'ids': self.cart_ids,
            'radii': self.radii,
            'total_lenses': self.n
        }


[docs]    def print_result(self, output_format=None):
        python_data = {
            'p0': self.p0,
            'p1': self.p1,
            'p1_ideal': self.p1_ideal,
            'd': self.d,
            'd_ideal': self.d_ideal,
            'f': self.f,
        }
        if not output_format:
            output_format = self.output_format

        if output_format == 'csv':
            header = []
            data = []
            for key in sorted(python_data.keys()):
                header.append(key)
                data.append(python_data[key])
            output_text = '{}\n{}\n'.format(
                ','.join(['"{}"'.format(x) for x in header]),
                ','.join([str(x) for x in data]))
        elif output_format == 'json':
            output_text = json.dumps(
                python_data,
                sort_keys=True,
                indent=4,
                separators=(',', ': '),
            )
        else:  # plain text
            output_list = []
            for key in sorted(python_data.keys()):
                output_list.append('{}: {}'.format(key, python_data[key]))
            output_text = ', '.join(output_list)

        print(output_text)
        if self.outfile:
            with open(self.outfile, 'w') as f:
                f.write(output_text)


[docs]    def read_config_file(self):
        self.config_file = os.path.join(CONFIG_DIR, '{}_crl.json'.format(self.beamline))
        self.transfocator_config = read_json(self.config_file)['crl']


    def _calc_distance(self, id1, id2):
        """Calculate distance between two arbitrary cartridges specified by ids.

        :param id1: id of cartridge 1.
        :param id2: id of cartridge 2.
        :return dist: calculated distance.
        """

        el_num1 = self._find_element_by_id(id1)
        el_num2 = self._find_element_by_id(id2)

        lens_num1 = self.lens_config[self.transfocator_config[el_num1]['name']]['lens_number']
        coord1 = self.transfocator_config[el_num1]['offset_cart'] * self.dl_cart
        coord2 = self.transfocator_config[el_num2]['offset_cart'] * self.dl_cart
        dist = coord2 - coord1 - lens_num1 * self.dl_lens
        return dist

    def _calc_T_dl(self, dl):
        T_dl = [
            [1, dl],
            [0, 1],
        ]
        return T_dl

    def _calc_T_fs(self, radius):
        T_fs = [
            [1, 0],
            [-1 / (radius / (2 * self.delta)), 1],
        ]
        return T_fs

    def _calc_y0(self):
        self.y0 = self.p0 * math.tan(self.teta0)

    def _check_ids(self):
        """Check for incorrect input."""
        if not self.cart_ids:
            return False

        for input_id in self.cart_ids:
            if input_id not in self.available_ids:
                msg = 'Specified cart_id <{}> not in the list of available ids: <{}>.'
                raise Exception(msg.format(input_id, ', '.join(self.available_ids)))

        len_total = len(self.cart_ids)
        len_unique = len(set(self.cart_ids))
        if len_total != len_unique:
            msg = 'Number of non-unique cartridge ids: {}'
            raise Exception(msg.format(len_total - len_unique + 1))

        return True

    def _check_imports(self):
        self.available_libs = {
            'numpy': None,
        }
        for key in self.available_libs.keys():
            try:
                __import__(key)
                setattr(self, key, __import__(key))
                self.available_libs[key] = True
            except:
                self.available_libs[key] = False

    def _dot(self, A, B):
        """Multiplies matrix A by matrix B."""
        if self.use_numpy and self.available_libs['numpy']:
            C = self.numpy.dot(A, B)
        else:
            B0 = B[0]
            lenB = len(B)
            lenA = len(A)
            if len(A[0]) != lenB:  # Check matrix dimensions
                raise Exception('Matrices have wrong dimensions')
            if isinstance(B0, list) or isinstance(B0, tuple):  # B is matrix
                lenB0 = len(B0)
                C = [[0 for _ in range(lenB0)] for _ in range(lenA)]
                for i in range(lenA):
                    for j in range(lenB0):
                        for k in range(lenB):
                            C[i][j] += A[i][k] * B[k][j]
            else:  # B is vector
                C = [0 for _ in range(lenB)]
                for i in range(lenA):
                    for k in range(lenB):
                        C[i] += A[i][k] * B[k]
        return C

    def _find_element_by_id(self, id):
        element_number = None
        for i in range(len(self.transfocator_config)):
            if id == self.transfocator_config[i]['id']:
                element_number = i
                break
        return element_number

    def _find_lens_parameters_by_id(self, id):
        return self._find_lens_parameters_by_name(self._find_name_by_id(id))

    def _find_lens_parameters_by_name(self, name):
        return self.lens_config[name]

    def _find_name_by_id(self, id):
        real_id = self._find_element_by_id(id)
        name = self.transfocator_config[real_id]['name']
        return name

    def _get_available_ids(self):
        self.available_ids = []
        for i in range(len(self.transfocator_config)):
            self.available_ids.append(self.parameters['cart_ids']['element_type'](self.transfocator_config[i]['id']))

    def _get_lens_config(self):
        self.lens_config = {}
        for i in self.r_array:
            for j in self.lens_array:
                self.lens_config['T_{}_{}'.format(j, i)] = {
                    'radius': i * 1e-6,
                    'lens_number': j,
                }

    def _get_radii_n(self):
        self.radii = []
        self.n = 0
        for i in self.cart_ids:
            name = self._find_name_by_id(i)
            lens = self._find_lens_parameters_by_name(name)
            self.radii.append(lens['radius'])
            self.n += lens['lens_number']

    def _matrix_power(self, A, n):
        """Multiply matrix A n times.

        :param A: input square matrix.
        :param n: power.
        :return B: resulted matrix.
        """
        if len(A) != len(A[0]):
            raise Exception('Matrix is not square: {} x {}'.format(len(A), len(A[0])))

        if self.use_numpy and self.available_libs['numpy']:
            B = self.numpy.linalg.matrix_power(A, n)
        else:
            if n > 0:
                B = copy.deepcopy(A)
                for i in range(n - 1):
                    B = self._dot(A, B)
            elif n == 0:
                B = []
                for i in range(len(A)):
                    row = []
                    for j in range(len(A[0])):
                        if i == j:
                            row.append(1)
                        else:
                            row.append(0)
                    B.append(row)
            else:
                raise Exception('Negative power <{}> is not supported for matrix power operation.'.format(n))

        return B
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