

    
      
          
            
  
Welcome to pymchelper’s documentation!

pymchelper is a toolkit for processing output files of particle transport codes,
such as FLUKA or SHIELD-HIT12A.
It provides a command line program, called convertmc which simplifies process of converting binary output
files to graphs, tabulated plain data and MS Excel files and other formats.
Toolkit can also serve as a library in the Python language, which can be used by programmers and data scientists
to process output data in Python scripts.



	Getting Started
	Introduction

	Quick Installation Guide

	License





	User’s Guide
	Available converters

	Common options

	Using as a library





	Detailed Installation Guide
	Prerequisites

	Installing using pip (all platforms)





	Developer documentation
	Contributing Guide

	Source code

	Badges and links

	Credits












          

      

      

    

  

    
      
          
            
  
Getting Started

Brief overview of pymchelper and how to install it.


Introduction

Let us assume we are running particle transport simulation using Fluka MC code.
Two estimators: particle fluence and deposited energy are defined in the input file.
To get high statistics run is parallelised into 100 different jobs, each of them producing 2 binary files.
That gives 200 binary output files, typically following *_fort.* pattern.

pymchelper comes with convertmc program which simplifies postprocessing of such binary data.

To convert all binary files into two text files (one for energy and one for particle fluence scorer) type

convertmc txt --many "*_fort.*"





pymchelper will automatically figure out how many scorers were defined and which files to merge.
Two new files will be created: 21.txt and 22.txt which can further processed.
By default they will contain 5 columns: X,Y,Z coordinates, data and error column:

0.0000000E+00  0.0000000E+00  0.5000000E-02  0.1881775795482099E-02  0.2157818940293169E-04
0.0000000E+00  0.0000000E+00  0.1500000E-01  0.1893831696361303E-02  0.2251415707395123E-04
0.0000000E+00  0.0000000E+00  0.2500000E-01  0.1887728041037917E-02  0.1936414681456153E-04
0.0000000E+00  0.0000000E+00  0.3500000E-01  0.1897429465316236E-02  0.1944586725074595E-04





In case estimated value was scored on 1-dimensional grid, it can be easily plotted.
Same thing might be done if 2-D scoring grid was used - then a heatmap type plot can be produced.
In order to get such plots instead of text files, replace first argument with image:

convertmc image --many "*_fort*"





Two new PNG files will be created which can be directly opened, for example


[image: sample file 21.txt.png generated with image converter]

If you are SHIELD-HIT12A user, same effect can be achieved by processing *.bdo binary files.

These are just basic examples. To learn more about additional features, proceed to User’s Guide.
Among these features are:


	reading binary *.bdo files generated by SHIELD-HIT12A code


	reading binary *_fort* files generated by FLUKA


	calculating standard error when averaging many files


	writing PNG images (1 and 2D plots)


	writing tabulated text files


	writing gnuplot scripts






Quick Installation Guide

Be sure to have Python framework installed, then type:

pip install pymchelper





In case you don’t have administrator rights, add --user flag to pip command.
In this situation converter will be probably installed in ~/.local/bin directory.



License

pymchelper is licensed under MIT LICENCE.





          

      

      

    

  

    
      
          
            
  
User’s Guide


Available converters

Detailed documentation about available converters:



	Plain text

	MS Excel file

	Plots and images

	Gnuplot

	Sparse matrix data

	Inspect data







Common options

convertmc command line program needs several options to work.
The first one, obligatory is converter name. User might choose among: txt, excel, image, gnuplot,
plotdata and sparse.

All converters accepts following options:


Input files

It is obligatory to specify location of the entities to convert. It can be a single file or a wildcard expression
(like *.bdo) specifying group of files.

To convert a single binary file proton0001_fort.21 generated with Fluka to a text file you can use following command:

convertmc txt proton0001_fort.21





Converter will automatically figure out output filename proton0001_fort.txt

It is also possible to merge group of files into single one to obtain better statistics.
Let us assume we have input files proton0001_fort.21, proton0002_fort.21 and proton0003_fort.21 corresponding
to different runs but storing the output of the same scorer. To read data from these 3 files, average on-the-fly
and save output to single file, type:

convertmc txt "proton0001_fort.*"





Again, a single file proton0001_fort.txt will be generated, containing averaged data from 3 binary input files.

Finally we could have many files, coming from many simulation runs and belonging to many different scorers.
convertmc can read list of such files, automatically group them according to scorers.
By adding ---many flag we ask converter to scan group of files, discover sub-groups belonging to same converter
and perform averaging in each of sub-groups. Finally some number of output files will be generated (one output file
for one scorer). An example:

convertmc txt --many "proton0001_fort.*"







Output files


	When working in single-file conversion mode or when merging group of files into a single file

	it is possible to provide a name of output file as a third argument:

convertmc txt proton0001_fort.21 dose.txt









When using --many option convertmc will generate many files. In this case user might provide an
existing directory as a third parameter. All output files will be generated there:

convertmc txt --many "*_fort.*" /path/to/output/dir/







Scaling factor

Some of the scorers used in Monte-Carlo transport codes, such as dose or fluence dump the results per-primary-particle.
For example dose is often reported in MeV/g/prim units. These units might be hard to interpret when doing
dosimetric particle transport simulations. To report dose (or some other quantities) in more natural units knowledge
of total particles in the experiment is necessary (not to be confused with number of simulated primaries).
User can specify this number via option called --nscale. convertmc will then report dose
(and some other quantities) in natural units and per user-provided particle number (not per single primary).
Let us assume that proton0001_fort.21 file was obtained by simulation of 10000 protons.

convertmc txt proton0001_fort.21 dose_per_prim.txt





will save a file dose_per_prim.txt with dose-per-primary and MeV/g/prim units. While:

convertmc txt proton0001_fort.21 dose.txt --nscale 1e8





will save a file dose.txt with rescaled dose of \(10^8\) protons in Gy units



Error calculation

In order to perform averaging converter needs to get at least two files per scorer. By default all convertermc
during averaging will also calculate standard deviation, which can be presented to the user in various forms:



	additional column of numbers when saving data into text files (i.e. using txt converter)


	error band on the normal plot for 1-D scoring grid (when using image and gnuplot converters)


	additional heatmap error plot  for 2-D scoring grid (when using image and gnuplot converters)







When working in single-file mode calculation of the startand deviation is not possible and user will
not get such information. In this case output text files will have one column less and no error band is displayed
on the plots.

User can control presented information by means of --error option. When this option is not specified convertmc
will raport standard error if possible. Available options are:



	none - no uncertainty information is reported


	stderr - standard error information is reported


	stddev - standard deviation information is reported









Handling NaNs

In case of some simulations the results might include numbers decoded as NaN (not-a-number).
NaN has this property that if a regular number is added to NaN then the results is again NaN
(1.0 + NaN = NaN). This property might lead to a problems when averaging. Single NaN version will
make a NaN when averaged with other 99 regular numbers.
We have a special flag in convertmc which will exclude NaN from averaging: if --nan is used
then average will be calculated only on regular numbers.



Obtaining help

To get a general help instructed printed on a screen type:

convertmc --help





or simply convertmc -h

Each of the converter comes with dedicated help page which can be printed using i.e.:

convertmc txt --help







Program version

To get program version type convertmc --version or convertmc -V



More verbose output

To get more verbose output use -v option (be careful, there is similar capital-V option for printing version number).
Adding -v or --verbose will make the program printing more lines of comments explaining what is doing.
By adding -vv even more logging output will be generated. Maximum logging level is obtained using -vvv.



Silent execution

If you do like the program printing any logging output on the screen, you can use -q or --quiet option.
These options might be useful if your program is i.e. called repetitively in a script.




Using as a library

pymchelper is build around Detector class.
I/O module provides fromfile method
to get the data from binary file and is exposing to the user axis data, scoring information and data read from the file.
See an example:

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19

	    parsed_args = parser.parse_args(args)

    # paths to binary files
    fluka_file_path = parsed_args.fluka
    sh12a_file_path = parsed_args.shield

    # creating empty Detector object and filling it with data read from Fluka file
    fluka_data = fromfile(fluka_file_path)

    # same as above but reading from SHIELD-HIT12A file
    sh12a_data = fromfile(sh12a_file_path)

    # printing some output on the screen
    print("Fluka bins in X: {:d}, Y: {:d}, Z: {:d}".format(fluka_data.x.n, fluka_data.y.n, fluka_data.z.n))
    print("First bin of fluka data", fluka_data.pages[0].data[0, 0, 0, 0, 0])

    print("SHIELD-HIT12A bins in X: {:d}, Y: {:d}, Z: {:d}".format(sh12a_data.x.n, sh12a_data.y.n, sh12a_data.z.n))
    print("First bin of SHIELD-HIT12A data", sh12a_data.pages[0].data[0, 0, 0, 0, 0])












          

      

      

    

  

    
      
          
            
  
Plain text

Plain text converter comes in two flavours: txt and plotdata.
It accepts data with any dimension of scoring grid: 0-D (single number), 1-D, 2-D and 3-D.


txt converter

First one (txt) generates 4- or 5- column text files.
After running: convertmc txt proton0001_fort.21 dose.txt, new file dose.txt
will contain: X,Y,Z coordinates, data and error column:

0.0000000E+00  0.0000000E+00  0.5000000E-02  0.1881775795482099E-02  0.2157818940293169E-04
0.0000000E+00  0.0000000E+00  0.1500000E-01  0.1893831696361303E-02  0.2251415707395123E-04
0.0000000E+00  0.0000000E+00  0.2500000E-01  0.1887728041037917E-02  0.1936414681456153E-04
0.0000000E+00  0.0000000E+00  0.3500000E-01  0.1897429465316236E-02  0.1944586725074595E-04
(...)





When running convertmc txt proton0001_fort.21 dose.txt --error none fifth column will not be appended
and file contents will be following:

0.0000000E+00  0.0000000E+00  0.5000000E-02  0.1881775795482099E-02
0.0000000E+00  0.0000000E+00  0.1500000E-01  0.1893831696361303E-02
0.0000000E+00  0.0000000E+00  0.2500000E-01  0.1887728041037917E-02
0.0000000E+00  0.0000000E+00  0.3500000E-01  0.1897429465316236E-02
(...)







plotdata converter

In the examples shown above we could see that columns corresponding to X and Y axis contain fixed number (0.0).
It comes from the fact that the 1-dimensional scoring grid spans along the Z axis.
When plotting data from such file user needs to select third and fourth column.

convertmc can skip data of columns with fixed number and save to file only columns which contain
plottable values. This can be achieved by running:

convertmc plotdata proton0001_fort.21 dose.txt





We will get a file containing following data - Z axis, data and error column:

0.5000000E-02  0.1881775795482099E-02  0.2157818940293169E-04
0.1500000E-01  0.1893831696361303E-02  0.2251415707395123E-04
0.2500000E-01  0.1887728041037917E-02  0.1936414681456153E-04
0.3500000E-01  0.1897429465316236E-02  0.1944586725074595E-04
(...)





Such file is easier to handle for plotting, as user can select only first and second column.





          

      

      

    

  

    
      
          
            
  
MS Excel file

MS Excel converters accepts data only with 1-D scoring. Data files with other scorers will not be converted.


An example usage

Conversion is done using standard command:

convertmc excel --many "*.bdo"









          

      

      

    

  

    
      
          
            
  
Plots and images

image converter is very useful tool to quickly inspect simulation results.
It accepts data with any 1-D and 2-D scoring grid and is producing images in PNG format with plots.
Conversion is done using standard command:

convertmc image --many "*.bdo"





After converting data with 1-D scoring grid, following plot can be generated:


[image: sample file default_1d.png generated with image converter]

Data containing 2-D scoring grid are visualised as heatmap with color denoting scored value.


[image: sample file default_2d.png generated with image converter]


Options


Logarithmic scale

User can also set logscale on one or more axis in the plots using –log option.

An example plot with logarithmic scale on Y axis:

convertmc image --many "*.bdo" --log y






[image: sample file logy_1d.png generated with image converter]

Scale can be also change on two axis at once:

convertmc image --many "*.bdo" --log x y






[image: sample file logxy_1d.png generated with image converter]

An example plot with 2-D heatmap and logarithmic scale on Z (color) axis:

convertmc image --many "*.bdo" --log z






[image: sample file logz_2d.png generated with image converter]



Colormap

When generating 2D heatmaps it is also possible to specify colormap. List of available colormaps is
available here: https://matplotlib.org/stable/tutorials/colors/colormaps.html. By default colormap called gnuplot2 is used.
An example plot obtained with other colormap (Greys) can be obtained with following command:

convertmc image --many "*.bdo" --colormap Greys






[image: sample file grey_2d.png generated with image converter]






          

      

      

    

  

    
      
          
            
  
Gnuplot

Gnuplot converter is producing scripts which can be used by gnuplot tool to produce plot.
It accepts data with any 1-D and 2-D scoring grid.
This converter might be useful for users who would like to adjust shape of the plots.

Data needed for plotting have to be generated using plotdata converter.

Let us start with generating some data first:

convertmc plotdata proton0001_fort.21





As expected we will get proton0001_fort.dat file. Now a gnuplot script can be generated:

convertmc gnuplot proton0001_fort.21





We will get a script proton0001_fort.plot with following content:

set term png
set output "proton0001_fort.png"
set title "dose_z_1"
set xlabel ""
set ylabel "dose_z_1 []"
max(x,y) = (x > y) ? x : y
plot  './proton0001_fort.dat' u 1:2 w l lt 1 lw 2 lc -1 title 'mean value'





After running gnuplot proton0001_fort.plot we will get a plot


[image: sample file proton0001_fort.png generated with gnuplot converter]




          

      

      

    

  

    
      
          
            
  
Sparse matrix data

Sparse matrix format can greatly reduce size on disk in case most of the matrix is occupied with zeros.
For every input detector a single file with .npz extension is written. It contains:


	shape of detector data: tuple of 3 numbers holding nx, ny and nz


	tuple of 3 numpy arrays with X, Y and Z coordinates, pointing to non-zero data cells


	plain, 1D numpy array with non-zero data values




Such format is similar to a so-called COO-rdinate format for 2D sparse matrices.
Here it is used for any kind of data, with dimensionality between 0 and 3.

Output file is saved in uncompressed NPZ numpy data format,
for details see https://docs.scipy.org/doc/numpy/reference/generated/numpy.savez.html


An example usage

Conversion is done using standard command:

convertmc sparse --many "*.bdo"





Assuming that we had “dose” detector output saved to dose0001.bdo, dose0002.bdo and dose0003.bdo,
we should expect to get dose.npz as an output file.



Data reconstruction

Sparse data can be extracted from NPZ file with following Python code:

import numpy as np

# load contents of NPZ file:
npzfile = np.load(filename)
data = npzfile['data']   # plain 1-D numpy array
indices = npzfile['indices']  # 3-elements tuple with array of coordinates
shape = npzfile['shape'] # 3-element shape tuple

# reconstruct normal form of matrix from sparse data
result = np.zeros(shape)
for ind, dat in zip(indices, data):
    result[tuple(ind)] = dat







Threshold value

Additionally a threshold can be specified to discard noisy data.
In this case, all data cells with absolute value less or equal than threshold will be treated as zeros.
Please note that after reconstructing from sparse format we won’t get the original data,
as values lower than threshold will be overwritten with zeros.
An example usage:

convertmc sparse --many "*.bdo" --threshold 1e-7









          

      

      

    

  

    
      
          
            
  
Inspect data

Inspector converter (not being in fact a true converter) is not producing any files,
but prints on the screen metadata of the input binary file.


An example usage

As usual we can apply standard command:

convertmc inspect ex_dose.bdo





We should expect to see following output on the screen:

INFO:pymchelper.readers.shieldhit:Reading: ex_dose.bdo
dettyp                  : 'DOSE'
filedate                : 'Fri, 06 Oct 2017 23:05:49 +0200'
geotyp                  : 'CYL'
host                    : 'nz61-6'
mc_code_version         : '0.6.0-dev'
nstat                   : '10000'
nx                      : '1'
ny                      : '1'
nz                      : '1000'
pages                   : '1'
particle                : '-1'
particle_a              : '-1'
particle_z              : '-1'
title                   : 'Dose'
tripdose                : '0.0'
tripntot                : '-1'
units                   : '['cm', 'radians', 'cm', '(nil)', ' MeV/g/primary', 'Dose', 'Radius (R)', 'Angle (PHI)', 'Position (Z)', '', '']'
xmax                    : '10.0'
xmin                    : '0.0'
ymax                    : '6.28318530718'
ymin                    : '0.0'
zmax                    : '30.0'
zmin                    : '0.0'
zone_start              : '-1'
***************************************************************************
Data min: 3.04792e-05, max: 0.0715219







Advanced usage


	Very simple ASCII-art plots can be also printed on the screen, assuming that two libraries: bashplotlib and hipsterplot

	will be installed first:

pip install bashplotlib hipsterplot









To activate plotting additional option has to be used:

convertmc inspect ex_dose.bdo --details
INFO:pymchelper.readers.shieldhit:Reading: ex_dose.bdo
dettyp                  : 'DOSE'
filedate                : 'Fri, 06 Oct 2017 23:05:49 +0200'
geotyp                  : 'CYL'
host                    : 'nz61-6'
mc_code_version         : '0.6.0-dev'
nstat                   : '10000'
nx                      : '1'
ny                      : '1'
nz                      : '1000'
pages                   : '1'
particle                : '-1'
particle_a              : '-1'
particle_z              : '-1'
title                   : 'Dose'
tripdose                : '0.0'
tripntot                : '-1'
units                   : '['cm', 'radians', 'cm', '(nil)', ' MeV/g/primary', 'Dose', 'Radius (R)', 'Angle (PHI)', 'Position (Z)', '', '']'
xmax                    : '10.0'
xmin                    : '0.0'
ymax                    : '6.28318530718'
ymin                    : '0.0'
zmax                    : '30.0'
zmin                    : '0.0'
zone_start              : '-1'
***************************************************************************
Data min: 3.04792e-05, max: 0.0715219
***************************************************************************
Data scatter plot
    0.0691                                                            #:
    0.0644                                                            |.
    0.0596                                                           :.|
    0.0548                                                           # .
    0.0501                                                           # .
    0.0453                                                          #: .
    0.0405                                                         ##  :
    0.0358                                                        ##
    0.0310                                                    .###.    :
    0.0262                                            . #######        .
    0.0215                       #:.####################|               :
    0.0167 ######################### .                                  .
    0.0119                                                              |
    0.0072                                                              :
    0.0024                                                              #########
***************************************************************************
Data histogram

 106|  o
 100|  o                  o
  95|  o                o o
  89|  o                ooo
  84|  o                ooo
  78|  o                ooo
  73|  o               ooooo
  67|  o              oooooo
  62|  o              oooooo
  56|  o              oooooo
  50|  o              oooooo
  45|  o             ooooooo
  39|  o             ooooooo o
  34|  o             ooooooooo
  28|  o             oooooooooo
  23|  o             oooooooooo o
  17|  o             oooooooooooo oo
  12|  o             ooooooooooooooo
   6|  o             ooooooooooooooooo o o    o
   1| ooooooo o o   ooooooooooooooooooooooooo oooooooooooooo ooo oooooooooo o
     -----------------------------------------------------------------------

------------------------------------
|             Summary              |
------------------------------------
|        observations: 1000        |
|       min value: 0.000030        |
|         mean : 0.020207          |
|       max value: 0.071522        |
------------------------------------









          

      

      

    

  

    
      
          
            
  
Detailed Installation Guide

Installation guide is divided in two phases: checking the prerequisites and main package installation.


Prerequisites

pymchelper works under Windows, Linux and Mac OSX operating systems.

First we need to check if Python interpreter is installed.
Try if one of following commands (printing Python version) works:

python --version
python3 --version





At the time of writing Python language interpreter has two popular versions: 2.x (Python 2) and 3.x (Python 3) families.
Command python invokes either Python 2 or 3, while python3 can invoke only Python 3.

pymchelper supports most of the modern Python versions, mainly: 2.7, 3.4 - 3.10.
Check if your interpreter version is supported.

If none of python and python3 commands are present, then Python interpreter has to be installed.

We suggest to use the newest version available (from 3.x family).

Python installers can be found at the python web site (http://python.org/download/).

pymchelper also relies on these packages:



	NumPy [http://www.numpy.org/] – Better arrays and data processing.


	matplotlib [http://matplotlib.org/] – Needed for plotting, optional.







and if they are not installed beforehand, these will automatically be fetched by pip.



Installing using pip (all platforms)

The easiest way to install PyTRiP98 is using pip [https://pypi.python.org/pypi/pip]


Note

Starting from mid-2014 pip comes pre-installed with Python newer than 3.4 and 2.7.9 (for 2.x family)




Administrator installation (root access)

Administrator installation is very simple, but requires to save some files in system-wide directories (i.e. /usr):

sudo pip install pymchelper





To upgrade the pymchelper to newer version, simply type:

sudo pip install --upgrade pymchelper





To completely remove pymchelper from your system, use following command:

sudo pip uninstall pymchelper





Now all pymchelper commands should be installed for all users:

convertmc --help







User installation (non-root access)

User installation will put the pymchelper under hidden directory $HOME/.local.

To install the package, type in the terminal:

pip install pymchelper --user





If pip command is missing on your system, replace pip with pip3 in abovementioned instruction.

To upgrade the pymchelper to newer version, simply type:

pip install --upgrade pymchelper --user





To completely remove pymchelper from your system, use following command:

pip uninstall pymchelper





In most of modern systems all executables found in $HOME/.local/bin directory can be called
like normal commands (i.e. ls, cd). It means that after installation you should be able
to simply type in terminal:

convertmc --help





If this is not the case, please prefix the command with $HOME/.local/bin and call it in the following way:

$HOME/.local/bin/convertmc --help
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Contributing Guide

Contributions are welcome, and they are greatly appreciated! Every
little bit helps, and credit will always be given.

You can contribute in many ways:


Types of Contributions


Report Bugs

Report bugs at https://github.com/DataMedSci/pymchelper/issues

If you are reporting a bug, please include:


	Your operating system name and version.


	Any details about your local setup that might be helpful in troubleshooting.


	Detailed steps to reproduce the bug.






Fix Bugs or Implement Features

Look through the GitHub issues for bugs or features.
Anything tagged with “bug” or “feature” is open to whoever wants to implement it.



Implement Features

Look through the GitHub issues for features. Anything tagged with “feature”
is open to whoever wants to implement it.



Write Documentation

pymchelper could always use more documentation, whether as part of the
official pymchelper docs, in docstrings, or even on the web in blog posts,
articles, and such.



Submit Feedback

The best way to send feedback is to file an issue at https://github.com/DataMedSci/pymchelper/issues.

If you are proposing a feature:


	Explain in detail how it would work.


	Keep the scope as narrow as possible, to make it easier to implement.


	Remember that this is a volunteer-driven project, and that contributions
are welcome :)







Get Started for GIT-aware developers

Ready to contribute? Here’s how to set up pymchelper for local development.
We assume you are familiar with GIT source control system. If not you will
other instruction at the end of this page.


	Fork the pymchelper repo on GitHub.


	Clone your fork locally:

$ git clone git@github.com:your_name_here/pymchelper.git







	If you are not familiar with GIT, proceed to step 5, otherwise create a branch for local development:

$ cd pymchelper
$ git checkout -b feature/issue_number-name_of_your_bugfix_or_feature







	Now you can make your changes locally.




As the software is prepared to be shipped as pip package, some modifications
of PYTHONPATH variables are needed to run the code. Let us assume you are now in the same directory as setup.py file.

The standard way to execute Python scripts WILL NOT WORK. What users see as convertmc program, is basically pymchelper/run.py script:

$ python pymchelper/run.py --help





To have the code working, the PYTHONPATH has to be adjusted:

$ PYTHONPATH=. python pymchelper/run.py --help
 usage: run.py [-h] [-V] converter ...
 (...)






	Make local changes to fix the bug or to implement a feature.


	When you’re done making changes, check that your changes comply with PEP8 code quality standards (flake8 tests) and run unit tests with pytest:

$ flake8 pymchelper tests
$ pytest tests





To get flake8 and pytest, just pip install them.



	Commit your changes and push your branch to GitHub:

$ git add .
$ git commit -m "Your detailed description of your changes."







	Repeat points 4-6 until the work is done. Now its time to push the changes to remote repository:

$ git push origin feature/issue_number-name_of_your_bugfix_or_feature







	Submit a pull request through the GitHub website to the master branch of git@github.com:DataMedSci/pymchelper.git repository.


	Check the status of automatic tests ran by Travis system.




You can find them on the pull request webpage https://travis-ci.org/DataMedSci/pymchelper/pull_requests.
In case some of the tests fails, fix the problem. Then commit and push your changes (steps 5-8).



Pull Request Guidelines

Before you submit a pull request, check that it meets these guidelines:


	The pull request should include tests.


	If the pull request adds functionality, the docs should be updated. Put
your new functionality into a function with a docstring, and extend the documentation where necessary.


	The pull request should work for Python 2.7, 3.2, 3.3, 3.4 and 3.5. Check
https://travis-ci.org/DataMedSci/pymchelper/pull_requests
and make sure that the tests pass for all supported Python versions.






Get Started for non-GIT developers


	Fetch the code from remote GIT repository to your local directory:

$ git clone git@github.com:DataMedSci/pymchelper.git







	Follow steps 4-6 from the instruction for GIT-aware developers. To run code locally, prefix usual calls with PYTHONPATH=.:

$ PYTHONPATH=. python pymchelper/run.py --help






usage: run.py [-h] [-V] converter …
(…)








Make your changes and check that they comply with PEP8 code quality standards (flake8 tests) and run all unit tests with pytest:

$ flake8 pymchelper tests
$ pytest tests/






	Compress your working directory and send it to us by email (see authors), describing your changes.






Tips

To run full tests type:

pytest tests/





To run only a single test type:

pytest tests/test_file_to_run.py
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pymchelper package


Subpackages



	pymchelper.readers package
	Subpackages
	pymchelper.readers.shieldhit package
	Submodules
	pymchelper.readers.shieldhit.binary_spec module

	pymchelper.readers.shieldhit.general module

	pymchelper.readers.shieldhit.reader_base module

	pymchelper.readers.shieldhit.reader_bdo2016 module

	pymchelper.readers.shieldhit.reader_bdo2019 module

	pymchelper.readers.shieldhit.reader_bin2010 module













	Submodules
	pymchelper.readers.common module

	pymchelper.readers.fluka module









	pymchelper.shieldhit package
	Subpackages
	pymchelper.shieldhit.detector package
	Submodules
	pymchelper.shieldhit.detector.detector_type module

	pymchelper.shieldhit.detector.estimator module

	pymchelper.shieldhit.detector.estimator_type module

	pymchelper.shieldhit.detector.fortran_card module

	pymchelper.shieldhit.detector.geometry module













	Submodules
	pymchelper.shieldhit.particle module









	pymchelper.writers package
	Submodules
	pymchelper.writers.common module

	pymchelper.writers.excel module

	pymchelper.writers.fortranformatter module

	pymchelper.writers.hdf module

	pymchelper.writers.inspector module

	pymchelper.writers.plots module

	pymchelper.writers.shieldhit module

	pymchelper.writers.sparse module

	pymchelper.writers.trip98cube module

	pymchelper.writers.trip98ddd module















Submodules



	pymchelper.run module









          

      

      

    

  

    
      
          
            
  
pymchelper.readers package


Subpackages



	pymchelper.readers.shieldhit package
	Submodules
	pymchelper.readers.shieldhit.binary_spec module

	pymchelper.readers.shieldhit.general module

	pymchelper.readers.shieldhit.reader_base module

	pymchelper.readers.shieldhit.reader_bdo2016 module

	pymchelper.readers.shieldhit.reader_bdo2019 module

	pymchelper.readers.shieldhit.reader_bin2010 module















Submodules



	pymchelper.readers.common module

	pymchelper.readers.fluka module









          

      

      

    

  

    
      
          
            
  
pymchelper.readers.shieldhit package


Submodules



	pymchelper.readers.shieldhit.binary_spec module

	pymchelper.readers.shieldhit.general module

	pymchelper.readers.shieldhit.reader_base module

	pymchelper.readers.shieldhit.reader_bdo2016 module

	pymchelper.readers.shieldhit.reader_bdo2019 module

	pymchelper.readers.shieldhit.reader_bin2010 module









          

      

      

    

  

    
      
          
            
  
pymchelper.readers.common module


	
class pymchelper.readers.common.Reader(filename)[source]

	Bases: object


	
corename

	




	
read(estimator)[source]

	




	
read_data(estimator)[source]

	








	
class pymchelper.readers.common.ReaderFactory(filename)[source]

	Bases: object


	
get_reader()[source]

	










          

      

      

    

  

    
      
          
            
  
pymchelper.readers.fluka module


	
class pymchelper.readers.fluka.FlukaReader(filename)[source]

	Bases: pymchelper.readers.common.Reader


	
corename

	corename_fort.XX.
:return: corename part of output file or None in case filename doesn’t follow Fluka naming pattern


	Type

	Fluka output filenames follow this pattern










	
parse_data(estimator)[source]

	TODO
:param estimator: an Estimator object, will be modified here and filled with data






	
parse_resnuclei(estimator)[source]

	TODO add support for resnuclei
RESNUCLEi Scores residual nuclei produced in inelastic interactions on a region basis
:param estimator: an Estimator object, will be modified here and filled with data






	
parse_usrbdx(estimator)[source]

	USRBDX defines a detector for a boundary crossing fluence or current estimator
:param estimator: an Estimator object, will be modified here and filled with data






	
parse_usrbin(estimator)[source]

	USRBIN scores distribution of one of several quantities in a regular spatial
structure (binning detector) independent from the geometry.
:param estimator: an Estimator object, will be modified here and filled with data






	
parse_usrtrack(estimator)[source]

	
	Parameters

	estimator – an Estimator object, will be modified here and filled with data





USRTRACK defines a detector for a track-length fluence estimator






	
read_data(estimator, nscale=1)[source]

	TODO
:param estimator: an Estimator object, will be modified here and filled with data










	
class pymchelper.readers.fluka.FlukaReaderFactory(filename)[source]

	Bases: pymchelper.readers.common.ReaderFactory

Class responsible for discovery of filetype.


	
get_reader()[source]

	Try reading header of Fluka binary file and return a corresponding FlukaReader object


	Returns

	FlukaReader class if file is digested by Usrxxx Flair reader. None is returned otherwise
















          

      

      

    

  

    
      
          
            
  
pymchelper.shieldhit package


Subpackages



	pymchelper.shieldhit.detector package
	Submodules
	pymchelper.shieldhit.detector.detector_type module

	pymchelper.shieldhit.detector.estimator module

	pymchelper.shieldhit.detector.estimator_type module

	pymchelper.shieldhit.detector.fortran_card module

	pymchelper.shieldhit.detector.geometry module















Submodules



	pymchelper.shieldhit.particle module









          

      

      

    

  

    
      
          
            
  
pymchelper.shieldhit.detector package


Submodules



	pymchelper.shieldhit.detector.detector_type module

	pymchelper.shieldhit.detector.estimator module

	pymchelper.shieldhit.detector.estimator_type module

	pymchelper.shieldhit.detector.fortran_card module

	pymchelper.shieldhit.detector.geometry module









          

      

      

    

  

    
      
          
            
  
pymchelper.shieldhit.particle module


	
class pymchelper.shieldhit.particle.SHHeavyIonType[source]

	Bases: object


	
particle_type = 25

	








	
class pymchelper.shieldhit.particle.SHParticleType[source]

	Bases: enum.IntEnum

Particle list based on JPART from SHIELD-HIT12A, extended with ids 0 and -1.


	
all = -1

	




	
anti_neutrino_e = 18

	




	
anti_neutrino_mu = 20

	




	
anti_neutron = 6

	




	
anti_proton = 7

	




	
deuteron = 21

	




	
electron = 13

	




	
gamma = 12

	




	
heavy_ion = 25

	




	
helium_3 = 23

	




	
helium_4 = 24

	




	
kaon_minus = 8

	




	
kaon_plus = 9

	




	
kaon_tilde = 11

	




	
kaon_zero = 10

	




	
muon_minus = 15

	




	
muon_plus = 16

	




	
neutrino_e = 17

	




	
neutrino_mu = 19

	




	
neutron = 1

	




	
pi_minus = 3

	




	
pi_plus = 4

	




	
pi_zero = 5

	




	
positron = 14

	




	
proton = 2

	




	
triton = 22

	




	
unknown = 0

	










          

      

      

    

  

    
      
          
            
  
pymchelper.writers package


Submodules



	pymchelper.writers.common module

	pymchelper.writers.excel module

	pymchelper.writers.fortranformatter module

	pymchelper.writers.hdf module

	pymchelper.writers.inspector module

	pymchelper.writers.plots module

	pymchelper.writers.shieldhit module

	pymchelper.writers.sparse module

	pymchelper.writers.trip98cube module

	pymchelper.writers.trip98ddd module









          

      

      

    

  

    
      
          
            
  
pymchelper.writers.common module


	
class pymchelper.writers.common.Converters[source]

	Bases: enum.IntEnum

Available converters


	
excel = 6

	




	
fromname = <bound method Converters.fromname of <enum 'Converters'>>[source]

	




	
fromnumber = <bound method Converters.fromnumber of <enum 'Converters'>>[source]

	




	
gnuplot = 2

	




	
hdf = 9

	




	
image = 3

	




	
inspect = 8

	




	
plotdata = 1

	




	
sparse = 7

	




	
tripcube = 4

	




	
tripddd = 5

	




	
txt = 0

	










          

      

      

    

  

    
      
          
            
  
pymchelper.writers.excel module


	
class pymchelper.writers.excel.ExcelWriter(filename, options)[source]

	Bases: object

Supports writing XLS files (MS Excel 2003 format)


	
write(estimator)[source]

	










          

      

      

    

  

    
      
          
            
  
pymchelper.writers.fortranformatter module


	
pymchelper.writers.fortranformatter.format_d(w, d, val)[source]

	TODO
:param w:
:param d:
:param val:
:return:






	
pymchelper.writers.fortranformatter.format_e(w, d, val)[source]

	TODO
:param w:
:param d:
:param val:
:return:








          

      

      

    

  

    
      
          
            
  
pymchelper.writers.hdf module


	
class pymchelper.writers.hdf.HdfWriter(filename, options)[source]

	Bases: object

Supports writing HDF file format.
HDF is designed to store large amounts of data organized in convenient way.
One HDF file can handle many single- or multi-dimensional tables.


	
write(estimator)[source]

	










          

      

      

    

  

    
      
          
            
  
pymchelper.writers.inspector module


	
class pymchelper.writers.inspector.Inspector(filename, options)[source]

	Bases: object


	
write(estimator)[source]

	Print all keys and values from estimator structure

they include also a metadata read from binary output file












          

      

      

    

  

    
      
          
            
  
pymchelper.writers.plots module


	
class pymchelper.writers.plots.GnuplotDataWriter(filename, options)[source]

	Bases: object

TODO


	
write(estimator)[source]

	TODO










	
class pymchelper.writers.plots.ImageWriter(filename, options)[source]

	Bases: object

Writer responsible for creating PNG images using matplotlib library


	
default_colormap = 'gnuplot2'

	




	
get_page_figure(page)[source]

	Calculate matplotlib figure object for a single page in estimator






	
write(estimator)[source]

	Go through all pages in estimator and save corresponding figure to an output file










	
class pymchelper.writers.plots.PlotAxis[source]

	Bases: enum.IntEnum

An enumeration.


	
x = 1

	




	
y = 2

	




	
z = 3

	








	
class pymchelper.writers.plots.PlotDataWriter(filename, options)[source]

	Bases: object

gnuplot data writer


	
write(estimator)[source]

	TODO






	
write_single_page(page, filename)[source]

	TODO












          

      

      

    

  

    
      
          
            
  
pymchelper.writers.shieldhit module


	
class pymchelper.writers.shieldhit.SHBinaryWriter(filename, options)[source]

	Bases: object


	
write(estimator)[source]

	








	
class pymchelper.writers.shieldhit.TxtWriter(filename, options)[source]

	Bases: object


	
write(estimator)[source]

	










          

      

      

    

  

    
      
          
            
  
pymchelper.writers.sparse module


	
class pymchelper.writers.sparse.SparseWriter(filename, options)[source]

	Bases: object

Supports writing sparse matrix format


	
write(estimator)[source]

	










          

      

      

    

  

    
      
          
            
  
pymchelper.writers.trip98cube module


	
class pymchelper.writers.trip98cube.TRiP98CubeWriter(filename, options)[source]

	Bases: object


	
write(estimator)[source]

	










          

      

      

    

  

    
      
          
            
  
pymchelper.writers.trip98ddd module


	
class pymchelper.writers.trip98ddd.DebuggingPlots(base_data)[source]

	Bases: object

Debugging plots, mostly needed to inspect if Gaussian function fitting was successful


	
base_data(zmax_cm, threshold, logy=False)[source]

	




	
static fit_summary(fit_results)[source]

	




	
map2d(zlog=False)[source]

	








	
class pymchelper.writers.trip98ddd.FitResultCollection(n)[source]

	Bases: object

Fit results collection (along Z axis)






	
class pymchelper.writers.trip98ddd.FittingMethods[source]

	Bases: object

Functions describing Gaussian functions modelling lateral dose distributions


	
classmethod gauss2_MeV_g(x_cm, amp_MeV_cm_g, sigma1_cm, weight, sigma2_add_cm)[source]

	




	
classmethod gauss2_MeV_g_1st(x_cm, amp_MeV_cm_g, sigma1_cm, weight, sigma2_add_cm)[source]

	




	
classmethod gauss2_MeV_g_2nd(x_cm, amp_MeV_cm_g, sigma1_cm, weight, sigma2_add_cm)[source]

	




	
classmethod gauss2_r_MeV_cm_g(x_cm, amp_MeV_cm_g, sigma1_cm, weight, sigma2_add_cm)[source]

	




	
classmethod gauss_MeV_g(x_cm, amp_MeV_cm_g, sigma_cm)[source]

	




	
classmethod gauss_r_MeV_cm_g(x_cm, amp_MeV_cm_g, sigma_cm)[source]

	








	
class pymchelper.writers.trip98ddd.LateralDepthDoseProfile(r_cm_1d, z_cm_1d, dose_MeV_g_2d, dose_error_MeV_g_2d, r_step_cm=None, z_step_cm=None)[source]

	Bases: object

Base data for fitting


	
static cumulative_dose(dose_1d)[source]

	




	
static cumulative_dose_left(cumsum)[source]

	








	
class pymchelper.writers.trip98ddd.TRiP98DDDWriter(filename, options)[source]

	Bases: object

Writer for TRiP98 DDD files. File format is described here:
http://bio.gsi.de/DOCS/TRiP98/PRO/DOCS/trip98fmtddd.html

Only liquid water target is supported now.


	
write(estimator)[source]

	




	
write_single_page(estimator, page, filename)[source]

	










          

      

      

    

  

    
      
          
            
  
pymchelper.run module


	
pymchelper.run.add_default_options(parser)[source]

	




	
pymchelper.run.main(args=None)[source]

	






          

      

      

    

  

    
      
          
            
  
Badges and links







	docs

	[image: Documentation Status] [https://readthedocs.org/projects/pymchelper]



	tests

	[image: Appveyor Build Status] [https://ci.appveyor.com/project/grzanka/pymchelper]



	package

	[image: PyPI Package latest release] [https://pypi.python.org/pypi/pymchelper] [image: PyPI Wheel] [https://pypi.python.org/pypi/pymchelper] [image: Supported versions] [https://pypi.python.org/pypi/pymchelper] [image: Supported implementations] [https://pypi.python.org/pypi/pymchelper]









          

      

      

    

  

    
      
          
            
  
Credits


Development


	Leszek Grzanka - IFJ-PAN, Poland <leszek.grzanka@ifj.edu.pl>


	Niels Bassler - Stockholm University, Sweden






Contributors

None yet. Why not be the first?
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      	a (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	abbrev() (in module pymchelper.flair.common.rexx)


      	absWhat() (pymchelper.flair.Input.Card method)


      	add() (pymchelper.flair.Input.Particle static method)


      	add_default_options() (in module pymchelper.run)


      	add_page() (pymchelper.estimator.Estimator method)


      	addCard() (pymchelper.flair.Input.Input method)


      	addCardProperty() (pymchelper.flair.Input.Input method)


      	addUserInvalid() (pymchelper.flair.Input.Card method)


      	addZone() (pymchelper.flair.Input.Card method)


      	alanine (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	alanine_gy_bdo2016 (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	all (pymchelper.shieldhit.particle.SHParticleType attribute)


      	allcards() (pymchelper.flair.Input.Input method)


      	allowed_detectors (pymchelper.shieldhit.detector.estimator.SHEstimator attribute)
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      	anti_neutrino_e (pymchelper.shieldhit.particle.SHParticleType attribute)
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      	anti_neutron (pymchelper.shieldhit.particle.SHParticleType attribute)


      	anti_proton (pymchelper.shieldhit.particle.SHParticleType attribute)


      	any_to_element() (pymchelper.shieldhit.detector.fortran_card.CardLine static method)


      	append() (pymchelper.flair.common.bmath.Matrix method)


      	appendComment() (pymchelper.flair.Input.Card method)
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      	apro0 (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	apzlscl (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	arg() (pymchelper.flair.common.bmath.Vector method)


      	ascii (pymchelper.readers.shieldhit.general.SHFileFormatId attribute)


      	assign() (pymchelper.flair.Input.LogicalUnits method)


      	average_with_nan() (in module pymchelper.estimator)


      	avg_beta (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	avg_energy (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	Axis (class in pymchelper.shieldhit.detector.geometry)


      	axis() (pymchelper.estimator.Estimator method)

      
        	(pymchelper.page.Page method)


      


      	AxisId (class in pymchelper.axis)
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      	base_data() (pymchelper.writers.trip98ddd.DebuggingPlots method)
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      	beam (pymchelper.flair.Input.Particle attribute)
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      	bestPosition() (pymchelper.flair.Input.Input method)


  

  	
      	bin2010 (pymchelper.readers.shieldhit.general.SHFileFormatId attribute)


      	BODY (pymchelper.flair.Input.Card attribute)


      	bodyN() (pymchelper.flair.Input.Card method)


      	bodyP() (pymchelper.flair.Input.Card method)


      	bodyP1() (pymchelper.flair.Input.Card method)
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        	(in module pymchelper.utils.mcscripter)
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      	MCEnvironment (class in pymchelper.executor.options)


      	McFile (class in pymchelper.utils.mcscripter)


      	medium (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	mesh_unit_and_name() (in module pymchelper.readers.shieldhit.reader_base)


      	MeshAxis (class in pymchelper.axis)


      	MeshAxis.BinningType (class in pymchelper.axis)


      	Mgdraw (class in pymchelper.flair.Data)


      	minimumInput() (pymchelper.flair.Input.Input method)


      	moveCard() (pymchelper.flair.Input.Input method)


      	msh (pymchelper.shieldhit.detector.estimator_type.SHGeoType attribute)


      	multNoTranslation() (pymchelper.flair.common.bmath.Matrix method)


      	muon_minus (pymchelper.shieldhit.particle.SHParticleType attribute)


      	muon_plus (pymchelper.shieldhit.particle.SHParticleType attribute)


  





N


  	
      	n_eqv_dose (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	name() (pymchelper.flair.Input.Card method)


      	neutrino_e (pymchelper.shieldhit.particle.SHParticleType attribute)


      	neutrino_mu (pymchelper.shieldhit.particle.SHParticleType attribute)


      	neutron (pymchelper.shieldhit.particle.SHParticleType attribute)


      	nkerma (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	no_of_elements (pymchelper.shieldhit.detector.fortran_card.CardLine attribute)


      	none (pymchelper.estimator.ErrorEstimate attribute)

      
        	(pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      


  

  	
      	none() (pymchelper.flair.Input.CardInfo static method)


      	norm() (pymchelper.flair.common.bmath.Quaternion method)

      
        	(pymchelper.flair.common.bmath.Vector method)


      


      	normalize() (pymchelper.flair.common.bmath.Quaternion method)

      
        	(pymchelper.flair.common.bmath.Vector method)


      


      	notIgnore() (pymchelper.flair.Input.Card method)


      	null() (in module pymchelper.flair.common.log)


      	number_of_pages (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	numWhat() (pymchelper.flair.Input.Card method)


      	nwhats() (pymchelper.flair.Input.Card method)


  





O


  	
      	O (pymchelper.flair.common.bmath.Matrix attribute)

      
        	(pymchelper.flair.common.bmath.Vector attribute)


      


      	OBJECT (pymchelper.flair.Input.Card attribute)


      	oln (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


  

  	
      	open() (pymchelper.flair.Data.Mgdraw method)


      	optZone() (in module pymchelper.flair.common.csg)


      	orthogonal() (pymchelper.flair.common.bmath.Vector method)


      	OutputDataType (class in pymchelper.executor.runner)
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      	Page (class in pymchelper.page)


      	page_diff_flag (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_diff_size (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_diff_start (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_diff_stop (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_diff_type (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_diff_units (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_filter_e_min (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_filter_emax (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_filter_name (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_filter_rules_no (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_medium_scoring (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_medium_transport (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_normalized (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_number (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_offset (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_scale_factor (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	page_unit_ids (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	parse() (pymchelper.flair.Input.Input method)

      
        	(pymchelper.utils.mcscripter.Config method)


      


      	parse_data() (pymchelper.readers.fluka.FlukaReader method)


      	parse_resnuclei() (pymchelper.readers.fluka.FlukaReader method)


      	parse_usrbdx() (pymchelper.readers.fluka.FlukaReader method)


      	parse_usrbin() (pymchelper.readers.fluka.FlukaReader method)


      	parse_usrtrack() (pymchelper.readers.fluka.FlukaReader method)


      	Particle (class in pymchelper.flair.Input)


      	particle_type (pymchelper.shieldhit.particle.SHHeavyIonType attribute)


      	particles (pymchelper.flair.Input.Particle attribute)


      	perp() (pymchelper.flair.common.bmath.Vector method)


      	perp2() (pymchelper.flair.common.bmath.Vector method)


      	pet (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	phi() (pymchelper.flair.common.bmath.Vector method)


      	pi_minus (pymchelper.shieldhit.particle.SHParticleType attribute)


      	pi_plus (pymchelper.shieldhit.particle.SHParticleType attribute)


      	pi_zero (pymchelper.shieldhit.particle.SHParticleType attribute)


      	Plane (class in pymchelper.shieldhit.detector.geometry)


      	plane (pymchelper.shieldhit.detector.estimator_type.SHGeoType attribute)


      	PLDRead (class in pymchelper.utils.pld2sobp)


      	plot (pymchelper.executor.runner.OutputDataType attribute)


      	plot_axis() (pymchelper.page.Page method)


      	PlotAxis (class in pymchelper.writers.plots)


      	plotdata (pymchelper.writers.common.Converters attribute)


      	PlotDataWriter (class in pymchelper.writers.plots)


      	polar() (in module pymchelper.flair.common.bmath)


      	polyderiv() (in module pymchelper.flair.common.bmath)


      	polyeval() (in module pymchelper.flair.common.bmath)


      	polyreduce() (in module pymchelper.flair.common.bmath)


      	pos() (pymchelper.flair.Input.Card method)


      	positron (pymchelper.shieldhit.particle.SHParticleType attribute)


      	preprocess() (pymchelper.flair.Input.Input method)


      	proton (pymchelper.shieldhit.particle.SHParticleType attribute)


  

  	
      	pymchelper (module)


      	pymchelper.axis (module)


      	pymchelper.estimator (module)


      	pymchelper.executor (module)


      	pymchelper.executor.options (module)


      	pymchelper.executor.runner (module)


      	pymchelper.flair (module)


      	pymchelper.flair.common (module)


      	pymchelper.flair.common.bmath (module)


      	pymchelper.flair.common.csg (module)


      	pymchelper.flair.common.fortran (module)


      	pymchelper.flair.common.log (module)


      	pymchelper.flair.common.rexx (module)


      	pymchelper.flair.Data (module)


      	pymchelper.flair.Input (module)


      	pymchelper.input_output (module)


      	pymchelper.page (module)


      	pymchelper.readers (module)


      	pymchelper.readers.common (module)


      	pymchelper.readers.fluka (module)


      	pymchelper.readers.shieldhit (module)


      	pymchelper.readers.shieldhit.binary_spec (module)


      	pymchelper.readers.shieldhit.general (module)


      	pymchelper.readers.shieldhit.reader_base (module)


      	pymchelper.readers.shieldhit.reader_bdo2016 (module)


      	pymchelper.readers.shieldhit.reader_bdo2019 (module)


      	pymchelper.readers.shieldhit.reader_bin2010 (module)


      	pymchelper.run (module)


      	pymchelper.shieldhit (module)


      	pymchelper.shieldhit.detector (module)


      	pymchelper.shieldhit.detector.detector_type (module)


      	pymchelper.shieldhit.detector.estimator (module)


      	pymchelper.shieldhit.detector.estimator_type (module)


      	pymchelper.shieldhit.detector.fortran_card (module)


      	pymchelper.shieldhit.detector.geometry (module)


      	pymchelper.shieldhit.particle (module)


      	pymchelper.utils (module)


      	pymchelper.utils.mcscripter (module)


      	pymchelper.utils.pld2sobp (module)


      	pymchelper.utils.runmc (module)


      	pymchelper.version (module)


      	pymchelper.writers (module)


      	pymchelper.writers.common (module)


      	pymchelper.writers.excel (module)


      	pymchelper.writers.fortranformatter (module)


      	pymchelper.writers.hdf (module)


      	pymchelper.writers.inspector (module)


      	pymchelper.writers.plots (module)


      	pymchelper.writers.shieldhit (module)


      	pymchelper.writers.sparse (module)


      	pymchelper.writers.trip98cube (module)


      	pymchelper.writers.trip98ddd (module)
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      	q (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


  

  	
      	quadratic() (in module pymchelper.flair.common.bmath)


      	Quaternion (class in pymchelper.flair.common.bmath)
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      	random3D() (in module pymchelper.flair.common.bmath)


      	read() (in module pymchelper.flair.common.fortran)

      
        	(pymchelper.flair.Input.Input method)


        	(pymchelper.flair.Input.Voxel method)


        	(pymchelper.readers.common.Reader method)


        	(pymchelper.readers.shieldhit.general.SHReaderASCII method)


        	(pymchelper.utils.mcscripter.Template method)


      


      	read_data() (pymchelper.readers.common.Reader method)

      
        	(pymchelper.readers.fluka.FlukaReader method)


        	(pymchelper.readers.shieldhit.reader_base.SHReader method)


        	(pymchelper.readers.shieldhit.reader_bdo2016.SHReaderBDO2016 method)


        	(pymchelper.readers.shieldhit.reader_bdo2019.SHReaderBDO2019 method)


        	(pymchelper.readers.shieldhit.reader_bin2010.SHReaderBin2010 method)


      


      	read_header() (pymchelper.readers.shieldhit.general.SHReaderASCII method)

      
        	(pymchelper.readers.shieldhit.reader_bin2010.SHReaderBin2010 method)


      


      	read_next_token() (in module pymchelper.readers.shieldhit.reader_base)


      	read_payload() (pymchelper.readers.shieldhit.general.SHReaderASCII method)

      
        	(pymchelper.readers.shieldhit.reader_bin2010.SHReaderBin2010 method)


      


      	read_token() (in module pymchelper.readers.shieldhit.general)


      	readData() (pymchelper.flair.Data.Resnuclei method)

      
        	(pymchelper.flair.Data.UsrTrack method)


        	(pymchelper.flair.Data.Usrbdx method)


        	(pymchelper.flair.Data.Usrbin method)


        	(pymchelper.flair.Data.Usrxxx method)


      


      	readEnergy() (pymchelper.flair.Data.Mgdraw method)


      	Reader (class in pymchelper.readers.common)


      	ReaderFactory (class in pymchelper.readers.common)


      	readEvent() (pymchelper.flair.Data.Mgdraw method)


      	readHeader() (pymchelper.flair.Data.Resnuclei method)

      
        	(pymchelper.flair.Data.UsrTrack method)


        	(pymchelper.flair.Data.Usrbdx method)


        	(pymchelper.flair.Data.Usrbin method)


        	(pymchelper.flair.Data.Usrxxx method)


      


      	readSource() (pymchelper.flair.Data.Mgdraw method)


      	readStat() (pymchelper.flair.Data.Resnuclei method)

      
        	(pymchelper.flair.Data.UsrTrack method)


        	(pymchelper.flair.Data.Usrbdx method)


        	(pymchelper.flair.Data.Usrbin method)


        	(pymchelper.flair.Data.Usrxxx method)


      


  

  	
      	readTracking() (pymchelper.flair.Data.Mgdraw method)


      	rect() (in module pymchelper.flair.common.bmath)


      	refresh() (pymchelper.flair.Input.Input method)


      	REGION (pymchelper.flair.Input.Card attribute)


      	region() (pymchelper.flair.Input.Input method)


      	regionName() (pymchelper.flair.Input.Voxel static method)


      	regionProperties() (pymchelper.flair.Input.Input method)


      	renumber() (pymchelper.flair.Input.Input method)


      	replaceCard() (pymchelper.flair.Input.Input method)


      	reset() (pymchelper.flair.Data.Mgdraw method)

      
        	(pymchelper.flair.Data.Usrxxx method)


        	(pymchelper.flair.Input.LogicalUnits method)


      


      	Resnuclei (class in pymchelper.flair.Data)


      	reverse() (in module pymchelper.flair.common.rexx)


      	rho (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	rmDoubles() (in module pymchelper.flair.common.csg)


      	rndColor() (in module pymchelper.flair.common.bmath)


      	roman2int() (in module pymchelper.flair.common.bmath)


      	rotate() (pymchelper.flair.common.bmath.Matrix method)


      	rotdefiCards() (pymchelper.flair.Input.Input method)


      	rotdefiList() (pymchelper.flair.Input.Input method)


      	rotX() (pymchelper.flair.common.bmath.Matrix static method)


      	rotY() (pymchelper.flair.common.bmath.Matrix static method)


      	rotZ() (pymchelper.flair.common.bmath.Matrix static method)


      	rpn2exp() (in module pymchelper.flair.common.csg)


      	rpnorm() (in module pymchelper.flair.common.csg)


      	rt_nstat (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	rt_time (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	rt_timesim (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	run() (pymchelper.executor.runner.Runner method)


      	Runner (class in pymchelper.executor.runner)
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      	say() (in module pymchelper.flair.common.log)

      
        	(pymchelper.flair.Data.Resnuclei method)


        	(pymchelper.flair.Data.UsrTrack method)


        	(pymchelper.flair.Data.Usrbdx method)


        	(pymchelper.flair.Data.Usrbin method)


      


      	sayHeader() (pymchelper.flair.Data.Usrxxx method)


      	scale() (pymchelper.flair.common.bmath.Matrix static method)


      	scan() (pymchelper.flair.Input.LogicalUnits method)

      
        	(pymchelper.flair.Input.Particle static method)


      


      	scanUnits() (pymchelper.flair.Input.Input method)


      	sdum() (pymchelper.flair.Input.Card method)


      	set() (pymchelper.flair.common.bmath.Vector method)

      
        	(pymchelper.flair.Input.Card method)


        	(pymchelper.shieldhit.detector.geometry.Axis method)


      


      	set_axis() (pymchelper.shieldhit.detector.geometry.Geometry method)


      	set_log() (in module pymchelper.flair.common.log)


      	set_logger_level() (in module pymchelper.utils.runmc)


      	set_no_of_primaries() (pymchelper.executor.options.SimulationSettings method)


      	set_normal() (pymchelper.shieldhit.detector.geometry.Plane method)


      	set_point() (pymchelper.shieldhit.detector.geometry.Plane method)


      	set_rng_seed() (pymchelper.executor.options.SimulationSettings method)


      	setAbsWhat() (pymchelper.flair.Input.Card method)


      	setActive() (pymchelper.flair.Input.Card method)


      	setComment() (pymchelper.flair.Input.Card method)


      	setDisableComment() (pymchelper.flair.Input.CardInfo method)


      	setEnable() (pymchelper.flair.Input.Card method)


      	setExtra() (pymchelper.flair.Input.Card method)


      	setFileTime() (pymchelper.flair.Input.Input method)


      	setModified() (pymchelper.flair.Input.Card method)

      
        	(pymchelper.flair.Input.Input method)


      


      	setName() (pymchelper.flair.Input.Card method)


      	setNWhats() (pymchelper.flair.Input.Card method)


      	setPolar() (pymchelper.flair.common.bmath.Vector method)


      	setProperty() (pymchelper.flair.Input.Card method)


      	setSdum() (pymchelper.flair.Input.Card method)


      	setSign() (pymchelper.flair.Input.Card method)


      	setWhat() (pymchelper.flair.Input.Card method)


      	setWhats() (pymchelper.flair.Input.Card method)


      	setZones() (pymchelper.flair.Input.Card method)


      	SH12AEnvironmentLinux (class in pymchelper.executor.options)


      	SH12AEnvironmentWindows (class in pymchelper.executor.options)


      	SH12ASettings (class in pymchelper.executor.options)


      	SH_SCORING_UNIT_AU (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_CM (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_CM2 (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_CM3 (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_COUNT (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_DEGREES (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_DOSERAD (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_DOSEREM (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_GPCM3 (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_GY (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_GYRBE (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_GYRE (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_INVALID (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_KEVPUM (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_KGPM3 (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_M (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_M2 (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_M3 (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


  

  	
      	SH_SCORING_UNIT_MATID (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_MEV (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_MEVCM2PG (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_MEVPAMU (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_MEVPC2 (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_MEVPCM (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_MEVPG (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_MEVPNUC (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_NONE (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_NUCN (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_NZONE (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_PCM (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_PCM2 (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_PCM3 (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_PCT (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_PM (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_PM2 (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_PM3 (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_PMIL (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_RADIANS (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_RELATIVE (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_SR (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_SV (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_U (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SH_SCORING_UNIT_UNKNOWN (pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID attribute)


      	SHBDOTagID (class in pymchelper.readers.shieldhit.binary_spec)


      	SHBDOUnitID (class in pymchelper.readers.shieldhit.binary_spec)


      	SHBinaryWriter (class in pymchelper.writers.shieldhit)


      	shbuilddate (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	SHDetType (class in pymchelper.shieldhit.detector.detector_type)


      	SHEstimator (class in pymchelper.shieldhit.detector.estimator)


      	SHFileFormatId (class in pymchelper.readers.shieldhit.general)


      	SHGeoType (class in pymchelper.shieldhit.detector.estimator_type)


      	SHHeavyIonType (class in pymchelper.shieldhit.particle)


      	SHParticleType (class in pymchelper.shieldhit.particle)


      	SHReader (class in pymchelper.readers.shieldhit.reader_base)


      	SHReaderASCII (class in pymchelper.readers.shieldhit.general)


      	SHReaderBDO2016 (class in pymchelper.readers.shieldhit.reader_bdo2016)


      	SHReaderBDO2019 (class in pymchelper.readers.shieldhit.reader_bdo2019)


      	SHReaderBin2010 (class in pymchelper.readers.shieldhit.reader_bin2010)


      	SHReaderFactory (class in pymchelper.readers.shieldhit.general)


      	shversion (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	sigmat0 (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	sigmax (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	sigmay (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	sign() (pymchelper.flair.Input.Card method)


      	signedList (pymchelper.flair.Input.Particle attribute)


      	signedListAll (pymchelper.flair.Input.Particle attribute)


      	SimulationSettings (class in pymchelper.executor.options)


      	SingleSimulationExecutor (class in pymchelper.executor.runner)


      	skip() (in module pymchelper.flair.common.fortran)


      	solveOverDetermined() (in module pymchelper.flair.common.bmath)


      	sparse (pymchelper.writers.common.Converters attribute)


      	SparseWriter (class in pymchelper.writers.sparse)


      	spc (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	split() (in module pymchelper.flair.common.csg)


      	splitExpr() (pymchelper.flair.Input.Card static method)


      	splitZones() (in module pymchelper.flair.common.csg)


      	stddev (pymchelper.estimator.ErrorEstimate attribute)


      	stderr (pymchelper.estimator.ErrorEstimate attribute)


  





T


  	
      	T() (pymchelper.flair.common.bmath.Matrix method)


      	Template (class in pymchelper.utils.mcscripter)


      	test() (pymchelper.flair.Input.Card method)


      	theta() (pymchelper.flair.common.bmath.Vector method)


      	tlet (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	tletg (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	tmax0 (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	tmax0amu (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	tmax0mev (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	tmax0nuc (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


      	tofile() (in module pymchelper.input_output)


      	tokenize() (in module pymchelper.flair.common.csg)


      	toNames() (pymchelper.flair.Input.CardInfo method)


      	toStr() (pymchelper.flair.Input.Card method)


      	toString() (in module pymchelper.flair.common.csg)


      	trace (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)

      
        	(pymchelper.shieldhit.detector.estimator_type.SHGeoType attribute)


      


  

  	
      	trace() (pymchelper.flair.common.bmath.Matrix method)


      	track_av_q (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	track_av_z2beta2 (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	track_length (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	transformBody() (pymchelper.flair.Input.Input method)


      	translate() (in module pymchelper.flair.common.rexx)

      
        	(pymchelper.flair.common.bmath.Matrix static method)


      


      	transpose() (pymchelper.flair.common.bmath.Matrix method)


      	TRiP98CubeWriter (class in pymchelper.writers.trip98cube)


      	TRiP98DDDWriter (class in pymchelper.writers.trip98ddd)


      	tripcube (pymchelper.writers.common.Converters attribute)


      	tripddd (pymchelper.writers.common.Converters attribute)


      	triton (pymchelper.shieldhit.particle.SHParticleType attribute)


      	txt (pymchelper.executor.runner.OutputDataType attribute)

      
        	(pymchelper.writers.common.Converters attribute)


      


      	TxtWriter (class in pymchelper.writers.shieldhit)


      	type() (pymchelper.flair.Input.Card method)


      	tzeff2beta2 (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


  





U


  	
      	U (pymchelper.flair.common.bmath.Matrix attribute)


      	unary() (pymchelper.flair.common.bmath.Matrix method)


      	unit() (pymchelper.flair.common.bmath.Vector method)


      	units() (pymchelper.flair.Input.Card method)


      	unknown (pymchelper.shieldhit.detector.estimator_type.SHGeoType attribute)

      
        	(pymchelper.shieldhit.particle.SHParticleType attribute)


      


      	unpackArray() (in module pymchelper.flair.Data)


      	user (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


  

  	
      	user1 (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	user2 (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	Usrbdx (class in pymchelper.flair.Data)


      	Usrbin (class in pymchelper.flair.Data)


      	UsrTrack (class in pymchelper.flair.Data)


      	Usrxxx (class in pymchelper.flair.Data)


      	utfReadline() (in module pymchelper.flair.Input)


      	utfWrite() (in module pymchelper.flair.Input)


      	utfWriteln() (in module pymchelper.flair.Input)


  





V


  	
      	validate() (pymchelper.flair.Input.Card method)

      
        	(pymchelper.flair.Input.CardInfo method)


        	(pymchelper.flair.Input.Input method)


      


      	Vector (class in pymchelper.flair.common.bmath)

      
        	(class in pymchelper.flair.Input)


      


  

  	
      	vector() (pymchelper.flair.common.bmath.Quaternion method)


      	verify() (in module pymchelper.flair.common.rexx)


      	Voxel (class in pymchelper.flair.Input)


      	voxscore (pymchelper.shieldhit.detector.estimator_type.SHGeoType attribute)


  





W


  	
      	what() (pymchelper.flair.Input.Card method)


      	whats() (pymchelper.flair.Input.Card method)


      	WorkspaceManager (class in pymchelper.executor.runner)


      	write() (in module pymchelper.flair.common.fortran)

      
        	(pymchelper.flair.Input.Input method)


        	(pymchelper.utils.mcscripter.Generator method)


        	(pymchelper.utils.mcscripter.McFile method)


        	(pymchelper.writers.excel.ExcelWriter method)


        	(pymchelper.writers.hdf.HdfWriter method)


        	(pymchelper.writers.inspector.Inspector method)


        	(pymchelper.writers.plots.GnuplotDataWriter method)


        	(pymchelper.writers.plots.ImageWriter method)


        	(pymchelper.writers.plots.PlotDataWriter method)


        	(pymchelper.writers.shieldhit.SHBinaryWriter method)


        	(pymchelper.writers.shieldhit.TxtWriter method)


        	(pymchelper.writers.sparse.SparseWriter method)


        	(pymchelper.writers.trip98cube.TRiP98CubeWriter method)


        	(pymchelper.writers.trip98ddd.TRiP98DDDWriter method)


      


  

  	
      	write_single_page() (pymchelper.writers.plots.PlotDataWriter method)

      
        	(pymchelper.writers.trip98ddd.TRiP98DDDWriter method)


      


      	writeCard() (pymchelper.flair.Input.Input static method)


      	writeCards() (pymchelper.flair.Input.Input method)


      	writeGeometry() (pymchelper.flair.Input.Input method)


      	writeln() (in module pymchelper.flair.Input)


      	writeOctave() (pymchelper.flair.common.bmath.Matrix method)


      	writeWithInclude() (pymchelper.flair.Input.Input method)


  





X


  	
      	x (pymchelper.axis.AxisId attribute)


      	X (pymchelper.flair.common.bmath.Vector attribute)


      	x (pymchelper.writers.plots.PlotAxis attribute)


      	x() (pymchelper.flair.common.bmath.Vector method)


  

  	
      	xcombinations() (in module pymchelper.flair.common.bmath)


      	xpermutations() (in module pymchelper.flair.common.bmath)


      	xrange_string() (in module pymchelper.flair.common.rexx)


      	xselections() (in module pymchelper.flair.common.bmath)


      	xuniqueCombinations() (in module pymchelper.flair.common.bmath)


  





Y


  	
      	y (pymchelper.axis.AxisId attribute)


      	Y (pymchelper.flair.common.bmath.Vector attribute)


  

  	
      	y (pymchelper.writers.plots.PlotAxis attribute)


      	y() (pymchelper.flair.common.bmath.Vector method)


  





Z


  	
      	z (pymchelper.axis.AxisId attribute)


      	Z (pymchelper.flair.common.bmath.Vector attribute)


      	z (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)

      
        	(pymchelper.writers.plots.PlotAxis attribute)


      


      	z() (pymchelper.flair.common.bmath.Vector method)


      	z2beta2 (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	zeff (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


  

  	
      	zeff2beta2 (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)


      	zero() (pymchelper.flair.common.bmath.Matrix method)


      	ZeroDict (class in pymchelper.flair.common.bmath)


      	ZeroIntDict (class in pymchelper.flair.common.bmath)


      	Zone (class in pymchelper.shieldhit.detector.geometry)


      	zone (pymchelper.shieldhit.detector.detector_type.SHDetType attribute)

      
        	(pymchelper.shieldhit.detector.estimator_type.SHGeoType attribute)


      


      	zpro0 (pymchelper.readers.shieldhit.binary_spec.SHBDOTagID attribute)


  







          

      

      

    

  

    
      
          
            
  
HDF file

Saves data in HDF binary file format.
HDF is designed to store large amounts of data organized in convenient way.
One HDF file can handle many single- or multi-dimensional tables.
For every detector a single file with .h5 extension is written.


An example usage

Conversion is done using standard command:

convertmc HDF --many "*.bdo"





Assuming that we had “dose” detector output saved to dose0001.bdo, dose0002.bdo and dose0003.bdo,
we should expect to get dose.h5 as an output file.



Data reconstruction

Data can be extracted from HDF file with following Python code:

import numpy as np

# reading data and attributes from HDF file
 with h5py.File('dose.h5', 'r') as hf:
     data = hf['data'][:]  # numpy array with data storage
     attr = dict(hf['data'].attrs.items())  # dictionary with metadata









          

      

      

    

  

    
      
          
            
  All modules for which code is available

	pymchelper.axis

	pymchelper.estimator

	pymchelper.executor.options

	pymchelper.executor.runner

	pymchelper.flair.Data

	pymchelper.flair.Input

	pymchelper.flair.common.bmath

	pymchelper.flair.common.csg

	pymchelper.flair.common.fortran

	pymchelper.flair.common.log

	pymchelper.flair.common.rexx

	pymchelper.input_output

	pymchelper.page

	pymchelper.readers.common

	pymchelper.readers.fluka

	pymchelper.readers.shieldhit.binary_spec

	pymchelper.readers.shieldhit.general

	pymchelper.readers.shieldhit.reader_base

	pymchelper.readers.shieldhit.reader_bdo2016

	pymchelper.readers.shieldhit.reader_bdo2019

	pymchelper.readers.shieldhit.reader_bin2010

	pymchelper.run

	pymchelper.shieldhit.detector.detector_type

	pymchelper.shieldhit.detector.estimator

	pymchelper.shieldhit.detector.estimator_type

	pymchelper.shieldhit.detector.fortran_card

	pymchelper.shieldhit.detector.geometry

	pymchelper.shieldhit.particle

	pymchelper.utils.mcscripter

	pymchelper.utils.pld2sobp

	pymchelper.utils.runmc

	pymchelper.version

	pymchelper.writers.common

	pymchelper.writers.excel

	pymchelper.writers.fortranformatter

	pymchelper.writers.hdf

	pymchelper.writers.inspector

	pymchelper.writers.plots

	pymchelper.writers.shieldhit

	pymchelper.writers.sparse

	pymchelper.writers.trip98cube

	pymchelper.writers.trip98ddd




          

      

      

    

  

    
      
          
            
  Source code for pymchelper.axis

from collections import namedtuple
from enum import IntEnum

import numpy as np


[docs]class MeshAxis(namedtuple('MeshAxis', 'n min_val max_val name unit binning')):
    """
    Scoring mesh axis data.

    It can represent an axis variety of scorers:
    x,y or z in cartesian scoring, r, rho or z in cylindrical.
    An axis represents a sequence of ``n`` numbers, defining linear or logarithmic binning.
    This sequence of numbers is not stored in the memory, but can be generated using data property method.
    ``min_val`` is lowest bin left edge, max_val is highest bin right edge
    ``name`` can be used to define physical quantity (i.e. position, energy, angle).
    ``unit`` gives physical units (i.e. cm, MeV, mrad).

    ``MeshAxis`` is constructed as immutable data structure, thus it is possible
    to set field values only upon object creation. Later they are available for read only.

    >>> x = MeshAxis(n=10, min_val=0.0, max_val=30.0, name="Position", unit="cm", binning=MeshAxis.BinningType.linear)
    >>> x.n, x.min_val, x.max_val
    (10, 0.0, 30.0)
    >>> x.n = 5
    Traceback (most recent call last):
    ...
    AttributeError: can't set attribute

    ``binning`` field (use internal ``BinningType.linear`` or ``BinningType.logarithmic``) can distinguish
    log from linear binning
    """
[docs]    class BinningType(IntEnum):
        """
        type of axis generator
        """
        linear = 0
        logarithmic = 1


    @property
    def data(self):
        """
        Generates linear or logarithmic sequence of ``n`` numbers.

        These numbers are middle points of the bins
        defined by ``n``, ``min_val`` and ``max_val`` parameters.

        >>> x = MeshAxis(n=10, min_val=0.0, max_val=10.0, name="X", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> x.data
        array([ 0.5,  1.5,  2.5,  3.5,  4.5,  5.5,  6.5,  7.5,  8.5,  9.5])

        Binning may also consist of one bin:
        >>> x = MeshAxis(n=1, min_val=0.0, max_val=5.0, name="X", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> x.data
        array([ 2.5])

        Logarithmic binning works as well, middle bin points are calculated as geometrical mean.
        Here we define 3 bins: [1,4], [4,16], [16,64].
        >>> x = MeshAxis(n=3, min_val=1.0, max_val=64.0, name="X", unit="cm", binning=MeshAxis.BinningType.logarithmic)
        >>> x.data
        array([  2.,   8.,  32.])

        For the same settings as below linear scale gives as expected different sequence:
        >>> x = MeshAxis(n=3, min_val=1.0, max_val=64.0, name="X", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> x.data
        array([ 11.5,  32.5,  53.5])

        For logarithmic axis min_val has to be positive:
        >>> x = MeshAxis(n=3, min_val=-2.0, max_val=64.0, name="X", unit="cm", binning=MeshAxis.BinningType.logarithmic)
        >>> x.data
        Traceback (most recent call last):
        ...
        Exception: Left edge of first bin (-2) is not positive

        :return:
        """
        if self.max_val < self.min_val:
            raise Exception("Right edge of last bin ({:g}) is smaller than left edge of first bin ({:g})".format(
                self.max_val, self.min_val
            ))
        if self.binning == self.BinningType.linear:
            bin_width = (self.max_val - self.min_val) / self.n
            first_bin_mid = self.min_val + bin_width / 2.0  # arithmetic mean
            last_bin_mid = self.max_val - bin_width / 2.0  # arithmetic mean
            return np.linspace(start=first_bin_mid, stop=last_bin_mid, num=self.n)
        elif self.binning == self.BinningType.logarithmic:
            if self.min_val < 0.0:
                raise Exception("Left edge of first bin ({:g}) is not positive".format(self.min_val))
            q = (self.max_val / self.min_val)**(1.0 / self.n)  # an = a0 q^n
            first_bin_mid = self.min_val * q**0.5  # geometrical mean sqrt(a0 a1) = sqrt( a0 a0 q) = a0 sqrt(q)
            last_bin_mid = self.max_val / q**0.5  # geometrical mean sqrt(an a(n-1)) = sqrt( an an/q) = an / sqrt(q)
            try:
                result = np.geomspace(start=first_bin_mid, stop=last_bin_mid, num=self.n)
            except AttributeError:
                # Python3.2 require numpy older than 1.2, such versions of numpy doesn't have geomspace function
                # in such case we calculate geometrical binning manually
                result = np.exp(np.linspace(start=np.log(first_bin_mid),
                                            stop=np.log(last_bin_mid),
                                            num=self.n))
            return result
        else:
            return None



[docs]class AxisId(IntEnum):
    x = 0
    y = 1
    z = 2
    diff1 = 3
    diff2 = 4





          

      

      

    

  

    
      
          
            
  Source code for pymchelper.estimator

import copy
from enum import IntEnum
import logging

import numpy as np
# try to set legacy printing options if working with numpy 1.14 or newer
# on older numpy versions this shouldn't have effect
from pymchelper.axis import MeshAxis, AxisId

try:
    np.set_printoptions(legacy="1.13")
except TypeError as e:  # noqa: F841
    pass

logger = logging.getLogger(__name__)


[docs]class ErrorEstimate(IntEnum):
    """
    When averaging data multiple files we could estimate statistical error of scored quantity.
    Such error can be calculated as: none (error information missing), standard error or standard deviation.
    """
    none = 0
    stderr = 1
    stddev = 2



[docs]class Estimator(object):
    """
    Estimator data including scoring mesh description.

    This class handles in universal way data generated with MC code.
    It includes data (``data`` and ``data_raw`` fields) and optional errors (``error`` and ``error_raw``).
    Estimator holds also up to 3 binning axis (``x``, ``y`` and ``z`` fields).
    Scored quantity can be assigned a ``name`` (i.e. dose) and ``unit`` (i.e. Gy).
    Several other fields are also used:
      - nstat: number of simulated histories
      - counter: number of files read to construct detector object
      - corename: common core part of input files defining a name of detector
      - error_type: none, stderr or stddev - error type

    Estimator data can be either read from the file (see ``fromfile`` method in ``input_output`` module
    or constructed directly:

    >>> d = Estimator()
    >>> d.x = MeshAxis(n=2, min_val=0.0, max_val=10.0, name="X", unit="cm", binning=MeshAxis.BinningType.linear)
    >>> d.x.data
    array([ 2.5,  7.5])
    >>> d.y = MeshAxis(n=3, min_val=0.0, max_val=150.0, name="Y", unit="cm", binning=MeshAxis.BinningType.linear)
    >>> d.y.data
    array([  25.,   75.,  125.])
    >>> d.z = MeshAxis(n=1, min_val=0.0, max_val=1.0, name="Z", unit="cm", binning=MeshAxis.BinningType.linear)
    >>> d.z.data
    array([ 0.5])
    """

    def __init__(self):
        """
        Create dummy estimator object.
        >>> e = Estimator()
        """
        self.x = MeshAxis(n=1,
                          min_val=float("NaN"),
                          max_val=float("NaN"),
                          name="",
                          unit="",
                          binning=MeshAxis.BinningType.linear)
        self.y = self.x
        self.z = self.x

        self.number_of_primaries = 0  # number of histories simulated
        self.file_counter = 0  # number of files read
        self.file_corename = ""  # common core for paths of contributing files
        self.file_format = ""  # binary file format of the input files
        self.error_type = ErrorEstimate.none
        self.geotyp = None  # MSH, CYL, etc...

        self.pages = ()  # empty tuple of pages at the beginning

[docs]    def add_page(self, page):
        """
        Add a page to the estimator object.
        New copy of page is made and page estimator pointer is set to the estimator object holding this page.
        :param page:
        :return: None
        """
        new_page = copy.deepcopy(page)
        new_page.estimator = self
        self.pages += (new_page,)


[docs]    def axis(self, axis_id):
        """
        Mesh axis selector method based on integer id's.

        Instead of getting mesh axis data by calling `d.x`, `d.y` or `d.z` (assuming `d` an object of `Detector`
        class) we can get that data by calling `d.axis(0)`, `d.axis(1)` or `d.axis(2)`. See for example:
        >>> d = Estimator()
        >>> d.x = MeshAxis(n=2, min_val=0.0, max_val=10.0, name="X", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> d.y = MeshAxis(n=3, min_val=0.0, max_val=150.0, name="Y", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> d.z = MeshAxis(n=1, min_val=0.0, max_val=1.0, name="Z", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> d.axis(1)
        MeshAxis(n=3, min_val=0.0, max_val=150.0, name='Y', unit='cm', binning=<BinningType.linear: 0>)

        :param axis_id: axis id (0, 1 or 2)
        :return: MeshAxis object
        """
        if axis_id == AxisId.x:
            return self.x
        elif axis_id == AxisId.y:
            return self.y
        elif axis_id == AxisId.z:
            return self.z
        return None


    @property
    def dimension(self):
        """
        Let's take again detector d with YZ scoring.
        >>> e = Estimator()
        >>> e.x = MeshAxis(n=1, min_val=0.0, max_val=1.0, name="X", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> e.y = MeshAxis(n=3, min_val=0.0, max_val=150.0, name="Y", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> e.z = MeshAxis(n=2, min_val=0.0, max_val=2.0, name="Z", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> e.dimension
        2

        :return: number of axes (among X,Y,Z) which have more than one bin
        """
        return 3 - (self.x.n, self.y.n, self.z.n).count(1)



[docs]def average_with_nan(estimator_list, error_estimate=ErrorEstimate.stderr):
    """
    Calculate average estimator object, excluding malformed data (NaN) from averaging.
    :param estimator_list:
    :param error_estimate:
    :return:
    """
    # TODO add compatibility check
    if not estimator_list:
        return None
    result = copy.deepcopy(estimator_list[0])
    for page_no, page in enumerate(result.pages):
        page.data_raw = np.nanmean([estimator.pages[page_no].data_raw for estimator in estimator_list], axis=0)
    result.file_counter = len(estimator_list)
    if result.file_counter > 1 and error_estimate != ErrorEstimate.none:
        # s = stddev = sqrt(1/(n-1)sum(x-<x>)**2)
        # s : corrected sample standard deviation
        for page_no, page in enumerate(result.pages):
            page.error_raw = np.nanstd([estimator.pages[page_no].data_raw for estimator in estimator_list],
                                       axis=0, ddof=1)

        # if user requested standard error then we calculate it as:
        # S = stderr = stddev / sqrt(n), or in other words,
        # S = s/sqrt(N) where S is the corrected standard deviation of the mean.
        if error_estimate == ErrorEstimate.stderr:
            for page in result.pages:
                page.error_raw /= np.sqrt(result.file_counter)  # np.sqrt() always returns np.float64
    else:
        for page in result.pages:
            page.error_raw = np.zeros_like(page.data_raw)
    return result





          

      

      

    

  

    
      
          
            
  Source code for pymchelper.input_output

from collections import defaultdict
from glob import glob
import logging
import os

import numpy as np

from pymchelper.estimator import Estimator, average_with_nan, ErrorEstimate
from pymchelper.readers.fluka import FlukaReaderFactory, FlukaReader
from pymchelper.readers.shieldhit.general import SHReaderFactory
from pymchelper.readers.shieldhit.reader_base import SHReader
from pymchelper.writers.common import Converters

logger = logging.getLogger(__name__)


[docs]def guess_reader(filename):
    """
    Guess a reader based on file contents or extensions.
    In some cases (i.e. binary SH12A files) access to file contents is needed.
    :param filename:
    :return: Instantiated reader object
    """
    fluka_reader = FlukaReaderFactory(filename).get_reader()
    if fluka_reader:
        reader = fluka_reader(filename)
    else:
        sh_reader = SHReaderFactory(filename).get_reader()
        if sh_reader:
            reader = sh_reader(filename)
    return reader



[docs]def guess_corename(filename):
    """
    Guess a reader based on file contents or extensions.
    In some cases (i.e. binary SH12A files) access to file contents is needed.
    :param filename:
    :return: the corename of the file (i.e. the basename without the running number for averaging)
    """
    corename = FlukaReader(filename).corename
    if corename is None:
        corename = SHReader(filename).corename
    return corename



[docs]def fromfile(filename):
    """Read estimator data from a binary file ```filename```"""

    reader = guess_reader(filename)
    if reader is None:
        raise Exception("File format not compatible", filename)
    estimator = Estimator()
    estimator.file_counter = 1
    if not reader.read(estimator):  # some problems occurred during read
        estimator = None
    return estimator



[docs]def fromfilelist(input_file_list, error=ErrorEstimate.stderr, nan=True):
    """
    Reads all files from a given list, and returns a list of averaged estimators.

    :param input_file_list: list of files to be read
    :param error: error estimation, see class ErrorEstimate class in pymchelper.estimator
    :param nan: if True, NaN (not a number) are excluded when averaging data.
    :return: list of estimators
    """
    if not isinstance(input_file_list, list):  # probably a string instead of list
        input_file_list = [input_file_list]

    if nan:
        estimator_list = [fromfile(filename) for filename in input_file_list]
        result = average_with_nan(estimator_list, error)
        if not result:  # TODO check here !
            return None
    elif len(input_file_list) == 1:
        result = fromfile(input_file_list[0])
        if not result:
            return None
    else:
        result = fromfile(input_file_list[0])
        if not result:
            return None

        # allocate memory for accumulator in standard deviation calculation
        # not needed if user requested not to include errors
        if error != ErrorEstimate.none:
            for page in result.pages:
                page.error_raw = np.zeros_like(page.data_raw)

        # loop over all files with n running from 2
        for n, filename in enumerate(input_file_list[1:], start=2):
            current_estimator = fromfile(filename)  # x

            # Running variance algorithm based on algorithm by B. P. Welford,
            # presented in Donald Knuth's Art of Computer Programming, Vol 2, page 232, 3rd edition.
            # Can be found here: http://www.johndcook.com/blog/standard_deviation/
            # and https://en.wikipedia.org/wiki/Algorithms_for_calculating_variance#Online_algorithm
            delta = [current_page.data_raw - result_page.data_raw for current_page, result_page
                     in zip(current_estimator.pages, result.pages)]               # delta = x - mean
            for page, delta_item in zip(result.pages, delta):
                page.data_raw += delta_item / np.float64(n)

            if error != ErrorEstimate.none:
                for page, delta_item, current_page in zip(result.pages, delta, current_estimator.pages):
                    page.error_raw += delta_item * (current_page.data_raw - page.data_raw)   # M2 += delta * (x - mean)

        # unbiased sample variance is stored in `__M2 / (n - 1)`
        # unbiased sample standard deviation in classical algorithm is calculated as (sqrt(1/(n-1)sum(x-<x>)**2)
        # here it is calculated as square root of unbiased sample variance:
        if len(input_file_list) > 1 and error != ErrorEstimate.none:
            for page in result.pages:
                page.error_raw = np.sqrt(page.error_raw / (len(input_file_list) - 1.0))

        # if user requested standard error then we calculate it as:
        # S = stderr = stddev / sqrt(N), or in other words,
        # S = s/sqrt(N) where S is the corrected standard deviation of the mean.
        if len(input_file_list) > 1 and error == ErrorEstimate.stderr:
            for page in result.pages:
                page.error_raw /= np.sqrt(len(input_file_list))  # np.sqrt() always returns np.float64

    result.file_counter = len(input_file_list)
    core_names_dict = group_input_files(input_file_list)
    if len(core_names_dict) == 1:
        result.file_corename = list(core_names_dict)[0]

    return result



[docs]def frompattern(pattern, error=ErrorEstimate.stderr, nan=True, jobs=-1, verbose=0):
    """
    Reads all files matching pattern, e.g.: 'foobar_*.bdo', and returns a list of averaged estimators.

    :param pattern: pattern to be matched for reading.
    :param error: error estimation, see class ErrorEstimate class in pymchelper.estimator
    :param nan: if True, NaN (not a number) are excluded when averaing data.
    :param jobs: optional number of threads for parallel processing
    :param verbose: optional verbosity level.
    :return: a list of estimators, or an empty list if no files were found.
    """

    try:
        list_of_matching_files = glob(pattern)
    except TypeError as e:  # noqa: F841
        list_of_matching_files = pattern

    core_names_dict = group_input_files(list_of_matching_files)

    # parallel execution of output file generation, using all CPU cores
    # see http://pythonhosted.org/joblib
    try:
        from joblib import Parallel, delayed
        logger.info("Parallel processing on {:d} jobs (-1 means all)".format(jobs))
        # options.verbose count the number of `-v` switches provided by user
        # joblib Parallel class expects the verbosity as a larger number (i.e. multiple of 10)
        worker = Parallel(n_jobs=jobs, verbose=verbose * 10)
        result = worker(
            delayed(fromfilelist)(filelist, error, nan)
            for core_name, filelist in core_names_dict.items()
        )
    except (ImportError, SyntaxError):
        # single-cpu implementation, in case joblib library fails (i.e. Python 3.2)
        logger.info("Single CPU processing")
        result = [fromfilelist(filelist, error, nan)
                  for core_name, filelist in core_names_dict.items()]
    return result



[docs]def convertfromlist(filelist, error, nan, outputdir, converter_name, options, outputfile=None):
    """

    :param filelist:
    :param error: error estimation, see class ErrorEstimate class in pymchelper.estimator
    :param nan: if True, NaN (not a number) are excluded when averaing data.
    :param outputdir:
    :param converter_name:
    :param options:
    :param outputfile:
    :return:
    """
    estimator = fromfilelist(filelist, error, nan)
    if not estimator:
        return None
    if outputfile is not None:
        output_path = outputfile
    elif outputdir is None:
        output_path = estimator.file_corename
    else:
        output_path = os.path.join(outputdir, estimator.file_corename)
    status = tofile(estimator, output_path, converter_name, options)
    return status



[docs]def convertfrompattern(pattern, outputdir, converter_name, options,
                       error=ErrorEstimate.stderr, nan=True, jobs=-1, verbose=0):
    """

    :param pattern:
    :param outputdir:
    :param converter_name:
    :param options:
    :param error: error estimation, see class ErrorEstimate class in pymchelper.estimator
    :param nan: if True, NaN (not a number) are excluded when averaing data.
    :param jobs:
    :param verbose:
    :return:
    """
    list_of_matching_files = glob(pattern)

    core_names_dict = group_input_files(list_of_matching_files)

    # parallel execution of output file generation, using all CPU cores
    # see http://pythonhosted.org/joblib
    try:
        from joblib import Parallel, delayed
        logger.info("Parallel processing on {:d} jobs (-1 means all)".format(jobs))
        # options.verbose count the number of `-v` switches provided by user
        # joblib Parallel class expects the verbosity as a larger number (i.e. multiple of 10)
        worker = Parallel(n_jobs=jobs, verbose=verbose * 10)
        status = worker(
            delayed(convertfromlist)(filelist, error, nan, outputdir, converter_name, options)
            for core_name, filelist in core_names_dict.items()
        )
        return max(status)
    except (ImportError, SyntaxError):
        # single-cpu implementation, in case joblib library fails (i.e. Python 3.2)
        logger.info("Single CPU processing")
        status = []
        for core_name, filelist in core_names_dict.items():
            status.append(convertfromlist(filelist, error, nan, outputdir, converter_name, options))
        return max(status)



[docs]def tofile(estimator, filename, converter_name, options):
    """
    Save a estimator data to a ``filename`` using converter defined by ``converter_name``
    :param estimator:
    :param filename:
    :param converter_name:
    :param options:
    :return:
    """
    writer_cls = Converters.fromname(converter_name)
    writer = writer_cls(filename, options)
    logger.debug("File corename : {:s}".format(filename))
    status = writer.write(estimator)
    return status



[docs]def group_input_files(input_file_list):
    """
    Takes set of input file names, belonging to possibly different estimators.
    Input files are grouped according to the estimators and for each group
    merging is performed, as in @merge_list method.
    Output file name is automatically generated.
    :param input_file_list: list of input files
    :return: core_names_dict
    """
    core_names_dict = defaultdict(list)
    # keys - core_name, value - list of full paths to corresponding files

    # loop over input list of file paths
    for filepath in input_file_list:
        core_name = guess_corename(filepath)
        core_names_dict[core_name].append(filepath)

    return core_names_dict





          

      

      

    

  

    
      
          
            
  Source code for pymchelper.page

import numpy as np

from pymchelper.axis import MeshAxis, AxisId


[docs]class Page:
    def __init__(self, estimator=None):

        self.estimator = estimator

        self.data_raw = np.array([float("NaN")])  # linear data storage
        self.error_raw = np.array([float("NaN")])  # linear data storage

        self.name = ""
        self.unit = ""

        self.dettyp = None  # Dose, Fluence, LET etc...

        # optional first differential axis
        self.diff_axis1 = MeshAxis(n=1,
                                   min_val=float("NaN"),
                                   max_val=float("NaN"),
                                   name="",
                                   unit="",
                                   binning=MeshAxis.BinningType.linear)

        # optional second differential axis
        self.diff_axis2 = MeshAxis(n=1,
                                   min_val=float("NaN"),
                                   max_val=float("NaN"),
                                   name="",
                                   unit="",
                                   binning=MeshAxis.BinningType.linear)

[docs]    def axis(self, axis_id):
        """
        TODO
        """
        if axis_id == AxisId.diff1:
            return self.diff_axis1
        elif axis_id == AxisId.diff2:
            return self.diff_axis2
        elif self.estimator:
            return self.estimator.axis(axis_id)
        return None


    @property
    def dimension(self):
        """
        Let's take again detector d with YZ scoring.
        >>> from pymchelper.estimator import Estimator
        >>> e = Estimator()
        >>> e.x = MeshAxis(n=1, min_val=0.0, max_val=1.0, name="X", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> e.y = MeshAxis(n=3, min_val=0.0, max_val=150.0, name="Y", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> e.z = MeshAxis(n=2, min_val=0.0, max_val=2.0, name="Z", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> e.dimension
        2
        >>> p = Page(e)
        >>> p.diff_axis1 = MeshAxis(n=10, min_val=0.0, max_val=100.0, name="E", unit="MeV",
        ...                         binning=MeshAxis.BinningType.linear)
        >>> p.dimension
        3

        :return: number of page axes (including differential) which have more than one bin
        """
        if self.estimator:
            return 2 - (self.diff_axis1.n, self.diff_axis2.n).count(1) + self.estimator.dimension
        else:
            return None

    @property
    def data(self):
        """
        3-D view of page data.

        Page data is stored originally in `data_raw` 1-D array.
        This property provides efficient view of data, suitable for numpy-like indexing.

        >>> from pymchelper.estimator import Estimator
        >>> e = Estimator()
        >>> e.x = MeshAxis(n=2, min_val=0.0, max_val=10.0, name="X", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> e.y = MeshAxis(n=3, min_val=0.0, max_val=150.0, name="Y", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> e.z = MeshAxis(n=1, min_val=0.0, max_val=1.0, name="Z", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> p = Page(estimator=e)
        >>> p.data_raw = np.arange(6)
        >>> tuple(int(n) for n in p.data.shape)
        (2, 3, 1, 1, 1)
        >>> p.data[1, 2, 0, 0, 0]
        5

        :return: reshaped view of ``data_raw``
        """
        if self.estimator:
            return self._reshape(data_1d=self.data_raw,
                                 shape=(self.estimator.x.n, self.estimator.y.n, self.estimator.z.n,
                                        self.diff_axis1.n, self.diff_axis2.n))
        return None

    @property
    def error(self):
        """
        3-D view of page error

        For more details see ``data`` property.
        :return:
        """
        if self.estimator:
            return self._reshape(data_1d=self.error_raw,
                                 shape=(self.estimator.x.n, self.estimator.y.n, self.estimator.z.n,
                                        self.diff_axis1.n, self.diff_axis2.n))
        return None

    def _reshape(self, data_1d, shape):
        # TODO check also  tests/res/shieldhit/single/ex_yzmsh.bdo as it is saved in bin2010 format
        if self.estimator:
            order = 'C'
            if self.estimator.file_format in ('bdo2016', 'bdo2019', 'fluka_binary'):
                order = 'F'
            return data_1d.reshape(shape, order=order)
        else:
            return None

[docs]    def plot_axis(self, id):
        """
        Calculate new order of detector axis, axis with data (n>1) comes first
        Axes with constant value goes last.

        Let's take a detector d with YZ scoring.
        >>> from pymchelper.estimator import Estimator
        >>> e = Estimator()
        >>> e.x = MeshAxis(n=1, min_val=0.0, max_val=1.0, name="X", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> e.y = MeshAxis(n=3, min_val=0.0, max_val=150.0, name="Y", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> e.z = MeshAxis(n=2, min_val=0.0, max_val=2.0, name="Z", unit="cm", binning=MeshAxis.BinningType.linear)
        >>> p = Page(estimator=e)
        >>> e.add_page(page=p)

        First axis for plotting will be Y (as X axis holds only one bin):
        >>> p.plot_axis(0)
        MeshAxis(n=3, min_val=0.0, max_val=150.0, name='Y', unit='cm', binning=<BinningType.linear: 0>)

        Second axis for plotting will be Z (its the next after Y with n > 1 bins)
        >>> p.plot_axis(1)
        MeshAxis(n=2, min_val=0.0, max_val=2.0, name='Z', unit='cm', binning=<BinningType.linear: 0>)

        Finally the third axis will be X, but it cannot be used for plotting as it has only one bin.
        >>> p.plot_axis(2)
        MeshAxis(n=1, min_val=0.0, max_val=1.0, name='X', unit='cm', binning=<BinningType.linear: 0>)


        :param id: axis number (0, 1, 2, 3 or 4)
        :return: axis object
        """
        plotting_order = (AxisId.x, AxisId.y, AxisId.z, AxisId.diff1, AxisId.diff2)
        variable_axes_id = [i for i in plotting_order if self.axis(i).n > 1]
        constant_axes_id = [i for i in plotting_order if self.axis(i).n == 1]
        plotting_order = variable_axes_id + constant_axes_id
        return self.axis(plotting_order[id])






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.run

#!/usr/bin/env python

import glob
import logging
import sys

import argparse

from pymchelper.estimator import ErrorEstimate
from pymchelper.input_output import convertfrompattern, convertfromlist
from pymchelper.writers.common import Converters
from pymchelper.writers.plots import ImageWriter, PlotAxis

logger = logging.getLogger(__name__)


[docs]def add_default_options(parser):
    import pymchelper
    parser.add_argument('input', help='input filename, file list or pattern', type=str)
    parser.add_argument('output', help='output filename or directory', nargs='?')
    parser.add_argument('-j', '--jobs', help='number of parallel jobs to use (-1 means all CPUs)', default=-1, type=int)
    parser.add_argument('--many', help='automatically merge data from various sources', action="store_true")
    parser.add_argument('-a', '--nan', help='ignore NaN in averaging', action="store_true")
    parser.add_argument('-e', '--error',
                        help='type of error estimate to add (default: ' + ErrorEstimate.stderr.name + ')',
                        default=ErrorEstimate.stderr.name,
                        choices=[x.name for x in ErrorEstimate],
                        type=str)
    parser.add_argument('-n', '--nscale', help='scale with number of primaries N.', default=1, type=float)
    parser.add_argument('-v',
                        '--verbose',
                        action='count',
                        default=0,
                        help='give more output. Option is additive, and can be used up to 3 times')
    parser.add_argument('-q', '--quiet', action='count', default=0, help='be silent')
    parser.add_argument('-V', '--version', action='version', version=pymchelper.__version__)



[docs]def main(args=None):
    if args is None:
        args = sys.argv[1:]
    import pymchelper
    import os

    _progname = os.path.basename(sys.argv[0])
    _helptxt = 'Universal converter for FLUKA and SHIELD-HIT12A output files.'
    _epitxt = '''Type '{:s} <converter> --help' for help on a specific converter.'''.format(_progname)

    parser = argparse.ArgumentParser(description=_helptxt, epilog=_epitxt)

    subparsers = parser.add_subparsers(dest='command', metavar='converter')

    parser_txt = subparsers.add_parser(Converters.txt.name, help='converts to plain txt file')
    add_default_options(parser_txt)

    parser_image = subparsers.add_parser(Converters.image.name, help='converts to PNG images')
    add_default_options(parser_image)
    axis_names = [x.name for x in PlotAxis]
    parser_image.add_argument('-l', '--log',
                              help='set logscale for plot axis',
                              nargs='+',
                              choices=axis_names,
                              default={},
                              type=str)
    parser_image.add_argument("--colormap",
                              help='image color map, see https://matplotlib.org/stable/tutorials/colors/colormaps.html '
                                   'for list of possible options (default: ' + ImageWriter.default_colormap + ')',
                              default=ImageWriter.default_colormap,
                              type=str)

    parser_excel = subparsers.add_parser(Converters.excel.name, help='converts to MS Excel file')
    add_default_options(parser_excel)

    parser_hdf = subparsers.add_parser(Converters.hdf.name, help='converts to HDF file')
    add_default_options(parser_hdf)

    parser_plotdata = subparsers.add_parser(Converters.plotdata.name, help='converts to gnuplot data')
    add_default_options(parser_plotdata)

    parser_gnuplot = subparsers.add_parser(Converters.gnuplot.name, help='converts to gnuplot script')
    add_default_options(parser_gnuplot)

    parser_inspect = subparsers.add_parser(Converters.inspect.name, help='prints metadata')
    add_default_options(parser_inspect)
    parser_inspect.add_argument('-d', '--details',
                                help='print detailed information about data attribute',
                                action="store_true")

    parser_sparse = subparsers.add_parser(Converters.sparse.name, help='converts to sparse matrix format')
    add_default_options(parser_sparse)
    parser_sparse.add_argument("--threshold",
                               help='only values greater than threshold are saved',
                               type=float,
                               default=0.0)

    parser_tripcube = subparsers.add_parser(Converters.tripcube.name, help='converts to TRiP98 data cube')
    add_default_options(parser_tripcube)

    parser_tripddd = subparsers.add_parser(Converters.tripddd.name, help='converts to TRiP98 DDD file')
    add_default_options(parser_tripddd)
    parser_tripddd.add_argument("--energy",
                                help='energy of the beam [MeV/amu] (guess from data if option missing)',
                                type=float)
    parser_tripddd.add_argument("--projectile",
                                help='projectile (guess from data if option missing)',
                                type=str)
    parser_tripddd.add_argument("--ngauss",
                                help='number of Gaussian functions to fit (default: 0)',
                                choices=(0, 1, 2),
                                default=0,
                                type=int)

    parser.add_argument('-V', '--version', action='version', version=pymchelper.__version__)

    parsed_args = parser.parse_args(args)

    verbose_flag = getattr(parsed_args, 'verbose', 0)
    if verbose_flag == 1:
        logging.basicConfig(level=logging.INFO)
    elif verbose_flag > 1:
        logging.basicConfig(level=logging.DEBUG)
    else:
        logging.basicConfig()

    status = 0
    if parsed_args.command is not None:
        # TODO add filename discovery
        files = sorted(glob.glob(parsed_args.input))
        if not files:
            logger.error('File does not exist: ' + parsed_args.input)

        # check if output should be interpreted as a filename
        if not parsed_args.many and len(files) == 1:
            output_file = parsed_args.output
        else:
            output_file = None

        if parsed_args.output is not None and output_file is None:
            output_dir = parsed_args.output
            # check if output directory exists
            if output_dir and not os.path.exists(output_dir):
                logger.warning("Directory {:s} does not exist, creating.".format(output_dir))
                os.makedirs(output_dir)
        else:
            output_dir = '.'

        parsed_args.error = ErrorEstimate[parsed_args.error]

        if parsed_args.many:
            status = convertfrompattern(parsed_args.input, output_dir,
                                        converter_name=parsed_args.command, options=parsed_args,
                                        error=parsed_args.error, nan=parsed_args.nan,
                                        jobs=parsed_args.jobs, verbose=parsed_args.verbose)
        else:
            status = convertfromlist(parsed_args.input,
                                     error=parsed_args.error, nan=parsed_args.nan, outputdir=output_dir,
                                     converter_name=parsed_args.command, options=parsed_args, outputfile=output_file)

    return status



if __name__ == '__main__':
    sys.exit(main(sys.argv[1:]))




          

      

      

    

  

    
      
          
            
  Source code for pymchelper.version

import os
import subprocess


[docs]def git_version():
    """
    Inspired by https://github.com/numpy/numpy/blob/master/setup.py
    :return: the git revision as a string
    """
    def _minimal_ext_cmd(cmd):
        # construct minimal environment
        env = {}
        for k in ['SYSTEMROOT', 'PATH', 'HOME']:
            v = os.environ.get(k)
            if v is not None:
                env[k] = v
        # LANGUAGE is used on win32
        env['LANGUAGE'] = 'C'
        env['LANG'] = 'C'
        env['LC_ALL'] = 'C'
        result = subprocess.Popen(cmd, stdout=subprocess.PIPE, env=env).communicate()[0]
        return result

    try:
        out = _minimal_ext_cmd(['git', 'describe', '--tags', '--long'])
        GIT_REVISION = out.strip().decode('ascii')
        if GIT_REVISION:
            no_of_commits_since_last_tag = int(GIT_REVISION.split('-')[1])
            tag_name = GIT_REVISION.split('-')[0][1:]
            if no_of_commits_since_last_tag == 0:
                version = tag_name
            else:
                version = '{}+rev{}'.format(tag_name, no_of_commits_since_last_tag)
        else:
            version = "Unknown"
    except OSError:
        version = "Unknown"

    return version





          

      

      

    

  

    
      
          
            
  Source code for pymchelper.executor.options

import logging
import os
import sys


[docs]class MCEnvironment:
    """
    `MCEnvironment` subclasses are helpful to discover which MC engine (i.e. FLUKA or SHIELD-HIT12A) is being used
    they provide information about expected executable filename, by inspecting the path to executable filename
    (i.e. checking if it ends with `rfluka`) we can find corresponding code type
    """
    executable_filename = None



[docs]class FlukaEnvironment(MCEnvironment):
    """
    FLUKA Environment
    """
    executable_filename = 'rfluka'



[docs]class SH12AEnvironmentLinux(MCEnvironment):
    """
    SHIELD-HIT12A Environment for Linux
    """
    executable_filename = 'shieldhit'



[docs]class SH12AEnvironmentWindows(MCEnvironment):
    """
    SHIELD-HIT12A Environment for Windows
    """
    executable_filename = 'shieldhit.exe'



[docs]class SimulationSettings:
    """
    This class is responsible for keeping track of options for MC simulation:
      - location of the MC simulator executable
      - additional options provided by the user
      - location of the input files or directories
    Moreover this class performs automatic discovery of the MC input
    (i.e. whether this is SHIELD-HIT12A input or FLUKA input)
    """

    def __init__(self, input_path, simulator_exec_path=None, cmdline_opts=None):
        # input file or directory
        self.input_path = input_path

        # discover the type of MC engine based on the type of input files/directories
        # `self._mc_environment` is set to one of the `MCEnvironment` subclasses
        self._mc_environment = self._discover_mc_engine(input_path)

        # set `self.executable_path` to the value provided by user, or if it is missing
        # perform automatic discovery of the *location* of MC engine executable file by scanning PATH env. variable
        self.executable_path = simulator_exec_path
        if not self.executable_path:
            self.executable_path = self._discover_mc_exec_location(self._mc_environment.executable_filename)

        # set extra options (i.e. `--time 00:15:30 -v`) for the MC engine
        self.cmdline_opts = cmdline_opts if cmdline_opts else ''  # sanity check for None value
        # if extra options are provided, perform options validation
        # in case the options are not supported by MC engine, validation method will throw an exception
        if self.cmdline_opts:
            self._validate_cmdline_opt(self.cmdline_opts)

[docs]    def set_rng_seed(self, rng_seed):
        """
        This methods modifies command line options of the MC engine by setting (or overriding) the value of RNG seed
        TODO this method is specific to SH12A, more general should be added
        TODO add support for RNG seed provided as --seedofset, instead of -N
        """
        # transform option list from plain string to a list of values for easier manipulation
        options_list = self.cmdline_opts.split()

        # If RNG seed is missing on the option list, then the code below will set it to given value
        if '-N' not in options_list:
            self.cmdline_opts += " -N {:d}".format(rng_seed)
        # if RNG is present on the option list, then we override its value
        else:
            # in SHIELD-HIT12A RNG seed is specified by -N option
            index_of_rng_opt = options_list.index('-N')  # find index of '-N'
            options_list[index_of_rng_opt + 1] = str(rng_seed)  # override the value of current -N option
            self.cmdline_opts = ' '.join(options_list)  # reconstruct option string


[docs]    def set_no_of_primaries(self, number_of_primaries):
        """
        This methods modifies command line options of the MC engine by setting (or overriding) the number of primaries
        to be simulated by each of the parallel jobs
        TODO this method is specific to SH12A, more general should be added
        TODO add support for no of primaries provided as --nstat, instead of -n
        """
        # transform option list from plain string to a list of values for easier manipulation
        options_list = self.cmdline_opts.split()

        # If no of primaries is missing on the option list, then the code below will set it to given value
        if '-n' not in options_list:
            self.cmdline_opts += " -n {:d}".format(number_of_primaries)
        else:
            # see `set_rng_seed` for the logic
            index_of_prim_opt = options_list.index('-n')
            options_list[index_of_prim_opt + 1] = str(number_of_primaries)
            self.cmdline_opts = ' '.join(options_list)


    @staticmethod
    def _validate_cmdline_opt(cmdline_opts):
        """
        TODO this method is specific to SH12A, more general should be added
        """
        # transform option list from plain string to a list of values for easier manipulation
        options_list = cmdline_opts.split()

        # transform option list to a set to ease finding common part of unsupported and current options
        options_set = set(options_list)
        # set of options which cannot be overwritten by the user
        # these include locations of the input files which are fixed to the temporary workspace directories
        # generated by the `pymchelper` code
        unsupported = {'-b', '--beamfile', '-g', '--geofile', '-m', '--matfile', '-d', '--detectfile'}
        # raise an error if some of the unsupported option was provided by user (i.e. via -m option to `runmc` command)
        if options_set & unsupported:
            # TODO replace exception with warning and ignore such options  # skipcq: PYL-W0511
            raise SyntaxError("Unsupported option encountered: {:s}".format(",".join(options_set & unsupported)))

    @staticmethod
    def _discover_mc_engine(input_path):
        """
        Analyse the input path and based on its type set proper MC engine
        In case of failure return None
        """

        # raise exception if invalid path is provided
        if not os.path.exists(input_path):
            raise Exception("Input path {:s} doesn't exists".format(input_path))

        # Fluka input files are provided as the single file
        # TODO cross-check if the `*.inp` extension is needed  # skipcq: PYL-W0511
        if os.path.isfile(input_path):
            return FlukaEnvironment
        # SHIELD-HIT12A input is in the form of directory with multiple files
        # TODO add a check if the directory contains (beam.dat, mat.dat, geo.dat and detect.dat)  # skipcq: PYL-W0511
        if os.path.isdir(input_path):
            # in case pymchelper runs on Windows choose a SHIELD-HIT12A environment which is Windows specific
            # (executable file being `shieldhit.exe` instead of `shieldhit`)
            if sys.platform == 'win32':
                return SH12AEnvironmentWindows
            return SH12AEnvironmentLinux
        return None

    @staticmethod
    def _discover_mc_exec_location(exec_filename):
        """
        Scans PATH variable for the possible location of the MC engine exec_filename.
        Works on POSIX (Linux and MacOSX) and Windows systems
        """

        # PATH variable contains list of directories being separated by : on POSIX systems
        # and by ; on Windows systems. Here we set proper separator
        separator_char = ':'
        if sys.platform == 'win32':
            separator_char = ';'

        list_of_directories = []
        # loop over all directories in PATH env variable
        for path_directory_entry in os.environ['PATH'].split(separator_char):

            logging.debug("Inspecting {:s}".format(path_directory_entry))

            # check if PATH entry is a proper directory
            # some malicious users can add a files to PATH as well (although it doesn't make any sense)
            if os.path.isdir(path_directory_entry):

                # scan a PATH entry and loop over all filenames inside PATH entry directory using `os.listdir`
                if exec_filename in os.listdir(path_directory_entry):

                    # add a directories for which we encounter `exec_filename`
                    # (MC engine filename, like `rfluka` or `shieldhit`)
                    list_of_directories.append(path_directory_entry)

        # raise exception if MC engine not found
        if not list_of_directories:
            raise Exception("Executable {:s} not found in PATH ({:s})".format(exec_filename, ",".join(sys.path)))

        # if `exec_filename` is found in multiple location, return full path to the first location (directory+filename)
        return os.path.join(list_of_directories[0], exec_filename)

    def __str__(self):
        """
        Dump all settings into a string
        """
        result = "{executable_path:s} {cmdline_opts:s}".format(
            executable_path=os.path.abspath(self.executable_path),
            cmdline_opts=self.cmdline_opts if self.cmdline_opts else ''
        )
        return result



[docs]class SH12ASettings(SimulationSettings):
    """
    TODO
    """





          

      

      

    

  

    
      
          
            
  Source code for pymchelper.executor.runner

from copy import deepcopy
import logging
import os
import shutil
import subprocess
import timeit
from multiprocessing import Pool

from enum import IntEnum

from pymchelper.input_output import frompattern


[docs]class OutputDataType(IntEnum):
    """
    Output type requested by user plots (i.e .png) or text data
    """
    plot = 1
    txt = 2



[docs]class Runner:
    """
    Main class responsible for configuring and starting multiple parallel MC simulation processes
    It can be used to access combined averaged results of the simulation.
    """
    def __init__(self, jobs=None, keep_workspace_after_run=False, output_directory='.'):

        # create pool of processes, waiting to be started by run method
        # if jobs is not specified, os.cpu_count() would be used
        self._pool = Pool(processes=jobs)

        # User of the runner has two options: either to specify number of parallel jobs by
        # setting the self.jobs to given number, or to leave it as None. If self.jobs is None
        # then multiprocessing library will automatically allocate number of parallel jobs to `os.cpu_count()`
        # Therefore we cannot rely of self.jobs as the actual counter of parallel processes
        # Instead we use undocumented feature of multiprocessing module,
        # extracting actual number of allocated processes from `_processes` attribute in Pool class
        # To see how it is used internally in the Python (in v3.9) source code take a look at:
        # https://github.com/python/cpython/blob/3.9/Lib/multiprocessing/pool.py#L210
        self.jobs = self._pool._processes

        # workspace is a collection of working directories
        # this manager is responsible for creating and cleaning working directories
        self.workspace_manager = WorkspaceManager(output_directory=output_directory,
                                                  keep_workspace_after_run=keep_workspace_after_run)

[docs]    def run(self, settings):
        """
        Execute parallel simulation processes, creating workspace (and working directories) in the `output_directory`
        In case of successful execution return True, otherwise return False
        """
        start_time = timeit.default_timer()

        # SHIELD-HIT12A and Fluka require RNG seeds to be integers greater or equal to 1
        # each of the workers needs to have its own different RNG seed
        rng_seeds = range(1, self.jobs + 1)

        # create working directories
        self.workspace_manager.create_working_directories(simulation_input_path=settings.input_path,
                                                          rng_seeds=rng_seeds)

        # rng seeds injection to settings for each SingleSimulationExecutor call
        # TODO consider better way of doing it  # skipcq: PYL-W0511
        settings_list = []
        for rng_seed in rng_seeds:
            current_settings = deepcopy(settings)  # do not modify original arguments
            current_settings.set_rng_seed(rng_seed)
            settings_list.append(current_settings)

        # create executor callable object for current run
        executor = SingleSimulationExecutor()

        try:
            # start execution using pool of workers, mapping the executor callable object to the different settings
            # and workspaces
            self._pool.map(executor, zip(settings_list, self.workspace_manager.working_directories_abs_paths))
        except KeyboardInterrupt:
            logging.info('Terminating the pool')
            self._pool.terminate()
            logging.info('Pool is terminated')
            self.workspace_manager.clean()
            return False

        elapsed = timeit.default_timer() - start_time
        logging.info("run elapsed time {:.3f} seconds".format(elapsed))
        return True


[docs]    def get_data(self):
        """
        Scans the output directory for location of the working directories (like run_1, run_2).
        Takes all files from all working directories in `output_dir`,
        merges their content to form pymchelper Estimator objects.
        For each of the output file a single Estimator objects is created, which holds numpy arrays with results.
        Return dictionary with keys being output filenames, and values being Estimator objects
        """
        start_time = timeit.default_timer()

        # TODO line below is specific to SHIELD-HIT12A, should be generalised  # skipcq: PYL-W0511
        # scans output directory for MC simulation output files
        output_files_pattern = os.path.join(self.workspace_manager.output_dir_absolute_path, "run_*", "*.bdo")
        logging.debug("Files to merge {:s}".format(output_files_pattern))

        estimators_dict = {}
        # convert output files to list of estimator objects
        estimators_list = frompattern(output_files_pattern)
        for estimator in estimators_list:
            logging.debug("Appending estimator for {:s}".format(estimator.file_corename))
            estimators_dict[estimator.file_corename] = estimator
        elapsed = timeit.default_timer() - start_time
        logging.info("Workspace reading {:.3f} seconds".format(elapsed))

        return estimators_dict


[docs]    def clean(self):
        """
        Removes all working directories (if exists)
        """
        self.workspace_manager.clean()




[docs]class SingleSimulationExecutor:
    """
    Callable class responsible for execution of the single MC simulation process.
    """

    def __call__(self, settings_and_working_dir, **kwargs):

        # we deliberately combine settings and list of working directories
        # in the single argument `settings_and_working_dir`
        # as this would simplify using this class by multiprocessing module
        settings, working_dir_abs_path = settings_and_working_dir
        try:
            # combine MC engine executable with its command line options to form core of the command string
            # this will form basis of the command, like:
            # /usr/local/bin/shieldhit --time 00:30:50 -v -N 3
            core_command_string = str(settings)

            # for easier digesting by subprocess module, convert command string to a list
            # and finally append the location of the input files
            # finally we obtain a list like:
            # ('/usr/local/bin/shieldhit', '--time', '00:30:50', '-v', '-N', '3', '/data/my/simulation/input')
            command_as_list = core_command_string.split()
            command_as_list.append(working_dir_abs_path)

            # execute the MC simulation on a spawned process
            # TODO handle this differently, i.e. redirect it to file or save in some variable   # skipcq: PYL-W0511
            logging.debug('working directory {:s}, command {:s}'.format(working_dir_abs_path,
                                                                        ' '.join(command_as_list)))
            DEVNULL = open(os.devnull, 'wb')
            subprocess.check_call(command_as_list, cwd=working_dir_abs_path, stdout=DEVNULL, stderr=DEVNULL)
        except KeyboardInterrupt:
            logging.debug("KeyboardInterrupt")
            raise KeyboardInterrupt



[docs]class WorkspaceManager:
    """
    A workspace consists of multiple working directories (i.e. run_1, run_2),
    each per one of the parallel simulation run.
    """
    def __init__(self, output_directory='.', keep_workspace_after_run=False):
        self.output_dir_absolute_path = os.path.abspath(output_directory)
        self.keep_workspace_after_run = keep_workspace_after_run
        self.working_directories_abs_paths = []

[docs]    def create_working_directories(self, simulation_input_path, rng_seeds=()):
        """
        Create working directories and fill `self.working_directories_abs_paths`
        """
        self.working_directories_abs_paths = []
        for rng_seed in rng_seeds:
            # set workspace to a subdirectory of the output_directory, with run_* pattern
            # i.e. /home/user/output/run_3
            working_dir_abs_path = os.path.join(self.output_dir_absolute_path, 'run_{:d}'.format(rng_seed))
            logging.info("Workspace {:s}".format(working_dir_abs_path))

            if os.path.isdir(simulation_input_path):
                # if path already exists, remove it before copying with copytree()
                if os.path.exists(working_dir_abs_path):
                    shutil.rmtree(working_dir_abs_path)
                # if cleaned or not existing, then create it
                if not os.path.exists(working_dir_abs_path):
                    os.makedirs(working_dir_abs_path)
                # copy all files from the directory
                for directory_entry in os.listdir(simulation_input_path):
                    path_to_directory_entry = os.path.join(simulation_input_path, directory_entry)
                    if os.path.isfile(path_to_directory_entry):
                        shutil.copy2(path_to_directory_entry, working_dir_abs_path)
                logging.debug("Copying input files into {:s}".format(working_dir_abs_path))
            elif os.path.isfile(simulation_input_path):
                if not os.path.exists(working_dir_abs_path):
                    os.makedirs(working_dir_abs_path)
                shutil.copy2(simulation_input_path, working_dir_abs_path)
                logging.debug("Copying input files into {:s}".format(working_dir_abs_path))
            else:
                logging.debug("Input files {:s} not a dir or file".format(simulation_input_path))

            self.working_directories_abs_paths.append(working_dir_abs_path)


[docs]    def clean(self):
        """
        clean the workspace by removing all working directories
        (only if requested by `keep_workspace_after_run` flag)
        """
        if not self.keep_workspace_after_run:
            start_time = timeit.default_timer()
            for working_dir_abs_path in self.working_directories_abs_paths:
                # shutil.rmtree will throw exception if the directory we are trying to remove doesn't exist
                # hence we only remove existing directories
                # this allows safely to call `clean` method multiple times
                if os.path.exists(working_dir_abs_path):
                    shutil.rmtree(working_dir_abs_path)
            elapsed = timeit.default_timer() - start_time
            print("Cleaning {:.3f} seconds".format(elapsed))






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.flair.Data

#!/bin/env python
# $Id: Data.py 3608 2015-10-27 11:18:36Z bnv $
#
# Copyright and User License
# ~~~~~~~~~~~~~~~~~~~~~~~~~~
# Copyright Vasilis.Vlachoudis@cern.ch for the
# European Organization for Nuclear Research (CERN)
#
# All rights not expressly granted under this license are reserved.
#
# Installation, use, reproduction, display of the
# software ("flair"), in source and binary forms, are
# permitted free of charge on a non-exclusive basis for
# internal scientific, non-commercial and non-weapon-related
# use by non-profit organizations only.
#
# For commercial use of the software, please contact the main
# author Vasilis.Vlachoudis@cern.ch for further information.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following
# conditions are met:
#
# 1. Redistributions of source code must retain the above copyright
#    notice, this list of conditions and the following disclaimer.
# 2. Redistributions in binary form must reproduce the above copyright
#    notice, this list of conditions and the following disclaimer in the
#    documentation and/or other materials provided with the
#    distribution.
#
# DISCLAIMER
# ~~~~~~~~~~
# THIS SOFTWARE IS PROVIDED BY THE AUTHOR "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT
# NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY, OF
# SATISFACTORY QUALITY, AND FITNESS FOR A PARTICULAR PURPOSE
# OR USE ARE DISCLAIMED. THE COPYRIGHT HOLDERS AND THE
# AUTHORS MAKE NO REPRESENTATION THAT THE SOFTWARE AND
# MODIFICATIONS THEREOF, WILL NOT INFRINGE ANY PATENT,
# COPYRIGHT, TRADE SECRET OR OTHER PROPRIETARY RIGHT.
#
# LIMITATION OF LIABILITY
# ~~~~~~~~~~~~~~~~~~~~~~~
# THE COPYRIGHT HOLDERS AND THE AUTHORS SHALL HAVE NO
# LIABILITY FOR DIRECT, INDIRECT, SPECIAL, INCIDENTAL,
# CONSEQUENTIAL, EXEMPLARY, OR PUNITIVE DAMAGES OF ANY
# CHARACTER INCLUDING, WITHOUT LIMITATION, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES, LOSS OF USE, DATA OR PROFITS,
# OR BUSINESS INTERRUPTION, HOWEVER CAUSED AND ON ANY THEORY
# OF CONTRACT, WARRANTY, TORT (INCLUDING NEGLIGENCE), PRODUCT
# LIABILITY OR OTHERWISE, ARISING IN ANY WAY OUT OF THE USE OF
# THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
# DAMAGES.
#
# Author:	Vasilis.Vlachoudis@cern.ch
# Date:	24-Oct-2006

import re
import math
import struct

import pymchelper.flair.common.fortran as fortran
import pymchelper.flair.common.bmath as bmath
from pymchelper.flair.common.log import say

__author__ = "Vasilis Vlachoudis"
__email__ = "Vasilis.Vlachoudis@cern.ch"

_detectorPattern = re.compile(r"^ ?# ?Detector ?n?:\s*\d*\s*(.*)\s*", re.MULTILINE)
_blockPattern = re.compile(r"^ ?# ?Block ?n?:\s*\d*\s*(.*)\s*", re.MULTILINE)


# -------------------------------------------------------------------------------
# Unpack an array of floating point numbers
# -------------------------------------------------------------------------------
[docs]def unpackArray(data):
    return struct.unpack("=%df" % (len(data) // 4), data)



# ===============================================================================
# Empty class to fill with detector data
# ===============================================================================
[docs]class Detector:
    pass



# ===============================================================================
# Base class for all detectors
# ===============================================================================
[docs]class Usrxxx:
    def __init__(self, filename=None):
        """Initialize a USRxxx structure"""
        self.reset()
        if filename is None:
            return
        f = self.readHeader(filename)
        if f is not None and not f.closed:
            f.close()

    # ----------------------------------------------------------------------
[docs]    def reset(self):
        """Reset header information"""
        self.file = ""
        self.title = ""
        self.time = ""
        self.weight = 0
        self.ncase = 0
        self.nbatch = 0
        self.detector = []
        self.seekpos = -1
        self.statpos = -1


    # ----------------------------------------------------------------------
    # Read information from USRxxx file
    # @return the handle to the file opened
    # ----------------------------------------------------------------------
[docs]    def readHeader(self, filename):
        """Read header information, and return the file handle"""
        self.reset()
        self.file = filename
        f = open(self.file, "rb")

        # Read header
        data = fortran.read(f)
        if data is None:
            if not f.closed:
                f.close()
            raise IOError("Invalid USRxxx file")
        size = len(data)
        over1b = 0
        if size == 116:
            (title, time, self.weight) = \
                struct.unpack("=80s32sf", data)
            self.ncase = 1
            self.nbatch = 1
        elif size == 120:
            (title, time, self.weight, self.ncase) = \
                struct.unpack("=80s32sfi", data)
            self.nbatch = 1
        elif size == 124:
            (title, time, self.weight,
             self.ncase, self.nbatch) = \
                struct.unpack("=80s32sfii", data)
        elif size == 128:
            (title, time, self.weight,
             self.ncase, over1b, self.nbatch) = \
                struct.unpack("=80s32sfiii", data)
        else:
            if not f.closed:
                f.close()
            raise IOError("Invalid USRxxx file")

        if over1b > 0:
            self.ncase = int(self.ncase) + int(over1b) * 1000000000

        self.title = title.strip()
        self.time = time.strip()

        return f


    # ----------------------------------------------------------------------
    # Read detector data
    # ----------------------------------------------------------------------
[docs]    def readData(self, det):
        """Read detector det data structure"""
        f = open(self.file, "rb")
        fortran.skip(f)  # Skip header
        for _ in range(2 * det):
            fortran.skip(f)  # Detector Header & Data
        fortran.skip(f)  # Detector Header
        data = fortran.read(f)
        f.close()
        return data


    # ----------------------------------------------------------------------
    # Read detector statistical data
    # ----------------------------------------------------------------------
[docs]    def readStat(self, det):
        """Read detector det statistical data"""
        if self.statpos < 0:
            return None
        f = open(self.file, "rb")
        f.seek(self.statpos)
        for _ in range(det):
            fortran.skip(f)  # Detector Data
        data = fortran.read(f)
        f.close()
        return data


    # ----------------------------------------------------------------------
[docs]    def sayHeader(self):
        say("File   : ", self.file)
        say("Title  : ", self.title)
        say("Time   : ", self.time)
        say("Weight : ", self.weight)
        say("NCase  : ", self.ncase)
        say("NBatch : ", self.nbatch)




# ===============================================================================
# Residual nuclei detector
# ===============================================================================
[docs]class Resnuclei(Usrxxx):
    # ----------------------------------------------------------------------
    # Read information from a RESNUCLEi file
    # Fill the self.detector structure
    # ----------------------------------------------------------------------
[docs]    def readHeader(self, filename):
        """Read residual nuclei detector information"""
        f = Usrxxx.readHeader(self, filename)
        self.nisomers = 0
        if self.ncase <= 0:
            self.evol = True
            self.ncase = -self.ncase

            data = fortran.read(f)
            nir = (len(data) - 4) // 8
            self.irrdt = struct.unpack("=i%df" % (2 * nir), data)
        else:
            self.evol = False
            self.irrdt = None

        for _ in range(1000):
            # Header
            data = fortran.read(f)
            if data is None:
                break
            size = len(data)
            self.irrdt = None

            # Statistics are present?
            if size == 14 and data[:8] == b"ISOMERS:":
                self.nisomers = struct.unpack("=10xi", data)[0]
                data = fortran.read(f)
                data = fortran.read(f)
                size = len(data)

            if size == 14 and data[:10] == b"STATISTICS":
                self.statpos = f.tell()
                break

            if size != 38:
                if not f.closed:
                    f.close()
                raise IOError("Invalid RESNUCLEi file header size=%d" % (size))

            # Parse header
            header = struct.unpack("=i10siif3i", data)

            det = Detector()
            det.nb = header[0]
            det.name = header[1].strip()
            det.type = header[2]
            det.region = header[3]
            det.volume = header[4]
            det.mhigh = header[5]
            det.zhigh = header[6]
            det.nmzmin = header[7]

            self.detector.append(det)

            if self.evol:
                data = fortran.read(f)
                self.tdecay = struct.unpack("=f", data)
            else:
                self.tdecay = 0.0

            size = det.zhigh * det.mhigh * 4
            if size != fortran.skip(f):
                raise IOError("Invalid RESNUCLEi file")

        f.close()


    # ----------------------------------------------------------------------
    # Read detector data
    # ----------------------------------------------------------------------
[docs]    def readData(self, n):
        """Read detector det data structure"""
        f = open(self.file, "rb")
        fortran.skip(f)
        if self.evol:
            fortran.skip(f)

        for _ in range(n):
            fortran.skip(f)  # Detector Header & Data
            if self.evol:
                fortran.skip(f)  # TDecay
            fortran.skip(f)  # Detector data
            if self.nisomers:
                fortran.skip(f)  # Isomers header
                fortran.skip(f)  # Isomers data

        fortran.skip(f)  # Detector Header & Data
        if self.evol:
            fortran.skip(f)  # TDecay
        data = fortran.read(f)  # Detector data
        f.close()
        return data


    # ----------------------------------------------------------------------
    # Read detector statistical data
    # ----------------------------------------------------------------------
[docs]    def readStat(self, n):
        """Read detector det statistical data"""
        if self.statpos < 0:
            return None
        f = open(self.file, "rb")
        f.seek(self.statpos)

        f.seek(self.statpos)
        if self.nisomers:
            nskip = 7 * n
        else:
            nskip = 6 * n
        for i in range(nskip):
            fortran.skip(f)  # Detector Data

        total = fortran.read(f)
        A = fortran.read(f)
        errA = fortran.read(f)
        Z = fortran.read(f)
        errZ = fortran.read(f)
        data = fortran.read(f)
        if self.nisomers:
            iso = fortran.read(f)
        else:
            iso = None
        f.close()
        return total, A, errA, Z, errZ, data, iso


    # ----------------------------------------------------------------------
[docs]    def say(self, det=None):
        """print header/detector information"""
        if det is None:
            self.sayHeader()
        else:
            bin = self.detector[det]
            say("Bin    : ", bin.nb)
            say("Title  : ", bin.name)
            say("Type   : ", bin.type)
            say("Region : ", bin.region)
            say("Volume : ", bin.volume)
            say("Mhigh  : ", bin.mhigh)
            say("Zhigh  : ", bin.zhigh)
            say("NMZmin : ", bin.nmzmin)




# ===============================================================================
# Usrbdx Boundary Crossing detector
# ===============================================================================
[docs]class Usrbdx(Usrxxx):
    # ----------------------------------------------------------------------
    # Read information from a USRBDX file
    # Fill the self.detector structure
    # ----------------------------------------------------------------------
[docs]    def readHeader(self, filename):
        """Read boundary crossing detector information"""
        f = Usrxxx.readHeader(self, filename)

        for _ in range(1000):
            # Header
            data = fortran.read(f)
            if data is None:
                break
            size = len(data)

            # Statistics are present?
            if size == 14:
                # In statistics
                #   1: total, error
                #   2: N,NG,Elow (array with Emaxi)
                #   3: Differential integrated over solid angle
                #   4: -//- errors
                #   5: Cumulative integrated over solid angle
                #   6: -//- errors
                #   7: Double differential data
                self.statpos = f.tell()
                for det in self.detector:
                    data = unpackArray(fortran.read(f))
                    det.total = data[0]
                    det.totalerror = data[1]
                    for j in range(6):
                        fortran.skip(f)
                break
            if size != 78:
                if not f.closed:
                    f.close()
                raise IOError("Invalid USRBDX file")

            # Parse header

            header = struct.unpack("=i10siiiifiiiffifffif", data)

            det = Detector()
            det.nb = header[0]  # mx
            det.name = header[1].strip()  # titusx
            det.type = header[2]  # itusbx
            det.dist = header[3]  # idusbx
            det.reg1 = header[4]  # nr1usx
            det.reg2 = header[5]  # nr2usx
            det.area = header[6]  # ausbdx
            det.twoway = header[7]  # lwusbx
            det.fluence = header[8]  # lfusbx
            det.lowneu = header[9]  # llnusx
            det.elow = header[10]  # ebxlow
            det.ehigh = header[11]  # ebxhgh
            det.ne = header[12]  # nebxbn
            det.de = header[13]  # debxbn
            det.alow = header[14]  # abxlow
            det.ahigh = header[15]  # abxhgh
            det.na = header[16]  # nabxbn
            det.da = header[17]  # dabxbn

            self.detector.append(det)

            if det.lowneu:
                data = fortran.read(f)
                det.ngroup = struct.unpack("=i", data[:4])[0]
                det.egroup = struct.unpack("=%df" % (det.ngroup + 1), data[4:])
            else:
                det.ngroup = 0
                det.egroup = []

            size = (det.ngroup + det.ne) * det.na * 4
            if size != fortran.skip(f):
                raise IOError("Invalid USRBDX file")
        f.close()


    # ----------------------------------------------------------------------
    # Read detector data
    # ----------------------------------------------------------------------
[docs]    def readData(self, n):
        """Read detector n data structure"""
        f = open(self.file, "rb")
        fortran.skip(f)
        for i in range(n):
            fortran.skip(f)  # Detector Header
            if self.detector[i].lowneu:
                fortran.skip(f)  # Detector low energy neutron groups
            fortran.skip(f)  # Detector data

        fortran.skip(f)  # Detector Header
        if self.detector[n].lowneu:
            fortran.skip(f)  # Detector low energy neutron groups
        data = fortran.read(f)  # Detector data
        f.close()
        return data


    # ----------------------------------------------------------------------
    # Read detector statistical data
    # ----------------------------------------------------------------------
[docs]    def readStat(self, n):
        """Read detector n statistical data"""
        if self.statpos < 0:
            return None
        f = open(self.file, "rb")
        f.seek(self.statpos)
        for i in range(n):
            for j in range(7):
                fortran.skip(f)  # Detector Data

        for j in range(6):
            fortran.skip(f)  # Detector Data
        data = fortran.read(f)
        f.close()
        return data


    # ----------------------------------------------------------------------
[docs]    def say(self, det=None):
        """print header/detector information"""
        if det is None:
            self.sayHeader()
        else:
            det = self.detector[det]
            say("BDX    : ", det.nb)
            say("Title  : ", det.name)
            say("Type   : ", det.type)
            say("Dist   : ", det.dist)
            say("Reg1   : ", det.reg1)
            say("Reg2   : ", det.reg2)
            say("Area   : ", det.area)
            say("2way   : ", det.twoway)
            say("Fluence: ", det.fluence)
            say("LowNeu : ", det.lowneu)
            say("Energy : [", det.elow, "..", det.ehigh, "] ne=", det.ne, "de=", det.de)
            if det.lowneu:
                say("LOWNeut : [", det.egroup[-1], "..", det.egroup[0], "] ne=", det.ngroup)
            say("Angle  : [", det.alow, "..", det.ahigh, "] na=", det.na, "da=", det.da)
            say("Total  : ", det.total, "+/-", det.totalerror)




# ===============================================================================
# Usrtrack detector
# ===============================================================================
[docs]class UsrTrack(Usrxxx):
    # ----------------------------------------------------------------------
    # Read information from TRACK file
    # Fill the self.detector structure
    # ----------------------------------------------------------------------
[docs]    def readHeader(self, filename):
        """Read USRTRACK detector information"""
        f = Usrxxx.readHeader(self, filename)

        for _ in range(1000):
            # Header
            data = fortran.read(f)
            if data is None:
                break
            size = len(data)

            if size != 50:
                if not f.closed:
                    f.close()
                raise IOError("Invalid TRACK file")

            # Parse header
            # see http://www.fluka.org/flair/ustsuw.f for reference
            header = struct.unpack("=i10siiififfif", data)

            bin_det = Detector()
            bin_det.nb = header[0]  # mtc
            bin_det.name = header[1].strip()  # TITUTC
            bin_det.type = header[2]  # ITUSTC
            bin_det.region = header[4]  # IDUSTC
            bin_det.volume = header[5]  # VUSRTC
            bin_det.low_en_neutr_sc = header[6]  # LLNUTC
            bin_det.elow = header[7]  # ETCLOW minimum energy
            bin_det.ehigh = header[8]  # ETCHGH maximum energy
            bin_det.ne = header[9]  # NETCBN number of energy intervals
            bin_det.de = header[10]  # DETCBN energy bin width

            bin_det.xlow = bin_det.elow
            bin_det.xhigh = bin_det.ehigh
            bin_det.nx = header[6]
            bin_det.nx = bin_det.ne

            bin_det.ylow = 0.0
            bin_det.yhigh = 0.0
            bin_det.ny = 1

            bin_det.zlow = 0.0
            bin_det.zhigh = 0.0
            bin_det.nz = 1

            self.detector.append(bin_det)

            if bin_det.low_en_neutr_sc:
                data = fortran.read(f)
                bin_det.ngroup = struct.unpack("=i", data[:4])[0]
                bin_det.egroup = struct.unpack("=%df" % (bin_det.ngroup + 1), data[4:])
            else:
                bin_det.ngroup = 0
                bin_det.egroup = []

            size = (bin_det.ngroup + bin_det.ne) * 4
            if size != fortran.skip(f):
                raise IOError("Invalid USRTRACK file")
        f.close()


    # ----------------------------------------------------------------------
    # Read detector data
    # ----------------------------------------------------------------------
[docs]    def readData(self, n):
        """Read detector n data structure"""
        f = open(self.file, "rb")
        fortran.skip(f)
        for i in range(n):
            fortran.skip(f)  # Detector Header
            if self.detector[i].low_en_neutr_sc:
                fortran.skip(f)  # Detector low energy neutron groups
            fortran.skip(f)  # Detector data

        fortran.skip(f)  # Detector Header
        if self.detector[n].low_en_neutr_sc:
            fortran.skip(f)  # Detector low energy neutron groups
        data = fortran.read(f)  # Detector data
        f.close()
        return data


    # ----------------------------------------------------------------------
    # Read detector statistical data
    # ----------------------------------------------------------------------
[docs]    def readStat(self, n):
        """Read detector n statistical data"""
        if self.statpos < 0:
            return None
        f = open(self.file, "rb")
        f.seek(self.statpos)
        for i in range(n):
            fortran.skip(f)  # Detector Data
        data = fortran.read(f)
        f.close()
        return data


    # ----------------------------------------------------------------------
[docs]    def say(self, det=None):
        """print header/detector information"""
        if det is None:
            self.sayHeader()
        else:
            bin = self.detector[det]
            say("Bin    : ", bin.nb)
            say("Title  : ", bin.name)
            say("Type   : ", bin.type)
            say("E      : [", bin.elow, "-", bin.ehigh, "] x", bin.ne, "dx=", bin.de)




# ===============================================================================
# Usrbin detector
# ===============================================================================
[docs]class Usrbin(Usrxxx):
    # ----------------------------------------------------------------------
    # Read information from USRBIN file
    # Fill the self.detector structure
    # ----------------------------------------------------------------------
[docs]    def readHeader(self, filename):
        """Read USRBIN detector information"""
        f = Usrxxx.readHeader(self, filename)

        for _ in range(1000):
            # Header
            data = fortran.read(f)
            if data is None:
                break
            size = len(data)

            # Statistics are present?
            if size == 14 and data[:10] == b"STATISTICS":
                self.statpos = f.tell()
                break
            if size != 86:
                if not f.closed:
                    f.close()
                raise IOError("Invalid USRBIN file")

            # Parse header
            header = struct.unpack("=i10siiffifffifffififff", data)

            bin_det = Detector()
            bin_det.nb = header[0]
            bin_det.name = header[1].strip()
            bin_det.type = header[2]
            bin_det.score = header[3]

            bin_det.xlow = float(bmath.format_number(header[4], 9, useD=False))
            bin_det.xhigh = float(bmath.format_number(header[5], 9, useD=False))
            bin_det.nx = header[6]
            if bin_det.nx > 0 and bin_det.type not in (2, 12, 8, 18):
                bin_det.dx = (bin_det.xhigh - bin_det.xlow) / float(bin_det.nx)
            else:
                bin_det.dx = float(bmath.format_number(header[7], 9, useD=False))

            if bin_det.type in (1, 11):
                bin_det.ylow = -math.pi
                bin_det.yhigh = math.pi
            else:
                bin_det.ylow = float(bmath.format_number(header[8], 9, useD=False))
                bin_det.yhigh = float(bmath.format_number(header[9], 9, useD=False))
            bin_det.ny = header[10]
            if bin_det.ny > 0 and bin_det.type not in (2, 12, 8, 18):
                bin_det.dy = (bin_det.yhigh - bin_det.ylow) / float(bin_det.ny)
            else:
                bin_det.dy = float(bmath.format_number(header[11], 9, useD=False))

            bin_det.zlow = float(bmath.format_number(header[12], 9, useD=False))
            bin_det.zhigh = float(bmath.format_number(header[13], 9, useD=False))
            bin_det.nz = header[14]
            if bin_det.nz > 0 and bin_det.type not in (2, 12):  # 8=special with z=real
                bin_det.dz = (bin_det.zhigh - bin_det.zlow) / float(bin_det.nz)
            else:
                bin_det.dz = float(bmath.format_number(header[15], 9, useD=False))

            bin_det.lntzer = header[16]
            bin_det.bk = header[17]
            bin_det.b2 = header[18]
            bin_det.tc = header[19]

            self.detector.append(bin_det)

            size = bin_det.nx * bin_det.ny * bin_det.nz * 4
            if fortran.skip(f) != size:
                raise IOError("Invalid USRBIN file")
        f.close()


    # ----------------------------------------------------------------------
    # Read detector data
    # ----------------------------------------------------------------------
[docs]    def readData(self, n):
        """Read detector det data structure"""
        f = open(self.file, "rb")
        fortran.skip(f)
        for _ in range(n):
            fortran.skip(f)  # Detector Header
            fortran.skip(f)  # Detector data
        fortran.skip(f)  # Detector Header
        data = fortran.read(f)  # Detector data
        f.close()
        return data


    # ----------------------------------------------------------------------
    # Read detector statistical data
    # ----------------------------------------------------------------------
[docs]    def readStat(self, n):
        """Read detector n statistical data"""
        if self.statpos < 0:
            return None
        f = open(self.file, "rb")
        f.seek(self.statpos)
        for _ in range(n):
            fortran.skip(f)  # Detector Data
        data = fortran.read(f)
        f.close()
        return data


    # ----------------------------------------------------------------------
[docs]    def say(self, det=None):
        """print header/detector information"""
        if det is None:
            self.sayHeader()
        else:
            bin = self.detector[det]
            say("Bin    : ", bin.nb)
            say("Title  : ", bin.name)
            say("Type   : ", bin.type)
            say("Score  : ", bin.score)
            say("X      : [", bin.xlow, "-", bin.xhigh, "] x", bin.nx, "dx=", bin.dx)
            say("Y      : [", bin.ylow, "-", bin.yhigh, "] x", bin.ny, "dy=", bin.dy)
            say("Z      : [", bin.zlow, "-", bin.zhigh, "] x", bin.nz, "dz=", bin.dz)
            say("L      : ", bin.lntzer)
            say("bk     : ", bin.bk)
            say("b2     : ", bin.b2)
            say("tc     : ", bin.tc)




# ===============================================================================
# MGDRAW output
# ===============================================================================
[docs]class Mgdraw:
    def __init__(self, filename=None):
        """Initialize a MGDRAW structure"""
        self.reset()
        if filename is None:
            return
        self.open(filename)

    # ----------------------------------------------------------------------
[docs]    def reset(self):
        """Reset information"""
        self.file = ""
        self.hnd = None
        self.nevent = 0
        self.data = None


    # ----------------------------------------------------------------------
    # Open file and return handle
    # ----------------------------------------------------------------------
[docs]    def open(self, filename):
        """Read header information, and return the file handle"""
        self.reset()
        self.file = filename
        try:
            self.hnd = open(self.file, "rb")
        except IOError:
            self.hnd = None
        return self.hnd


    # ----------------------------------------------------------------------
[docs]    def close(self):
        self.hnd.close()


    # ----------------------------------------------------------------------
    # Read or skip next event from mgread structure
    # ----------------------------------------------------------------------
[docs]    def readEvent(self, e_type=None):
        # Read header
        data = fortran.read(self.hnd)
        if data is None:
            return None
        if len(data) == 20:
            ndum, mdum, jdum, edum, wdum = struct.unpack("=iiiff", data)
        else:
            raise IOError("Invalid MGREAD file")

        self.nevent += 1

        if ndum > 0:
            if e_type is None or e_type == 0:
                self.readTracking(ndum, mdum, jdum, edum, wdum)
            else:
                fortran.skip(self.hnd)
            return 0
        elif ndum == 0:
            if e_type is None or e_type == 1:
                self.readEnergy(mdum, jdum, edum, wdum)
            else:
                fortran.skip(self.hnd)
            return 1
        else:
            if e_type is None or e_type == 2:
                self.readSource(-ndum, mdum, jdum, edum, wdum)
            else:
                fortran.skip(self.hnd)
            return 2


    # ----------------------------------------------------------------------
[docs]    def readTracking(self, ntrack, mtrack, jtrack, etrack, wtrack):
        self.ntrack = ntrack
        self.mtrack = mtrack
        self.jtrack = jtrack
        self.etrack = etrack
        self.wtrack = wtrack
        data = fortran.read(self.hnd)
        if data is None:
            raise IOError("Invalid track event")
        fmt = "=%df" % (3 * (ntrack + 1) + mtrack + 1)
        self.data = struct.unpack(fmt, data)
        return ntrack


    # ----------------------------------------------------------------------
[docs]    def readEnergy(self, icode, jtrack, etrack, wtrack):
        self.icode = icode
        self.jtrack = jtrack
        self.etrack = etrack
        self.wtrack = wtrack
        data = fortran.read(self.hnd)
        if data is None:
            raise IOError("Invalid energy deposition event")
        self.data = struct.unpack("=4f", data)
        return icode


    # ----------------------------------------------------------------------
[docs]    def readSource(self, ncase, npflka, nstmax, tkesum, weipri):
        self.ncase = ncase
        self.npflka = npflka
        self.nstmax = nstmax
        self.tkesum = tkesum
        self.weipri = weipri

        data = fortran.read(self.hnd)
        if data is None:
            raise IOError("Invalid source event")
        fmt = "=" + ("i8f" * npflka)
        self.data = struct.unpack(fmt, data)
        return ncase




# ===============================================================================
if __name__ == "__main__":
    import sys

    say("=" * 80)
    usr = Usrbdx(sys.argv[1])
    usr.say()
    for i, _ in enumerate(usr.detector):
        say("-" * 50)
        usr.say(i)
        data = unpackArray(usr.readData(i))
        stat = unpackArray(usr.readStat(i))




          

      

      

    

  

    
      
          
            
  Source code for pymchelper.flair.Input

# Copyright and User License
# ~~~~~~~~~~~~~~~~~~~~~~~~~~
# Copyright Vasilis.Vlachoudis@cern.ch for the
# European Organization for Nuclear Research (CERN)
#
# All rights not expressly granted under this license are reserved.
#
# Installation, use, reproduction, display of the
# software ("flair"), in source and binary forms, are
# permitted free of charge on a non-exclusive basis for
# internal scientific, non-commercial and non-weapon-related
# use by non-profit organizations only.
#
# For commercial use of the software, please contact the main
# author Vasilis.Vlachoudis@cern.ch for further information.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following
# conditions are met:
#
# 1. Redistributions of source code must retain the above copyright
#    notice, this list of conditions and the following disclaimer.
# 2. Redistributions in binary form must reproduce the above copyright
#    notice, this list of conditions and the following disclaimer in the
#    documentation and/or other materials provided with the
#    distribution.
#
# DISCLAIMER
# ~~~~~~~~~~
# THIS SOFTWARE IS PROVIDED BY THE AUTHOR "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT
# NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY, OF
# SATISFACTORY QUALITY, AND FITNESS FOR A PARTICULAR PURPOSE
# OR USE ARE DISCLAIMED. THE COPYRIGHT HOLDERS AND THE
# AUTHORS MAKE NO REPRESENTATION THAT THE SOFTWARE AND
# MODIFICATIONS THEREOF, WILL NOT INFRINGE ANY PATENT,
# COPYRIGHT, TRADE SECRET OR OTHER PROPRIETARY RIGHT.
#
# LIMITATION OF LIABILITY
# ~~~~~~~~~~~~~~~~~~~~~~~
# THE COPYRIGHT HOLDERS AND THE AUTHORS SHALL HAVE NO
# LIABILITY FOR DIRECT, INDIRECT, SPECIAL, INCIDENTAL,
# CONSEQUENTIAL, EXEMPLARY, OR PUNITIVE DAMAGES OF ANY
# CHARACTER INCLUDING, WITHOUT LIMITATION, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES, LOSS OF USE, DATA OR PROFITS,
# OR BUSINESS INTERRUPTION, HOWEVER CAUSED AND ON ANY THEORY
# OF CONTRACT, WARRANTY, TORT (INCLUDING NEGLIGENCE), PRODUCT
# LIABILITY OR OTHERWISE, ARISING IN ANY WAY OUT OF THE USE OF
# THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
# DAMAGES.
#

# input useful functions:
#  - read/write : read/write an input file
#  - clone
# - checkFormat(card) FORMAT_FREE / FORMAT_SINGLE
# - addCard(card)
# - delCard(card)
# - delTag(tag) - delete all cards with specific tag
# - delGeometryCards
# - replaceCard(position, card)
# - convert2Names - Convert input to names and check for obsolete and/or non-valid cards
# - validate - ??
# - checkNumbering - ??
# - minimumInput
# - renumber
#
# Card useful functions:
# - __init__(self, tag, what=None, comment="", extra="")
# - clone
# - appendWhats(self, what, pos=None)
# - appendComment(self, comment):
# - validate(self, case=None):
# - convert(self, tonames=True)
# - whats(self), nwhats()
# - sdum
# - extra
# - comment
# - isGeo
# - type
# - tag
# - what(self, n)
# - setComment(self, comment="")
# - setWhats(self, whats)
# - setSdum(self, s)
# - setExtra(self, e)
# - setWhat(self, w, v)
# - units(self, absolute=True) units used by card
# - commentStr(self)
# - def toStr(self, fmt=None)
# - addZone(self, zone)


import os
import re
import sys
import time
import math
import struct
import string


import pymchelper.flair.common.fortran as fortran
import pymchelper.flair.common.bmath as bmath
import pymchelper.flair.common.csg as csg
from pymchelper.flair.common.log import say

if sys.version_info > (3, 0):
    long = int
    unicode = str
    IntType = int
    LongType = int
    FloatType = float
    BooleanType = bool
    StringType = bytes
    UnicodeType = str
else:
    from types import IntType, LongType, FloatType, BooleanType, StringType, UnicodeType

try:
    import ConfigParser
except ImportError:
    import configparser as ConfigParser


__author__ = "Vasilis Vlachoudis"
__email__ = "Vasilis.Vlachoudis@cern.ch"


__first = True

# -------------------------------------------------------------------------------
# Activate untest developer code
_developer = False
_useQUA = True
_database = "db/card.ini"

_NAMEPAT = re.compile(r"^[A-Za-z_][A-Za-z0-9_.:!\$]*$")
_REGIONPAT = re.compile(r"^\s*([A-Za-z_][A-Za-z0-9_.:!\$]*)\s*(-?\d+)\s*(.*)$")
_VOXELPAT = re.compile(r"^VOX[E]?[L]?(\d+)$")
_CWHAT = re.compile(r"^[*!]@what\.(-?\d+)(=.*)$")
_OPT = re.compile(r"^!@(\w+)=(.*)$")
_wPAT = re.compile(r"\bw\(")
_WPAT = re.compile(r"\bW\(")
_WNPAT = re.compile(r"\b([wW])\((-?\d+)\)")
_ROTPAT = re.compile(r"^ROT?#(\d+)$", re.I)
# _PRPPAT    = re.compile(r"^(#\w+)\b *(\w*)[ ,/;\\:] *(.*)$")
_PRPPAT = re.compile(r"^(#\w+)\b *([A-Za-z0-9_.@-]*) *(.*)$")

# -------------------------------------------------------------------------------
# Configuration
commentedCards = True  # Parse comments for disabled cards
warnMultMat = False  # Warn user on multiple materials

# transformation values
zero = 1.0E-10
infinite = 1.0E10

# -------------------------------------------------------------------------------
# Global variables
_defaultMaterials = []  # Default material list (cards)
_defaultMatDict = {}
_icruMaterials = []  # ICRU special compounds (cards)
_icruMatDict = {}
_neutronGroups = {}  # Neutron energy groups as numbers
_neutronGroupsS = {}  # Neutron energy groups as strings with units
_lowMaterials = {}  # LOW-NEUT material cross sections
_usermvax = {}  # Description of user routines

# File formats
FORMAT_SINGLE = 0
FORMAT_DOUBLE = 1
FORMAT_FREE = 2
FORMAT_VOXEL = 3

BODY_PREFIX = "B"
REGION_PREFIX = "R"

SCALE = "*...+....1....+....2....+....3....+....4....+....5....+....6....+....7....+....\n"
# SCALE="*tag-----><----1---><---2----><---3----><---4----><---5----><---6----><--sdum--\n"
REGSCALE = "*_..._____.._____.._____.._____.._____.._____.._____.._____.._____.._____\n"

BODY_TAGS = None  # Including VOXELS
BODY_NOVXL_TAGS = None  # Without VOXELS
FLAIR_TAGS = None
OBJECT_TAGS = None
TRANSFORM_TAGS = None
DETECTOR_TAGS = ("DETECT", "EVENTBIN", "RESNUCLE", "USRBDX", "USRBIN", "USRCOLL", "USRTRACK", "USRYIELD")
NGROUPS = []

# Preprocessor cards that increase or decrease the indent
_INDENT_INC = ("#if", "#ifdef", "#ifndef", "#elif", "#else", "#include", "$start_expansion", "$start_translat",
               "$start_transform")
_INDENT_DEC = ("#elif", "#else", "#endif", "#endinclude", "$end_expansion", "$end_translat", "$end_transform")
_PREPRO_BLOCK = ("#if", "#ifdef", "#ifndef", "#elif", "#else", "#endif")

# Region types
REGION_NORMAL = 0
REGION_BLACKHOLE = 1
REGION_LATTICE = 2
REGION_VOXEL = 3

ERROR = "error"
_VOLUME = "@volume"


[docs]class Vector(bmath.Vector):
    """flair vector returning a string with {} representation"""

    def __str__(self):
        return "{%s}" % (list.__str__(self)[1:-1])



_globalDict = {
    # Mathematical constants
    "fwhm": 2.0 * math.sqrt(2.0 * math.log(2.0)),

    # Physics constants
    "a": 1.0 / 137.035989561,
    "h": 4.135667516e-15,  # eV s
    "c": 299792458e2,
    "Na": 6.0221367e23,
    "qe": 1.60217646e-19,
    "re": 2.8179409183694872e-13,

    # Masses
    "amu": 0.93149432,
    "amuC12": 0.93123890,
    "amugr": 1.6605402E-24,
    "Mp": 0.93827231,
    "Mn": 0.93956563,
    "Me": 0.510998910e-3,

    # Distances
    "nm": 0.1E-6,
    "um": 0.1E-3,
    "mm": 0.1,
    "cm": 1.0,
    "dm": 10.0,
    "m": 100.0,
    "km": 100.0e3,

    # Imperial system distances
    "inch": 2.54,
    "feet": 30.48,
    "ft": 30.48,
    "mile": 160934.4,
    "mi": 160934.4,

    # Time
    "ns": 1.0e-9,
    "us": 1.0e-6,
    "ms": 0.001,
    "s": 1.0,
    "min": 60.0,
    "hour": 3600.0,
    "day": 86400.0,
    "week": 7.0 * 86400.0,
    "month": 365.25 / 12.0 * 86400.0,
    "year": 365.25 * 86400.0,

    # Prefixes
    "yotta": 1e24,
    "zetta": 1e21,
    "exa": 1e18,
    "peta": 1e15,
    "tera": 1e12,
    "giga": 1e9,
    "mega": 1e6,
    "kilo": 1e3,
    "hecto": 1e2,
    "deca": 1e1,
    "deci": 1e-1,
    "centi": 1e-2,
    "milli": 1e-3,
    "micro": 1e-6,
    "nano": 1e-9,
    "pico": 1e-12,
    "femto": 1e-15,
    "atto": 1e-18,
    "zepto": 1e-21,
    "yocto": 1e-24,

    # Energy
    "eV": 1e-9,
    "keV": 1e-6,
    "MeV": 1e-3,
    "GeV": 1.0,
    "TeV": 1e3,
    "PeV": 1e6,
    "J": 1.0 / 1.60217646e-10,

    # Angle
    "deg": math.pi / 180.0,
    "rad": 1.0,
    "mrad": 0.001,

    # Trig functions in degrees
    "sind": lambda x: math.sin(math.radians(x)),
    "cosd": lambda x: math.cos(math.radians(x)),
    "tand": lambda x: math.tan(math.radians(x)),
    "asind": lambda x: 180. * math.asin(x) / math.pi,
    "acosd": lambda x: 180. * math.acos(x) / math.pi,
    "atand": lambda x: 180. * math.atan(x) / math.pi,

    # Generic functions
    "abs": abs,
    "float": float,
    "int": int,
    "len": len,
    "str": str,

    # Physics functions
    "T2g": lambda T, m: 1. + T / m,
    "g2b": lambda g: math.sqrt(1. - 1. / g**2),
    "b2g": lambda b: 1. / math.sqrt(1. - b**2),
    "p2T": lambda p, m: math.sqrt(p**2 + m**2) - m,
    "T2p": lambda T, m: math.sqrt(T**2 + 2. * m * T),
    "dT2dp": lambda T, dT, m: (T + m) / math.sqrt(T**2 + 2. * m * T) * dT,
    "omega": lambda x: 2. * math.pi * (1. - math.cos(x)),
    "omegad": lambda x: 2. * math.pi * (1. - math.cos(math.radians(x))),
    "X0": lambda Z, A: 716.4 * float(A) / (float(Z) * (Z + 1.) * math.log(287. / math.sqrt(float(Z)))),

    # Vector and matrices
    "Vector": Vector,
    "Matrix": bmath.Matrix,
}

# Populate math functions on the local dict
for name in dir(math):
    if name[0] == "_":
        continue
    _globalDict[name] = getattr(math, name)


[docs]class LocalDict(dict):
    """Implement the local dictionary"""

    def __init__(self, input):
        self.input = input
        self.card = None
        self.clear()

[docs]    def clear(self):
        """Clear dictionary and set default variables"""
        dict.clear(self)
        self["w"] = lambda w, s=self: s.card.numWhat(w)
        self["W"] = lambda w, s=self: s.card.evalWhat(w)
        self["b"] = lambda n, w, s=self: s.bodyWhat(n, w)
        self["C"] = lambda t, n, w, s=self: s.cardWhat(t, n, w)


    def __getitem__(self, item):
        """Default getitem"""
        try:
            return dict.__getitem__(self, item)
        except Exception:
            # check defines
            defines = self.input.cardsCache("#define")
            # dummy linear search
            for define in defines:
                if define.ignore():
                    continue
                if define.sdum().strip() == item:
                    # Convert to int or float if possible
                    val = define.evalWhat(1)
                    try:
                        f = float(val)
                        if float(int(f)) == f:
                            return int(f)
                        return f
                    except Exception:
                        return val
            if item not in _globalDict:
                return str(item)
            # FIXME check for a card like BEAM(0,1)
            # if cards: return lambda n,w,t=item,s=self: s.cardWhat(t,n,w)
            # return str(item)
            raise

[docs]    def bodyWhat(self, name, what):
        bodies = self.input.cardsCache("bodies")
        body = bodies[name]
        return body.numWhat(what)


[docs]    def cardWhat(self, tag, name, what):
        cards = self.input.cardsCache(tag)
        if cards is None:
            raise Exception("Card %s do not exist" % (tag))
        if isinstance(name, str):
            for card in cards:
                if card.ignore():
                    continue
                if card.sdum() == name:
                    # return card.numWhat(what)
                    val = card.what(what)
            raise Exception("No card %s with sdum=%s found\n" % (tag, name))
        else:
            # return cards[name].numWhat(what)
            val = cards[name].what(what)

        # return a float or int otherwise as is
        try:
            f = float(val)
            if float(int(f)) == f:
                return int(f)
            return f
        except Exception:
            return val




[docs]def utfWrite(f, s):
    """Write in utf format if necessary"""
    try:
        f.write(s)
    except (UnicodeDecodeError, UnicodeEncodeError):
        f.write(s.encode("utf-8"))



[docs]def utfWriteln(f, s):
    if sys.version_info > (3, 0):
        f.write(s + "\n")
    else:
        try:
            f.write(s.decode('ascii') + "\n")
        except (UnicodeDecodeError, UnicodeEncodeError):
            f.write(s.encode("utf-8") + "\n")



[docs]def writeln(f, s):
    f.write(s + "\n")



[docs]def utfReadline(f):
    """Readline and convert it to unicode if necessary"""
    line = f.readline()
    try:
        uline = line.decode("utf-8")
    except (AttributeError, UnicodeDecodeError, UnicodeEncodeError):
        return line
    try:
        # sline = str(uline) # TODO never used ?
        return line
    except (AttributeError, UnicodeDecodeError, UnicodeEncodeError):
        return uline



[docs]def isEvalStr(w):
    """return is the what string is an evaluated function"""
    return isinstance(w, str) and w != "" and w[0] in ("=", "$")



[docs]class LowNeutMaterial:
    """Structures as placeholders"""
    pass



[docs]class CardInfo:
    _db = {}  # Card information dictionary
    _funcs = {}  # Caching compiled functions

    def __init__(self, name, group, range_, extra, assert_, default, meaning):
        if name[0] not in ("$", "#"):
            self.tag = name[0:8]
        else:
            self.tag = name
        self.name = name
        self.group = group
        self.range = range_
        self.assert_ = assert_
        self.extra = extra
        self.default = default
        self.meaning = meaning
        self.layout = None
        self.order = 99999
        self.disableComment = False  # Comment disabled cards instead
        # of #if 0..#endif
        self.underline = -1

        # process range for units, particles, materials and regions
        self.rangeCode = []
        self.assertCode = []
        self.whats = []
        if range_ is None:
            return
        nwhats = 0
        for r in range_:
            self.rangeCode.append(self.compileConditions(r))
            w = len(r)
            for j in range(len(r) - 1, -1, -1):
                if r[j] != "-":
                    break
                w -= 1
            nwhats = max(nwhats, w)
        self.nwhats = nwhats

        # compile assertion code
        for assertList in self.assert_:
            ass = []
            for a in assertList:
                ass.append(self.compileAssert(a))
            self.assertCode.append(ass)

    # ----------------------------------------------------------------------
[docs]    def setDisableComment(self, c=False):
        self.disableComment = c


    # ----------------------------------------------------------------------
    # Compile conditions
    # The code which is generated is in the form i.e.:
    # lambda x: x>0
    # and should be executed with:
    # eval(code)(x)
    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def compileConditions(rng):
        # the switch condition is given by the f() fields and
        # by the sdum if is defined

        # Check sdums
        code = []

        if rng[0] != "-" and rng[0][0].isupper():
            sdums = rng[0].split(":")
            maxlen = max([len(x) for x in sdums])
            if maxlen > 8:
                raise Exception("Error %d %s" % (maxlen, rng[0]))
            if len(sdums) == 1:
                s = "lambda x:x==\"%s\"" % (rng[0])
                code.append((0, 'f', CardInfo._compileFunc(s)))
            elif len(sdums) > 0:
                s = "lambda x:x[:8] in ("
                for i in sdums:
                    if i == "-":
                        i = ""
                    s += "\"%s\"," % (i)
                s += ")"
                code.append((0, 'f', CardInfo._compileFunc(s)))

        # Check if all [fri]() conditions are met
        i = 0
        for w in rng:
            if len(w) > 4 and w[1] == "(":
                s = "lambda x:%s" \
                    % (w[2:-1].replace(',', ' or '))
                code.append((i, w[0], CardInfo._compileFunc(s)))
            elif w[0] == 'c':
                s = "lambda x:len(str(x))<=%s" % (w[1:])
                code.append((i, w, CardInfo._compileFunc(s)))
            else:
                code.append((i, w, None))
            i += 1

        return code


[docs]    @staticmethod
    def compileAssert(assertStatement):
        """
        Compile assert statement
        First detect all what references w(#) and replace them with:
            w(#) -> c.numWhat(#)
            W(#) -> c.what(#)
        identify all what-indexes to report as problems
        and request in the code that are not zero!

        finally compile the code
        example: w(8)>w(7)
            lambda c: c.numWhat(7)==0 or c.numWhat(8)==0 or c.numWhat(8)>c.numWhat(7)
        :param assertStatement:
        :return:
        """
        whatUsed = [False] * 21
        for match in _WNPAT.finditer(assertStatement):
            try:
                whatUsed[int(match.group(2))] = True
            except Exception:
                pass
        ass = _wPAT.sub('c.numWhat(', assertStatement)
        ass = _WPAT.sub('c.what(', ass)

        whats = []
        expr = "lambda c:"
        for i, w in enumerate(whatUsed):
            if w:
                if i < 20:
                    whats.append(i)
                    expr += "c.what(%d)=='' or " % (i)
                else:
                    whats.append(-1)
        expr += "(" + ass + ")"
        return (whats, CardInfo._compileFunc(expr))


    @staticmethod
    def _compileFunc(s):
        """Compile or use pre-defined function"""
        try:
            return CardInfo._funcs[s]
        except Exception:
            c = compile(s, "<string>", "eval")
            CardInfo._funcs[s] = c
            return c

    @staticmethod
    def _compileFuncName(code):
        """Return name of compiled function (used for debugging)"""
        for n, c in CardInfo._funcs.items():
            if code == c:
                return n

[docs]    def findCase(self, card):
        """Find card's range(case)"""
        if len(self.rangeCode) == 1:
            return 0
        for r, code in enumerate(self.rangeCode):
            # Check all 'f'-flags
            for w, f, c in code:
                if f == 'f' and c:
                    v = card.evalWhat(w)
                    if w > 0 and v == "":
                        v = 0
                    try:
                        v = int(float(v))
                    except Exception:
                        pass
                    try:
                        if not eval(c)(v):
                            break
                    except Exception:
                        pass
            else:
                # All conditions met
                return r
        return 0  # return default case


[docs]    def validate(self, card, case=None):
        """Validate card: return a list of failing variables."""
        if self is CardInfo._db[None]:
            return ["Error card"]

        if card.input is None:
            return [None]

        if case is None:
            case = self.findCase(card)
            if case is None:
                return [None]  # No case found!

        # FIXME check special cases
        # 1. Regions check body names inside
        # 2. All references of names if they exist mi, ri, bi, di, vi, ti
        # 3. Check step for ranges to be >= 0
        # 4. Check limits in USRxxx cards
        # 5. Check logical units usage
        # 6. Check duplicate name definition of bodies, regions...

        # Check all fields
        pb = []
        for w, f, c in self.rangeCode[case]:
            x = card.evalWhat(w)
            if x == "":
                continue  # Use default

            if f == 'i':
                try:
                    xi = int(float(x))
                    if abs(float(x) - float(xi)) > 1e-9:
                        pb.append(w)
                        continue
                    x = xi
                except Exception:
                    # x = 0
                    pb.append(w)
                    continue

            elif f == 'l':
                try:
                    xi = long(float(x))
                    if abs(float(x) - float(xi)) > 1e-9:
                        pb.append(w)
                        continue
                    x = xi
                    # Special patch for RADDECAY to restore
                    # the long type instead of float
                    card.setWhat(w, xi)
                except Exception:
                    # x = 0
                    pb.append(w)
                    continue

            elif f == 'r':
                try:
                    x = float(x)
                except Exception:
                    # Check if it is a fortran number with D or internal spaces
                    # try: x = float(re.sub("[dD]","e",x.replace(" ","")))
                    try:
                        x = float(re.sub("[dD]", "e", x))
                    except Exception:
                        pb.append(w)
                        continue

            elif f == 'f':
                if x == "" and w > 0:
                    x = 0
                try:
                    x = int(float(x))
                except Exception:
                    pass

            elif f in ("pi", "spi"):
                try:
                    x = float(x)
                    if x > -100.0 and abs(int(x)) not in Particle._db:
                        pb.append(w)
                except Exception:
                    if len(x) > 0:
                        if x[0] == "-":
                            x = x[1:]
                        if x not in Particle._db:
                            pb.append(w)

            # FIXME ri, mi, bi, di, vi
            try:
                if c and not eval(c)(x):
                    pb.append(w)
            except Exception:
                pb.append(w)

        # Check all assert statements
        if self.assert_:
            for i, (whats, code) in enumerate(self.assertCode[case]):
                if whats and not eval(code)(card):
                    pb.extend(whats)
                    pb.append("Assertion failed: %s" % (self.assert_[case][i]))

        # Special check for regions
        if card.tag == "REGION":
            sdum = card.sdum()
            if sdum != "&" and not _NAMEPAT.match(sdum):
                pb.append(0)
            exp = csg.tokenize(card.extra())
            # Check expression
            try:
                csg.exp2rpn(exp)
                if exp and not csg.check(exp):
                    pb.append(-1)
                    pb.append("Invalid expression")
                else:
                    bodies = card.input.cardsCache("bodies")
                    notadded = True
                    for token in exp:
                        if token in ("-", "+", "|", "@"):
                            continue
                        elif _NAMEPAT.match(token):
                            # XXX Check in body list
                            if token not in bodies:
                                if notadded:
                                    pb.append(-1)
                                    notadded = False
                                pb.append("Invalid body %r" % (token))
                        else:
                            if notadded:
                                pb.append(-1)
                                notadded = False
                            pb.append("Invalid token %r" % (token))
            except csg.CSGException:
                pb.append(-1)
                pb.append("Unbalanced parenthesis")

        elif card.isGeo() and len(card.tag) == 3 and card.tag != "END":
            if not _NAMEPAT.match(card.sdum()):
                pb.append(0)

        elif card.tag == "COMPOUND":
            # Check for nesting compounds
            # XXX for them moment on level checking
            for w in range(2, 7, 2):
                if card.evalWhat(w) == card.sdum():
                    pb.append(w)

        return pb


    # ----------------------------------------------------------------------
    # convert to names
    # ----------------------------------------------------------------------
[docs]    def toNames(self, card, case=None):
        if card.input is None:
            return

        if case is None:
            case = self.findCase(card)

        if case is None:
            return
        range_ = self.range[case]

        # Special cases
        if card.tag == "LATTICE":
            # Check the sdum and convert it to something that flair
            # and FREE format of FLUKA likes
            sdum = card.sdum().upper()
            if sdum[:4] == "ROT#" or sdum[:3] == "RO#":
                try:
                    id = int(sdum[sdum.find('#') + 1:])
                except Exception:
                    id = 999
                card.setSdum("rot#%03d" % (id))

        # Go through the various whats
        for i in range(min(card.nwhats(), len(range_))):
            r = range_[i]
            w = card.what(i)
            if w == "":
                continue
            try:
                aw = int(float(w))
            except Exception:
                continue
            if r in ("mi", "smi"):
                aw = abs(aw)
                if aw == 0:
                    card.setWhat(i, "")
                    continue
                # FIXME to correct treatment of defines...
                lst = card.input.materialList()
                aw -= 1
                if aw >= len(lst):
                    card.setAbsWhat(i, "@LASTMAT")
                else:
                    card.setAbsWhat(i, lst[aw])

            elif r in ("ri", "sri"):
                if aw == 0:
                    card.setWhat(i, "")
                    continue
                if r == "ri":
                    if aw == -1:
                        card.setWhat(i, "@ALLREGS")
                        continue
                    elif aw < 0:
                        continue

                aw = abs(aw)

                # FIXME to correct treatment of defines...
                try:
                    regions = card.input.cardsCache("REGION")
                    aw -= 1

                    # Normally should not enter here unless if the voxel is not found
                    if aw >= len(regions):
                        if "VOXELS" in card.input.cards:
                            # FIXME no way to know about @LASTREG!
                            if aw == len(regions):
                                card.setAbsWhat(i, "VOXEL")
                            else:
                                if (aw - len(regions)) < 1000:
                                    card.setAbsWhat(i, "VOXEL%03d" % (aw - len(regions)))
                                elif (aw - len(regions)) < 10000:
                                    card.setAbsWhat(i, "VOXE%04d" % (aw - len(regions)))
                                else:
                                    card.setAbsWhat(i, "VOX%05d" % (aw - len(regions)))
                        else:
                            card.setAbsWhat(i, "@LASTREG")
                    else:
                        card.setAbsWhat(i, regions[aw].name())
                except KeyError:
                    pass

            elif r in ("pi", "spi"):
                if aw == 0:
                    card.setWhat(i, "RAY")
                    continue
                if r == "spi":
                    # Special treatment for DISCARD and negative particle id's
                    if aw > 980:
                        if aw < 1000:
                            card.setSign(i, True)
                        aw = -abs(1000 - aw)
                        card.setAbsWhat(i, Particle.convert(aw, True))
                    else:
                        card.setAbsWhat(i, Particle.convert(abs(aw), True))
                else:
                    card.setWhat(i, Particle.convert(aw, True))

            elif r == "di":
                aw = abs(aw)
                if aw == 0:
                    card.setWhat(i, "")
                    continue
                # Type of detector in sdum
                detectors = card.input.cardsCache(card.sdum(), 0)
                if detectors:
                    aw -= 1
                    if aw >= 0 and aw < len(detectors):
                        name = detectors[aw]
                        # Ensure that there is only one reference
                        if detectors.index(name) == aw:
                            card.setWhat(i, name)

            elif r == "bi":
                aw = abs(aw)
                if aw == 0:
                    card.setWhat(i, "")
                    continue
                # FIXME detectors EVENTBIN & USRBIN
                detectors = card.input.cardsCache("USRBIN", 0)
                if detectors:
                    aw -= 1
                    if aw >= 0 and aw < len(detectors):
                        name = detectors[aw]
                        # Ensure that there is only one reference
                        if detectors.index(name) == aw:
                            card.setWhat(i, name)


[docs]    def find(self, target, case):
        """
        find
        :param target:
        :param case:
        :return: list  - of references, tuple - for a range
        """
        starget = "s" + target

        # Go through the various whats
        found = []
        if case is None:
            return found
        range_ = self.range[case]
        for i in range(len(range_)):
            r = range_[i]
            if r in (target, starget):
                found.append(i)
            if r == "i" and len(found) == 2:
                found.append(i)
                return tuple(found)
        return found


    # ----------------------------------------------------------------------
    # get card information
    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def get(card):
        if isinstance(card, Card):
            return CardInfo._db.get(card.tag, CardInfo._db[None])
        else:
            if card and card[0] not in ("$", "#"):
                card = card[0:8]
            return CardInfo._db.get(card, CardInfo._db[None])


    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def none():
        return CardInfo._db[None]




# ===============================================================================
# Logical Units
# ===============================================================================
[docs]class LogicalUnits:
    def __init__(self):
        self.reset()

    # ----------------------------------------------------------------------
    # Reset to default units
    # ----------------------------------------------------------------------
[docs]    def reset(self):
        self.list = [None] * 100

        # Add some default units:
        self.list[1] = (False, "RANDOMIZ", None)
        self.list[2] = (False, "system", None)
        self.list[3] = (False, "system", None)
        self.list[4] = (False, "system", None)
        self.list[5] = (False, "GEOBEGIN", None)  # stdin
        self.list[6] = (False, "stderr", None)
        self.list[7] = (False, "system", None)
        self.list[8] = (False, "system", None)
        self.list[9] = (False, "LOW-NEUT", None)
        self.list[10] = (False, "system", None)
        self.list[11] = (False, "GEOBEGIN", None)
        self.list[12] = (False, "system", None)
        self.list[13] = (False, "EMFFLUO", None)
        self.list[14] = (False, "data", None)
        self.list[15] = (False, "GEOBEGIN", None)
        self.list[16] = (False, "system", None)
        self.list[17] = (False, "DETECT", None)
        self.list[18] = (False, "system", None)
        self.list[19] = (False, "DPMJET", None)
        self.list[20] = (False, "system", None)

        # self.list[49] = (True,  "USERDUMP",	None)

    # ----------------------------------------------------------------------
    # Assign a new unit type
    # ----------------------------------------------------------------------

[docs]    def assign(self, unit, tag, fn=None):
        """Assign a new unit to tag"""
        try:
            unit = int(unit)
            binary = unit < 0
            unit = abs(unit)
            self.list[unit] = (binary, tag, fn)
        except Exception:
            pass


    # ----------------------------------------------------------------------

[docs]    def clear(self, unit):
        """Clear a unit from list"""
        unit = abs(unit)
        self.list[unit] = None


    # ----------------------------------------------------------------------
    # Return unit type
    # ----------------------------------------------------------------------
[docs]    def get(self, u):
        """Return unit information"""
        try:
            u = abs(int(u))
            return self.list[u]
        except Exception:
            return None


    # ----------------------------------------------------------------------
    # Find first free
    # ----------------------------------------------------------------------
[docs]    def free(self):
        """Return first free unit"""
        for i in range(21, len(self.list)):
            u = self.list[i]
            if u is None:
                return i


    # -----------------------------------------------------------------------
    # FIXME needs optimisation, we should find all cards using units in the
    # CardInfo and search only those cards
    # -----------------------------------------------------------------------
[docs]    def scan(self, input):
        self.reset()
        for card in input.cardlist:
            if card.tag == "OPEN":
                continue
            for u in card.units():
                if u == 0:
                    continue
                unit = self.get(u)

                # check for a possible conflict!
                if unit is not None:
                    (b, c, f) = unit

                    if c != card.tag or (b ^ (int(u) < 0)):
                        # Find what with units
                        case = card.case()
                        card.invalid = card.info.find("lu", case)
                        say("WARNING: Possible conflict with unit: %s" % (str(u)))
                        say("is used by: %s  #%d" % (str(self.get(u)[1]), card.pos() + 1))
                        say(str(card))
                        break

                self.assign(u, card.tag)

        # For all open cards assign the correct name
        for card in input["OPEN"]:
            unit = card.intWhat(1)
            u = self.list[abs(unit)]
            if u is None:
                self.assign(unit, "OPEN", card.extra())
            else:
                self.assign(unit, u[1], card.extra())


[docs]    def filterList(self, card=None, bin=True):
        """Return a list of all units, filtered for a card"""
        lst = [("", "")]
        for i in range(1, 100):
            u = self.list[i]

            if u is not None and card is not None:
                if u[1] != card:
                    continue

            if bin:
                lst.append(("%02d ASC" % (i), i))
                lst.append(("%02d BIN" % (i), -i))
            else:
                lst.append(("%02d" % (i), i))
        lst.append(("0", 0))
        return lst




# ===============================================================================
# Particle class
# ===============================================================================
[docs]class Particle:
    # Particles dictionary
    _db = {}
    list = []
    beam = []
    listAll = []
    signedList = []
    signedListAll = []
    particles = []

    # ----------------------------------------------------------------------
    def __init__(self, id, name, mass=0.0, comment=None, pdg=None):
        self.id = id
        self.name = name
        self.mass = mass
        self.comment = comment
        self.pdg = pdg

    # ----------------------------------------------------------------------
    # add particle
    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def add(id, name, mass=0.0, comment=None, pdg=None):
        p = Particle(id, name, mass, comment, pdg)
        Particle._db[id] = p
        Particle._db[name] = p

        # Populate also _baseLocalDict
        if mass > 0.0:
            n = name
            if name[-1] == "-":
                n = n[:-1] + "n"
            elif name[-1] == "+":
                n = n[:-1] + "p"
            if n.find("-") >= 0:
                n = n.replace("-", "")
            _globalDict["m%s" % (n)] = mass
        return p


    # ----------------------------------------------------------------------
    def __getitem__(self, idx):
        return Particle.particles[idx]

    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def get(idx):
        return Particle._db[idx]


    # ----------------------------------------------------------------------
    # create lists
    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def makeLists():
        if len(Particle.list) > 0:
            return

        lastpar = Particle.convert("@LASTPAR", False)

        # All particles
        Particle.list.append("")
        Particle.listAll.append("")
        for p in Particle._db:
            if isinstance(p, str):
                part = Particle._db[p]
                if p != "@LASTPAR":
                    Particle.listAll.append(p)
                if part.id < lastpar:
                    Particle.list.append(p)

        # Beam particles
        Particle.beam = Particle.list[:]
        Particle.beam.append("ISOTOPE")
        Particle.beam.sort()

        # Only real particles + generalized ones
        Particle.particles = Particle.list[:]
        for p in range(201, 228):
            if p in (208, 211, 219, 220, 221, 222):
                continue
            Particle.particles.append(Particle._db[p].name)

        # Sort
        Particle.list.sort()
        Particle.list.append("@LASTPAR")

        Particle.listAll.sort()
        Particle.listAll.append("@LASTPAR")

        Particle.particles.sort()

        # Create signed list
        Particle.signedList += Particle.list
        for i in range(len(Particle.signedList) - 1, 0, -1):
            p = Particle.signedList[i]
            if len(p) > 0 and p[0] != '@':
                Particle.signedList.insert(i + 1, '-' + p)

        Particle.signedListAll += Particle.listAll
        for i in range(len(Particle.signedListAll) - 1, 0, -1):
            p = Particle.signedListAll[i]
            if len(p) > 0 and p[0] != '@':
                Particle.signedListAll.insert(i + 1, '-' + p)


    # ----------------------------------------------------------------------
    # Convert to integer or string
    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def convert(pid, tonames=True):
        """
        Convert particle from name to number
        particle type
        :param tonames: True/False
        :return:
        """
        try:
            idx = int(pid)
            isInt = True
        except Exception:
            if pid == "":
                idx = 0
                isInt = True
            else:
                isInt = False

        if tonames:
            if isInt:
                if idx <= -100:
                    return str(pid)
                try:
                    return Particle._db[idx].name
                except Exception:
                    say("Particle %s not found!" % str(pid))
                    return "UNKNOWN"
            else:
                return pid
        else:
            if isInt:
                return idx
            try:
                return Particle._db[pid].id
            except Exception:
                raise Exception("Particle %s not found!" % (pid))


    # ----------------------------------------------------------------------
    # scan input for particles
    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def scan(input):
        # FIXME for the moment return everything
        return Particle.listAll




[docs]class Voxel:
    """
    Voxel class
        parse the voxel file and create fake cards for the
            materials, assignmats and corrfact
        that might be embedded in the voxel file
    """
    def __init__(self, filename=None):
        self.cleanup()
        if filename is not None:
            self.read(filename)

    # ----------------------------------------------------------------------
    # Clean up voxel structure
    # ----------------------------------------------------------------------
[docs]    def cleanup(self):
        self.filename = ""
        self.title = ""
        self.nx = 0
        self.ny = 0
        self.nz = 0
        self.no = 0
        self.mo = 0
        self.dx = 0.0
        self.dy = 0.0
        self.dz = 0.0
        self.kreg = None
        self.roiN = 0
        self.roiName = {}  # roi structure names
        self.roiColor = {}  # colors of rois
        # self.roiComb = {}	# roi dictionary of combination of structures
        # self.roiData = None	# roi structure data
        self.input = Input()  # Input cards embedded in voxel file
        self.input.format = FORMAT_VOXEL  # Mark as voxel


    # ----------------------------------------------------------------------
    # Read voxel information
    # ----------------------------------------------------------------------
[docs]    def read(self, filename):
        self.filename = filename
        try:
            f = open(filename, "rb")
        except Exception:
            return False

        # Title CHAR*80
        record = fortran.read(f)
        if record is None or len(record) != 80:
            say("Invalid voxel file. No title found")
            f.close()
            return False
        self.title = record.strip()

        # Memory Size nx,ny,nz,no,mo
        record = fortran.read(f)
        if record is None or len(record) not in (20, 32, 36):
            say("Invalid voxel file. Wrong memory size")
            f.close()
            return False
        if len(record) == 20:
            self.nx, self.ny, self.nz, self.no, self.mo = \
                struct.unpack("=5i", record)
            self.roiN = 0
            roiPlanar = 0
        else:
            self.nx, self.ny, self.nz, self.no, self.mo, self.roiN, roiCombN, roiMaxLen, roiPlanar = \
                struct.unpack("=9i", record)

        # Create voxel regions
        card = Card("REGION", ["VOXEL"])
        # card["@id"] = 0
        card["@type"] = REGION_VOXEL
        card.setExtra("+VOXEL")
        self.input.addCard(card)

        for i in range(self.no + 1):  # +1 to include organ 0
            card = Card("REGION", [Voxel.regionName(i + 1)])
            # card["@id"] = i+1
            self.input.addCard(card)
            card["@type"] = REGION_VOXEL

        # Voxel dimension
        record = fortran.read(f)
        if record is None or len(record) != 3 * 8:
            say("Invalid voxel file. Wrong dimensions")
            f.close()
            return False
        self.dx, self.dy, self.dz = struct.unpack("=3d", record)

        # Voxel data (skip)
        skip = fortran.skip(f)
        if skip != self.nx * self.ny * self.nz * 2:
            say("Invalid voxel file. Data size do not match")
            f.close()
            return False

        # kreg
        record = fortran.read(f)
        if record is None or len(record) != 2 * self.mo:
            say("Invalid voxel file. Wrong kreg array")
            f.close()
            return False
        self.kreg = struct.unpack("=%dH" % (len(record) / 2), record)

        # roiStruct
        if self.roiN > 0:
            # structures
            # try:
            for i in range(1, self.roiN + 1):
                record = fortran.read(f)
                color, name = struct.unpack("=i64s", record)
                name = name.strip()
                if name:
                    self.roiColor[i] = color
                    self.roiName[i] = name

            # for the moment skip everything
            for i in range(roiCombN):
                record = fortran.read(f)  # skip index
            record = fortran.read(f)  # skip data

            # Read planar structures
            for i in range(roiPlanar):
                record = fortran.read(f)  # skip index
                roi, n = struct.unpack("=ii", record)
                for j in range(n):
                    record = fortran.read(f)  # skip data

        # Read embedded cards
        while True:
            try:
                record = fortran.read(f)
            except IOError:
                break
            if record is None:
                break
            if len(record) != 80:
                say("Invalid voxel file. Wrong card found '%s'" % record)
                f.close()
                return False
            tag = record[:8].strip()
            sdum = record[-10:].strip()
            what = [sdum,  # sdum
                    record[10:20].strip(),  # what(1)
                    record[20:30].strip(),  # what(2)
                    record[30:40].strip(),  # what(3)
                    record[40:50].strip(),  # what(4)
                    record[50:60].strip(),  # what(5)
                    record[60:70].strip()]  # what(6)
            if tag == "COMPOUND" and card.tag == tag and card.sdum() == sdum:
                # append whats to previous card
                card.appendWhats(what[1:])
            else:
                # if COMPOUND check for existing to append
                card = Card(tag, what)
                self.input.addCard(card)

        f.close()
        return True


    def __str__(self):
        return "Voxel\n" \
               "File:\t%s\n" \
               "Title:\t%s\n" \
               "nxyz:\t%d x %d x %d\n" \
               "no,mo:\t%d\t%d\n" \
               "dxyz:\t%g x %g %g\n" \
               % (self.filename, self.title,
                  self.nx, self.ny, self.nz,
                  self.no, self.mo,
                  self.dx, self.dy, self.dz)

[docs]    @staticmethod
    def regionName(idx):
        """return a valid region name"""
        if idx == 0:
            return "VOXEL"
        num = "%03d" % (idx)
        return "%s%s" % ("VOXEL" [:(8 - len(num))], num)




# ===============================================================================
# Card
# ===============================================================================
[docs]class Card:
    """Base class for a fluka card"""

    GENERIC = 0  # card types
    BODY = 1
    REGION = 2
    OBJECT = 3

    def __init__(self, tag, what=None, comment="", extra=""):
        """
        Initialise a fluka card
        Each card contains a tag, whats, one multi-line comment and sometimes some extra information
        sdum=what[0] continuation cards have multiple whats of 1+6*lines.
        extra is used for TITLE, GEOBEGIN and REGION
        """

        if what is None:
            what = [""]

        self.enable = True  # Enable or Disabled
        self.active = True  # Preprocessor activate/deactivate
        self.invalid = None  # Valid or invalid card
        self.prop = None  # User properties
        self.input = None  # input class holding card
        self.tag = tag  # card tag
        self._what = what
        self._sign = []
        self._extra = extra
        self._pos = -1  # if -1 the card is most probably deleted
        self._indent = 0  # preprocessor indent level
        self._geo = False
        self._type = Card.GENERIC
        self._userInvalid = None

        self.setComment(comment)
        self.changeTag(tag, False)

[docs]    def setModified(self):
        """set last time modified"""
        self._modified = time.time()


    # ----------------------------------------------------------------------
    # Change tag of card, reduce the number of whats to the new card
    # XXX Do not forget to update the Input.cards... before
    # ----------------------------------------------------------------------
[docs]    def changeTag(self, tag, truncate=True):
        """change tag of card"""
        self.tag = tag
        # find card information from _cardInfo dictionary
        self.info = CardInfo.get(tag)
        if self.info.name == ERROR:
            raise Exception("Incompatible tag \"{:s}\"".format(tag))

        if len(tag) == 3 and "Geometry" in self.info.group:
            self._geo = True
        else:
            self._geo = tag in ("REGION", "LATTICE", "VOXELS") or tag[0] == "$"  # transform types

        if tag in BODY_TAGS:
            self._type = Card.BODY
        elif tag in FLAIR_TAGS:
            self._type = Card.OBJECT
        elif tag == "REGION":
            self._type = Card.REGION
        else:
            self._type = Card.GENERIC

        # Cut extra whats
        if truncate and len(self._what) > self.info.nwhats:
            self.setNWhats(self.info.nwhats)
        self.setModified()


[docs]    def clone(self):
        """clone card object"""
        card = Card(self.tag, self._what[:], self._comment, self._extra)
        card.enable = self.enable
        card._pos = self._pos
        if self.prop:
            card.prop = self.prop.copy()  # Swallow copy
        return card


[docs]    def copyProperties(self, card):
        """Copy properties from card"""
        if card.prop:
            self.prop = card.prop.copy()  # Swallow copy


[docs]    def appendWhats(self, what, pos=None):
        """append what's"""
        if pos is None:
            self._what.extend(what)
        else:
            for w in what:
                if self.what(pos) == "":
                    self.setWhat(pos, w)
                pos += 1
        self.setModified()


[docs]    def appendComment(self, comment):
        """append comment"""
        if len(comment) == 0:
            return
        if self._comment == "":
            self.setComment(comment)
        else:
            self.setComment(self._comment + "\n" + comment)
        self.setModified()


[docs]    def test(self, func, var, val, case=False):
        """
        test card against a filter-function
        Filter format  type [function] \n what \n value
        func: [type][function]
            type:	i=int
                f=float
                s=string
            function:
                a=abs
        var:
            0..9 = whats
                *  = anywhere
              b  = body
              d  = detector
              s  = sdum
                m  = material
                p  = particle	(range if tuple)
                r  = region		(range if tuple)
              t  = transformation
                u  = unit
        :param func:
        :param var:
        :param val: anything int, float or string
        :param case: True for matching case
        :return:
        """
        if not case:
            try:
                val = val.upper()
            except Exception:
                pass

        # Search everywhere
        if var == "*":
            if case:
                if self.tag.find(val) >= 0:
                    return True
                if self._comment.find(val) >= 0:
                    return True
                if self._extra.find(val) >= 0:
                    return True
                for w in self._what:
                    if str(w).find(val) >= 0:
                        return True
            else:
                if self.tag.upper().find(val) >= 0:
                    return True
                if self._comment.upper().find(val) >= 0:
                    return True
                if self._extra.upper().find(val) >= 0:
                    return True
                for w in self._what:
                    if str(w).upper().find(val) >= 0:
                        return True
            return False

        # Units
        elif var == "u":
            uval = abs(int(val))
            try:
                self.units().index(uval)
                return True
            except Exception:
                return False

        # Particle
        elif var == "p":
            varlist = self.findType("pi")
            if isinstance(varlist, list):
                # FIXME check for signed...
                if not case:
                    varlist = map(string.upper, varlist)
                return val in varlist
            else:
                part = Particle.convert(val, False)
                part_from = Particle.convert(varlist[0], False)
                if part_from == part:
                    return True
                part_to = Particle.convert(varlist[1], False)
                if part_to == part:
                    return True
                part_step = varlist[2]
                if part_from < part < part_to:
                    return ((part - part_from) % part_step) == 0
                return False

        # Region
        elif var == "r":
            if self.tag == "REGION":
                if case:
                    return str(self.what(0)) == val
                else:
                    return str(self.what(0)).upper() == val
            varlist = self.findType("ri")
            if isinstance(varlist, list):
                # FIXME check for signed...
                if not case:
                    varlist = map(string.upper, varlist)
                return val in varlist
            else:
                # Check for a range
                reg = self.input.region(val, False)
                reg_from = self.input.region(varlist[0], False)
                if reg_from == reg:
                    return True
                reg_to = self.input.region(varlist[1], False)
                if reg_to == reg:
                    return True
                reg_step = varlist[2]
                if reg_from < reg < reg_to:
                    return ((reg - reg_from) % reg_step) == 0
                return False

        # Material
        elif var == "m":
            if self.tag == "MATERIAL":
                if case:
                    return str(self.what(0)) == val
                else:
                    return str(self.what(0)).upper() == val
            varlist = self.findType("mi")
            if isinstance(varlist, list):
                # FIXME check for signed...
                if not case:
                    varlist = map(string.upper, varlist)
                return val in varlist
            else:
                mat = self.input.material(val, False)
                mat_from = self.input.material(varlist[0], False)
                if mat_from == mat:
                    return True
                mat_to = self.input.material(varlist[1], False)
                if mat_to == mat:
                    return True
                mat_step = varlist[2]
                if mat_from < mat < mat_to:
                    return ((mat - mat_from) % mat_step) == 0
                return False

        # Transformation
        elif var == "t":
            # FIXME check also what(1) and Rot#\d+
            if self.tag == "ROT-DEFI":
                if case:
                    return str(self.what(0)) == val
                else:
                    return str(self.what(0)).upper() == val
            varlist = self.findType("ti")
            if not case:
                varlist = map(string.upper, varlist)
            if val in varlist:
                return True
            # Check also -val
            if isinstance(val, int) or isinstance(val, float):
                if -val in varlist:
                    return True
            elif isinstance(val, str):
                if "-%s" % (val) in varlist:
                    return True
            return False

        # Detector
        elif var == "d":
            if self.tag in DETECTOR_TAGS:
                if case:
                    return str(self.what(0)) == val
                else:
                    return str(self.what(0)).upper() == val

            # FIXME ranges are not supported yet!
            varlist = list(self.findType("di"))
            varlist.extend(list(self.findType("bi")))
            if not case:
                varlist = map(string.upper, varlist)
            return val in varlist

        # Body
        elif var == "b":
            if not self._geo:
                return
            if self.tag == "REGION":
                opt = re.MULTILINE | re.DOTALL
                if not case:
                    opt |= re.I
                return re.match(r".*\b%s\b.*" % (val), self._extra, opt) is not None
            if len(self.tag) != 3:
                return False
            if case:
                return str(self.what(0)) == val
            else:
                return str(self.what(0)).upper() == val

        # if var is None: return False
        if func == "ia":  # Absolute integer
            return abs(self.intWhat(var)) == int(val)

        elif func == "f":  # Floating point
            return self.numWhat(var) == float(val)

        elif func == "l":  # Long integer
            return self.longWhat(var) == long(val)

        elif func == "i":  # Integer
            return self.intWhat(var) == int(val)

        elif func == 'sa':  # Absolute string (remove the minus '-')
            if var == "s":
                w = self.sdum()
            else:
                w = str(self.what(var))
            if len(w) > 0 and w[0] == '-':
                w = w[1:]
            if not case:
                w = w.upper()
            return w == str(val)

        elif func == "s":
            if var == "s":
                return self.sdum() == str(val)
            else:
                return str(self.what(var)) == str(val)

        return False


    # ----------------------------------------------------------------------
    # Return card's cardInfo case (range)
    # ----------------------------------------------------------------------
[docs]    def case(self):
        return self.info.findCase(self)


    # ----------------------------------------------------------------------
    # Validate card values
    # ----------------------------------------------------------------------
[docs]    def validate(self, case=None):
        self.invalid = self.info.validate(self, case)
        if self._userInvalid:
            for item in self._userInvalid:
                if item not in self.invalid:
                    self.invalid.append(item)
        return self.invalid


    # ----------------------------------------------------------------------
    # FIXME this check should be done in the invalid
    # ----------------------------------------------------------------------
[docs]    def clearUserInvalid(self):
        self._userInvalid = None


    # ----------------------------------------------------------------------
    # FIXME this check should be done in the invalid
    # ----------------------------------------------------------------------
[docs]    def addUserInvalid(self, item):
        if self._userInvalid:
            if item not in self._userInvalid:
                self._userInvalid.append(item)
        else:
            self._userInvalid = [item]

        # Append to the invalid cards
        if self.invalid:
            if item not in self.invalid:
                self.invalid.append(item)
        else:
            self.invalid = [item]


    # ----------------------------------------------------------------------
    # @return error message string
    # ----------------------------------------------------------------------
[docs]    def errorMessage(self, labels=()):
        case = self.case()
        extra = self.info.extra[case]
        range_ = self.info.range[case]
        msg = ""
        displayed = []
        for e in self.invalid:
            if e is None:
                continue
            if e in displayed:
                continue  # skip multiple messages
            displayed.append(e)

            try:
                lab = labels[e]
            except Exception:
                lab = ""

            if msg:
                msg += "\n"

            if isinstance(e, str):
                msg += "%s" % e
            elif lab:
                msg += "What=%d  Label=%s  Type=%s: %s" % (e, lab, range_[e], extra[e])
            else:
                msg += "What=%d  Type=%s: %s" % (e, range_[e], extra[e])
        return msg


    # ----------------------------------------------------------------------
    # Convert card to names or numbers
    # ----------------------------------------------------------------------
[docs]    def convert(self, tonames=True):
        if tonames:
            self.info.toNames(self)
        else:
            self.info.toNumbers(self)
        self.setModified()


    # ----------------------------------------------------------------------
    # I/O
    # ----------------------------------------------------------------------
[docs]    def whats(self):
        return self._what


[docs]    def nwhats(self):
        return len(self._what)


[docs]    def sdum(self):
        return self.what(0)


[docs]    def extra(self):
        return self._extra


[docs]    def comment(self):
        return self._comment


[docs]    def isGeo(self):
        return self._geo


[docs]    def type(self):
        return self._type


[docs]    def pos(self):
        return self._pos


[docs]    def indent(self):
        return max(0, self._indent)


    name = sdum

    # ----------------------------------------------------------------------
    # Compare position - key
    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def cmpPos_key(a):
        return a._pos


    # ----------------------------------------------------------------------
    # Return what value -1=extra, 0=sdum
    # ----------------------------------------------------------------------
[docs]    def what(self, n):
        if n < 0:
            return self._extra
        else:
            try:
                return self._what[n]
            except Exception:
                return ""


    # ----------------------------------------------------------------------
    # Return absolute value of what
    # ----------------------------------------------------------------------
[docs]    def absWhat(self, w):
        """return the absolute value of what[w]"""
        n = self.what(w)
        if n in ("", 0.0):
            return n
        try:
            return abs(float(n))
        except Exception:
            n = n.strip()
            if n[0] in ("+", "-"):
                return n[1:]
            return n


    # ----------------------------------------------------------------------
    # Return what as integer
    # ----------------------------------------------------------------------
[docs]    def intWhat(self, n):
        """try to return an integer from what"""
        return int(self.numWhat(n))


    # ----------------------------------------------------------------------
    # Return what as long integer
    # ----------------------------------------------------------------------
[docs]    def longWhat(self, n):
        """try to return a long integer from what"""
        return long(self.numWhat(n))


    # ----------------------------------------------------------------------
    # Return what as floating point number
    # ----------------------------------------------------------------------
[docs]    def numWhat(self, n):
        """try to return a number from what"""
        try:
            return float(self.evalWhat(n))
        except Exception:
            return 0.0


    # ----------------------------------------------------------------------
    # Is evaluated what
    # ----------------------------------------------------------------------
[docs]    def isEvalWhat(self, w):
        return isEvalStr(self.what(w))


    # ----------------------------------------------------------------------
    # Return evaluated what
    # ----------------------------------------------------------------------
[docs]    def evalWhat(self, n, dollar=True):
        """return evaluated what if needed"""
        w = self.what(n)
        if isinstance(w, str) and w != "":
            if w[0] in ("=", "(", "[", "{"):
                if self.input is None:
                    return w
                self.input.localDict.card = self
                if w[0] == "=":
                    expr = w[1:]
                else:
                    expr = w
                # Check for possible vector definitions
                # replace any { to Vector( and } to )
                expr = expr.replace("{", "Vector(")
                expr = expr.replace("}", ")")
                # expr = expr.replace("[[","Matrix(")
                # expr = expr.replace("]]",")")
                try:
                    value = eval(expr, _globalDict, self.input.localDict)
                except Exception:
                    say("ERROR %s card %s what(%d):%s" % (sys.exc_info()[1], self.tag, n, str(w)))
                    return "?"

                try:
                    f = float(value)
                    if float(int(f)) == f:
                        return int(f)
                    return f
                except Exception:
                    return value

            elif dollar and w[0] == "$":
                var = w[1:]
                # check defines
                defines = self.input.cardsCache("#define")
                # dummy linear search
                for define in defines:
                    if define.ignore():
                        continue
                    if define.sdum() == var:
                        val = define.evalWhat(1)
                        # Convert to int or float if possible
                        try:
                            f = float(val)
                            if float(int(f)) == f:
                                return int(f)
                            return f
                        except Exception:
                            return val
        return w


    # ----------------------------------------------------------------------
    # Return evaluated what,
    # but NOT empty space (used on $xxx cards)
    # ----------------------------------------------------------------------
[docs]    def evalWhat0(self, n, dollar=True):
        w = self.evalWhat(n, dollar)
        if w == "":
            return 0.
        else:
            return w


    # ----------------------------------------------------------------------
    # get card information
    # ----------------------------------------------------------------------
    def __getitem__(self, t=None, default=None):
        """get card information"""
        if t is None:
            return self.tag
        elif isinstance(t, int):
            return self.what(t)
        elif t in ("sdum", "name"):
            return self.what(0)
        elif t == "comment":
            return self._comment
        elif t == "extra":
            return self._extra
        elif t == "info":
            return self.info
        else:
            return self.getProperty(t, default)

    get = __getitem__

    # ----------------------------------------------------------------------
    def __delitem__(self, item):
        try:
            del self.prop[item]
        except Exception:
            pass

    # ----------------------------------------------------------------------
    # set card state
    # ----------------------------------------------------------------------
[docs]    def setEnable(self, e):
        """set state enable(True)/disable(False)"""
        self.enable = e
        self.setModified()


    # ----------------------------------------------------------------------
    # Disable card
    # ----------------------------------------------------------------------
[docs]    def disable(self):
        """disable card"""
        self.enable = False
        self.setModified()


    # ----------------------------------------------------------------------
    # Set Active state
    # ----------------------------------------------------------------------
[docs]    def setActive(self, a):
        """set active state of card"""
        self.active = a


    # ----------------------------------------------------------------------
    # Ignore card if not active or not enabled
    # ----------------------------------------------------------------------
[docs]    def ignore(self):
        return not self.enable or not self.active


    # ----------------------------------------------------------------------
[docs]    def notIgnore(self):
        return self.enable and self.active


    # ----------------------------------------------------------------------
    # set comment
    # ----------------------------------------------------------------------
[docs]    def setComment(self, comment=""):
        """set comment string"""
        self._comment = comment
        self.setModified()


    # ----------------------------------------------------------------------
    # Set the whats list
    # ----------------------------------------------------------------------
[docs]    def setWhats(self, whats):
        self._what = whats
        self.setModified()


    # ----------------------------------------------------------------------
    # Set SDUM to card (what[0])
    # ----------------------------------------------------------------------
[docs]    def setSdum(self, s):
        """set sdum"""
        self.setWhat(0, s)


    setName = setSdum

    # ----------------------------------------------------------------------
    # Set extra information to card
    # ----------------------------------------------------------------------
[docs]    def setExtra(self, e):
        """set extra information"""
        try:
            self._extra = str(e)
        except Exception:
            self._extra = e.encode("ascii", "replace")
        self.setModified()


    # ----------------------------------------------------------------------
    # Set a what value
    # ----------------------------------------------------------------------
[docs]    def setWhat(self, w, v):
        """set what value"""
        if w < 0:
            self._extra = v
        else:
            # Unicode characters are not accepted
            if isinstance(v, unicode) and sys.version_info < (3, 0):
                v = v.encode("ascii", "replace")
            # Extend list if needed
            if w >= len(self._what):
                self._what.extend([""] * (w - len(self._what) + 1))
            self._what[w] = v
        self.setModified()


    # ----------------------------------------------------------------------
    # Set the total number of whats
    # Usually to remove whats
    # ----------------------------------------------------------------------
[docs]    def setNWhats(self, n):
        """set the total number of whats"""
        length = len(self._what)
        if n < length:
            del self._what[n:]
        elif n > length:
            self._what += [""] * (n - length)
        self.setModified()


    # ----------------------------------------------------------------------
    # Set absolute information to card. The "what" will keep the same sign
    # ----------------------------------------------------------------------
[docs]    def setAbsWhat(self, w, v):
        """change the absolute value of what keeping the same sign"""
        s = self.sign(w)

        if v in ("", 0.0):
            self.setWhat(w, v)
            return

        if not isEvalStr(v):
            s = self.sign(w)
            try:
                v = abs(float(v))
                if s:
                    v = -v

            except Exception:
                if v[0] in ("+", "-"):
                    if s:
                        v = "-" + v[1:]
                    else:
                        v = v[1:]
                else:
                    if s:
                        v = "-" + v

        self.setWhat(w, v)


    # ----------------------------------------------------------------------
    # Signs are used to avoid cases when the what[w] is ZERO
    # Should not be used by the user... only in Layout.py
    # ----------------------------------------------------------------------
[docs]    def setSign(self, w, s):
        if isEvalStr(self.what(w)):
            return

        if w >= len(self._sign):
            self._sign += [None] * (w - len(self._sign) + 1)

        self._sign[w] = s
        n = self.what(w)

        if n in ("", 0.0):
            return
        try:
            n = abs(float(n))
            if s:
                n = -n
        except Exception:
            n = n.strip()
            if n[0] in ("+", "-"):
                if s:
                    n = "-" + n[1:]
                else:
                    n = n[1:]
            else:
                if s:
                    n = "-" + n
        self.setWhat(w, n)


    # ----------------------------------------------------------------------
    # return sign of a what
    # ----------------------------------------------------------------------
[docs]    def sign(self, w):
        """return sign of a number: False=+, True=-"""
        if isEvalStr(w):
            # special case
            return False

        # Default numeric value
        try:
            n = self._what[w]
        except Exception:
            try:
                return self._sign[w]
            except Exception:
                return False

        if n == "":
            n = 0.0
        try:
            n = float(n)
            if n < 0.0:
                return True
            if n > 0.0:
                return False

            if w < len(self._sign):
                s = self._sign[w]
                if s is not None:
                    return s
            return False
        except Exception:
            n = n.strip()
            if n[0] == "-":
                return True
            if n[0] == "+":
                return False

            if w < len(self._sign):
                s = self._sign[w]
                if s is not None:
                    return s
            return False


    # ----------------------------------------------------------------------
    # set information to card
    # ----------------------------------------------------------------------
    def __setitem__(self, t, v):
        """set value to what(#, sdum, comment, extra)"""
        if isinstance(t, int):
            self.setWhat(t, v)
        elif t == "sdum":
            self.setSdum(v)
        elif t == "comment":
            self.setComment(v)
        elif t == "extra":
            self.setExtra(v)
        else:
            self.setProperty(t, v)

    set = __setitem__

    # ----------------------------------------------------------------------
    # set/get user property
    # ----------------------------------------------------------------------
[docs]    def setProperty(self, t, v):
        if self.prop is None:
            self.prop = {}
        self.prop[t] = v


    # ----------------------------------------------------------------------
[docs]    def getProperty(self, t, default=None):
        if self.prop is None:
            return default
        return self.prop.get(t, default)


    # ----------------------------------------------------------------------
    # Return a specific type from the card, see database from more info
    # ----------------------------------------------------------------------
[docs]    def findType(self, target):
        """return whats with a specific type from the card, pi, mi, ..."""
        case = self.info.findCase(self)
        lst = self.info.find(target, case)
        if isinstance(lst, list):
            return [self.what(x) for x in lst]
        else:
            return (self.what(lst[0]), self.what(lst[1]), lst[2])


    # ----------------------------------------------------------------------
    # Return units used by card
    # ----------------------------------------------------------------------
[docs]    def units(self, absolute=True):
        """return unit from card"""
        case = self.info.findCase(self)
        lst = self.info.find("lu", case)
        if absolute:
            if isinstance(lst, list):
                return [abs(self.intWhat(x)) for x in lst]
            else:
                return (abs(self.intWhat(lst[0])), abs(self.intWhat(lst[1])), lst[2])
        else:
            if isinstance(lst, list):
                return [self.intWhat(x) for x in lst]
            else:
                return self.intWhat(lst[0]), self.intWhat(lst[1]), lst[2]


[docs]    def commentStr(self):
        """return a comment string"""
        line = ""
        for cur_line in self._comment.splitlines():
            if len(cur_line) > 0:
                cur_line = " " + cur_line
            line += "*%s\n" % (cur_line.rstrip())
        if self._comment != "" and self._comment[-1] == "\n":
            line += "*\n"
        return line


    # ----------------------------------------------------------------------
    # return bodies in single/double/free format
    # ----------------------------------------------------------------------
    def _bodyStr(self, fmt=None, prefix=""):
        i = 1
        if fmt is None or fmt == FORMAT_FREE:
            name = str(self.what(0)).strip()
            if name == "":
                name = "<name>"
            line = "%s%s %-10s" % (prefix, self.tag, name)
            prevlen = 0
            while i < self.info.nwhats:
                # use what to keep it as string
                w = self.evalWhat(i, False)
                try:
                    # num = float(w)  # Force to number TODO not used ?
                    w = bmath.format_number(w, 22)
                except Exception:
                    if not w or w[0] != "$":
                        w = "0.0"
                if len(line) + len(w) + 1 > prevlen + 80:
                    prevlen = len(line)
                    line += "\n%s              %s" % (prefix, w)
                else:
                    line += " " + w
                i += 1
            return line

        elif fmt == FORMAT_SINGLE:
            width = 10
            step = 6

        else:
            width = 21
            step = 3

        line = "%s  %3s%5s" % (prefix, self.tag, str(self.what(0)))
        while i < len(self._what):
            inext = i + step
            imin = min(inext, len(self._what))
            while i < imin:
                w = self._what[i]
                try:
                    # num = float(w) # TODO not used ?
                    w = bmath.format_number(w, width)
                except Exception:
                    w = "0.0"
                line += w.rjust(width)
                i += 1
            if i < len(self._what):
                line += "\n%s          " % (prefix)
        return line

    # ----------------------------------------------------------------------
    # return end string
    # ----------------------------------------------------------------------
    @staticmethod
    def _endStr(fmt=None):
        if fmt is None or fmt == FORMAT_FREE:
            return "END"
        else:
            return "  END"

    # ----------------------------------------------------------------------
    # Split a region expression into multi lines
    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def splitExpr(expr, maxlength=100):
        line = ""
        first = True
        for cur_line in expr.splitlines():
            cur_line = cur_line.rstrip()  # remove trailing spaces
            if len(cur_line) == 0:
                continue
            while len(cur_line) > maxlength:
                for i in range(maxlength - 1, 1, -1):
                    if cur_line[i] not in ('+', '-', '|', '(', ')', '#'):
                        continue
                    # split line on char before
                    if first:
                        line += cur_line[0:i].rstrip()
                        first = False
                    else:
                        line += "\n%s" % (cur_line[0:i])
                    cur_line = cur_line[i:]
                    break
                if i <= 2:
                    break
            if first:
                line += cur_line
                first = False
            else:
                line += "\n%s" % (cur_line)
        return line


    # ----------------------------------------------------------------------
    # return region string
    # ----------------------------------------------------------------------
    def _regionStr(self, fmt=None):
        try:
            neighbors = int(self._what[1])
        except Exception:
            neighbors = 5

        if fmt is None or fmt == FORMAT_FREE:
            name = str(self.what(0)).strip()
            if name == "":
                name = "<name>"

            if name == "&":  # Continuation of a region
                line = "              "
            else:
                line = "%-10s%4d " % (name, neighbors)

            first = True
            for cur_line in self._extra.splitlines():
                cur_line = cur_line.rstrip()  # remove trailing spaces
                if len(cur_line) == 0:
                    continue
                while len(cur_line) > 100:
                    for i in range(99, 1, -1):
                        if cur_line[i] not in ('+', '-', '|', '(', ')', '#'):
                            continue
                        # split line on char before
                        if first:
                            line += cur_line[0:i].rstrip()
                            first = False
                        else:
                            line += "\n               %s" \
                                    % (cur_line[0:i])
                        cur_line = cur_line[i:]
                        break
                    if i <= 2:
                        break
                if first:
                    line += cur_line
                    first = False
                else:
                    line += "\n               %s" % (cur_line)
            return line
        else:
            expr = ""
            first = True
            if self._extra.find("(") >= 0 or self._extra.find(")") >= 0:
                raise TypeError("No parenthesis are allowed in fixed format")

            nop = 0
            for cur_line in self._extra.splitlines():
                # Remove spaces
                cur_line = string.join(cur_line, '')
                cur_line = cur_line.replace("+", " +")
                cur_line = cur_line.replace("-", " -")
                cur_line = cur_line.replace("|", " | ")

                if nop > 0 and expr != "":
                    expr += "\n          "
                    nop = 0

                orbefore = False
                for op in cur_line.split():
                    if op == "|":
                        expr += "OR"
                        orbefore = True
                        continue
                    else:
                        if not orbefore:
                            expr += "  "
                        orbefore = False
                    sop = str(op).rjust(5)
                    if len(sop) > 5:
                        sop = sop[0:5]
                    expr += sop
                    nop += 1
                    if nop == 9:
                        expr += "\n          "
                        nop = 0

            return "%5s%5d%s" % (str(self.what(0)), neighbors, expr)

    # ----------------------------------------------------------------------
    def _toStr(self, fmt=None, prefix=""):
        """return a card string"""

        # special cards
        ctag = prefix + self.tag
        try:
            if self.tag[0] == "#":
                if self.nwhats() > 0:
                    return "%s %s" % \
                           (ctag, string.join(
                               [str(self.evalWhat(i, False))
                                for i in range(0, self.nwhats())]))
                else:
                    return ctag
            elif self.tag[0] == "$":
                if self.nwhats() > 0:
                    return "%s %s" % \
                           (ctag, string.join(
                               [str(self.evalWhat0(i, False))
                                for i in range(1, self.nwhats())]))
                else:
                    return ctag
        except IndexError:
            pass

        if self._geo:
            if self.tag == "END":
                return self._endStr()
            elif self._type == Card.BODY and self.tag != "VOXELS":
                return self._bodyStr(fmt, prefix)
            elif self._type == Card.REGION:
                return self._regionStr(fmt)

        if fmt == FORMAT_FREE:
            width = 22
        else:
            width = 10

        # Number of whats
        nwhats = len(self._what)
        if self.tag == "PLOTGEOM":
            # Another card with special treatment
            nwhats = min(6, nwhats)
        elif fmt == FORMAT_FREE:
            # Count real whats
            while nwhats > 0:
                i = nwhats - 1
                if self._what[i] == "":
                    nwhats = i
                else:
                    break

        # Add whats in blocks of 6
        line = ""
        first = True
        i = 1

        if prefix != "":
            ctag = "%s%-10s" % (prefix, self.tag)
        else:
            ctag = self.tag.ljust(10)
        # Cards with no whats
        if nwhats <= 1:
            if len(line) > 0:
                line += "\n"
            line += ctag
            if nwhats == 1:
                if fmt == FORMAT_FREE:
                    line += (" , " * 7) + str(self.evalWhat(0, False))
                else:
                    line += (" " * (width * 6)) + str(self.evalWhat(0, False))
            line = line.rstrip()
        else:  # Cards with many whats
            if self.tag == "COMPOUND":
                cont_sdum = str(self.evalWhat(0, False))
            else:
                cont_sdum = " &"

            while i < nwhats:
                if len(line) > 0:
                    line += "\n"
                line += ctag
                if fmt == FORMAT_FREE:
                    line += ", "

                inext = i + 6
                imin = min(inext, nwhats)
                while i < imin:
                    w = self.evalWhat(i, False)
                    if isinstance(w, long):  # for RADDECAY
                        w = str(w)
                    else:
                        try:
                            # num = float(w) # TODO not used ?
                            w = bmath.format_number(w, width)
                        except Exception:
                            pass
                    if fmt == FORMAT_FREE:
                        line += w + ", "
                    else:
                        line += w.rjust(width)
                    i += 1

                # Check for continuation lines and sdum
                if first:
                    sdum = str(self.evalWhat(0, False))
                elif i > 6:
                    sdum = cont_sdum
                    if sdum.strip() == "&":
                        cont_sdum += "&"
                first = False

                # Do we need to pad with the line
                if sdum != "":
                    if i < inext:
                        if fmt == FORMAT_FREE:
                            line += " ," * (inext - i)
                        else:
                            line += " " * (width * (inext - i))
                    line += sdum
                elif fmt == FORMAT_FREE:
                    # Chop the last comma
                    line = line.rstrip()
                    if line[-1] == ',':
                        line = line[:-1]
                line = line.rstrip()

        # XXX Double format doesn't exist for GEOBEGIN
        # simply triggers the writing of the header inline the input
        # or in an external file
        if self.tag in ("TITLE", "OPEN", "!mesh"):
            line = "%s\n%s" % (line, self._extra.rstrip())

        elif self.tag == "GEOBEGIN":
            try:
                self.ivopt
            except Exception:
                self.ivopt = 0
            try:
                self.idbg
            except Exception:
                self.idbg = 0
            if fmt == FORMAT_FREE:
                line += "\n%d,%d,%s" % (self.ivopt, self.idbg, self._extra.rstrip())
            else:
                line += "\n%5d%5d          %s" % (self.ivopt, self.idbg, self._extra.rstrip())

        elif self.tag == "PLOTGEOM":
            w6 = self.intWhat(6)
            if w6 in (0, 5):
                line += "\n%s" % (self._extra)
                line += "\n%10s%10s%10s%10s%10s%10s" \
                        % (bmath.format_number(self.numWhat(7), 10),
                           bmath.format_number(self.numWhat(8), 10),
                           bmath.format_number(self.numWhat(9), 10),
                           bmath.format_number(self.numWhat(10), 10),
                           bmath.format_number(self.numWhat(11), 10),
                           bmath.format_number(self.numWhat(12), 10))
                line += "\n%10s%10s%10s%10s%10s%10s" \
                        % (bmath.format_number(self.numWhat(13), 10),
                           bmath.format_number(self.numWhat(14), 10),
                           bmath.format_number(self.numWhat(15), 10),
                           bmath.format_number(self.numWhat(16), 10),
                           bmath.format_number(self.numWhat(17), 10),
                           bmath.format_number(self.numWhat(18), 10))
                line += "\n%10s%10s%10s%10s" \
                        % (bmath.format_number(self.numWhat(19), 10),
                           bmath.format_number(self.numWhat(20), 10),
                           bmath.format_number(self.numWhat(21), 10),
                           bmath.format_number(self.numWhat(22), 10))
        return line

    # ---------------------------------------------------------------------
    # return string with only the cards
    # ----------------------------------------------------------------------
[docs]    def toStr(self, fmt=None):
        if not self.enable and (self.info.disableComment and commentedCards):
            prefix = "*"
        else:
            prefix = ""

        s = self._toStr(fmt, prefix)
        # if not self.enable and self.info.disableComment: s = "*"+s
        if isinstance(s, unicode) and sys.version_info < (3, 0):
            return s.encode('utf-8')
        else:
            return s


    # ----------------------------------------------------------------------
[docs]    def evalWhatStr(self):
        """return string for special evaluated whats"""
        es = ""
        for i, w in enumerate(self._what):
            if isEvalStr(w):
                es += "!@what.%d%s\n" % (i, w)

        if self.prop is not None:
            for n, v in self.prop.items():
                if n[0] != '@' and v:  # skip system values
                    es += "!@%s=%s\n" % (n, str(v))
        return es


    # ----------------------------------------------------------------------
    # Convert to string using default format
    # ----------------------------------------------------------------------
    def __str__(self):
        """return a card string with the comment"""
        if self._comment != "":
            return self.commentStr() + self.toStr()
        else:
            return self.toStr()

    # ----------------------------------------------------------------------
    # Dump card to pickler
    # ----------------------------------------------------------------------
[docs]    def dump(self, pickler):
        pickler.dump(self.tag)
        pickler.dump(self._what)
        pickler.dump(self._extra)
        pickler.dump(self._comment)
        if self.prop:  # Skip system variables
            pickler.dump([x for x in self.prop.items()
                          if type(x[1]) in (IntType, LongType, FloatType, BooleanType, StringType, UnicodeType)])
        else:
            pickler.dump(None)
        pickler.dump(self.enable)


    # ----------------------------------------------------------------------
    # Load card from unpickler
    # ----------------------------------------------------------------------
[docs]    def load(self, unpickler):
        self.changeTag(unpickler.load())
        self._what = unpickler.load()
        self._extra = unpickler.load()
        self._comment = unpickler.load()
        prop = unpickler.load()
        self.enable = unpickler.load()
        if prop:
            for n, v in prop:
                self[n] = v


[docs]    def diff(self, card):
        """
        Return differences of the two cards as a list of integers
        -3 = enable/disable
        -2 = Comment
        -1 = Extra
        0 = Sdum
        1..n = What's
        :param card:
        :return:
        """
        df = []
        if self.enable != card.enable:
            df.append(-3)
        if self.commentStr() != card.commentStr():
            df.append(-2)
        if self._extra != card._extra:
            df.append(-1)
        minwhats = min(self.nwhats(), card.nwhats())
        maxwhats = max(self.nwhats(), card.nwhats())
        for w in range(0, minwhats):
            if w > card.nwhats():
                df.append(w)
            elif self.what(w) != card.what(w):
                df.append(w)
        if minwhats != maxwhats:
            df.extend(range(minwhats, maxwhats))
        return df


    # ----------------------------------------------------------------------
    # Special body method returning various geometrical information
    # ... if they are defined
    # ----------------------------------------------------------------------
[docs]    def bodyP(self):
        """Position of body"""
        if self.tag == "RPP":
            return bmath.Vector(self.numWhat(1), self.numWhat(3), self.numWhat(5))
        elif self.tag == "PLA":
            return bmath.Vector(self.numWhat(4), self.numWhat(5), self.numWhat(6))
        elif self.tag == "XYP":
            return bmath.Vector(0.0, 0.0, self.numWhat(1))
        elif self.tag == "XZP":
            return bmath.Vector(0.0, self.numWhat(1), 0.0)
        elif self.tag == "YZP":
            return bmath.Vector(self.numWhat(1), 0.0, 0.0)
        elif self.tag in ("XCC", "XEC"):
            return bmath.Vector(0.0, self.numWhat(1), self.numWhat(2))
        elif self.tag in ("YCC", "YEC"):
            return bmath.Vector(self.numWhat(2), 0.0, self.numWhat(1))
        elif self.tag in ("ZCC", "ZEC"):
            return bmath.Vector(self.numWhat(1), self.numWhat(2), 0.0)
        elif self.tag in ("BOX", "SPH", "RCC", "TRC", "WED", "REC", "ELL", "ARB") or self.tag[0] == "!":
            return bmath.Vector(self.numWhat(1), self.numWhat(2), self.numWhat(3))
        else:
            return None


    bodyP1 = bodyP

    # ----------------------------------------------------------------------
[docs]    def bodyP2(self):
        if self.tag in ("ELL", "ARB"):
            return bmath.Vector(self.numWhat(4), self.numWhat(5), self.numWhat(6))
        else:
            return None


    # ----------------------------------------------------------------------
    # WARNING index starting from 1
    # ----------------------------------------------------------------------
[docs]    def bodyPn(self, n):
        if self.tag == "ARB":
            i = 3 * n - 2
            return bmath.Vector(self.numWhat(i), self.numWhat(i + 1), self.numWhat(i + 2))
        else:
            return None


    # ----------------------------------------------------------------------
[docs]    def bodyN(self):
        """Normal of body"""
        if self.tag == "PLA":
            return bmath.Vector(self.numWhat(1), self.numWhat(2), self.numWhat(3))
        elif self.tag in ("XYP", "ZCC", "ZEC"):
            return bmath.Vector.Z
        elif self.tag in ("XZP", "YCC", "YEC"):
            return bmath.Vector.Y
        elif self.tag in ("YZP", "XCC", "XEC"):
            return bmath.Vector.X
        else:
            return None


    # ----------------------------------------------------------------------
[docs]    def bodyX(self):
        """X-vector of body"""
        if self.tag == "RPP":
            return bmath.Vector(self.numWhat(2) - self.numWhat(1), 0.0, 0.0)
        elif self.tag in ("BOX", "WED"):
            return bmath.Vector(self.numWhat(4), self.numWhat(5), self.numWhat(6))
        elif self.tag == "REC":
            return bmath.Vector(self.numWhat(7), self.numWhat(8), self.numWhat(9))
        elif self.tag == "XEC":
            return bmath.Vector(0.0, self.numWhat(3), 0.0)
        elif self.tag == "YEC":
            return bmath.Vector(0.0, 0.0, self.numWhat(3))
        elif self.tag == "ZEC":
            return bmath.Vector(self.numWhat(3), 0.0, 0.0)
        else:
            return None


    # ----------------------------------------------------------------------
[docs]    def bodyY(self):
        """Y-vector of body"""
        if self.tag == "RPP":
            return bmath.Vector(0.0, self.numWhat(4) - self.numWhat(3), 0.0)
        elif self.tag in ("BOX", "WED"):
            return bmath.Vector(self.numWhat(7), self.numWhat(8), self.numWhat(9))
        elif self.tag == "REC":
            return bmath.Vector(self.numWhat(10), self.numWhat(11), self.numWhat(12))
        elif self.tag == "XEC":
            return bmath.Vector(0.0, 0.0, self.numWhat(4))
        elif self.tag == "YEC":
            return bmath.Vector(self.numWhat(4), 0.0, 0.0)
        elif self.tag == "ZEC":
            return bmath.Vector(0.0, self.numWhat(4), 0.0)
        else:
            return None


    # ----------------------------------------------------------------------
[docs]    def bodyZ(self):
        """Z-vector of body"""
        if self.tag == "RPP":
            return bmath.Vector(0.0, 0.0, self.numWhat(6) - self.numWhat(5))
        elif self.tag in ("BOX", "WED"):
            return bmath.Vector(self.numWhat(10), self.numWhat(11), self.numWhat(12))
        elif self.tag in ("RCC", "TRC", "REC"):
            return bmath.Vector(self.numWhat(4), self.numWhat(5), self.numWhat(6))
        elif self.tag[0] == "!":
            return bmath.Vector(self.numWhat(7), self.numWhat(8), self.numWhat(9))
        else:
            return None


    # ----------------------------------------------------------------------
[docs]    def bodyR(self):
        """Radius (or x-radius) of body"""
        if self.tag == "SPH":
            return self.numWhat(4)
        elif self.tag == "RCC":
            return self.numWhat(7)
        elif self.tag in ("XCC", "YCC", "ZCC"):
            return self.numWhat(3)
        elif self.tag == "XEC":
            return bmath.Vector(0.0, self.numWhat(3), self.numWhat(4))
        elif self.tag == "YEC":
            return bmath.Vector(self.numWhat(4), 0.0, self.numWhat(3))
        elif self.tag == "ZEC":
            return bmath.Vector(self.numWhat(3), self.numWhat(4), 0.0)
        else:
            return None


    # ----------------------------------------------------------------------
    # Add a Zone to REGION
    # ----------------------------------------------------------------------
[docs]    def addZone(self, zone):
        """Add zone to card"""
        try:
            zone = str(zone)
        except Exception:
            zone = zone.encode("ascii", "replace")

        if self._extra.strip():
            self._extra += "\n| %s" % (zone)
        else:
            self._extra = zone
        self.setModified()


[docs]    def setZones(self, zones):
        """Set a list of zones as expression... removing empty zones"""
        self.setExtra(string.join([x for x in map(string.strip, zones) if x != ""], "\n| "))


[docs]    def loadVoxel(self):
        """Load voxel information"""
        if self.tag != "VOXELS":
            return
        self["@voxel"] = Voxel("%s.vxl" % (self.sdum().strip()))




[docs]class Input:
    def __init__(self, filename=None):
        # Input file information
        self.filename = ""  # Input Filename
        self.geoFile = ""
        self.geoOutFile = ""
        self.format = FORMAT_SINGLE
        self.geoFormat = FORMAT_SINGLE

        # Logical Units
        self.units = LogicalUnits()

        # Cards
        self.cards = {}
        self.cardlist = []

        # Verbosity level (False|True)
        self.verbose = False

        # parsing initialization
        self._cardEnable = True
        self._commentDisable = False
        self._files = []  # File handles used during I/O
        self._lineNo = []  # file line number
        self._filesType = []  # card opened file type
        self._cwhat = []  # Commented special whats
        self._prop = []  # Commented card properties
        self._comment = ""  # Comment preceding card
        self._nwhats = 0  # Number of whats of last added card

        # cache card lists
        self.cache = {}
        self.setModified()
        self.localDict = LocalDict(self)
        if filename is not None:
            self.read(filename)

[docs]    def setModified(self):
        """set last time modified"""
        self._modified = time.time()


[docs]    def clone(self):
        """return a clone of current input"""
        inp = Input()

        inp.filename = self.filename
        inp.geoFile = self.geoFile
        inp.geoOutFile = self.geoOutFile

        for card in self.cardlist:
            inp.addCard(card.clone())

        inp.renumber()
        return inp


    def __getitem__(self, item):
        return self.cards.get(item, [])

[docs]    def minimumInput(self):
        """Create bare minimum input file"""
        self.addCard(Card("GEOBEGIN", ["COMBNAME"]))
        self.addCard(Card("END"))
        self.addCard(Card("END"))
        self.addCard(Card("GEOEND"))
        self.addCard(Card("STOP"), None)
        self.renumber()


[docs]    def setFileTime(self):
        """Set as input/modified time the latest time from files"""
        for filename in self.filenames():
            try:
                mtime = os.stat(filename).st_mtime
                self._modified = max(self._modified, mtime)
            except OSError:
                pass


[docs]    def checkInputFile(self):
        """Check if a new input file exists"""
        # FIXME Scan all #include cards
        for filename in self.filenames():
            try:
                if os.stat(filename).st_mtime > self._modified:
                    return True
            except Exception:
                pass
        return False


[docs]    def filenames(self):
        """Return input filename"""
        files = []
        if self.filename:
            files.append(self.filename)
        if self.geoFile:
            files.append(self.geoFile)
        files.extend([card.sdum() for card in self["#include"]])
        return files


    def _openFile(self, filename, mode="r", tag=None, backup=True):
        """open file and append it to the file handle list"""
        # TODO check for infinite loop!
        if isinstance(filename, str) or isinstance(filename, unicode):
            for fn in self._files:
                if fn.name == filename:
                    say("ERROR: File '%s' is recursively loaded" % (filename))
                    return None

            if mode == "w" and backup:
                backupname = filename + "~"
                try:
                    os.remove(backupname)
                except Exception:
                    pass
                try:
                    os.rename(filename, backupname)
                except Exception:
                    pass

            try:  # open file
                f = open(filename, mode)
            except Exception:
                say("ERROR: Cannot open file '%s'" % (filename))
                f = open("/dev/null", mode)
        else:
            f = filename

        self._files.append(f)
        self._lineNo.append(0)
        self._filesType.append(tag)
        return f

    def _closeFile(self):
        if self._files:
            f = self._files.pop()
            if f:
                f.close()
            self._lineNo.pop()
            self._filesType.pop()

    def _readLine(self, closeinclude=True):
        """read line from the last opened file"""
        while True:
            try:
                self._lineNo[-1] += 1
                line = self._files[-1].readline()
            except IndexError:
                return None
            if len(line) == 0:
                # end of file?
                if self._filesType[-1] == "#include":
                    if closeinclude:
                        self._cardEnable = True
                        self._addCard(Card("#endinclude"))
                    else:
                        return "#endinclude"
                self._closeFile()
                if len(self._files) == 0:
                    return None
                continue

            line = line.rstrip()
            try:
                uline = line.decode("utf-8")
            except (UnicodeDecodeError, UnicodeEncodeError, AttributeError):
                return line
            try:
                # sline = str(uline) # TODO not used ?
                return line
            except (UnicodeDecodeError, UnicodeEncodeError, AttributeError):
                return uline

    # -----------------------------------------------------------------------
    # Read an input file
    # -----------------------------------------------------------------------
[docs]    def read(self, filename):
        """Open and read a fluka input file, return True if error"""
        self.filename = filename
        f = self._openFile(filename, "r")
        if f is None:
            return True
        if self.verbose:
            say("Reading input file", filename)
        if self.parse():
            return True
        assert len(self._files) == 0

        # Process input
        self.scanUnits()
        self.renumber()
        self.setFileTime()
        return False


[docs]    def include(self, includecard):
        """
        include card has been modified take appropriate action
        :param includecard:
        :return: True if #include has modified the input, False if nothing happened
        """
        if not includecard.enable:
            return False

        try:  # Check if file exist
            os.stat(includecard.sdum())
        except OSError:
            # File not exist do nothing
            return False

        # Check if #include contains already imported cards
        fromid = self.cardlist.index(includecard)
        # Finding ending of #include
        toid = fromid + 1
        level = 1
        while toid < len(self.cardlist):
            card = self.cardlist[toid]
            if card.tag == "#include":
                level += 1
            elif card.tag == "#endinclude":
                level -= 1
                if level == 0:
                    break
            toid += 1

        # If range is not empty then return
        if toid - fromid > 1:
            return False

        # Create a temporary input to load the included lines
        inp = Input()
        location = 0  # 0=input, 1=bodies, 2=regions
        for i in range(fromid):
            card = self.cardlist[i]
            if not card.enable:
                continue
            if card.tag == "FREE":
                inp.format = FORMAT_FREE

            elif card.tag == "FIXED":
                inp.format = FORMAT_SINGLE

            elif card.tag == "GLOBAL":
                w4 = card.intWhat(4)
                if w4 in (2, 3):
                    inp.format = FORMAT_FREE
                if card.intWhat(5) > 0:
                    inp.geoFormat = FORMAT_FREE

            elif card.tag == "GEOBEGIN":
                if card.sdum()[:8] == "COMBNAME":
                    inp.geoFormat = FORMAT_FREE
                elif card.sdum()[:8] == "COMBINAT":
                    inp.geoFormat = FORMAT_SINGLE
                location += 1

            elif card.tag == "END":
                location += 1

            elif card.tag == "GEOEND":
                location = 0

        inp._openFile(includecard.sdum(), "r")
        if location == 0:
            inp.parse()
        elif location == 1:
            inp._parseBodies()
        elif location == 2:
            inp._parseRegions()
        elif location == 3:
            inp._parseVolumes()
        else:
            assert False
        assert len(self._files) == 0

        pos = fromid + 1
        for card in inp.cardlist:
            card.input = self
            self.addCard(card, pos)
            pos += 1

        self.scanUnits()
        self.renumber(fromid)
        self.setModified()

        return True


[docs]    def parse(self):
        """Import/parse a file including geometry"""
        tag = ""
        sdum = ""
        self._comment = ""  # current comment
        self._cwhat = []  # Commented special whats
        self._nwhats = 0  # Number of whats of last added card
        self._cardEnable = True
        while True:
            line = self._readLine()
            if line is None:
                return
            line = self._parseComment(line)
            if line is None:
                continue

            prev_tag = tag
            prev_sdum = sdum
            tag, what = self._parseLine(line)
            sdum = what[0]
            extra = ""

            # Handle card exceptions
            # 1. Continuation
            if isinstance(sdum, str) and ("&" in sdum) and tag == prev_tag:
                # Find last card and append whats
                try:
                    card = self.cards[tag][-1]
                    card.appendComment(self._comment)
                    if card.nwhats() == self._nwhats:
                        # append cards at the end
                        card.appendWhats(what[1:])
                    else:
                        # append cards in the middle in case
                        # that functions are used
                        card.appendWhats(what[1:], self._nwhats)
                    self._nwhats += len(what) - 1
                    self._comment = ""
                    continue
                except KeyError:
                    pass

            # 2. Compound continuation (special case)
            elif tag == "COMPOUND":
                # check if previous line is COMPOUND same state
                # and same sdum
                if prev_tag == tag and prev_sdum == sdum:
                    # find last COMPOUND card with that sdum
                    card = self.cards[tag][-1]
                    # check state
                    if card.enable == self._cardEnable:
                        card.appendComment(self._comment)
                        if card.nwhats() == self._nwhats:
                            card.appendWhats(what[1:])
                        else:
                            card.appendWhats(what[1:], self._nwhats)
                        self._nwhats += len(what) - 1
                        self._comment = ""

                        self.checkCompound(card)
                        continue  # skip the rest

            # 3. Extra line readout
            if tag in ("TITLE", "OPEN", "!mesh"):
                extra = self._readLine()
                if extra is None:
                    return

            # Handling of special cases needed for parsing
            # the rest of the file
            elif tag == "FREE":
                if self._cardEnable:
                    self.format = FORMAT_FREE
                if self.verbose:
                    say("FREE: Input format changed to", self.format)

            elif tag == "FIXED":
                if self._cardEnable:
                    self.format = FORMAT_SINGLE
                if self.verbose:
                    say("FIXED: Input format changed to", self.format)

            elif tag == "GLOBAL" and self._cardEnable:
                w4 = _intWhat(what, 4)
                if w4 in (2, 3):
                    self.format = FORMAT_FREE
                if _intWhat(what, 5) > 0:
                    self.geoFormat = FORMAT_FREE

            # Handle special card PLOTGEOM
            elif tag == "PLOTGEOM":
                # w6 = _intWhat(what, 6) # TODO never used
                if self._openFile("PLG.GFXINDAT", "r", tag) is None:
                    say("ERROR: cannot open file PLG.GFXINDAT")
                    continue

                extra = self._readLine()
                line = self._readLine()
                what.extend([_str2num(line[x:x + 10]) for x in range(0, 60, 10)])

                line = self._readLine()
                what.extend([_str2num(line[x:x + 10]) for x in range(0, 60, 10)])

                line = self._readLine()
                what.extend([_str2num(line[x:x + 10]) for x in range(0, 40, 10)])

            elif tag == "COMMENT":
                # Add to comments the following lines
                for i in range(max(1, _intWhat(what, 1))):
                    line = self._parseComment("*" + self._readLine())
                continue

            elif tag == "GEOBEGIN" and sdum != "FLUGG":
                # Starting position of GEO
                if self.geoFormat == FORMAT_SINGLE:
                    if sdum[:8] == "COMBNAME":
                        self.geoFormat = FORMAT_FREE
                card = Card(tag, what, self._comment)
                self._addCard(card)

                w3 = _intWhat(what, 3)
                w4 = _intWhat(what, 4)

                if w3 not in (0, 5):
                    geoFile = self._readLine()
                    if geoFile is None:
                        raise Exception("Error parsing geometry")
                    self.geoFile = geoFile.strip()  # XXX???

                if w4 not in (0, 11):
                    geoOutFile = self._readLine()
                    if geoOutFile is None:
                        raise Exception("Error parsing geometry")
                    self.geoOutFile = geoOutFile.strip()

                if self.geoFile != "":
                    self._openFile(self.geoFile, "r", tag)
                self._parseGeometry(card)
                continue

            elif tag == "LATTICE":
                self._parseLattice(what)

            # Add current card
            self._addCard(Card(tag, what, self._comment, extra))
        return False


    def _parseGeometry(self, geobegin):
        """Parse Geometry"""
        voxel = False
        # self._cardEnable = True
        while True:
            line = self._readLine()
            if line is None:
                raise Exception("Error parsing geometry")

            line = self._parseComment(line)
            if line is None:
                continue

            # line = line.rstrip()

            # if not self._cardEnable or line[0]=='#':
            if line[0] == '#':
                tag, what = self._parseLine(line)
                self._addCard(Card(tag, what, self._comment))

            elif line[0:6] == "GEOEND":
                tag, what = self._parseLine(line)
                self._addCard(Card(tag, what, self._comment))
                return

            elif line[0:6] == "VOXELS":
                tag, what = self._parseLine(line)
                card = Card(tag, what)
                self._addCard(card)
                try:
                    card.loadVoxel()
                except Exception:
                    say("ERROR loading voxel file %s.vxl" % (card.sdum()))
                    say(sys.exc_info()[1])
                voxel = True

            else:
                break

        # Except the title of the GEOBEGIN
        try:
            ivopt = int(line[0:5].strip())
        except Exception:
            ivopt = 0
        try:
            idbg = int(line[5:10].strip())
        except Exception:
            idbg = 0

        # Special treatment for GEOBEGIN
        geobegin.setExtra(line[20:])
        # Save vars for use in parsing
        self.ivopt = geobegin.ivopt = ivopt
        self.idbg = geobegin.idbg = idbg

        if idbg < 0 and self.geoFormat == FORMAT_SINGLE:
            self.geoFormat = FORMAT_DOUBLE

        if self.verbose:
            say("GEOBEGIN: Geometry format:", self.geoFormat)
        self._parseBodies()
        self._parseRegions()
        self._parseVolume()

        # Correct last body name to VOXEL
        if voxel and self.geoFormat != FORMAT_FREE:
            # Count all bodies
            nbodies = 1  # +1
            for body in BODY_TAGS:
                try:
                    nbodies += len(self.cards[body])
                except KeyError:
                    pass
            self.changeName("bn", _body2name(str(nbodies)), "VOXEL")

    def _parseBodies(self):
        """Parse bodies"""
        if self.verbose:
            say("   Parsing Bodies")
        # pdb.set_trace()
        while True:
            line = self._readLine()
            if line is None:
                return
            line = self._parseComment(line, False)
            if line is None:
                continue

            if line[0] == "#":
                (tag, what) = self._parseLine(line)
                self._addCard(Card(tag, what, self._comment))
                continue

            elif line[0] == "$":
                (tag, what) = self._parseLine(line)
                self._addCard(Card(tag, what, self._comment))
                continue

            what = []
            (tag, name) = self._parseBodyLine(line, what)
            name = _body2name(name)

            if "END" in (tag, line):
                self._addEND()
                return

            info = CardInfo.get(tag)
            if info is None:
                say("ERROR line %d: Unknown body type %s for %s" % (self._lineNo[-1], tag, name))
                say(line)
                return
            needwhat = info.nwhats - 1
            # self._whatNeeded(what, needwhat)
            # Read and parse needed whats
            while len(what) < needwhat:
                line = self._readLine()
                if line is None:
                    raise Exception("Error parsing geometry")
                line = self._parseComment(line, False)
                if line is None:
                    continue
                self._parseBodyLine(line, what)
            # delete extra whats if any
            if len(what) > needwhat:
                del what[needwhat:]
            what.insert(0, name)
            self._addCard(Card(tag, what, self._comment))

    def _parseBodyLine(self, line, what):
        """Parse a body line"""
        startWhat = len(what)
        if self.geoFormat == FORMAT_SINGLE:
            body = line[2:5].strip()
            name = line[5:10].strip()
            if startWhat > 0 and (len(body) > 0 or len(name) > 0):
                raise Exception("Invalid body definition at line: " + self._lineNo[-1])
            for i in range(10, 61, 10):
                w = line[i:i + 10].strip()
                what.append(_str2num(w))

        elif self.geoFormat == FORMAT_DOUBLE:
            body = line[2:5].strip()
            name = line[5:10].strip()
            if startWhat > 0 and (len(body) > 0 or len(name) > 0):
                raise Exception("Invalid body definition at line: " + self._lineNo[-1])
            for i in range(10, 55, 22):
                w = line[i:i + 22].strip()
                what.append(_str2num(w))

        else:
            wlist = self._parseFreeFormat(line)
            body = name = ""
            if startWhat == 0:
                body = str(wlist[0])
                if len(wlist) > 1:
                    name = wlist[1]
                i = 2
            else:
                i = 0

            for i in range(i, len(wlist)):
                what.append(_str2num(wlist[i]))

        return body, name

    def _parseRegions(self):
        """Parse Regions"""
        if self.verbose:
            say("   Parsing Regions")

        name = ""
        neighbors = ""
        expstr = ""
        comment = ""
        self._comment = ""
        # card = None  # active card # TODO never used ?
        _cardEnable = True
        prop = []
        regions = set()  # check for duplicate names in FIXED format

        while True:
            line = self._readLine(False)
            if line is None:
                if name != "":
                    self._addRegion(name, neighbors, comment, expstr, _cardEnable)
                return
            line = self._parseComment(line, False)
            if line is None:
                continue

            if line[:6] == "GEOEND":
                self._addRegion(name, neighbors, comment, expstr, _cardEnable)
                self._addEND()
                say("Error: Parsing geometry END is missing")
                return

            # Preprocessor
            if line[0] == "#":  # Parse defines
                # Add current region if any
                oldcomment = self._comment  # Save the comment
                # card = self._addRegion(name, neighbors, comment, expstr, _cardEnable) # TODO never used ?
                # Possible region continuation
                name = "&"
                neighbors = 0
                expstr = ""
                comment = ""
                self._comment = oldcomment  # Restore it

                # Add current card
                (tag, what) = self._parseLine(line)
                if tag == "#endinclude":
                    self._cardEnable = True
                    self._closeFile()
                self._addCard(Card(tag, what, self._comment))

            # Free format
            elif self.geoFormat == FORMAT_FREE:
                # Free format
                line = line.strip()

                if line == "END":
                    oldcomment = self._comment  # remember comment
                    self._addRegion(name, neighbors, comment, expstr, _cardEnable)
                    self._comment = oldcomment
                    self._addEND()
                    return

                # Check for region continuation
                elif line and line[0] in "+-|()":
                    if self._comment:
                        oldcomment = self._comment  # remember comment
                        # add region
                        self._addRegion(name, neighbors, comment, expstr, _cardEnable)

                        name = "&"  # continuation card
                        neighbors = 0
                        expstr = line
                        comment = oldcomment  # restore comment
                        self._comment = ""  # just for precaution
                    else:
                        # append to region expression
                        expstr += "\n%s" % (line)

                # New region definition
                else:
                    match = _REGIONPAT.match(line)
                    if match is None:
                        say("Error in region: %s" % (line))
                        continue

                    oldcomment = self._comment  # remember comment
                    thisProp = self._prop  # and properties
                    self._prop = prop  # restore old properties
                    # New region definition
                    self._addRegion(name, neighbors, comment, expstr, _cardEnable)

                    name = match.group(1)
                    neighbors = match.group(2)
                    expstr = match.group(3)
                    comment = oldcomment  # remember comment
                    prop = thisProp  # and properties
                    self._comment = ""  # just for precaution
                    _cardEnable = self._cardEnable

            # Single precision fixed format
            else:
                n = line[1:6].strip()  # Name

                # New region definition
                if n != "":
                    thisComment = self._comment
                    # Save previous region
                    self._addRegion(name, neighbors, comment, expstr, _cardEnable)
                    # level = len(self._files) - 1  # remember level # TODO never used ?
                    if n == "END":
                        self._addEND()
                        return

                    # New region
                    name = _region2name(n)
                    if name in regions:
                        name = "R%d" % (len(regions))
                    regions.add(name)

                    neighbors = line[6:10].strip()
                    expstr = ""
                    comment = thisComment
                    _cardEnable = self._cardEnable
                elif self._comment:
                    if comment == "":
                        comment = self._comment
                    else:
                        comment += "\n" + self._comment
                self._comment = ""

                # get expression
                e = line[10:]

                # Convert to free format expression string
                efree = ""

                if abs(self.idbg) == 100:
                    width = 9
                else:
                    width = 7
                if len(e) % width != 0:
                    e += " " * (width - len(e) % width)

                for i in range(0, len(e), width):
                    orop = e[i:i + 2]
                    if orop == "OR":
                        efree += " |"

                    body = e[i + 2:i + width].strip()
                    if body == "":
                        say("ERROR: Bad alignment in region definition: '%s'" % (name))
                        raise Exception("Error parsing region %s: Invalid bodyname found \"%s\" column=%d" %
                                        (name, e[i + 2:i + width], i + 2))
                    sign = body[0]
                    if sign in ("+", "-"):
                        efree += " %s%s" % (sign, _body2name(body[1:]))
                    else:
                        efree += " +%s" % (_body2name(body))

                if expstr == "":
                    expstr = efree
                else:
                    expstr += "\n" + efree  # Continue region

    def _addEND(self):
        self._addCard(Card("END", [], self._comment))

    def _addRegion(self, name, neighbors, comment, expstr, _cardEnable):
        if name == "" or (name == "&" and expstr == ""):
            return None
        saveEnable = self._cardEnable
        self._cardEnable = _cardEnable

        try:
            neighbors = int(neighbors)
        except Exception:
            neighbors = 5

        what = [name, neighbors]
        # XXX should not come where with expstr=""
        if len(expstr) > 1 and expstr[0] == "\n":
            expstr = expstr[1:]
        card = Card("REGION", what, comment, expstr)
        card[_VOLUME] = ""
        self._addCard(card)
        self._cardEnable = saveEnable
        return card

    @staticmethod
    def _parseLattice(what):
        sdum = what[0]
        if sdum != "":
            usdum = sdum.upper().split('#')
            if usdum[0] in ("ROT", "RO"):
                try:
                    id = int(usdum[-1])
                except Exception:
                    id = 1
                what[0] = "Rot#%3d" % (id)

    def _parseVolume(self):
        """Parse Volume data if any"""
        if self.ivopt != 3:
            return
        # Expect data in the format 7E10.5
        if self.verbose:
            say("   Parsing Volumes")
        self.preprocess()
        lst = self["REGION"]
        lst.sort(key=Card.cmpPos_key)
        regionList = [x for x in lst if not x.ignore() and x.sdum() != "&"]

        nlines, rem = divmod(len(regionList), 7)
        if rem > 0:
            nlines += 1
        nr = 0
        while nlines > 0:
            # peek next line
            pos = self._files[-1].tell()
            line = self._readLine()
            if line is None:
                raise Exception("Error parsing geometry")
            if len(line) == 0:
                continue
            if line[0] in ("*", "G"):
                # go back and exit
                self._files[-1].seek(pos)
                break
            for i in range(0, 61, 10):
                vol = _str2num(line[i:i + 10].strip())
                if nr < len(regionList):
                    regionList[nr][_VOLUME] = vol
                nr += 1
            nlines -= 1

    def _parseComment(self, line, check4Card=True):
        """Parse a comment line"""
        line = line.rstrip()
        if len(line) == 0:
            return None
        if line[0] == "*":
            # if next character is not space
            # check if it is a valid card
            cstart = 1
            if line != "*":
                if line[1] == " ":
                    cstart = 2

                if line[1:4] in ("...", "234", "===", "---", "***", "___", "_..", "+++", "_AA"):
                    cstart = 2

                elif line[1:7] == "@what.":
                    # treat special commented whats
                    m = _CWHAT.match(line)
                    if m:
                        try:
                            w = int(m.group(1))
                        except Exception:
                            w = -1
                        if w >= 0:
                            if w == len(self._cwhat):
                                self._cwhat.append(m.group(2))
                            else:
                                if w > len(self._cwhat):
                                    self._cwhat.extend([""] * (w - len(self._cwhat) + 1))
                                self._cwhat[w] = m.group(2)
                            return None

                elif commentedCards and (check4Card or line[1] == "$"):
                    # Check for commented cards
                    try:
                        if line[cstart] == " ":
                            lline = line[cstart + 1:]
                        else:
                            lline = line[cstart:]
                        (tag, what) = self._parseLine(lline, False)
                        # Check tag if it exists in CardInfo
                        ci = CardInfo.get(tag)
                        if ci.tag == tag:
                            self._cardEnable = False
                            self._commentDisable = True
                            return lline
                    except Exception:
                        pass

            cline = line[cstart:]
            if self._comment != "":
                self._comment += "\n" + cline
            else:
                if cline == "":
                    self._comment = " "
                else:
                    self._comment = cline
            return None

        else:
            if self._commentDisable:
                self._cardEnable = True
                self._commentDisable = False

        if line[0] == "#":
            if line == "#if 0":
                self._cardEnable = False
            elif line == "#endif" and not self._cardEnable:
                self._cardEnable = True
            else:
                return line
            return None
        else:
            # Remove inline comments
            p = line.find("!")
            if p == 0:
                if line[:8].strip() in FLAIR_TAGS:
                    return line
                elif line[1] == "@":
                    # treat special commented whats
                    m = _CWHAT.match(line)
                    if m:
                        try:
                            w = int(m.group(1))
                        except Exception:
                            w = -1
                        if w >= 0:
                            if w == len(self._cwhat):
                                self._cwhat.append(m.group(2))
                            else:
                                if w > len(self._cwhat):
                                    self._cwhat.extend([""] * (w - len(self._cwhat) + 1))
                                self._cwhat[w] = m.group(2)
                            return None

                    m = _OPT.match(line)
                    if m:
                        self._prop.append((m.group(1), m.group(2)))
                        return None

                    # if everything fails add it as comment
                    if self._comment:
                        self._comment += "\n"
                    self._comment += line
                    return None

            elif p >= 0:
                comment = line[p + 1:]
                if self._comment:
                    self._comment += "\n"
                self._comment += comment
                if p == 0:
                    return None
                line = line[0:p]

            return line

    # -----------------------------------------------------------------------
    # Parse a single line to card, whats and sdum
    # -----------------------------------------------------------------------
    def _parseLine(self, line, enable=True):
        if line[0] == "$":
            what = self._parseFreeFormat(line)
            tag = what.pop(0).lower()
            what.insert(0, "")

        elif line[0] == "#":
            m = _PRPPAT.match(line)
            if m:
                tag = m.group(1)
                if tag == "#include":
                    # replace the whats
                    what = [line[9:].strip()]
                    if self._cardEnable and enable:
                        self._openFile(what[0], "r", tag)
                else:
                    what = [m.group(2), m.group(3)]
            else:
                tag = line.strip()
                what = [""]

        elif self.format == FORMAT_SINGLE:
            tag = line[0:8].rstrip()
            what = [line[70:].strip()]  # sdum
            for i in range(10, 61, 10):
                w = line[i:i + 10].strip()
                what.append(_str2num(w))

        else:
            what = self._parseFreeFormat(line)
            tag = what.pop(0)
            if len(tag) > 8:
                tag = tag[0:8]
            if len(what) == 7:
                sdum = what.pop()
            else:
                sdum = ""
            what.insert(0, sdum)

        return (tag, what)

    @staticmethod
    def _parseFreeFormat(line):
        """Remove unwanted characters from a free format line and separate everything with comma ,"""
        line = re.sub(" *[;:/,] *", ",", line.strip())
        what = re.sub(" +", ",", line).split(',')
        return list(map(_str2num, what))

    def _whatNeeded(self, fgeo, what, needwhat):
        """Parse needed whats"""
        # Read whats
        while len(what) < needwhat:
            self._lineNo += 1
            line = utfReadline(fgeo)
            if len(line) == 0:
                raise Exception("Error paring geometry")

            line = self._parseComment(line, False)
            if line is None:
                continue

            self._parseBodyLine(line, what)

        # delete extra whats if any
        if len(what) > needwhat:
            del what[needwhat:]

    def _addCard(self, card):
        """Used internally while parsing to add a card"""
        self._nwhats = card.nwhats()

        # Replace special whats with card whats
        for i, w in enumerate(self._cwhat):
            if len(w) > 0:
                card.setWhat(i, w)

        # add properties if any
        for n, v in self._prop:
            card[n] = v

        self.addCard(card)
        if not self._cardEnable:
            card.disable()

        # Reset comment and special whats
        self._comment = ""
        del self._cwhat[:]
        del self._prop[:]

[docs]    def writeWithInclude(self, filename, backup=True):
        """Open and write the input to file (specified either by filename, or by file pointer).
        Optionally use a different geometry file and a different format
        # WARNING FIXME no testing is done for the correctness of the file"""

        if self.verbose:
            say("Writing input file", filename)
        if len(self.cardlist) == 0:
            return True

        del self._files[:]
        del self._lineNo[:]
        if getattr(filename, 'read', None) is not None:
            self._files.append(filename)
            self._lineNo.append(0)
        else:
            self._openFile(filename, "w", backup=backup)

        self.preprocess()
        # Start with single format as unknown
        self.format = FORMAT_SINGLE
        self.geoFormat = FORMAT_SINGLE

        # Check for volume data
        self.ivopt = 0
        for region in self["REGION"]:
            vol = region.getProperty(_VOLUME, "")
            if vol != "":
                self.ivopt = 3
                break

        # main writting loop
        geoExternal = False
        geolevel = 0  # 0 before geobegin
        # 1 bodies and VOXELS
        # 2 regions
        # 3 lattices
        # 4 geoend
        # 5 after
        for card in self.cardlist:
            tag = card.tag
            if tag == "GEOBEGIN":
                card.ivopt = self.ivopt
                self.checkFormat(card)
                flugg = card.sdum() == "FLUGG"
                geoline = card.toStr(self.format).splitlines()
                geolevel = 1
                utfWrite(self._files[-1], card.commentStr())
                utfWriteln(self._files[-1], geoline[0])

                if flugg:
                    # Do nothing, skip the geometry
                    pass
                else:
                    if self.geoFile != "" and card.intWhat(3) not in (0, 5):
                        utfWriteln(self._files[-1], self.geoFile)
                        geoExternal = True
                    # Write geo out file before the title
                    if self.geoOutFile != "" and card.intWhat(4) not in (0, 11):
                        utfWriteln(self._files[-1], self.geoOutFile)
                    if geoExternal:
                        self._openFile(self.geoFile, "w", backup=backup)

                # If VOXELS are present
                # FIXME not good. Needs to write the cards as is
                if "VOXELS" in self.cards:
                    self.writeCards(self._files[-1], lambda x: x.tag == "VOXELS", self.format, 1)

                # Write title
                if not flugg:
                    utfWriteln(self._files[-1], geoline[1])

            elif tag == "#include":
                self.writeCard(self._files[-1], card, self.format)
                if card.notIgnore():
                    self._openFile(card.what(0), "w", backup=backup)

            elif tag == "#endinclude":
                if card.notIgnore():
                    self._closeFile()

            elif geolevel > 0:
                if geolevel == 1 and tag == "REGION":
                    # XXX Could be problematic with the #if's
                    geolevel = 2

                elif geolevel == 2 and (tag != "REGION" and tag[0] != '#'):
                    # XXX could be problematic if #include is before
                    # then the END is written in the #include
                    geolevel = 3

                # XXX insert region volumes? LATTICE or GEOEND
                if tag == "LATTICE":
                    self.writeCard(self._files[-1], card, self.format)
                elif tag == "VOXELS":
                    pass
                elif card._geo:
                    self.writeCard(self._files[-1], card, self.geoFormat)
                else:
                    if tag == "GEOEND":
                        geolevel = 0
                    if geoExternal:
                        self._closeFile()
                    self.writeCard(self._files[-1], card, self.format)

            else:
                self.writeCard(self._files[-1], card, self.format)
                self.checkFormat(card)

        self._closeFile()
        self.setFileTime()
        assert (len(self._files) == 0)
        return False


[docs]    def write(self, filename, backup=True):
        """Open and write the input to file (specified either by filename, or by file pointer).
        Optionally use a different geometry file and a different format"""

        if self.verbose:
            say("Writing input file", filename)
        if len(self.cardlist) == 0:
            return True

        if "#include" in self.cards:
            self.writeWithInclude(filename, backup)
            return

        readfile = getattr(filename, 'read', None)
        if readfile is not None:
            finp = filename
        else:
            finp = self._openFile(filename, "w", backup=backup)

        # Expressions
        # Start with single format as unknown
        self.format = FORMAT_SINGLE
        self.geoFormat = FORMAT_SINGLE

        # 1st. Write all input cards before GEOBEGIN
        #      skipping geometry cards
        try:
            geobegin = self["GEOBEGIN"][0]
            begin_ = self.cardlist.index(geobegin)
        except Exception:
            # add a GEOBEGIN card
            if self.geoFile != "":
                w3 = 20
            else:
                w3 = ""
            if self.geoOutFile != "":
                w4 = 21
            else:
                w4 = ""
            geobegin = Card("GEOBEGIN", ["COMBNAME", "", "", w3, w4])
            # Make a guess of the position before the first geometry card
            for pos, card in enumerate(self.cardlist):
                if card.isGeo():
                    begin_ = pos
                    break
            else:
                begin_ = len(self.cardlist)

        # Check for volume data
        self.ivopt = 0
        for region in self["REGION"]:
            vol = region.getProperty(_VOLUME, "")
            if vol != "":
                self.ivopt = 3
                break

        geobegin.ivopt = self.ivopt

        # Do not write any defines!
        # geolevel defines the position in the input file
        #   -1 before defines
        #    0 before geometry
        #    1 inside geometry
        #    2 after geometry
        self.writeCards(finp, lambda x: not x._geo, None, 0, 0, begin_)

        # if there is no geometry... then exit
        if begin_ == len(self.cardlist):
            if finp is not filename:
                self._closeFile()

            self.setFileTime()
            return False

        # 2nd. Write all non-geometry cards which are inside GEOBEGIN .. GEOEND
        try:
            # Find first GEOEND
            geoend = self["GEOEND"][0]
            end_ = self.cardlist.index(geoend)
            self.writeCards(finp, lambda x: not x._geo, None, 1, begin_ + 1, end_)
        except Exception:
            geoend = None
            end_ = len(self.cardlist)

        # 3th. Write the geometry cards
        flugg = geobegin.sdum() == "FLUGG"
        self.checkFormat(geobegin)
        geoline = geobegin.toStr(self.format).splitlines()
        utfWrite(finp, geobegin.commentStr())
        utfWriteln(finp, geoline[0])

        if flugg:
            # Do nothing, skip the geometry
            fgeo = finp
        if self.geoFile != "" and geobegin.intWhat(3) not in (0, 5):
            # Should be GEOBEGIN
            # XXX no defines!
            utfWriteln(finp, self.geoFile)
            try:
                fgeo = self._openFile(self.geoFile, "w", backup=backup)
            except Exception:
                say("Cannot open output geometry file \"%s\"" % (filename))
                say("Write geometry to input")
                fgeo = finp

        else:  # Inline geometry
            fgeo = finp

        # Write geo out file before the title
        if self.geoOutFile != "":
            utfWriteln(finp, self.geoOutFile)

        if not flugg:
            # Write VOXELS are present
            if "VOXELS" in self.cards:
                self.writeCards(fgeo, lambda x: x.tag == "VOXELS", self.format, 1)

            # Write title
            utfWriteln(fgeo, geoline[1])

            # 4th Write geometry
            self.writeGeometry(fgeo, self.geoFormat)

        if fgeo is not finp:
            self._closeFile()

        # 6th. Write remaining cards including the GEOEND if any
        if geoend is None:
            geoend = Card("GEOEND")
            self.writeCard(finp, geoend, self.format)
            self.writeCards(finp, lambda x: not x._geo, None, 1, begin_ + 1)
        else:
            self.writeCards(finp, lambda x: not x._geo, None, 2, end_)

        # Check for STOP at the end
        if self.cardlist[-1].tag != "STOP":
            self.writeCard(finp, Card("STOP"), self.format)

        if finp is not filename:
            self._closeFile()

        self.setFileTime()
        return False


[docs]    def checkFormat(self, card):
        """
        Find current format
        FIXME #defines and state!
        :param card:
        :return:
        """
        if not card.enable:
            return
        tag = card.tag
        if tag == "FREE":
            self.format = FORMAT_FREE
        elif tag == "FIXED":
            self.format = FORMAT_SINGLE
        elif tag == "GLOBAL":
            w = card.intWhat(4)
            if w in (2, 3):
                self.format = FORMAT_FREE
            w = card.intWhat(5)
            if w > 0:
                self.geoFormat = FORMAT_FREE
            elif w < 0:
                # XXX XXX Accept only FREE format geometry XXX XXX
                say("WARNING: Changing GLOBAL what(5)=1")
                card.setWhat(5, 1)
                self.geoFormat = FORMAT_FREE
        elif tag == "GEOBEGIN":
            # Force free geometry format
            if card.sdum()[:8] != "COMBNAME" and card.sdum() != "FLUGG":
                # XXX XXX Accept only COMBNAME! XXX XXX
                # To avoid stupid user errors
                say("WARNING: Changing GEOBEGIN sdum=%s to COMBNAME" % (card.sdum()))
                card.setSdum("COMBNAME")
            self.geoFormat = FORMAT_FREE


[docs]    @staticmethod
    def checkCompound(card, all=False):
        """Check COMPOUND cards for correct mixture"""
        # check sign of whats
        s1 = card.sign(1)
        s2 = card.sign(2)
        n = card.nwhats()
        if all:
            start = 1
        else:
            start = n - 6
        for i in range(start, n, 2):
            j = i + 1
            if card.numWhat(i) != 0.0:
                if card.sign(i) != s1 or card.sign(j) != s2:
                    say("ERROR: Inconsistent compound mixture (Check signs)")
                    say("	What(%d) = %s" % (i, str(card.what(i))))
                    say("	What(%d) = %s" % (j, str(card.what(j))))
                    say("%s" % (str(card)))
            else:
                card.setSign(i, s1)
                card.setSign(j, s2)


[docs]    def writeGeometry(self, fgeo, geoFmt=None, fmt=None):
        """
        Write geometry only
             preprocessor cards are written only when cards
             are in the correct position
        :param fgeo:
        :param geoFmt:
        :param fmt:
        :return:
        """
        if geoFmt is None:
            geoFmt = self.geoFormat

        # geolevel = 1 # TODO not used ?

        # Use the formating of the input
        if fmt is None:
            fmt = self.format

        # 1st. Write bodies
        self.writeCards(fgeo, lambda x: x.tag in BODY_NOVXL_TAGS or x.tag[0] == "$", geoFmt, 1)
        ends = self.cards.get("END")
        if ends:
            # write all END until the first active
            for lastEnd, card in enumerate(ends):
                self.writeCard(fgeo, card, geoFmt)
                if card.notIgnore():
                    break
        else:
            if geoFmt == FORMAT_FREE:
                fgeo.write("END\n")
            else:
                fgeo.write("  END\n")

        # 2nd. Write regions
        self.writeCards(fgeo, lambda x: x.tag == "REGION", geoFmt, 2)
        if ends and len(ends) > 1:
            # write all END after the last one
            for card in ends[lastEnd + 1:]:
                self.writeCard(fgeo, card, geoFmt)
        else:
            if geoFmt == FORMAT_FREE:
                fgeo.write("END\n")
            else:
                fgeo.write("  END\n")

        # Write volume data if needed
        try:
            ivopt = self.ivopt
        except AttributeError:
            ivopt = 0

        if ivopt == 3:
            line = ""
            for region in self.cardsSorted("REGION"):
                if region.name() == "&":
                    continue
                vol = region.getProperty(_VOLUME, "")
                if vol == "":
                    vol = "1.0"
                line += "%10s" % bmath.format_number(vol, 10)
                if len(line) == 70:
                    writeln(fgeo, line)
                    line = ""
            if len(line) > 0:
                writeln(fgeo, line)

        # 3rd. Write lattices
        if "LATTICE" in self.cards:
            self.writeCards(fgeo, lambda x: x.tag == "LATTICE", fmt, 3)


[docs]    @staticmethod
    def writeCard(f, card, fmt):
        """write a single card"""
        if not card.enable and (not card.info.disableComment or not commentedCards):
            if0 = True
            f.write("#if 0\n")
        else:
            if0 = False

        if card.comment() != "":
            utfWrite(f, card.commentStr())
        es = card.evalWhatStr()
        if es != "":
            utfWrite(f, es)
        s = card.toStr(fmt)
        try:
            f.write("%s\n" % s)
        except (UnicodeDecodeError, UnicodeEncodeError):
            f.write("%s\n" % s.encode("utf-8"))

        if if0:
            f.write("#endif\n")


[docs]    def writeCards(self, f, condition, format=None, geolevel=0, from_=0, to_=-1):
        """
        Write cards of that fulfill a given condition(lambda)
        with all the preprocessor cards around them
        FIXME Write also non empty blocks: #if .. #define/#undef .. #endif
              Might end up in duplicate blocks when only #define/#undef
              exist inside the geometry
        geolevel
          -1 before defines
           0 before geobegin
           1 bodies and voxels
           2 regions
           3 lattices
           4 after geoend
        from_ .. to_   (to_ is not included)
        :param f:
        :param condition:
        :param format:
        :param geolevel:
        :param from_:
        :param to_:
        :return:
        """
        nest = 0
        start = -1
        level = 0
        writing = False

        # Force a fixed format
        if format is not None:
            fmt = format

        # Loop over all cards
        if to_ == -1:
            to_ = len(self.cardlist)
        for cid in range(from_, to_):
            card = self.cardlist[cid]

            tag = card.tag
            if tag == "GEOBEGIN":
                level = 1
            elif tag == "GEOEND":
                level += 1

            if format is None:  # find format
                fmt = self.format

            # Preprocessor nesting
            if card.enable and tag[0] == "#":
                if writing:
                    self.writeCard(f, card, fmt)

                if tag in ("#if", "#ifdef", "#ifndef"):
                    if start < 0 and nest == 0:
                        start = cid
                    nest += 1

                elif tag == "#endif":
                    nest -= 1
                    if nest == 0:
                        start = -1
                        writing = False

                    elif nest < 0:
                        # misplaced #elif or #else
                        start = cid
                        nest = 0

                elif tag in ("#elif", "#else") and nest == 0:
                    # misplaced #elif or #else
                    start = cid
                    nest = 1

                elif tag in ("#define", "#undef"):
                    if level == geolevel:
                        if nest == 0:
                            # Write cards on top nesting correct level
                            self.writeCard(f, card, fmt)
                        elif start >= 0 and not writing:
                            # Write everything up to now
                            for c in self.cardlist[start:cid + 1]:
                                if c.tag[0] == '#' or condition(c):
                                    self.writeCard(f, c, fmt)
                            start = -1
                            writing = True

                    elif geolevel == -1:
                        # For anything with high nesting write them anyway
                        # when defines are not required
                        if nest != 0 and start >= 0 and not writing:
                            # Write everything up to now
                            for c in self.cardlist[start:cid + 1]:
                                if c.tag[0] == '#' or condition(c):
                                    self.writeCard(f, c, fmt)
                            start = -1
                            writing = True

            # Target cards
            elif condition(card):
                if nest == 0:
                    self.writeCard(f, card, fmt)
                else:
                    if not writing:
                        # Write everything up to now
                        for c in self.cardlist[start:cid]:
                            if c.tag[0] == '#' or condition(c):
                                self.writeCard(f, c, fmt)
                        start = -1
                        writing = True
                    self.writeCard(f, card, fmt)

            # Change the format after the current card if needed
            if card.enable:
                if format is None:  # find format
                    self.checkFormat(card)
                if card.tag == "END":
                    level += 1

        # In the error case where a #if..#endif is not closed
        if start >= 0:
            for c in self.cardlist[start:]:
                if c.tag[0] == '#' or condition(c):
                    self.writeCard(f, c, fmt)


    # ----------------------------------------------------------------------
    # Pickle/UnPickle
    # ----------------------------------------------------------------------
[docs]    def dump(self, pickler):
        """dump input to pickler"""

        # Input file information
        version = 1
        pickler.dump(version)
        pickler.dump(self.filename)
        pickler.dump(self.geoFile)
        pickler.dump(self.geoOutFile)

        # Cards
        for card in self.cardlist:
            card.dump(pickler)


[docs]    def load(self, unpickler):
        """load input from unpickle"""

        # Input file information
        # version = unpickler.load() # TODO not used ?
        self.filename = unpickler.load()
        self.geoFile = unpickler.load()
        self.geoOutFile = unpickler.load()

        # Cards
        while True:
            try:
                card = Card(ERROR)
                card.load(unpickler)
            except EOFError:
                break
            self.addCard(card)


[docs]    def cardsSorted(self, tag, which=0):
        """
        Return cards of a specific tag sorted with _pos
        Possibilities on which:
            0: enabled and active	(requires a call to preprocess before)
            1: enabled
            2: all

        Warning on REGION maybe the "&" you want to get rid off
        :param tag:
        :param which:
        :return:
        """
        if tag == "bodies":
            # Special case returns a dictionary...
            lst = {}
            for tag in BODY_TAGS:
                for x in self[tag]:
                    if x.notIgnore():
                        lst[x.name()] = x
            if "VOXELS" in self.cards:
                for card in self.cards["VOXELS"]:
                    if card.notIgnore():
                        lst["VOXEL"] = card
                        break
        else:
            # sort the list for faster processing
            cards = self[tag]
            cards.sort(key=Card.cmpPos_key)
            if which == 0:
                lst = [x for x in cards if x.notIgnore()]
            elif which == 1:
                lst = [x for x in cards if x.enable]
            else:
                lst = cards

            # Special treatment
            if tag == "MATERIAL":
                mats = {}
                for card in lst:
                    mats[card.name()] = True
                pos = 0
                for card in _defaultMaterials:
                    if card.name() not in mats:
                        lst.insert(pos, card)
                        pos += 1

                # FIXME Must append at the end ONLY the icru that are assigned
                for card in self.cardsSorted("ASSIGNMA", which):
                    if card.name() not in mats:
                        mat = _icruMatDict.get(card.name())
                        if mat:
                            lst.append(mat)

            # Append or Insert voxel cards
            if tag in ("REGION", "ASSIGNMA", "MATERIAL", "COMPOUND", "CORRFACT"):
                for voxel in self["VOXELS"]:
                    if voxel.ignore() or voxel["@voxel"] is None:
                        continue
                    if tag == "REGION":
                        # add to the end
                        lst.extend(voxel["@voxel"].input["REGION"])
                    elif tag == "ASSIGNMA":
                        # insert to the beginning
                        lst[:0] = voxel["@voxel"].input["ASSIGNMA"]
                    elif tag == "MATERIAL":
                        # insert to the beginning
                        lst[:0] = voxel["@voxel"].input["MATERIAL"]
                    elif tag == "COMPOUND":
                        # insert to the beginning
                        lst[:0] = voxel["@voxel"].input["COMPOUND"]
                    elif tag == "CORRFACT":
                        # insert to the beginning
                        lst[:0] = voxel["@voxel"].input["CORRFACT"]
        return lst


[docs]    def allcards(self):
        """Return an extend list with all cards including the ones from the voxel"""
        cl = self.cardlist[:]
        for voxel in self["VOXELS"]:
            if voxel.ignore() or voxel["@voxel"] is None:
                continue
            cl.extend(voxel["@voxel"].input.cardlist)
        return cl


[docs]    def cardsCache(self, tag, what=None):
        """Cache lists when they are requested"""
        try:
            return self.cache[tag]
        except KeyError:
            if what is None:
                lst = self.cardsSorted(tag)
            else:
                lst = [x.what(what) for x in self.cardsSorted(tag)]
            self.cache[tag] = lst
            return lst


[docs]    def clearCache(self, tag=None):
        if tag is not None:
            try:
                del self.cache[tag]
            except KeyError:
                pass
        else:
            self.cache.clear()


[docs]    def bestPosition(self, tag):
        """
        Find best position from the sorting order in the file search which card is closer to one we've asked
        :param tag:
        :return:
        """
        ci = CardInfo.get(tag)
        if ci.tag[0] == "#":
            return None
        cards = [x for x in self[tag] if x.notIgnore()]
        if cards:
            # Similar cards exists then add it after the last one
            pos = max([x._pos for x in cards]) + 1
            # but with indent=0
            while pos < len(self.cardlist) and (self.cardlist[pos].indent() > 0 or self.cardlist[pos].tag == "#endif"):
                pos += 1
            return pos

        cur = ci.order
        mindist = 10000
        mintag = ""
        mincl = []
        for c in CardInfo._db.values():
            cards = [x for x in self[c.tag] if x.notIgnore()]
            if cards:
                d = cur - c.order
                if abs(d) < abs(mindist):
                    mindist = d
                    mintag = c.tag
                    mincl = cards

        if mintag == "" or len(mincl) == 0:
            pos = 0
        elif mindist >= 0:
            pos = max([x._pos for x in mincl]) + 1
        else:
            pos = min([x._pos for x in mincl])

        # but with indent=0
        while pos < len(self.cardlist) and (self.cardlist[pos].indent() > 0 or self.cardlist[pos].tag == "#endif"):
            pos += 1

        # skip backwards any START, STOP card
        if pos < len(self.cardlist) - 1:
            while pos > 0 and self.cardlist[pos].tag in ("START", "STOP"):
                pos -= 1

        return pos


[docs]    def addCard(self, card, pos=None, renumber=False):
        """
        Add a card to list at position pos
        WARNING: renumber is False (on contrast with delCard, moveCard)
        :param card:
        :param pos:
        :param renumber:
        :return:
        """
        card.input = self  # Keep input file link

        try:
            taglist = self.cards[card.tag]
        except KeyError:
            taglist = []
            self.cards[card.tag] = taglist

        taglist.append(card)  # Local (tag list)

        prevCard = None
        if pos is None or pos >= len(self.cardlist):
            if self.cardlist:
                prevCard = self.cardlist[-1]  # Find prev card
            self.cardlist.append(card)  # Global cardlist
            card._pos = len(self.cardlist) - 1
        else:
            if pos > 0:
                prevCard = self.cardlist[pos - 1]
            self.cardlist.insert(pos, card)
            card._pos = pos

        # Check indent level of previous card
        if prevCard and prevCard.enable:
            if card.enable and prevCard.tag in _INDENT_INC:
                card._indent = prevCard._indent + 1
            else:
                card._indent = prevCard._indent
        else:
            card._indent = 0

        if card.enable and card.tag in _INDENT_DEC:
            card._indent = max(0, card._indent - 1)

        if renumber:
            p = pos
            if p is None:
                p = 0
            self.renumber(p)
        self.setModified()


[docs]    def delCard(self, pos, renumber=True):
        """Delete card by position"""
        card = self.cardlist[pos]
        card._pos = -1
        card.input = None
        tag = card.tag

        # Delete from the main list
        del self.cardlist[pos]
        if renumber:
            self.renumber(pos)

        # Find tag list
        taglist = self.cards[tag]
        taglist.remove(card)
        if len(taglist) == 0:
            del self.cards[tag]
        self.setModified()


[docs]    def delTag(self, tag, renumber=True):
        """Delete all cards with a specific tag"""
        try:
            for card in self.cards[tag]:
                card._pos = -1
                card.input = None
                self.cardlist.remove(card)
            del self.cards[tag]
        except KeyError:
            return

        if renumber:
            self.renumber()
        self.setModified()


[docs]    def delGeometryCards(self):
        """Delete geometry cards"""
        self.delTag("REGION", False)
        self.delTag("LATTICE", False)
        for tag in BODY_TAGS:
            self.delTag(tag, False)
        for tag in TRANSFORM_TAGS:
            self.delTag(tag, False)
        self.delTag("END", False)
        self.renumber()
        self.setModified()


[docs]    def changeTag(self, card, newtag):
        """Change card tag"""
        # Remove from previous list
        cl = self.cards[card.tag]
        cl.remove(card)

        # change the tag
        card.changeTag(newtag)

        # Add to new list
        try:
            taglist = self.cards[card.tag]
        except Exception:
            taglist = []
            self.cards[card.tag] = taglist
        taglist.append(card)
        self.setModified()


[docs]    def moveCard(self, src, dest, renumber=True):
        """Move card (src) at position (dest)"""
        card = self.cardlist[src]
        del self.cardlist[src]
        if dest >= src:
            dest -= 1
        self.cardlist.insert(dest, card)
        if renumber:
            self.renumber(min(dest, src), max(dest, src) + 1)
        self.setModified()


[docs]    def replaceCard(self, pos, card):
        """replace card at position (pos) with card"""
        # remember old card
        old = self.cardlist[pos]

        # replace in the cardlist
        self.cardlist[pos] = card

        # remove old from the taglist
        taglist = self.cards[old.tag]
        taglist.remove(old)
        if len(taglist) == 0:
            del self.cards[old.tag]

        # add the new to the taglist
        try:
            taglist = self.cards[card.tag]
            taglist.append(card)
        except KeyError:
            taglist = [card]
            self.cards[card.tag] = taglist
        card._pos = pos
        card.input = self
        self.setModified()

        return old


    @staticmethod
    def _format(num):
        if abs(num) < zero:
            return 0.0
        return num

[docs]    def transformBody(self, card, matrix):
        """Transform a body card, using a 4x4 transformation matrix"""
        tag = card.tag

        if tag == "SPH":
            center = matrix * card.bodyP()
            card.setWhat(1, self._format(center[0]))
            card.setWhat(2, self._format(center[1]))
            card.setWhat(3, self._format(center[2]))

        elif tag in ("XCC", "YCC", "ZCC"):
            self._transformInfCyl(card, matrix)

        elif tag in ("RCC", "TRC"):
            # XXX MM comment: add a check to switch to
            # infinite cylinders if it's the case?
            center = matrix * card.bodyP()
            card.setWhat(1, self._format(center[0]))
            card.setWhat(2, self._format(center[1]))
            card.setWhat(3, self._format(center[2]))

            length = matrix.multNoTranslation(card.bodyZ())
            card.setWhat(4, self._format(length[0]))
            card.setWhat(5, self._format(length[1]))
            card.setWhat(6, self._format(length[2]))

        elif tag in ("XYP", "XZP", "YZP", "PLA"):
            self._transformPlane(card, matrix)

        elif tag in ("RPP", "BOX"):
            self._transformBox(card, matrix)

        elif tag == "REC":
            self._transformREC(card, matrix)

        elif tag in ("WED", "RAW"):
            self._transformWED(card, matrix)

        elif tag == "ELL":
            focus1 = matrix * card.bodyP()
            focus2 = matrix * card.bodyP2()
            card.setWhat(1, self._format(focus1[0]))
            card.setWhat(2, self._format(focus1[1]))
            card.setWhat(3, self._format(focus1[2]))
            card.setWhat(4, self._format(focus2[0]))
            card.setWhat(5, self._format(focus2[1]))
            card.setWhat(6, self._format(focus2[2]))

        elif tag in ("XEC", "YEC", "ZEC"):
            self._transformInfEllCyl(card, matrix)

        elif tag == "ARB":
            for i in range(1, 9):
                point = matrix * card.bodyPn(i)
                n = 3 * i - 2
                card.setWhat(n, self._format(point[0]))
                card.setWhat(n + 1, self._format(point[1]))
                card.setWhat(n + 2, self._format(point[2]))

        elif tag == "QUA":
            self._transformQUA(card, matrix)

        else:
            say("Invalid card %s for transformation" % (card.tag))
            return True

        self.setModified()
        return False


    # ----------------------------------------------------------------------
    def _transformPlane(self, card, matrix):
        point = matrix * card.bodyP()
        normal = matrix.multNoTranslation(card.bodyN())
        dire = normal.direction(zero)
        if dire == "X":
            self.changeTag(card, "YZP")
            card.setWhat(1, self._format(point[0]))

        elif dire == "Y":
            self.changeTag(card, "XZP")
            card.setWhat(1, self._format(point[1]))

        elif dire == "Z":
            self.changeTag(card, "XYP")
            card.setWhat(1, self._format(point[2]))

        else:
            self.changeTag(card, "PLA")
            card.setWhat(1, self._format(normal[0]))
            card.setWhat(2, self._format(normal[1]))
            card.setWhat(3, self._format(normal[2]))
            card.setWhat(4, self._format(point[0]))
            card.setWhat(5, self._format(point[1]))
            card.setWhat(6, self._format(point[2]))

    # ----------------------------------------------------------------------
    def _transformInfCyl(self, card, matrix):
        point = matrix * card.bodyP()
        dir = matrix.multNoTranslation(card.bodyN())
        # XXX no scaling for the moment
        radius = card.numWhat(3)
        dirCheck = dir.direction(zero)

        if dirCheck in ("X", "-X"):
            self.changeTag(card, "XCC")
            card.setWhat(1, self._format(point[1]))
            card.setWhat(2, self._format(point[2]))

        elif dirCheck in ("Y", "-Y"):
            self.changeTag(card, "YCC")
            card.setWhat(1, self._format(point[2]))
            card.setWhat(2, self._format(point[0]))

        elif dirCheck in ("Z", "-Z"):
            self.changeTag(card, "ZCC")
            card.setWhat(1, self._format(point[0]))
            card.setWhat(2, self._format(point[1]))

        else:
            # XXX transform to old version
            if _useQUA:
                # convert card to "QUA" and then transform it
                tag = card.tag
                p = card.bodyP()
                self.changeTag(card, "QUA")
                card.setWhat(1, (1.0, 0.0)[tag == "XCC"])
                card.setWhat(2, (1.0, 0.0)[tag == "YCC"])
                card.setWhat(3, (1.0, 0.0)[tag == "ZCC"])
                card.setWhat(4, 0.0)
                card.setWhat(5, 0.0)
                card.setWhat(6, 0.0)
                card.setWhat(7, -2.0 * p.x())
                card.setWhat(8, -2.0 * p.y())
                card.setWhat(9, -2.0 * p.z())
                card.setWhat(10, -radius**2 + p.length2())
                self._transformQUA(card, matrix)
            else:
                point -= dir * infinite
                dir = (2.0 * infinite) * dir
                self.changeTag(card, "RCC")
                card.setWhat(1, self._format(point[0]))
                card.setWhat(2, self._format(point[1]))
                card.setWhat(3, self._format(point[2]))
                card.setWhat(4, self._format(dir[0]))
                card.setWhat(5, self._format(dir[1]))
                card.setWhat(6, self._format(dir[2]))
                card.setWhat(7, self._format(radius))

    # ----------------------------------------------------------------------
    def _transformWED(self, card, matrix):
        point = matrix * card.bodyP()
        X = matrix.multNoTranslation(card.bodyX())
        Y = matrix.multNoTranslation(card.bodyY())
        Z = matrix.multNoTranslation(card.bodyZ())
        card.setWhat(1, self._format(point[0]))
        card.setWhat(2, self._format(point[1]))
        card.setWhat(3, self._format(point[2]))
        card.setWhat(4, self._format(X[0]))
        card.setWhat(5, self._format(X[1]))
        card.setWhat(6, self._format(X[2]))
        card.setWhat(7, self._format(Y[0]))
        card.setWhat(8, self._format(Y[1]))
        card.setWhat(9, self._format(Y[2]))
        card.setWhat(10, self._format(Z[0]))
        card.setWhat(11, self._format(Z[1]))
        card.setWhat(12, self._format(Z[2]))

    def _transformREC(self, card, matrix):
        point = matrix * card.bodyP()
        X = matrix.multNoTranslation(card.bodyX())
        Y = matrix.multNoTranslation(card.bodyY())
        Z = matrix.multNoTranslation(card.bodyZ())
        card.setWhat(1, self._format(point[0]))
        card.setWhat(2, self._format(point[1]))
        card.setWhat(3, self._format(point[2]))
        card.setWhat(4, self._format(Z[0]))
        card.setWhat(5, self._format(Z[1]))
        card.setWhat(6, self._format(Z[2]))
        card.setWhat(7, self._format(X[0]))
        card.setWhat(8, self._format(X[1]))
        card.setWhat(9, self._format(X[2]))
        card.setWhat(10, self._format(Y[0]))
        card.setWhat(11, self._format(Y[1]))
        card.setWhat(12, self._format(Y[2]))

    def _transformInfEllCyl(self, card, matrix):
        center = matrix * card.bodyP()
        X = matrix.multNoTranslation(card.bodyX())
        Y = matrix.multNoTranslation(card.bodyY())
        Z = matrix.multNoTranslation(card.bodyN())
        dirX = X.direction(zero)
        dirY = Y.direction(zero)
        dirZ = Z.direction(zero)

        if "N" in (dirX, dirY, dirZ):
            if _useQUA:
                # convert card to "QUA" and then transform it
                tag = card.tag
                p = card.bodyP()
                r = card.bodyX() + card.bodyY()
                rx2 = r.x()**2
                ry2 = r.x()**2
                rz2 = r.x()**2
                self.changeTag(card, "QUA")
                card.setWhat(1, (1.0 / rx2, 0.0)[tag == "XEC"])
                card.setWhat(2, (1.0 / ry2, 0.0)[tag == "YEC"])
                card.setWhat(3, (1.0 / rz2, 0.0)[tag == "ZEC"])
                card.setWhat(4, 0.0)
                card.setWhat(5, 0.0)
                card.setWhat(6, 0.0)
                card.setWhat(7, -2.0 * p.x() / rx2)
                card.setWhat(8, -2.0 * p.y() / ry2)
                card.setWhat(9, -2.0 * p.z() / rz2)
                card.setWhat(10, -1.0 + p.x()**2 / rx2 + p.y()**2 / ry2 + p.z()**2 / rz2)
                self._transformQUA(card, matrix)
            else:
                # Transforming in REC
                self.changeTag(card, "REC")

                center -= Z * infinite
                Z *= 2.0 * infinite

                card.setWhat(1, self._format(center[0]))
                card.setWhat(2, self._format(center[1]))
                card.setWhat(3, self._format(center[2]))
                card.setWhat(4, self._format(Z[0]))
                card.setWhat(5, self._format(Z[1]))
                card.setWhat(6, self._format(Z[2]))
                card.setWhat(7, self._format(X[0]))
                card.setWhat(8, self._format(X[1]))
                card.setWhat(9, self._format(X[2]))
                card.setWhat(10, self._format(Y[0]))
                card.setWhat(11, self._format(Y[1]))
                card.setWhat(12, self._format(Y[2]))

        elif dirZ in ("X", "-X"):
            self.changeTag(card, "XEC")
            card.setWhat(1, self._format(center[1]))
            card.setWhat(2, self._format(center[2]))
            XY = X + Y
            card.setWhat(3, self._format(abs(XY.y())))
            card.setWhat(4, self._format(abs(XY.z())))

        elif dirZ in ("Y", "-Y"):
            self.changeTag(card, "YEC")
            card.setWhat(1, self._format(center[2]))
            card.setWhat(2, self._format(center[0]))
            XY = X + Y
            card.setWhat(3, self._format(abs(XY.z())))
            card.setWhat(4, self._format(abs(XY.x())))

        else:
            self.changeTag(card, "ZEC")
            card.setWhat(1, self._format(center[0]))
            card.setWhat(2, self._format(center[1]))
            XY = X + Y
            card.setWhat(3, self._format(abs(XY.x())))
            card.setWhat(4, self._format(abs(XY.y())))

    # ----------------------------------------------------------------------
    def _transformBox(self, card, matrix):
        point = matrix * card.bodyP()
        X = matrix.multNoTranslation(card.bodyX())
        Y = matrix.multNoTranslation(card.bodyY())
        Z = matrix.multNoTranslation(card.bodyZ())

        XD = X.direction(zero)
        YD = Y.direction(zero)
        ZD = Z.direction(zero)

        if "N" not in (XD, YD, ZD):
            self.changeTag(card, "RPP")
            diagonal = X + Y + Z
            card.setWhat(1, self._format(min(point[0], point[0] + diagonal[0])))
            card.setWhat(2, self._format(max(point[0], point[0] + diagonal[0])))

            card.setWhat(3, self._format(min(point[1], point[1] + diagonal[1])))
            card.setWhat(4, self._format(max(point[1], point[1] + diagonal[1])))

            card.setWhat(5, self._format(min(point[2], point[2] + diagonal[2])))
            card.setWhat(6, self._format(max(point[2], point[2] + diagonal[2])))
        else:
            self.changeTag(card, "BOX")
            card.setWhat(1, self._format(point[0]))
            card.setWhat(2, self._format(point[1]))
            card.setWhat(3, self._format(point[2]))
            card.setWhat(4, self._format(X[0]))
            card.setWhat(5, self._format(X[1]))
            card.setWhat(6, self._format(X[2]))
            card.setWhat(7, self._format(Y[0]))
            card.setWhat(8, self._format(Y[1]))
            card.setWhat(9, self._format(Y[2]))
            card.setWhat(10, self._format(Z[0]))
            card.setWhat(11, self._format(Z[1]))
            card.setWhat(12, self._format(Z[2]))

    # ----------------------------------------------------------------------
    def _transformQUA(self, card, matrix):
        A = bmath.Matrix(4)
        A[0][0] = card.numWhat(1)  # Cxx
        A[1][1] = card.numWhat(2)  # Cyy
        A[2][2] = card.numWhat(3)  # Czz

        A[0][1] = A[1][0] = card.numWhat(4) / 2.0  # Cxy
        A[0][2] = A[2][0] = card.numWhat(5) / 2.0  # Cxz
        A[1][2] = A[2][1] = card.numWhat(6) / 2.0  # Cyz

        A[0][3] = A[3][0] = card.numWhat(7) / 2.0  # Cx
        A[1][3] = A[3][1] = card.numWhat(8) / 2.0  # Cy
        A[2][3] = A[3][2] = card.numWhat(9) / 2.0  # Cz

        A[3][3] = card.numWhat(10)  # C

        minv = matrix.clone()
        minv.inv()

        # New = matrix^T * A * matrix
        AN = minv.T() * (A * minv)

        # XXX optimize (convert to other objects if needed)
        card.setWhat(1, self._format(AN[0][0]))
        card.setWhat(2, self._format(AN[1][1]))
        card.setWhat(3, self._format(AN[2][2]))

        card.setWhat(4, self._format(AN[0][1] * 2.0))
        card.setWhat(5, self._format(AN[0][2] * 2.0))
        card.setWhat(6, self._format(AN[1][2] * 2.0))

        card.setWhat(7, self._format(AN[0][3] * 2.0))
        card.setWhat(8, self._format(AN[1][3] * 2.0))
        card.setWhat(9, self._format(AN[2][3] * 2.0))

        card.setWhat(10, self._format(AN[3][3]))

[docs]    def scanUnits(self):
        """Scan for units"""
        self.units.scan(self)


[docs]    def convert2Names(self):
        """Convert input to names and check for obsolete and/or non-valid cards"""
        # Find materials for duplicate checking
        self.clearCache()

        # Check geometry for FLUGG
        try:
            geobegin = self.cards["GEOBEGIN"][0]
            notflugg = geobegin.sdum() != "FLUGG"
        except Exception:
            notflugg = True

        matDict = {}
        for i, n in enumerate(self.materialList()):
            if n not in matDict:
                matDict[n] = [i + 1]
            else:
                matDict[n].append(i + 1)

        for card in self.cardlist:
            if not card.enable:
                continue

            # Check for obsolete cards
            tag = card.tag
            if tag in ("ACCURACY", "OUTLEVEL", "EGSCUT", "EGSFIX", "EGSFLUO", "EGSRAY", "EGS", "LANDAU"):
                if card.enable:
                    say("WARNING: Disabling obsolete card: %s" % (tag))
                    card.disable()
                continue
            elif not _developer and tag in ("EVENTYPE"):
                if card.enable:
                    say("WARNING: Disabling obsolete card: %s" % (tag))
                    card.disable()
                continue
            elif tag == "EXTRAWEI":
                self.changeAllTags(tag, "USERWEIG")
            elif tag == "DUMPTHEM":
                self.changeAllTags(tag, "USERDUMP")
            elif tag == "MATERIAL":
                index = matDict.get(card.sdum(), [])
                if len(index) > 1:
                    say("WARNING: Material %s already exists with index=%s" % (card.sdum(), str(index)))
                    say(str(card))

            # Check input
            try:
                case = card.case()
            except Exception:
                say("ERROR: Disabling unknown card.")
                say(str(card))
                card.disable()
                continue

            if card.info is CardInfo.none():
                say("ERROR: Invalid tag name on card.")
                say(str(card))
                if not card.tag:
                    self.changeTag(card, ERROR)
                card.invalid = ["Invalid tag name"]
                card.disable()
                say(str(card))
                continue

            invalid = card.validate(case)
            if len(invalid) > 0:
                if invalid[0] is None:
                    say("WARNING: No matching case found for card")
                else:
                    say("WARNING: Invalid what(s)=%s" % (str(invalid)))
                say(str(card))

            # Convert card to names
            if notflugg:
                card.convert(True)
        self.setModified()


[docs]    def validate(self):
        """Validate all active cards"""
        for card in self.cardlist:
            if card.ignore():
                continue
            card.validate()


[docs]    def changeAllTags(self, old, new, show=True):
        """Changing all cards tag from old to new"""
        if show:
            say("WARNING: Changing card(s) %s to %s" % (old, new))
        try:
            cl = self.cards[old]
            self.cards[new] = cl
            del self.cards[old]
            for card in cl:
                card.changeTag(new)
        except KeyError:
            pass
        self.setModified()


[docs]    def changeName(self, type, old, new):
        """Change name to all cards"""
        # For bodies use special treatment
        if type == "bn":
            pat = re.compile(r"(\b%s\b)" % (re.escape(old)))
            for card in self["REGION"]:
                newextra = pat.sub(new, card.extra())
                if newextra != card.extra():
                    card.setExtra(newextra)
        else:
            for card in self.cardlist:
                case = card.info.findCase(card)
                lst = card.info.find(type, case)
                if isinstance(lst, tuple):
                    lst = list(lst)
                    lst.pop()  # skip step
                for w in lst:
                    if card.what(w) == old:
                        card.setWhat(w, new)
        self.setModified()


[docs]    def renumber(self, fromPos=0, toPos=-1):
        """Put the correct index to cards in the range given by fromPos:toPos"""
        cardlist = self.cardlist
        if toPos < 0 or toPos > len(cardlist):
            toPos = len(cardlist)
        if fromPos == 0:
            indent = 0
        else:
            try:
                card = cardlist[fromPos - 1]
                indent = cardlist[fromPos - 1]._indent
                if card.enable and card.tag in _INDENT_INC:
                    indent += 1
            except IndexError:
                return

        for i in range(fromPos, toPos):
            card = cardlist[i]
            card._pos = i
            tag = card.tag
            if card.enable and tag in _INDENT_DEC:
                indent = max(0, indent - 1)
            card._indent = indent
            if card.enable and tag in _INDENT_INC:
                indent += 1

        self.setModified()
        self.checkNumbering()  # FIXME XXX (delete this)


[docs]    def checkNumbering(self):
        """Verify the internal order of the cards"""
        err = 0
        indent = 0
        for i, card in enumerate(self.cardlist):
            if card._pos != i:
                err += 1
                say("ERROR: Cards out of order pos=#%d it should be #%d" % (card.pos() + 1, i))
                say(str(card))
            if card.enable and card.tag in _INDENT_DEC:
                indent = max(0, indent - 1)
            if card.enable and card.indent() != indent:
                say("ERROR: Indent out of order pos=#%d card._indent=%d it should be %d" % (i, card._indent, indent))
                say(str(card))
            if card.enable and card.tag in _INDENT_INC:
                indent += 1
        if err > 0:
            say("ERROR: %d cards found out of order. Correcting error" % (err))
            say("*** Please contact %s ***" % (__email__))
            import traceback
            traceback.print_stack()
            self.renumber()


[docs]    def preprocess(self, activeDefines=None):
        """
        Pre-process all cards and set correspondingly the card.active flag
        nest[] contains the evaluation of the nesting
        -1: inactive - do not include any subsequent #if..
         0: false & active - include substitute #if..
         1: true  & active
         2: false & active after else
         3: true  & active after else
        FIXME values do not WORK!
        :param activeDefines:
        :return: list of error cards
        """
        self.clearCache()
        define = {}
        errors = []
        self.localDict.clear()
        if activeDefines:
            useInputDefines = False
            for var, val in activeDefines:
                define[var] = 1
                if isinstance(val, str) and val != "" and val[0] == "=":
                    try:
                        val = float(eval(val[1:], _globalDict, self.localDict))
                    except Exception:
                        pass
                try:
                    self.localDict[var] = float(val)
                except Exception:
                    self.localDict[var] = val
        else:
            # if none or empty list e.g. default run = []
            useInputDefines = True

        nest = [1]
        active13 = True
        for i, card in enumerate(self.cardlist):
            tag = card.tag
            var = card.what(0)
            active = nest[-1]

            if not card.enable:
                card.setActive(active13)
                continue

            active13 = active in (1, 3)
            card.setActive(active13)

            if active13 and tag == "#define":
                if useInputDefines:
                    define[var] = 1

                elif self.localDict.get(var, "") == "":
                    self.localDict[var] = card.numWhat(1)

            elif active13 and tag == "#undef" and useInputDefines:
                define[var] = 0

            elif tag in ("#if", "#ifdef"):
                if active13:
                    nest.append(define.get(var, 0))
                else:
                    nest.append(-1)  # ignore this nesting

            elif tag == "#ifndef":
                if active13:
                    nest.append(1 - define.get(var, 0))
                else:
                    nest.append(-1)  # ignore this nesting

            elif tag == "#elif":
                if len(nest) <= 1:
                    err = "Error unexpected #elif, card: %d" % (i + 1)
                    errors.append((card, err))
                    say(err)
                elif active == 1:
                    nest[-1] = -1  # terminate this nesting
                elif active == 0:
                    nest[-1] = define.get(var, 0)
                elif active > 1:
                    err = "Misplaced #elif after #else, card: %d" % (i + 1)
                    errors.append((card, err))
                    say(err)
                active = nest[-1]
                active13 = active in (1, 3)
                card.setActive(active13)

            elif tag == "#else":
                if len(nest) <= 1:
                    err = "Error unexpected #else, card: %d" % (i + 1)
                    errors.append((card, err))
                    say(err)
                elif active > 1:
                    err = "Misplaced #else, card: %d" % (i + 1)
                    errors.append((card, err))
                    say(err)
                elif active >= 0:
                    nest[-1] = 3 - nest[-1]

                active = nest[-1]
                active13 = active in (1, 3)
                card.setActive(active13)

            elif tag == "#endif":
                if len(nest) <= 1:
                    err = "Error unexpected #endif, card: %d" % (i + 1)
                    errors.append((card, err))
                    say(err)
                else:
                    nest.pop()
                active = nest[-1]
                active13 = active in (1, 3)
                card.setActive(active13)

        return errors


[docs]    def bodyProperties(self):
        """
        Return the body properties as a dictionary of the active/enabled bodies
        :return:
        """
        translat = None
        transform = None
        expansion = None

        for card in self.cardlist:
            if not card.isGeo():
                continue
            if card.ignore():
                continue
            del card["@dx"]
            del card["@dy"]
            del card["@dz"]
            del card["@expansion"]
            del card["@transform"]

            if len(card.tag) == 3:
                if card.tag == "END":
                    break
                if translat:
                    card["@dx"] = translat.numWhat(1)
                    card["@dy"] = translat.numWhat(2)
                    card["@dz"] = translat.numWhat(3)
                if expansion:
                    card["@expansion"] = expansion.numWhat(1)
                if transform:
                    card["@transform"] = transform.what(1)

            elif card.tag[0] == "$":
                if card.tag == "$start_translat":
                    if translat is not None:
                        say("ERROR: Double %s found #%d" % (card.tag, card.pos() + 1))
                        say(str(card))
                    else:
                        translat = card
                elif card.tag == "$start_transform":
                    if transform is not None:
                        say("ERROR: Double %s found #%d" % (card.tag, card.pos() + 1))
                        say(str(card))
                    else:
                        transform = card
                elif card.tag == "$start_expansion":
                    if expansion is not None:
                        say("ERROR: Double %s found #%d" % (card.tag, card.pos() + 1))
                        say(str(card))
                    else:
                        expansion = card

                elif card.tag == "$end_translat":
                    if translat is None:
                        say("ERROR: %s without $start_xxx found #%d" % (card.tag, card.pos() + 1))
                        say(str(card))
                    translat = None
                elif card.tag == "$end_transform":
                    if transform is None:
                        say("ERROR: %s without $start_xxx found #%d" % (card.tag, card.pos() + 1))
                        say(str(card))
                    transform = None
                elif card.tag == "$end_expansion":
                    if expansion is None:
                        say("ERROR: %s without $start_xxx found #%d" % (card.tag, card.pos() + 1))
                        say(str(card))
                    expansion = None


[docs]    def regionProperties(self):
        """
        Return the region properties as a dictionary of the active/enabled regions
        :return:
        """
        regionDict = {}
        regionList = []
        matList = self.materialList(icru=True)
        matDict = {}
        rotDefi = {}

        # Find Materials
        for card in _defaultMaterials:
            matDict[card.sdum()] = card
        for card in _icruMaterials:
            matDict[card.sdum()] = card

        # finally materials in voxels and input
        for card in self.cardsSorted("MATERIAL"):
            try:
                card["@n"] = matList.index(card.sdum()) + 1
            except ValueError:
                card["@n"] = 1
            matDict[card.sdum()] = card

        # Find regions
        n = 0
        blckhole = matDict["BLCKHOLE"]
        vacuum = matDict["VACUUM"]

        # Add a new region to dictionaries
        def addRegion(region, name):
            # Assign default values to region
            region["@n"] = n
            region["@type"] = REGION_BLACKHOLE
            region["@material"] = blckhole
            region["@biasingA"] = None  # All particles biasing
            region["@biasingH"] = None  # Hadrons
            region["@biasingE"] = None  # emf
            region["@biasingN"] = None  # low-neutrons
            region["@assignmat"] = None  # Card that assigned the material
            region["@cont"] = False  # has continuation cards

            regionDict[name] = region
            regionList.append(region)

        # Input and voxel regions
        for region in self.cardsSorted("REGION"):
            if region.name() == "&":
                continue
            n += 1
            addRegion(region, region.sdum())

        # add last region
        if regionList:
            regionDict["@LASTREG"] = regionList[-1]

        # Find transformations
        for card in self.cardsSorted("ROT-DEFI"):
            if card.ignore():
                continue
            w1 = card.intWhat(1)
            if w1 < 1000:
                (j, i) = divmod(w1, 100)
            else:
                (i, j) = divmod(w1, 1000)

            rotDefi[i] = card.sdum()
            rotDefi[card.sdum()] = i

        # Voxel assignmat if any
        hasVoxels = False
        for voxel in self["VOXELS"]:
            if voxel.ignore() or voxel["@voxel"] is None:
                continue
            hasVoxels = True
            for card in voxel["@voxel"].input["ASSIGNMA"]:
                material = matDict.get(card.what(1))
                if material is None:
                    say("ERROR: Material %s is not defined #%d" % (card.evalWhat(1), card.pos() + 1))
                    say(str(card))
                    material = _defaultMaterials[0]  # Blackhole
                region = regionDict.get(card.what(2))
                region["@type"] = REGION_VOXEL
                region["@assignmat"] = card
                region["@material"] = material
                region["@materialDefined"] = True
            break

        # Check all assignmat
        for card in self.cardsSorted("ASSIGNMA"):
            if card.ignore():
                continue
            material = matDict.get(card.evalWhat(1))
            if material is None:
                say("ERROR: Material %s is not defined #%d" % (card.evalWhat(1), card.pos() + 1))
                say(str(card))
                material = _defaultMaterials[0]  # Blackhole

            matDecay = matDict.get(card.what(6), material)

            fromReg = regionDict.get(card.evalWhat(2))
            if fromReg is None:
                pat = _VOXELPAT.match(card.what(2))
                if pat is None:
                    say("ERROR: Region %s is not defined #%d" % (card.what(2), card.pos() + 1))
                    say(str(card))
                continue
            fromReg = fromReg["@n"]

            try:
                toReg = regionDict.get(card.evalWhat(3))
                toReg = toReg["@n"]
            except Exception:
                toReg = fromReg

            step = card.intWhat(4)
            if step == 0:
                step = 1

            for rg in range(fromReg, toReg + 1, step):
                region = regionList[rg - 1]
                if hasVoxels and (region.name() == "VOXEL" or _VOXELPAT.match(region.name())):
                    region["@type"] = REGION_VOXEL
                else:
                    region["@type"] = int(material is blckhole)
                if region["@assignmat"] is not None and warnMultMat:
                    say("WARNING: Multiple ASSIGNMAT for region %s:" % (region.name()))
                    say("  Previous: #%d\n%s" % (region["@assignmat"].pos() + 1, region["@assignmat"]))
                    say("  Current : #%d\n%s" % (card.pos() + 1, str(card)))
                region["@assignmat"] = card
                region["@material"] = material
                region["@matDecay"] = matDecay
                region["@materialDefined"] = True

        # Check Biasing cards
        for card in self.cardsSorted("BIASING"):
            if card.ignore():
                continue

            what1 = card.intWhat(1)
            if what1 < 0:
                continue

            elif what1 == 1:
                tag = "@biasingH"
            elif what1 == 2:
                tag = "@biasingE"
            elif what1 == 3:
                tag = "@biasingN"
            else:
                tag = "@biasingA"

            fromReg = regionDict.get(card.what(4))
            if fromReg is None:
                continue
            fromReg = fromReg["@n"]
            try:
                toReg = regionDict.get(card.what(5))
                toReg = toReg["@n"]
            except Exception:
                toReg = fromReg
            try:
                step = int(card.what(6))
            except Exception:
                step = 1

            for rg in range(fromReg, toReg + 1, step):
                region = regionList[rg - 1]
                region[tag] = card

        # Check Lattices
        for card in self.cardsSorted("LATTICE"):
            if card.ignore():
                continue

            fromReg = regionDict.get(card.what(1))
            if fromReg is None:
                continue
            fromReg = fromReg["@n"]
            try:
                toReg = regionDict.get(card.what(2))
                toReg = toReg["@n"]
            except Exception:
                toReg = fromReg
            try:
                step = int(card.what(3))
            except Exception:
                step = 1

            rotdefi = card.sdum()

            for rg in range(fromReg, toReg + 1, step):
                region = regionList[rg - 1]
                region["@type"] = REGION_LATTICE
                region["@material"] = vacuum
                region["@materialDefined"] = True
                region["@lattice"] = card
                region["@rotdefi"] = rotdefi

        return regionList


[docs]    def addCardProperty(self, tag, proptag, prop, valueWhat, fromWhat, toWhat=-1, stepWhat=-1, sdum=None, func=None):
        """
        Append to card's properties the additional value from tag's
        :param tag: cards to append the extra property
        :param proptag: cards from where to get the property
        :param prop: property name to add in cards
        :param valueWhat: which value to add as property
        :param fromWhat: range of cards
        :param toWhat: range of cards
        :param stepWhat: range of cards
        :param sdum: filter cards with the specific sdum
        :param func: apply a function to value
        :return:
        """

        # create a dictionary of cards for faster accessing
        cardlist = self.cardsSorted(tag)
        if tag == "REGION":
            cardlist = [x for x in cardlist if x.name() != "&"]  # Remove continuations of regions

        dictionary = {}
        for card in cardlist:
            dictionary[card.sdum()] = card
            card[prop] = 0.0

        for card in self.cardsSorted(proptag):
            if sdum is not None and card.sdum() != sdum:
                continue
            try:
                from_ = dictionary[card.what(fromWhat)]["@n"]
            except Exception:
                continue
            if from_ is None:
                continue
            to_ = from_
            step = 1
            if toWhat >= 0:
                try:
                    toW = card.what(toWhat)
                    if toW[0] == '@':
                        to_ = len(cardlist)
                    else:
                        to_ = dictionary[toW]["@n"]
                    step = card.intWhat(stepWhat)
                except Exception:
                    pass
            if step <= 0:
                step = 1

            value = card.numWhat(valueWhat)
            if func:
                value = func(value)

            for c in cardlist[from_ - 1:to_:step]:
                c[prop] = value


[docs]    def material(self, mat, toName):
        """
        Convert material to name/number
        :param mat:
        :param toName:
        :return:
        """
        lst = self.materialList(0, False, True)
        if toName:
            mat -= 1  # 1 based
            if mat < 0 or mat >= len(lst):
                if mat != -1:  # Accept -1 == 0 index
                    raise Exception("Invalid material index requested idx=%d" % (mat + 1))
                return ""
            return lst[mat]
        else:
            try:
                return lst.index(mat) + 1
            except Exception:
                return 0


[docs]    def materialList(self, which=0, icru=False, assigned=False):
        lst = [m.sdum() for m in _defaultMaterials]

        # Add first voxel materials
        # FIXME maybe apply it on the card and not on the Input!!!!
        for voxel in self["VOXELS"]:
            if voxel.ignore() or voxel["@voxel"] is None:
                continue
            lst.extend([m.sdum() for m in voxel["@voxel"].input["MATERIAL"]])

        # Add user defined materials
        for card in self.cardsSorted("MATERIAL", which):
            name = card.sdum()
            index = card.intWhat(4) - 1  # 0 based!
            if index < 0:
                try:
                    index = lst.index(name)
                except Exception:
                    index = len(lst)

            # Append or replace
            if index == len(lst):
                lst.append(name)
            elif index < len(lst):
                lst[index] = name
            else:
                lst.extend([""] * (index - len(lst) + 1))
                lst[index] = name

        if icru:
            # Add all icru materials regardless of their order
            lst.extend([m.sdum() for m in _icruMaterials])

        elif assigned:
            # Add all materials assigned, especially for the ICRU ones
            # correct index assigned by FLUKA
            # FIXME Not very intelligent.
            for card in self.cardsSorted("ASSIGNMA", which):
                mat = card.what(1)
                if mat not in lst:
                    lst.append(mat)

        return lst


[docs]    def materialDict(self):
        matDict = {}

        # Default materials
        for card in _defaultMaterials:
            matDict[card.sdum()] = card

        # ICRU materials
        for card in _icruMaterials:
            matDict[card.sdum()] = card

        # Voxel materials
        for voxel in self["VOXELS"]:
            if voxel.ignore() or voxel["@voxel"] is None:
                continue
            for card in voxel["@voxel"].input["MATERIAL"]:
                matDict[card.sdum()] = card

        # ... and finally from the input
        for card in self.cardsSorted("MATERIAL"):
            matDict[card.sdum()] = card

        return matDict


[docs]    def materialZAID(self, material):
        # Check if it is a compound or a single material

        # Single isotope?
        Z = material.intWhat(1)
        if Z > 0:
            A = material.intWhat(6)
            return [(Z * 1000 + A, 1.0)]

        rho = material.numWhat(3)  # Density

        # Compound search
        ZAID = []
        for compound in self["COMPOUND"]:
            if compound.ignore():
                continue
            if compound.sdum() != material.sdum():
                continue

            for i in range(1, len(compound.whats()), 2):
                frac = compound.numWhat(i)
                mat = compound.what(i + 1)
                if mat == "":
                    continue
                if mat[0] == "-":
                    negative = True
                    mat = mat[1:]
                else:
                    negative = False

                # Find material
                for card in self["MATERIAL"]:
                    if card.ignore():
                        continue
                    if card.sdum() == mat:
                        break
                else:
                    # Search default materials
                    for card in _defaultMaterials:
                        if card.sdum() == mat:
                            break

                # Scan recursively
                for za, f in self.materialZAID(card):
                    # Scale fractions
                    if negative:
                        # Density
                        f = abs(f) * frac * rho
                    else:
                        # Mass or atom fraction
                        f = abs(f) * frac
                    ZAID.append((za, f))
        return ZAID


[docs]    def region(self, reg, toName):
        """
        Convert region to name/number
        :param reg:
        :param toName:
        :return:
        """
        # Regions removing continuation cards
        regions = [x for x in self.cardsSorted("REGION") if x.name() != "&"]
        if len(regions) == 0:
            return None

        if toName:
            if reg <= 0 or reg > len(regions):
                return ""
            return regions[reg - 1].sdum()
        else:
            try:
                return [x.what(0) for x in regions].index(reg) + 1
            except Exception:
                return 0


[docs]    def getTransformation(self, idx=None, rotdefi=None, inv=False):
        """
        FIXME I should combine the rotdefi with the self.cache!
        :param idx:  rotation to return, Can be prefixed with "-", None to return a dictionary
        :param rotdefi:  cached dictionary
        :param inv: return the inverse of the idx matrix. Accepted even if idx is prefixed with "-"
        :return: rotation matrix from a rot-defi cards or a dictionary with all transformations
        """
        neg = False
        if isinstance(idx, str):
            if len(idx) > 0 and idx[0] == '-':
                neg = True
                idx = idx[1:]
            match = _ROTPAT.match(idx)
            if match:
                idx = int(match.group(1))
        elif isinstance(idx, int):
            if idx < 0:
                neg = True
                idx = -idx
        else:
            # Return dictionary of transformations
            rotdefi = {}

        if inv:
            neg = not neg

        # Check if is cached
        if idx is not None:
            if rotdefi is not None:
                matrix = rotdefi.get(idx)
                if isinstance(matrix, int):
                    matrix = rotdefi.get(matrix)
                if matrix is None:
                    return bmath.Matrix(4, type=1)
                if neg:
                    matrix = matrix.clone()
                    matrix.inv()
                return matrix
            else:
                matrix = bmath.Matrix(4, type=1)

        last = 0
        # Scan transformations
        for card in self.cardsSorted("ROT-DEFI"):
            if card.ignore():
                continue

            w1 = card.intWhat(1)
            if w1 < 1000:
                (j, i) = divmod(w1, 100)
            else:
                (i, j) = divmod(w1, 1000)

            if idx is None:
                if i == 0:  # try with the name
                    i = rotdefi.get(card.sdum())
                    matrix = rotdefi.get(i)
                else:
                    matrix = rotdefi.get(i)
                    if matrix is not None and rotdefi.get(card.sdum()) != i:
                        # FIXME store the error somewhere...
                        say("WARNING: ROT-DEFI Index and name do not match #%d" % (card.pos() + 1))
                        say(str(card))

                if matrix is None:
                    matrix = bmath.Matrix(4, type=1)
                    if i is None:
                        last += 1
                        i = last
                    else:
                        last = max(last, i)
                    rotdefi[i] = None

                    if card.sdum() != "":
                        rotdefi[card.sdum()] = i
                    rotdefi["rot#%03d" % (i)] = i

            else:
                if idx not in (i, card.sdum()):
                    continue

            if j == 0:
                j = 3
            theta = card.numWhat(2)
            phi = card.numWhat(3)
            x = card.numWhat(4)
            y = card.numWhat(5)
            z = card.numWhat(6)

            if x != 0.0 or y != 0.0 or z != 0.0:
                matrix = bmath.Matrix.translate(x, y, z) * matrix

            if phi != 0.0:
                m = bmath.Matrix(4, type=1)
                m.rotate(math.radians(-phi), j - 1)
                matrix = m * matrix

            if theta != 0.0:
                m = bmath.Matrix(4, type=1)
                m.rotate(math.radians(-theta), (j + 1) % 3)
                matrix = m * matrix

            if idx is None:
                rotdefi[i] = matrix

        if neg:
            matrix.inv()

        if idx is None:
            return rotdefi
        return matrix


    # ----------------------------------------------------------------------
    # Rot-Defi list
    # ----------------------------------------------------------------------
[docs]    def rotdefiList(self, negative=False):
        rot = {}
        try:
            for card in self.cards["ROT-DEFI"]:
                w1 = card.intWhat(1)
                if w1 < 1000:
                    (j, i) = divmod(w1, 100)
                else:
                    (i, j) = divmod(w1, 1000)
                if i > 0:
                    rot["rot#%03d" % (i)] = True
                if len(card.sdum()) > 0:
                    rot[card.sdum()] = True
        except Exception:
            return [""]

        item = rot.keys()
        item.sort()
        if negative:
            lst = [""]
            for i in item:
                lst.append(i)
                lst.append("-%s" % (i))
        else:
            lst = item
            lst.insert(0, "")

        del rot
        return lst


    # ----------------------------------------------------------------------
    # @return a list of linked ROT-DEFI cards with the same idx
    # ----------------------------------------------------------------------
[docs]    def rotdefiCards(self, idx):
        return [x for x in self.cardsSorted("ROT-DEFI") if x.sdum() == idx]


    # ----------------------------------------------------------------------
    # Refresh cards information
    # 1. ?? (renumber??)
    # 2. Reload voxels
    # 3. Properties?
    # ----------------------------------------------------------------------
[docs]    def refresh(self):
        for voxel in self["VOXELS"]:
            voxel.loadVoxel()




def _str2num(w):
    """
    Check if argument w is a valid fortran number and
    return argument converted to a valid python number
    """
    try:
        if len(w) > 1:
            # TODO not used ?
            # p = string.index("+-.0123456789", w[0])
            # p = string.index(".0123456789d DeE", w[1])
            # p = string.index(".0123456789", w[-1])
            we = w.replace("d", "E")
            we = we.replace("D", "E")
            we = we.replace(" ", "")
            wn = float(we)
            return wn
        return float(w)
    except Exception:
        return w


def _intWhat(what, n):
    try:
        return int(float(_str2num(what[n])))
    except Exception:
        return 0


def _body2name(name):
    try:
        return BODY_PREFIX + str(int(name))
    except Exception:
        return str(name)


def _region2name(name):
    try:
        return REGION_PREFIX + str(int(name))
    except Exception:
        pass
    name = str(name)
    if _NAMEPAT.match(name):
        return name
    return REGION_PREFIX + name


[docs]def init(filename=None):
    """
    Initialize classes:
        CardInfo
        Particle
    :param filename:
    :return:
    """
    global _defaultMaterials, _defaultMatDict, _icruMaterials, _icruMatDict
    global _neutronGroups, _lowMaterials, _usermvax
    global NGROUPS, BODY_TAGS, BODY_NOVXL_TAGS, FLAIR_TAGS, OBJECT_TAGS, TRANSFORM_TAGS

    if filename is None:
        filename = os.path.join(os.path.dirname(__file__), _database)

    # read card database and prepare CardInfo classes
    cardini = ConfigParser.RawConfigParser()
    cardini.read(filename)

    CardInfo._db[None] = CardInfo(ERROR, [None], [["-"] * 7], [["?"] * 7], [], None, "Error in tag...")

    # Go through all cards
    for name in cardini.sections():
        # Ignore sections with lower case letters
        # it does not include the '#xxx' sections
        if name[0].islower():
            continue

        # name is complete, tag is only 8 characters max
        if len(name) > 8 and name[0] not in ("$", "#"):
            tag = name[0:8]
        else:
            tag = name

        meaning = cardini.get(name, "meaning")

        group = cardini.get(name, "group").split()

        # Capitalize each group
        for i in range(len(group)):
            group[i] = group[i].capitalize()

        # Ranges
        range_ = []
        default = []
        extra = []
        assert_ = []
        for i in range(20):
            n = "range.%d" % i
            try:
                rg = cardini.get(name, n).split()
            except Exception:
                break
            range_.append(rg)

            n = "defaults.%d" % i
            df = cardini.get(name, n).split()
            default.append(df)

            # Get extra info
            ex = []
            for j in range(100):
                n = "extra.%d.%d" % (i, j)
                try:
                    e = cardini.get(name, n)
                except Exception:
                    # Correct sdum
                    if j < 7:
                        e = ""
                    else:
                        break
                ex.append(e)
            extra.append(ex)

            # Get assert info
            ass = []
            for j in range(100):
                n = "assert.%d.%d" % (i, j)
                try:
                    a = cardini.get(name, n)
                except Exception:
                    break
                else:
                    ass.append(a)
            assert_.append(ass)

        # Cleanup a bit, check for empty range_, assert_
        empty = True
        for r in range_:
            if len(r) > 0:
                empty = False
                break
        if empty:
            range_ = []

        empty = True
        for a in assert_:
            if len(a) > 0:
                empty = False
                break
        if empty:
            assert_ = []

        # append to CardInfo database
        cinfo = CardInfo(name, group, range_, extra, assert_, default, meaning)
        try:
            disable = cardini.get(name, "disable")
            cinfo.setDisableComment(disable == "comment")
        except Exception:
            pass
        CardInfo._db[tag] = cinfo

    # Create bodies cards
    BODY_NOVXL_TAGS = [x.tag for x in CardInfo._db.values()
                       if "Geometry" in x.group and len(x.tag) == 3 and x.tag != "END"]
    BODY_TAGS = BODY_NOVXL_TAGS[:]
    BODY_TAGS.append("VOXELS")

    BODY_NOVXL_TAGS.sort()
    BODY_TAGS.sort()

    # Geometry transformation tags
    TRANSFORM_TAGS = [x.tag for x in CardInfo._db.values() if x.tag[0] == "$"]
    TRANSFORM_TAGS.sort()

    # Create flair tags
    FLAIR_TAGS = [x.tag for x in CardInfo._db.values() if "Flair" in x.group]
    FLAIR_TAGS.sort()
    FLAIR_TAGS.remove("!coffee")

    # Object tags = Flair tags + ROT-DEFI
    OBJECT_TAGS = FLAIR_TAGS[:]
    OBJECT_TAGS.append("ROT-DEFI")

    # Particles
    section = "particles"
    for pid, name in cardini.items(section):
        if pid[:3] == "pid":
            tag, id = pid.split(".")
            mass = cardini.getfloat(section, "mass." + id)
            # comment = cardini.get(section, "comment." + id) #  TODO not used ?
            pdg = cardini.get(section, "pdg." + id)
            Particle.add(int(id), name, mass, pdg)
    Particle.makeLists()

    # Read default materials and create fake MATERIAL card's
    section = "materials"
    i = 1
    while True:
        n = "mat.%d" % (i)
        try:
            name = cardini.get(section, n)
        except Exception:
            break

        desc = cardini.get(section, "desc.%d" % (i))
        Amass = cardini.getfloat(section, "Amass.%d" % (i))
        Z = cardini.getfloat(section, "Z.%d" % (i))
        rho = cardini.getfloat(section, "rho.%d" % (i))
        mat = Card("MATERIAL", [name, Z, Amass, rho, i], desc)
        mat["@n"] = i
        _defaultMaterials.append(mat)
        _defaultMatDict[name] = mat
        i += 1

    # Read special ICRU materials
    i = -1
    while True:
        n = "mat.%d" % (i)
        try:
            name = cardini.get(section, n)
        except Exception:
            break

        desc = cardini.get(section, "desc.%d" % (i))
        Amass = cardini.getfloat(section, "Amass.%d" % (i))
        Z = cardini.getfloat(section, "Z.%d" % (i))
        rho = cardini.getfloat(section, "rho.%d" % (i))
        mat = Card("MATERIAL", [name, Z, Amass, rho], desc)
        mat["@n"] = i
        _icruMaterials.append(mat)
        _icruMatDict[name] = mat
        i -= 1

    # Low neutrons energy groups
    section = "n-groups"
    # Read number of groups
    try:
        groups = cardini.get(section, "groups")
        NGROUPS = map(int, groups.split())
    except Exception:
        say("ERROR! No neutron energy groups defined")

    pat = re.compile(r"^(\S*) *(.*)$")
    for g in NGROUPS:
        groupsList = []
        groupsListS = []
        for i in range(1, g + 2):
            n = "ene.%d.%d" % (g, i)
            try:
                energy = cardini.get(section, n)
            except Exception:
                break
            m = pat.match(energy)
            groupsList.append(float(m.group(1)))
            groupsListS.append(m.group(2))
        _neutronGroups[g] = groupsList
        _neutronGroupsS[g] = groupsListS

    # Low neutrons energy groups
    for g in NGROUPS:
        section = "low-neut"
        i = 1
        materials = []
        while True:
            n = "elem.%d.%d" % (g, i)
            try:
                elem = cardini.get(section, n)
            except Exception:
                break

            mat = LowNeutMaterial()
            mat.elem = elem
            mat.desc = cardini.get(section, "mat.%d.%d" % (g, i))
            mat.temp = cardini.get(section, "temp.%d.%d" % (g, i))
            mat.db = cardini.get(section, "db.%d.%d" % (g, i))
            mat.name = cardini.get(section, "name.%d.%d" % (g, i))
            ids = cardini.get(section, "ids.%d.%d" % (g, i)).split()
            mat.id1 = int(ids[0])
            mat.id2 = int(ids[1])
            mat.id3 = int(ids[2])
            mat.g = cardini.get(section, "g.%d.%d" % (g, i))
            materials.append(mat)
            i += 1
        _lowMaterials[g] = materials

    # Read user routines
    section = "usermvax"
    for routine, desc in cardini.items(section):
        _usermvax[routine] = desc

    del cardini



if __first:
    __first = False
    init()

if __name__ == "__main__":
    inp = Input()
    inp.verbose = True
    inp.read(sys.argv[1])
    inp.convert2Names()
    inp.regionProperties()
    # say(inp.materialList())
    if len(sys.argv) >= 3:
        # f = open(sys.argv[3],"w")
        # inp.writeGeometry(f, FORMAT_FREE, FORMAT_FREE)
        # f.close()
        inp.write(sys.argv[2])




          

      

      

    

  

    
      
          
            
  Source code for pymchelper.flair.common.bmath

# $Id: bmath.py 3739 2016-03-22 08:14:24Z bnv $
#
# Copyright and User License
# ~~~~~~~~~~~~~~~~~~~~~~~~~~
# Copyright Vasilis.Vlachoudis@cern.ch for the
# European Organization for Nuclear Research (CERN)
#
# All rights not expressly granted under this license are reserved.
#
# Installation, use, reproduction, display of the
# software ("flair"), in source and binary forms, are
# permitted free of charge on a non-exclusive basis for
# internal scientific, non-commercial and non-weapon-related
# use by non-profit organizations only.
#
# For commercial use of the software, please contact the main
# author Vasilis.Vlachoudis@cern.ch for further information.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following
# conditions are met:
#
# 1. Redistributions of source code must retain the above copyright
#    notice, this list of conditions and the following disclaimer.
# 2. Redistributions in binary form must reproduce the above copyright
#    notice, this list of conditions and the following disclaimer in the
#    documentation and/or other materials provided with the
#    distribution.
#
# DISCLAIMER
# ~~~~~~~~~~
# THIS SOFTWARE IS PROVIDED BY THE AUTHOR "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT
# NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY, OF
# SATISFACTORY QUALITY, AND FITNESS FOR A PARTICULAR PURPOSE
# OR USE ARE DISCLAIMED. THE COPYRIGHT HOLDERS AND THE
# AUTHORS MAKE NO REPRESENTATION THAT THE SOFTWARE AND
# MODIFICATIONS THEREOF, WILL NOT INFRINGE ANY PATENT,
# COPYRIGHT, TRADE SECRET OR OTHER PROPRIETARY RIGHT.
#
# LIMITATION OF LIABILITY
# ~~~~~~~~~~~~~~~~~~~~~~~
# THE COPYRIGHT HOLDERS AND THE AUTHORS SHALL HAVE NO
# LIABILITY FOR DIRECT, INDIRECT, SPECIAL, INCIDENTAL,
# CONSEQUENTIAL, EXEMPLARY, OR PUNITIVE DAMAGES OF ANY
# CHARACTER INCLUDING, WITHOUT LIMITATION, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES, LOSS OF USE, DATA OR PROFITS,
# OR BUSINESS INTERRUPTION, HOWEVER CAUSED AND ON ANY THEORY
# OF CONTRACT, WARRANTY, TORT (INCLUDING NEGLIGENCE), PRODUCT
# LIABILITY OR OTHERWISE, ARISING IN ANY WAY OUT OF THE USE OF
# THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH

# Author:	Vasilis.Vlachoudis@cern.ch
# Date:	15-May-2004
from __future__ import generators

import math
import random

import pymchelper.flair.common.rexx as rexx

__author__ = "Vasilis Vlachoudis"
__email__ = "Vasilis.Vlachoudis@cern.ch"

# Accuracy for comparison operators
_accuracy = 1E-15

# Formating
_format = "%12g"


# -------------------------------------------------------------------------------
[docs]def Cmp0(x):
    return abs(x) < _accuracy



# -------------------------------------------------------------------------------
# range of floating point numbers
# -------------------------------------------------------------------------------
[docs]def frange(start, stop, step):
    """range(start,stop,step) for floating point numbers"""
    x = start
    if step < 0.0:
        while x > stop:
            yield x
            x += step
    else:
        while x < stop:
            yield x
            x += step



# -------------------------------------------------------------------------------
# limit in number within a range
# -------------------------------------------------------------------------------
[docs]def limit(min_, num, max_):
    '''
    limit a number within a specific range
    :param min_:
    :param num:
    :param max_:
    :return:
    '''
    return max(min(num, max_), min_)



# -------------------------------------------------------------------------------
# dms - degrees from degrees, minutes, seconds
# -------------------------------------------------------------------------------
[docs]def dms(d, m, s):
    return d + m / 60.0 + s / 3600.0



# -------------------------------------------------------------------------------
# d2s - degrees to string
# D2S(angle[,"H"|"M"|"D"|"N"])
# -------------------------------------------------------------------------------
[docs]def d2s(ang, fmt=""):
    fmt.capitalize()
    if ang < 0.0:
        neg = "-"
        ang = -ang
    else:
        neg = ""

    ang = round(ang * 360000) / 100
    SS = "%05.2f" % (math.fmod(ang, 60))
    ang = int(ang / 60.0)
    MM = "%02d" % (ang % 60)
    HH = neg + str(ang / 60)

    if fmt == "H":
        return HH + "h" + MM + "m" + SS + "s"
    if fmt == "M":
        return HH + "h" + MM + "m"
    if fmt == "D":
        return HH + " " + MM + "'" + SS + '"'
    if fmt == "N":
        return HH + ":" + MM
    return HH + ":" + MM + ":" + SS



# -------------------------------------------------------------------------------
# Format a number to fit in the minimum space
# -------------------------------------------------------------------------------
[docs]def format_number(number, length=10, useExp=False, useD=False):
    """
    Format a number to fit in the minimum space given by length
    """

    _MAXLEN = 22

    # Convert number to string
    # XXX str cuts at 12 digits, repr shows everything but
    # numbers like e.g 9.2 will be converted to 9.1999999999999
    # What should I do
    # Fields also in the CardWidget are converted with str and
    # are cut at 12 digits!!!!
    if isinstance(number, float) or isinstance(number, int):
        number = repr(number).upper()
    else:
        number = str(number).strip().upper()
        if not rexx.datatype(number, "N"):
            return number

    if useD:
        number = number.replace("E", "D")
        expE = "D"
    else:
        number = number.replace("D", "E")
        expE = "E"

    if len(number) < length:
        hasExp = (number.find(expE) >= 0)
        if useExp:
            if hasExp:
                return number
        elif number.find(".") >= 0 or hasExp:
            return number

    if number == "0":
        if useExp:
            return "0.%s0" % (expE)
        else:
            return "0.0"

    if length < 5 or length > _MAXLEN:
        raise Exception("Format invalid length")

    # Dissect the number. It is in the normal Rexx format.
    try:
        (mantissa, exponent) = number.split(expE)
        if exponent == '':
            exponent = 0
        else:
            exponent = int(exponent)
    except Exception:
        mantissa = number
        exponent = 0

    if mantissa[0] == '-':
        sgn = True
        mantissa = mantissa[1:]
    elif mantissa[0] == '+':
        sgn = False
        mantissa = mantissa[1:]
    else:
        sgn = False

    try:
        (befo, afte) = mantissa.split(".")
    except Exception:
        befo = mantissa
        afte = ""

    # Count from the left for the decimal point.
    point = len(befo)

    # Make this a number without a point.
    integer = befo + afte

    # Remove leading zeros
    for p in range(len(integer)):
        if integer[p] != '0':
            if p > 0:
                integer = integer[p:]
                point -= p
            break
    else:
        if useExp:
            return "0.%s0" % (expE)
        else:
            return "0.0"

    # ... and trailing
    for p in range(len(integer) - 1, 0, -1):
        if integer[p] != '0':
            integer = integer[0:p + 1]
            break

    exponent += point

    # Cannot handle more than _MAXLEN digits
    lint = len(integer)
    if lint > _MAXLEN:
        r = integer[_MAXLEN]
        integer = integer[0:_MAXLEN]
        if r >= '5':
            integer = str(int(integer) + 1)
            if len(integer) > lint:
                exponent += 1
                if len(integer) > _MAXLEN:
                    integer = integer[0:_MAXLEN]

    # Now the number is described by:
    #   sgn 0.integer "E" exponent

    # Make space for sign
    if sgn:
        length -= 1

    while True:
        # Minimum length representation of a number
        # Length = Length of integer
        #       + 1 for Dot if needed (no exponent)
        #       + (2-4) for exponent
        #  exponent can be in the following forms
        #       nothing if dot can placed inside integer
        #       E# 2
        #       E## 3
        #       E-# 3
        #       E-## 4
        #   integer is given as  0.integer
        # say("\ninteger=",integer,len(integer),length)
        # say("exponent=",exponent)
        lint = len(integer)
        if useExp:
            mNum = "%s%s%d" % (rexx.insert(".", integer, 1), expE, exponent - 1)
        elif exponent == -2:
            mNum = ".00%s" % (integer)
        elif exponent == -1:
            mNum = ".0%s" % (integer)
        elif exponent == 0:
            mNum = ".%s" % (integer)
        elif exponent == 1:
            mNum = rexx.insert(".", integer, 1)
        elif exponent == length:
            mNum = "%s%s" % (integer, "0" * (length - lint))
        elif exponent > 1 and exponent <= lint:
            mNum = rexx.insert(".", integer, exponent)
        elif exponent > 1 and exponent <= lint + 2:
            if exponent > lint:
                mNum = "%s%s." % (integer, "0" * (exponent - lint))
            else:
                mNum = "%s." % (integer.ljust(exponent))
        elif exponent > lint and exponent + 1 < length:
            mNum = "%s%s." % (integer, "0" * (exponent - lint))
        else:
            mNum = "%s%s%d" % (rexx.insert(".", integer, 1), expE, exponent - 1)

        diff = len(mNum) - length
        if diff <= 0:
            break
        elif diff <= 2:
            r = integer[-1]
            integer = integer[0:-1]
        else:
            r = integer[-diff]
            integer = integer[0:-diff]

        if r >= '5':
            lint = len(integer)
            if lint == 0:
                integer = 0
            integer = str(int(integer) + 1)
            if len(integer) > lint:
                exponent += 1

        # Remove trailing zeros
        for p in range(len(integer) - 1, -1, -1):
            if integer[p] != '0':
                integer = integer[0:p + 1]
                break
        else:
            if useExp:
                return "0.%s0" % (expE)
            else:
                return "0.0"

    if sgn:
        mNum = "-%s" % (mNum)
    return mNum



# ==============================================================================
# Dangerous dictionary that unknown keys return a user default value
# Use it with care
# ==============================================================================
[docs]class DefaultDict(dict):
    def __init__(self, default=None):
        self._default = default

    # ----------------------------------------------------------------------
    def __getitem__(self, key):
        return self.get(key, self._default)



# ==============================================================================
# Unknown keys will return 0.0
# ==============================================================================
[docs]class ZeroDict(DefaultDict):
    def __init__(self):
        DefaultDict.__init__(self, 0.0)



# ==============================================================================
# Unknown keys will return 0.0
# ==============================================================================
[docs]class ZeroIntDict(DefaultDict):
    def __init__(self):
        DefaultDict.__init__(self, 0)



# ===============================================================================
# Vector class
# Inherits from List
# ===============================================================================
[docs]class Vector(list):
    """Vector class"""

    # ----------------------------------------------------------------------
    def __init__(self, x=3, *args):
        """Create a new vector,
        Vector(size), Vector(list), Vector(x,y,z,...)"""

        if isinstance(x, int) and not args:
            for i in range(x):
                self.append(0.0)
        elif isinstance(x, list) or isinstance(x, tuple):
            for i in x:
                self.append(float(i))
        else:
            self.append(float(x))
            for i in args:
                self.append(float(i))

    # ----------------------------------------------------------------------
[docs]    def set(self, x, y, z=None):
        """Set vector"""
        self[0] = x
        self[1] = y
        if z:
            self[2] = z


    # ----------------------------------------------------------------------
    def __repr__(self):
        return "[%s]" % (", ".join([(_format % (x)).strip() for x in self]))

    # ----------------------------------------------------------------------
[docs]    def eq(self, v, acc=_accuracy):
        """Test for equality with vector v within accuracy"""
        if len(self) != len(v):
            return False
        s2 = 0.0
        for i in range(len(self)):
            s2 += (self[i] - v[i])**2
        return s2 <= acc**2


    def __eq__(self, v):
        return self.eq(v)

    # ----------------------------------------------------------------------
    def __neg__(self):
        """Negate vector"""
        new = Vector(len(self))
        for i in range(len(self)):
            new[i] = -self[i]
        return new

    # ----------------------------------------------------------------------
    def __add__(self, v):
        """Add 2 vectors"""
        size = min(len(self), len(v))
        new = Vector(size)
        for i in range(size):
            new[i] = self[i] + v[i]
        return new

    # ----------------------------------------------------------------------
    def __iadd__(self, v):
        """Add vector v to self"""
        for i in range(min(len(self), len(v))):
            self[i] += v[i]
        return self

    # ----------------------------------------------------------------------
    def __sub__(self, v):
        """Subtract 2 vectors"""
        size = min(len(self), len(v))
        new = Vector(size)
        for i in range(size):
            new[i] = self[i] - v[i]
        return new

    # ----------------------------------------------------------------------
    def __isub__(self, v):
        """Subtract vector v from self"""
        for i in range(min(len(self), len(v))):
            self[i] -= v[i]
        return self

    # ----------------------------------------------------------------------
    # Scale or Dot product
    # ----------------------------------------------------------------------
    def __mul__(self, v):
        """scale*Vector() or Vector()*Vector() - Scale vector or dot product"""
        if isinstance(v, list):
            return self.dot(v)
        else:
            return Vector([x * v for x in self])

    # ----------------------------------------------------------------------
    # Scale or Dot product
    # ----------------------------------------------------------------------
    def __rmul__(self, v):
        """scale*Vector() or Vector()*Vector() - Scale vector or dot product"""
        if isinstance(v, Vector):
            return self.dot(v)
        else:
            return Vector([x * v for x in self])

    # ----------------------------------------------------------------------
    # Divide by floating point
    # ----------------------------------------------------------------------
    def __div__(self, b):
        return Vector([x / b for x in self])

    # ----------------------------------------------------------------------
    def __xor__(self, v):
        """Cross product"""
        return self.cross(v)

    # ----------------------------------------------------------------------
[docs]    def dot(self, v):
        """Dot product of 2 vectors"""
        size = min(len(self), len(v))
        s = 0.0
        for i in range(size):
            s += self[i] * v[i]
        return s


    # ----------------------------------------------------------------------
[docs]    def cross(self, v):
        """Cross product of 2 vectors"""
        if len(self) == 3:
            return Vector(self[1] * v[2] - self[2] * v[1], self[2] * v[0] - self[0] * v[2],
                          self[0] * v[1] - self[1] * v[0])
        elif len(self) == 2:
            return self[0] * v[1] - self[1] * v[0]
        else:
            raise Exception("Cross product needs 2d or 3d vectors")


    # ----------------------------------------------------------------------
[docs]    def length2(self):
        """Return length squared of vector"""
        s = 0.0
        for i in range(len(self)):
            s += self[i]**2
        return s


    # ----------------------------------------------------------------------
[docs]    def length(self):
        """Return length of vector"""
        s = 0.0
        for i in range(len(self)):
            s += self[i]**2
        return math.sqrt(s)


    __abs__ = length

    # ----------------------------------------------------------------------
[docs]    def arg(self):
        """return vector angle"""
        return math.atan2(self[1], self[0])


    # ----------------------------------------------------------------------
[docs]    def norm(self):
        """Normalize vector and return length"""
        s_length = self.length()
        if s_length > 0.0:
            invlen = 1.0 / s_length
            for i in range(len(self)):
                self[i] *= invlen
        return s_length


    normalize = norm

    # ----------------------------------------------------------------------
[docs]    def unit(self):
        """return a unit vector"""
        v = self.clone()
        v.norm()
        return v


    # ----------------------------------------------------------------------
[docs]    def clone(self):
        """Clone vector"""
        return Vector(self)


    # ----------------------------------------------------------------------
[docs]    def x(self):
        return self[0]


[docs]    def y(self):
        return self[1]


[docs]    def z(self):
        return self[2]


    # ----------------------------------------------------------------------
[docs]    def orthogonal(self):
        """return a vector orthogonal to self"""
        xx = abs(self.x())
        yy = abs(self.y())

        if len(self) >= 3:
            zz = abs(self.z())
            if xx < yy:
                if xx < zz:
                    return Vector(0.0, self.z(), -self.y())
                else:
                    return Vector(self.y(), -self.x(), 0.0)
            else:
                if yy < zz:
                    return Vector(-self.z(), 0.0, self.x())
                else:
                    return Vector(self.y(), -self.x(), 0.0)
        else:
            return Vector(-self.y(), self.x())


    # ----------------------------------------------------------------------
[docs]    def direction(self, zero=_accuracy):
        """return containing the direction
        if normalized with any of the axis"""

        v = self.clone()
        length = v.norm()
        if abs(length) <= zero:
            return "O"
        if abs(v[0] - 1.0) < zero:
            return "X"
        elif abs(v[0] + 1.0) < zero:
            return "-X"
        elif abs(v[1] - 1.0) < zero:
            return "Y"
        elif abs(v[1] + 1.0) < zero:
            return "-Y"
        elif abs(v[2] - 1.0) < zero:
            return "Z"
        elif abs(v[2] + 1.0) < zero:
            return "-Z"
        else:
            # nothing special about the direction, return N
            return "N"


    # ----------------------------------------------------------------------
    # Set the vector directly in polar coordinates
    # @param ma magnitude of vector
    # @param ph azimuthal angle in radians
    # @param th polar angle in radians
    # ----------------------------------------------------------------------
[docs]    def setPolar(self, ma, ph, th):
        sf = math.sin(ph)
        cf = math.cos(ph)
        st = math.sin(th)
        ct = math.cos(th)
        self[0] = ma * st * cf
        self[1] = ma * st * sf
        self[2] = ma * ct


    # ----------------------------------------------------------------------
    # @return the azimuth angle.
    # ----------------------------------------------------------------------
[docs]    def phi(self):
        if Cmp0(self.x()) and Cmp0(self.y()):
            return 0.0
        return math.atan2(self.y(), self.x())


    # ----------------------------------------------------------------------
    # @return the polar angle.
    # ----------------------------------------------------------------------
[docs]    def theta(self):
        if Cmp0(self.x()) and Cmp0(self.y()) and Cmp0(self.z()):
            return 0.0
        return math.atan2(self.perp(), self.z())


    # ----------------------------------------------------------------------
    # @return cosine of the polar angle.
    # ----------------------------------------------------------------------
[docs]    def cosTheta(self):
        ptot = self.length()
        if Cmp0(ptot):
            return 1.0
        else:
            return self.z() / ptot


    # ----------------------------------------------------------------------
    # @return the transverse component squared
    #   (R^2 in cylindrical coordinate system).
    # ----------------------------------------------------------------------
[docs]    def perp2(self):
        return self.x() * self.x() + self.y() * self.y()


    # ----------------------------------------------------------------------
    # @return the transverse component
    # (R in cylindrical coordinate system).
    # ----------------------------------------------------------------------
[docs]    def perp(self):
        return math.sqrt(self.perp2())




# -------------------------------------------------------------------------------
# Basic 3D Vectors
# -------------------------------------------------------------------------------
Vector.O = Vector(0.0, 0.0, 0.0)  # noqa: E741
Vector.X = Vector(1.0, 0.0, 0.0)
Vector.Y = Vector(0.0, 1.0, 0.0)
Vector.Z = Vector(0.0, 0.0, 1.0)


# -------------------------------------------------------------------------------
# Return a random 3D vector
# -------------------------------------------------------------------------------
[docs]def random3D():
    cosTheta = 2.0 * random.random() - 1.0
    sinTheta = math.sqrt(1.0 - cosTheta**2)
    phi = 2.0 * math.pi * random.random()
    return Vector(math.cos(phi) * sinTheta, math.sin(phi) * sinTheta, cosTheta)



# ------------------------------------------------------------------------------
# Return a random nolor
# ------------------------------------------------------------------------------
[docs]def rndColor(x):
    def rnd(zw):
        w = zw & 0xffff
        z = (zw >> 16) & 0xffff
        z = 36969 * (z & 0xffff) + (z >> 16)
        w = 18000 * (w & 0xffff) + (w >> 16)
        return (z << 16) + (w & 0xffff)

    x = rnd(x)
    R = (x % 224) + 16
    x = rnd(x)
    G = (x % 224) + 16
    x = rnd(x)
    B = (x % 224) + 16
    return R << 16 | G << 8 | B



# ===============================================================================
# Matrix class
# Use 4x4 matrix for vector transformations
# ===============================================================================
[docs]class Matrix(list):
    """Matrix 4x4 used for vector transformations"""

    # ----------------------------------------------------------------------
    def __init__(self, rows=4, cols=-1, type=0):
        """
        Matrix(rows=4, cols=-1, type=0|1)
        if rows is integer then
            Create a matrix rows x cols either
            zero(type=0) or unary(type=1)
        elif rows is a list of lists
            create a matrix from a double-list
        """
        if isinstance(rows, list):
            lst = rows
            self.rows = len(lst)
            self.extend([[]] * self.rows)
            if isinstance(lst[0], list):
                self.cols = len(lst[0])
                for i in range(self.rows):
                    self[i] = lst[i][:]
                    if len(self[i]) != self.cols:
                        raise Exception("Not a valid double-list for a matrix")
            else:
                self.cols = 1
                for i in range(self.rows):
                    self[i] = [lst[i]]
        else:
            if rows < 2:
                raise Exception("Array size too small")
            if cols < 0:
                cols = rows
            self.rows = rows
            self.cols = cols
            self += [[]] * rows
            if type == 1:
                self.unary()
            else:
                self.zero()

    # ----------------------------------------------------------------------
    # Create a diagonal square matrix from a list
    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def diagonal(lst):
        m = Matrix(len(lst), type=0)
        i = 0
        for item in lst:
            m[i][i] = item
            i += 1
        return m


    # ----------------------------------------------------------------------
    # append row
    # ----------------------------------------------------------------------
[docs]    def append(self, col):
        list.append(self, col)
        self.rows += 1


    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def translate(x, y=0.0, z=0.0):
        """m = Matrix.translate(x,y,z|vector)
        @return a translation matrix"""
        m = Matrix(4, type=1)
        if isinstance(x, list) or isinstance(x, tuple):
            m[0][3] = x[0]
            m[1][3] = x[1]
            m[2][3] = x[2]
        else:
            m[0][3] = x
            m[1][3] = y
            m[2][3] = z
        return m


    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def scale(sx, sy=None, sz=None):
        """m = Matrix.scale(scale|vector)
           @return a scaling matrix"""
        m = Matrix(4, type=1)
        if sy is None:
            sy = sx
        if sz is None:
            sz = sx
        if isinstance(sx, list) or isinstance(sx, tuple):
            m[0][0] = sx[0]
            m[1][1] = sx[1]
            m[2][2] = sx[2]
        else:
            m[0][0] = sx
            m[1][1] = sy
            m[2][2] = sz
        return m


    # ----------------------------------------------------------------------
[docs]    def zero(self):
        """Zero matrix"""
        for i in range(self.rows):
            self[i] = [0.0] * self.cols


    # ----------------------------------------------------------------------
[docs]    def unary(self):
        """Unary matrix"""
        self.zero()
        for i in range(min(self.rows, self.cols)):
            self[i][i] = 1.0


    # ----------------------------------------------------------------------
    # Create a transformation matrix from 3 normalized vectors
    # and optionally a translation
    # ----------------------------------------------------------------------
[docs]    def make(self, X, Y, Z=None, T=None):
        """Create a transformation matrix from 3 normalized vectors"""
        self.unary()
        if self.rows in (3, 4) and self.cols == self.rows:
            if Z is None:
                Z = X ^ Y
                Z.normalize()
            for i in range(3):
                self[0][i] = X[i]
                self[1][i] = Y[i]
                self[2][i] = Z[i]
                if T is not None and self.rows == 4:
                    self[i][3] = T[i]
        else:
            raise Exception("Matrix.make() works only " "on Matrix(3x3) or Matrix(4x4)")


    # ----------------------------------------------------------------------
    def __str__(self):
        """Multiline string representation of matrix"""
        s = ""
        for i in range(self.rows):
            if i == 0:
                first = "/"
                last = "\\"
            elif i == self.rows - 1:
                first = "\\"
                last = "/"
            else:
                first = last = "|"
            s += first
            for j in range(self.cols):
                s += " " + _format % self[i][j]
            s += " " + last + "\n"
        return s

    # ----------------------------------------------------------------------
[docs]    def writeOctave(self, filename, name):
        """Write an octave matrix file"""
        f = open(filename, "w")
        f.write("# bmath.Matrix\n")
        f.write("# name: %s\n" % (name))
        f.write("# type: matrix\n")
        f.write("# rows: %d\n" % (self.rows))
        f.write("# columns: %d\n" % (self.cols))
        for i in range(self.rows):
            for j in range(self.cols):
                f.write("%s " % (str(self[i][j])))
            f.write("\n")
        f.close()


    # ----------------------------------------------------------------------
[docs]    def T(self):
        """@return transpose matrix"""
        m = Matrix(self.cols, self.rows)
        for i in range(self.rows):
            for j in range(self.cols):
                m[j][i] = self[i][j]
        return m


    transpose = T

    # ----------------------------------------------------------------------
[docs]    def trace(self):
        """Return trace of matrix (sum of diagonal elements)"""
        t = 0.0
        for i in range(min(self.rows, self.cols)):
            t += self[i][i]
        return t


    # ----------------------------------------------------------------------
    def __eq__(self, m):
        """Test for equality of 2 matrices"""
        if self.rows != m.rows or self.cols != m.cols:
            return False
        for i in range(self.rows):
            for j in range(self.cols):
                if abs(self[i][j] - m[i][j]):
                    return False
        return True

    # ----------------------------------------------------------------------
    # Create a rotation matrix around one axis
    #   X = 0
    #   Y = 1
    #   Z = 2
    # or an arbitrary vector
    # ----------------------------------------------------------------------
[docs]    def rotate(self, angle, axis):
        """Add rotation elements to the matrix around one axis
        Axis X=0, Y=1, Z=2, or an arbitrary one given by vector axis"""
        self.unary()

        c = math.cos(angle)
        s = math.sin(angle)

        if isinstance(axis, int):
            m1 = ((axis + 1) % 3) + 1
            m2 = m1 % 3
            m1 -= 1

            self[m1][m1] = c
            self[m2][m2] = c
            self[m1][m2] = -s
            self[m2][m1] = s

        elif isinstance(axis, Vector):
            length = axis.length()
            x = axis[0] / length
            y = axis[1] / length
            z = axis[2] / length

            c1 = 1 - c
            self[0][0] = x * x + (1 - x * x) * c
            self[0][1] = x * y * c1 - z * s
            self[0][2] = x * z * c1 + y * s

            self[1][0] = x * y * c1 + z * s
            self[1][1] = y * y + (1 - y * y) * c
            self[1][2] = y * z * c1 - x * s

            self[2][0] = x * z * c1 - y * s
            self[2][1] = y * z * c1 + x * s
            self[2][2] = z * z + (1 - z * z) * c


    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def rotX(angle):
        """m = Matrix.rotX(angle) - Return a rotation matrix around X"""
        m = Matrix(4, type=1)
        m.rotate(angle, 0)
        return m


    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def rotY(angle):
        """m = Matrix.rotY(angle) - Return a rotation matrix arround Y"""
        m = Matrix(4, type=1)
        m.rotate(angle, 1)
        return m


    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def rotZ(angle):
        """m = Matrix.rotZ(angle) - Return a rotation matrix arround Z"""
        m = Matrix(4, type=1)
        m.rotate(angle, 2)
        return m


    # ----------------------------------------------------------------------
[docs]    def getEulerRotation(self):
        # ROTX(x) * ROTY(y) * ROTZ(z)
        #  cos(z)*cos(y)
        #  sin(z)*cos(y)
        #        -sin(y)
        # -sin(z)*cos(x)+cos(z)*sin(y)*sin(x)
        #  cos(z)*cos(x)+sin(z)*sin(y)*sin(x)
        #                       cos(y)*sin(x)
        #  sin(z)*sin(x)+cos(z)*sin(y)*cos(x)
        # -cos(z)*sin(x)+sin(z)*sin(y)*cos(x)
        #                       cos(y)*cos(x)
        rx = math.atan2(self[1][2], self[2][2])
        ry = -math.asin(self[0][2])
        rz = math.atan2(self[0][1], self[0][0])
        return rx, ry, rz


    # ----------------------------------------------------------------------
[docs]    @staticmethod
    def eulerRotation(rx, ry, rz):
        # ROTX(x) * ROTY(y) * ROTZ(z)
        m = Matrix(4, type=1)
        cx = math.cos(rx)
        cy = math.cos(ry)
        cz = math.cos(rz)
        sx = math.sin(rx)
        sy = math.sin(ry)
        sz = math.sin(rz)

        row = m[0]
        row[0] = cz * cy
        row[1] = sz * cy
        row[2] = -sy

        row = m[1]
        row[0] = -sz * cx + cz * sy * sx
        row[1] = cz * cx + sz * sy * sx
        row[2] = cy * sx

        row = m[2]
        row[0] = sz * sx + cz * sy * cx
        row[1] = -cz * sx + sz * sy * cx
        row[2] = cy * cx

        return m


    # ----------------------------------------------------------------------
    def __add__(self, B):
        """Add 2 matrices"""
        if self.rows != B.rows or self.cols != B.cols:
            raise Exception("Matrix.add: matrices same size")
        m = Matrix(self.rows, self.cols)
        for i in range(self.rows):
            mrow = m[i]
            arow = self[i]
            brow = B[i]
            for j in range(self.cols):
                mrow[j] = arow[j] + brow[j]
        return m

    # ----------------------------------------------------------------------
    def __sub__(self, B):
        """Subtract 2 matrices"""
        if self.rows != B.rows or self.cols != B.cols:
            raise Exception("Matrix.add: matrices same size")
        m = Matrix(self.rows, self.cols)
        for i in range(self.rows):
            mrow = m[i]
            arow = self[i]
            brow = B[i]
            for j in range(self.cols):
                mrow[j] = arow[j] - brow[j]
        return m

    # ----------------------------------------------------------------------
    def __neg__(self):
        """Negate matrix"""
        m = Matrix(self.rows, self.cols)
        for i in range(self.rows):
            mrow = m[i]
            mold = self[i]
            for j in range(self.cols):
                mrow[j] = -mold[j]
        return m

    # ----------------------------------------------------------------------
    def __mul__(self, B):
        """Multiply two matrices or vector
           A.__mul__(B|vec) <==> A*B or A*vec"""
        if isinstance(B, Matrix):  # has to be a matrix of same cxN * Nxr
            if self.cols != B.rows:
                raise Exception("arrays don't have the correct dimensions")
            r = Matrix(self.rows, B.cols)
            for i in range(self.rows):
                for j in range(B.cols):
                    s = 0.0
                    for k in range(self.cols):
                        s += self[i][k] * B[k][j]
                    r[i][j] = s
            return r

        elif isinstance(B, list):  # Vector or list
            vecsize = len(B)
            v = Vector(vecsize)
            for i in range(vecsize):
                for j in range(min(self.cols, vecsize)):
                    v[i] += self[i][j] * B[j]
                for j in range(vecsize, self.cols):
                    v[i] += self[i][j]
            return v

        else:
            for row in self:
                for i in range(self.cols):
                    row[i] *= B
            return self

    # -----------------------------------------------------------------------
    # Special function to multiply a transformation matrix with a vector
    # ignoring the translation
    # -----------------------------------------------------------------------
[docs]    def multNoTranslation(self, B):
        """Multiply matrix with a vector ignoring the translation part"""
        if not isinstance(B, list):
            raise Exception("Invalid operation")
        vecsize = len(B)
        v = Vector(vecsize)
        for i in range(vecsize):
            for j in range(min(self.cols, vecsize)):
                v[i] += self[i][j] * B[j]
        return v


    # ----------------------------------------------------------------------
[docs]    def inv(self):
        """Inverse matrix in place"""

        if self.rows != self.cols:
            raise Exception("inverting a non square matrix")
        index = [0] * self.rows
        self.__ludcmp(index)
        y = Matrix(self.rows)
        for j in range(self.rows):
            col = [0.0] * self.rows
            col[j] = 1.0
            self.__lubksb(index, col)
            for i in range(self.rows):
                y[i][j] = col[i]
        for j in range(self.rows):
            self[j] = y[j]


    inverse = inv

    # ----------------------------------------------------------------------
[docs]    def clone(self):
        """Clone matrix"""
        m = Matrix(self.rows, self.cols)
        for i in range(self.rows):
            m[i] = self[i][:]
        return m


    # ----------------------------------------------------------------------
    # determinant with Gauss method
    # ----------------------------------------------------------------------
[docs]    def det(self, eps=_accuracy):
        """determinant of square matrix using Gauss method"""
        if self.rows == 2:
            return self[0][0] * self[1][1] - self[1][0] * self[0][1]
        elif self.rows == 3:
            return self[0][0] * (self[1][1] * self[2][2] - self[2][1] * self[1][2]) \
                - self[0][1] * (self[1][0] * self[2][2] - self[2][0] * self[1][2]) \
                + self[0][2] * (self[1][0] * self[2][1] - self[2][0] * self[1][1])

        M = self.clone()
        s = 1.0
        n = M.rows
        for i in range(n - 1):
            # find the absolute maximum value
            ma = abs(M[i][i])
            k = i
            for j in range(i + 1, n):
                if abs(M[j][i]) > ma:
                    ma = abs(M[j][i])
                    k = j
            if ma < eps:
                return 0.0

            # swap rows i,k
            if i != k:
                s = -s  # Change sign of determinate
                for j in range(n):
                    d = M[i][j]
                    M[i][j] = M[k][j]
                    M[k][j] = d

            # make all the following rows with zero at the i column
            for j in range(i + 1, n):
                if abs(M[j][i]) < _accuracy:
                    continue
                d = -M[i][i] / M[j][i]
                s *= d
                for k in range(i, n):
                    M[j][k] = M[i][k] + d * M[j][k]

        d = M[0][0] / s
        for i in range(1, n):
            d *= M[i][i]
        return d


    determinant = det

    # ----------------------------------------------------------------------
    # LU decomposition.
    # Parameters
    #      index[0:size]	row permutation record
    # ----------------------------------------------------------------------
    def __ludcmp(self, index):  # procedure expose indx.
        size = self.rows
        vv = [0.0] * size
        for i in range(size):
            big = 0.0
            for j in range(size):
                big = max(abs(self[i][j]), big)
            if big == 0:
                raise Exception("Singular matrix found")
            vv[i] = 1.0 / big

        for j in range(size):
            for i in range(j):
                s = self[i][j]
                for k in range(i):
                    s -= self[i][k] * self[k][j]
                self[i][j] = s

            big = 0.0
            for i in range(j, size):
                s = self[i][j]
                for k in range(j):
                    s -= self[i][k] * self[k][j]

                self[i][j] = s
                dum = vv[i] * abs(s)
                if dum >= big:
                    big = dum
                    imax = i

            if j != imax:
                for k in range(size):
                    dum = self[imax][k]
                    self[imax][k] = self[j][k]
                    self[j][k] = dum
                vv[imax] = vv[j]

            index[j] = imax
            if self[j][j] == 0.0:
                self[j][j] = 1E-20

            if j != size - 1:
                dum = 1.0 / self[j][j]
                for i in range(j + 1, size):
                    self[i][j] *= dum

    # ----------------------------------------------------------------------
    # backward substitution
    #      index[0:size]	  row permutation record
    #      col[0:size]	  right hand vector (?)
    # ----------------------------------------------------------------------
    def __lubksb(self, index, col):
        ii = -1
        size = self.rows
        for i in range(size):
            ip = index[i]
            s = col[ip]
            col[ip] = col[i]
            if ii >= 0:
                for j in range(ii, i):
                    s -= self[i][j] * col[j]
            elif s != 0.0:
                ii = i
            col[i] = s

        for i in range(size - 1, -1, -1):
            s = col[i]
            for j in range(i + 1, size):
                s -= self[i][j] * col[j]
            col[i] = s / self[i][i]



# -------------------------------------------------------------------------------
# Basic Matrices
# -------------------------------------------------------------------------------
Matrix.O = Matrix(4, type=0)  # noqa: E741
Matrix.U = Matrix(4, type=1)


# -------------------------------------------------------------------------------
# Quaternion
#
# Note: See the following for more information on quaternions:
#
# - Shoemake, K., Animating rotation with quaternion curves, Computer
#   Graphics 19, No 3 (Proc. SIGGRAPH'85), 245-254, 1985.
# - Pletinckx, D., Quaternion calculus as a basic tool in computer
#   graphics, The Visual Computer 5, 2-13, 1989.
# -------------------------------------------------------------------------------
[docs]class Quaternion(list):
    def __init__(self, a, b=None, c=None, d=None):
        if isinstance(a, Quaternion):
            self.extend(a)

        elif isinstance(a, Matrix):
            tr = a[0][0] + a[1][1] + a[2][2] + 1.0  # trace of matrix
            if tr > 0:
                S = math.sqrt(tr) * 2.0  # S=4*qw
                qw = 0.25 * S
                qx = (a[2][1] - a[1][2]) / S
                qy = (a[0][2] - a[2][0]) / S
                qz = (a[1][0] - a[0][1]) / S
            elif a[0][0] > a[1][1] and a[0][0] > a[2][2]:
                # S=4*qx
                S = math.sqrt(1.0 + a[0][0] - a[1][1] - a[2][2]) * 2.0
                qx = 0.25 * S
                qy = (a[0][1] + a[1][0]) / S
                qz = (a[0][2] + a[2][0]) / S
                qw = (a[2][1] - a[1][2]) / S
            elif a[1][1] > a[2][2]:
                # S=4*qy
                S = math.sqrt(1.0 + a[1][1] - a[0][0] - a[2][2]) * 2.0
                qx = (a[0][1] + a[1][0]) / S
                qy = 0.25 * S
                qz = (a[1][2] + a[2][1]) / S
                qw = (a[0][2] - a[2][0]) / S
            else:
                # S=4*qz
                S = math.sqrt(1.0 + a[2][2] - a[0][0] - a[1][1]) * 2.0
                qx = (a[0][2] + a[2][0]) / S
                qy = (a[1][2] + a[2][1]) / S
                qz = 0.25 * S
                qw = (a[1][0] - a[0][1]) / S
            self.extend([qx, qy, qz, qw])

        elif isinstance(a, Vector) and isinstance(b, float):
            s = math.sin(b / 2.0) / a.length()
            self.append(a[0] * s)
            self.append(a[1] * s)
            self.append(a[2] * s)
            self.append(math.cos(b / 2.0))

        else:
            self.extend([a, b, c, d])

    # ----------------------------------------------------------------------
    # Quaternions always obey:  a^2 + b^2 + c^2 + d^2 = 1.0
    # If they don't add up to 1.0, dividing by their magnitued will
    # renormalize them.
    # ----------------------------------------------------------------------
[docs]    def norm(self):
        """normalize quaternion"""
        mag = math.sqrt(self[0]**2 + self[1]**2 + self[2]**2 + self[3]**2)
        self[0] /= mag
        self[1] /= mag
        self[2] /= mag
        self[3] /= mag
        return mag


    normalize = norm

    # ----------------------------------------------------------------------
[docs]    def vector(self):
        """return vector of quaternion"""
        return Vector(self[0], self[1], self[2])


    # ----------------------------------------------------------------------
    # return rotation matrix
    # ----------------------------------------------------------------------
[docs]    def matrix(self):
        """return rotation matrix"""
        m = Matrix(4, type=1)
        m[0][0] = 1.0 - 2.0 * (self[1] * self[1] + self[2] * self[2])
        m[0][1] = 2.0 * (self[0] * self[1] - self[2] * self[3])
        m[0][2] = 2.0 * (self[2] * self[0] + self[1] * self[3])

        m[1][0] = 2.0 * (self[0] * self[1] + self[2] * self[3])
        m[1][1] = 1.0 - 2.0 * (self[2] * self[2] + self[0] * self[0])
        m[1][2] = 2.0 * (self[1] * self[2] - self[0] * self[3])

        m[2][0] = 2.0 * (self[2] * self[0] - self[1] * self[3])
        m[2][1] = 2.0 * (self[1] * self[2] + self[0] * self[3])
        m[2][2] = 1.0 - 2.0 * (self[1] * self[1] + self[0] * self[0])
        return m


    # ----------------------------------------------------------------------
    # Given two rotations, e1 and e2, expressed as quaternion rotations,
    # figure out the equivalent single rotation and stuff it into dest.
    # This routine also normalizes the result every RENORMCOUNT times it is
    # called, to keep error from creeping in.
    # ----------------------------------------------------------------------
    def __add__(self, b):
        v1 = self.vector()
        v2 = b.vector()
        t1 = v1 * b[3]
        t2 = v2 * self[3]
        t3 = v2.cross(v1)
        tf = t1 + t2 + t3
        q = Quaternion(tf, self[3] * b[3] - v1.dot(v2))
        q.norm()
        return q

    # ----------------------------------------------------------------------
    def __iadd__(self, b):
        v1 = self.vector()
        v2 = b.vector()
        t1 = v1 * b[3]
        t2 = v2 * self[3]
        t3 = v2.cross(v1)

        tf = t1 + t2 + t3

        self[0] = tf[0]
        self[1] = tf[1]
        self[2] = tf[2]
        self[3] = self[3] * b[3] - v1.dot(v2)
        self.norm()
        return self



# -------------------------------------------------------------------------------
[docs]def gauss(A, B):
    """Solve A*X = B using the Gauss elimination method"""

    n = len(A)
    s = [0.0] * n
    X = [0.0] * n

    p = list(range(n))
    for i in range(n):
        s[i] = max([abs(x) for x in A[i]])

    for k in range(n - 1):
        # select j>=k so that
        # |A[p[j]][k]| / s[p[i]] >= |A[p[i]][k]| / s[p[i]] for i = k,k+1,...,n
        j = k
        ap = abs(A[p[j]][k]) / s[p[j]]
        for i in range(k + 1, n):
            api = abs(A[p[i]][k]) / s[p[i]]
            if api > ap:
                j = i
                ap = api

        if j != k:
            p[k], p[j] = p[j], p[k]  # Swap values

        for i in range(k + 1, n):
            z = A[p[i]][k] / A[p[k]][k]
            A[p[i]][k] = z
            for j in range(k + 1, n):
                A[p[i]][j] -= z * A[p[k]][j]

    for k in range(n - 1):
        for i in range(k + 1, n):
            B[p[i]] -= A[p[i]][k] * B[p[k]]

    for i in range(n - 1, -1, -1):
        X[i] = B[p[i]]
        for j in range(i + 1, n):
            X[i] -= A[p[i]][j] * X[j]
        X[i] /= A[p[i]][i]

    return X



# -------------------------------------------------------------------------------
[docs]def solveOverDetermined(A, B, W=None):
    """Solve the overdetermined linear system defined by the matrices A,B
        such as A*X = B
    Optionally a weight can be specified"""
    if A.rows < A.cols:
        raise Exception("solveOverDetermined: " "A matrix has more columns than rows")
    AT = A.transpose()
    if W:
        Wd = Matrix.diagonal(W)
        ATA = AT * Wd * A
        ATB = AT * Wd * B
    else:
        ATA = AT * A
        ATB = AT * B
    ATA.inv()
    RT = ATA * ATB
    return [RT[i][0] for i in range(len(RT))]



# -------------------------------------------------------------------------------
[docs]def linear(X, Y):
    """
    Solve linear regression y = ax + b
    @return a,b,r
    """
    Sx = Sy = Sx2 = Sy2 = Sxy = 0.0
    for x, y in zip(X, Y):
        Sx += x
        Sy += y
        Sx2 += x * x
        Sy2 += y * y
        Sxy += x * y

    n = float(len(X))
    try:
        b = (Sxy - Sx * Sy / n) / (Sx2 - Sx * Sx / n)
        a = Sy / n - b * Sx / n
        r = (Sxy - Sx * Sy / n) / math.sqrt(Sx2 - Sx * Sx / n) * \
            math.sqrt(Sy2 - Sy * Sy / n)
        return a, b, r

    except ZeroDivisionError:
        return None



# -------------------------------------------------------------------------------
#   Idiotimes pragmatikwv symmetrikwv pivakwv
#
#   O algori8mos poy xrnsimopoieitai stnv roytiva eivai gvwstos sav
#   proseggistikn me8odos Jacobi.
#   O algori8mos ekmetaleyetai tnv idiotnta poy exoyv oi diagwvioi
#   pivakes, dnladn pivakes me mndevika ola ta stoixeia ektos tns
#   kyrias diagwvioy, va exoyv sav idiotimes ta diagwvia stoixeia.
#   Me tov metasxnmatismo.
#         T                       T
#      A1 = R1 (f) A R1(f),    A2 = R2 (f) A1 R2(f)
#   metaballoyme syvexws tov pivaka A, mexris otoy to a8roisma olwv
#   twv mn diagwviwv stoixeiwv f8asei mia ka8orismevn timn tns eklogns
#   toy xrnstn n givei mndev
#   Ta bnmata tns diadikasias eivai:
#   1. Avazntnsn toy apolytws megistoy mn diagwvioy stoixeioy
#      Divei ta p kai q
#   2. Prosdiorismos tns gwvias peristrofns f. Divei ta sinf kai cosf
#   3. Metasxnmatismos Ai -> Ai+1
#   4. Elegxos av to a8roisma twv mn diagwviwv stoixeiwv exei f8asei tnv
#      epi8ymntn timn. Eav vai tote ta diagwvia stoixeia eivai oi
#      proseggiseis twv idiotimwv, eav oxi tote epistrefoyme sto 1.
#      px.     |  1 -2 -1 |
#          A = | -2  1 -1 |
#              | -1 -1 2.5|
#      apolyto megisto A(1,2) = -2
#      Ypologizoyme tnv gwvia f, co=cos(f), si=sin(f) kai kavoyme tov
#      metasxnmatismo
#          | co -si  0 |   |  1 -2 -1 |   |  co  si  0 |
#      A = | si  co  0 | x | -2  1 -1 | x | -si  co  0 |
#          |  0   0  1 |   | -1 -1 2.5|   |   0   0  1 |
#
#
#      Oi parametroi tns roytivas eivai oi e3ns:
#    A     - pivakas tetragwvikos
#    eps   - akribeia (a8roisma tetragwvwv)
#    check - av prepei va elejei tnv symmetria toy arxikoy pivaka
#        n oxi
# -------------------------------------------------------------------------------
[docs]def eigenvalues(M, eps=_accuracy, check=False):
    """Return eigen values and eigen vectors of a symmetric matrix"""
    n = M.rows

    # elegxos av eivai symmetrikos o pivakas
    if check:
        if n != M.cols:
            return None
        for i in range(n):
            for j in range(i, n):
                if M[i][j] != M[j][i]:
                    return None

    # Allocate arrays
    A = M.clone()
    R = Matrix(n, type=0)
    RT = Matrix(n, type=0)
    ZW = Matrix(n, type=0)
    V = None

    # kavovika 8a prepei meta apo merikes prospa8eies va tov aporiptei
    while True:
        # Bnma 1. Avazntnsn toy apolytws megistoy mn diagwvioy stoixeioy
        p = 0
        q = 1
        el = abs(A[p][q])
        for i in range(1, n):
            for j in range(i):
                if abs(A[i][j]) > el:
                    el = abs(A[i][j])
                    p = i
                    q = j
            if el == 0:
                break

        # Ftiaxvei ta R, RT
        for i in range(n):
            for j in range(n):
                R[i][j] = RT[i][j] = (i == j)

        # Bnma 2. Prosdiorizei tnv gwvia f, cosf kai sinf
        fi = (A[q][q] - A[p][p]) / (2.0 * A[p][q])
        t = 1.0 / (fi + math.sqrt(fi * fi + 1.0))
        if fi < 0:
            t = -t
        co = 1.0 / math.sqrt(1.0 + t * t)
        si = t / math.sqrt(1.0 + t * t)

        R[p][p] = R[q][q] = co
        RT[p][p] = RT[q][q] = co

        R[p][q] = si
        R[q][p] = -si
        RT[p][q] = -si
        RT[q][p] = si

        # Bnma 3. metasxnmatismos Ai+1 = Rt * Ai * R
        #  ka8os kai to ginomeno Rn*...*R2*R1 that
        #  gives us the eigenvectors
        if V is None:
            V = R.clone()
        else:
            V = V * R

        for i in range(n):
            for j in range(n):
                if j not in (p, q):
                    ZW[i][j] = A[i][j]
                else:
                    zw1 = 0
                    for k in range(n):
                        zw1 += A[i][k] * R[k][j]
                    ZW[i][j] = zw1

        for i in range(n):
            for j in range(n):
                if i not in (p, q):
                    A[i][j] = ZW[i][j]
                else:
                    zw1 = 0
                    for k in range(n):
                        zw1 += RT[i][k] * ZW[k][j]
                    A[i][j] = zw1

        # Bnma 4. Briskoymai to a8roisma kai elegxoyme av teleiwse
        zw1 = 0
        k = 0
        for i in range(1, n):
            for j in range(i):
                zw1 += A[i][j] * A[i][j]
            k += 1
        zw1 /= n

        # Exit condition
        if zw1 <= eps:
            break
    return ([A[i][i] for i in range(n)], V.T())



# -------------------------------------------------------------------------------
# Given a function, and given a bracketing triplet of abscissas ax,bx,cx (such
# that bx is between ax and cx, and f(bx) is less than both f(ax) and f(cx),
# this routing performs a golden section search for the minimum, isolating it
# to a fractional precision of about eps. The abscissa of the minimum is
# returned as xmin, and the minimum function value is returned as golden, the
# returned function value.
#
# @param func	function to be evaluated
# @param ax	triplet of abscissas ax,bx,cx
# @param bx	where func(x+bx*d) < min[ func(x+ax*d), func(x+cx*d) ]
# @param cx	...
# @param x	starting vector/value
# @param d	direction vector/value
# @param eps	accuracy of search
# -------------------------------------------------------------------------------
[docs]def goldenSectionSearch(func, ax, bx, cx, x, d=1, eps=_accuracy):
    R = 0.61803399  # The golden ratio
    C = (1.0 - R)
    x0 = ax  # At any given time we will keep track of four points
    x3 = cx  # x0, x1, x2, x3
    if abs(cx - bx) > abs(bx - ax):
        x1 = bx
        x2 = bx + C * (cx - bx)
    else:
        x2 = bx
        x1 = bx - C * (bx - ax)

    f1 = func(x + x1 * d)  # The initial function evaluation
    f2 = func(x + x2 * d)
    while abs(x3 - x0) > eps * (abs(x1) + abs(x2)):
        if f2 < f1:
            x0 = x1
            x1 = x2
            x2 = R * x1 + C * x3
            f1 = f2
            f2 = func(x + x2 * d)
        else:
            x3 = x2
            x2 = x1
            x1 = R * x2 + C * x0
            f2 = f1
            f1 = func(x + x1 * d)

    if f1 < f2:
        return x1
    else:
        return x2



# -------------------------------------------------------------------------------
# Generators for calculating a) the permutations of a sequence and
# b) the combinations and selections of a number of elements from a
# sequence. Uses Python 2.2 generators.
# Similar solutions found also in comp.lang.python
# Keywords: generator, combination, permutation, selection
#
# See also: http://aspn.activestate.com/ASPN/Cookbook/Python/Recipe/105962
# See also: http://aspn.activestate.com/ASPN/Cookbook/Python/Recipe/66463
# See also: http://aspn.activestate.com/ASPN/Cookbook/Python/Recipe/66465
# -------------------------------------------------------------------------------
[docs]def xcombinations(items, n):
    if n <= 0:
        yield []
    else:
        for i in range(len(items)):
            for cc in xcombinations(items[:i] + items[i + 1:], n - 1):
                yield [items[i]] + cc



[docs]def xuniqueCombinations(items, n):
    if n <= 0:
        yield []
    else:
        for i in range(len(items)):
            for cc in xuniqueCombinations(items[i + 1:], n - 1):
                yield [items[i]] + cc



[docs]def xselections(items, n):
    if n <= 0:
        yield []
    else:
        for i in range(len(items)):
            for ss in xselections(items, n - 1):
                yield [items[i]] + ss



[docs]def xpermutations(items):
    return xcombinations(items, len(items))



# -------------------------------------------------------------------------------
# Conversion between rectangular and polar coordinates
# Usage:
#  real, real = rect(real, real [, deg=False])
#  real, real = polar(real, real [, deg=False])
# Normally, rect() and polar() uses radian for angle; but,
# if deg=True specified, degree is used instead.
# -------------------------------------------------------------------------------
# radian if deg=False; degree if deg=True
[docs]def rect(r, w, deg=False):
    """
    Convert from polar (r,w) to rectangular (x,y)
        x = r cos(w)
        y = r sin(w)
    """
    if deg:
        w = math.radians(w)
    return r * math.cos(w), r * math.sin(w)



# -------------------------------------------------------------------------------
# radian if deg=False; degree if deg=True
# -------------------------------------------------------------------------------
[docs]def polar(x, y, deg=False):
    """
    Convert from rectangular (x,y) to polar (r,w)
        r = sqrt(x^2 + y^2)
        w = arctan(y/x) = [-pi,pi] = [-180,180]
    """
    if deg:
        return math.hypot(x, y), math.degrees(math.atan2(y, x))
    else:
        return math.hypot(x, y), math.atan2(y, x)



[docs]def quadratic(b, c, eps=_accuracy):
    D = b * b - 4.0 * c
    if D <= 0.0:
        x1 = -0.5 * b  # Always return this as a solution!!!
        if D >= -eps * (b * b + abs(c)):
            return x1, x1
        else:
            return None, None
    else:
        if b > 0.0:
            bD = -b - math.sqrt(D)
        else:
            bD = -b + math.sqrt(D)
        return 0.5 * bD, 2.0 * c / bD



# -------------------------------------------------------------------------------
# Cubic equation: y^3 + a*y^2 + b*y + c = 0 (or ax^3 + bx^2 + cx + d = 0)
#
# Normally, x^3 + ax^2 + bx + c = 0 is assumed with the 3 coefficients as
# arguments; but, if 4 arguments are present, then ax^3 + bx^2 + cx + d = 0 is
# assumed.
#
# Even though both quadratic() and cubic() functions take real arguments, they
# can be modified to accept any real or complex coefficients because the method
# of solution does not make any assumptions.
# -------------------------------------------------------------------------------
[docs]def cubic(a, b, c, d=None, eps=_accuracy):
    if d is not None:  # (ax^3 + bx^2 + cx + d = 0)
        a, b, c = b / float(a), c / float(a), d / float(a)

    Q = (a * a - 3.0 * b) / 9.0
    R = (2. * a**3 - 9. * a * b + 27. * c) / 54.

    R2 = R**2
    Q3 = Q**3
    if R2 < Q3:  # the cubic has 3 real solutions
        theta = math.acos(R / math.sqrt(Q3))
        sqrt_Q = math.sqrt(Q)
        x1 = -2. * sqrt_Q * math.cos(theta / 3.) - a / 3.
        x2 = -2. * sqrt_Q * math.cos((theta + 2. * math.pi) / 3.) - a / 3.
        x3 = -2. * sqrt_Q * math.cos((theta - 2. * math.pi) / 3.) - a / 3.
        return x1, x2, x3

    A = -math.copysign(1.0, R) * (abs(R) + math.sqrt(R2 - Q3))**(1. / 3.)
    if abs(A) > eps:
        B = Q / A
    else:
        B = 0.0

    return (A + B) - a / 3., None, None


# imaginary roots
# x2 = -(A+B)/2 - a/3 + i*sqrt(3)*(A-B)
# x3 = -(A+B)/2 - a/3 - i*sqrt(3)*(A-B)


# -------------------------------------------------------------------------------
# Fit a plane to a set of points using least square fitting
# -------------------------------------------------------------------------------
[docs]def fitPlane(xyz):
    # First do statistics with points
    Sx = Sy = Sz = 0.0
    Sx2 = Sy2 = Sz2 = 0.0
    Sxy = Syz = Sxz = 0.0
    for x, y, z in xyz:
        Sx += x
        Sy += y
        Sz += z

        Sx2 += x**2
        Sy2 += y**2
        Sz2 += z**2

        Sxy += x * y
        Syz += y * z
        Sxz += x * z

    n = float(len(xyz))
    Sx /= n
    Sy /= n
    Sz /= n
    Vx = Sx2 / n - Sx**2
    Vy = Sy2 / n - Sy**2
    Vz = Sz2 / n - Sz**2

    # Count zero variances
    nv = int(abs(Vx) <= _accuracy) + int(abs(Vy) <= _accuracy) + \
        int(abs(Vz) <= _accuracy)
    if nv > 1:
        return None
    elif nv == 1:
        # Planes parallel to axes
        # Try the solution of x=Xo or y=Yo or z=Zo
        if abs(Vx) <= _accuracy:
            return 1.0, 0.0, 0.0, -Sx
        elif abs(Vy) <= _accuracy:
            return 0.0, 1.0, 0.0, -Sy
        else:
            return 0.0, 0.0, 1.0, -Sz

    # Try a generic solution
    #  z = ax + by + d    <=>  ax + by -z + d = 0
    #  assuming c=-1
    #  it can only fail on ax + by + d = 0
    #
    #  / Sx2    Sxy    Sx \       / Sxz \
    #  | Sxy    Sy2    Sy | * X = | Syz |
    #  \ Sx     Sy     n  /       \ Sz  /
    A = Matrix([[Sx2, Sxy, Sx], [Sxy, Sy2, Sy], [Sx, Sy, n]])
    B = Matrix([[Sxz], [Syz], [Sz]])

    try:
        A.inverse()
        X = A * B
        return X[0][0], X[1][0], -1.0, X[2][0]
    except Exception:
        pass

    # Try a solution where c=0
    # y = ax + d  <=>   ax -y +d = 0
    # .
    #  / Sx2    Sx \       / Sxy \
    #  |           | * X = |     |
    #  \ Sx     n  /       \ Sy  /
    A = Matrix([[Sx2, Sx], [Sx, n]])
    B = Matrix([[Sxy], [Sy]])
    try:
        A.inverse()
        X = A * B
        return X[0][0], -1.0, 0.0, X[1][0]
    except Exception:
        return None



# -------------------------------------------------------------------------------
# Evaluating n'th degree polynomial is simple loop, starting with highest
# coefficient a[n].
# -------------------------------------------------------------------------------
[docs]def polyeval(a, x):
    """
    p(x) = polyeval(a, x)
         = a[0] + a[1]x + a[2]x^2 +...+ a[n-1]x^{n-1} + a[n]x^n
         = a[0] + x(a[1] + x(a[2] +...+ x(a[n-1] + a[n]x)...)
    """
    p = 0
    a.reverse()
    for coef in a:
        p = p * x + coef
    a.reverse()
    return p



# -------------------------------------------------------------------------------
# Find the first derivative of a polynomial
# -------------------------------------------------------------------------------
[docs]def polyderiv(a):
    """
    p'(x) = polyderiv(a)
          = b[0] + b[1]x + b[2]x^2 +...+ b[n-2]x^{n-2} + b[n-1]x^{n-1}
    where b[i] = (i+1)a[i+1]
    """
    b = []
    for i in range(1, len(a)):
        b.append(i * a[i])
    return b



# -------------------------------------------------------------------------------
# Factor out a root from n'th degree polynomial, and return the remaining
# (n-1)'th degree polynomial.
# list = polyreduce(list, number)
# -------------------------------------------------------------------------------
[docs]def polyreduce(a, root):
    """
    Given x = r is a root of n'th degree polynomial p(x) = (x-r)q(x),
    divide p(x) by linear factor (x-r) using the same algorithm as
    polynomial evaluation. Then, return the (n-1)'th degree quotient
    q(x) = polyreduce(a, r)
         = c[0] + c[1]x + c[2]x^2 +...+ c[n-2]x^{n-2} + c[n-1]x^{n-1}
    """
    c, p = [], 0
    a.reverse()
    for coef in a:
        p = p * root + coef
        c.append(p)
    a.reverse()
    c.reverse()
    return c[1:]



# -------------------------------------------------------------------------------
# Conversion from integer to Roman
# -------------------------------------------------------------------------------
[docs]def int2roman(num):
    """
    Convert an integer to Roman numeral
    """
    if not isinstance(num, int):
        raise TypeError("expected integer, got %s" % type(input))

    if not 0 < num < 4000:
        raise ValueError("Argument must be between 1 and 3999")

    ints = (1000, 900, 500, 400, 100, 90, 50, 40, 10, 9, 5, 4, 1)
    nums = ('M', 'CM', 'D', 'CD', 'C', 'XC', 'L', 'XL', 'X', 'IX', 'V', 'IV', 'I')
    result = ""
    for i in range(len(ints)):
        count = int(num / ints[i])
        result += nums[i] * count
        num -= ints[i] * count
    return result



# -------------------------------------------------------------------------------
# Conversion from Roman to integer
# -------------------------------------------------------------------------------
[docs]def roman2int(roman):
    """
    convert a roman string to integer
    """
    if not isinstance(roman, str):
        raise TypeError("expected string, got %s" % type(roman))
    roman = roman.upper()
    nums = ('M', 'D', 'C', 'L', 'X', 'V', 'I')
    ints = (1000, 500, 100, 50, 10, 5, 1)
    places = []
    for c in roman:
        if c not in nums:
            raise ValueError("input is not a valid roman numeral: %s" % roman)
    for i in range(len(roman)):
        c = roman[i]
        value = ints[nums.index(c)]
        # If the next place holds a larger number, this value is negative.
        try:
            nextvalue = ints[nums.index(roman[i + 1])]
            if nextvalue > value:
                value *= -1
        except IndexError:
            # there is no next place.
            pass
        places.append(value)
    sum = 0
    for n in places:
        sum += n

    # Easiest test for validity...
    if int2roman(sum) == roman:
        return sum
    else:
        raise ValueError('input is not a valid roman numeral: %s' % roman)



# ===============================================================================
if __name__ == "__main__":
    from pymchelper.flair.common.log import say

    for i in range(4, 50):
        num = "-1e-%d" % (i)
        say(num, repr(float(num)), format_number(num, 10))

    digits = "1234567890123456789012345678"
    for i in range(len(digits)):
        num = digits[:i]
        say("%02d %40s |%10s|" % (i, num, format_number(num, 10)))
    say()
    for i in range(len(digits)):
        num = digits[:i] + ".123"
        say("%02d %40s |%10s|" % (i, num, format_number(num, 10)))
    say()
    for i in range(len(digits)):
        num = digits[:i] + ".1234567890"
        say("%02d %40s |%10s|" % (i, num, format_number(num, 10)))
    say()
    for i in range(len(digits)):
        num = "-" + digits[:i]
        say("%02d %40s |%10s|" % (i, num, format_number(num, 10)))
    say()
    for i in range(len(digits)):
        num = "-" + digits[:i] + ".123"
        say("%02d %40s |%10s|" % (i, num, format_number(num, 10)))
    say()
    for i in range(len(digits)):
        num = "-" + digits[:i] + ".1234567890"
        say("%02d %40s |%10s|" % (i, num, format_number(num, 10)))

    say(Vector.O)
    a = 1.2345678901234567890
    w = -1e-05
    say(format_number(w, 22))
    say(format_number(a, 22))
    say(Vector.Y.direction(0.0000001))
    a = Vector(range(5))
    a.norm()
    say("a=", a, "len(a)=", a.length())
    b = Vector(range(5))
    say("b=", b, "length(b)=", b.length(), "len(b)=", len(b))

    say("matO\n", Matrix.O)
    say("matU\n", Matrix.U)

    M = Matrix(4)
    a = Vector(0.1, 0.2, 0.3)
    M.rotate(math.radians(45.0), a)
    say("M\n", M)
    say("a=", a)
    say("M*a=", M * a)
    say("M*X=", M * Vector.X)

    say(d2s(dms(1, 2, 3.006)))

    M = Matrix([[1.0, -2.0, -3.0, 1.0], [-2.0, 1.0, -2.0, -1.0], [-3.0, -2.0, 2.0, 2.0], [1.0, -1.0, 2.0, 3.0]])
    say("M=\n", M)
    say("det(M)=", M.det())
    v, u = eigenvalues(M)
    say("Eigenvalues=", v)
    say("Eigenvectors=\n", u)
    say("uT * diag(v) * u=\n", u.T() * Matrix.diagonal(v) * u)

    say()
    say("Permutations of 'love'")
    for p in xpermutations(['l', 'o', 'v', 'e']):
        say(''.join(p))

    say()
    say("Combinations of 2 letters from 'love'")
    for c in xcombinations(['l', 'o', 'v', 'e'], 2):
        say(''.join(c))

    say()
    say("Unique Combinations of 2 letters from 'love'")
    for uc in xuniqueCombinations(['l', 'o', 'v', 'e'], 2):
        say(''.join(uc))

    say()
    say("Selections of 2 letters from 'love'")
    for s in xselections(['l', 'o', 'v', 'e'], 2):
        say(''.join(s))

    say()
    say(map(''.join, list(xpermutations('done'))))

    say()
    say("cubic(x^3-3x^2-10x+24=0)=", cubic(-3.0, -10.0, 24.0))

    say()
    for i in range(1, 51):
        say(i, int2roman(i))




          

      

      

    

  

    
      
          
            
  Source code for pymchelper.flair.common.csg

# Copyright and User License
# ~~~~~~~~~~~~~~~~~~~~~~~~~~
# Copyright Vasilis.Vlachoudis@cern.ch for the
# European Organization for Nuclear Research (CERN)
#
# All rights not expressly granted under this license are reserved.
#
# Installation, use, reproduction, display of the
# software ("flair"), in source and binary forms, are
# permitted free of charge on a non-exclusive basis for
# internal scientific, non-commercial and non-weapon-related
# use by non-profit organizations only.
#
# For commercial use of the software, please contact the main
# author Vasilis.Vlachoudis@cern.ch for further information.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following
# conditions are met:
#
# 1. Redistributions of source code must retain the above copyright
#    notice, this list of conditions and the following disclaimer.
# 2. Redistributions in binary form must reproduce the above copyright
#    notice, this list of conditions and the following disclaimer in the
#    documentation and/or other materials provided with the
#    distribution.
#
# DISCLAIMER
# ~~~~~~~~~~
# THIS SOFTWARE IS PROVIDED BY THE AUTHOR "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT
# NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY, OF
# SATISFACTORY QUALITY, AND FITNESS FOR A PARTICULAR PURPOSE
# OR USE ARE DISCLAIMED. THE COPYRIGHT HOLDERS AND THE
# AUTHORS MAKE NO REPRESENTATION THAT THE SOFTWARE AND
# MODIFICATIONS THEREOF, WILL NOT INFRINGE ANY PATENT,
# COPYRIGHT, TRADE SECRET OR OTHER PROPRIETARY RIGHT.
#
# LIMITATION OF LIABILITY
# ~~~~~~~~~~~~~~~~~~~~~~~
# THE COPYRIGHT HOLDERS AND THE AUTHORS SHALL HAVE NO
# LIABILITY FOR DIRECT, INDIRECT, SPECIAL, INCIDENTAL,
# CONSEQUENTIAL, EXEMPLARY, OR PUNITIVE DAMAGES OF ANY
# CHARACTER INCLUDING, WITHOUT LIMITATION, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES, LOSS OF USE, DATA OR PROFITS,
# OR BUSINESS INTERRUPTION, HOWEVER CAUSED AND ON ANY THEORY
# OF CONTRACT, WARRANTY, TORT (INCLUDING NEGLIGENCE), PRODUCT
# LIABILITY OR OTHERWISE, ARISING IN ANY WAY OUT OF THE USE OF
# THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
# Author:	Vasilis.Vlachoudis@cern.ch
# Date:	18-May-2004

__author__ = "Vasilis Vlachoudis"
__email__ = "Vasilis.Vlachoudis@cern.ch"


[docs]class CSGException(Exception):
    pass



MAXEXPR = 10000


[docs]def tokenize(expr):
    """return a list of expression tokens"""
    lst = []
    for line in expr.splitlines():
        line = line.strip()
        if len(line) == 0:
            continue
        if line[0] == '*':
            continue  # Skip comments
        line = line.replace("+", " + ")
        line = line.replace("-", " - ")
        line = line.replace("#", " # ")
        line = line.replace("|", " | ")
        line = line.replace("(", " ( ")
        line = line.replace(")", " ) ")
        lst.extend(line.split())
    return lst



[docs]def splitZones(expr):
    """split a tokenized expression into zones"""
    zones = []
    zone = []
    depth = 0
    for token in expr:
        if token == "|" and depth == 0:
            if zone:
                zones.append(zone)
                zone = []
            continue

        elif token == "(":
            depth += 1

        elif token == ")":
            depth -= 1
            if depth < 0:
                raise CSGException("Too many closing parenthesis")

        zone.append(token)

    if zone:
        zones.append(zone)
    return zones



[docs]def toString(expr):
    """return a string version of a tokenize expression"""
    s = ""
    prev = "("
    for token in expr:
        if prev == "(":
            s += token
        elif token == "|":
            s += " | "
        elif token in ("+", "-"):
            s += " %s" % (token)
        else:
            s += token
        prev = token
    return s



[docs]def check(expr):
    """check depth of an rpn expression"""
    depth = 0
    for token in expr:
        if token in ("+", "-", "|"):
            depth -= 1
        else:
            depth += 1
    return depth == 1



[docs]def exp2rpn(expr):
    """
    Convert the FLUKA Boolean expression to Reverse Polish Notation (RPN)
    Since the normalization routine does not accept the +/- as signs to
    objects, the routine is converting the leading - to @- (Universe minus)
    where the special symbol @ is treated as the universe.
    Furthermore the leading + is ignored as well as the leading | which is
    accepted by fluka.

    WARNING: No check is done for the correctness of the expression apart
             from the parenthesis nesting

    ie.
           A+B         -> A B +
          (A+B)|C      -> A B + C |
          (A|B)|C+D|E  -> A B | C D + | E |
          -A           -> @ A -
          -(-A)        -> @ @ A - -

    The routine is using the same array for returning the Reverse Polish
    expression, since the format is more compact.
    This is generally true apart one case -A -> @ A -

    Priorities are treated as:
        Operator  Priority         In     Out
        --------  --------        ---     ---
          |       lower             1       2
          +       high              3       4
          -       high              3       4
          (       higher           99       0
          )       higher            0      99
          object  highest         101     100

    Algorithm
     Consider the expression as a train moving on a railroad with a
     T-shape, where each token is one wagon

                         <-  (A|B)|C+D
         ------------.   .------------
         RPN-End      | /      Exp-End
                       |
                      S|
                      t|
                      a|
                      c|
                      k|

     Each wagon to move from the Exp-End to the RPN-End it has to make
     a stop first in the Stack-End. Before entering in the stack, the
     priority-IN will be checked against the objects in the stack.
     All top-most objects currently present in the stack with
     higher priority-OUT will be transfered from the stack to the
     RPN-End. Apart from the opening parenthesis ( which is discarded.

     Example:
     (1)                         A+B|C (1)
     (2) A                        +B|C (2)
     (3) A                         B|C (3)
     (4) A                          |C (4)
     (5) A B +                       C (5)
     (6) A B + C
     (7) A B + C |
         ------------.   .------------
         RPN-End      | /      Exp-End
                       |
                      S|
                      t|
                      a|
                      c|     B   C
                      k| A + + | | |
                         1 2 3 4 5 6 7
    :param expr:
    :return:
    """
    """Replace expression list expr to rpn format"""
    #              Operator In Out
    priorities = {"(": [99, 0], "|": [1, 2], "+": [3, 4], "-": [3, 4], ")": [0, 99], " ": [101, 100]}
    stack = []
    newproduct = 1
    i = 0
    m = 0
    while i < len(expr):
        tcur = expr[i]
        # Check for special leading chars
        if newproduct and tcur in ('|', '+'):
            newproduct = (tcur == '|')
            i += 1
            continue

        if newproduct and tcur == '-':
            expr.insert(i, '*')  # insert space in ith position
            tcur = '@'  # Universe

        newproduct = tcur in ('(', '|')

        # Find priorities
        try:
            prio = priorities[tcur]
        except KeyError:
            prio = priorities[" "]

        ip = prio[0]
        op = prio[1]

        # Remove from the stack everything with higher priority
        while len(stack) > 0 and ip < stack[-1][1]:
            if stack[-1][0] != '(':
                expr[m] = stack.pop()[0]
                m += 1
            else:
                stack.pop()

        # Push it into the stack
        if tcur != ')':
            stack.append([tcur, op])
        else:
            # Should be an opening parenthesis
            if len(stack) == 0:
                raise CSGException("Unbalanced parenthesis")
            stack.pop()

        i += 1

    # Empty Stack
    while len(stack) > 0:
        if stack[-1][0] == '(':
            raise CSGException("Unbalanced parenthesis")

        if m >= len(expr):
            expr.append("")
        expr[m] = stack.pop()[0]
        m = m + 1

    # Delete unwanted items
    for i in range(len(expr) - 1, m - 1, -1):
        del expr[i]



[docs]def rpnorm(expr):
    """
    Normalize a CG expression given in Reverse Polish Notation.
    Normalized CG expression is an expression given as sum (Boolean OR) of
    products (Boolean intersection or subtraction).
    The normalization (expansion of parenthesis and operator priorities)
    should be performed by recursively calling the RPNRULE subroutine.
    Since Fortran-77 doesn't have recursion, call the RPNRULE for every
    operator starting from the right-most one, until no rule is found.
    :param expr:
    :return:
    """

    # Loop until there is no any extra change needed
    # Scan to find the first operators
    changed = 1
    while changed:
        changed = 0
        i = len(expr) - 1
        while i >= 4:
            tx = expr[i]
            if tx in ('+', '-', '|'):
                length = len(expr)
                rule = _rpnrule(expr, i)
                if rule > 0:
                    changed = 1
                    i += len(expr) - length + 1
            i -= 1
            if len(expr) > MAXEXPR:
                raise CSGException("Expansion failed. Too many terms")



def _subTerms(expr, n):
    """
    This routine returns the pointers in the RPN terms array of the
    starting point of the left sub-expression LOWLEFT and right
    sub-expression LOWRIGHT given the pointer of the expr-operator NTX.
    The searching is performed by scanning from right to left the number
    of operators and objects pushed into the stack

    EXP          (expr-left) op (expr-right)

    RPN ...... | expr-left | expr-right | op | .......
              Lowleft      LowRight  op-1 ntx
    :param expr:
    :param n:
    :return:
    """
    nop = 0
    lowRight = 0
    lowLeft = 0

    while n >= 0:
        t = expr[n]
        if t in ('+', '-', '|'):
            nop += 1
        else:
            nop -= 1

        n = n - 1
        if nop == 0:
            if lowRight == 0:
                lowRight = n + 1
                nop = nop + 1
                continue
            else:
                lowLeft = n + 1
                return lowLeft, lowRight
    return lowLeft, lowRight


def _rpnrule(expr, n):
    """
    Find a matching rule and apply it on the sub-expression starting from
    the N position in the Reverse Polish Notation

    An expression is in normal form when all the parenthesis are expanded
    and the expression is described as a sum (UNIONS) of products
    (INTERSECTIONS and/or SUBTRACTIONS)

    An expression can be converted to normal form by repeatedly applying
    the following set of production rules to the expression and then to its
    sub-expressions:

       Normal Form                        Reverse Polish Notation
     1. X-(Y|Z) -> (X-Y)-Z                X Y Z | -  ->  X Y - Z -
     2. X+(Y|Z) -> (X+Y)|(X+Z)            X Y Z | +  ->  X Y + X Z + |
     3. X-(Y+Z) -> (X-Y)|(X-Z)            X Y Z + -  ->  X Y - X Z - |
     4. X+(Y+Z) -> (X+Y)+Z                X Y Z + +  ->  X Y + Z +
     5. X-(Y-Z) -> (X-Y)|(X+Z)            X Y Z - -  ->  X Y - X Z + |
     6. X+(Y-Z) -> (X+Y)-Z                X Y Z - +  ->  X Y + Z -
     7. X|(Y|Z) -> (X|Y)|Z                X Y Z | |  ->  X Y | Z |
     8. (X-Y)+Z -> (X+Z)-Y                X Y - Z +  ->  X Z + Y -
     9. (X|Y)-Z -> (X-Z)|(Y-Z)            X Y | Z -  ->  X Z - Y Z - |
    10. (X|Y)+Z -> (X+Z)|(Y+Z)            X Y | Z +  ->  X Z + Y Z + |
    X,Y, and Z here match both primitives or sub-expressions.
    :param expr:
    :param n:
    :return:
    """

    # Reset rule
    rule = 0

    # Top-most operator
    op = expr[n]
    if op not in ('+', '-', '|'):
        return rule

    # Right operator
    rop = expr[n - 1]

    # Find left and right sub-trees
    ll, lr = _subTerms(expr, n)

    # Left operator
    lop = ' '
    if lr > 0:
        lop = expr[lr - 1]

    # Find Rule
    if op == "-" and rop == "|":
        rule = 1
    elif op == "+" and rop == "|":
        rule = 2
    elif op == "-" and rop == "+":
        rule = 3
    elif op == "+" and rop == "+":
        rule = 4
    elif op == "-" and rop == "-":
        rule = 5
    elif op == "+" and rop == "-":
        rule = 6
    elif op == "|" and rop == "|":
        rule = 7
    elif op == "+" and lop == "-":
        rule = 8
    elif op == "-" and lop == "|":
        rule = 9
    elif op == "+" and lop == "|":
        rule = 10
    else:
        return rule

    # Find sub expressions X Y Z
    if rule <= 7:  # X op (Y rop Z)
        Xu = lr - 1
        Xl = ll

        ll, lr = _subTerms(expr, n - 1)
        # Yu = lr - 1    # TODO why not used ?
        # Yl = ll        # TODO why not used ?
        Zu = n - 2
        Zl = lr
    else:  # (X lop Y) op Z
        Zu = n - 1
        Zl = lr
        L = lr - 1
        ll, lr = _subTerms(expr, L)
        Xu = lr - 1
        Xl = ll
        # Yu = L - 1  # TODO why not used ?
        # Yl = lr     # TODO why not used ?

    # Expand the rule
    # 1. X-(Y|Z) -> (X-Y)-Z	 X Y Z | -  ->  X Y - Z -
    if rule == 1:
        # Leave X Y
        # Insert a - operator after Y
        expr.insert(Zl, "-")
        # Chop length by 1
        del expr[Zu + 2]
        # Change the last operator to -
        expr[Zu + 2] = '-'

    # 2. X+(Y|Z) -> (X+Y)|(X+Z)     X Y Z + |  ->  X Y + X Z + |
    elif rule == 2:
        # Leave X Y
        # Insert a + operator after Y
        expr.insert(Zl, "+")
        # Copy X after the + operator
        to = Zl + 1
        expr[to:to] = expr[Xl:Xu + 1]
        Zu += Xu - Xl + 2
        # Change last 2 operators to + |
        expr[Zu + 1] = '+'
        expr[Zu + 2] = '|'

    # 3. X-(Y+Z) -> (X-Y)|(X-Z)     X Y Z + -  ->  X Y - X Z - |
    elif rule == 3:
        # Leave X Y
        # Insert a - operator after Y
        expr.insert(Zl, "-")
        # Copy X after the - operator
        to = Zl + 1
        expr[to:to] = expr[Xl:Xu + 1]
        Zu += Xu - Xl + 2
        # Change last 2 operators to - |
        expr[Zu + 1] = '-'
        expr[Zu + 2] = '|'

    # 4. X+(Y+Z) -> (X+Y)+Z	 X Y Z + +  ->  X Y + Z +
    elif rule == 4:
        # Leave X Y
        # Insert a + operator after Y
        expr.insert(Zl, "+")
        # Chop length by 1
        del expr[Zu + 2]
        # Change the last operator to +
        expr[Zu + 2] = '+'

    # 5. X-(Y-Z) -> (X-Y)|(X+Z)     X Y Z - -  ->  X Y - X Z + |
    elif rule == 5:
        # Leave X Y
        # Insert a - operator after Y
        expr.insert(Zl, "-")
        # Copy X after the - operator
        to = Zl + 1
        expr[to:to] = expr[Xl:Xu + 1]
        Zu += Xu - Xl + 2
        # Change last 2 operators to + |
        expr[Zu + 1] = '+'
        expr[Zu + 2] = '|'

    # 6. X+(Y-Z) -> (X+Y)-Z	 X Y Z - +  ->  X Y + Z -
    elif rule == 6:
        # Leave X Y
        # Insert a + operator after Y
        expr.insert(Zl, "+")
        # Chop length by 1
        del expr[Zu + 2]
        # Change the last operator to -
        expr[Zu + 2] = '-'

    # 7. X|(Y|Z) -> (X|Y)|Z	 X Y Z | |  ->  X Y | Z |
    elif rule == 7:
        # Leave X Y
        # Insert a | operator after Y
        expr.insert(Zl, "|")
        # Chop length by 1
        del expr[Zu + 2]
        # Change the last operator to |
        expr[Zu + 2] = '|'

    # 8. (X-Y)+Z -> (X+Z)-Y	 X Y - Z +  ->  X Z + Y -
    elif rule == 8:
        # Leave X
        # Copy "Z +" after X
        L = Zu - Zl + 2
        to = Xu + 1
        expr[to:to] = expr[Zl:Zl + L]
        # Delete old "Z +"
        del expr[Zl + L:Zl + L + L]

    #  9. (X|Y)-Z -> (X-Z)|(Y-Z)     X Y | Z -  ->  X Z - Y Z - |
    # 10. (X|Y)+Z -> (X+Z)|(Y+Z)     X Y | Z +  ->  X Z + Y Z + |
    elif rule in (9, 10):
        # Leave X
        # Copy "Z -" or "Z +" after X
        L = Zu - Zl + 2
        to = Xu + 1
        expr[to:to] = expr[Zl:Zu + 2]
        # Correct Z position
        Zl += L
        Zu += L
        # Delete the | infront of Z
        del expr[Zl - 1]
        # Add | at the end
        expr.insert(Zu + 1, "|")

    return rule


[docs]def rpn2exp(rpn):
    """
    Convert a NORMALIZED Reverse Polish notation to a standard expression
    WARNING: The routine expects an expression where for each UNION
    operator the right-sub-expression is a product while the left can be
    UNION or a product
    :param rpn:
    :return:
    """
    zones = []
    plus = []
    minus = []

    i = 0
    nstack = 0
    endprod = 0
    while i < len(rpn):
        tx = rpn[i]
        if tx in ('+', '-', '|'):
            nstack -= 1
        else:
            # First term is always a plus
            # .. peek then next operator to check for sign
            if len(plus) == 0 or rpn[i + 1] == '+':
                plus.append(tx)
                lastPlus = 1
            elif rpn[i + 1] == '-':
                minus.append(tx)
                lastPlus = 0
            nstack += 1

        if nstack == 0:
            endprod = 1
        elif nstack == 3:
            if lastPlus:
                del plus[-1]
            else:
                del minus[-1]
            i -= 2
            endprod = 1
        elif tx == '|':
            i -= 2
            endprod = 1
        elif i == len(rpn) - 1:
            endprod = 1

        if endprod:
            optZone(plus, minus)
            # remove None terms
            plus = filter(lambda x: x, plus)
            minus = filter(lambda x: x, minus)
            if len(plus) > 0 or len(minus) > 0:
                zones.append((plus, minus))
            plus = []
            minus = []
            nstack = 0
            endprod = 0
        i += 1

    # Remove duplicates of products
    rmDoubles(zones)

    # Reconstruct expression
    expr = []
    for plus, minus in zones:
        if len(expr) > 0 and expr[-1] != "|":
            expr.append("|")
        # Fill the new array
        for j in plus:
            expr.append("+")
            expr.append(j)
        for j in minus:
            expr.append("-")
            expr.append(j)

    return expr



[docs]def optZone(plus, minus):
    """
    Optimize a product, by removing the universe @, duplicated terms like
    A+A, A-A, -A-A, and finally calling the geometrical optimizations and
    sorting by name the primitives in both the plus and minus terms.

    The product is described by 2 arrays the PLUS,NPLUS and MINUS,NMINUS
    with all the plus and minus terms of the product

    WARNING: It doesn't delete the term from the arrays but changes the
    name to space.
    :param plus:
    :param minus:
    :return:
    """

    # Remove Universe @ from PLUS
    # and
    # remove duplicate terms A+A=A, A-A={}
    for i in range(len(plus)):
        if plus[i] == '@':
            plus[i] = None

        if plus[i] is not None:
            for j in range(i + 1, len(plus)):
                if plus[i] == plus[j]:
                    plus[j] = None
            for j in range(len(minus)):
                if plus[i] == minus[j]:
                    # Remove everything
                    del plus[:]
                    del minus[:]
                    return

    # Discard product if universe @ exists in MINUS
    # Check for duplicates in MINUS like -A-A=-A
    for i in range(len(minus)):
        if minus[i] == '@':
            # Remove everything
            del plus[:]
            del minus[:]
            return
        if minus[i] is not None:
            for j in range(i + 1, len(minus)):
                if minus[i] == minus[j]:
                    minus[j] = None

    # Perform the Geometrical optimization in the product
    # call OptGeo(nplus,plus,nminus,minus)

    # Peform a bubble sort on product terms
    plus.sort()
    minus.sort()



[docs]def rmDoubles(zones):
    """
    Remove duplicates of products A+B|A+B|C+D  ->  A+B|C+D
    :param zones:
    :return:
    """
    i = -1
    while i < len(zones) - 1:
        i += 1
        plus1, minus1 = zones[i]
        j = i
        while j < len(zones) - 1:
            j += 1
            plus2, minus2 = zones[j]

            # Check if they are the same
            if len(plus1) != len(plus2) or len(minus1) != len(minus2):
                continue
            diffplus = -1
            for k in range(len(plus1)):
                if plus1[k] != plus2[k]:
                    diffplus = k
                    break

            diffminus = -1
            for k in range(len(minus1)):
                if minus1[k] != minus2[k]:
                    diffminus = k
                    break

            if diffplus == -1 and diffminus == -1:
                del zones[j]
                j -= 1
                continue



[docs]def split(expr):
    """
    Break products into lists
    :param expr:
    :return:
    """
    brk = []
    expr = expr[:]  # Make a copy of the expression
    while 1:
        try:
            p = expr.index("|")
            brk.append(expr[0:p])
            del expr[0:p + 1]
        except Exception:
            brk.append(expr)
            return brk





          

      

      

    

  

    
      
          
            
  Source code for pymchelper.flair.common.fortran

#!/bin/env python
# $Id: fortran.py 2947 2014-01-17 16:24:41Z bnv $
#
# Copyright and User License
# ~~~~~~~~~~~~~~~~~~~~~~~~~~
# Copyright Vasilis.Vlachoudis@cern.ch for the
# European Organization for Nuclear Research (CERN)
#
# All rights not expressly granted under this license are reserved.
#
# Installation, use, reproduction, display of the
# software ("flair"), in source and binary forms, are
# permitted free of charge on a non-exclusive basis for
# internal scientific, non-commercial and non-weapon-related
# use by non-profit organizations only.
#
# For commercial use of the software, please contact the main
# author Vasilis.Vlachoudis@cern.ch for further information.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following
# conditions are met:
#
# 1. Redistributions of source code must retain the above copyright
#    notice, this list of conditions and the following disclaimer.
# 2. Redistributions in binary form must reproduce the above copyright
#    notice, this list of conditions and the following disclaimer in the
#    documentation and/or other materials provided with the
#    distribution.
#
# DISCLAIMER
# ~~~~~~~~~~
# THIS SOFTWARE IS PROVIDED BY THE AUTHOR "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT
# NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY, OF
# SATISFACTORY QUALITY, AND FITNESS FOR A PARTICULAR PURPOSE
# OR USE ARE DISCLAIMED. THE COPYRIGHT HOLDERS AND THE
# AUTHORS MAKE NO REPRESENTATION THAT THE SOFTWARE AND
# MODIFICATIONS THEREOF, WILL NOT INFRINGE ANY PATENT,
# COPYRIGHT, TRADE SECRET OR OTHER PROPRIETARY RIGHT.
#
# LIMITATION OF LIABILITY
# ~~~~~~~~~~~~~~~~~~~~~~~
# THE COPYRIGHT HOLDERS AND THE AUTHORS SHALL HAVE NO
# LIABILITY FOR DIRECT, INDIRECT, SPECIAL, INCIDENTAL,
# CONSEQUENTIAL, EXEMPLARY, OR PUNITIVE DAMAGES OF ANY
# CHARACTER INCLUDING, WITHOUT LIMITATION, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES, LOSS OF USE, DATA OR PROFITS,
# OR BUSINESS INTERRUPTION, HOWEVER CAUSED AND ON ANY THEORY
# OF CONTRACT, WARRANTY, TORT (INCLUDING NEGLIGENCE), PRODUCT
# LIABILITY OR OTHERWISE, ARISING IN ANY WAY OUT OF THE USE OF
# THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
# DAMAGES.
#
# Author:	Vasilis.Vlachoudis@cern.ch
# Date:	24-Oct-2006

import struct

__author__ = "Vasilis Vlachoudis"
__email__ = "Vasilis.Vlachoudis@cern.ch"


[docs]def skip(f):
    """
    Skip a fortran block from a binary file
    :param f: file to read from
    :return: size, None for EOF
    """
    blen = f.read(4)
    if len(blen) == 0:
        return 0
    (size, ) = struct.unpack("=i", blen)
    f.seek(size, 1)
    blen2 = f.read(4)
    if blen != blen2:
        raise IOError("Skipping fortran block")
    return size



[docs]def read(f):
    """
    Read a fortran structure from a binary file
    :param f: file to read from
    :return: data, None for EOF
    """
    blen = f.read(4)
    if len(blen) == 0:
        return None
    (size, ) = struct.unpack("=i", blen)
    data = f.read(size)
    blen2 = f.read(4)
    if blen != blen2:
        if not f.closed:
            f.close()
        raise IOError("Reading fortran block")
    return data



[docs]def write(f, d):
    """
    Write a block of data (string) to file as a fortran block
    :param f: file to write to
    :param d: data to write
    :return: output of last write statement
    """
    f.write(struct.pack("=i", len(d)))
    f.write(d)
    return f.write(struct.pack("=i", len(d)))





          

      

      

    

  

    
      
          
            
  Source code for pymchelper.flair.common.log

# $Id: log.py 3456 2015-03-04 10:42:14Z bnv $
#
# Copyright and User License
# ~~~~~~~~~~~~~~~~~~~~~~~~~~
# Copyright Vasilis.Vlachoudis@cern.ch for the
# European Organization for Nuclear Research (CERN)
#
# All rights not expressly granted under this license are reserved.
#
# Installation, use, reproduction, display of the
# software ("flair"), in source and binary forms, are
# permitted free of charge on a non-exclusive basis for
# internal scientific, non-commercial and non-weapon-related
# use by non-profit organizations only.
#
# For commercial use of the software, please contact the main
# author Vasilis.Vlachoudis@cern.ch for further information.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following
# conditions are met:
#
# 1. Redistributions of source code must retain the above copyright
#    notice, this list of conditions and the following disclaimer.
# 2. Redistributions in binary form must reproduce the above copyright
#    notice, this list of conditions and the following disclaimer in the
#    documentation and/or other materials provided with the
#    distribution.
#
# DISCLAIMER
# ~~~~~~~~~~
# THIS SOFTWARE IS PROVIDED BY THE AUTHOR "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT
# NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY, OF
# SATISFACTORY QUALITY, AND FITNESS FOR A PARTICULAR PURPOSE
# OR USE ARE DISCLAIMED. THE COPYRIGHT HOLDERS AND THE
# AUTHORS MAKE NO REPRESENTATION THAT THE SOFTWARE AND
# MODIFICATIONS THEREOF, WILL NOT INFRINGE ANY PATENT,
# COPYRIGHT, TRADE SECRET OR OTHER PROPRIETARY RIGHT.
#
# LIMITATION OF LIABILITY
# ~~~~~~~~~~~~~~~~~~~~~~~
# THE COPYRIGHT HOLDERS AND THE AUTHORS SHALL HAVE NO
# LIABILITY FOR DIRECT, INDIRECT, SPECIAL, INCIDENTAL,
# CONSEQUENTIAL, EXEMPLARY, OR PUNITIVE DAMAGES OF ANY
# CHARACTER INCLUDING, WITHOUT LIMITATION, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES, LOSS OF USE, DATA OR PROFITS,
# OR BUSINESS INTERRUPTION, HOWEVER CAUSED AND ON ANY THEORY
# OF CONTRACT, WARRANTY, TORT (INCLUDING NEGLIGENCE), PRODUCT
# LIABILITY OR OTHERWISE, ARISING IN ANY WAY OUT OF THE USE OF
# THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
# DAMAGES.

import logging

__author__ = "Vasilis Vlachoudis"
__email__ = "Vasilis.Vlachoudis@cern.ch"

# -------------------------------------------------------------------------------
_log = None

logger = logging.getLogger(__name__)


[docs]def set_log(log):
    global _log
    _log = log



[docs]def say(*kw):
    txt = " ".join(map(str, kw))
    if _log:
        _log(txt)
    else:
        logger.info(txt)



[docs]def null():
    pass





          

      

      

    

  

    
      
          
            
  Source code for pymchelper.flair.common.rexx

# $Id: rexx.py 3312 2014-10-17 07:25:38Z bnv $
#
# Copyright and User License
# ~~~~~~~~~~~~~~~~~~~~~~~~~~
# Copyright Vasilis.Vlachoudis@cern.ch for the
# European Organization for Nuclear Research (CERN)
#
# All rights not expressly granted under this license are reserved.
#
# Installation, use, reproduction, display of the
# software ("flair"), in source and binary forms, are
# permitted free of charge on a non-exclusive basis for
# internal scientific, non-commercial and non-weapon-related
# use by non-profit organizations only.
#
# For commercial use of the software, please contact the main
# author Vasilis.Vlachoudis@cern.ch for further information.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following
# conditions are met:
#
# 1. Redistributions of source code must retain the above copyright
#    notice, this list of conditions and the following disclaimer.
# 2. Redistributions in binary form must reproduce the above copyright
#    notice, this list of conditions and the following disclaimer in the
#    documentation and/or other materials provided with the
#    distribution.
#
# DISCLAIMER
# ~~~~~~~~~~
# THIS SOFTWARE IS PROVIDED BY THE AUTHOR "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT
# NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY, OF
# SATISFACTORY QUALITY, AND FITNESS FOR A PARTICULAR PURPOSE
# OR USE ARE DISCLAIMED. THE COPYRIGHT HOLDERS AND THE
# AUTHORS MAKE NO REPRESENTATION THAT THE SOFTWARE AND
# MODIFICATIONS THEREOF, WILL NOT INFRINGE ANY PATENT,
# COPYRIGHT, TRADE SECRET OR OTHER PROPRIETARY RIGHT.
#
# LIMITATION OF LIABILITY
# ~~~~~~~~~~~~~~~~~~~~~~~
# THE COPYRIGHT HOLDERS AND THE AUTHORS SHALL HAVE NO
# LIABILITY FOR DIRECT, INDIRECT, SPECIAL, INCIDENTAL,
# CONSEQUENTIAL, EXEMPLARY, OR PUNITIVE DAMAGES OF ANY
# CHARACTER INCLUDING, WITHOUT LIMITATION, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES, LOSS OF USE, DATA OR PROFITS,
# OR BUSINESS INTERRUPTION, HOWEVER CAUSED AND ON ANY THEORY
# OF CONTRACT, WARRANTY, TORT (INCLUDING NEGLIGENCE), PRODUCT
# LIABILITY OR OTHERWISE, ARISING IN ANY WAY OUT OF THE USE OF
# THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
#
# Author:	Vasilis.Vlachoudis@cern.ch
# Date:	14-May-2004

import string

__author__ = "Vasilis Vlachoudis"
__email__ = "Vasilis.Vlachoudis@cern.ch"

_letters_digits = string.ascii_letters + string.digits
_letters_digits_symbol = _letters_digits + "_."


# abbrev
[docs]def abbrev(information, info, length=0):
    """
    return true if the info is an abbreviation of information
    with minimum length l
    """
    if length > 0:
        pass
    else:
        length = len(info)

    cond1 = (len(information) >= len(info))
    cond2 = (len(info) >= length)
    cond3 = (information[:len(info)] == info)
    return cond1 and cond2 and cond3



# center
[docs]def center(s, length, pad=' '):
    if length <= 0:
        return ""

    i = length - len(s)
    if i == 0:
        return s
    elif i < 0:
        i = -i
        a = i // 2
        return s[a:a + length]
    else:
        a = i // 2
        return "%s%s%s" % (pad * a, s, pad * (i - a))



# datatype
[docs]def datatype(str, check="N"):
    """rexx datatype function"""

    try:
        if len(str) == 0:
            return check in ("X", "B")
    except Exception:
        return check in ("X", "B")

    if check == "N":
        return _isnum(str)

    if check == "A":
        return verify(str, _letters_digits) == -1
    elif check == "L":
        return verify(str, string.ascii_lowercase) == -1
    elif check == "M":
        return verify(str, string.ascii_letters) == -1
    elif check == "U":
        return verify(str, string.ascii_uppercase) == -1
    elif check == "O":
        return verify(str, string.octdigits) == -1
    elif check == "X":
        return verify(str, string.hexdigits) == -1
    elif check == "S":
        return (str[0] in string.ascii_letters) and \
               (verify(str[1:], _letters_digits_symbol) == -1)
    else:
        return _isnum(str)



# insert
[docs]def insert(new, target, n, pad=" "):
    """
    insert new string to target as position n padded with pad characters
    """
    if n == 0:
        return new + target
    elif n > len(target):
        return target + pad * (n - len(target)) + new

    return target[0:n] + new + target[n:]



# left
[docs]def left(str, length, pad=" "):
    """return left of string str of length padded with pad chars"""
    if length < len(str):
        return str[0:length]
    else:
        return str + (pad * (length - len(str)))



# translate
[docs]def translate(str, tableo=None, tablei=None, pad=" "):
    """translate string"""
    # If neither input nor output tables, uppercase.
    if tableo is None and tablei is None:
        return str.upper()

    if tableo is None:
        tableo = xrange_string(0, 255)

    if tablei is None:
        tablei = xrange_string(0, 255)

    # The input table defaults to all characters.
    dl = len(tablei) - len(tableo)
    if dl > 0:
        tableo += pad * dl
    else:
        tablei += pad * (-dl)

    tbl = string.maketrans(tablei, tableo)
    return str.translate(tbl)



# reverse
[docs]def reverse(str):
    """reverse string"""
    return str[::-1]



# verify
[docs]def verify(str, ref, match=0, start=0):
    """
    return the index of the first character in string that
    is not also in reference. if "Match" is given, then return
    the result index of the first character in string that is in reference
    """

    start = max(start, 0)
    if start >= len(str):
        return -1

    for i in range(start, len(str)):
        found = ref.find(str[i]) == -1
        if found ^ match:
            return i
    return -1



# xrange
[docs]def xrange_string(start, stop):
    return "".join([chr(x) for x in range(start, stop + 1)])



def _isnum(str):
    """true if string is number"""
    str = str.strip()

    # accept one sign
    i = 0
    length = len(str)

    if length == 0:
        return False

    if str[i] in ('-', '+'):
        i += 1

    # skip spaces after sign
    while i < length and str[i].isspace():
        i += 1

    # accept many digits
    if i < length and '0' <= str[i] <= '9':
        i += 1
        F = 1
        while i < length and '0' <= str[i] <= '9':
            i += 1
    else:
        F = 0

    # accept one dot
    if i < length and str[i] == '.':
        i += 1

        # accept many digits
        if i < length and '0' <= str[i] <= '9':
            while i < length and '0' <= str[i] <= '9':
                i += 1
        else:
            if not F:
                return False
    else:
        if not F:
            return False

    # accept one e/E/d/D
    if i < length and str[i] in ('e', 'E', 'd', 'D'):
        i += 1
        # accept one sign
        if i < length and str[i] in ('-', '+'):
            i += 1

        # accept many digits
        if i < length and '0' <= str[i] <= '9':
            while i < length and '0' <= str[i] <= '9':
                i += 1
        else:
            return False

    if i != length:
        return False

    return True


if __name__ == "__main__":
    from pymchelper.flair.common.log import say

    say("abbrev")
    assert abbrev('information', 'info', 4)
    assert abbrev('information', '', 0)
    assert not abbrev('information', 'Info', 4)
    assert not abbrev('information', 'info', 5)
    assert not abbrev('information', 'info ')
    assert abbrev('information', 'info', 3)
    assert not abbrev('info', 'information', 3)
    assert not abbrev('info', 'info', 5)

    say("center")
    assert center('****', 0, '-') == ''
    assert center('****', 8, '-') == '--****--'
    assert center('****', 7, '-') == '-****--'
    assert center('*****', 8, '-') == '-*****--'
    assert center('*****', 7, '-') == '-*****-'
    assert center('12345678', 4, '-') == '3456'
    assert center('12345678', 5, '-') == '23456'
    assert center('1234567', 4, '-') == '2345'
    assert center('1234567', 5, '-') == '23456'

    say("datatype")
    assert not datatype("")
    assert not datatype("foobar")
    assert not datatype("foo bar")
    assert not datatype("123.456.789")
    assert datatype("123.456")
    assert not datatype("DeadBeef")
    assert not datatype("Dead Beef")
    assert not datatype("1234ABCD")
    assert datatype("01001101")
    assert not datatype("0110 1101")
    assert not datatype("0110 101")
    assert datatype("1324.1234")
    assert datatype("123")
    assert datatype("12.3")
    assert datatype('123.123')
    assert datatype('123.123E3')
    assert datatype('123.0000003')
    assert datatype('123.0000004')
    assert datatype('123.0000005')
    assert datatype('123.0000006')
    assert datatype(' 23')
    assert datatype(' 23 ')
    assert datatype('23 ')
    assert datatype('123.00')
    assert datatype('123000E-2')
    assert datatype('123000E+2')
    assert not datatype("A B C")
    assert not datatype("123ABC")
    assert not datatype("123AHC")
    assert datatype('0.000E-2')
    assert datatype('0.000E-1')
    assert datatype('0.000E0')
    assert datatype('0.000E1')
    assert datatype('0.000E2')
    assert datatype('0.000E3')
    assert datatype('0.000E4')
    assert datatype('0.000E5')
    assert datatype('0.000E6')
    assert datatype('0E-1')
    assert datatype('0E0')
    assert datatype('0E1')
    assert datatype('0E2')
    assert not datatype('+.')
    assert not datatype('++0')

    say("insert")
    assert insert("abc", "def", 2) == "deabcf"
    assert insert("abc", "def", 3) == "defabc"
    assert insert("abc", "def", 5) == "def  abc"
    assert insert("abc", "def", 5, '*') == "def**abc"

    say("translate")
    assert translate("Foo Bar", "", "") == "Foo Bar"
    assert translate("Foo Bar", xrange_string(1, 255)) == "Gpp!Cbs"
    assert translate("", "klasjdf", "woieruw") == ""
    assert translate("foobar", "abcdef", "fedcba") == "aooefr"

    say("verify")
    assert verify('foobar', 'barfo', 0, 0) == -1
    assert verify('foobar', 'barfo', 1, 0) == 0
    assert verify('', 'barfo') == -1
    assert verify('foobar', '') == 0
    assert verify('foobar', 'barf', 0, 2) == 2
    assert verify('foobar', 'barf', 0, 3) == -1
    assert verify('', '') == -1

    say("All Test passed")




          

      

      

    

  

    
      
          
            
  Source code for pymchelper.readers.common

from abc import abstractmethod
import logging

import numpy as np

logger = logging.getLogger(__name__)


[docs]class ReaderFactory(object):
    def __init__(self, filename):
        self.filename = filename

[docs]    @abstractmethod
    def get_reader(self):
        pass




[docs]class Reader(object):
    def __init__(self, filename):
        self.filename = filename

[docs]    def read(self, estimator):
        result = self.read_data(estimator)
        if not result:
            return False
        for page in estimator.pages:
            page.error_raw = np.zeros_like(page.data_raw) * np.nan
        return True


[docs]    @abstractmethod
    def read_data(self, estimator):
        pass


    @property
    @abstractmethod
    def corename(self):
        pass





          

      

      

    

  

    
      
          
            
  Source code for pymchelper.readers.fluka

import logging

import numpy as np

from pymchelper.axis import MeshAxis
from pymchelper.page import Page
from pymchelper.readers.common import ReaderFactory, Reader
from pymchelper.flair.Data import Usrbin, UsrTrack, unpackArray, Usrbdx, Resnuclei, Usrxxx

logger = logging.getLogger(__name__)


[docs]class FlukaReaderFactory(ReaderFactory):
    """
    Class responsible for discovery of filetype.
    """
[docs]    def get_reader(self):
        """
        Try reading header of Fluka binary file and return a corresponding FlukaReader object

        :return: FlukaReader class if file is digested by Usrxxx Flair reader. None is returned otherwise
        """
        try:
            Usrxxx(self.filename)
            return FlukaReader
        except IOError:
            pass
        return None




[docs]class FlukaReader(Reader):

    @property
    def corename(self):
        """
        Fluka output filenames follow this pattern: corename_fort.XX.
        :return: corename part of output file or None in case filename doesn't follow Fluka naming pattern
        """
        core_name = None
        if "_fort" in self.filename:
            core_name = self.filename[-2:]
        return core_name

[docs]    def parse_usrbin(self, estimator):
        """
        USRBIN scores distribution of one of several quantities in a regular spatial
        structure (binning detector) independent from the geometry.
        :param estimator: an Estimator object, will be modified here and filled with data
        """
        try:
            usr_object = Usrbin(self.filename)

            # loop over all detectors (pages) in USRBIN object
            for det_no, detector in enumerate(usr_object.detector):
                page = Page(estimator=estimator)
                page.title = detector.name

                # USRBIN doesn't support differential binning type, only spatial binning is allowed
                estimator.x = MeshAxis(n=detector.nx,
                                       min_val=detector.xlow,
                                       max_val=detector.xhigh,
                                       name="X",
                                       unit="cm",
                                       binning=MeshAxis.BinningType.linear)
                estimator.y = MeshAxis(n=detector.ny,
                                       min_val=detector.ylow,
                                       max_val=detector.yhigh,
                                       name="Y",
                                       unit="cm",
                                       binning=MeshAxis.BinningType.linear)
                estimator.z = MeshAxis(n=detector.nz,
                                       min_val=detector.zlow,
                                       max_val=detector.zhigh,
                                       name="Z",
                                       unit="cm",
                                       binning=MeshAxis.BinningType.linear)

                page.name = "scorer {}".format(detector.score)
                page.unit = ""

                # unpack detector data
                # TODO cross-check if reshaping is needed
                page.data_raw = np.array(unpackArray(usr_object.readData(det_no)))
                page.error_raw = np.empty_like(page.data_raw)

                estimator.add_page(page)

            return usr_object
        except IOError:
            return None


[docs]    def parse_usrbdx(self, estimator):
        """
        USRBDX defines a detector for a boundary crossing fluence or current estimator
        :param estimator: an Estimator object, will be modified here and filled with data
        """
        try:
            usr_object = Usrbdx(self.filename)

            # loop over all detectors (pages) in USRBDX object
            for det_no, detector in enumerate(usr_object.detector):
                page = Page(estimator=estimator)
                page.title = detector.name
                page.area = detector.area  # area of the detector in cm**2

                if detector.nb == 1:
                    energy_binning = MeshAxis.BinningType.linear
                    angle_binning = MeshAxis.BinningType.linear
                elif detector.nb == -1:
                    energy_binning = MeshAxis.BinningType.logarithmic
                    angle_binning = MeshAxis.BinningType.linear
                elif detector.nb == 2:
                    energy_binning = MeshAxis.BinningType.linear
                    angle_binning = MeshAxis.BinningType.logarithmic
                elif detector.nb == -2:
                    energy_binning = MeshAxis.BinningType.logarithmic
                    angle_binning = MeshAxis.BinningType.logarithmic
                else:
                    return Exception("Invalid binning type")

                # USRBDX doesn't support spatial (XYZ) binning type
                # USRBDX provides double differential binning, first axis is kinetic energy (in GeV)
                page.diff_axis1 = MeshAxis(n=detector.ne,  # number of energy intervals for scoring
                                           min_val=detector.elow,  # minimum kinetic energy for scoring (GeV)
                                           max_val=detector.ehigh,  # maximum kinetic energy for scoring (GeV)
                                           name="kinetic energy",
                                           unit="GeV",
                                           binning=energy_binning)

                # second axis is solid angle (in steradians)
                page.diff_axis2 = MeshAxis(n=detector.na,  # number of angular bins
                                           min_val=detector.alow,  # minimum solid angle for scoring
                                           max_val=detector.ahigh,  # maximum solid angle for scoring
                                           name="solid angle",
                                           unit="sr",
                                           binning=angle_binning)

                # detector.fluence corresponds to i2 in WHAT(1) in first card of USBDX
                if detector.fluence == 1:
                    page.name = "fluence"
                elif detector.fluence == 0:
                    page.name = "current"
                else:
                    page.name = ""
                page.unit = "cm-2 GeV-1 sr-1"

                # TODO If the generalised particle is 208.0 (ENERGY) or 211.0 (EM-ENRGY),
                #             the quantity scored is differential energy fluence (if
                #             cosine-weighted) or differential energy current (energy crossing the
                #             surface). In both cases the quantity will be expressed in GeV per
                #             cm2 per energy unit per steradian per primary

                # unpack detector data
                # TODO cross-check if reshaping is needed
                page.data_raw = np.array(unpackArray(usr_object.readData(det_no)))
                page.error_raw = np.empty_like(page.data_raw)

                estimator.add_page(page)

            return usr_object
        except IOError:
            return None


[docs]    def parse_usrtrack(self, estimator):
        """
        :param estimator: an Estimator object, will be modified here and filled with data
        USRTRACK defines a detector for a track-length fluence estimator
        """
        try:
            usr_object = UsrTrack(self.filename)

            # loop over all detectors (pages) in USRTRACK object
            for det_no, detector in enumerate(usr_object.detector):
                page = Page(estimator=estimator)
                page.title = detector.name
                page.volume = detector.volume   # volume of the detector in cm**3

                # USRTRACK doesn't support spatial (XYZ) binning type
                if detector.type == 1:
                    energy_binning = MeshAxis.BinningType.linear
                elif detector.type == -1:
                    energy_binning = MeshAxis.BinningType.logarithmic
                else:
                    return Exception("Invalid binning type")

                # USRTRACK provides single differential binning, with diff axis in kinetic energy (in GeV)
                page.diff_axis1 = MeshAxis(n=detector.ne,  # number of energy intervals for scoring
                                           min_val=detector.elow,  # minimum kinetic energy for scoring (GeV)
                                           max_val=detector.ehigh,  # maximum kinetic energy for scoring (GeV)
                                           name="kinetic energy",
                                           unit="GeV",
                                           binning=energy_binning)

                page.name = "fluence"
                page.unit = "cm-2 GeV-1"

                # TODO IMPORTANT! The results of USRTRACK are always given as DIFFERENTIAL
                #             distributions of fluence (or tracklength, if the detector region
                #             volume is not specified) in energy, in units of cm-2 GeV-1 (or
                #             cm GeV-1) per incident primary unit weight. Thus, for example, when
                #             requesting a fluence energy spectrum, to obtain INTEGRAL BINNED
                #             results (fluence in cm-2 or tracklength in cm PER ENERGY BIN per
                #             primary) one must multiply the value of each energy bin by the width
                #             of the bin (even for logarithmic binning)

                # TODO If the generalised particle is 208 (ENERGY) or 211 (EM-ENRGY), the
                #             quantity scored is differential energy fluence (or tracklength, if
                #             the detector region volume is not specified), expressed in GeV per
                #             cm2 (or cm GeV) per energy unit per primary. That can sometimes lead
                #             to confusion since GeV cm-2 GeV-1 = cm-2, where energy does not appear.
                #             Note that integrating over energy one gets GeV/cm2.

                # unpack detector data
                # TODO cross-check if reshaping is needed
                page.data_raw = np.array(unpackArray(usr_object.readData(det_no)))
                page.error_raw = np.empty_like(page.data_raw)

                estimator.add_page(page)
            return usr_object
        except IOError:
            return None


[docs]    def parse_resnuclei(self, estimator):
        """
        TODO add support for resnuclei
        RESNUCLEi Scores residual nuclei produced in inelastic interactions on a region basis
        :param estimator: an Estimator object, will be modified here and filled with data
        """
        try:
            usr_object = Resnuclei(self.filename)
            # loop over all detectors (pages) in USRTRACK object
            for det_no, detector in enumerate(usr_object.detector):
                page = Page(estimator=estimator)

                # unpack detector data
                # TODO cross-check if reshaping is needed
                page.data_raw = np.array(unpackArray(usr_object.readData(det_no)))
                page.error_raw = np.empty_like(page.data_raw)

                estimator.add_page(page)
            return usr_object
        except IOError:
            return None


[docs]    def parse_data(self, estimator):
        """
        TODO
        :param estimator: an Estimator object, will be modified here and filled with data
        """
        for parse_function in (self.parse_usrbin, self.parse_usrtrack, self.parse_usrbdx, self.parse_resnuclei):
            usr_object = parse_function(estimator)

            # stop on first method which return not-None results and return it back
            if usr_object:
                return usr_object


[docs]    def read_data(self, estimator, nscale=1):
        """
        TODO
        :param estimator: an Estimator object, will be modified here and filled with data
        """
        usr_object = self.parse_data(estimator)

        estimator.file_counter = usr_object.nbatch
        estimator.number_of_primaries = usr_object.ncase
        estimator.time = usr_object.time
        estimator.title = usr_object.title

        estimator.file_format = 'fluka_binary'
        return True






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.readers.shieldhit.binary_spec

from enum import IntEnum


[docs]class SHBDOTagID(IntEnum):
    """ List of Tag ID numbers for BDO 2016 and 2019 formats.
    Must be synchronized with tags in sh_bdo.h and sh_detect.h in SH12A.
    """

    # Hex values are used for better recognition in binary files, should they be inspected by humans.
    # Group 0x0000 - 0x00FF : Miscellaneous info
    shversion = 0x00  # [char*] full version string of SHIELD-HIT12A
    shbuilddate = 0x01  # [char*] date of build
    filedate = 0x02  # [char*] bdo file creation date, RFC 2822 compliant
    user = 0x03  # [char *] optional login name
    host = 0x04  # [char *] optional host where this file was created
    format = 0x05  # [int]   optional ID describing which flavour the format is, to help .bdo parsers

    # Group 0xAA00 - 0xAAFF : Runtime variables
    rt_nstat = 0xAA00  # number of actually simulated particles
    rt_time = 0xAA01  # [unsigned long int] optional runtime in seconds
    rt_timesim = 0xAA02  # optional simulation time in seconds, excluding initialization.

    # Group 0xCB00 - 0xCBFF : Beam configuration
    jpart0 = 0xCB00  # [int] primary particle ID, in SH12A JPART terminology (32768 = INVALID)
    apro0 = 0xCB01  # [int] number of nucleons A of the projectile - only written if nucleons > 0
    zpro0 = 0xCB02  # [int] charge Z of the projectile, may also be negative (32768 = INVALID)
    beamx = 0xCB03  # [float] start position of the beam - X coordinate
    beamy = 0xCB04  # [float] start position of the beam - Y coordinate
    beamz = 0xCB05  # [float] start position of the beam - Z coordinate
    sigmax = 0xCB06  # [float] lateral extension of the beam in X direction
    sigmay = 0xCB07  # [float] lateral extension of the beam in Y direction
    tmax0 = 0xCB08  # [float] initial projectile energy (unit depends on projectile type)
    sigmat0 = 0xCB09  # [float] energy spread of the primary particle
    beamtheta = 0xCB0A  # [float] polar angle
    beamphi = 0xCB0B  # [float] azimuth angle
    beamdivx = 0xCB0C  # [float] beam divergence - X coordinate
    beamdivy = 0xCB0D  # [float] beam divergence - Y coordinate
    beamdivk = 0xCB0E  # [float] beam divergence - focus
    tmax0mev = 0xCB0F  # [double] initial projectile energy, always in [MeV]
    tmax0amu = 0xCB10  # [double] initial projectile energy in [MeV/amu] - only written if mass > 1e-6 u
    tmax0nuc = 0xCB11  # [double] initial projectile energy in [MeV/nucl] - only written if nucleons > 0

    # Group 0xCC00 - 0xCCFF : Configuration
    dele = 0xCC00
    demin = 0xCC01
    itypst = 0xCC02
    itypms = 0xCC03
    oln = 0xCC04
    inucre = 0xCC05
    iemtrans = 0xCC06
    iextspec = 0xCC07
    intrfast = 0xCC08
    intrslow = 0xCC09
    apzlscl = 0xCC0A
    ioffset = 0xCC0B
    irifimc = 0xCC0C
    irifitrans = 0xCC0D
    irifizone = 0xCC0E
    ext_nproj = 0xCC0F
    ext_ptvdose = 0xCC10
    ixfirs = 0xCC11

    # Group 0xCE00 - 0xCEFF : CT specific tags
    ct_ang = 0xCE00  # holds two doubles with the couch and gantry angle
    ct_icnt = 0xCE01  # holds three
    ct_len = 0xCE02  # holds three

    # Group 0xDD00 - 0xDD11 : old detect.f fortran Detector / page specific tags. See sh_detect.h
    det_geotyp = 0xDD00  # may differ from est_geotyp in case of spc
    det_nbin = 0xDD01  # idet(1-3) (len=3) number of bins x,y,z
    det_part = 0xDD02  # idet(4) particle type which was scored
    det_dtype = 0xDD03  # idet(5) detector type
    det_partz = 0xDD04  # idet(6)
    det_parta = 0xDD05  # idet(7)
    det_dmat = 0xDD06  # idet(8)
    det_nbine = 0xDD07  # idet(9) number of bins in diff scorer, negative means log binning
    det_difftype = 0xDD08  # idet(10) detector type for differential scorer (i.e. angle, energy, let)
    det_zonestart = 0xDD09  # idet(11)
    det_dsize = 0xDD0A  # idet(12)
    det_dsizexyz = 0xDD0B  # idet(13)

    det_xyz_start = 0xDD0C  # det(1-3)
    det_xyz_stop = 0xDD0D  # det(4-6)
    det_dif_start = 0xDD0E  # det(7)
    det_dif_stop = 0xDD0F  # det(8)
    det_voxvol = 0xDD10  # det(9)
    det_thresh = 0xDD11  # det(10) lower energy scoring threshold

    # Page: meta-data */
    # Group 0xDD30 - 0xDDFF : page specific tags. */
    detector_type = 0xDD30  # /* detector_type, this starts new page */
    page_number = 0xDD31  # /* Number of this detector */
    page_normalized = 0xDD32  # Flags for page->postproc on how to postprocess the data in SHBDO_PAG_DATA
    """
    Given:
        - the data in page->data as x_j
        - for j instances of this simulation
        - which was done with I_j number of paritcles.

        The resulting data will be termed X and has the units given by SHBDO_PAG_DATA_UNIT

        0: X = x_1                                for GEOMAP type scorers
        1: X = sum_j x_j                          COUNT, ...
        2: X = (sum_j x_j) / (sum_j I_j)          NORMCOUNT, ...
        3: X = (sum_j x_j * I_j) / (sum_j I_j)    LET, ...
    """

    page_scale_factor = 0xDD33  # /* if set and != 1.0 the data set was multiplied with this factor */
    page_offset = 0xDD34  # /* if set and != 0.0 the data set was offset with this value */
    page_medium_transport = 0xDD35  # /* [future] ASCII-string for detector medium set in geo.dat */
    page_medium_scoring = 0xDD36  # /* [future] ASCII-string for detector medium set in detect.dat scoring */
    page_unit_ids = 0xDD37  # /* Unit IDs according to sh_units.h. Set for detector and the two diff. bins */

    # /* page data */
    data_block = 0xDDBB  # /* data block, identical to SHBDO_DET_DATA */
    detector_unit = 0xDDBC  # /* ASCII string unit, including any differentials */

    # /* Page differential data */
    page_diff_flag = 0xDDD0  # /* flags if 1 or 2 differential binning was set. 1 for set, -1 for set as log10. */
    page_diff_type = 0xDDD1  # /* array holding 1 or 2 number of bins, for type of differential */
    page_diff_start = 0xDDD2  # /* array holding 1 or 2 lower bounds, for 1-D or 2-D respectively */
    page_diff_stop = 0xDDD3  # /* array holding 1 or 2 upper bounds, for 1-D or 2-D respectively */
    page_diff_size = 0xDDD4  # /* array holding 1 or 2 number of bins, for 1-D or 2-D respectively */
    page_diff_units = 0xDDD5  # /* ASCII string of ;-separated units along each dimension. %s;%s;%s where latter
    #          two %s are the differential units, and the first is the data in
    #          non-differential form. */

    # /* Filter data attached to page */
    page_filter_name = 0xDDF0  # /* name of filter containing one or more rules */
    page_filter_rules_no = 0xDDF1  # /* number of filter rules applied */
    page_filter_e_min = 0xDDF2  # /* lower energy threshold, emin */
    page_filter_emax = 0xDDF3  # /* upper energy threshold, emin */

    # Group 0xEE00 - 0xEEFF : Estimator specific tags
    # Geometry, as in gE0metry
    geometry_type = 0xE000  # geometry type ID, see SH_SGEO_* in sh_scoredef.h
    geometry_name = 0xE001  # /* User-given name of this geometry */
    geo_p_start = 0xE002  # /* start values, e.g xmin, ymin, zmin */
    geo_q_stop = 0xE003  # /* stop values, e.g xmax, ymax, zmax */
    geo_n_bins = 0xE004  # /* number of bins */
    geo_rotation = 0xE005  # [future] rotation of geometry
    geo_volume = 0xE006  # volume size in cm3 ... WARNING: may be a list in some future
    geo_zones = 0xE007  # single GEMCA zone, or list of zones
    geo_non_equidist_grid = 0xE008  # Array of non-equidistant z-grid. Tag only used if set.
    geo_units = 0xE009  # [Future]: ASCII string of ;-separated units along each dimension.
    geo_unit_ids = 0xE00A  # /* Unit IDs according to sh_units.h, one unit along each axis. */

    # Group 0xEF00 - 0xEFFF : Estimator
    filename_or_geotype = 0xEE00  # /* filename (bdo2019 format) or geometry name (bdo2016 format)*/
    estimator_number = 0xEE01  # /* Unique number for this estimator, if several files were saved, starting at 0 */
    number_of_pages = 0xEE02  # /* number of detectors / pages for this estimator */
    estimator_rescale_per_particle = 0xEE03  # estimator "per particle" rescaling, absent or set to 1 if no rescaling
    # note, that written data will *not* be multiplied with this value, it is up
    # to the BDO reader to multiply with this, if SHBDO_PAGE_NORMALIZE was set

    # /* Group 0xFFCC - 0xFFFF : Diagnostics, may be ignored by readers. */
    comment = 0xFFCC  # /* 0xFFCC-omment */
    debug = 0xFFCD  # /* 0xFFCD-ebug */
    error = 0xFFCE  # /* 0xFFCE-rror */



estimator_tags_to_save = (

)

page_tags_to_save = (
    SHBDOTagID.detector_type,
    SHBDOTagID.page_number,
    SHBDOTagID.page_normalized,
    SHBDOTagID.page_scale_factor,
    SHBDOTagID.page_offset,
    SHBDOTagID.page_unit_ids,

    SHBDOTagID.detector_unit,

    SHBDOTagID.page_diff_flag,
    SHBDOTagID.page_diff_type,
    SHBDOTagID.page_diff_start,
    SHBDOTagID.page_diff_stop,
    SHBDOTagID.page_diff_size,
    SHBDOTagID.page_diff_units,

    SHBDOTagID.page_filter_name,
    SHBDOTagID.page_filter_rules_no,
    SHBDOTagID.page_filter_e_min,
    SHBDOTagID.page_filter_emax,
)

# replace this dictionary with tuple estimator_tags_to_save
detector_name_from_bdotag = {
    SHBDOTagID.jpart0: 'projectile_code',
    SHBDOTagID.apro0: 'projectile_a',
    SHBDOTagID.zpro0: 'projectile_z',
    SHBDOTagID.beamx: 'projectile_position_x',
    SHBDOTagID.beamy: 'projectile_position_y',
    SHBDOTagID.beamz: 'projectile_position_z',
    SHBDOTagID.sigmax: 'projectile_sigma_x',
    SHBDOTagID.sigmay: 'projectile_sigma_y',
    SHBDOTagID.sigmat0: 'projectile_sigma_energy',
    SHBDOTagID.beamtheta: 'projectile_polar_angle',
    SHBDOTagID.beamphi: 'projectile_azimuth_angle',
    SHBDOTagID.beamdivx: 'projectile_divergence_x',
    SHBDOTagID.beamdivy: 'projectile_divergence_y',
    SHBDOTagID.beamdivk: 'projectile_divergence_k',
    SHBDOTagID.shversion: 'mc_code_version',
    SHBDOTagID.shbuilddate: 'mc_code_build_date',
    SHBDOTagID.filedate: 'filedate',
    SHBDOTagID.user: 'user',
    SHBDOTagID.host: 'host',
    SHBDOTagID.rt_nstat: 'number_of_primaries',
    SHBDOTagID.number_of_pages: 'page_count',
    SHBDOTagID.geo_unit_ids: 'geo_unit_ids',
    SHBDOTagID.geo_units: 'geo_units',
    SHBDOTagID.geometry_name: 'geo_name',
    SHBDOTagID.tmax0mev: 'Tmax_MeV',
    SHBDOTagID.tmax0amu: 'Tmax_MeV/amu',
    SHBDOTagID.tmax0nuc: 'Tmax_MeV/nucl'
}


[docs]class SHBDOUnitID(IntEnum):
    SH_SCORING_UNIT_UNKNOWN = -2  # /* e.g. for user defined scoring */
    SH_SCORING_UNIT_INVALID = -1  # /* N/A (not applicable), or undefined */

    SH_SCORING_UNIT_NONE = 0  # /* dimensionless */
    SH_SCORING_UNIT_AU = 1  # /* arbitrary units */
    SH_SCORING_UNIT_PCT = 2  # /* percent (%) */
    SH_SCORING_UNIT_PMIL = 3  # /* promill (%%) */
    SH_SCORING_UNIT_RELATIVE = 4  # /* dimensionless relative fraction */

    SH_SCORING_UNIT_CM = 10  # /* cm */
    SH_SCORING_UNIT_CM2 = 11  # /* cm^2 */
    SH_SCORING_UNIT_CM3 = 12  # /* cm^3 */
    SH_SCORING_UNIT_PCM = 13  # /* cm^-1 */
    SH_SCORING_UNIT_PCM2 = 14  # /* cm^-2 */
    SH_SCORING_UNIT_PCM3 = 15  # /* cm^-3 */

    SH_SCORING_UNIT_M = 16  # /* m */
    SH_SCORING_UNIT_M2 = 17  # /* m^2 */
    SH_SCORING_UNIT_M3 = 18  # /* m^3 */
    SH_SCORING_UNIT_PM = 19  # /* m^-1 */
    SH_SCORING_UNIT_PM2 = 20  # /* m^-2 */
    SH_SCORING_UNIT_PM3 = 21  # /* m^-3 */

    SH_SCORING_UNIT_GPCM3 = 22  # /* density g / cm^3 */
    SH_SCORING_UNIT_KGPM3 = 23  # /* density kg / m^3 */

    SH_SCORING_UNIT_KEVPUM = 30  # /* keV / um */
    SH_SCORING_UNIT_MEVPCM = 31  # /* MeV / cm */
    SH_SCORING_UNIT_MEVCM2PG = 32  # /* MeV * cm^2 / g */

    SH_SCORING_UNIT_MEVPG = 40  # /* MeV / g) */
    SH_SCORING_UNIT_GY = 41  # /* Gy (J/kg) */
    SH_SCORING_UNIT_GYRBE = 42  # /* Gy * RBE */
    SH_SCORING_UNIT_GYRE = 43  # /* Gy * RE (quenching) */
    SH_SCORING_UNIT_SV = 44  # /* Sv (J/kg) */
    SH_SCORING_UNIT_DOSERAD = 45  # /* Rad ( = 1 cGy)  */
    SH_SCORING_UNIT_DOSEREM = 46  # /* Rem ( = 1 cSv)  */

    SH_SCORING_UNIT_DEGREES = 50  # /* degrees */
    SH_SCORING_UNIT_RADIANS = 51  # /* radians */
    SH_SCORING_UNIT_SR = 52  # /* steradian sr = rad^2*/

    SH_SCORING_UNIT_COUNT = 60  # /* number # */

    SH_SCORING_UNIT_MEV = 70  # /* MeV */
    SH_SCORING_UNIT_MEVPNUC = 71  # /* MeV / nucleon */
    SH_SCORING_UNIT_MEVPAMU = 72  # /* MeV / amu */

    SH_SCORING_UNIT_NUCN = 80  # /* number of nucleons */
    SH_SCORING_UNIT_MEVPC2 = 81  # /* particle mass MeV / c^2 */
    SH_SCORING_UNIT_U = 82  # /* particle mass in terms of u */

    SH_SCORING_UNIT_MATID = 90  # /* material ID */
    SH_SCORING_UNIT_NZONE = 91  # /* zone number */



unit_name_from_unit_id = {
    SHBDOUnitID.SH_SCORING_UNIT_NONE: "",
    SHBDOUnitID.SH_SCORING_UNIT_AU: "a.u.",
    SHBDOUnitID.SH_SCORING_UNIT_PCT: "%",
    SHBDOUnitID.SH_SCORING_UNIT_PMIL: "%%",
    SHBDOUnitID.SH_SCORING_UNIT_RELATIVE: "rel.units",

    SHBDOUnitID.SH_SCORING_UNIT_CM: "cm",
    SHBDOUnitID.SH_SCORING_UNIT_CM2: "cm^2",
    SHBDOUnitID.SH_SCORING_UNIT_CM3: "cm^3",
    SHBDOUnitID.SH_SCORING_UNIT_PCM: "/cm",
    SHBDOUnitID.SH_SCORING_UNIT_PCM2: "/cm^2",
    SHBDOUnitID.SH_SCORING_UNIT_PCM3: "/cm^3",

    SHBDOUnitID.SH_SCORING_UNIT_M: "m",
    SHBDOUnitID.SH_SCORING_UNIT_M2: "m^2",
    SHBDOUnitID.SH_SCORING_UNIT_M3: "m^3",
    SHBDOUnitID.SH_SCORING_UNIT_PM: "/m",
    SHBDOUnitID.SH_SCORING_UNIT_PM2: "/m^2",
    SHBDOUnitID.SH_SCORING_UNIT_PM3: "/m^3",

    SHBDOUnitID.SH_SCORING_UNIT_GPCM3: "g/cm^3",
    SHBDOUnitID.SH_SCORING_UNIT_KGPM3: "kg/m^3",

    SHBDOUnitID.SH_SCORING_UNIT_KEVPUM: "keV/um",
    SHBDOUnitID.SH_SCORING_UNIT_MEVPCM: "MeV/cm",
    SHBDOUnitID.SH_SCORING_UNIT_MEVCM2PG: "MeV cm^2/g",

    SHBDOUnitID.SH_SCORING_UNIT_MEVPG: "MeV/g",
    SHBDOUnitID.SH_SCORING_UNIT_GY: "Gy",
    SHBDOUnitID.SH_SCORING_UNIT_GYRBE: "Gy(RBE)",  # /* Probably there are new ICRU rules here */
    SHBDOUnitID.SH_SCORING_UNIT_GYRE: "Gy(RE)",
    SHBDOUnitID.SH_SCORING_UNIT_SV: "Sv",
    SHBDOUnitID.SH_SCORING_UNIT_DOSERAD: "Rad",
    SHBDOUnitID.SH_SCORING_UNIT_DOSEREM: "Rem",

    SHBDOUnitID.SH_SCORING_UNIT_DEGREES: "deg",
    SHBDOUnitID.SH_SCORING_UNIT_RADIANS: "rad",
    SHBDOUnitID.SH_SCORING_UNIT_SR: "sr",

    SHBDOUnitID.SH_SCORING_UNIT_COUNT: "#",

    SHBDOUnitID.SH_SCORING_UNIT_MEV: "MeV",
    SHBDOUnitID.SH_SCORING_UNIT_MEVPNUC: "MeV/nucleon",
    SHBDOUnitID.SH_SCORING_UNIT_MEVPAMU: "MeV/amu",

    SHBDOUnitID.SH_SCORING_UNIT_NUCN: "",
    SHBDOUnitID.SH_SCORING_UNIT_MEVPC2: "MeV/c^2",
    SHBDOUnitID.SH_SCORING_UNIT_U: "u",

    SHBDOUnitID.SH_SCORING_UNIT_MATID: "",
    SHBDOUnitID.SH_SCORING_UNIT_NZONE: "",
}




          

      

      

    

  

    
      
          
            
  Source code for pymchelper.readers.shieldhit.general

from enum import IntEnum
import logging

import numpy as np

from pymchelper.readers.common import ReaderFactory
from pymchelper.readers.shieldhit.reader_base import read_next_token
from pymchelper.readers.shieldhit.reader_bdo2016 import SHReaderBDO2016
from pymchelper.readers.shieldhit.reader_bdo2019 import SHReaderBDO2019
from pymchelper.readers.shieldhit.reader_bin2010 import SHReaderBin2010
from pymchelper.readers.shieldhit.binary_spec import SHBDOTagID

logger = logging.getLogger(__name__)


[docs]def file_has_sh_magic_number(filename):
    """
    BDO binary files, introduced in 2016 (BDO2016 and BDO2019 formats) starts with 6 magic bytes xSH12A
    :param filename: Binary file filename
    :return: True if binary file starts with SH magic number
    """
    sh_bdo_magic_number = b'xSH12A'
    has_bdo_magic_number = False
    with open(filename, "rb") as f:
        d1 = np.dtype([('magic', 'S6')])  # TODO add a check if file has less than 6 bytes or is empty
        x = np.fromfile(f, dtype=d1, count=1)
        if x:
            # compare first 6 bytes with reference string
            has_bdo_magic_number = (sh_bdo_magic_number == x['magic'][0])

    logger.debug("File {:s} has magic number: {:s}".format(filename, str(has_bdo_magic_number)))
    return has_bdo_magic_number



[docs]def extract_sh_ver(filename):
    """
    BDO binary files, introduced in 2016 (BDO2016 and BDO2019 formats) contain information about SH VER
    :param filename: Binary file filename
    :return: SH12 version (as a string, i.e. 0.7) or None if version information was not found in the file
    """

    ver = None
    with open(filename, "rb") as f:
        d1 = np.dtype([('magic', 'S6'),
                       ('end', 'S2'),
                       ('vstr', 'S16')])  # TODO add a check if file has less than 6 bytes or is empty
        x = np.fromfile(f, dtype=d1, count=1)
        logger.debug("File {:s}, raw version info {:s}".format(filename, str(x['vstr'][0])))
        try:
            ver = x['vstr'][0].decode('ASCII')
        except UnicodeDecodeError:
            ver = None

    logger.debug("File {:s}, SH12A version: {:s}".format(filename, str(ver)))
    return ver



[docs]class SHFileFormatId(IntEnum):
    """
    SHIELD-HIT12A file format ids, as described in sh_file_format.h file
    """
    bin2010 = 0   # Old binary format from 2010, the first version David wrote back then
    bdo2016 = 1   # year 2016 .bdo file format, now with proper tags, used from SH 0.6.0
    bdo2019 = 2   # year 2019 .bdo style, introduced June 2019
    ascii = 3     # raw text format
    csv = 4       # comma separated file format



[docs]def read_token(filename, token_id):
    """
    TODO
    :param filename:
    :param token_id:
    :return:
    """
    with open(filename, "rb") as f:

        # skip ASCII header
        d1 = np.dtype([('magic', 'S6'), ('endiannes', 'S2'), ('vstr', 'S16')])
        np.fromfile(f, dtype=d1, count=1)

        # read tokens from rest of the file
        while f:
            token = read_next_token(f)
            if token is None:
                break
            pl_id, _pl_type, _pl_len, _pl = token
            if pl_id == token_id:

                logger.debug("Read token {:s} (0x{:02x}) value {} type {:s} length {:d}".format(
                    SHBDOTagID(pl_id).name,
                    pl_id,
                    _pl,
                    _pl_type.decode('ASCII'),
                    _pl_len
                ))

                pl = [None] * _pl_len

                # decode all strings (currently there will never be more than one per token)
                if 'S' in _pl_type.decode('ASCII'):
                    for i, _j in enumerate(_pl):
                        pl[i] = _pl[i].decode('ASCII').strip()
                else:
                    pl = _pl

                if len(pl) == 1:
                    pl = pl[0]

                return pl
        return None



[docs]class SHReaderFactory(ReaderFactory):
[docs]    def get_reader(self):
        """
        Inspect binary file and return appropriate reader object
        :return:
        """
        reader = None

        # TODO add ZIP file unpacking

        # magic number was introduced together with first token-based BDO file format (BDO2016)
        # presence of magic number means we could have BDO2016 or BDO2019 format
        if file_has_sh_magic_number(self.filename):
            reader = SHReaderBDO2019

            # format tag specifying binary standard was introduced in SH12A v0.7.4-dev on  07.06.2019 (commit 6eddf98)
            file_format = read_token(self.filename, SHBDOTagID.format)
            if file_format:
                logger.debug("File format: {} {:s}".format(file_format, SHFileFormatId(file_format).name))
                if file_format == SHFileFormatId.bdo2019:
                    reader = SHReaderBDO2019
                elif file_format == SHFileFormatId.bdo2016:
                    reader = SHReaderBDO2016
                else:
                    print("What shall we do ?")
            else:
                # in case format tag is missing we default to BDO2016 format
                # this mean we cannot read BDO2019 files generated with SH12A built before 07.06.2019
                logger.info("File format information missing (token)")
                reader = SHReaderBDO2016
        else:
            # lack of magic number means we expect Fortran-style binary format (BIN2010)
            reader = SHReaderBin2010

        # ver_short = extract_sh_ver(self.filename)
        # logger.info("Short version: {:s}".format(str(ver_short)))
        # ver_long = read_token(self.filename, SHBDOTagID.shversion)
        # logger.info("Long version: {:s}".format(str(ver_long)))

        return reader




[docs]class SHReaderASCII:
    """
    Reads plain text files with data saved by binary-to-ascii converter.
    """

    def __init__(self, filename):
        self.filename = filename

[docs]    def read_header(self, detector):
        raise NotImplementedError


[docs]    def read_payload(self, detector):
        raise NotImplementedError


[docs]    def read(self, detector):
        self.read_header(detector)
        self.read_payload(detector)






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.readers.shieldhit.reader_base

import logging
import os

import numpy as np

from pymchelper.axis import MeshAxis
from pymchelper.readers.common import Reader
from pymchelper.shieldhit.detector.detector_type import SHDetType
from pymchelper.shieldhit.detector.estimator_type import SHGeoType

logger = logging.getLogger(__name__)


[docs]class SHReader(Reader):
    """
    Reads binary output files generated by SHIELD-HIT12A code.
    """

[docs]    def read_data(self, estimator, nscale=1):
        """
        TODO
        :param estimator:
        :param nscale:
        :return:
        """
        _postprocess(estimator, nscale)
        return True


    @property
    def corename(self):
        """
        TODO
        :return:
        """
        core_name = None

        if self.filename.endswith(('.bdo', '.bdox')):  # TODO add more sophisticated check for file being SH12A output
            basename = os.path.basename(self.filename)
            # we expect the basename to follow one of two conventions:
            #  - corenameABCD.bdo (where ABCD is 4-digit integer)
            #  - corename.bdo
            core_name = basename[:-4]  # assume no number in the basename
            if basename[-8:-4].isdigit() and len(basename[-8:-4]) == 4:  # check if number present
                core_name = basename[:-8]

        return core_name



[docs]def mesh_unit_and_name(estimator, axis):
    """ Gets units and names depending on detector type.
    """

    _geotyp_units = {
        SHGeoType.msh: ("cm", "cm", "cm"),
        SHGeoType.dmsh: ("cm", "cm", "cm"),
        SHGeoType.cyl: ("cm", "radians", "cm"),
        SHGeoType.dcyl: ("cm", "radians", "cm"),
        SHGeoType.zone: ("zone number", "(nil)", "(nil)"),
        SHGeoType.voxscore: ("cm", "cm", "cm"),
        SHGeoType.geomap: ("cm", "cm", "cm"),
        SHGeoType.plane: ("cm", "cm", "cm"),
        SHGeoType.dplane: ("cm", "cm", "cm")
    }
    _default_units = ("(nil)", "(nil)", "(nil)")

    unit = _geotyp_units.get(estimator.geotyp, _default_units)[axis]

    if estimator.geotyp in {SHGeoType.msh, SHGeoType.dmsh, SHGeoType.voxscore, SHGeoType.geomap,
                            SHGeoType.plane, SHGeoType.dplane}:
        name = ("Position (X)", "Position (Y)", "Position (Z)")[axis]
    elif estimator.geotyp in {SHGeoType.cyl, SHGeoType.dcyl}:
        name = ("Radius (R)", "Angle (PHI)", "Position (Z)")[axis]
    else:
        name = ""

    # dirty hack to change the units for differential scorers
    if hasattr(estimator, 'dif_axis') and hasattr(estimator, 'dif_type') and axis == estimator.dif_axis:
        if estimator.dif_type == 1:
            unit, name = _get_detector_unit(SHDetType.energy, estimator.geotyp)
        elif estimator.dif_type == 2:
            unit, name = _get_detector_unit(SHDetType.let_bdo2016, estimator.geotyp)
        elif estimator.dif_type == 3:
            unit, name = _get_detector_unit(SHDetType.angle_bdo2016, estimator.geotyp)
        else:
            unit, name = _get_detector_unit(estimator.dif_type, estimator.geotyp)

    return unit, name



def _bintyp(n):
    """
    Calculates type of binning based on number of bins.

    We follow the convention that positive number of bins means linear binning,
    while the negative - logarithmic.

    :param n: number of bins
    :return: MeshAxis.BinningType.linear or MeshAxis.BinningType.logarithmic
    """
    return MeshAxis.BinningType.linear if n > 0 else MeshAxis.BinningType.logarithmic


def _get_detector_unit(detector_type, geotyp):
    """
    TODO
    :param detector_type:
    :param geotyp:
    :return:
    """
    if geotyp == SHGeoType.zone:
        dose_units = ("MeV/primary", "Dose*volume")
        dose_gy_units = ("J", "Dose*volume")
        alanine_units = ("MeV/primary", "Alanine RE*Dose*volume")
        alanine_gy_units = ("J", "Alanine RE*Dose*volume")
    else:
        dose_units = (" MeV/g/primary", "Dose")
        dose_gy_units = ("Gy", "Dose")
        alanine_units = ("MeV/g/primary", "Alanine RE*Dose")
        alanine_gy_units = ("Gy", "Alanine RE*Dose")

    # TODO add more units, move to shieldhit/detector package
    _detector_units = {
        SHDetType.none: ("(nil)", "None"),
        SHDetType.energy: ("MeV/primary", "Energy"),
        SHDetType.fluence: ("cm^-2/primary", "Fluence"),
        SHDetType.crossflu: ("cm^-2/primary", "Planar fluence"),
        SHDetType.letflu: ("MeV/cm", "LET fluence"),
        SHDetType.dose: dose_units,
        SHDetType.dose_gy_bdo2016: dose_gy_units,
        SHDetType.dlet: ("keV/um", "dose-averaged LET"),
        SHDetType.tlet: ("keV/um", "track-averaged LET"),
        SHDetType.avg_energy: ("MeV/nucleon", "Average kinetic energy"),
        SHDetType.avg_beta: ("(dimensionless)", "Average beta"),
        SHDetType.material: ("(nil)", "Material number"),
        SHDetType.alanine: alanine_units,
        SHDetType.alanine_gy_bdo2016: alanine_gy_units,
        SHDetType.counter: ("/primary", "Particle counter"),
        SHDetType.pet: ("/primary", "PET isotopes"),
        SHDetType.dletg: ("keV/um", "dose-averaged LET"),
        SHDetType.tletg: ("keV/um", "track-averaged LET"),
        SHDetType.q: ("(nil)", "beam quality Q"),
        SHDetType.flu_char: ("cm^-2/primary", "Charged particle fluence"),
        SHDetType.flu_neut: ("cm^-2/primary", "Neutral particle fluence"),
        SHDetType.flu_neqv: ("cm^-2/primary", "1 MeV eqv. neutron fluence"),
        SHDetType.let_bdo2016: ("keV/um", "LET"),
        SHDetType.angle_bdo2016: ("radians", "Angle"),
        SHDetType.zone: ("(dimensionless)", "Zone#"),
        SHDetType.medium: ("(dimensionless)", "Medium#"),
        SHDetType.rho: ("g/cm^3", "Density"),
        SHDetType.kinetic_energy: ("MeV", "Kinetic energy"),
    }
    return _detector_units.get(detector_type, ("(nil)", "(nil)"))


[docs]def read_next_token(f):
    """
    returns a tuple with 4 elements:
    0: payload id
    1: payload dtype string
    2: payload number of elements
    3: payload itself
    f is an open and readable file pointer.
    returns None if no token was found / EOF
    """

    tag = np.dtype([('pl_id', '<u8'),
                    ('pl_type', 'S8'),
                    ('pl_len', '<u8')])

    x1 = np.fromfile(f, dtype=tag, count=1)  # read the data into numpy

    if not x1:
        return None
    else:
        pl_id = x1['pl_id'][0]
        pl_type = x1['pl_type'][0]
        pl_len = x1['pl_len'][0]
        try:
            pl = np.fromfile(f,
                             dtype=pl_type,
                             count=pl_len)  # read the data into numpy
            return pl_id, pl_type, pl_len, pl
        except TypeError:
            return None



def _postprocess(estimator, nscale):
    """normalize result if we need that."""
    for page in estimator.pages:
        if page.dettyp not in (SHDetType.dlet, SHDetType.tlet, SHDetType.letflu, SHDetType.dletg, SHDetType.tletg,
                               SHDetType.avg_energy, SHDetType.avg_beta, SHDetType.material, SHDetType.q):
            if estimator.number_of_primaries != 0:  # geotyp = GEOMAP will have 0 projectiles simulated
                page.data_raw /= np.float64(estimator.number_of_primaries)
                page.error_raw /= np.float64(estimator.number_of_primaries)

    if nscale != 1:
        # scale with number of particles given by user
        for page in estimator.pages:
            page.data_raw *= np.float64(nscale)
            page.error_raw *= np.float64(nscale)

        # rescaling with particle number means also unit change for some estimators
        # from per particle to Grey - this is why we override detector type
        for page in estimator.pages:
            page.data_raw *= np.float64(nscale)
            page.error_raw *= np.float64(nscale)

            if page.dettyp == SHDetType.dose:
                page.dettyp = SHDetType.dose_gy_bdo2016
            if page.dettyp == SHDetType.alanine:
                page.dettyp = SHDetType.alanine_gy_bdo2016
            # for the same reason as above we change units
            if page.dettyp in (SHDetType.dose_gy_bdo2016, SHDetType.alanine_gy_bdo2016):
                # 1 megaelectron volt / gram = 1.60217662 x 10-10 Gy
                MeV_g = np.float64(1.60217662e-10)
                page.data_raw *= MeV_g
                page.error_raw *= MeV_g
                page.unit, page.name = _get_detector_unit(page.dettyp, estimator.geotyp)




          

      

      

    

  

    
      
          
            
  Source code for pymchelper.readers.shieldhit.reader_bdo2016

import logging

import numpy as np

from pymchelper.axis import MeshAxis
from pymchelper.page import Page
from pymchelper.readers.shieldhit.reader_base import SHReader, mesh_unit_and_name, _bintyp, _get_detector_unit, \
    read_next_token
from pymchelper.readers.shieldhit.binary_spec import SHBDOTagID, detector_name_from_bdotag
from pymchelper.shieldhit.detector.estimator_type import SHGeoType
from pymchelper.shieldhit.detector.detector_type import SHDetType

logger = logging.getLogger(__name__)


[docs]class SHReaderBDO2016(SHReader):
    """
    Binary format reader from version >= 0.6
    This format doesn't have support for multiple pages per estimator
    """
[docs]    def read_data(self, estimator):
        logger.debug("Reading: " + self.filename)
        with open(self.filename, "rb") as f:
            d1 = np.dtype([('magic', 'S6'),
                           ('end', 'S2'),
                           ('vstr', 'S16')])

            _x = np.fromfile(f, dtype=d1, count=1)  # read the data into numpy
            logger.debug("Magic : " + _x['magic'][0].decode('ASCII'))
            logger.debug("Endian: " + _x['end'][0].decode('ASCII'))
            logger.debug("VerStr: " + _x['vstr'][0].decode('ASCII'))

            # if no pages are present, add first one
            if not estimator.pages:
                estimator.add_page(Page())

            while f:
                token = read_next_token(f)
                if token is None:
                    break

                pl_id, _pl_type, _pl_len, _pl = token

                pl = [None] * _pl_len

                # decode all strings (currently there will never be more than one per token)
                if 'S' in _pl_type.decode('ASCII'):
                    for i, _j in enumerate(_pl):
                        pl[i] = _pl[i].decode('ASCII').strip()
                else:
                    pl = _pl

                try:
                    token_name = SHBDOTagID(pl_id).name
                    logger.debug("Read token {:s} (0x{:02x}) value {} type {:s} length {:d}".format(
                        token_name,
                        pl_id,
                        _pl,
                        _pl_type.decode('ASCII'),
                        _pl_len
                    ))
                except ValueError:
                    logger.info("Skipping token (0x{:02x}) value {} type {:s} length {:d}".format(
                        pl_id,
                        _pl,
                        _pl_type.decode('ASCII'),
                        _pl_len
                    ))

                if SHBDOTagID.shversion == pl_id:
                    estimator.mc_code_version = pl[0]
                    logger.debug("MC code version:" + estimator.mc_code_version)

                if SHBDOTagID.filedate == pl_id:
                    estimator.filedate = pl[0]

                if SHBDOTagID.user == pl_id:
                    estimator.user = pl[0]

                if SHBDOTagID.host == pl_id:
                    estimator.host = pl[0]

                if SHBDOTagID.rt_nstat == pl_id:
                    estimator.number_of_primaries = pl[0]

                # beam configuration etc...
                if pl_id in detector_name_from_bdotag:
                    setattr(estimator, detector_name_from_bdotag[pl_id], pl[0])

                # estimator block here ---
                if SHBDOTagID.det_geotyp == pl_id:
                    estimator.geotyp = SHGeoType[pl[0].strip().lower()]

                if SHBDOTagID.ext_ptvdose == pl_id:
                    estimator.tripdose = 0.0

                if SHBDOTagID.ext_nproj == pl_id:
                    estimator.tripntot = -1

                # read a single detector
                if SHBDOTagID.det_dtype == pl_id:
                    estimator.pages[0].dettyp = SHDetType(pl[0])

                if SHBDOTagID.det_part == pl_id:  # particle to be scored
                    estimator.scored_particle_code = pl[0]
                if SHBDOTagID.det_partz == pl_id:  # particle to be scored
                    estimator.scored_particle_z = pl[0]
                if SHBDOTagID.det_parta == pl_id:  # particle to be scored
                    estimator.scored_particle_a = pl[0]

                if SHBDOTagID.det_nbin == pl_id:
                    nx = pl[0]
                    ny = pl[1]
                    nz = pl[2]

                if SHBDOTagID.det_xyz_start == pl_id:
                    xmin = pl[0]
                    ymin = pl[1]
                    zmin = pl[2]

                if SHBDOTagID.det_xyz_stop == pl_id:
                    xmax = pl[0]
                    ymax = pl[1]
                    zmax = pl[2]

                # partial support for differential scoring (only linear binning)
                # TODO add some support for DMSH, DCYL and DZONE
                # TODO add support for logarithmic binning
                diff_geotypes = {SHGeoType.dplane, SHGeoType.dmsh, SHGeoType.dcyl, SHGeoType.dzone}
                if hasattr(estimator, 'geotyp') and estimator.geotyp in diff_geotypes:
                    if SHBDOTagID.det_dif_start == pl_id:
                        estimator.dif_min = pl[0]

                    if SHBDOTagID.det_dif_stop == pl_id:
                        estimator.dif_max = pl[0]

                    if SHBDOTagID.det_nbine == pl_id:
                        estimator.dif_n = pl[0]

                    if SHBDOTagID.det_difftype == pl_id:
                        estimator.dif_type = pl[0]

                if SHBDOTagID.det_zonestart == pl_id:
                    estimator.zone_start = pl[0]

                if SHBDOTagID.data_block == pl_id:
                    estimator.pages[0].data_raw = np.asarray(pl)

            # TODO: would be better to not overwrite x,y,z and make proper case for ZONE scoring later.
            if estimator.geotyp in {SHGeoType.zone, SHGeoType.dzone}:
                # special case for zone scoring, x min and max will be zone numbers
                xmin = estimator.zone_start
                xmax = xmin + nx - 1
                ymin = 0.0
                ymax = 0.0
                zmin = 0.0
                zmax = 0.0
            elif estimator.geotyp in {SHGeoType.plane, SHGeoType.dplane}:
                # special case for plane scoring, according to documentation we have:
                #  xmin, ymin, zmin = Sx, Sy, Sz (point on the plane)
                #  xmax, ymax, zmax = nx, ny, nz (normal vector)
                # to avoid situation where i.e. xmax < xmin (corresponds to nx < Sx)
                # we store only point on the plane
                estimator.sx, estimator.sy, estimator.sz = xmin, ymin, zmin
                estimator.nx, estimator.ny, estimator.nz = xmax, ymax, zmax
                xmax = xmin
                ymax = ymin
                zmax = zmin

            # check if scoring quantity is LET, if yes, than change units from [MeV/cm] to [keV/um]
            if hasattr(estimator, 'dif_type') and estimator.dif_type == 2:
                estimator.dif_min /= 10.0
                estimator.dif_max /= 10.0

            # # differential scoring data replacement
            if hasattr(estimator, 'dif_min') and hasattr(estimator, 'dif_max') and hasattr(estimator, 'dif_n'):
                if nz == 1:
                    # max two axis (X or Y) filled with scored value, Z axis empty
                    # we can put differential quantity as Z axis
                    nz = estimator.dif_n
                    zmin = estimator.dif_min
                    zmax = estimator.dif_max
                    estimator.dif_axis = 2
                elif ny == 1:
                    # Z axis filled with scored value (X axis maybe also), Y axis empty
                    # we can put differential quantity as Y axis
                    ny = estimator.dif_n
                    ymin = estimator.dif_min
                    ymax = estimator.dif_max
                    estimator.dif_axis = 1
                elif nx == 1:
                    nx = estimator.dif_n
                    xmin = estimator.dif_min
                    xmax = estimator.dif_max
                    estimator.dif_axis = 0

            xunit, xname = mesh_unit_and_name(estimator, 0)
            yunit, yname = mesh_unit_and_name(estimator, 1)
            zunit, zname = mesh_unit_and_name(estimator, 2)

            estimator.x = MeshAxis(n=np.abs(nx),
                                   min_val=xmin,
                                   max_val=xmax,
                                   name=xname,
                                   unit=xunit,
                                   binning=_bintyp(nx))
            estimator.y = MeshAxis(n=np.abs(ny),
                                   min_val=ymin,
                                   max_val=ymax,
                                   name=yname,
                                   unit=yunit,
                                   binning=_bintyp(ny))
            estimator.z = MeshAxis(n=np.abs(nz),
                                   min_val=zmin,
                                   max_val=zmax,
                                   name=zname,
                                   unit=zunit,
                                   binning=_bintyp(nz))

            estimator.pages[0].unit, estimator.pages[0].name = _get_detector_unit(estimator.pages[0].dettyp,
                                                                                  estimator.geotyp)

            estimator.file_format = 'bdo2016'

            logger.debug("Done reading bdo file.")
            logger.debug("Detector data : " + str(estimator.pages[0].data))
            logger.debug("Detector nstat: " + str(estimator.number_of_primaries))
            logger.debug("Detector nx   : " + str(estimator.x.n))
            logger.debug("Detector ny   : " + str(estimator.y.n))
            logger.debug("Detector nz   : " + str(estimator.z.n))
            estimator.file_counter = 1
        super(SHReaderBDO2016, self).read_data(estimator)
        return True






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.readers.shieldhit.reader_bdo2019

import logging

import numpy as np

from pymchelper.axis import MeshAxis
from pymchelper.page import Page
from pymchelper.readers.shieldhit.binary_spec import SHBDOTagID, detector_name_from_bdotag, unit_name_from_unit_id, \
    page_tags_to_save
from pymchelper.readers.shieldhit.reader_base import SHReader, read_next_token, mesh_unit_and_name
from pymchelper.shieldhit.detector.detector_type import SHDetType
from pymchelper.shieldhit.detector.estimator_type import SHGeoType

logger = logging.getLogger(__name__)


[docs]class SHReaderBDO2019(SHReader):
    """
    Experimental binary format reader version >= 0.7
    """
[docs]    def read_data(self, estimator):
        logger.debug("Reading: " + self.filename)

        with open(self.filename, "rb") as f:
            d1 = np.dtype([('magic', 'S6'), ('end', 'S2'), ('vstr', 'S16')])

            _x = np.fromfile(f, dtype=d1, count=1)  # read the data into numpy
            logger.debug("Magic : " + _x['magic'][0].decode('ASCII'))
            logger.debug("Endiannes: " + _x['end'][0].decode('ASCII'))
            logger.debug("VerStr: " + _x['vstr'][0].decode('ASCII'))

            while f:
                token = read_next_token(f)
                if token is None:
                    break

                token_id, token_type, payload_len, raw_payload = token

                payload = [None] * payload_len
                _has_geo_units_in_ascii = False

                # decode all strings (currently there will never be more than one per token)
                if 'S' in token_type.decode('ASCII'):
                    for i, _j in enumerate(raw_payload):
                        # raw payload may contain non-ASCII characters (i.e. filedate on non-English Windows OS)
                        payload[i] = raw_payload[i].decode('ASCII', 'replace').strip()
                else:
                    payload = raw_payload

                if payload_len == 1:
                    payload = payload[0]

                try:
                    token_name = SHBDOTagID(token_id).name
                    logger.debug("Read token {:s} (0x{:02x}) value {} type {:s} length {:d}".format(
                        token_name,
                        token_id,
                        raw_payload,
                        token_type.decode('ASCII'),
                        payload_len
                    ))
                except ValueError:
                    logger.info("Found unknown token (0x{:02x}) value {} type {:s} length {:d}, skipping".format(
                        token_id,
                        raw_payload,
                        token_type.decode('ASCII'),
                        payload_len
                    ))

                # geometry type
                if SHBDOTagID.geometry_type == token_id:
                    estimator.geotyp = SHGeoType[payload.strip().lower()]

                if SHBDOTagID.geo_n_bins == token_id:
                    estimator.x = estimator.x._replace(n=payload[0])
                    estimator.y = estimator.y._replace(n=payload[1])
                    estimator.z = estimator.z._replace(n=payload[2])

                if SHBDOTagID.geo_p_start == token_id:
                    estimator.x = estimator.x._replace(min_val=payload[0])
                    estimator.y = estimator.y._replace(min_val=payload[1])
                    estimator.z = estimator.z._replace(min_val=payload[2])

                if SHBDOTagID.geo_q_stop == token_id:
                    estimator.x = estimator.x._replace(max_val=payload[0])
                    estimator.y = estimator.y._replace(max_val=payload[1])
                    estimator.z = estimator.z._replace(max_val=payload[2])

                if SHBDOTagID.geo_unit_ids == token_id and not _has_geo_units_in_ascii:
                    estimator.x = estimator.x._replace(unit=unit_name_from_unit_id.get(payload[0], ""))
                    estimator.y = estimator.y._replace(unit=unit_name_from_unit_id.get(payload[1], ""))
                    estimator.z = estimator.z._replace(unit=unit_name_from_unit_id.get(payload[2], ""))

                # Units may also be given as pure ASCII directly from SHIELD-HIT12A new .bdo format.
                # If this is available, then use those embedded in the .bdo file, instead of pymchelper setting them.
                if SHBDOTagID.geo_units == token_id:
                    _units = payload.split(";")
                    if len(_units) == 3:
                        estimator.x = estimator.x._replace(unit=_units[0])
                        estimator.y = estimator.y._replace(unit=_units[1])
                        estimator.z = estimator.z._replace(unit=_units[2])
                        _has_geo_units_in_ascii = True

                # page(detector) type, it begins new page block
                if SHBDOTagID.detector_type == token_id:
                    # here new page is added to the estimator structure
                    estimator.add_page(Page())
                    logger.debug("Setting page.dettyp = {} ({})".format(SHDetType(payload), SHDetType(payload).name))
                    estimator.pages[-1].dettyp = SHDetType(payload)

                # page(detector) data is the last thing related to page that is saved in binary file
                # at this point all other page related tags should already be processed
                if SHBDOTagID.data_block == token_id:
                    logger.debug("Setting page data = {}".format(np.asarray(payload)))
                    estimator.pages[-1].data_raw = np.asarray(payload)

                # read tokens based on tag <-> name mapping for detector
                if token_id in detector_name_from_bdotag:
                    logger.debug("Setting detector.{} = {}".format(detector_name_from_bdotag[token_id], payload))
                    setattr(estimator, detector_name_from_bdotag[token_id], payload)

                # read tokens based on tag <-> name mapping for pages
                if token_id in page_tags_to_save:
                    logger.debug("Setting page.{} = {}".format(SHBDOTagID(token_id).name, payload))
                    setattr(estimator.pages[-1], SHBDOTagID(token_id).name, payload)

            # Loop over the file is over here
            # Check if we have differential scoring, i.e. data dimension is larger than 1:
            for page in estimator.pages:
                try:
                    page.diff_axis1 = MeshAxis(n=page.page_diff_size[0],
                                               min_val=page.page_diff_start[0],
                                               max_val=page.page_diff_stop[0],
                                               name="",
                                               unit=page.page_diff_units.split(";")[0],
                                               binning=MeshAxis.BinningType.linear)
                except AttributeError:
                    logger.info("Lack of data for first level differential scoring")
                except IndexError:
                    logger.info("Lack of units for first level differential scoring")

                try:
                    page.diff_axis2 = MeshAxis(n=page.page_diff_size[1],
                                               min_val=page.page_diff_start[1],
                                               max_val=page.page_diff_stop[1],
                                               name="",
                                               unit=page.page_diff_units.split(";")[1],
                                               binning=MeshAxis.BinningType.linear)
                except AttributeError:
                    logger.info("Lack of data for second level differential scoring")
                except IndexError:
                    logger.info("Lack of units for second level differential scoring")

            # Fix names of the axis objects for different mesh type,
            # units are directly extracted from BDO tags in 2019 format
            _, xname = mesh_unit_and_name(estimator, 0)
            _, yname = mesh_unit_and_name(estimator, 1)
            _, zname = mesh_unit_and_name(estimator, 2)
            estimator.x = estimator.x._replace(name=xname)
            estimator.y = estimator.y._replace(name=yname)
            estimator.z = estimator.z._replace(name=zname)

            # Copy the SH12A specific units into the general placeholders:
            for page in estimator.pages:
                page.unit = page.detector_unit
                # in future, a user may optionally give a more specific name in SH12A detect.dat, which then
                # may be written to the .bdo file. If the name is not set, use the official detector name instead:
                if not page.name:
                    page.name = str(page.dettyp)

            estimator.file_format = 'bdo2019'

            logger.debug("Done reading bdo file.")
            return True






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.readers.shieldhit.reader_bin2010

from collections import namedtuple
import logging

import numpy as np

from pymchelper.axis import MeshAxis
from pymchelper.page import Page
from pymchelper.readers.shieldhit.reader_base import SHReader, mesh_unit_and_name, _bintyp, _get_detector_unit
from pymchelper.shieldhit.detector.detector_type import SHDetType
from pymchelper.shieldhit.detector.estimator_type import SHGeoType

logger = logging.getLogger(__name__)


[docs]class SHReaderBin2010(SHReader):
    """
    Binary format reader from 0.1 <= version <= 0.6
    """
[docs]    def read_header(self, estimator):
        logger.info("Reading header: " + self.filename)

        estimator.tripdose = 0.0
        estimator.tripntot = -1

        # effective read
        # first figure out if this is a VOXSCORE card
        header_dtype = np.dtype([('__fo1', '<i4'), ('geotyp', 'S10')])
        header = np.fromfile(self.filename, header_dtype, count=1)
        if not header:
            print("File {:s} has unknown format".format(self.filename))
            return None

        if 'VOXSCORE' in header['geotyp'][0].decode('ascii'):
            header_dtype = np.dtype([('__fo1', '<i4'),     # 0x00
                                     ('geotyp', 'S10'),    # 0x04
                                     ('__fo2', '<i4'),     # 0x0E
                                     ('__fo3', '<i4'),     # 0x12
                                     ('nstat', '<i4'),     # 0x16 : nstat
                                     ('__fo4', '<i4'),     # 0x1A
                                     ('__foo1', '<i4'),    # 0x1E
                                     ('tds', '<f4'),       # 0x22 : tripdose
                                     ('__foo2', '<i4'),    # 0x26
                                     ('__foo3', '<i4'),    # 0x2A
                                     ('tnt', '<i8'),       # 0x2E : tripntot
                                     ('__foo4', '<i4'),    # 0x36
                                     ('__fo5', '<i4'),     # 0x3A
                                     # DET has 8x float64
                                     ('det', ('<f8', 8)),  # 0x3E : DET
                                     ('__fo6', '<i4'),     # 0x7E
                                     ('__fo7', '<i4'),     # 0x82
                                     # IDET has 11x int32
                                     ('idet', '<i4', 11),  # 0x86 : IDET
                                     ('__fo8', '<i4'),     # 0xB2
                                     ('reclen', '<i4')])   # 0xB6
            # payload starts at 0xBA (186)
            estimator.payload_offset = 186
        else:
            # first figure out the length.
            header_dtype = np.dtype([('__fo1', '<i4'),
                                     ('geotyp', 'S10'),
                                     ('__fo2', '<i4'),
                                     ('__fo3', '<i4'),
                                     ('nstat', '<i4'),
                                     ('__fo4', '<i4'),
                                     ('__fo5', '<i4'),
                                     # DET has 8x float64
                                     ('det', ('<f8', 8)),  # DET
                                     ('__fo6', '<i4'),
                                     ('__fo7', '<i4'),
                                     # IDET has 11x int32
                                     ('idet', '<i4', 11),  # IDET
                                     ('__fo8', '<i4'),
                                     ('reclen', '<i4')])
            # payload starts at 0x9E (158)
            estimator.payload_offset = 158

        header = np.fromfile(self.filename, header_dtype, count=1)
        estimator.rec_size = header['reclen'][0] // 8

        if 'VOXSCORE' in header['geotyp'][0].decode('ascii'):
            estimator.tripdose = header['tds'][0]
            estimator.tripntot = header['tnt'][0]

        # map 10-elements table to namedtuple, for easier access
        # here is description of IDET table, assuming fortran-style numbering
        # (arrays starting from 1)
        # IDET(1) : Number of bins in first dimension. x or r or zones
        # IDET(2) : Number of bins in snd dimension, y or theta
        # IDET(3) : Number of bins in thrd dimension, z
        # IDET(4) : Particle type requested for scoring
        # IDET(5) : Detector type (see INITDET)
        # IDET(6) : Z of particle to be scored
        # IDET(7) : A of particle to be scored (only integers here)
        # IDET(8) : Detector material parameter
        # IDET(9) : Number of energy/amu (or LET) differential bins,
        #            negative if log.
        # IDET(10): Type of differential scoring, either LET, E/amu
        #            or polar angle
        # IDET(11): Starting zone of scoring for zone scoring
        DetectorAttributes = namedtuple('DetectorAttributes',
                                        ['dim_1_bins', 'dim_2_bins',
                                         'dim_3_bins',
                                         'particle_type', 'det_type',
                                         'particle_z', 'particle_a',
                                         'det_material',
                                         'diff_bins_no', 'diff_scoring_type',
                                         'starting_zone'])
        det_attribs = DetectorAttributes(*header['idet'][0])

        nx = det_attribs.dim_1_bins
        ny = det_attribs.dim_2_bins
        nz = det_attribs.dim_3_bins

        # DET(1-3): start positions for x y z or r theta z
        # DET(4-6): stop positions for x y z or r theta z
        # DET(7)  : start differential grid
        # DET(8)  : stop differential grid
        estimator.det = header['det']
        estimator.particle = det_attribs.particle_type

        try:
            estimator.geotyp = SHGeoType[header['geotyp'][0].decode('ascii').strip().lower()]
        except Exception:
            estimator.geotyp = SHGeoType.unknown
        estimator.number_of_primaries = header['nstat'][0]

        if estimator.geotyp not in {SHGeoType.zone, SHGeoType.dzone}:
            xmin = header['det'][0][0]
            ymin = header['det'][0][1]
            zmin = header['det'][0][2]

            xmax = header['det'][0][3]
            ymax = header['det'][0][4]
            zmax = header['det'][0][5]
        else:
            # special case for zone scoring, x min and max will be zone numbers
            xmin = det_attribs.starting_zone
            xmax = xmin + nx - 1
            ymin = 0.0
            ymax = 0.0
            zmin = 0.0
            zmax = 0.0

        if estimator.geotyp in {SHGeoType.plane, SHGeoType.dplane}:
            # special case for plane scoring, according to documentation we have:
            #  xmin, ymin, zmin = Sx, Sy, Sz (point on the plane)
            #  xmax, ymax, zmax = nx, ny, nz (normal vector)
            # to avoid situation where i.e. xmax < xmin (corresponds to nx < Sx)
            # we store only point on the plane
            estimator.sx, estimator.sy, estimator.sz = xmin, ymin, zmin
            estimator.nx, estimator.ny, estimator.nz = xmax, ymax, zmax
            xmax = xmin
            ymax = ymin
            zmax = zmin

        xunit, xname = mesh_unit_and_name(estimator, 0)
        yunit, yname = mesh_unit_and_name(estimator, 1)
        zunit, zname = mesh_unit_and_name(estimator, 2)

        estimator.x = MeshAxis(n=np.abs(nx), min_val=xmin, max_val=xmax, name=xname, unit=xunit, binning=_bintyp(nx))
        estimator.y = MeshAxis(n=np.abs(ny), min_val=ymin, max_val=ymax, name=yname, unit=yunit, binning=_bintyp(ny))
        estimator.z = MeshAxis(n=np.abs(nz), min_val=zmin, max_val=zmax, name=zname, unit=zunit, binning=_bintyp(nz))

        page = Page(estimator=estimator)
        page.dettyp = SHDetType(det_attribs.det_type)
        page.unit, page.name = _get_detector_unit(page.dettyp, estimator.geotyp)
        estimator.add_page(page)

        return True  # reading OK


    # TODO: we need an alternative list, in case things have been scaled with nscale, since then things
    # are not "/particle" anymore.
[docs]    def read_payload(self, estimator):
        logger.info("Reading data: " + self.filename)

        if estimator.geotyp == SHGeoType.unknown or estimator.pages[0].dettyp == SHDetType.none:
            logger.error("Unknown geotyp or dettyp")
            return None

        # next read the data:
        offset_str = "S" + str(estimator.payload_offset)
        record_dtype = np.dtype([('trash', offset_str),
                                 ('bin2', '<f8', estimator.rec_size)])
        record = np.fromfile(self.filename, record_dtype, count=-1)
        # BIN(*)  : a large array holding results. Accessed using pointers.
        estimator.pages[0].data_raw = np.array(record['bin2'][:][0])
        estimator.pages[0].error_raw = np.empty_like(estimator.pages[0].data_raw)

        logger.debug("Raw data: {}".format(estimator.pages[0].data_raw))

        estimator.file_counter = 1

        return True


[docs]    def read_data(self, estimator):
        if not self.read_header(estimator):
            logger.debug("Reading header failed")
            return None
        if not self.read_payload(estimator):
            logger.debug("Reading payload failed")
            return None
        estimator.file_format = 'bin2010'
        super(SHReaderBin2010, self).read_data(estimator)
        return True






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.shieldhit.particle

from enum import IntEnum


[docs]class SHParticleType(IntEnum):
    """
    Particle list based on JPART from SHIELD-HIT12A, extended with ids 0 and -1.
    """
    all = -1
    unknown = 0
    neutron = 1
    proton = 2
    pi_minus = 3
    pi_plus = 4
    pi_zero = 5
    anti_neutron = 6
    anti_proton = 7
    kaon_minus = 8
    kaon_plus = 9
    kaon_zero = 10
    kaon_tilde = 11
    gamma = 12
    electron = 13
    positron = 14
    muon_minus = 15
    muon_plus = 16
    neutrino_e = 17
    anti_neutrino_e = 18
    neutrino_mu = 19
    anti_neutrino_mu = 20
    deuteron = 21
    triton = 22
    helium_3 = 23
    helium_4 = 24
    heavy_ion = 25

    def __str__(self):
        return self.name.replace('_', '-')



[docs]class SHHeavyIonType:
    particle_type = SHParticleType.heavy_ion

    def __init__(self):
        self.a = 0
        self.z = 0

    def __str__(self):
        result = str(self.particle_type)
        result += "_{:d}".format(self.z)
        result += "^{:d}".format(self.a)
        return result





          

      

      

    

  

    
      
          
            
  Source code for pymchelper.shieldhit.detector.detector_type

from enum import IntEnum


[docs]class SHDetType(IntEnum):
    """
    List of available detector types below is based on IDET(5,*) in detect.f in SHIELD-HIT12A.
    If new detectors are added, class SHEstimator in estimator.py should also be updated.
    """

    # TODO comments needed, see sh_scoredef.h

    none = 0
    energy = 1
    fluence = 2
    crossflu = 3
    letflu = 4

    dose = 5
    dlet = 6
    tlet = 7
    avg_energy = 8
    avg_beta = 9

    spc = 10
    material = 11
    ddd = 12
    alanine = 13
    counter = 14

    pet = 15
    dletg = 16
    tletg = 17
    zone = 18
    medium = 19

    rho = 20
    q = 21
    flu_char = 22
    flu_neut = 23
    flu_neqv = 24

    angle = 25
    trace = 26
    kinetic_energy = 27
    energy_nuc = 28
    energy_amu = 29

    a = 30
    amass = 31
    amu = 32
    gen = 33
    id = 34

    dedx = 35
    mass_dedx = 36
    track_length = 37
    nkerma = 38
    dose_gy = 39

    dose_eqv = 40
    eqv_dose = 41
    user1 = 42
    user2 = 43
    n_eqv_dose = 44  # Neutron equivalent dose, ICRP 103 protection quantity.

    z2beta2 = 45
    dose_av_z2beta2 = 46
    track_av_z2beta2 = 47
    dose_av_q = 48
    track_av_q = 49

    z = 50
    zeff = 51
    zeff2beta2 = 52
    tzeff2beta2 = 53
    dzeff2beta2 = 54

    let_bdo2016 = 120  # for differential scoring
    angle_bdo2016 = 121  # for differential scoring
    dose_gy_bdo2016 = 205
    alanine_gy_bdo2016 = 213

    invalid = 32767

    def __str__(self):
        return self.name.upper().replace('_', '-')





          

      

      

    

  

    
      
          
            
  Source code for pymchelper.shieldhit.detector.estimator

import logging

from pymchelper.shieldhit.detector.detector_type import SHDetType
from pymchelper.shieldhit.detector.estimator_type import SHGeoType
from pymchelper.shieldhit.detector.geometry import Geometry
from pymchelper.shieldhit.particle import SHParticleType, SHHeavyIonType

logger = logging.getLogger(__name__)


[docs]class SHEstimator:
    # (internal) Number of detector to be used with most scorers.
    # This correspons to the last "normal" detector minus 1, since the 0 detector is not inlucded.
    # Update the last detector if new detectors are added.
    _nn_det = SHDetType.flu_neqv - 1

    allowed_detectors = {
        SHGeoType.unknown: (),
        SHGeoType.zone: (SHDetType(i + 1) for i in range(_nn_det)),
        SHGeoType.cyl: (SHDetType(i + 1) for i in range(_nn_det)),
        SHGeoType.msh: (SHDetType(i + 1) for i in range(_nn_det)),
        SHGeoType.plane: (SHDetType(i + 1) for i in range(_nn_det)),
        SHGeoType.dzone: (SHDetType(i + 1) for i in range(_nn_det)),
        SHGeoType.dcyl: (SHDetType(i + 1) for i in range(_nn_det)),
        SHGeoType.dmsh: (SHDetType(i + 1) for i in range(_nn_det)),
        SHGeoType.dplane: (SHDetType(i + 1) for i in range(_nn_det)),
        SHGeoType.dcylz: (SHDetType(i + 1) for i in range(_nn_det)),
        SHGeoType.dmshz: (SHDetType(i + 1) for i in range(_nn_det)),
        SHGeoType.trace: (SHDetType.none,),
        SHGeoType.voxscore: (SHDetType(i + 1) for i in range(_nn_det)),
        SHGeoType.geomap: (SHDetType.zone, SHDetType.medium, SHDetType.rho),
    }

    def __init__(self):
        self.estimator = SHGeoType.unknown
        self.particle_type = SHParticleType.unknown
        self.heavy_ion_type = SHHeavyIonType()
        self.detector_type = SHDetType.none
        self.geometry = Geometry()
        self.filename = ""

[docs]    def is_valid(self):
        if self.estimator not in self.geometry.allowed_estimators():
            logger.error("{:s} is not a valid estimator for {:s} " "geometry".format(self.estimator, self.geometry))
            return False

        return True






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.shieldhit.detector.estimator_type

from enum import IntEnum


[docs]class SHGeoType(IntEnum):
    unknown = 0
    zone = 1
    cyl = 2
    msh = 3
    plane = 4
    dzone = 5
    dcyl = 6
    dmsh = 7
    dplane = 8
    dcylz = 10
    dmshz = 11
    trace = 13
    voxscore = 14
    geomap = 15

    def __str__(self):
        return self.name.upper()





          

      

      

    

  

    
      
          
            
  Source code for pymchelper.shieldhit.detector.fortran_card

from pymchelper.shieldhit.detector.estimator_type import SHGeoType
from pymchelper.shieldhit.detector.geometry import Zone, Plane
from pymchelper.shieldhit.particle import SHParticleType


[docs]class CardLine:
    """
    Represents single line of detect.dat file
    """

    comment = "*----0---><----1---><----2---><----3---><----4---><----5---><----6--->"
    credits = "* generated by pymchelper (https://github.com/DataMedSci/pymchelper) *"
    no_of_elements = 7
    element_length = 10

    def __init__(self, data=None):
        self.data = []
        if data is None:
            self.data = [" " * CardLine.element_length] * CardLine.no_of_elements
        else:
            for element in data:
                if isinstance(element, SHGeoType):
                    elem_string = CardLine.any_to_element(element, align_right=False)
                else:
                    elem_string = CardLine.any_to_element(element)
                self.data.append(elem_string)

    def __str__(self):
        return "".join(self.data)

[docs]    @staticmethod
    def any_to_element(s, align_right=True):
        if len(str(s)) > CardLine.element_length:
            raise Exception("Element [{:s}] should have {:d}, not {:d} elements".format(
                str(s), CardLine.element_length, len(str(s))))
        if s is None:
            s = ""
        padding = " " * (CardLine.element_length - len(str(s)))
        result = padding + str(s)
        if not align_right:
            result = str(s) + padding
        return result




[docs]class EstimatorWriter:
    """
    Helper class. Gives textual representation of Estimator objects.
    """

[docs]    @staticmethod
    def get_lines(estimator):
        """
        Converts estimator to CardLine objects
        :param estimator: valid estimator object
        :return: tuple of CardLine objects
        """
        if estimator.particle_type == SHParticleType.heavy_ion:
            data_heavy_ion = ["", estimator.heavy_ion_type.z, estimator.heavy_ion_type.a, "", "", "", ""]
        if isinstance(estimator.geometry, Zone):
            data1 = [
                estimator.estimator, estimator.geometry.start, estimator.geometry.stop, "",
                estimator.particle_type.value, estimator.detector_type, estimator.filename
            ]
            if estimator.particle_type == SHParticleType.heavy_ion:
                return CardLine(data1), CardLine(data_heavy_ion)
            return (CardLine(data1),)
        if isinstance(estimator.geometry, Plane):
            data1 = [
                estimator.estimator, estimator.geometry.point_x, estimator.geometry.point_y, estimator.geometry.point_z,
                estimator.geometry.normal_x, estimator.geometry.normal_y, estimator.geometry.normal_z
            ]
            data2 = ["", "", "", "", estimator.particle_type.value, estimator.detector_type, estimator.filename]
            if estimator.particle_type == SHParticleType.heavy_ion:
                return CardLine(data1), CardLine(data2), CardLine(data_heavy_ion)
            return CardLine(data1), CardLine(data2)
        data1 = [
            estimator.estimator, estimator.geometry.axis[0].start, estimator.geometry.axis[1].start,
            estimator.geometry.axis[2].start, estimator.geometry.axis[0].stop, estimator.geometry.axis[1].stop,
            estimator.geometry.axis[2].stop
        ]
        data2 = ["", estimator.geometry.axis[0].nbins, estimator.geometry.axis[1].nbins,
                 estimator.geometry.axis[2].nbins, estimator.particle_type.value, estimator.detector_type,
                 estimator.filename]
        if estimator.particle_type == SHParticleType.heavy_ion:
            return CardLine(data1), CardLine(data2), CardLine(data_heavy_ion)
        return CardLine(data1), CardLine(data2)


[docs]    @staticmethod
    def get_text(estimator, add_comment=False):
        """
        Converts Estimator to text
        :param estimator: valid Estimator object
        :param add_comment: if True, prepends textual representation with comment line
        :return: text representation (set of text lines) of Estimator
        """
        code_lines = EstimatorWriter.get_lines(estimator)
        result = ""
        if add_comment:
            result = CardLine.comment + "\n"
        result += "\n".join(map(str, code_lines)) + "\n"
        return result




[docs]class EstimatorReader:
    pass

    # TODO to be implemented




          

      

      

    

  

    
      
          
            
  Source code for pymchelper.shieldhit.detector.geometry

from pymchelper.shieldhit.detector.estimator_type import SHGeoType


[docs]class Axis:
    """
    Represents named sequence of nbins numbers, with known start and end position.
    Can be used as container to describe scoring geometry along one of the axis.
    """

    def __init__(self, name="", start=None, stop=None, nbins=None, number=None):
        self.name = name
        self.set(start=start, stop=stop, nbins=nbins, number=number)

[docs]    def set(self, start=None, stop=None, nbins=None, number=None):
        self.start = start
        self.stop = stop
        self.nbins = nbins
        self.number = number




[docs]class Geometry:
    """
    Base class for all types of scoring geometries. Holds information about three axes.
    Three axis are used to allow scoring up to 3 dimensions.
    Lower number of dimensions (i.e. scoring on square) are achieved by setting nbins=1 in the axis.
    """

    def __init__(self):
        self.axis = (Axis(), Axis(), Axis())

[docs]    @staticmethod
    def allowed_estimators():
        """
        :return: List of compatible estimators for this scoring geometry.
        """
        return ()


[docs]    def set_axis(self, axis_no, start=None, stop=None, nbins=None):
        """
        Fill axis data
        :param axis_no: integer number, from 0 to 2, specifies axis number
        :param start: start position
        :param stop:  stop position
        :param nbins: number of elements
        :return: None
        """
        if axis_no in range(len(self.axis)):
            self.axis[axis_no].set(start=start, stop=stop, nbins=nbins, number=axis_no)


    def __str__(self):
        return "general"



[docs]class CarthesianMesh(Geometry):
    """
    Carthesian mesh along X,Y and Z axis
    """

    def __init__(self):
        Geometry.__init__(self)
        self.axis[0].name = "X"
        self.axis[1].name = "Y"
        self.axis[2].name = "Z"

[docs]    @staticmethod
    def allowed_estimators():
        return SHGeoType.msh, SHGeoType.dmsh, SHGeoType.geomap


    def __str__(self):
        return "carthesian"



[docs]class CylindricalMesh(Geometry):
    """
    Cylindrical mesh along R, PHI and Z axis
    """

    def __init__(self):
        Geometry.__init__(self)
        self.axis[0].name = "R"
        self.axis[1].name = "PHI"
        self.axis[2].name = "Z"

[docs]    @staticmethod
    def allowed_estimators():
        return SHGeoType.cyl, SHGeoType.dcyl


    def __str__(self):
        return "cylindrical"



[docs]class Zone:
    """
    Zone scoring geometry - start and stop
    """

    def __init__(self):
        self.start = None
        self.stop = None

[docs]    @staticmethod
    def allowed_estimators():
        return SHGeoType.zone, SHGeoType.dzone


    def __str__(self):
        return "zone"



[docs]class Plane:
    """
    Plane scoring geometry
    """

    def __init__(self):
        self.set_point()
        self.set_normal()

[docs]    def set_point(self, x=None, y=None, z=None):
        self.point_x = x
        self.point_y = y
        self.point_z = z


[docs]    def set_normal(self, x=None, y=None, z=None):
        self.normal_x = x
        self.normal_y = y
        self.normal_z = z


[docs]    @staticmethod
    def allowed_estimators():
        return SHGeoType.plane, SHGeoType.dplane


    def __str__(self):
        return "plane"





          

      

      

    

  

    
      
          
            
  Source code for pymchelper.utils.mcscripter

"""
Tool for creating MC input files using user-specified tables and ranges.

2019 - Niels Bassler
"""

import os
import sys
import errno
import logging
import argparse

import numpy as np

logger = logging.getLogger(__name__)


[docs]class Config():
    """
    Reading the config file.
    """
    def __init__(self, fn):
        with open(fn) as _f:
            self.lines = _f.readlines()
            self.base_dir = os.path.dirname(fn)

            # script must run relative to location of config file.
            # this is needed, otherwise symlink creation will fail, as these are relative
            # and expect that the target exists.
            if self.base_dir:
                os.chdir(self.base_dir)
            self.parse()

[docs]    def parse(self):
        """
        Parse configuration file.
        All data are read into dicts. There are two dicts: a constant and variable (tabluated) one.
        """

        self.const_dict = {}  # list of contant assignments
        self.table_dict = {}  # list of table assignments

        keys = []
        vals = []

        _first_line_in_table = True

        for line in self.lines:
            # skip comments
            if line.startswith('#'):
                continue

            # constant assigments
            if "=" in line:
                _v = line.split("=")
                self.const_dict[_v[0].strip()] = _v[1].strip()
                continue

            # check if we are starting a table
            if len(line.split()) > 0:
                if _first_line_in_table:
                    keys = line.split()
                    _first_line_in_table = False
                else:
                    vals.append(line.split())

        # after parsing all lines setup the variable table, if it exists:
        if keys and vals:
            for i, key in enumerate(keys):
                self.table_dict[key] = [val[i] for val in vals]

        _files = []
        for item in self.const_dict["FILES"].split(","):
            _files.append(item.strip())
        self.const_dict["FILES"] = _files

        _files = []
        for item in self.const_dict["SYMLINKS"].split(","):
            _files.append(item.strip())
        self.const_dict["SYMLINKS"] = _files




[docs]class McFile():
    """
    General MC single file object.
    This will be used for the template files as well as the generated output files.
    """
    def __init__(self):
        self.fname = ""  # filename
        self.path = ""   # full path to this file (may be relative)
        self.lines = []  # list of lines inside this file
        self.symlink = False  # marker if file is a symlink
        self.templ_dir = ""  # template directory

[docs]    def write(self):
        """
        Write self to disk, create symlink if that is the case.
        """
        # check if target directory exists, create it, if not.
        try:
            os.makedirs(os.path.dirname(self.path))
        except OSError as e:  # when python 2.7 is dropped this can be replaced with FileExistsError: pass
            if e.errno == errno.EEXIST:
                pass  # silently accept existing directories
            else:
                logger.error('Directory not created.')
                raise

        if self.symlink:
            link_file = os.path.join(self.templ_dir, self.fname)
            link_target = os.path.join(self.path)
            link_name = os.path.relpath(link_file, os.path.dirname(link_target))

            try:
                os.symlink(link_name, link_target)
            except AttributeError as e:  # python 2.7 on Windows cannot create symlinks
                logger.error('Symlink not created.')
                print("Cannot create a link to the file, please check if you are using Linux or Python 3.")
                raise e
            except OSError as e:  # when python 2.7 is dropped this can be replaced with FileExistsError: pass
                if e.errno == errno.EEXIST:
                    pass  # silently accept existing symlinks
                else:
                    logger.error('Symlink not created.')
                    raise
        else:
            with open(self.path, 'w') as _f:
                logger.info("Writing {}".format(self.path))
                _f.writelines(self.lines)




[docs]class Template():
    """
    Read all files and symlinks specified in the config file, and place them in a list of McFile objects.
    """
    def __init__(self, cfg):
        self.files = []
        self.read(cfg)

[docs]    def read(self, cfg):
        """
        Reads all template files, and creates a list of McFile objects in self.files.
        """

        fname_list = cfg.const_dict["FILES"] + cfg.const_dict["SYMLINKS"]

        for fname in fname_list:
            tf = McFile()
            tf.fname = fname
            tf.path = os.path.join(cfg.const_dict["TDIR"], fname)
            tf.templ_dir = cfg.const_dict["TDIR"]

            with open(tf.path) as _f:
                tf.lines = _f.readlines()

            if fname in cfg.const_dict["SYMLINKS"]:
                tf.symlink = True
            else:
                tf.symlink = False
            self.files.append(tf)




[docs]class Generator():
    """
    This generates and writes the output files based on the loaded template files and the config file.
    """
    def __init__(self, templ, cfg):
        """
        Logic attached to the various keys is in here.
        templ is a Template object and cfg is a Config object.
        """

        # create a new dict, with all keys, but single unique values only:
        # this is the "current unique dictionary"
        u_dict = cfg.const_dict.copy()

        # loop_keys are special keys which cover a numerical range in discrete steps.
        # here we will identify them, and for each loop_key, there will be a range setup.
        # loop_keys are identified by the "_MIN" suffix:
        loop_keys = []
        for key in cfg.table_dict.keys():
            if "_MIN" in key:
                loop_keys.append(key.strip("_MIN") + "_")

        # reuse any key from table to calculate the length of the table
        # this means that the table must be homogenous, i.e. every key must have the same amount of values.
        _vals = cfg.table_dict[key]

        for i, val in enumerate(_vals):
            for key in cfg.table_dict.keys():
                u_dict[key] = cfg.table_dict[key][i]  # only copy the ith value

            # now prepare the ranges for every loop_key
            for loop_key in loop_keys:
                _lmin = float(cfg.table_dict[loop_key + "MIN"][i])
                _lmax = float(cfg.table_dict[loop_key + "MAX"][i])
                _lst = float(cfg.table_dict[loop_key + "STEP"][i])
                loop_vals = np.arange(_lmin, _lmax, _lst)
                for loop_val in loop_vals:
                    u_dict[loop_key] = loop_val

                    # set the relative energy spread:
                    if "E_" in u_dict and "DE_FACTOR" in u_dict:
                        _de = float(u_dict["E_"]) * float(u_dict["DE_FACTOR"])
                        u_dict["DE_"] = "{:.3f}".format(_de)  # HARDCODED float format for DE_

            # at this point, the dict is fully set.
            self.write(templ, u_dict)

[docs]    @staticmethod
    def get_keys(s):  # This is currently not used, but kept for future use.
        """
        return list of ${} keys in string
        """
        r = []

        if "${" in s:
            _i = [i for i, d in enumerate(s) if d == "{"]
            _ii = [i for i, d in enumerate(s) if d == "}"]

            for i in zip(_i, _ii):
                r.append(s[i[0] + 1:i[1]])
        return r


[docs]    @staticmethod
    def lreplace(s, f, r):
        """
        Left adjusted replacement of string f with string r, in string s.

        This function is implemented in order to fill in data in FORTRAN77 fields,
        which are tied to certain positions on the line, i.e. subsequent values
        may not be shifted.

        Finds string f in string s and replaces it with string r, but left adjusted, retaining line length.
        If length of r is shorter than length of f, remaining chars will be space padded.
        If length of r is larger than length of f, then characters will be overwritten.
        A copy of s with the replacement is returned.
        """
        if f in s:
            _idx = s.find(f)
            if len(r) < len(f):
                _r = r + " " * (len(f) - len(r))
            else:
                _r = r
            text = s[:_idx] + _r + s[_idx + len(_r):]
            return text


[docs]    def write(self, t, u_dict):
        """
        Write a copy of the template, using the substitutions as specifed in
        the unique dictionary u_dict.

        "Unique", means that any _MIN _MAX _STEP type variables have been set.
        """

        _wd = u_dict["WDIR"]

        # check if any keys are in WDIR subsitutions
        for key in u_dict.keys():
            token = "${" + key + "}"
            if token in _wd:

                _s = u_dict[key]
                if isinstance(_s, float):
                    _s = "{:08.3f}".format(u_dict[key])  # HARDCODED float format for directory string
                _wd = _wd.replace(token, _s)
        work_dir = _wd

        for tf in t.files:  # tf = template filename
            of = McFile()  # of = output file object
            of.fname = tf.fname
            of.path = os.path.join(work_dir, tf.fname)
            of.templ_dir = tf.templ_dir

            # symlinks should not be parsed for tokens.
            if tf.symlink:
                of.symlink = True
            else:
                of.symlink = False

                for line in tf.lines:
                    for key in u_dict.keys():
                        token = "${" + key + "}"
                        while token in line:
                            _s = u_dict[key]
                            if isinstance(_s, float):
                                _s = "{:.3f}".format(u_dict[key])  # HARDCODED float format for loop_keys
                            line = self.lreplace(line, token, _s)
                    of.lines.append(line)
            # end loop over t.files
            of.write()




[docs]def main(args=None):
    """
    Main function.
    """
    if args is None:
        args = sys.argv[1:]

    import pymchelper
    parser = argparse.ArgumentParser()
    parser.add_argument('fconf', metavar="config.txt", type=argparse.FileType('r'),
                        help="path to config file.",
                        default=sys.stdin)
    parser.add_argument('-v', '--verbosity', action='count', help="increase output verbosity", default=0)
    parser.add_argument('-V', '--version', action='version', version=pymchelper.__version__)
    args = parser.parse_args(args)

    if args.verbosity == 1:
        logging.basicConfig(level=logging.INFO)
    elif args.verbosity > 1:
        logging.basicConfig(level=logging.DEBUG)
    else:
        logging.basicConfig()

    cfg = Config(args.fconf.name)
    t = Template(cfg)

    Generator(t, cfg)



if __name__ == '__main__':
    sys.exit(main(sys.argv[1:]))




          

      

      

    

  

    
      
          
            
  Source code for pymchelper.utils.pld2sobp

"""
Reads PLD file in IBA format and convert to sobp.dat
which is readable by FLUKA with source_sampler.f and by SHIELD-HIT12A.

TODO: Translate energy to spotsize.
"""
import sys
import logging
import argparse
from math import exp, log

logger = logging.getLogger(__name__)


[docs]def dedx_air(energy):
    """
    Calculate the mass stopping power of protons in air following ICRU 49.
    Valid from 1 to 500 MeV only.

    :params energy: Proton energy in MeV
    :returns: mass stopping power in MeV cm2/g
    """
    if energy > 500.0 or energy < 1.0:
        logger.error("Proton energy must be between 1 and 500 MeV.")
        raise ValueError("Energy = {:.2f} out of bounds.".format(energy))

    x = log(energy)
    y = 5.4041 - 0.66877 * x - 0.034441 * (x**2) - 0.0010707 * (x**3) + 0.00082584 * (x**4)
    return exp(y)



[docs]class Layer(object):
    """
    Class for handling Layers.
    """
    def __init__(self, spotsize, energy, meterset, elsum, repaints, elements):
        self.spotsize = float(spotsize)
        self.energy = float(energy)
        self.meterset = float(meterset)   # MU sum of this + all previous layers
        self.elsum = float(elsum)         # sum of elements in this layer
        self.repaints = int(repaints)     # number of repaints
        self.elements = elements          # number of elements
        self.spots = int(len(elements) / 2)  # there are two elements per spot

        self.x = [0.0] * self.spots
        self.y = [0.0] * self.spots
        self.w = [0.0] * self.spots       # MU weight
        self.rf = [0.0] * self.spots      # fluence weight

        j = 0
        for element in elements:
            token = element.split(",")
            if token[3] != "0.0":
                self.x[j] = float(token[1].strip())
                self.y[j] = float(token[2].strip())
                self.w[j] = float(token[3].strip())  # meterset weight of this spot
                self.rf[j] = self.w[j]
                j += 1  # only every second token has a element we need.



[docs]class PLDRead(object):
    """
    Class for handling PLD files.
    """

    def __init__(self, fpld):
        """ Read the rst file."""

        pldlines = fpld.readlines()
        pldlen = len(pldlines)
        logger.info("Read {} lines of data.".format(pldlen))

        self.layers = []

        # parse first line
        token = pldlines[0].split(",")
        self.beam = token[0].strip()
        self.patient_iD = token[1].strip()
        self.patient_name = token[2].strip()
        self.patient_initals = token[3].strip()
        self.patient_firstname = token[4].strip()
        self.plan_label = token[5].strip()
        self.beam_name = token[6].strip()
        self.mu = float(token[7].strip())
        self.csetweight = float(token[8].strip())
        self.nrlayers = int(token[9].strip())  # number of layers

        for i in range(1, pldlen):  # loop over all lines starting from the second one
            line = pldlines[i]
            if "Layer" in line:
                header = line

                token = header.split(",")
                # extract the subsequent lines with elements
                el_first = i + 1
                el_last = el_first + int(token[4])

                elements = pldlines[el_first:el_last]

                # read number of repaints only if 5th column is present, otherwise set to 0
                repaints_no = 0
                if 5 in token:
                    repaints_no = token[5].strip()

                self.layers.append(Layer(token[1].strip(),  # Spot1
                                         token[2].strip(),  # energy
                                         token[3].strip(),  # cumulative meter set weight including this layer
                                         token[4].strip(),  # number of elements in this layer
                                         repaints_no,  # number of repaints.
                                         elements))  # array holding all elements for this layer



[docs]def main(args=None):
    """ Main function of the pld2sobp script.
    """
    if args is None:
        args = sys.argv[1:]

    import pymchelper

    # _scaling holds the number of particles * dE/dx / MU = some constant
    # _scaling = 8.106687e7  # Calculated Nov. 2016 from Brita's 32 Gy plan. (no dE/dx)
    _scaling = 5.1821e8  # Estimated calculation Apr. 2017 from Brita's 32 Gy plan.

    parser = argparse.ArgumentParser()
    parser.add_argument('fin', metavar="input_file.pld", type=argparse.FileType('r'),
                        help="path to .pld input file in IBA format.",
                        default=sys.stdin)
    parser.add_argument('fout', nargs='?', metavar="output_file.dat", type=argparse.FileType('w'),
                        help="path to the SHIELD-HIT12A/FLUKA output file, or print to stdout if not given.",
                        default=sys.stdout)
    parser.add_argument('-f', '--flip', action='store_true', help="flip XY axis", dest="flip", default=False)
    parser.add_argument('-d', '--diag', action='store_true', help="prints additional diagnostics",
                        dest="diag", default=False)
    parser.add_argument('-s', '--scale', type=float, dest='scale',
                        help="number of particles*dE/dx per MU.", default=_scaling)
    parser.add_argument('-v', '--verbosity', action='count', help="increase output verbosity", default=0)
    parser.add_argument('-V', '--version', action='version', version=pymchelper.__version__)
    args = parser.parse_args(args)

    if args.verbosity == 1:
        logging.basicConfig(level=logging.INFO)
    if args.verbosity > 1:
        logging.basicConfig(level=logging.DEBUG)

    pld_data = PLDRead(args.fin)
    args.fin.close()

    # SH12A takes any form of list of values, as long as the line is shorter than 78 Chars.
    outstr = "{:-10.6f} {:-10.2f} {:-10.2f} {:-10.2f} {:-16.6E}\n"

    meterset_weight_sum = 0.0
    particles_sum = 0.0

    for layer in pld_data.layers:
        spotsize = 2.354820045 * layer.spotsize * 0.1  # 1 sigma im mm -> 1 cm FWHM

        for spot_x, spot_y, spot_w, spot_rf in zip(layer.x, layer.y, layer.w, layer.rf):

            weight = spot_rf * pld_data.mu / pld_data.csetweight
            # Need to convert to weight by fluence, rather than weight by dose
            # for building the SOBP. Monitor Units (MU) = "meterset", are per dose
            # in the monitoring Ionization chamber, which returns some signal
            # proportional to dose to air. D = phi * S => MU = phi * S(air)
            phi_weight = weight / dedx_air(layer.energy)

            # add number of paricles in this spot
            particles_spot = args.scale * phi_weight
            particles_sum += particles_spot

            meterset_weight_sum += spot_w

            layer_xy = [spot_x * 0.1, spot_y * 0.1]

            if args.flip:
                layer_xy.reverse()

            args.fout.writelines(outstr.format(layer.energy * 0.001,  # MeV -> GeV
                                               layer_xy[0],
                                               layer_xy[1],
                                               spotsize,
                                               particles_spot))

    logger.info("Data were scaled with a factor of {:e} particles*S/MU.".format(args.scale))
    if args.flip:
        logger.info("Output file was XY flipped.")

    if args.diag:
        energy_list = [layer.energy for layer in pld_data.layers]

        # double loop over all layers and over all spots in a layer
        spot_x_list = [x for layer in pld_data.layers for x in layer.x]
        spot_y_list = [y for layer in pld_data.layers for y in layer.y]
        spot_w_list = [w for layer in pld_data.layers for w in layer.w]

        print("")
        print("Diagnostics:")
        print("------------------------------------------------")
        print("Total MUs              : {:10.4f}".format(pld_data.mu))
        print("Total meterset weigths : {:10.4f}".format(meterset_weight_sum))
        print("Total particles        : {:10.4e} (estimated)".format(particles_sum))
        print("------------------------------------------------")
        for i, energy in enumerate(energy_list):
            print("Energy in layer {:3}    : {:10.4f} MeV".format(i, energy))
        print("------------------------------------------------")
        print("Highest energy         : {:10.4f} MeV".format(max(energy_list)))
        print("Lowest energy          : {:10.4f} MeV".format(min(energy_list)))
        print("------------------------------------------------")
        print("Spot X         min/max : {:10.4f} {:10.4f} mm".format(min(spot_x_list), max(spot_x_list)))
        print("Spot Y         min/max : {:10.4f} {:10.4f} mm".format(min(spot_y_list), max(spot_y_list)))
        print("Spot meterset  min/max : {:10.4f} {:10.4f}   ".format(min(spot_w_list), max(spot_w_list)))
        print("")
    args.fout.close()



if __name__ == '__main__':
    sys.exit(main(sys.argv[1:]))




          

      

      

    

  

    
      
          
            
  Source code for pymchelper.utils.runmc

#!/usr/bin/env python

import os
import logging
import sys
import argparse
import timeit

from pymchelper.executor.options import SimulationSettings
from pymchelper.executor.runner import OutputDataType, Runner
from pymchelper.writers.plots import PlotDataWriter, ImageWriter


[docs]def set_logger_level(args):
    """
    Set logger verbosity and quietness based on parsed arguments
    Checks for presence of quiet (-q) and verbose (-v) switches
    """

    # set default logging level to INFO
    level = "INFO"

    # silence almost all warnings if quite option provided
    # there are two levels:
    #  - normal quiet (-q) with level set to WARNING
    #  - very quiet (-qq)  with level set to ERROR
    #  - very very quiet (-qqq and more)  with level set to CRITICAL
    # quiet option is especially useful when using `runmc` commands in the scripts (i.e. in some loops)
    if args.quiet:
        if args.quiet == 1:
            level = "WARNING"
        if args.quiet == 2:
            level = "ERROR"
        else:
            level = "CRITICAL"
    # verbose option, useful in debugging sets DEBUG level
    elif args.verbose:
        level = "DEBUG"

    logging.basicConfig(level=level)



[docs]def main(args=None):
    """
    Entry point to the `runmc` script: argument parsing and calling run method
    """

    if args is None:
        args = sys.argv[1:]
    import pymchelper

    parser = argparse.ArgumentParser()
    parser.add_argument('-e', '--executable', help='path to MC executable '
                                                   '(automatically detected if not provided)',
                        type=str, default=None)
    parser.add_argument('-j', '--jobs',
                        help='Number of jobs to run simultaneously (default: {:d})'.format(os.cpu_count()),
                        type=int, default=None)
    parser.add_argument('-m', '--mc-options', help='MC simulation options (default: empty string)',
                        dest='mcopt', type=str, default='')
    parser.add_argument('-o', '--output-dir', help='Output directory (default: .)',
                        dest='outdir', type=str, default='.')
    parser.add_argument('-t', '--out-type', help='output data type (default {:s})'.format(OutputDataType.txt.name),
                        dest='outtype', type=str, nargs='*',
                        choices=[x.name for x in OutputDataType], default=OutputDataType.txt.name)
    parser.add_argument('-w', '--work-dir', help='Workspace directory (default: .)',
                        dest='workspace', type=str, default='.')
    parser.add_argument('-k', '--keep', action='store_true', help='keep workspace directories')
    parser.add_argument('-q', '--quiet', action='count', default=0, help='be silent')
    parser.add_argument('-v',
                        '--verbose',
                        action='count',
                        default=0,
                        help='give more output. Option is additive, and can be used up to 3 times')
    parser.add_argument('-V', '--version', action='version', version=pymchelper.__version__)
    parser.add_argument('input', help='input filename or directory', type=str)

    parsed_args = parser.parse_args(args)

    # set verbose and quietness options
    set_logger_level(parsed_args)

    # strip MC simulation arguments:
    #   we have possibility to pass extra options to MS simulation executable
    #   passing these options in most obvious way, i.e. -m --time 00:15:30 won't work
    #   as argument parsing library will interpret --time as runmc option and not as -m option value
    #   surrounding --time 00:15:30 with "" won't help, as they could be stripped away by shell (i.e. bash)
    #   the only possible way is to embed the MC simulator options with custom wrapping characters, like [,]:
    #      -m "[--time 00:15:30 -v -n 1000]"
    #   here we strip these wrapping characters, if present
    # if no -m option is provided then we need to deal with empty string
    parsed_simulation_opts = parsed_args.mcopt
    # check if list is not None, and if it has at least one element
    if parsed_simulation_opts:
        # check if parsed options are embedded in [,]
        if parsed_simulation_opts[0] == '[' and parsed_simulation_opts[-1] == ']':
            parsed_simulation_opts = parsed_simulation_opts[1:-1]  # strip the list from surrounding brackets

    # set MC simulation settings based on:
    #   - MC simulation input file (i.e. *.inp file for FLUKA) or
    #     directories (i.e. directory with beam.dat, geo.dat etc for SHIELD-HIT12A)
    #   - location of MC simulator executable file (i.e. `shieldhit` or `rfluka`)
    #   - simulation options for the MC engine provided via -m switch (i.e. --time or -v)
    settings = SimulationSettings(input_path=parsed_args.input,
                                  simulator_exec_path=parsed_args.executable,
                                  cmdline_opts=parsed_simulation_opts)

    # create runner object based on MC options and dedicated parallel jobs number
    # note that runner object is only created here, no simulation is started at this point
    # and no directories are being created
    runner_obj = Runner(jobs=parsed_args.jobs,
                        keep_workspace_after_run=parsed_args.keep,
                        output_directory=parsed_args.outdir)

    # start parallel execution of MC simulation
    # temporary directories needed for parallel execution as well as the output are being saved in `outdir`
    # in case of successful execution this would return list of temporary workspaces directories
    # containing partial results from simultaneous parallel executions
    start_time = timeit.default_timer()
    runner_obj.run(settings=settings)
    elapsed = timeit.default_timer() - start_time
    print("MC simulation took {:.3f} seconds".format(elapsed))

    # if simulation was successful proceed to data extraction by combining partial results from simultaneous executions
    # each simulation can produce multiple files
    # results are stored in a dictionary (`data_dict`) with keys being filenames
    # and values being pymchelper `Estimator` objects (which keep i.e. numpy arrays with results)
    data_dict = runner_obj.get_data()

    # if user requests combined results as text files, the code below is used to convert Estimator objects to them
    # note that multiple text files can be created here
    start_time = timeit.default_timer()
    if data_dict and (OutputDataType.txt.name in parsed_args.outtype):
        for core_filename in data_dict:
            logging.debug("Core filename {:s}".format(core_filename))
            output_file = os.path.join(parsed_args.outdir, core_filename)
            writer = PlotDataWriter(output_file, None)
            writer.write(data_dict[core_filename])

    # if user requests combined results as PNG image, the code below is used to convert Estimator objects to them
    # note that multiple PNG files can be created here
    if data_dict and (OutputDataType.plot.name in parsed_args.outtype):
        for core_filename in data_dict:
            output_file = os.path.join(parsed_args.outdir, core_filename)
            writer = ImageWriter(output_file, argparse.Namespace(colormap='gnuplot2', log=''))
            writer.write(data_dict[core_filename])

    elapsed = timeit.default_timer() - start_time
    print("Saving output {:.3f} seconds".format(elapsed))

    runner_obj.clean()

    return 0



if __name__ == '__main__':
    sys.exit(main(sys.argv[1:]))




          

      

      

    

  

    
      
          
            
  Source code for pymchelper.writers.common

from enum import IntEnum

from pymchelper.writers.excel import ExcelWriter
from pymchelper.writers.inspector import Inspector
from pymchelper.writers.plots import GnuplotDataWriter, PlotDataWriter, ImageWriter
from pymchelper.writers.shieldhit import TxtWriter
from pymchelper.writers.sparse import SparseWriter
from pymchelper.writers.trip98cube import TRiP98CubeWriter
from pymchelper.writers.trip98ddd import TRiP98DDDWriter
from pymchelper.writers.hdf import HdfWriter


[docs]class Converters(IntEnum):
    """
    Available converters
    """
    txt = 0
    plotdata = 1
    gnuplot = 2
    image = 3
    tripcube = 4
    tripddd = 5
    excel = 6
    sparse = 7
    inspect = 8
    hdf = 9

    @classmethod
    def _converter_mapping(cls, item):
        return {
            cls.txt: TxtWriter,
            cls.gnuplot: GnuplotDataWriter,
            cls.plotdata: PlotDataWriter,
            cls.image: ImageWriter,
            cls.tripcube: TRiP98CubeWriter,
            cls.tripddd: TRiP98DDDWriter,
            cls.excel: ExcelWriter,
            cls.sparse: SparseWriter,
            cls.inspect: Inspector,
            cls.hdf: HdfWriter
        }.get(item)

[docs]    @classmethod
    def fromname(cls, name):
        return cls._converter_mapping(Converters[name])


[docs]    @classmethod
    def fromnumber(cls, number):
        return cls._converter_mapping[Converters(number)]






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.writers.excel

import logging

import numpy as np

logger = logging.getLogger(__name__)


[docs]class ExcelWriter:
    """
    Supports writing XLS files (MS Excel 2003 format)
    """
    def __init__(self, filename, options):
        self.filename = filename
        if not self.filename.endswith(".xls"):
            self.filename += ".xls"

[docs]    def write(self, estimator):
        if len(estimator.pages) > 1:
            print("Conversion of data with multiple pages not supported yet")
            return False

        try:
            import xlwt
        except ImportError as e:
            logger.error("Generating Excel files not available on your platform (you are probably running Python 3.2).")
            raise e

        page = estimator.pages[0]

        # save only 1-D data
        if page.dimension != 1:
            logger.warning("page dimension {:d} != 1, XLS output not supported".format(estimator.dimension))
            return 1

        # create workbook with single sheet
        wb = xlwt.Workbook()
        ws = wb.add_sheet('Data')

        # save X axis data
        for i, x in enumerate(page.plot_axis(0).data):
            ws.write(i, 0, x)

        # save Y axis data
        for i, y in enumerate(page.data_raw):
            ws.write(i, 1, y)

        # save error column (if present)
        if np.all(np.isfinite(page.error_raw)):
            for i, e in enumerate(page.error_raw):
                ws.write(i, 2, e)

        # save file
        logger.info("Writing: " + self.filename)
        wb.save(self.filename)

        return 0






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.writers.fortranformatter

PROC_MIN_FIELD_WIDTH = 46
PROC_DECIMAL_CHAR = '.'
PROC_NO_LEADING_BLANK = False

# based on https://bitbucket.org/brendanarnold/py-fortranformat


def _swapchar(s, ind, newch):
    """
    Helper function to make chars in a string mutableish
    """
    if 0 < ind >= len(s):
        raise IndexError('index out of range')
    return s[:ind] + newch + s[ind + 1:]


def _compose_nan_string(w, ftype):
    if ftype in ['B', 'O', 'Z']:
        return ''
    else:
        # Allow at least 'NaN' to be printed
        if w == 0:
            w = 4  # n.b. this is what is set in Gfortran 4.4.0
        if w < 3:
            return '*' * w
    return 'NaN'.rjust(w)


def _calculate_sign(state, negative_flag):
    s = ''
    if negative_flag:
        s = '-'
    elif state['incl_plus']:
        s = '+'
    else:
        s = ''
    return s


def _compose_inf_string(w, ftype, sign_bit):
    if ftype in ['B', 'O', 'Z']:
        return ''
    else:
        sign = '+'
        # Allow at least 'Inf' to be printed
        if w == 0:
            w = 4
        if w < 3:
            return '*' * w
        # Change sign if negative
        if sign_bit:
            sign = '-'
            # Require sign if negative, if no space then overflow
            if w == 3:
                return '*' * w
        # Output long version if long enough
        if w > 8:
            return (sign + 'Infinity').rjust(w)
        # Output shortened version with sign if long enough
        elif w > 3:
            return (sign + 'Inf').rjust(w)
        # Should only output short version with no sign if positive
        else:
            return 'Inf'


def _compose_float_string(w, e, d, state, val, ftype):
    """
    Adapted from code in glibfortran which is written in C so is somwhat
    'bit-pushy' in nature. Writes the value to an initial string (buffer)
    and then pulls the subsequent strings from that
    """
    if (d < 0) or (d is None):
        raise Exception('Unspecified precision')
    # Make sure they are ints
    d = int(round(d))
    if e is not None:
        e = int(round(e))
    if w is not None:
        w = int(round(w))
    # ==== write_float ==== (function)
    edigits = 4  # Largest number of exponent digits expected
    # Otherwise convert knowing what the required precision is (i.e. knowing d)
    ndigits = d
    if ndigits > (PROC_MIN_FIELD_WIDTH - 4 - edigits):
        ndigits = PROC_MIN_FIELD_WIDTH - 4 - edigits
    # ==== WRITE_FLOAT ==== (macro)
    # Determine sign of value
    if val == 0.0:
        sign_bit = '-' in str(val)
    else:
        sign_bit = val < 0
    # handle the nan and inf cases
    if type(val) is float and val != val:
        return _compose_nan_string(w, ftype)
    infinity = 1e1000000
    if val in (-infinity, infinity):
        return _compose_inf_string(w, ftype, sign_bit)
    tmp = abs(val)
    # Round the input if the input is less than 1
    zero_flag = (tmp == 0)
    # === DTOA === (macro)
    # write the tmp value to the string buffer
    # sprintf seems to allow negative number of decimal places,
    # need to correct for this
    if ndigits <= 0:
        fmt = "%+-#{:d}e".format(PROC_MIN_FIELD_WIDTH)
    else:
        fmt = "%+-#{:d}.{:d}e".format(PROC_MIN_FIELD_WIDTH, ndigits - 1)
    buff = fmt % tmp
    # === WRITE_FLOAT === (macro)
    return _output_float(w, d, e, state, ftype, buff, sign_bit, zero_flag, ndigits, edigits)


def _output_float(w, d, e, state, ft, buff, sign_bit, zero_flag, ndigits, edigits):
    """
    TODO
    :param w:
    :param d:
    :param e:
    :param state:
    :param ft:
    :param buff:
    :param sign_bit:
    :param zero_flag:
    :param ndigits:
    :param edigits:
    :return:
    """
    # nbefore - number of digits before the decimal point
    # nzero - number of zeros after the decimal point
    # nafter - number of digits after the decimal point
    # nzero_real - number of zeros after the decimal point
    #               regardles of the precision

    # Some hacks to change None to -1 (C convention)
    if w is None:
        w = -1
    if e is None:
        e = -1
    nzero_real = -1
    sign = _calculate_sign(state, sign_bit)
    # Some debug
    if d != 0:
        assert (buff[2] in ['.', ','])
        assert (buff[ndigits + 2] == 'e')
    # Read in the exponent
    ex = int(buff[ndigits + 3:]) + 1
    # Handle zero case
    if zero_flag:
        ex = 0
        sign = _calculate_sign(state, False)
        # Handle special case
        if w == 0:
            w = d + 2
    # Get rid of the decimal and the initial sign i.e. normalise the digits
    digits = buff[1] + buff[3:]
    # Find out where to place the decimal point
    if ft in ['E', 'D']:
        i = state['scale']
        if (d <= 0) and (i == 0):
            raise Exception("Precision not greater " "than zero in format specifier 'E' or 'D'")
        if (i <= -d) or (i >= (d + 2)):
            raise Exception("Scale factor out of range " "in format specifier 'E' or 'D'")
        if not zero_flag:
            ex = ex - i
        if i < 0:
            nbefore = 0
            nzero = -i
            nafter = d + i
        elif i > 0:
            nbefore = i
            nzero = 0
            nafter = (d - i) + 1
        else:
            nbefore = 0
            nzero = 0
            nafter = d
        expchar = ft
    # Round the value
    if (nbefore + nafter) == 0:
        ndigits = 0
        if (nzero_real == d) and (int(digits[0]) >= 5):
            # We rounded to zero but shouldn't have
            nzero -= 1
            nafter = 1
            digits = '1' + digits[1:]
            ndigits = 1
    elif (nbefore + nafter) < ndigits:
        ndigits = nbefore + nafter
        i = ndigits
        if int(digits[i]) >= 5:
            # Propagate the carry
            i -= 1
            while i >= 0:
                digit = int(digits[i])
                if digit != 9:
                    digits = _swapchar(digits, i, str(digit + 1))
                    break
                else:
                    digits = _swapchar(digits, i, '0')
                i -= 1
            # Did the carry overflow?
            if i < 0:
                digits = '1' + digits
                if ft == 'F':
                    if nzero > 0:
                        nzero -= 1
                        nafter += 1
                    else:
                        nbefore += 1
                elif ft == 'EN':
                    nbefore += 1
                    if nbefore == 4:
                        nbefore = 1
                        ex += 3
                else:
                    ex += 1
    # Calculate the format of the exponent field
    if expchar is not None:
        # i = abs(ex)
        # while i >= 10:
        #     edigits = edigits + 1
        #     i = i / 10.0
        if e < 0:
            # Width not specified, must be no more than 3 digits
            if (ex > 999) or (ex < -999):
                edigits = -1
            else:
                edigits = 4
                if (ex > 99) or (ex < -99):
                    expchar = ' '
        else:
            assert (isinstance(ex, int))
            edigits = len(str(abs(ex)))
            # Exponenet width specified, check it is wide enough
            if edigits > e:
                edigits = -1
            else:
                edigits = e + 2
    else:
        edigits = 0
    # Zero values always output as positive,
    # even if the value was egative before rounding
    i = 0
    while i < ndigits:
        if digits[i] != '0':
            break
        i += 1
    if i == ndigits:
        # The output is zero so set sign accordingly
        sign = _calculate_sign(state, False)
    # Pick a field size if none was specified
    if w <= 0:
        w = nbefore + nzero + nafter + 1 + len(sign)
    # Work out how much padding is needed
    nblanks = w - (nbefore + nzero + nafter + edigits + 1)
    if sign != '':
        nblanks -= 1
    # Check value fits in specified width
    if (nblanks < 0) or (edigits == -1):
        return '*' * w
    # See if we have space for a zero before the decimal point
    if (nbefore == 0) and (nblanks > 0):
        leadzero = True
        nblanks -= 1
    else:
        leadzero = False
    out = ''
    # Pad to full field width
    if nblanks > 0:  # dtp->u.p.no_leading_blank
        out += ' ' * nblanks
    # Attach the sign
    out += sign
    # Add the lead zero if necessary
    if leadzero:
        out += '0'
    # Output portion before the decimal point padded with zeros
    if nbefore > 0:
        if nbefore > ndigits:
            out = out + digits[:ndigits] + (' ' * (nbefore - ndigits))
            digits = digits[ndigits:]
            ndigits = 0
        else:
            i = nbefore
            out += digits[:i]
            digits = digits[i:]
            ndigits -= i
    # Output the decimal point
    out += PROC_DECIMAL_CHAR
    # Output the leading zeros after the decimal point
    if nzero > 0:
        out += '0' * nzero
    # Output the digits after the decimal point, padded with zeros
    if nafter > 0:
        if nafter > ndigits:
            i = ndigits
        else:
            i = nafter
        zeros = '0' * (nafter - i)
        out = out + digits[:i] + zeros
        digits = digits[nafter:]
        ndigits -= nafter
    # Output the exponent
    if expchar is not None:
        if expchar != ' ':
            out += expchar
            edigits -= 1
        fmt = '%+0' + str(edigits) + 'd'
        tmp_buff = fmt % ex
        out += tmp_buff
    return out


[docs]def format_d(w, d, val):
    """
    TODO
    :param w:
    :param d:
    :param val:
    :return:
    """
    e = None
    ftype = 'D'
    state = {'blanks_as_zeros': False, 'incl_plus': False, 'position': 0, 'scale': 0, 'halt_if_no_vals': False}
    return _compose_float_string(w, e, d, state, val, ftype)



[docs]def format_e(w, d, val):
    """
    TODO
    :param w:
    :param d:
    :param val:
    :return:
    """
    e = None
    ftype = 'E'
    state = {'blanks_as_zeros': False, 'incl_plus': False, 'position': 0, 'scale': 0, 'halt_if_no_vals': False}
    return _compose_float_string(w, e, d, state, val, ftype)





          

      

      

    

  

    
      
          
            
  Source code for pymchelper.writers.hdf

import logging
import numpy as np

logger = logging.getLogger(__name__)


[docs]class HdfWriter:
    """
    Supports writing HDF file format.
    HDF is designed to store large amounts of data organized in convenient way.
    One HDF file can handle many single- or multi-dimensional tables.

    """
    def __init__(self, filename, options):
        self.filename = filename
        if not self.filename.endswith(".h5"):
            self.filename += ".h5"

[docs]    def write(self, estimator):
        if len(estimator.pages) > 1:
            print("Conversion of data with multiple pages not supported yet")
            return False

        try:
            import h5py
        except ImportError as e:
            logger.error("Generating HDF5 files not available on your platform (please install h5py).")
            raise e

        with h5py.File(self.filename, 'w') as f:

            # change units for LET from MeV/cm to keV/um if necessary
            # a copy of data table is made here
            # from pymchelper.shieldhit.detector.detector_type import SHDetType
            # if estimator.dettyp in (SHDetType.dlet, SHDetType.dletg, SHDetType.tlet, SHDetType.tletg):
            #     data = estimator.data * np.float64(0.1)  # 1 MeV / cm = 0.1 keV / um
            #     if not np.all(np.isnan(estimator.error_raw)) and np.any(estimator.error_raw):
            #         error = estimator.error * np.float64(0.1)  # 1 MeV / cm = 0.1 keV / um
            # else:
            #     data = estimator.data
            #     error = estimator.error
            # TODO move to reader

            page = estimator.pages[0]
            data = page.data
            error = page.error

            # save data
            dset = f.create_dataset("data", data=data, compression="gzip", compression_opts=9)

            # save error (if present)
            if not np.all(np.isnan(page.error_raw)) and np.any(page.error_raw):
                f.create_dataset("error", data=error, compression="gzip", compression_opts=9)

            # save metadata
            dset.attrs['name'] = page.name
            dset.attrs['unit'] = page.unit
            dset.attrs['nstat'] = estimator.number_of_primaries
            dset.attrs['counter'] = estimator.file_counter
            dset.attrs['xaxis_n'] = estimator.x.n
            dset.attrs['xaxis_min'] = estimator.x.min_val
            dset.attrs['xaxis_max'] = estimator.x.max_val
            dset.attrs['xaxis_name'] = estimator.x.name
            dset.attrs['xaxis_unit'] = estimator.x.unit
            dset.attrs['yaxis_n'] = estimator.y.n
            dset.attrs['yaxis_min'] = estimator.y.min_val
            dset.attrs['yaxis_max'] = estimator.y.max_val
            dset.attrs['yaxis_name'] = estimator.y.name
            dset.attrs['yaxis_unit'] = estimator.y.unit
            dset.attrs['zaxis_n'] = estimator.z.n
            dset.attrs['zaxis_min'] = estimator.z.min_val
            dset.attrs['zaxis_max'] = estimator.z.max_val
            dset.attrs['zaxis_name'] = estimator.z.name
            dset.attrs['zaxis_unit'] = estimator.z.unit

        return 0






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.writers.inspector

import logging

logger = logging.getLogger(__name__)


[docs]class Inspector:
    def __init__(self, filename, options):
        logger.debug("Initialising Inspector writer")
        self.options = options

[docs]    def write(self, estimator):
        """Print all keys and values from estimator structure

        they include also a metadata read from binary output file
        """
        for name, value in sorted(estimator.__dict__.items()):
            # skip non-metadata fields
            if name not in {'data', 'data_raw', 'error', 'error_raw', 'counter', 'pages'}:
                line = "{:24s}: '{:s}'".format(str(name), str(value))
                print(line)
        # print some data-related statistics
        print(75 * "*")

        for page_no, page in enumerate(estimator.pages):
            print("Page {} / {}".format(page_no, len(estimator.pages)))
            for name, value in sorted(page.__dict__.items()):
                # skip non-metadata fields
                if name not in {'data', 'data_raw', 'error', 'error_raw'}:
                    line = "\t{:24s}: '{:s}'".format(str(name), str(value))
                    print(line)
            print("Data min: {:g}, max: {:g}".format(page.data_raw.min(), page.data_raw.max()))
            print(75 * "-")

        if self.options.details:
            # print data scatter-plot if possible
            if estimator.dimension == 1 and len(self.pages) == 1:
                try:
                    from hipsterplot import plot
                    print(75 * "*")
                    print("Data scatter plot")
                    plot(estimator.data_raw)
                except ImportError:
                    logger.warning("Detailed summary requires installation of hipsterplot package")
            # print data histogram if possible
            try:
                from bashplotlib.histogram import plot_hist
                print(75 * "*")
                print("Data histogram")
                plot_hist(estimator.data_raw, bincount=70, xlab=False, showSummary=True)
            except ImportError:
                logger.warning("Detailed summary requires installation of bashplotlib package")

        return 0






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.writers.plots

import logging
import os
from enum import IntEnum

import numpy as np

logger = logging.getLogger(__name__)


[docs]class PlotAxis(IntEnum):
    x = 1
    y = 2
    z = 3



[docs]class PlotDataWriter:
    """gnuplot data writer"""

    def __init__(self, filename, options):
        self.filename = filename
        if not self.filename.endswith(".dat"):
            self.filename += ".dat"

[docs]    def write(self, estimator):
        """TODO"""
        # save to single page to a file without number (i.e. output.dat)
        if len(estimator.pages) == 1:
            self.write_single_page(estimator.pages[0], self.filename)
        else:
            # split output path into directory, basename and extension
            dir_path = os.path.dirname(self.filename)
            if not os.path.exists(dir_path):
                logger.info("Creating {}".format(dir_path))
                os.makedirs(dir_path)
            file_base_part, file_ext = os.path.splitext(os.path.basename(self.filename))

            # loop over all pages and save an image for each of them
            for i, page in enumerate(estimator.pages):

                # calculate output filename. it will include page number padded with zeros.
                # for 10-99 pages the filename would look like: output_p01.png, ... output_p99.png
                # for 100-999 pages the filename would look like: output_p001.png, ... output_p999.png
                zero_padded_page_no = str(i + 1).zfill(len(str(len(estimator.pages))))
                output_filename = "{}_p{}{}".format(file_base_part, zero_padded_page_no, file_ext)
                output_path = os.path.join(dir_path, output_filename)

                # save the output file
                logger.info("Writing {}".format(output_path))
                self.write_single_page(page, output_path)

        return 0


[docs]    def write_single_page(self, page, filename):
        """TODO"""
        logger.info("Writing: " + filename)

        # special case for 0-dim data
        if page.dimension == 0:
            # save two numbers to the file
            if not np.all(np.isnan(page.error_raw)) and np.any(page.error_raw):
                np.savetxt(self.filename, [[page.data_raw, page.error_raw]], fmt="%g %g", delimiter=' ')
            else:  # save one number to the file
                np.savetxt(self.filename, [page.data_raw], fmt="%g", delimiter=' ')
        else:
            axis_numbers = list(range(page.dimension))

            # each axis may have different number of points, this is what we store here:
            axis_data_columns_1d = [page.plot_axis(i).data for i in axis_numbers]

            # now we calculate running index for each axis
            axis_data_columns_long = [np.meshgrid(*axis_data_columns_1d, indexing='ij')[i].ravel()
                                      for i in axis_numbers]

            fmt = "%g" + " %g" * page.dimension
            data_to_save = axis_data_columns_long + [page.data_raw]

            # if error information is present save it as additional column
            if not np.all(np.isnan(page.error_raw)) and np.any(page.error_raw):
                fmt += " %g"
                data_to_save += [page.error_raw]

            # transpose from rows to columns
            data_columns = np.transpose(data_to_save)

            # save space-delimited text file
            np.savetxt(filename, data_columns, fmt=fmt, delimiter=' ')
        return 0




[docs]class GnuplotDataWriter:
    """TODO"""

    def __init__(self, filename, options):
        self.data_filename = filename
        self.script_filename = filename
        self.plot_filename = filename

        if not self.plot_filename.endswith(".png"):
            self.plot_filename += ".png"
        if not self.script_filename.endswith(".plot"):
            self.script_filename += ".plot"
        if not self.data_filename.endswith(".dat"):
            self.data_filename += ".dat"

        dirname = os.path.split(self.script_filename)[0]
        self.awk_script_filename = os.path.join(dirname, "addblanks.awk")

    _awk_2d_script_content = """/^[[:blank:]]*#/ {next} # ignore comments (lines starting with #)
NF < 3 {next} # ignore lines which don't have at least 3 columns
$2 != prev {printf \"\\n\"; prev=$2} # print blank line
{print} # print the line
    """

    _header = """set term png
set output \"{plot_filename}\"
set title \"{title}\"
set xlabel \"{xlabel}\"
set ylabel \"{ylabel}\"
"""

    _error_plot_command = "'./{data_filename}' u 1:(max($2-$3,0.0)):($2+$3) w filledcurves " \
                          "fs transparent solid 0.2 lc 3 title '1-sigma confidence', "

    _plotting_command = {
        1: """max(x,y) = (x > y) ? x : y
plot {error_plot} './{data_filename}' u 1:2 w l lt 1 lw 2 lc -1 title 'mean value'
        """,
        2: """set view map
splot \"<awk -f addblanks.awk '{data_filename}'\" u 1:2:3 with pm3d
"""
    }

[docs]    def write(self, estimator):
        """TODO"""
        if len(estimator.pages) > 1:
            print("Conversion of data with multiple pages not supported yet")
            return False

        # skip plotting 0-D and 3-D data
        if estimator.dimension not in {1, 2}:
            return False

        page = estimator.pages[0]

        # set labels
        plot_x_axis = page.plot_axis(0)
        xlabel = ImageWriter._make_label(plot_x_axis.unit, plot_x_axis.name)
        if estimator.dimension == 1:
            ylabel = ImageWriter._make_label(page.unit, page.name)
        elif estimator.dimension == 2:
            plot_y_axis = page.plot_axis(1)
            ylabel = ImageWriter._make_label(plot_y_axis.unit, plot_y_axis.name)

            # for 2-D plots write additional awk script to convert data
            # as described in gnuplot faq: http://www.gnuplot.info/faq/faq.html#x1-320003.9
            with open(self.awk_script_filename, 'w') as script_file:
                logger.info("Writing: " + self.awk_script_filename)
                script_file.write(self._awk_2d_script_content)

        # save gnuplot script
        with open(self.script_filename, 'w') as script_file:
            logger.info("Writing: " + self.script_filename)
            script_file.write(self._header.format(plot_filename=self.plot_filename, xlabel=xlabel, ylabel=ylabel,
                                                  title=page.name))
            plt_cmd = self._plotting_command[page.dimension]

            # add error plot if error data present
            err_cmd = ""
            if np.any(page.error):
                err_cmd = self._error_plot_command.format(data_filename=self.data_filename)

            script_file.write(plt_cmd.format(data_filename=self.data_filename, error_plot=err_cmd))
        return 0




[docs]class ImageWriter:
    """Writer responsible for creating PNG images using matplotlib library"""

    def __init__(self, filename, options):
        logger.info("{:s} options:  {:s}".format(repr(self.__class__), repr(options)))
        self.plot_filename = filename
        if not self.plot_filename.endswith(".png"):
            self.plot_filename += ".png"
        self.colormap = options.colormap
        self.axis_with_logscale = {PlotAxis[name] for name in options.log}

    default_colormap = 'gnuplot2'

    @staticmethod
    def _make_label(unit, name):
        """Make label for plot axis"""
        return name + " " + "[" + unit + "]"

[docs]    def get_page_figure(self, page):
        """Calculate matplotlib figure object for a single page in estimator"""
        try:
            import matplotlib
            matplotlib.use('Agg')
            import matplotlib.pyplot as plt
            from matplotlib import colors
            # set matplotlib logging level to ERROR, in order not to pollute our log space
            logging.getLogger('matplotlib').setLevel(logging.ERROR)
        except ImportError:
            logger.error("Matplotlib not installed, output won't be generated")
            return None

        # skip plotting 1-D and 3-D and higher dimensional data
        if page.dimension not in (1, 2):
            return None

        data_raw = page.data_raw
        error_raw = page.error_raw

        plot_x_axis = page.plot_axis(0)

        fig, ax = plt.subplots()
        ax.set_xlabel(self._make_label(plot_x_axis.unit, plot_x_axis.name))

        # we use symmetrical logarithmic scale as horizontal (X) axis for 1D and 2D plots
        # can have negative values as well (i.e. span from -4. to 4.)
        if PlotAxis.x in self.axis_with_logscale:
            ax.set_xscale('symlog')

        # 1-D plotting
        if page.dimension == 1:

            # scored values cannot be negative, hence we use purely logarithmic scale for vertical axis
            if PlotAxis.y in self.axis_with_logscale:
                ax.set_yscale('log')

            # add optional error area
            if np.any(page.error):
                ax.fill_between(plot_x_axis.data,
                                (data_raw - error_raw).clip(0.0),
                                (data_raw + error_raw).clip(0.0, 1.05 * data_raw.max()),
                                alpha=0.2, edgecolor='#CC4F1B', facecolor='#FF9848', antialiased=True)
            ax.set_ylabel(self._make_label(page.unit, page.name))
            ax.grid(True, alpha=0.3)
            ax.plot(plot_x_axis.data, data_raw)
        elif page.dimension == 2:
            plot_y_axis = page.plot_axis(1)

            x_axis_label = self._make_label(plot_x_axis.unit, plot_x_axis.name)
            y_axis_label = self._make_label(plot_y_axis.unit, plot_y_axis.name)
            z_axis_label = self._make_label(page.unit, page.name)

            # we use symmetrical logarithmic scale as vertical (Y) axis for 2D plots
            # can have negative values as well (i.e. span from -4. to 4.)
            if PlotAxis.y in self.axis_with_logscale:
                ax.set_yscale('symlog')

            # configure logscale on Z axis
            if PlotAxis.z in self.axis_with_logscale:
                norm = colors.LogNorm(vmin=data_raw[data_raw > 0].min(), vmax=data_raw.max())
            else:
                norm = colors.Normalize(vmin=data_raw.min(), vmax=data_raw.max())

            xspan = [plot_x_axis.min_val, plot_x_axis.max_val]
            yspan = [plot_y_axis.min_val, plot_y_axis.max_val]
            zdata = data_raw.reshape((plot_y_axis.n, plot_x_axis.n))

            plt.xlabel(x_axis_label)
            plt.ylabel(y_axis_label)

            plt.grid(True, alpha=0.3)

            im = ax.pcolorfast(xspan, yspan, zdata, cmap=self.colormap, norm=norm)
            cbar = plt.colorbar(im)
            if PlotAxis.z in self.axis_with_logscale:
                import matplotlib.ticker as ticker
                cbar.set_ticks(ticker.LogLocator(subs='all', numticks=15))
            cbar.set_label(z_axis_label, rotation=270, verticalalignment='bottom')

        return fig


[docs]    def write(self, estimator):
        """Go through all pages in estimator and save corresponding figure to an output file"""
        # save single page to a file without number (i.e. output.png)
        if len(estimator.pages) == 1:
            fig = self.get_page_figure(estimator.pages[0])
            if fig:
                logger.info("Writing {}".format(self.plot_filename))
                fig.savefig(self.plot_filename)
        else:
            # split output path into directory, basename and extension
            dir_path = os.path.dirname(self.plot_filename)
            if not os.path.exists(dir_path):
                logger.info("Creating {}".format(dir_path))
                os.makedirs(dir_path)
            file_base_part, file_ext = os.path.splitext(os.path.basename(self.plot_filename))

            # loop over all pages and save an image for each of them
            for i, page in enumerate(estimator.pages):

                # calculate output filename. it will include page number padded with zeros.
                # for 10-99 pages the filename would look like: output_p01.png, ... output_p99.png
                # for 100-999 pages the filename would look like: output_p001.png, ... output_p999.png
                zero_padded_page_no = str(i + 1).zfill(len(str(len(estimator.pages))))
                output_filename = "{}_p{}{}".format(file_base_part, zero_padded_page_no, file_ext)
                output_path = os.path.join(dir_path, output_filename)

                # save the output file
                fig = self.get_page_figure(page)
                if fig:
                    logger.info("Writing {}".format(output_path))
                    fig.savefig(output_path)

        return 0






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.writers.shieldhit

import logging

import numpy as np

from pymchelper.shieldhit.detector.detector_type import SHDetType
from pymchelper.shieldhit.detector.estimator_type import SHGeoType

logger = logging.getLogger(__name__)


[docs]class SHBinaryWriter:
    def __init__(self, filename, options):
        self.filename = filename

[docs]    def write(self, estimator):
        # TODO
        pass




[docs]class TxtWriter:
    @staticmethod
    def _axis_name(geo_type, axis_no):
        cyl = ['R', 'PHI', 'Z']
        msh = ['X', 'Y', 'Z']
        if geo_type in (SHGeoType.cyl, SHGeoType.dcyl):
            return cyl[axis_no]
        else:
            return msh[axis_no]

    def __init__(self, filename, options):
        if filename.endswith(".txt"):
            self.filename = filename
        else:
            self.filename = filename + ".txt"
        self.ax = ''
        self.ay = ''
        self.az = ''

    @staticmethod
    def _header_first_line(estimator):
        """first line with estimator geo type"""
        result = "#   DETECTOR OUTPUT\n"
        if estimator.geotyp in (SHGeoType.plane, SHGeoType.dplane,):
            result = "#             DETECTOR OUTPUT PLANE/DPLANE\n"
        elif estimator.geotyp in (SHGeoType.zone, SHGeoType.dzone,):
            result = "#             DETECTOR OUTPUT ZONE/DZONE\n"
        elif estimator.geotyp in (SHGeoType.msh, SHGeoType.dmsh,):
            result = "#   DETECTOR OUTPUT MSH/DMSH\n"
        elif estimator.geotyp == SHGeoType.geomap:
            result = "#   DETECTOR OUTPUT GEOMAP\n"
        return result

    def _header_geometric_info(self, det):
        """next block - scoring object geometrical information"""

        from pymchelper.writers.fortranformatter import format_d
        result = ""
        if det.geotyp in {SHGeoType.plane, SHGeoType.dplane}:
            result += "#   PLANE point(X,Y,Z)         :"
            result += "{:s}".format(format_d(10, 3, det.sx))
            result += "{:s}".format(format_d(10, 3, det.sy))
            result += "{:s}\n".format(format_d(10, 3, det.sz))
            result += "#   PLANE normal vect(Vx,Vy,Vz):"
            result += "{:s}".format(format_d(10, 3, det.nx))
            result += "{:s}".format(format_d(10, 3, det.ny))
            result += "{:s}\n".format(format_d(10, 3, det.nz))
        elif det.geotyp in {SHGeoType.zone, SHGeoType.dzone}:
            result += "#   ZONE START:{:6d} ZONE END:{:6d}\n".format(int(det.x.min_val), int(det.x.max_val))
        else:
            result += "#   {:s} BIN:{:6d} {:s} BIN:{:6d} {:s} BIN:{:6d}\n".format(self.ax, det.x.n,
                                                                                  self.ay, det.y.n,
                                                                                  self.az, det.z.n)
        return result

    @staticmethod
    def _header_scored_value(geotyp, dettyp, particle):
        """scored value and optionally particle type"""
        result = ""
        if geotyp != SHGeoType.geomap and particle:
            result += "#   JPART:{:6d} DETECTOR TYPE: {:s}\n".format(particle, str(dettyp).ljust(10))
        else:
            det_type_name = str(dettyp)
            if dettyp in (SHDetType.zone, SHDetType.medium,):
                det_type_name += "#"
            result += "#                DETECTOR TYPE: {:s}\n".format(str(det_type_name).ljust(10))
        return result

    def _header_no_of_bins_and_prim(self, estimator):
        from pymchelper.writers.fortranformatter import format_d

        header = ""
        # number of bins in each dimensions
        if estimator.geotyp not in (SHGeoType.plane, SHGeoType.dplane, SHGeoType.zone, SHGeoType.dzone):
            header += "#   {:s} START:{:s}".format(self.ax, format_d(10, 3, estimator.x.min_val))
            header += " {:s} START:{:s}".format(self.ay, format_d(10, 3, estimator.y.min_val))
            header += " {:s} START:{:s}\n".format(self.az, format_d(10, 3, estimator.z.min_val))
            header += "#   {:s} END  :{:s}".format(self.ax, format_d(10, 3, estimator.x.max_val))
            header += " {:s} END  :{:s}".format(self.ay, format_d(10, 3, estimator.y.max_val))
            header += " {:s} END  :{:s}\n".format(self.az, format_d(10, 3, estimator.z.max_val))

        # number of primaries
        header += "#   PRIMARIES:" + format_d(10, 3, estimator.number_of_primaries) + "\n"

        return header

[docs]    def write(self, estimator):
        if len(estimator.pages) > 1:
            print("Conversion of data with multiple pages not supported yet")
            return False

        from pymchelper.writers.fortranformatter import format_e

        page = estimator.pages[0]

        self.ax = self._axis_name(estimator.geotyp, 0)
        self.ay = self._axis_name(estimator.geotyp, 1)
        self.az = self._axis_name(estimator.geotyp, 2)

        # original bdo2txt is not saving header data for some of cylindrical scorers, hence we do the same
        if estimator.geotyp in (SHGeoType.cyl, SHGeoType.dcyl,) and \
                page.dettyp in (SHDetType.fluence, SHDetType.avg_energy, SHDetType.avg_beta, SHDetType.energy):
            header = ""
        else:
            header = self._header_first_line(estimator)

            header += self._header_geometric_info(estimator)

            header += self._header_scored_value(estimator.geotyp, page.dettyp, getattr(estimator, 'particle', None))

            header += self._header_no_of_bins_and_prim(estimator)

        # dump data
        with open(self.filename, 'w') as fout:
            logger.info("Writing: " + self.filename)
            fout.write(header)

            det_error = page.error_raw.ravel()
            if np.all(np.isnan(page.error_raw)):
                det_error = [None] * page.data_raw.size
            xmesh = page.axis(0)
            ymesh = page.axis(1)
            zmesh = page.axis(2)

            logger.debug('xmesh {}'.format(xmesh))
            logger.debug('ymesh {}'.format(ymesh))
            logger.debug('zmesh {}'.format(zmesh))

            zlist, ylist, xlist = np.meshgrid(zmesh.data, ymesh.data, xmesh.data, indexing='ij')

            logger.debug('xlist {}'.format(xlist))
            logger.debug('ylist {}'.format(ylist))
            logger.debug('zlist {}'.format(zlist))

            for x, y, z, v, e in zip(xlist.ravel(), ylist.ravel(), zlist.ravel(), page.data.ravel(), det_error):
                if estimator.geotyp in {SHGeoType.zone, SHGeoType.dzone}:
                    x = 0.0
                # dirty hack to be compliant with old bdo2txt and files generated in old (<0.6) BDO format
                # this hack will be removed at some point together with bdo-style converter
                elif not hasattr(estimator, "mc_code_version") and estimator.geotyp == SHGeoType.plane:
                    x = (estimator.sx + estimator.nx) / 2.0
                    y = (estimator.sy + estimator.ny) / 2.0
                    z = (estimator.sz + estimator.nz) / 2.0
                else:
                    x = float('nan') if np.isnan(x) else x
                y = float('nan') if np.isnan(y) else y
                z = float('nan') if np.isnan(z) else z
                v = float('nan') if np.isnan(v) else v
                tmp = format_e(14, 7, x) + " " + format_e(14, 7, y) + " " + \
                    format_e(14, 7, z) + " " + format_e(23, 16, v)

                if e is not None:
                    e = float('nan') if np.isnan(e) else e
                    tmp += " " + format_e(23, 16, e)

                tmp += "\n"

                fout.write(tmp)

        return 0






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.writers.sparse

import logging

import numpy as np

logger = logging.getLogger(__name__)


[docs]class SparseWriter:
    """
    Supports writing sparse matrix format
    """
    def __init__(self, filename, options):
        self.filename = filename
        if not self.filename.endswith(".npz"):
            self.filename += ".npz"

        self.threshold = options.threshold
        logger.info("Sparse threshold {:g}".format(self.threshold))

[docs]    def write(self, estimator):
        if len(estimator.pages) > 1:
            print("Conversion of data with multiple pages not supported yet")
            return False

        page = estimator.pages[0]

        # estimator.data array is a 3-D numpy array
        # some of its dimensions may be as well ones and the array reduced to 0,1 or 2-D
        all_items = page.data.size
        logger.info("Number of all items: {:d}".format(all_items))

        # prepare a cut to select values which norm is greater than threshold
        # default value of threshold is zero, in this case non-zero values will be selected
        # cut will be 3-D arrays of booleans
        # note that numpy allocates here same amount of memory as for original data
        thres_cut = np.abs(page.data) > self.threshold
        passed_items = np.sum(thres_cut)
        logger.info("Number of items passing threshold: {:d}".format(passed_items))
        logger.info("Sparse matrix compression rate: {:g}".format(passed_items / all_items))

        # select indices which pass threshold
        # we get here a plain python tuple of 3-elements
        # first element is numpy array of indices along X-axis, second for Y axis and third for Z
        # note that such table cannot be used directly to index numpy arrays
        indices = np.argwhere(thres_cut)

        # select data which pass threshold and save it as plain 1-D numpy array
        filtered_data = page.data[thres_cut]

        # save file to NPZ file format
        np.savez(file=self.filename,
                 data=filtered_data,
                 indices=indices,
                 shape=page.data.shape)

        return 0






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.writers.trip98cube

import logging
import numpy as np

logger = logging.getLogger(__name__)


[docs]class TRiP98CubeWriter:
    def __init__(self, filename, options):
        self.output_corename = filename

[docs]    def write(self, estimator):
        if len(estimator.pages) > 1:
            print("Conversion of data with multiple pages not supported yet")
            return False

        import getpass
        from pymchelper.shieldhit.detector.detector_type import SHDetType
        from pymchelper import __version__ as _pmcversion
        try:
            from pytrip import __version__ as _ptversion
        except ImportError:
            logger.error("pytrip package missing, to install type `pip install pytrip98`")
            return 1

        pixel_size_x = (estimator.x.max_val - estimator.x.min_val) / estimator.x.n
        pixel_size_z = (estimator.z.max_val - estimator.z.min_val) / estimator.z.n

        logging.debug("psx: {:.6f} [cm]".format(pixel_size_x))
        logging.debug("psz: {:.6f} [cm]".format(pixel_size_z))

        _patient_name = "Anonymous"
        _created_by = getpass.getuser()
        _creation_info = "Created with pymchelper {:s}; using PyTRiP98 {:s}".format(_pmcversion,
                                                                                    _ptversion)

        if estimator.pages[0].dettyp == SHDetType.dose:

            from pytrip import dos

            cube = dos.DosCube()
            # Warning: PyTRiP cube dimensions are in [mm]
            cube.create_empty_cube(
                1.0, estimator.x.n, estimator.y.n, estimator.z.n,
                pixel_size=pixel_size_x * 10.0,
                slice_distance=pixel_size_z * 10.0)

            # .dos dose cubes are usually in normalized integers,
            # where "1000" equals 100.0 % dose.
            # The next are also the defaults, but just to be clear
            # this is specifically set.
            cube.data_type = "integer"
            cube.num_bytes = 2
            cube.pydata_type = np.int16

            cube.cube = estimator.data

            if estimator.tripdose >= 0.0 and estimator.tripntot > 0:
                cube.cube = (cube.cube * estimator.tripntot * 1.602e-10) / estimator.tripdose * 1000.0
            else:
                cube.cube = (cube.cube / cube.cube.max()) * 1200.0

            # Save proper meta information
            cube.patient_name = _patient_name
            cube.created_by = _created_by
            cube.creation_info = _creation_info

            cube.write(self.output_corename)

            return 0

        elif estimator.pages[0].dettyp in (SHDetType.dlet, SHDetType.tlet, SHDetType.dletg, SHDetType.tletg):

            from pytrip import let

            cube = let.LETCube()
            # Warning: PyTRiP cube dimensions are in [mm]
            cube.create_empty_cube(
                1.0, estimator.x.n, estimator.y.n, estimator.z.n,
                pixel_size=pixel_size_x * 10.0,
                slice_distance=pixel_size_z * 10.0)

            # .dosemlet.dos LET cubes are usually in 32 bit floats.
            cube.data_type = "float"
            cube.num_bytes = 4
            cube.pydata_type = np.float32

            # need to redo the cube, since by default np.float32 are allocated.
            # When https://github.com/pytrip/pytrip/issues/35 is fixed,
            # then this should not be needed.
            cube.cube = np.ones((cube.dimz, cube.dimy, cube.dimx), dtype=cube.pydata_type)

            cube.cube = estimator.data
            cube.cube *= 0.1  # MeV/cm -> keV/um
            # Save proper meta information

            cube.patient_name = _patient_name
            cube.created_by = _created_by
            cube.creation_info = _creation_info

            cube.write(self.output_corename)

            return 0

        else:
            logger.error("Tripcube target is only allowed with dose- or LET-type detectors.")
            raise Exception("Illegal detector for tripcube.")






          

      

      

    

  

    
      
          
            
  Source code for pymchelper.writers.trip98ddd

import logging
import math
import os
import time
import numpy as np

logger = logging.getLogger(__name__)


[docs]class TRiP98DDDWriter(object):
    """
    Writer for TRiP98 DDD files. File format is described here:
    http://bio.gsi.de/DOCS/TRiP98/PRO/DOCS/trip98fmtddd.html

    Only liquid water target is supported now.


    """

    _suffix_template = '{projectile:s}.{material:s}.{unit:s}{energy:s}'

    _ddd_header_template = """!filetype    ddd
!fileversion   {fileversion:s}
!filedate      {filedate:s}
!projectile    {projectile:s}
!material      {material:s}
!composition   {composition:s}
!density {density:f}
!energy {energy:f}
#
# {creator:s}
#
#   z[g/cm**2] dE/dz[MeV/(g/cm**2)] FWHM1[g/cm**2] factor FWHM2[g/cm**2]
!ddd
"""

    def __init__(self, filename, options):
        self.ddd_filename = filename
        self.energy_MeV_u = options.energy  # energy in MeV/u
        self.projectile = options.projectile  # projectile code, i.e. 1H, 12C
        self.suffix = ''
        self.ngauss = options.ngauss
        self.verbosity = options.verbose
        if not self.ddd_filename.endswith(".ddd"):
            self.ddd_filename += ".ddd"
        self.outputdir = os.path.abspath(os.path.dirname(self.ddd_filename))
        self.threshold = 3e-3
        env_var_name = 'DDD_TAIL_THRESHOLD'
        if env_var_name in os.environ:
            self.threshold = float(os.environ[env_var_name])
            logger.info("Setting tail threshold based on {:s} to {:f}".format(env_var_name, self.threshold))

[docs]    def write(self, estimator):

        # guess projectile and energy from MC data
        if self.projectile is None:
            try:
                element_names = ['n', 'H', 'He', 'Li', 'Be', 'B', 'C', 'N', 'O', 'F', 'Ne', 'Na', 'Mg', 'Al', 'Si',
                                 'P', 'S', 'Cl', 'Ar', 'K', 'Ca', 'Sc', 'Ti', 'V', 'Cr', 'Mn', 'Fe', 'Co', 'Ni', 'Cu',
                                 'Zn', 'Ga', 'Ge', 'As', 'Se', 'Br', 'Kr', 'Rb', 'Sr', 'Y', 'Zr', 'Nb', 'Mo', 'Tc',
                                 'Ru', 'Rh', 'Pd', 'Ag', 'Cd', 'In', 'Sn', 'Sb', 'Te', 'I', 'Xe', 'Cs', 'Ba', 'La',
                                 'Ce', 'Pr', 'Nd', 'Pm', 'Sm', 'Eu', 'Gd', 'Tb', 'Dy', 'Ho', 'Er', 'Tm', 'Yb', 'Lu',
                                 'Hf', 'Ta', 'W', 'Re', 'Os', 'Ir', 'Pt', 'Au', 'Hg', 'Tl', 'Pb', 'Bi', 'Po', 'At',
                                 'Rn', 'Fr', 'Ra', 'Ac', 'Th', 'Pa', 'U', 'Np', 'Pu', 'Am', 'Cm', 'Bk', 'Cf', 'Es',
                                 'Fm', 'Md', 'No', 'Lr', 'Rf', 'Db', 'Sg', 'Bh', 'Hs', 'Mt', 'Ds', 'Rg', 'Cn', 'Nh',
                                 'Fl', 'Mc', 'Lv', 'Ts', 'Og']
                self.projectile = "{:d}{:s}".format(
                    int(estimator.projectile_a),
                    element_names[int(estimator.projectile_z)],
                )
            except AttributeError:
                self.projectile = ''
                logger.error('Projectile not available in raw data, setting to empty string')

        if self.energy_MeV_u is None:
            try:
                self.energy_MeV_u = getattr(estimator, 'Tmax_MeV/amu')
            except AttributeError:
                self.energy_MeV_u = 0.0
                logger.error('Projectile energy not available in raw data, setting to 0')

        #     The usual naming convention is <pp>.<tt>.<uuu><eeeee>.ddd, where <pp> denotes the projectile,
        #     <tt> the target material, <uuu> the unit (keV, MeV, GeV) and <eeeee> the energy in these units,
        #     with the decimal point after the middle digit. Example: 12C.H2O.MeV27000.spc refers to 270 MeV/u.
        self.suffix = self._suffix_template.format(projectile=self.projectile, material='H2O', unit='MeV',
                                                   energy=str(int(self.energy_MeV_u * 100)).zfill(5))

        # save to single page to a file without number (i.e. output.ddd)
        if len(estimator.pages) == 1:
            self.write_single_page(estimator, estimator.pages[0], self.ddd_filename)
        else:

            # split output path into directory, basename and extension
            dir_path = os.path.dirname(self.ddd_filename)
            if not os.path.exists(dir_path):
                logger.info("Creating {}".format(dir_path))
                os.makedirs(dir_path)
            file_base_part, file_ext = os.path.splitext(os.path.basename(self.ddd_filename))

            # loop over all pages and save an image for each of them
            for i, page in enumerate(estimator.pages):

                # calculate output filename. it will include page number padded with zeros.
                # for 10-99 pages the filename would look like: output_p01.ddd, ... output_p99.ddd
                # for 100-999 pages the filename would look like: output_p001.ddd, ... output_p999.ddd
                zero_padded_page_no = str(i + 1).zfill(len(str(len(estimator.pages))))
                output_filename = "{}_p{}{}".format(file_base_part, zero_padded_page_no, file_ext)
                output_path = os.path.join(dir_path, output_filename)

                # save the output file
                logger.info("Writing {}".format(output_path))
                self.write_single_page(estimator, page, output_path)

        return 0


[docs]    def write_single_page(self, estimator, page, filename):

        logger.info("Writing {:s}".format(filename))

        from pymchelper.shieldhit.detector.detector_type import SHDetType
        if page.dettyp != SHDetType.ddd:
            logger.warning("Incompatible estimator {:s} used, use {:s} instead".format(page.dettyp, SHDetType.ddd))
            return 1

        # extract data from detector data
        data = self._extract_data(estimator, page)

        # in order to avoid fitting data to noisy region far behind Bragg peak tail,
        # find the range of z coordinate which contains (1-threshold) of the deposited energy
        cum_dose = LateralDepthDoseProfile.cumulative_dose(data.dose_MeV_g_1d)
        cum_dose_left = LateralDepthDoseProfile.cumulative_dose_left(cum_dose)

        thr_ind = cum_dose_left.size - np.searchsorted(cum_dose_left[::-1], self.threshold) - 1
        z_fitting_cm_1d = data.z_cm_1d[:thr_ind]
        dose_fitting_MeV_g_1d = data.dose_MeV_g_1d[:thr_ind]

        # r_fitting_cm_2d, z_fitting_cm_2d = np.meshgrid(data.r_cm_1d, z_fitting_cm_1d)
        # dose_fitting_MeV_g_2d = data.dose_MeV_g_2d[0:thr_ind]

        if self.verbosity > 0:
            logger.info("Plotting base data..")

            fig = DebuggingPlots(data).base_data(zmax_cm=z_fitting_cm_1d[-1], threshold=self.threshold)
            fig_filename = "{:s}_depth_dose.png".format(os.path.splitext(filename)[0])
            logger.info("Writing {:s}".format(fig_filename))
            fig.savefig(fig_filename)

            fig = DebuggingPlots(data).base_data(zmax_cm=z_fitting_cm_1d[-1], threshold=self.threshold, logy=True)
            fig_filename = "{:s}_depth_dose_log.png".format(os.path.splitext(filename)[0])
            logger.info("Writing {:s}".format(fig_filename))
            fig.savefig(fig_filename)

            if self.ngauss in (1, 2):
                fig = DebuggingPlots(data).map2d()
                fig_filename = "{:s}_dose_map.png".format(os.path.splitext(filename)[0])
                logger.info("Writing {:s}".format(fig_filename))
                fig.savefig(fig_filename)

                fig = DebuggingPlots(data).map2d(zlog=True)
                fig_filename = "{:s}_dose_map_log.png".format(os.path.splitext(filename)[0])
                logger.info("Writing {:s}".format(fig_filename))
                fig.savefig(fig_filename)

        fit_results = FitResultCollection(z_fitting_cm_1d.size)
        if self.ngauss in (1, 2):
            logger.info("Fitting...")

            if data.r_cm_1d.size < 10:
                logger.warning("Number of bins in R dimension is {:d} and is lower than 10.".format(data.r_cm_1d.size))
                return 1

            # for each depth fit a lateral beam with gaussian models
            for ind, z_cm in enumerate(z_fitting_cm_1d):

                dose_at_z = data.dose_MeV_g_2d[ind]

                # take into account only this position in r for which dose is positive
                r_fitting_cm = data.r_cm_1d[dose_at_z > 0]
                dose_fitting_1d_positive_MeV_g = dose_at_z[dose_at_z > 0]

                # perform the fit
                params, params_error = self._lateral_fit(r_fitting_cm,
                                                         dose_fitting_1d_positive_MeV_g,
                                                         self.ngauss)

                if params is None and params_error is None:  # fitting failed, i.e. due to missing scipy
                    return 1

                fwhm1_cm, factor, fwhm2_cm, dz0_MeV_cm_g = params
                fwhm1_cm_error, factor_error, fwhm2_cm_error, dz0_MeV_cm_g_error = params_error

                fit_results.z_cm[ind] = z_cm

                fit_results.data['fwhm1_cm'][ind] = fwhm1_cm
                fit_results.error['fwhm1_cm'][ind] = fwhm1_cm_error

                fit_results.data['dz0_MeV_cm_g'][ind] = dz0_MeV_cm_g
                fit_results.error['dz0_MeV_cm_g'][ind] = dz0_MeV_cm_g_error

                if self.ngauss == 2:
                    fit_results.data['fwhm2_cm'][ind] = fwhm2_cm
                    fit_results.error['fwhm2_cm'][ind] = fwhm2_cm_error

                    fit_results.data['factor'][ind] = factor
                    fit_results.error['factor'][ind] = factor_error

        if self.verbosity > 0 and self.ngauss in (1, 2):
            logger.info("Plotting fitting results...")

            fig = DebuggingPlots(data).fit_summary(
                fit_results
            )
            fig_filename = "{:s}_fitting.png".format(os.path.splitext(filename)[0])
            logger.info("Writing {:s}".format(fig_filename))
            fig.savefig(fig_filename)

        logger.info("Writing " + filename)

        from pymchelper import __version__ as _pmcversion
        _creator_info = "Created with pymchelper {:s}".format(_pmcversion)

        # prepare header of DDD file
        header = self._ddd_header_template.format(
            fileversion='19980520',
            filedate=time.strftime('%c'),  # Locale's appropriate date and time representation
            projectile=self.projectile,
            material='H2O',
            composition='H2O',
            density=1,
            creator=_creator_info,
            energy=self.energy_MeV_u)

        filename_with_suffix = os.path.splitext(filename)[0]
        filename_with_suffix += '_'
        filename_with_suffix += self.suffix
        filename_with_suffix += '.ddd'
        logger.info("Saving {:s}".format(filename_with_suffix))

        # write the contents of the files
        with open(filename_with_suffix, 'w') as ddd_file:
            ddd_file.write(header)
            # TODO write to DDD gaussian amplitude, not the dose in central bin
            if self.ngauss == 2:
                for z_cm, dose, fwhm1_cm, weight, fwhm2_cm in zip(z_fitting_cm_1d,
                                                                  dose_fitting_MeV_g_1d,
                                                                  fit_results.data['fwhm1_cm'],
                                                                  fit_results.data['factor'],
                                                                  fit_results.data['fwhm2_cm']):
                    ddd_file.write('{:g} {:g} {:g} {:g} {:g}\n'.format(z_cm, dose, fwhm1_cm, weight, fwhm2_cm))
            elif self.ngauss == 1:
                for z_cm, dose, fwhm_cm in zip(z_fitting_cm_1d, dose_fitting_MeV_g_1d, fit_results.data['fwhm1_cm']):
                    ddd_file.write('{:g} {:g} {:g}\n'.format(z_cm, dose, fwhm_cm))
            elif self.ngauss == 0:
                for z_cm, dose in zip(z_fitting_cm_1d, dose_fitting_MeV_g_1d):
                    ddd_file.write('{:g} {:g}\n'.format(z_cm, dose))

        return 0


    @classmethod
    def _extract_data(cls, estimator, page):
        if estimator.x.n > 1:
            r_step_cm = estimator.x.data[1] - estimator.x.data[0]
        else:
            r_step_cm = estimator.x.max_val

        if estimator.z.n > 1:
            z_step_cm = estimator.z.data[1] - estimator.z.data[0]
        else:
            z_step_cm = estimator.z.max_val

        data = LateralDepthDoseProfile(r_cm_1d=estimator.x.data,
                                       z_cm_1d=estimator.z.data,
                                       dose_MeV_g_2d=page.data_raw.reshape((estimator.z.n, estimator.x.n)),
                                       dose_error_MeV_g_2d=page.error_raw.reshape((estimator.z.n, estimator.x.n)),
                                       r_step_cm=r_step_cm,
                                       z_step_cm=z_step_cm)

        return data

    @classmethod
    def _lateral_fit(cls, r_cm, dose_MeV_g, ngauss=1):
        variance = np.average(r_cm ** 2, weights=dose_MeV_g)

        start_amp_MeV_g = dose_MeV_g.max()
        start_sigma_cm = np.sqrt(variance)

        min_amp_MeV_g = 1e-10 * dose_MeV_g.max()
        min_sigma_cm = 1e-2 * start_sigma_cm

        max_amp_MeV_g = 2.0 * dose_MeV_g.max()
        max_sigma_cm = 1e4 * start_sigma_cm

        try:
            from scipy.optimize import curve_fit
        except ImportError:
            logger.error("scipy package missing, to install type `pip install scipy`")
            return None, None

        if ngauss == 1:
            try:
                popt, pcov = curve_fit(f=FittingMethods.gauss_r_MeV_cm_g,
                                       xdata=r_cm,
                                       ydata=dose_MeV_g * r_cm,
                                       p0=[start_amp_MeV_g, start_sigma_cm],
                                       bounds=([[min_amp_MeV_g, min_sigma_cm], [max_amp_MeV_g, max_sigma_cm]]),
                                       sigma=None)
                # TODO return also parameter errors
                perr = np.sqrt(np.diag(pcov))

                dz0_MeV_cm_g, sigma_cm = popt
                dz0_MeV_cm_g_error, sigma_cm_error = perr
            except RuntimeError as e:
                logger.warning(e)
                dz0_MeV_cm_g, sigma_cm = np.nan, np.nan
                dz0_MeV_cm_g_error, sigma_cm_error = np.nan, np.nan
            factor = 0.0
            factor_error = 0.0
            fwhm2_cm = 0.0
            fwhm2_cm_error = 0.0

        elif ngauss == 2:
            start_weigth = 0.99
            start_sigma2_add_cm = 0.1

            min_weigth = 0.55
            min_sigma2_add_cm = 1e-1

            max_weigth = 1.0 - 1e-12
            max_sigma2_add_cm = 20.0

            try:
                popt, pcov = curve_fit(f=FittingMethods.gauss2_r_MeV_cm_g,
                                       xdata=r_cm,
                                       ydata=dose_MeV_g * r_cm,
                                       p0=[start_amp_MeV_g, start_sigma_cm, start_weigth, start_sigma2_add_cm],
                                       bounds=([min_amp_MeV_g, min_sigma_cm, min_weigth, min_sigma2_add_cm],
                                               [max_amp_MeV_g, max_sigma_cm, max_weigth, max_sigma2_add_cm]),
                                       sigma=None)
                perr = np.sqrt(np.diag(pcov))
                dz0_MeV_cm_g_error, sigma_cm_error, factor_error, sigma2_add_cm_error = perr
                dz0_MeV_cm_g, sigma_cm, factor, sigma2_add_cm = popt
            except RuntimeError as e:
                logger.warning(e)
                dz0_MeV_cm_g_error, sigma_cm_error, factor_error, sigma2_add_cm_error = np.nan, np.nan, np.nan, np.nan
                dz0_MeV_cm_g, sigma_cm, factor, sigma2_add_cm = np.nan, np.nan, np.nan, np.nan
            # TODO return also parameter errors
            sigma2_cm = sigma_cm + sigma2_add_cm
            sigma2_cm_error = (sigma_cm_error**2 + sigma2_add_cm_error**2)**0.5
            fwhm2_cm = sigma2_cm * FittingMethods._sigma_to_fwhm
            fwhm2_cm_error = sigma2_cm_error * FittingMethods._sigma_to_fwhm

        fwhm1_cm = sigma_cm * FittingMethods._sigma_to_fwhm

        fwhm1_cm_error = sigma_cm_error * FittingMethods._sigma_to_fwhm

        params = fwhm1_cm, factor, fwhm2_cm, dz0_MeV_cm_g
        params_error = fwhm1_cm_error, factor_error, fwhm2_cm_error, dz0_MeV_cm_g_error

        return params, params_error



[docs]class FitResultCollection(object):
    """
    Fit results collection (along Z axis)
    """
    def __init__(self, n):
        self.z_cm = np.zeros(shape=(n,))
        self.data = np.zeros(shape=(n,),
                             dtype=[('fwhm1_cm', 'double'),
                                    ('fwhm2_cm', 'double'),
                                    ('factor', 'double'),
                                    ('dz0_MeV_cm_g', 'double'),
                                    ]
                             )
        self.error = np.zeros(shape=(n,),
                              dtype=[('fwhm1_cm', 'double'),
                                     ('fwhm2_cm', 'double'),
                                     ('factor', 'double'),
                                     ('dz0_MeV_cm_g', 'double'),
                                     ]
                              )



[docs]class LateralDepthDoseProfile(object):
    """
    Base data for fitting
    """
    def __init__(self, r_cm_1d, z_cm_1d, dose_MeV_g_2d, dose_error_MeV_g_2d, r_step_cm=None, z_step_cm=None):
        # 1D arrays of r,z
        self.r_cm_1d = r_cm_1d
        self.z_cm_1d = z_cm_1d

        # 2D arrays of r,z, dose and error
        self.r_cm_2d, self.z_cm_2d = np.meshgrid(self.r_cm_1d, self.z_cm_1d)

        self.dose_MeV_g_2d = dose_MeV_g_2d
        self.dose_error_MeV_g_2d = dose_error_MeV_g_2d

        # dose in the very central bin
        if z_step_cm:
            bin_width_z_cm = z_step_cm
        elif self.z_cm_1d.size > 1:
            bin_width_z_cm = self.z_cm_1d[1] - self.z_cm_1d[0]
        else:
            raise Exception("Z depth step cannot be estimated")

        if r_step_cm:
            bin_width_r_cm = r_step_cm
        elif self.r_cm_1d.size > 1:
            bin_width_r_cm = self.r_cm_1d[1] - self.r_cm_1d[0]
        else:
            raise Exception("Z depth step cannot be estimated")

        # Bin volume increases as we move away from beam axis
        # i-th bin volume = dz * pi * (r_i_max^2 - r_i_min^2  )
        #   r_i_max = r_i + dr / 2
        #   r_i_min = r_i - dr / 2
        #  r_i_max^2 - r_i_min^2 = (r_i_max - r_i_min)*(r_i_max + r_i_min) = dr * 2 * r_i    thus
        # i-th bin volume = 2 * pi * dr * r_i * dz
        bin_volume_data_cm3_1d = 2.0 * np.pi * bin_width_r_cm * self.r_cm_1d * bin_width_z_cm
        # we assume density of 1 g/c3
        density_g_cm3 = 1.0
        energy_in_bin_MeV_2d = self.dose_MeV_g_2d * bin_volume_data_cm3_1d * density_g_cm3
        total_bin_mass_g = density_g_cm3 * bin_width_z_cm * np.pi * (self.r_cm_1d[-1] + bin_width_r_cm / 2.0) ** 2
        total_energy_at_depth_MeV_1d = np.sum(energy_in_bin_MeV_2d, axis=1)
        self.dose_MeV_g_1d = total_energy_at_depth_MeV_1d / total_bin_mass_g

[docs]    @staticmethod
    def cumulative_dose(dose_1d):
        cumsum = np.cumsum(dose_1d)
        cumsum /= np.sum(dose_1d)
        return cumsum


[docs]    @staticmethod
    def cumulative_dose_left(cumsum):
        cum_dose_left = np.array(cumsum)
        cum_dose_left *= -1.0
        cum_dose_left += 1.0
        return cum_dose_left




[docs]class FittingMethods(object):
    """
    Functions describing Gaussian functions modelling lateral dose distributions
    """

    _sigma_to_fwhm = 2. * (2. * math.log(2.)) ** 0.5

[docs]    @classmethod
    def gauss_MeV_g(cls, x_cm, amp_MeV_cm_g, sigma_cm):
        return amp_MeV_cm_g / (2.0 * np.pi * sigma_cm) * np.exp(-x_cm ** 2 / (2.0 * sigma_cm ** 2))


[docs]    @classmethod
    def gauss_r_MeV_cm_g(cls, x_cm, amp_MeV_cm_g, sigma_cm):
        return cls.gauss_MeV_g(x_cm, amp_MeV_cm_g, sigma_cm) * x_cm


[docs]    @classmethod
    def gauss2_MeV_g(cls, x_cm, amp_MeV_cm_g, sigma1_cm, weight, sigma2_add_cm):
        return amp_MeV_cm_g / (2.0 * np.pi) * (
            (weight / sigma1_cm) * np.exp(-x_cm ** 2 / (2.0 * sigma1_cm ** 2))
            + ((1.0 - weight) / (sigma1_cm + sigma2_add_cm))
            * np.exp(-x_cm ** 2 / (2.0 * (sigma1_cm + sigma2_add_cm) ** 2))
        )


[docs]    @classmethod
    def gauss2_MeV_g_1st(cls, x_cm, amp_MeV_cm_g, sigma1_cm, weight, sigma2_add_cm):
        return amp_MeV_cm_g / (2.0 * np.pi) * (weight / sigma1_cm) * np.exp(-x_cm ** 2 / (2.0 * sigma1_cm ** 2))


[docs]    @classmethod
    def gauss2_MeV_g_2nd(cls, x_cm, amp_MeV_cm_g, sigma1_cm, weight, sigma2_add_cm):
        return amp_MeV_cm_g / (2.0 * np.pi) * ((1.0 - weight) / (sigma1_cm + sigma2_add_cm)) * np.exp(
            -x_cm ** 2 / (2.0 * (sigma1_cm + sigma2_add_cm) ** 2))


[docs]    @classmethod
    def gauss2_r_MeV_cm_g(cls, x_cm, amp_MeV_cm_g, sigma1_cm, weight, sigma2_add_cm):
        return cls.gauss2_MeV_g(x_cm, amp_MeV_cm_g, sigma1_cm, weight, sigma2_add_cm) * x_cm




[docs]class DebuggingPlots(object):
    """
    Debugging plots, mostly needed to inspect if Gaussian function fitting was successful
    """
    def __init__(self, base_data):
        self.data = base_data

[docs]    def base_data(self, zmax_cm, threshold, logy=False):
        try:
            logging.getLogger('matplotlib').setLevel(logging.INFO)
            import matplotlib
            matplotlib.use('Agg')
            import matplotlib.pyplot as plt
            # set matplotlib logging level to ERROR, in order not to pollute our log space
            logging.getLogger('matplotlib').setLevel(logging.ERROR)
        except ImportError:
            logger.error("Matplotlib not installed, output won't be generated")
            return 1
        fig, ax = plt.subplots()
        ax.plot(self.data.z_cm_1d, self.data.dose_MeV_g_1d, color='blue', label='dose')
        ax.axvspan(
            0,
            zmax_cm,
            alpha=0.1,
            color='green',
            label="fitting area, covers {:g} % of dose".format(100.0 * (1 - threshold)))
        ax.legend(loc=0)
        ax.set_xlabel('z [cm]')
        ax.set_ylabel('dose [MeV/g]')
        if logy:
            ax.set_yscale('log')
        return fig


[docs]    def map2d(self,
              zlog=False):
        try:
            logging.getLogger('matplotlib').setLevel(logging.INFO)
            import matplotlib
            matplotlib.use('Agg')
            import matplotlib.pyplot as plt
            from matplotlib import colors
        except ImportError:
            logger.error("Matplotlib not installed, output won't be generated")
            return 1
        fig, ax = plt.subplots()
        # configure scale on Z axis
        if zlog:
            norm = colors.LogNorm(vmin=self.data.dose_MeV_g_2d[self.data.dose_MeV_g_2d > 0].min(),
                                  vmax=self.data.dose_MeV_g_2d.max())
        else:
            norm = colors.Normalize(vmin=self.data.dose_MeV_g_2d.min(),
                                    vmax=self.data.dose_MeV_g_2d.max())
        im = ax.pcolormesh(self.data.z_cm_2d, self.data.r_cm_2d, self.data.dose_MeV_g_2d,
                           norm=norm,
                           cmap='gnuplot2', label='dose')
        ax.set_xlabel("Z [cm]")
        ax.set_ylabel("R [cm]")
        cbar = fig.colorbar(im)
        cbar.set_label("dose [MeV/g]", rotation=270, verticalalignment='bottom')

        return fig


        # if z_fitting_cm_1d is not None and np.any(fwhm1_cm):
        #     plt.plot(z_fitting_cm_1d, fwhm1_cm, color='g', label="fwhm1")
        # if z_fitting_cm_1d is not None and np.any(fwhm2_cm):
        #     plt.plot(z_fitting_cm_1d, fwhm2_cm, color='r', label="fwhm2")

        # plot legend only if some of the FWHM 1-D overlays are present
        # adding legend to only pcolormesh plot will result in a warning about missing labels
        # if z_fitting_cm_1d is not None and (np.any(fwhm1_cm) or np.any(fwhm2_cm)):
        #     plt.legend(loc=0)
        # plt.xlabel("z [cm]")
        # plt.ylabel("r [cm]")
        # plt.xlim((z_fitting_cm_2d.min(), z_fitting_cm_2d.max()))
        # if np.any(fwhm1_cm) and np.any(fwhm2_cm):
        #     plt.ylim((r_fitting_cm_2d.min(), max(max(fwhm1_cm), max(fwhm2_cm))))
        # plt.clim((1e-8 * dose_fitting_MeV_g2d.max(), dose_fitting_MeV_g2d.max()))
        # out_filename = prefix + 'dosemap' + suffix + '.png'
        # logger.info('Saving ' + out_filename)
        # plt.savefig(out_filename)
        # if self.verbosity > 1:
        #     plt.yscale('log')
        #     out_filename = prefix + 'dosemap_log' + suffix + '.png'
        #     logger.info('Saving ' + out_filename)
        #     plt.savefig(out_filename)
        # plt.close()
        #
        # if self.verbosity > 2 and (np.any(fwhm1_cm) or np.any(fwhm2_cm)):
        #     # TODO add plotting sum of 2 gausses
        #
        #     sigma1_cm = fwhm1_cm / self._sigma_to_fwhm
        #     sigma2_cm = fwhm2_cm / self._sigma_to_fwhm
        #     gauss_amplitude_MeV_g = dz0_MeV_cm_g_data
        #     for z_cm, sigma1_at_z_cm, sigma2_at_z_cm, factor, amplitude_MeV_g in \
        #             zip(z_fitting_cm_1d, sigma1_cm, sigma2_cm, weight, gauss_amplitude_MeV_g):
        #         dose_mc_MeV_g = self.dose_data_MeV_g_2d[self.z_data_cm_2d == z_cm]
        #         title = "Z = {:4.3f} cm,  sigma1 = {:4.3f} cm".format(z_cm, sigma1_at_z_cm)
        #         plt.plot(self.r_data_cm_1d, dose_mc_MeV_g, 'k.', label="data")
        #         if self.ngauss == 1:
        #             gauss_data_MeV_g = self.gauss_MeV_g(self.r_data_cm_1d, amplitude_MeV_g, sigma1_at_z_cm)
        #             plt.plot(self.r_data_cm_1d, gauss_data_MeV_g, label="fit")
        #         elif self.ngauss == 2:
        #             gauss_data_MeV_g = self.gauss2_MeV_g(self.r_data_cm_1d, amplitude_MeV_g,
        #                                                  sigma1_at_z_cm, factor, sigma2_at_z_cm)
        #             gauss_data_MeV_g_1st = self.gauss2_MeV_g_1st(self.r_data_cm_1d, amplitude_MeV_g,
        #                                                          sigma1_at_z_cm, factor, sigma2_at_z_cm)
        #             gauss_data_MeV_g_2nd = self.gauss2_MeV_g_2nd(self.r_data_cm_1d, amplitude_MeV_g,
        #                                                          sigma1_at_z_cm, factor, sigma2_at_z_cm)
        #             plt.plot(self.r_data_cm_1d, gauss_data_MeV_g, label="fit")
        #             plt.plot(self.r_data_cm_1d, gauss_data_MeV_g_1st, label="fit 1st gauss")
        #             plt.plot(self.r_data_cm_1d, gauss_data_MeV_g_2nd, label="fit 2nd gauss")
        #             title += ", sigma2 = {:4.3f} cm, factor = {:4.6f}".format(sigma2_at_z_cm, factor)
        #         logger.debug("Plotting at " + title)
        #         plt.title(title)
        #         plt.legend(loc=0)
        #         plt.yscale('log')
        #         plt.xlabel("r [cm]")
        #         plt.ylabel("dose [MeV/g]")
        #         plt.ylim([dose_mc_MeV_g.min(), dose_mc_MeV_g.max()])
        #         if self.ngauss == 1:
        #             plt.ylim([dose_mc_MeV_g.min(), max(gauss_data_MeV_g.max(), dose_mc_MeV_g.max())])
        #         out_filename = prefix + "fit_details_{:4.3f}_log".format(z_cm) + suffix + '.png'
        #         logger.info('Saving ' + out_filename)
        #         plt.savefig(out_filename)
        #
        #         plt.xscale('log')
        #         plt.xlim([0, self.r_data_cm_1d.max()])
        #         out_filename = prefix + "fit_details_{:4.3f}_loglog".format(z_cm) + suffix + '.png'
        #         logger.info('Saving ' + out_filename)
        #         plt.savefig(out_filename)
        #
        #         plt.xscale('linear')
        #         plt.xlim([0, 5.0 * sigma2_at_z_cm])
        #         plt.ylim([dose_mc_MeV_g[self.r_data_cm_1d < 5.0 * sigma2_at_z_cm].min(), dose_mc_MeV_g.max()])
        #         out_filename = prefix + "fit_details_{:4.3f}_small_log".format(z_cm) + suffix + '.png'
        #         logger.info('Saving ' + out_filename)
        #         plt.savefig(out_filename)
        #
        #         plt.close()
        #
        #         plt.plot(self.r_data_cm_1d, dose_mc_MeV_g * self.r_data_cm_1d, 'k.', label="data")
        #         plt.plot(self.r_data_cm_1d, gauss_data_MeV_g * self.r_data_cm_1d, label="fit")
        #         plt.legend(loc=0)
        #         plt.ylabel("dose * r [MeV cm/g]")
        #         plt.ylim([(dose_mc_MeV_g * self.r_data_cm_1d).min(), (dose_mc_MeV_g * self.r_data_cm_1d).max()])
        #         plt.yscale('log')
        #         out_filename = prefix + "fit_details_{:4.3f}_r_log".format(z_cm) + suffix + '.png'
        #         logger.info('Saving ' + out_filename)
        #         plt.savefig(out_filename)
        #         plt.xscale('log')
        #         out_filename = prefix + "fit_details_{:4.3f}_r_loglog".format(z_cm) + suffix + '.png'
        #         logger.info('Saving ' + out_filename)
        #         plt.savefig(out_filename)
        #         plt.close()

[docs]    @staticmethod
    def fit_summary(fit_results):
        try:
            logging.getLogger('matplotlib').setLevel(logging.INFO)
            import matplotlib
            matplotlib.use('Agg')
            import matplotlib.pyplot as plt
            # set matplotlib logging level to ERROR, in order not to pollute our log space
            logging.getLogger('matplotlib').setLevel(logging.ERROR)
        except ImportError:
            logger.error("Matplotlib not installed, output won't be generated")
            return 1
        # left Y axis dedicated to FWHM, right one to weight
        fig, ax1 = plt.subplots()
        ax2 = ax1.twinx()
        lns1 = ax1.plot(fit_results.z_cm, fit_results.data['fwhm1_cm'], 'g', label='fwhm1')
        upper_fwhm1_line = fit_results.data['fwhm1_cm'] + fit_results.error['fwhm1_cm']
        lower_fwhm1_line = fit_results.data['fwhm1_cm'] - fit_results.error['fwhm1_cm']
        ax1.fill_between(fit_results.z_cm, lower_fwhm1_line, upper_fwhm1_line,
                         where=upper_fwhm1_line >= lower_fwhm1_line,
                         facecolor='green',
                         alpha=0.1,
                         interpolate=True)
        if fit_results.data['fwhm2_cm'].sum() > 0:
            lns2 = ax1.plot(fit_results.z_cm, fit_results.data['fwhm2_cm'], 'r', label='fwhm2')
            upper_fwhm2_line = fit_results.data['fwhm2_cm'] + fit_results.error['fwhm2_cm']
            lower_fwhm2_line = fit_results.data['fwhm2_cm'] - fit_results.error['fwhm2_cm']
            ax1.fill_between(fit_results.z_cm, lower_fwhm2_line, upper_fwhm2_line,
                             where=upper_fwhm2_line >= lower_fwhm2_line,
                             facecolor='red',
                             alpha=0.1,
                             interpolate=True)

            lns3 = ax2.plot(fit_results.z_cm, fit_results.data['factor'], 'b', label='factor')
            upper_weight_line = fit_results.data['factor'] + fit_results.error['factor']
            lower_weight_line = fit_results.data['factor'] - fit_results.error['factor']
            ax2.fill_between(fit_results.z_cm, lower_weight_line, upper_weight_line,
                             where=upper_weight_line >= lower_weight_line,
                             facecolor='blue',
                             alpha=0.1,
                             interpolate=True)
            ax2.set_ylabel('weight of FWHM1 (factor)')
            ax2.set_ylim([0, 1])
        ax1.set_xlabel('Z [cm]')
        ax1.set_ylabel('FWHM [cm]')

        # add by hand line plots and labels to legend
        line_objs = lns1
        if fit_results.data['fwhm2_cm'].sum() > 0:
            line_objs += lns2
            line_objs += lns3
        labels = [line_obj.get_label() for line_obj in line_objs]
        ax1.legend(line_objs, labels, loc=0)

        return fig


        #
        # r_step_cm = self.r_data_cm_1d[1] - self.r_data_cm_1d[0]
        # r_max_cm = self.r_data_cm_1d[-1] + 0.5 * r_step_cm

        # beam model for single gaussian is following:
        #  G(r, sigma) = 1 / (2pi sigma) * exp( - 0.5 r^2 / sigma^2)
        #  D(z,r) = D(z,0) * G(r, sigma)
        # for double gaussian it is following:
        #  D(z,r) = D(z,0) * ( w * G(r, sigma1) + (1-w) * G(r, sigma2))
        #
        # to get depth dose profile D(z) we need to calculate average dose in some volume at depth z
        # (calculating average dose in a subspace separated by two planes at z=z0 and z=z0+dz will lead to zero dose)
        # we cannot use simple arithmetic mean, as we are dealing with cylindrical scoring and bin mass depends on r
        #
        # let rmax be radius of biggest bin in cylindrical scoring
        # we calculate D(z) which will correspond to depth-dose profile measured with ion. chamber of radius rmax
        # it is basically energy E(z) deposited in slice of radius rmax and thickness dz divided by slice mass
        # D(z) = E(z) / m(z) = E(z) / (pi rmax^2 dz rho)
        # energy E(z) is the sum of energy in all cylindrical shell in a slice and can be calculated as integral
        # thin shell has surface at radius r has surface: 2 pi r dr, thus
        # E(z) = \int_0^rmax D(r,z) rho dz 2 pi r dr
        # finally:
        # D(z) = \int_0^rmax D(r,z) rho dz 2 pi r dr / (pi rmax^2 dz rho)   which leads to:
        #
        # D(z) = 2 / rmax^2 \int_0^rmax D(r,z) r dr
        #
        # for single gaussian model this gives:
        #
        # D(z) = 2 / rmax^2 \int_0^rmax D(z,0) * G(r, sigma) r dr = D(z,0) / rmax^2 \int_0^rmax G(r, sigma) r dr
        #      = D(z,0) / (2 pi sigma rmax^2) \int_0^rmax exp( - 0.5 r^2 / sigma^2) r dr
        #
        # integral \int exp( - 0.5 r^2 / sigma^2) r dr is easy to calculate:
        # https://www.wolframalpha.com/input/?i=%5Cint+exp(+-+0.5+r%5E2+%2F+sigma%5E2)+r+dr
        #
        #  \int exp( - 0.5 r^2 / sigma^2) r dr = -sigma^2 exp( - 0.5 r^2 / sigma^2)
        #
        # which leads to
        #
        # \int_0^rmax exp( - 0.5 r^2 / sigma^2) r dr = sigma^2 ( 1 - exp( - 0.5 rmax^2 / sigma^2))
        #
        # this means depth-dose curve for single gaussian model can be expressed as:
        #
        # D(z) = D(z,0) / (2 pi sigma rmax^2) * sigma^2 ( 1 - exp( - 0.5 rmax^2 / sigma^2))
        #
        # or
        #
        # D(z) = sigma * D(z,0) * ( 1 - exp( - 0.5 rmax^2 / sigma^2)) / (2 pi rmax^2)
        #
        # double gaussian can be calculated in similar way and leads to:
        #
        # D(z) = D(z,0) / (2 pi rmax^2) * ( w * sigma1 * ( 1 - exp( - 0.5 rmax^2 / sigma1^2)) +
        #                                 ( (1-w) * sigma2 * ( 1 - exp( - 0.5 rmax^2 / sigma2^2)))
        #
        #
        # if self.ngauss == 1:
        #     sigma1_cm = fwhm1_cm_data / self._sigma_to_fwhm
        #     # sigma * D(z,0) / (2 pi rmax^2)
        #     fit_dose_MeV_g = sigma1_cm * dz0_MeV_cm_g_data / (2.0 * np.pi * r_max_cm ** 2)
        #     # missing ( 1 - exp( - 0.5 rmax^2 / sigma^2))
        #     fit_dose_MeV_g *= (np.ones_like(sigma1_cm) - np.exp(-0.5 * r_max_cm / sigma1_cm**2))
        #     plt.plot(z_fitting_cm_1d, fit_dose_MeV_g, 'r', label='dose fit')
        # if self.ngauss == 2:
        #     sigma1_cm = fwhm1_cm_data / self._sigma_to_fwhm
        #     sigma2_cm = fwhm2_cm_data / self._sigma_to_fwhm
        #     w = weight_data
        #
        #     # ( w * sigma1 * ( 1 - exp( - 0.5 rmax^2 / sigma1^2))
        #     fit_dose_MeV_g = w * sigma1_cm * \
        #         (np.ones_like(sigma1_cm) - np.exp(-0.5 * r_max_cm / sigma1_cm**2))
        #
        #     # ( (1-w) * sigma2 * ( 1 - exp( - 0.5 rmax^2 / sigma2^2)))
        #     fit_dose_MeV_g += (np.ones_like(w) - w) * sigma2_cm * \
        #         (np.ones_like(sigma2_cm) - np.exp(-0.5 * r_max_cm / sigma2_cm**2))
        #
        #     # D(z,0) / (2 pi rmax^2)
        #     fit_dose_MeV_g *= dz0_MeV_cm_g_data / (2.0 * np.pi * r_max_cm ** 2)
        #     plt.plot(z_fitting_cm_1d, fit_dose_MeV_g, 'r', label='dose fit')
        #
        # plt.plot(z_fitting_cm_1d, dose_fitting_MeV_g_1d, 'b', label='dose MC')
        # plt.xlabel('z [cm]')
        # plt.ylabel('dose [MeV/g]')
        # plt.legend(loc=0)
        # out_filename = prefix + 'dose_fit.png'
        # logger.info('Saving ' + out_filename)
        # plt.savefig(out_filename)
        # if self.verbosity > 1:
        #     plt.yscale('log')
        #     out_filename = prefix + 'dose_fit_log.png'
        #     logger.info('Saving ' + out_filename)
        #     plt.savefig(out_filename)
        # plt.close()




          

      

      

    

  

    
      
          
            
  
pymchelper.axis module


	
class pymchelper.axis.AxisId[source]

	Bases: enum.IntEnum

An enumeration.


	
diff1 = 3

	




	
diff2 = 4

	




	
x = 0

	




	
y = 1

	




	
z = 2

	








	
class pymchelper.axis.MeshAxis[source]

	Bases: pymchelper.axis.MeshAxis

Scoring mesh axis data.

It can represent an axis variety of scorers:
x,y or z in cartesian scoring, r, rho or z in cylindrical.
An axis represents a sequence of n numbers, defining linear or logarithmic binning.
This sequence of numbers is not stored in the memory, but can be generated using data property method.
min_val is lowest bin left edge, max_val is highest bin right edge
name can be used to define physical quantity (i.e. position, energy, angle).
unit gives physical units (i.e. cm, MeV, mrad).

MeshAxis is constructed as immutable data structure, thus it is possible
to set field values only upon object creation. Later they are available for read only.

>>> x = MeshAxis(n=10, min_val=0.0, max_val=30.0, name="Position", unit="cm", binning=MeshAxis.BinningType.linear)
>>> x.n, x.min_val, x.max_val
(10, 0.0, 30.0)
>>> x.n = 5
Traceback (most recent call last):
...
AttributeError: can't set attribute





binning field (use internal BinningType.linear or BinningType.logarithmic) can distinguish
log from linear binning


	
class BinningType[source]

	Bases: enum.IntEnum

type of axis generator


	
linear = 0

	




	
logarithmic = 1

	








	
data

	Generates linear or logarithmic sequence of n numbers.

These numbers are middle points of the bins
defined by n, min_val and max_val parameters.

>>> x = MeshAxis(n=10, min_val=0.0, max_val=10.0, name="X", unit="cm", binning=MeshAxis.BinningType.linear)
>>> x.data
array([ 0.5,  1.5,  2.5,  3.5,  4.5,  5.5,  6.5,  7.5,  8.5,  9.5])





Binning may also consist of one bin:
>>> x = MeshAxis(n=1, min_val=0.0, max_val=5.0, name=”X”, unit=”cm”, binning=MeshAxis.BinningType.linear)
>>> x.data
array([ 2.5])

Logarithmic binning works as well, middle bin points are calculated as geometrical mean.
Here we define 3 bins: [1,4], [4,16], [16,64].
>>> x = MeshAxis(n=3, min_val=1.0, max_val=64.0, name=”X”, unit=”cm”, binning=MeshAxis.BinningType.logarithmic)
>>> x.data
array([  2.,   8.,  32.])

For the same settings as below linear scale gives as expected different sequence:
>>> x = MeshAxis(n=3, min_val=1.0, max_val=64.0, name=”X”, unit=”cm”, binning=MeshAxis.BinningType.linear)
>>> x.data
array([ 11.5,  32.5,  53.5])

For logarithmic axis min_val has to be positive:
>>> x = MeshAxis(n=3, min_val=-2.0, max_val=64.0, name=”X”, unit=”cm”, binning=MeshAxis.BinningType.logarithmic)
>>> x.data
Traceback (most recent call last):
…
Exception: Left edge of first bin (-2) is not positive


	Returns

	
















          

      

      

    

  

    
      
          
            
  
pymchelper.estimator module


	
class pymchelper.estimator.ErrorEstimate[source]

	Bases: enum.IntEnum

When averaging data multiple files we could estimate statistical error of scored quantity.
Such error can be calculated as: none (error information missing), standard error or standard deviation.


	
none = 0

	




	
stddev = 2

	




	
stderr = 1

	








	
class pymchelper.estimator.Estimator[source]

	Bases: object

Estimator data including scoring mesh description.

This class handles in universal way data generated with MC code.
It includes data (data and data_raw fields) and optional errors (error and error_raw).
Estimator holds also up to 3 binning axis (x, y and z fields).
Scored quantity can be assigned a name (i.e. dose) and unit (i.e. Gy).
Several other fields are also used:



	nstat: number of simulated histories


	counter: number of files read to construct detector object


	corename: common core part of input files defining a name of detector


	error_type: none, stderr or stddev - error type







Estimator data can be either read from the file (see fromfile method in input_output module
or constructed directly:

>>> d = Estimator()
>>> d.x = MeshAxis(n=2, min_val=0.0, max_val=10.0, name="X", unit="cm", binning=MeshAxis.BinningType.linear)
>>> d.x.data
array([ 2.5,  7.5])
>>> d.y = MeshAxis(n=3, min_val=0.0, max_val=150.0, name="Y", unit="cm", binning=MeshAxis.BinningType.linear)
>>> d.y.data
array([  25.,   75.,  125.])
>>> d.z = MeshAxis(n=1, min_val=0.0, max_val=1.0, name="Z", unit="cm", binning=MeshAxis.BinningType.linear)
>>> d.z.data
array([ 0.5])






	
add_page(page)[source]

	Add a page to the estimator object.
New copy of page is made and page estimator pointer is set to the estimator object holding this page.
:param page:
:return: None






	
axis(axis_id)[source]

	Mesh axis selector method based on integer id’s.

Instead of getting mesh axis data by calling d.x, d.y or d.z (assuming d an object of Detector
class) we can get that data by calling d.axis(0), d.axis(1) or d.axis(2). See for example:
>>> d = Estimator()
>>> d.x = MeshAxis(n=2, min_val=0.0, max_val=10.0, name=”X”, unit=”cm”, binning=MeshAxis.BinningType.linear)
>>> d.y = MeshAxis(n=3, min_val=0.0, max_val=150.0, name=”Y”, unit=”cm”, binning=MeshAxis.BinningType.linear)
>>> d.z = MeshAxis(n=1, min_val=0.0, max_val=1.0, name=”Z”, unit=”cm”, binning=MeshAxis.BinningType.linear)
>>> d.axis(1)
MeshAxis(n=3, min_val=0.0, max_val=150.0, name=’Y’, unit=’cm’, binning=<BinningType.linear: 0>)


	Parameters

	axis_id – axis id (0, 1 or 2)



	Returns

	MeshAxis object










	
dimension

	Let’s take again detector d with YZ scoring.
>>> e = Estimator()
>>> e.x = MeshAxis(n=1, min_val=0.0, max_val=1.0, name=”X”, unit=”cm”, binning=MeshAxis.BinningType.linear)
>>> e.y = MeshAxis(n=3, min_val=0.0, max_val=150.0, name=”Y”, unit=”cm”, binning=MeshAxis.BinningType.linear)
>>> e.z = MeshAxis(n=2, min_val=0.0, max_val=2.0, name=”Z”, unit=”cm”, binning=MeshAxis.BinningType.linear)
>>> e.dimension
2


	Returns

	number of axes (among X,Y,Z) which have more than one bin














	
pymchelper.estimator.average_with_nan(estimator_list, error_estimate=<ErrorEstimate.stderr: 1>)[source]

	Calculate average estimator object, excluding malformed data (NaN) from averaging.
:param estimator_list:
:param error_estimate:
:return:








          

      

      

    

  

    
      
          
            
  
pymchelper.executor.options module


	
class pymchelper.executor.options.FlukaEnvironment[source]

	Bases: pymchelper.executor.options.MCEnvironment

FLUKA Environment


	
executable_filename = 'rfluka'

	








	
class pymchelper.executor.options.MCEnvironment[source]

	Bases: object

MCEnvironment subclasses are helpful to discover which MC engine (i.e. FLUKA or SHIELD-HIT12A) is being used
they provide information about expected executable filename, by inspecting the path to executable filename
(i.e. checking if it ends with rfluka) we can find corresponding code type


	
executable_filename = None

	








	
class pymchelper.executor.options.SH12AEnvironmentLinux[source]

	Bases: pymchelper.executor.options.MCEnvironment

SHIELD-HIT12A Environment for Linux


	
executable_filename = 'shieldhit'

	








	
class pymchelper.executor.options.SH12AEnvironmentWindows[source]

	Bases: pymchelper.executor.options.MCEnvironment

SHIELD-HIT12A Environment for Windows


	
executable_filename = 'shieldhit.exe'

	








	
class pymchelper.executor.options.SH12ASettings(input_path, simulator_exec_path=None, cmdline_opts=None)[source]

	Bases: pymchelper.executor.options.SimulationSettings

TODO






	
class pymchelper.executor.options.SimulationSettings(input_path, simulator_exec_path=None, cmdline_opts=None)[source]

	Bases: object


	This class is responsible for keeping track of options for MC simulation:

	
	location of the MC simulator executable


	additional options provided by the user


	location of the input files or directories








Moreover this class performs automatic discovery of the MC input
(i.e. whether this is SHIELD-HIT12A input or FLUKA input)


	
set_no_of_primaries(number_of_primaries)[source]

	This methods modifies command line options of the MC engine by setting (or overriding) the number of primaries
to be simulated by each of the parallel jobs
TODO this method is specific to SH12A, more general should be added
TODO add support for no of primaries provided as –nstat, instead of -n






	
set_rng_seed(rng_seed)[source]

	This methods modifies command line options of the MC engine by setting (or overriding) the value of RNG seed
TODO this method is specific to SH12A, more general should be added
TODO add support for RNG seed provided as –seedofset, instead of -N












          

      

      

    

  

    
      
          
            
  
pymchelper.executor.runner module


	
class pymchelper.executor.runner.OutputDataType[source]

	Bases: enum.IntEnum

Output type requested by user plots (i.e .png) or text data


	
plot = 1

	




	
txt = 2

	








	
class pymchelper.executor.runner.Runner(jobs=None, keep_workspace_after_run=False, output_directory='.')[source]

	Bases: object

Main class responsible for configuring and starting multiple parallel MC simulation processes
It can be used to access combined averaged results of the simulation.


	
clean()[source]

	Removes all working directories (if exists)






	
get_data()[source]

	Scans the output directory for location of the working directories (like run_1, run_2).
Takes all files from all working directories in output_dir,
merges their content to form pymchelper Estimator objects.
For each of the output file a single Estimator objects is created, which holds numpy arrays with results.
Return dictionary with keys being output filenames, and values being Estimator objects






	
run(settings)[source]

	Execute parallel simulation processes, creating workspace (and working directories) in the output_directory
In case of successful execution return True, otherwise return False










	
class pymchelper.executor.runner.SingleSimulationExecutor[source]

	Bases: object

Callable class responsible for execution of the single MC simulation process.






	
class pymchelper.executor.runner.WorkspaceManager(output_directory='.', keep_workspace_after_run=False)[source]

	Bases: object

A workspace consists of multiple working directories (i.e. run_1, run_2),
each per one of the parallel simulation run.


	
clean()[source]

	clean the workspace by removing all working directories
(only if requested by keep_workspace_after_run flag)






	
create_working_directories(simulation_input_path, rng_seeds=())[source]

	Create working directories and fill self.working_directories_abs_paths












          

      

      

    

  

    
      
          
            
  
pymchelper.executor package


Submodules



	pymchelper.executor.options module

	pymchelper.executor.runner module









          

      

      

    

  

    
      
          
            
  
pymchelper.flair.Data module


	
class pymchelper.flair.Data.Detector[source]

	Bases: object






	
class pymchelper.flair.Data.Mgdraw(filename=None)[source]

	Bases: object


	
close()[source]

	




	
open(filename)[source]

	Read header information, and return the file handle






	
readEnergy(icode, jtrack, etrack, wtrack)[source]

	




	
readEvent(e_type=None)[source]

	




	
readSource(ncase, npflka, nstmax, tkesum, weipri)[source]

	




	
readTracking(ntrack, mtrack, jtrack, etrack, wtrack)[source]

	




	
reset()[source]

	Reset information










	
class pymchelper.flair.Data.Resnuclei(filename=None)[source]

	Bases: pymchelper.flair.Data.Usrxxx


	
readData(n)[source]

	Read detector det data structure






	
readHeader(filename)[source]

	Read residual nuclei detector information






	
readStat(n)[source]

	Read detector det statistical data






	
say(det=None)[source]

	print header/detector information










	
class pymchelper.flair.Data.UsrTrack(filename=None)[source]

	Bases: pymchelper.flair.Data.Usrxxx


	
readData(n)[source]

	Read detector n data structure






	
readHeader(filename)[source]

	Read USRTRACK detector information






	
readStat(n)[source]

	Read detector n statistical data






	
say(det=None)[source]

	print header/detector information










	
class pymchelper.flair.Data.Usrbdx(filename=None)[source]

	Bases: pymchelper.flair.Data.Usrxxx


	
readData(n)[source]

	Read detector n data structure






	
readHeader(filename)[source]

	Read boundary crossing detector information






	
readStat(n)[source]

	Read detector n statistical data






	
say(det=None)[source]

	print header/detector information










	
class pymchelper.flair.Data.Usrbin(filename=None)[source]

	Bases: pymchelper.flair.Data.Usrxxx


	
readData(n)[source]

	Read detector det data structure






	
readHeader(filename)[source]

	Read USRBIN detector information






	
readStat(n)[source]

	Read detector n statistical data






	
say(det=None)[source]

	print header/detector information










	
class pymchelper.flair.Data.Usrxxx(filename=None)[source]

	Bases: object


	
readData(det)[source]

	Read detector det data structure






	
readHeader(filename)[source]

	Read header information, and return the file handle






	
readStat(det)[source]

	Read detector det statistical data






	
reset()[source]

	Reset header information






	
sayHeader()[source]

	








	
pymchelper.flair.Data.unpackArray(data)[source]

	






          

      

      

    

  

    
      
          
            
  
pymchelper.flair.Input module


	
class pymchelper.flair.Input.Card(tag, what=None, comment='', extra='')[source]

	Bases: object

Base class for a fluka card


	
BODY = 1

	




	
GENERIC = 0

	




	
OBJECT = 3

	




	
REGION = 2

	




	
absWhat(w)[source]

	return the absolute value of what[w]






	
addUserInvalid(item)[source]

	




	
addZone(zone)[source]

	Add zone to card






	
appendComment(comment)[source]

	append comment






	
appendWhats(what, pos=None)[source]

	append what’s






	
bodyN()[source]

	Normal of body






	
bodyP()[source]

	Position of body






	
bodyP1()

	Position of body






	
bodyP2()[source]

	




	
bodyPn(n)[source]

	




	
bodyR()[source]

	Radius (or x-radius) of body






	
bodyX()[source]

	X-vector of body






	
bodyY()[source]

	Y-vector of body






	
bodyZ()[source]

	Z-vector of body






	
case()[source]

	




	
changeTag(tag, truncate=True)[source]

	change tag of card






	
clearUserInvalid()[source]

	




	
clone()[source]

	clone card object






	
static cmpPos_key(a)[source]

	




	
comment()[source]

	




	
commentStr()[source]

	return a comment string






	
convert(tonames=True)[source]

	




	
copyProperties(card)[source]

	Copy properties from card






	
diff(card)[source]

	Return differences of the two cards as a list of integers
-3 = enable/disable
-2 = Comment
-1 = Extra
0 = Sdum
1..n = What’s
:param card:
:return:






	
disable()[source]

	disable card






	
dump(pickler)[source]

	




	
errorMessage(labels=())[source]

	




	
evalWhat(n, dollar=True)[source]

	return evaluated what if needed






	
evalWhat0(n, dollar=True)[source]

	




	
evalWhatStr()[source]

	return string for special evaluated whats






	
extra()[source]

	




	
findType(target)[source]

	return whats with a specific type from the card, pi, mi, …






	
get(t=None, default=None)

	get card information






	
getProperty(t, default=None)[source]

	




	
ignore()[source]

	




	
indent()[source]

	




	
intWhat(n)[source]

	try to return an integer from what






	
isEvalWhat(w)[source]

	




	
isGeo()[source]

	




	
load(unpickler)[source]

	




	
loadVoxel()[source]

	Load voxel information






	
longWhat(n)[source]

	try to return a long integer from what






	
name()

	




	
notIgnore()[source]

	




	
numWhat(n)[source]

	try to return a number from what






	
nwhats()[source]

	




	
pos()[source]

	




	
sdum()[source]

	




	
set(t, v)

	set value to what(#, sdum, comment, extra)






	
setAbsWhat(w, v)[source]

	change the absolute value of what keeping the same sign






	
setActive(a)[source]

	set active state of card






	
setComment(comment='')[source]

	set comment string






	
setEnable(e)[source]

	set state enable(True)/disable(False)






	
setExtra(e)[source]

	set extra information






	
setModified()[source]

	set last time modified






	
setNWhats(n)[source]

	set the total number of whats






	
setName(s)

	set sdum






	
setProperty(t, v)[source]

	




	
setSdum(s)[source]

	set sdum






	
setSign(w, s)[source]

	




	
setWhat(w, v)[source]

	set what value






	
setWhats(whats)[source]

	




	
setZones(zones)[source]

	Set a list of zones as expression… removing empty zones






	
sign(w)[source]

	return sign of a number: False=+, True=-






	
static splitExpr(expr, maxlength=100)[source]

	




	
test(func, var, val, case=False)[source]

	
test card against a filter-function
Filter format  type [function]




what
value



	func: [type][function]

	
	type:       i=int

	f=float
s=string



	function:

	a=abs







	var:

	
	0..9 = whats

	

	= anywhere







b  = body
d  = detector
s  = sdum


m  = material
p  = particle   (range if tuple)
r  = region             (range if tuple)





	t  = transformation

	u  = unit














	param func

	


	param var

	


	param val

	anything int, float or string



	param case

	True for matching case



	return

	












	
toStr(fmt=None)[source]

	




	
type()[source]

	




	
units(absolute=True)[source]

	return unit from card






	
validate(case=None)[source]

	




	
what(n)[source]

	




	
whats()[source]

	








	
class pymchelper.flair.Input.CardInfo(name, group, range_, extra, assert_, default, meaning)[source]

	Bases: object


	
static compileAssert(assertStatement)[source]

	Compile assert statement
First detect all what references w(#) and replace them with:


w(#) -> c.numWhat(#)
W(#) -> c.what(#)




identify all what-indexes to report as problems
and request in the code that are not zero!

finally compile the code
example: w(8)>w(7)


lambda c: c.numWhat(7)==0 or c.numWhat(8)==0 or c.numWhat(8)>c.numWhat(7)





	Parameters

	assertStatement – 



	Returns

	










	
static compileConditions(rng)[source]

	




	
find(target, case)[source]

	
	Parameters

	
	target – 


	case – 






	Returns

	list  - of references, tuple - for a range










	
findCase(card)[source]

	Find card’s range(case)






	
static get(card)[source]

	




	
static none()[source]

	




	
setDisableComment(c=False)[source]

	




	
toNames(card, case=None)[source]

	




	
validate(card, case=None)[source]

	Validate card: return a list of failing variables.










	
class pymchelper.flair.Input.Input(filename=None)[source]

	Bases: object


	
addCard(card, pos=None, renumber=False)[source]

	Add a card to list at position pos
WARNING: renumber is False (on contrast with delCard, moveCard)
:param card:
:param pos:
:param renumber:
:return:






	
addCardProperty(tag, proptag, prop, valueWhat, fromWhat, toWhat=-1, stepWhat=-1, sdum=None, func=None)[source]

	Append to card’s properties the additional value from tag’s
:param tag: cards to append the extra property
:param proptag: cards from where to get the property
:param prop: property name to add in cards
:param valueWhat: which value to add as property
:param fromWhat: range of cards
:param toWhat: range of cards
:param stepWhat: range of cards
:param sdum: filter cards with the specific sdum
:param func: apply a function to value
:return:






	
allcards()[source]

	Return an extend list with all cards including the ones from the voxel






	
bestPosition(tag)[source]

	Find best position from the sorting order in the file search which card is closer to one we’ve asked
:param tag:
:return:






	
bodyProperties()[source]

	Return the body properties as a dictionary of the active/enabled bodies
:return:






	
cardsCache(tag, what=None)[source]

	Cache lists when they are requested






	
cardsSorted(tag, which=0)[source]

	Return cards of a specific tag sorted with _pos
Possibilities on which:


0: enabled and active       (requires a call to preprocess before)
1: enabled
2: all




Warning on REGION maybe the “&” you want to get rid off
:param tag:
:param which:
:return:






	
changeAllTags(old, new, show=True)[source]

	Changing all cards tag from old to new






	
changeName(type, old, new)[source]

	Change name to all cards






	
changeTag(card, newtag)[source]

	Change card tag






	
static checkCompound(card, all=False)[source]

	Check COMPOUND cards for correct mixture






	
checkFormat(card)[source]

	Find current format
FIXME #defines and state!
:param card:
:return:






	
checkInputFile()[source]

	Check if a new input file exists






	
checkNumbering()[source]

	Verify the internal order of the cards






	
clearCache(tag=None)[source]

	




	
clone()[source]

	return a clone of current input






	
convert2Names()[source]

	Convert input to names and check for obsolete and/or non-valid cards






	
delCard(pos, renumber=True)[source]

	Delete card by position






	
delGeometryCards()[source]

	Delete geometry cards






	
delTag(tag, renumber=True)[source]

	Delete all cards with a specific tag






	
dump(pickler)[source]

	dump input to pickler






	
filenames()[source]

	Return input filename






	
getTransformation(idx=None, rotdefi=None, inv=False)[source]

	FIXME I should combine the rotdefi with the self.cache!
:param idx:  rotation to return, Can be prefixed with “-”, None to return a dictionary
:param rotdefi:  cached dictionary
:param inv: return the inverse of the idx matrix. Accepted even if idx is prefixed with “-”
:return: rotation matrix from a rot-defi cards or a dictionary with all transformations






	
include(includecard)[source]

	include card has been modified take appropriate action
:param includecard:
:return: True if #include has modified the input, False if nothing happened






	
load(unpickler)[source]

	load input from unpickle






	
material(mat, toName)[source]

	Convert material to name/number
:param mat:
:param toName:
:return:






	
materialDict()[source]

	




	
materialList(which=0, icru=False, assigned=False)[source]

	




	
materialZAID(material)[source]

	




	
minimumInput()[source]

	Create bare minimum input file






	
moveCard(src, dest, renumber=True)[source]

	Move card (src) at position (dest)






	
parse()[source]

	Import/parse a file including geometry






	
preprocess(activeDefines=None)[source]

	Pre-process all cards and set correspondingly the card.active flag
nest[] contains the evaluation of the nesting
-1: inactive - do not include any subsequent #if..


0: false & active - include substitute #if..
1: true  & active
2: false & active after else
3: true  & active after else




FIXME values do not WORK!
:param activeDefines:
:return: list of error cards






	
read(filename)[source]

	Open and read a fluka input file, return True if error






	
refresh()[source]

	




	
region(reg, toName)[source]

	Convert region to name/number
:param reg:
:param toName:
:return:






	
regionProperties()[source]

	Return the region properties as a dictionary of the active/enabled regions
:return:






	
renumber(fromPos=0, toPos=-1)[source]

	Put the correct index to cards in the range given by fromPos:toPos






	
replaceCard(pos, card)[source]

	replace card at position (pos) with card






	
rotdefiCards(idx)[source]

	




	
rotdefiList(negative=False)[source]

	




	
scanUnits()[source]

	Scan for units






	
setFileTime()[source]

	Set as input/modified time the latest time from files






	
setModified()[source]

	set last time modified






	
transformBody(card, matrix)[source]

	Transform a body card, using a 4x4 transformation matrix






	
validate()[source]

	Validate all active cards






	
write(filename, backup=True)[source]

	Open and write the input to file (specified either by filename, or by file pointer).
Optionally use a different geometry file and a different format






	
static writeCard(f, card, fmt)[source]

	write a single card






	
writeCards(f, condition, format=None, geolevel=0, from_=0, to_=-1)[source]

	Write cards of that fulfill a given condition(lambda)
with all the preprocessor cards around them
FIXME Write also non empty blocks: #if .. #define/#undef .. #endif


Might end up in duplicate blocks when only #define/#undef
exist inside the geometry





	geolevel

	
	-1 before defines

	0 before geobegin
1 bodies and voxels
2 regions
3 lattices
4 after geoend









from_ .. to_   (to_ is not included)
:param f:
:param condition:
:param format:
:param geolevel:
:param from_:
:param to_:
:return:






	
writeGeometry(fgeo, geoFmt=None, fmt=None)[source]

	
	Write geometry only

	preprocessor cards are written only when cards
are in the correct position






	Parameters

	
	fgeo – 


	geoFmt – 


	fmt – 






	Returns

	










	
writeWithInclude(filename, backup=True)[source]

	Open and write the input to file (specified either by filename, or by file pointer).
Optionally use a different geometry file and a different format
# WARNING FIXME no testing is done for the correctness of the file










	
class pymchelper.flair.Input.LocalDict(input)[source]

	Bases: dict

Implement the local dictionary


	
bodyWhat(name, what)[source]

	




	
cardWhat(tag, name, what)[source]

	




	
clear()[source]

	Clear dictionary and set default variables










	
class pymchelper.flair.Input.LogicalUnits[source]

	Bases: object


	
assign(unit, tag, fn=None)[source]

	Assign a new unit to tag






	
clear(unit)[source]

	Clear a unit from list






	
filterList(card=None, bin=True)[source]

	Return a list of all units, filtered for a card






	
free()[source]

	Return first free unit






	
get(u)[source]

	Return unit information






	
reset()[source]

	




	
scan(input)[source]

	








	
class pymchelper.flair.Input.LowNeutMaterial[source]

	Bases: object

Structures as placeholders






	
class pymchelper.flair.Input.Particle(id, name, mass=0.0, comment=None, pdg=None)[source]

	Bases: object


	
static add(id, name, mass=0.0, comment=None, pdg=None)[source]

	




	
beam = ['', '3-HELIUM', '4-HELIUM', 'AKAONZER', 'ALAMBDA', 'ALAMBDC-', 'ANEUTRIE', 'ANEUTRIM', 'ANEUTRIT', 'ANEUTRON', 'AOMEGA+', 'AOMEGAC0', 'APROTON', 'ASIGMA+', 'ASIGMA-', 'ASIGMAZE', 'AXSI+', 'AXSIC-', 'AXSIC0', 'AXSIPC-', 'AXSIPC0', 'AXSIZERO', 'D+', 'D-', 'D0', 'D0BAR', 'DEUTERON', 'DS+', 'DS-', 'ELECTRON', 'HEAVYION', 'ISOTOPE', 'KAON+', 'KAON-', 'KAONLONG', 'KAONSHRT', 'KAONZERO', 'LAMBDA', 'LAMBDAC+', 'MUON+', 'MUON-', 'NEUTRIE', 'NEUTRIM', 'NEUTRIT', 'NEUTRON', 'OMEGA-', 'OMEGAC0', 'OPTIPHOT', 'PHOTON', 'PION+', 'PION-', 'PIZERO', 'POSITRON', 'PROTON', 'RAY', 'SIGMA+', 'SIGMA-', 'SIGMAZER', 'TAU+', 'TAU-', 'TRITON', 'WWLOWNEU', 'XSI-', 'XSIC+', 'XSIC0', 'XSIPC+', 'XSIPC0', 'XSIZERO']

	




	
static convert(pid, tonames=True)[source]

	Convert particle from name to number
particle type
:param tonames: True/False
:return:






	
static get(idx)[source]

	




	
list = ['', '3-HELIUM', '4-HELIUM', 'AKAONZER', 'ALAMBDA', 'ALAMBDC-', 'ANEUTRIE', 'ANEUTRIM', 'ANEUTRIT', 'ANEUTRON', 'AOMEGA+', 'AOMEGAC0', 'APROTON', 'ASIGMA+', 'ASIGMA-', 'ASIGMAZE', 'AXSI+', 'AXSIC-', 'AXSIC0', 'AXSIPC-', 'AXSIPC0', 'AXSIZERO', 'D+', 'D-', 'D0', 'D0BAR', 'DEUTERON', 'DS+', 'DS-', 'ELECTRON', 'HEAVYION', 'KAON+', 'KAON-', 'KAONLONG', 'KAONSHRT', 'KAONZERO', 'LAMBDA', 'LAMBDAC+', 'MUON+', 'MUON-', 'NEUTRIE', 'NEUTRIM', 'NEUTRIT', 'NEUTRON', 'OMEGA-', 'OMEGAC0', 'OPTIPHOT', 'PHOTON', 'PION+', 'PION-', 'PIZERO', 'POSITRON', 'PROTON', 'RAY', 'SIGMA+', 'SIGMA-', 'SIGMAZER', 'TAU+', 'TAU-', 'TRITON', 'WWLOWNEU', 'XSI-', 'XSIC+', 'XSIC0', 'XSIPC+', 'XSIPC0', 'XSIZERO', '@LASTPAR']

	




	
listAll = ['', '3-HELIUM', '4-HELIUM', 'ACTIVITY', 'ACTOMASS', 'AKAONZER', 'ALAMBDA', 'ALAMBDC-', 'ALL-CHAR', 'ALL-IONS', 'ALL-NEGA', 'ALL-NEUT', 'ALL-PART', 'ALL-POSI', 'ALPHA-D', 'ANEUTRIE', 'ANEUTRIM', 'ANEUTRIT', 'ANEUTRON', 'ANNIHRST', 'AOMEGA+', 'AOMEGAC0', 'AP&AN', 'APROTON', 'ASIGMA+', 'ASIGMA-', 'ASIGMAZE', 'AXSI+', 'AXSIC-', 'AXSIC0', 'AXSIPC-', 'AXSIPC0', 'AXSIZERO', 'BEAMPART', 'C-(A)BAR', 'C-MESONS', 'CHARMED', 'D+', 'D-', 'D0', 'D0BAR', 'DEUTERON', 'DOSE', 'DOSE-EM', 'DOSE-EQ', 'DOSE-H2O', 'DOSEQLET', 'DPA-NRES', 'DPA-SCO', 'DS+', 'DS-', 'E+&E-', 'E+E-GAMM', 'ELECTRON', 'EM-ENRGY', 'ENERGY', 'FISSIONS', 'HAD-CHAR', 'HAD-NEUT', 'HADGT20M', 'HE-FISS', 'HEAVYION', 'HEHAD-EQ', 'HVY-IONS', 'ISOTOPE', 'KAON+', 'KAON-', 'KAONLONG', 'KAONS', 'KAONS+-', 'KAONS0', 'KAONSHRT', 'KAONZERO', 'LAMBDA', 'LAMBDAC+', 'LE-FISS', 'LGH-IONS', 'LOWENNEU', 'MUON+', 'MUON-', 'MUONS', 'NET-CHRG', 'NEU-BALA', 'NEUTRIE', 'NEUTRIM', 'NEUTRIT', 'NEUTRON', 'NIEL-DEP', 'NTLOWENE', 'NUC&PI+-', 'NUCLEONS', 'OMEGA-', 'OMEGAC0', 'OPTIPHOT', 'PHOTON', 'PION+', 'PION-', 'PIONS+-', 'PIZERO', 'POSITRON', 'PROTON', 'RAY', 'RES-NIEL', 'RES-NUCL', 'SI1MEVNE', 'SIGMA+', 'SIGMA-', 'SIGMAZER', 'SQBETA-D', 'STRANGE', 'TAU+', 'TAU-', 'THNEU-EQ', 'TRITON', 'UNB-EMEN', 'UNB-ENER', 'WWLOWNEU', 'X-MOMENT', 'XSI-', 'XSIC+', 'XSIC0', 'XSIPC+', 'XSIPC0', 'XSIZERO', 'Y-MOMENT', 'Z-MOMENT', '@LASTPAR']

	




	
static makeLists()[source]

	




	
particles = ['', '3-HELIUM', '4-HELIUM', 'AKAONZER', 'ALAMBDA', 'ALAMBDC-', 'ALL-CHAR', 'ALL-NEGA', 'ALL-NEUT', 'ALL-PART', 'ALL-POSI', 'ANEUTRIE', 'ANEUTRIM', 'ANEUTRIT', 'ANEUTRON', 'AOMEGA+', 'AOMEGAC0', 'AP&AN', 'APROTON', 'ASIGMA+', 'ASIGMA-', 'ASIGMAZE', 'AXSI+', 'AXSIC-', 'AXSIC0', 'AXSIPC-', 'AXSIPC0', 'AXSIZERO', 'BEAMPART', 'C-(A)BAR', 'C-MESONS', 'CHARMED', 'D+', 'D-', 'D0', 'D0BAR', 'DEUTERON', 'DS+', 'DS-', 'E+&E-', 'ELECTRON', 'HAD-CHAR', 'HAD-NEUT', 'HEAVYION', 'KAON+', 'KAON-', 'KAONLONG', 'KAONS', 'KAONS+-', 'KAONS0', 'KAONSHRT', 'KAONZERO', 'LAMBDA', 'LAMBDAC+', 'MUON+', 'MUON-', 'MUONS', 'NEUTRIE', 'NEUTRIM', 'NEUTRIT', 'NEUTRON', 'NUC&PI+-', 'NUCLEONS', 'OMEGA-', 'OMEGAC0', 'OPTIPHOT', 'PHOTON', 'PION+', 'PION-', 'PIONS+-', 'PIZERO', 'POSITRON', 'PROTON', 'RAY', 'SIGMA+', 'SIGMA-', 'SIGMAZER', 'STRANGE', 'TAU+', 'TAU-', 'TRITON', 'WWLOWNEU', 'XSI-', 'XSIC+', 'XSIC0', 'XSIPC+', 'XSIPC0', 'XSIZERO']

	




	
static scan(input)[source]

	




	
signedList = ['', '3-HELIUM', '-3-HELIUM', '4-HELIUM', '-4-HELIUM', 'AKAONZER', '-AKAONZER', 'ALAMBDA', '-ALAMBDA', 'ALAMBDC-', '-ALAMBDC-', 'ANEUTRIE', '-ANEUTRIE', 'ANEUTRIM', '-ANEUTRIM', 'ANEUTRIT', '-ANEUTRIT', 'ANEUTRON', '-ANEUTRON', 'AOMEGA+', '-AOMEGA+', 'AOMEGAC0', '-AOMEGAC0', 'APROTON', '-APROTON', 'ASIGMA+', '-ASIGMA+', 'ASIGMA-', '-ASIGMA-', 'ASIGMAZE', '-ASIGMAZE', 'AXSI+', '-AXSI+', 'AXSIC-', '-AXSIC-', 'AXSIC0', '-AXSIC0', 'AXSIPC-', '-AXSIPC-', 'AXSIPC0', '-AXSIPC0', 'AXSIZERO', '-AXSIZERO', 'D+', '-D+', 'D-', '-D-', 'D0', '-D0', 'D0BAR', '-D0BAR', 'DEUTERON', '-DEUTERON', 'DS+', '-DS+', 'DS-', '-DS-', 'ELECTRON', '-ELECTRON', 'HEAVYION', '-HEAVYION', 'KAON+', '-KAON+', 'KAON-', '-KAON-', 'KAONLONG', '-KAONLONG', 'KAONSHRT', '-KAONSHRT', 'KAONZERO', '-KAONZERO', 'LAMBDA', '-LAMBDA', 'LAMBDAC+', '-LAMBDAC+', 'MUON+', '-MUON+', 'MUON-', '-MUON-', 'NEUTRIE', '-NEUTRIE', 'NEUTRIM', '-NEUTRIM', 'NEUTRIT', '-NEUTRIT', 'NEUTRON', '-NEUTRON', 'OMEGA-', '-OMEGA-', 'OMEGAC0', '-OMEGAC0', 'OPTIPHOT', '-OPTIPHOT', 'PHOTON', '-PHOTON', 'PION+', '-PION+', 'PION-', '-PION-', 'PIZERO', '-PIZERO', 'POSITRON', '-POSITRON', 'PROTON', '-PROTON', 'RAY', '-RAY', 'SIGMA+', '-SIGMA+', 'SIGMA-', '-SIGMA-', 'SIGMAZER', '-SIGMAZER', 'TAU+', '-TAU+', 'TAU-', '-TAU-', 'TRITON', '-TRITON', 'WWLOWNEU', '-WWLOWNEU', 'XSI-', '-XSI-', 'XSIC+', '-XSIC+', 'XSIC0', '-XSIC0', 'XSIPC+', '-XSIPC+', 'XSIPC0', '-XSIPC0', 'XSIZERO', '-XSIZERO', '@LASTPAR']

	




	
signedListAll = ['', '3-HELIUM', '-3-HELIUM', '4-HELIUM', '-4-HELIUM', 'ACTIVITY', '-ACTIVITY', 'ACTOMASS', '-ACTOMASS', 'AKAONZER', '-AKAONZER', 'ALAMBDA', '-ALAMBDA', 'ALAMBDC-', '-ALAMBDC-', 'ALL-CHAR', '-ALL-CHAR', 'ALL-IONS', '-ALL-IONS', 'ALL-NEGA', '-ALL-NEGA', 'ALL-NEUT', '-ALL-NEUT', 'ALL-PART', '-ALL-PART', 'ALL-POSI', '-ALL-POSI', 'ALPHA-D', '-ALPHA-D', 'ANEUTRIE', '-ANEUTRIE', 'ANEUTRIM', '-ANEUTRIM', 'ANEUTRIT', '-ANEUTRIT', 'ANEUTRON', '-ANEUTRON', 'ANNIHRST', '-ANNIHRST', 'AOMEGA+', '-AOMEGA+', 'AOMEGAC0', '-AOMEGAC0', 'AP&AN', '-AP&AN', 'APROTON', '-APROTON', 'ASIGMA+', '-ASIGMA+', 'ASIGMA-', '-ASIGMA-', 'ASIGMAZE', '-ASIGMAZE', 'AXSI+', '-AXSI+', 'AXSIC-', '-AXSIC-', 'AXSIC0', '-AXSIC0', 'AXSIPC-', '-AXSIPC-', 'AXSIPC0', '-AXSIPC0', 'AXSIZERO', '-AXSIZERO', 'BEAMPART', '-BEAMPART', 'C-(A)BAR', '-C-(A)BAR', 'C-MESONS', '-C-MESONS', 'CHARMED', '-CHARMED', 'D+', '-D+', 'D-', '-D-', 'D0', '-D0', 'D0BAR', '-D0BAR', 'DEUTERON', '-DEUTERON', 'DOSE', '-DOSE', 'DOSE-EM', '-DOSE-EM', 'DOSE-EQ', '-DOSE-EQ', 'DOSE-H2O', '-DOSE-H2O', 'DOSEQLET', '-DOSEQLET', 'DPA-NRES', '-DPA-NRES', 'DPA-SCO', '-DPA-SCO', 'DS+', '-DS+', 'DS-', '-DS-', 'E+&E-', '-E+&E-', 'E+E-GAMM', '-E+E-GAMM', 'ELECTRON', '-ELECTRON', 'EM-ENRGY', '-EM-ENRGY', 'ENERGY', '-ENERGY', 'FISSIONS', '-FISSIONS', 'HAD-CHAR', '-HAD-CHAR', 'HAD-NEUT', '-HAD-NEUT', 'HADGT20M', '-HADGT20M', 'HE-FISS', '-HE-FISS', 'HEAVYION', '-HEAVYION', 'HEHAD-EQ', '-HEHAD-EQ', 'HVY-IONS', '-HVY-IONS', 'ISOTOPE', '-ISOTOPE', 'KAON+', '-KAON+', 'KAON-', '-KAON-', 'KAONLONG', '-KAONLONG', 'KAONS', '-KAONS', 'KAONS+-', '-KAONS+-', 'KAONS0', '-KAONS0', 'KAONSHRT', '-KAONSHRT', 'KAONZERO', '-KAONZERO', 'LAMBDA', '-LAMBDA', 'LAMBDAC+', '-LAMBDAC+', 'LE-FISS', '-LE-FISS', 'LGH-IONS', '-LGH-IONS', 'LOWENNEU', '-LOWENNEU', 'MUON+', '-MUON+', 'MUON-', '-MUON-', 'MUONS', '-MUONS', 'NET-CHRG', '-NET-CHRG', 'NEU-BALA', '-NEU-BALA', 'NEUTRIE', '-NEUTRIE', 'NEUTRIM', '-NEUTRIM', 'NEUTRIT', '-NEUTRIT', 'NEUTRON', '-NEUTRON', 'NIEL-DEP', '-NIEL-DEP', 'NTLOWENE', '-NTLOWENE', 'NUC&PI+-', '-NUC&PI+-', 'NUCLEONS', '-NUCLEONS', 'OMEGA-', '-OMEGA-', 'OMEGAC0', '-OMEGAC0', 'OPTIPHOT', '-OPTIPHOT', 'PHOTON', '-PHOTON', 'PION+', '-PION+', 'PION-', '-PION-', 'PIONS+-', '-PIONS+-', 'PIZERO', '-PIZERO', 'POSITRON', '-POSITRON', 'PROTON', '-PROTON', 'RAY', '-RAY', 'RES-NIEL', '-RES-NIEL', 'RES-NUCL', '-RES-NUCL', 'SI1MEVNE', '-SI1MEVNE', 'SIGMA+', '-SIGMA+', 'SIGMA-', '-SIGMA-', 'SIGMAZER', '-SIGMAZER', 'SQBETA-D', '-SQBETA-D', 'STRANGE', '-STRANGE', 'TAU+', '-TAU+', 'TAU-', '-TAU-', 'THNEU-EQ', '-THNEU-EQ', 'TRITON', '-TRITON', 'UNB-EMEN', '-UNB-EMEN', 'UNB-ENER', '-UNB-ENER', 'WWLOWNEU', '-WWLOWNEU', 'X-MOMENT', '-X-MOMENT', 'XSI-', '-XSI-', 'XSIC+', '-XSIC+', 'XSIC0', '-XSIC0', 'XSIPC+', '-XSIPC+', 'XSIPC0', '-XSIPC0', 'XSIZERO', '-XSIZERO', 'Y-MOMENT', '-Y-MOMENT', 'Z-MOMENT', '-Z-MOMENT', '@LASTPAR']

	








	
class pymchelper.flair.Input.Vector(x=3, *args)[source]

	Bases: pymchelper.flair.common.bmath.Vector

flair vector returning a string with {} representation






	
class pymchelper.flair.Input.Voxel(filename=None)[source]

	Bases: object


	Voxel class

	
	parse the voxel file and create fake cards for the

	materials, assignmats and corrfact





that might be embedded in the voxel file






	
cleanup()[source]

	




	
read(filename)[source]

	




	
static regionName(idx)[source]

	return a valid region name










	
pymchelper.flair.Input.init(filename=None)[source]

	
	Initialize classes:

	CardInfo
Particle






	Parameters

	filename – 



	Returns

	










	
pymchelper.flair.Input.isEvalStr(w)[source]

	return is the what string is an evaluated function






	
pymchelper.flair.Input.utfReadline(f)[source]

	Readline and convert it to unicode if necessary






	
pymchelper.flair.Input.utfWrite(f, s)[source]

	Write in utf format if necessary






	
pymchelper.flair.Input.utfWriteln(f, s)[source]

	




	
pymchelper.flair.Input.writeln(f, s)[source]

	






          

      

      

    

  

    
      
          
            
  
pymchelper.flair.common.bmath module


	
pymchelper.flair.common.bmath.Cmp0(x)[source]

	




	
class pymchelper.flair.common.bmath.DefaultDict(default=None)[source]

	Bases: dict






	
class pymchelper.flair.common.bmath.Matrix(rows=4, cols=-1, type=0)[source]

	Bases: list

Matrix 4x4 used for vector transformations


	
O = [[0.0, 0.0, 0.0, 0.0], [0.0, 0.0, 0.0, 0.0], [0.0, 0.0, 0.0, 0.0], [0.0, 0.0, 0.0, 0.0]]

	




	
T()[source]

	@return transpose matrix






	
U = [[1.0, 0.0, 0.0, 0.0], [0.0, 1.0, 0.0, 0.0], [0.0, 0.0, 1.0, 0.0], [0.0, 0.0, 0.0, 1.0]]

	




	
append(col)[source]

	Append object to the end of the list.






	
clone()[source]

	Clone matrix






	
det(eps=1e-15)[source]

	determinant of square matrix using Gauss method






	
determinant(eps=1e-15)

	determinant of square matrix using Gauss method






	
static diagonal(lst)[source]

	




	
static eulerRotation(rx, ry, rz)[source]

	




	
getEulerRotation()[source]

	




	
inv()[source]

	Inverse matrix in place






	
inverse()

	Inverse matrix in place






	
make(X, Y, Z=None, T=None)[source]

	Create a transformation matrix from 3 normalized vectors






	
multNoTranslation(B)[source]

	Multiply matrix with a vector ignoring the translation part






	
static rotX(angle)[source]

	m = Matrix.rotX(angle) - Return a rotation matrix around X






	
static rotY(angle)[source]

	m = Matrix.rotY(angle) - Return a rotation matrix arround Y






	
static rotZ(angle)[source]

	m = Matrix.rotZ(angle) - Return a rotation matrix arround Z






	
rotate(angle, axis)[source]

	Add rotation elements to the matrix around one axis
Axis X=0, Y=1, Z=2, or an arbitrary one given by vector axis






	
static scale(sx, sy=None, sz=None)[source]

	m = Matrix.scale(scale|vector)
@return a scaling matrix






	
trace()[source]

	Return trace of matrix (sum of diagonal elements)






	
static translate(x, y=0.0, z=0.0)[source]

	m = Matrix.translate(x,y,z|vector)
@return a translation matrix






	
transpose()

	@return transpose matrix






	
unary()[source]

	Unary matrix






	
writeOctave(filename, name)[source]

	Write an octave matrix file






	
zero()[source]

	Zero matrix










	
class pymchelper.flair.common.bmath.Quaternion(a, b=None, c=None, d=None)[source]

	Bases: list


	
matrix()[source]

	return rotation matrix






	
norm()[source]

	normalize quaternion






	
normalize()

	normalize quaternion






	
vector()[source]

	return vector of quaternion










	
class pymchelper.flair.common.bmath.Vector(x=3, *args)[source]

	Bases: list

Vector class


	
O = [0, 0, 0]

	




	
X = [1, 0, 0]

	




	
Y = [0, 1, 0]

	




	
Z = [0, 0, 1]

	




	
arg()[source]

	return vector angle






	
clone()[source]

	Clone vector






	
cosTheta()[source]

	




	
cross(v)[source]

	Cross product of 2 vectors






	
direction(zero=1e-15)[source]

	return containing the direction
if normalized with any of the axis






	
dot(v)[source]

	Dot product of 2 vectors






	
eq(v, acc=1e-15)[source]

	Test for equality with vector v within accuracy






	
length()[source]

	Return length of vector






	
length2()[source]

	Return length squared of vector






	
norm()[source]

	Normalize vector and return length






	
normalize()

	Normalize vector and return length






	
orthogonal()[source]

	return a vector orthogonal to self






	
perp()[source]

	




	
perp2()[source]

	




	
phi()[source]

	




	
set(x, y, z=None)[source]

	Set vector






	
setPolar(ma, ph, th)[source]

	




	
theta()[source]

	




	
unit()[source]

	return a unit vector






	
x()[source]

	




	
y()[source]

	




	
z()[source]

	








	
class pymchelper.flair.common.bmath.ZeroDict[source]

	Bases: pymchelper.flair.common.bmath.DefaultDict






	
class pymchelper.flair.common.bmath.ZeroIntDict[source]

	Bases: pymchelper.flair.common.bmath.DefaultDict






	
pymchelper.flair.common.bmath.cubic(a, b, c, d=None, eps=1e-15)[source]

	




	
pymchelper.flair.common.bmath.d2s(ang, fmt='')[source]

	




	
pymchelper.flair.common.bmath.dms(d, m, s)[source]

	




	
pymchelper.flair.common.bmath.eigenvalues(M, eps=1e-15, check=False)[source]

	Return eigen values and eigen vectors of a symmetric matrix






	
pymchelper.flair.common.bmath.fitPlane(xyz)[source]

	




	
pymchelper.flair.common.bmath.format_number(number, length=10, useExp=False, useD=False)[source]

	Format a number to fit in the minimum space given by length






	
pymchelper.flair.common.bmath.frange(start, stop, step)[source]

	range(start,stop,step) for floating point numbers






	
pymchelper.flair.common.bmath.gauss(A, B)[source]

	Solve A*X = B using the Gauss elimination method






	
pymchelper.flair.common.bmath.goldenSectionSearch(func, ax, bx, cx, x, d=1, eps=1e-15)[source]

	




	
pymchelper.flair.common.bmath.int2roman(num)[source]

	Convert an integer to Roman numeral






	
pymchelper.flair.common.bmath.limit(min_, num, max_)[source]

	limit a number within a specific range
:param min_:
:param num:
:param max_:
:return:






	
pymchelper.flair.common.bmath.linear(X, Y)[source]

	Solve linear regression y = ax + b
@return a,b,r






	
pymchelper.flair.common.bmath.polar(x, y, deg=False)[source]

	
	Convert from rectangular (x,y) to polar (r,w)

	r = sqrt(x^2 + y^2)
w = arctan(y/x) = [-pi,pi] = [-180,180]










	
pymchelper.flair.common.bmath.polyderiv(a)[source]

	
	p’(x) = polyderiv(a)

	= b[0] + b[1]x + b[2]x^2 +…+ b[n-2]x^{n-2} + b[n-1]x^{n-1}





where b[i] = (i+1)a[i+1]






	
pymchelper.flair.common.bmath.polyeval(a, x)[source]

	
	p(x) = polyeval(a, x)

	= a[0] + a[1]x + a[2]x^2 +…+ a[n-1]x^{n-1} + a[n]x^n
= a[0] + x(a[1] + x(a[2] +…+ x(a[n-1] + a[n]x)…)










	
pymchelper.flair.common.bmath.polyreduce(a, root)[source]

	Given x = r is a root of n’th degree polynomial p(x) = (x-r)q(x),
divide p(x) by linear factor (x-r) using the same algorithm as
polynomial evaluation. Then, return the (n-1)’th degree quotient
q(x) = polyreduce(a, r)


= c[0] + c[1]x + c[2]x^2 +…+ c[n-2]x^{n-2} + c[n-1]x^{n-1}









	
pymchelper.flair.common.bmath.quadratic(b, c, eps=1e-15)[source]

	




	
pymchelper.flair.common.bmath.random3D()[source]

	




	
pymchelper.flair.common.bmath.rect(r, w, deg=False)[source]

	
	Convert from polar (r,w) to rectangular (x,y)

	x = r cos(w)
y = r sin(w)










	
pymchelper.flair.common.bmath.rndColor(x)[source]

	




	
pymchelper.flair.common.bmath.roman2int(roman)[source]

	convert a roman string to integer






	
pymchelper.flair.common.bmath.solveOverDetermined(A, B, W=None)[source]

	
	Solve the overdetermined linear system defined by the matrices A,B

	such as A*X = B





Optionally a weight can be specified






	
pymchelper.flair.common.bmath.xcombinations(items, n)[source]

	




	
pymchelper.flair.common.bmath.xpermutations(items)[source]

	




	
pymchelper.flair.common.bmath.xselections(items, n)[source]

	




	
pymchelper.flair.common.bmath.xuniqueCombinations(items, n)[source]

	






          

      

      

    

  

    
      
          
            
  
pymchelper.flair.common.csg module


	
exception pymchelper.flair.common.csg.CSGException[source]

	Bases: Exception






	
pymchelper.flair.common.csg.check(expr)[source]

	check depth of an rpn expression






	
pymchelper.flair.common.csg.exp2rpn(expr)[source]

	Convert the FLUKA Boolean expression to Reverse Polish Notation (RPN)
Since the normalization routine does not accept the +/- as signs to
objects, the routine is converting the leading - to @- (Universe minus)
where the special symbol @ is treated as the universe.
Furthermore the leading + is ignored as well as the leading | which is
accepted by fluka.


	WARNING: No check is done for the correctness of the expression apart

	from the parenthesis nesting



	ie.

	
A+B         -> A B +




(A+B)|C      -> A B + C |
(A|B)|C+D|E  -> A B | C D + | E |
-A           -> @ A -
-(-A)        -> @ @ A - -





The routine is using the same array for returning the Reverse Polish
expression, since the format is more compact.
This is generally true apart one case -A -> @ A -


	Priorities are treated as:

	Operator  Priority         In     Out
——–  ——–        —     —



lower             1       2




	high              3       4





	high              3       4




(       higher           99       0
)       higher            0      99
object  highest         101     100






	Algorithm

	Consider the expression as a train moving on a railroad with a
T-shape, where each token is one wagon



<-  (A|B)|C+D




————.   .————
RPN-End      | /      Exp-End












S|
t|
a|
c|
k|







Each wagon to move from the Exp-End to the RPN-End it has to make
a stop first in the Stack-End. Before entering in the stack, the
priority-IN will be checked against the objects in the stack.
All top-most objects currently present in the stack with
higher priority-OUT will be transfered from the stack to the
RPN-End. Apart from the opening parenthesis ( which is discarded.

Example:
(1)                         A+B|C (1)
(2) A                        +B|C (2)
(3) A                         B|C (3)
(4) A                          |C (4)
(5) A B +                       C (5)
(6) A B + C
(7) A B + C |


————.   .————
RPN-End      | /      Exp-End












S|
t|
a|
c|     B   C
k| A + + | | |


1 2 3 4 5 6 7















	Parameters

	expr – 



	Returns

	










	
pymchelper.flair.common.csg.optZone(plus, minus)[source]

	Optimize a product, by removing the universe @, duplicated terms like
A+A, A-A, -A-A, and finally calling the geometrical optimizations and
sorting by name the primitives in both the plus and minus terms.

The product is described by 2 arrays the PLUS,NPLUS and MINUS,NMINUS
with all the plus and minus terms of the product

WARNING: It doesn’t delete the term from the arrays but changes the
name to space.
:param plus:
:param minus:
:return:






	
pymchelper.flair.common.csg.rmDoubles(zones)[source]

	Remove duplicates of products A+B|A+B|C+D  ->  A+B|C+D
:param zones:
:return:






	
pymchelper.flair.common.csg.rpn2exp(rpn)[source]

	Convert a NORMALIZED Reverse Polish notation to a standard expression
WARNING: The routine expects an expression where for each UNION
operator the right-sub-expression is a product while the left can be
UNION or a product
:param rpn:
:return:






	
pymchelper.flair.common.csg.rpnorm(expr)[source]

	Normalize a CG expression given in Reverse Polish Notation.
Normalized CG expression is an expression given as sum (Boolean OR) of
products (Boolean intersection or subtraction).
The normalization (expansion of parenthesis and operator priorities)
should be performed by recursively calling the RPNRULE subroutine.
Since Fortran-77 doesn’t have recursion, call the RPNRULE for every
operator starting from the right-most one, until no rule is found.
:param expr:
:return:






	
pymchelper.flair.common.csg.split(expr)[source]

	Break products into lists
:param expr:
:return:






	
pymchelper.flair.common.csg.splitZones(expr)[source]

	split a tokenized expression into zones






	
pymchelper.flair.common.csg.toString(expr)[source]

	return a string version of a tokenize expression






	
pymchelper.flair.common.csg.tokenize(expr)[source]

	return a list of expression tokens








          

      

      

    

  

    
      
          
            
  
pymchelper.flair.common.fortran module


	
pymchelper.flair.common.fortran.read(f)[source]

	Read a fortran structure from a binary file
:param f: file to read from
:return: data, None for EOF






	
pymchelper.flair.common.fortran.skip(f)[source]

	Skip a fortran block from a binary file
:param f: file to read from
:return: size, None for EOF






	
pymchelper.flair.common.fortran.write(f, d)[source]

	Write a block of data (string) to file as a fortran block
:param f: file to write to
:param d: data to write
:return: output of last write statement








          

      

      

    

  

    
      
          
            
  
pymchelper.flair.common.log module


	
pymchelper.flair.common.log.null()[source]

	




	
pymchelper.flair.common.log.say(*kw)[source]

	




	
pymchelper.flair.common.log.set_log(log)[source]

	






          

      

      

    

  

    
      
          
            
  
pymchelper.flair.common.rexx module


	
pymchelper.flair.common.rexx.abbrev(information, info, length=0)[source]

	return true if the info is an abbreviation of information
with minimum length l






	
pymchelper.flair.common.rexx.center(s, length, pad=' ')[source]

	




	
pymchelper.flair.common.rexx.datatype(str, check='N')[source]

	rexx datatype function






	
pymchelper.flair.common.rexx.insert(new, target, n, pad=' ')[source]

	insert new string to target as position n padded with pad characters






	
pymchelper.flair.common.rexx.left(str, length, pad=' ')[source]

	return left of string str of length padded with pad chars






	
pymchelper.flair.common.rexx.reverse(str)[source]

	reverse string






	
pymchelper.flair.common.rexx.translate(str, tableo=None, tablei=None, pad=' ')[source]

	translate string






	
pymchelper.flair.common.rexx.verify(str, ref, match=0, start=0)[source]

	return the index of the first character in string that
is not also in reference. if “Match” is given, then return
the result index of the first character in string that is in reference






	
pymchelper.flair.common.rexx.xrange_string(start, stop)[source]

	






          

      

      

    

  

    
      
          
            
  
pymchelper.flair.common package


Submodules



	pymchelper.flair.common.bmath module

	pymchelper.flair.common.csg module

	pymchelper.flair.common.fortran module

	pymchelper.flair.common.log module

	pymchelper.flair.common.rexx module









          

      

      

    

  

    
      
          
            
  
pymchelper.flair package


Subpackages



	pymchelper.flair.common package
	Submodules
	pymchelper.flair.common.bmath module

	pymchelper.flair.common.csg module

	pymchelper.flair.common.fortran module

	pymchelper.flair.common.log module

	pymchelper.flair.common.rexx module















Submodules



	pymchelper.flair.Data module

	pymchelper.flair.Input module









          

      

      

    

  

    
      
          
            
  
pymchelper.input_output module


	
pymchelper.input_output.convertfromlist(filelist, error, nan, outputdir, converter_name, options, outputfile=None)[source]

	
	Parameters

	
	filelist – 


	error – error estimation, see class ErrorEstimate class in pymchelper.estimator


	nan – if True, NaN (not a number) are excluded when averaing data.


	outputdir – 


	converter_name – 


	options – 


	outputfile – 






	Returns

	










	
pymchelper.input_output.convertfrompattern(pattern, outputdir, converter_name, options, error=<ErrorEstimate.stderr: 1>, nan=True, jobs=-1, verbose=0)[source]

	
	Parameters

	
	pattern – 


	outputdir – 


	converter_name – 


	options – 


	error – error estimation, see class ErrorEstimate class in pymchelper.estimator


	nan – if True, NaN (not a number) are excluded when averaing data.


	jobs – 


	verbose – 






	Returns

	










	
pymchelper.input_output.fromfile(filename)[source]

	Read estimator data from a binary file `filename`






	
pymchelper.input_output.fromfilelist(input_file_list, error=<ErrorEstimate.stderr: 1>, nan=True)[source]

	Reads all files from a given list, and returns a list of averaged estimators.


	Parameters

	
	input_file_list – list of files to be read


	error – error estimation, see class ErrorEstimate class in pymchelper.estimator


	nan – if True, NaN (not a number) are excluded when averaging data.






	Returns

	list of estimators










	
pymchelper.input_output.frompattern(pattern, error=<ErrorEstimate.stderr: 1>, nan=True, jobs=-1, verbose=0)[source]

	Reads all files matching pattern, e.g.: ‘foobar_*.bdo’, and returns a list of averaged estimators.


	Parameters

	
	pattern – pattern to be matched for reading.


	error – error estimation, see class ErrorEstimate class in pymchelper.estimator


	nan – if True, NaN (not a number) are excluded when averaing data.


	jobs – optional number of threads for parallel processing


	verbose – optional verbosity level.






	Returns

	a list of estimators, or an empty list if no files were found.










	
pymchelper.input_output.group_input_files(input_file_list)[source]

	Takes set of input file names, belonging to possibly different estimators.
Input files are grouped according to the estimators and for each group
merging is performed, as in @merge_list method.
Output file name is automatically generated.
:param input_file_list: list of input files
:return: core_names_dict






	
pymchelper.input_output.guess_corename(filename)[source]

	Guess a reader based on file contents or extensions.
In some cases (i.e. binary SH12A files) access to file contents is needed.
:param filename:
:return: the corename of the file (i.e. the basename without the running number for averaging)






	
pymchelper.input_output.guess_reader(filename)[source]

	Guess a reader based on file contents or extensions.
In some cases (i.e. binary SH12A files) access to file contents is needed.
:param filename:
:return: Instantiated reader object






	
pymchelper.input_output.tofile(estimator, filename, converter_name, options)[source]

	Save a estimator data to a filename using converter defined by converter_name
:param estimator:
:param filename:
:param converter_name:
:param options:
:return:








          

      

      

    

  

    
      
          
            
  
pymchelper.page module


	
class pymchelper.page.Page(estimator=None)[source]

	Bases: object


	
axis(axis_id)[source]

	TODO






	
data

	3-D view of page data.

Page data is stored originally in data_raw 1-D array.
This property provides efficient view of data, suitable for numpy-like indexing.

>>> from pymchelper.estimator import Estimator
>>> e = Estimator()
>>> e.x = MeshAxis(n=2, min_val=0.0, max_val=10.0, name="X", unit="cm", binning=MeshAxis.BinningType.linear)
>>> e.y = MeshAxis(n=3, min_val=0.0, max_val=150.0, name="Y", unit="cm", binning=MeshAxis.BinningType.linear)
>>> e.z = MeshAxis(n=1, min_val=0.0, max_val=1.0, name="Z", unit="cm", binning=MeshAxis.BinningType.linear)
>>> p = Page(estimator=e)
>>> p.data_raw = np.arange(6)
>>> tuple(int(n) for n in p.data.shape)
(2, 3, 1, 1, 1)
>>> p.data[1, 2, 0, 0, 0]
5






	Returns

	reshaped view of data_raw










	
dimension

	Let’s take again detector d with YZ scoring.
>>> from pymchelper.estimator import Estimator
>>> e = Estimator()
>>> e.x = MeshAxis(n=1, min_val=0.0, max_val=1.0, name=”X”, unit=”cm”, binning=MeshAxis.BinningType.linear)
>>> e.y = MeshAxis(n=3, min_val=0.0, max_val=150.0, name=”Y”, unit=”cm”, binning=MeshAxis.BinningType.linear)
>>> e.z = MeshAxis(n=2, min_val=0.0, max_val=2.0, name=”Z”, unit=”cm”, binning=MeshAxis.BinningType.linear)
>>> e.dimension
2
>>> p = Page(e)
>>> p.diff_axis1 = MeshAxis(n=10, min_val=0.0, max_val=100.0, name=”E”, unit=”MeV”,
…                         binning=MeshAxis.BinningType.linear)
>>> p.dimension
3


	Returns

	number of page axes (including differential) which have more than one bin










	
error

	3-D view of page error

For more details see data property.
:return:






	
plot_axis(id)[source]

	Calculate new order of detector axis, axis with data (n>1) comes first
Axes with constant value goes last.

Let’s take a detector d with YZ scoring.
>>> from pymchelper.estimator import Estimator
>>> e = Estimator()
>>> e.x = MeshAxis(n=1, min_val=0.0, max_val=1.0, name=”X”, unit=”cm”, binning=MeshAxis.BinningType.linear)
>>> e.y = MeshAxis(n=3, min_val=0.0, max_val=150.0, name=”Y”, unit=”cm”, binning=MeshAxis.BinningType.linear)
>>> e.z = MeshAxis(n=2, min_val=0.0, max_val=2.0, name=”Z”, unit=”cm”, binning=MeshAxis.BinningType.linear)
>>> p = Page(estimator=e)
>>> e.add_page(page=p)

First axis for plotting will be Y (as X axis holds only one bin):
>>> p.plot_axis(0)
MeshAxis(n=3, min_val=0.0, max_val=150.0, name=’Y’, unit=’cm’, binning=<BinningType.linear: 0>)

Second axis for plotting will be Z (its the next after Y with n > 1 bins)
>>> p.plot_axis(1)
MeshAxis(n=2, min_val=0.0, max_val=2.0, name=’Z’, unit=’cm’, binning=<BinningType.linear: 0>)

Finally the third axis will be X, but it cannot be used for plotting as it has only one bin.
>>> p.plot_axis(2)
MeshAxis(n=1, min_val=0.0, max_val=1.0, name=’X’, unit=’cm’, binning=<BinningType.linear: 0>)


	Parameters

	id – axis number (0, 1, 2, 3 or 4)



	Returns

	axis object
















          

      

      

    

  

    
      
          
            
  
pymchelper.readers.shieldhit.binary_spec module


	
class pymchelper.readers.shieldhit.binary_spec.SHBDOTagID[source]

	Bases: enum.IntEnum

List of Tag ID numbers for BDO 2016 and 2019 formats.
Must be synchronized with tags in sh_bdo.h and sh_detect.h in SH12A.


	
apro0 = 51969

	




	
apzlscl = 52234

	




	
beamdivk = 51982

	




	
beamdivx = 51980

	




	
beamdivy = 51981

	




	
beamphi = 51979

	




	
beamtheta = 51978

	




	
beamx = 51971

	




	
beamy = 51972

	




	
beamz = 51973

	




	
comment = 65484

	




	
ct_ang = 52736

	




	
ct_icnt = 52737

	




	
ct_len = 52738

	




	
data_block = 56763

	




	
debug = 65485

	




	
dele = 52224

	




	
demin = 52225

	




	
det_dif_start = 56590

	




	
det_dif_stop = 56591

	




	
det_difftype = 56584

	




	
det_dmat = 56582

	




	
det_dsize = 56586

	




	
det_dsizexyz = 56587

	




	
det_dtype = 56579

	




	
det_geotyp = 56576

	




	
det_nbin = 56577

	




	
det_nbine = 56583

	




	
det_part = 56578

	




	
det_parta = 56581

	




	
det_partz = 56580

	




	
det_thresh = 56593

	




	
det_voxvol = 56592

	




	
det_xyz_start = 56588

	




	
det_xyz_stop = 56589

	




	
det_zonestart = 56585

	




	
detector_type = 56624

	




	
detector_unit = 56764

	




	
error = 65486

	




	
estimator_number = 60929

	




	
estimator_rescale_per_particle = 60931

	




	
ext_nproj = 52239

	




	
ext_ptvdose = 52240

	




	
filedate = 2

	




	
filename_or_geotype = 60928

	




	
format = 5

	




	
geo_n_bins = 57348

	




	
geo_non_equidist_grid = 57352

	




	
geo_p_start = 57346

	




	
geo_q_stop = 57347

	




	
geo_rotation = 57349

	




	
geo_unit_ids = 57354

	




	
geo_units = 57353

	




	
geo_volume = 57350

	




	
geo_zones = 57351

	




	
geometry_name = 57345

	




	
geometry_type = 57344

	




	
host = 4

	




	
iemtrans = 52230

	




	
iextspec = 52231

	




	
intrfast = 52232

	




	
intrslow = 52233

	




	
inucre = 52229

	




	
ioffset = 52235

	




	
irifimc = 52236

	




	
irifitrans = 52237

	




	
irifizone = 52238

	




	
itypms = 52227

	




	
itypst = 52226

	




	
ixfirs = 52241

	




	
jpart0 = 51968

	




	
number_of_pages = 60930

	




	
oln = 52228

	




	
page_diff_flag = 56784

	




	
page_diff_size = 56788

	




	
page_diff_start = 56786

	




	
page_diff_stop = 56787

	




	
page_diff_type = 56785

	




	
page_diff_units = 56789

	




	
page_filter_e_min = 56818

	




	
page_filter_emax = 56819

	




	
page_filter_name = 56816

	




	
page_filter_rules_no = 56817

	




	
page_medium_scoring = 56630

	




	
page_medium_transport = 56629

	




	
page_normalized = 56626

	
	the data in page->data as x_j


	for j instances of this simulation


	which was done with I_j number of paritcles.




The resulting data will be termed X and has the units given by SHBDO_PAG_DATA_UNIT

0: X = x_1                                for GEOMAP type scorers
1: X = sum_j x_j                          COUNT, …
2: X = (sum_j x_j) / (sum_j I_j)          NORMCOUNT, …
3: X = (sum_j x_j * I_j) / (sum_j I_j)    LET, …


	Type

	Given










	
page_number = 56625

	




	
page_offset = 56628

	




	
page_scale_factor = 56627

	




	
page_unit_ids = 56631

	




	
rt_nstat = 43520

	




	
rt_time = 43521

	




	
rt_timesim = 43522

	




	
shbuilddate = 1

	




	
shversion = 0

	




	
sigmat0 = 51977

	




	
sigmax = 51974

	




	
sigmay = 51975

	




	
tmax0 = 51976

	




	
tmax0amu = 51984

	




	
tmax0mev = 51983

	




	
tmax0nuc = 51985

	




	
user = 3

	




	
zpro0 = 51970

	








	
class pymchelper.readers.shieldhit.binary_spec.SHBDOUnitID[source]

	Bases: enum.IntEnum

An enumeration.


	
SH_SCORING_UNIT_AU = 1

	




	
SH_SCORING_UNIT_CM = 10

	




	
SH_SCORING_UNIT_CM2 = 11

	




	
SH_SCORING_UNIT_CM3 = 12

	




	
SH_SCORING_UNIT_COUNT = 60

	




	
SH_SCORING_UNIT_DEGREES = 50

	




	
SH_SCORING_UNIT_DOSERAD = 45

	




	
SH_SCORING_UNIT_DOSEREM = 46

	




	
SH_SCORING_UNIT_GPCM3 = 22

	




	
SH_SCORING_UNIT_GY = 41

	




	
SH_SCORING_UNIT_GYRBE = 42

	




	
SH_SCORING_UNIT_GYRE = 43

	




	
SH_SCORING_UNIT_INVALID = -1

	




	
SH_SCORING_UNIT_KEVPUM = 30

	




	
SH_SCORING_UNIT_KGPM3 = 23

	




	
SH_SCORING_UNIT_M = 16

	




	
SH_SCORING_UNIT_M2 = 17

	




	
SH_SCORING_UNIT_M3 = 18

	




	
SH_SCORING_UNIT_MATID = 90

	




	
SH_SCORING_UNIT_MEV = 70

	




	
SH_SCORING_UNIT_MEVCM2PG = 32

	




	
SH_SCORING_UNIT_MEVPAMU = 72

	




	
SH_SCORING_UNIT_MEVPC2 = 81

	




	
SH_SCORING_UNIT_MEVPCM = 31

	




	
SH_SCORING_UNIT_MEVPG = 40

	




	
SH_SCORING_UNIT_MEVPNUC = 71

	




	
SH_SCORING_UNIT_NONE = 0

	




	
SH_SCORING_UNIT_NUCN = 80

	




	
SH_SCORING_UNIT_NZONE = 91

	




	
SH_SCORING_UNIT_PCM = 13

	




	
SH_SCORING_UNIT_PCM2 = 14

	




	
SH_SCORING_UNIT_PCM3 = 15

	




	
SH_SCORING_UNIT_PCT = 2

	




	
SH_SCORING_UNIT_PM = 19

	




	
SH_SCORING_UNIT_PM2 = 20

	




	
SH_SCORING_UNIT_PM3 = 21

	




	
SH_SCORING_UNIT_PMIL = 3

	




	
SH_SCORING_UNIT_RADIANS = 51

	




	
SH_SCORING_UNIT_RELATIVE = 4

	




	
SH_SCORING_UNIT_SR = 52

	




	
SH_SCORING_UNIT_SV = 44

	




	
SH_SCORING_UNIT_U = 82

	




	
SH_SCORING_UNIT_UNKNOWN = -2

	










          

      

      

    

  

    
      
          
            
  
pymchelper.readers.shieldhit.general module


	
class pymchelper.readers.shieldhit.general.SHFileFormatId[source]

	Bases: enum.IntEnum

SHIELD-HIT12A file format ids, as described in sh_file_format.h file


	
ascii = 3

	




	
bdo2016 = 1

	




	
bdo2019 = 2

	




	
bin2010 = 0

	




	
csv = 4

	








	
class pymchelper.readers.shieldhit.general.SHReaderASCII(filename)[source]

	Bases: object

Reads plain text files with data saved by binary-to-ascii converter.


	
read(detector)[source]

	




	
read_header(detector)[source]

	




	
read_payload(detector)[source]

	








	
class pymchelper.readers.shieldhit.general.SHReaderFactory(filename)[source]

	Bases: pymchelper.readers.common.ReaderFactory


	
get_reader()[source]

	Inspect binary file and return appropriate reader object
:return:










	
pymchelper.readers.shieldhit.general.extract_sh_ver(filename)[source]

	BDO binary files, introduced in 2016 (BDO2016 and BDO2019 formats) contain information about SH VER
:param filename: Binary file filename
:return: SH12 version (as a string, i.e. 0.7) or None if version information was not found in the file






	
pymchelper.readers.shieldhit.general.file_has_sh_magic_number(filename)[source]

	BDO binary files, introduced in 2016 (BDO2016 and BDO2019 formats) starts with 6 magic bytes xSH12A
:param filename: Binary file filename
:return: True if binary file starts with SH magic number






	
pymchelper.readers.shieldhit.general.read_token(filename, token_id)[source]

	TODO
:param filename:
:param token_id:
:return:








          

      

      

    

  

    
      
          
            
  
pymchelper.readers.shieldhit.reader_base module


	
class pymchelper.readers.shieldhit.reader_base.SHReader(filename)[source]

	Bases: pymchelper.readers.common.Reader

Reads binary output files generated by SHIELD-HIT12A code.


	
corename

	TODO
:return:






	
read_data(estimator, nscale=1)[source]

	TODO
:param estimator:
:param nscale:
:return:










	
pymchelper.readers.shieldhit.reader_base.mesh_unit_and_name(estimator, axis)[source]

	Gets units and names depending on detector type.






	
pymchelper.readers.shieldhit.reader_base.read_next_token(f)[source]

	returns a tuple with 4 elements:
0: payload id
1: payload dtype string
2: payload number of elements
3: payload itself
f is an open and readable file pointer.
returns None if no token was found / EOF








          

      

      

    

  

    
      
          
            
  
pymchelper.readers.shieldhit.reader_bdo2016 module


	
class pymchelper.readers.shieldhit.reader_bdo2016.SHReaderBDO2016(filename)[source]

	Bases: pymchelper.readers.shieldhit.reader_base.SHReader

Binary format reader from version >= 0.6
This format doesn’t have support for multiple pages per estimator


	
read_data(estimator)[source]

	TODO
:param estimator:
:param nscale:
:return:












          

      

      

    

  

    
      
          
            
  
pymchelper.readers.shieldhit.reader_bdo2019 module


	
class pymchelper.readers.shieldhit.reader_bdo2019.SHReaderBDO2019(filename)[source]

	Bases: pymchelper.readers.shieldhit.reader_base.SHReader

Experimental binary format reader version >= 0.7


	
read_data(estimator)[source]

	TODO
:param estimator:
:param nscale:
:return:












          

      

      

    

  

    
      
          
            
  
pymchelper.readers.shieldhit.reader_bin2010 module


	
class pymchelper.readers.shieldhit.reader_bin2010.SHReaderBin2010(filename)[source]

	Bases: pymchelper.readers.shieldhit.reader_base.SHReader

Binary format reader from 0.1 <= version <= 0.6


	
read_data(estimator)[source]

	TODO
:param estimator:
:param nscale:
:return:






	
read_header(estimator)[source]

	




	
read_payload(estimator)[source]

	










          

      

      

    

  

    
      
          
            
  
pymchelper.shieldhit.detector.detector_type module


	
class pymchelper.shieldhit.detector.detector_type.SHDetType[source]

	Bases: enum.IntEnum

List of available detector types below is based on IDET(5,*) in detect.f in SHIELD-HIT12A.
If new detectors are added, class SHEstimator in estimator.py should also be updated.


	
a = 30

	




	
alanine = 13

	




	
alanine_gy_bdo2016 = 213

	




	
amass = 31

	




	
amu = 32

	




	
angle = 25

	




	
angle_bdo2016 = 121

	




	
avg_beta = 9

	




	
avg_energy = 8

	




	
counter = 14

	




	
crossflu = 3

	




	
ddd = 12

	




	
dedx = 35

	




	
dlet = 6

	




	
dletg = 16

	




	
dose = 5

	




	
dose_av_q = 48

	




	
dose_av_z2beta2 = 46

	




	
dose_eqv = 40

	




	
dose_gy = 39

	




	
dose_gy_bdo2016 = 205

	




	
dzeff2beta2 = 54

	




	
energy = 1

	




	
energy_amu = 29

	




	
energy_nuc = 28

	




	
eqv_dose = 41

	




	
flu_char = 22

	




	
flu_neqv = 24

	




	
flu_neut = 23

	




	
fluence = 2

	




	
gen = 33

	




	
id = 34

	




	
invalid = 32767

	




	
kinetic_energy = 27

	




	
let_bdo2016 = 120

	




	
letflu = 4

	




	
mass_dedx = 36

	




	
material = 11

	




	
medium = 19

	




	
n_eqv_dose = 44

	




	
nkerma = 38

	




	
none = 0

	




	
pet = 15

	




	
q = 21

	




	
rho = 20

	




	
spc = 10

	




	
tlet = 7

	




	
tletg = 17

	




	
trace = 26

	




	
track_av_q = 49

	




	
track_av_z2beta2 = 47

	




	
track_length = 37

	




	
tzeff2beta2 = 53

	




	
user1 = 42

	




	
user2 = 43

	




	
z = 50

	




	
z2beta2 = 45

	




	
zeff = 51

	




	
zeff2beta2 = 52

	




	
zone = 18

	










          

      

      

    

  

    
      
          
            
  
pymchelper.shieldhit.detector.estimator module


	
class pymchelper.shieldhit.detector.estimator.SHEstimator[source]

	Bases: object


	
allowed_detectors = {<SHGeoType.unknown: 0>: (), <SHGeoType.zone: 1>: <generator object SHEstimator.<genexpr>>, <SHGeoType.cyl: 2>: <generator object SHEstimator.<genexpr>>, <SHGeoType.msh: 3>: <generator object SHEstimator.<genexpr>>, <SHGeoType.plane: 4>: <generator object SHEstimator.<genexpr>>, <SHGeoType.dzone: 5>: <generator object SHEstimator.<genexpr>>, <SHGeoType.dcyl: 6>: <generator object SHEstimator.<genexpr>>, <SHGeoType.dmsh: 7>: <generator object SHEstimator.<genexpr>>, <SHGeoType.dplane: 8>: <generator object SHEstimator.<genexpr>>, <SHGeoType.dcylz: 10>: <generator object SHEstimator.<genexpr>>, <SHGeoType.dmshz: 11>: <generator object SHEstimator.<genexpr>>, <SHGeoType.trace: 13>: (<SHDetType.none: 0>,), <SHGeoType.voxscore: 14>: <generator object SHEstimator.<genexpr>>, <SHGeoType.geomap: 15>: (<SHDetType.zone: 18>, <SHDetType.medium: 19>, <SHDetType.rho: 20>)}

	




	
is_valid()[source]

	










          

      

      

    

  

    
      
          
            
  
pymchelper.shieldhit.detector.estimator_type module


	
class pymchelper.shieldhit.detector.estimator_type.SHGeoType[source]

	Bases: enum.IntEnum

An enumeration.


	
cyl = 2

	




	
dcyl = 6

	




	
dcylz = 10

	




	
dmsh = 7

	




	
dmshz = 11

	




	
dplane = 8

	




	
dzone = 5

	




	
geomap = 15

	




	
msh = 3

	




	
plane = 4

	




	
trace = 13

	




	
unknown = 0

	




	
voxscore = 14

	




	
zone = 1

	










          

      

      

    

  

    
      
          
            
  
pymchelper.shieldhit.detector.fortran_card module


	
class pymchelper.shieldhit.detector.fortran_card.CardLine(data=None)[source]

	Bases: object

Represents single line of detect.dat file


	
static any_to_element(s, align_right=True)[source]

	




	
comment = '*----0---><----1---><----2---><----3---><----4---><----5---><----6--->'

	




	
credits = '* generated by pymchelper (https://github.com/DataMedSci/pymchelper) *'

	




	
element_length = 10

	




	
no_of_elements = 7

	








	
class pymchelper.shieldhit.detector.fortran_card.EstimatorReader[source]

	Bases: object






	
class pymchelper.shieldhit.detector.fortran_card.EstimatorWriter[source]

	Bases: object

Helper class. Gives textual representation of Estimator objects.


	
static get_lines(estimator)[source]

	Converts estimator to CardLine objects
:param estimator: valid estimator object
:return: tuple of CardLine objects






	
static get_text(estimator, add_comment=False)[source]

	Converts Estimator to text
:param estimator: valid Estimator object
:param add_comment: if True, prepends textual representation with comment line
:return: text representation (set of text lines) of Estimator












          

      

      

    

  

    
      
          
            
  
pymchelper.shieldhit.detector.geometry module


	
class pymchelper.shieldhit.detector.geometry.Axis(name='', start=None, stop=None, nbins=None, number=None)[source]

	Bases: object

Represents named sequence of nbins numbers, with known start and end position.
Can be used as container to describe scoring geometry along one of the axis.


	
set(start=None, stop=None, nbins=None, number=None)[source]

	








	
class pymchelper.shieldhit.detector.geometry.CarthesianMesh[source]

	Bases: pymchelper.shieldhit.detector.geometry.Geometry

Carthesian mesh along X,Y and Z axis


	
static allowed_estimators()[source]

	
	Returns

	List of compatible estimators for this scoring geometry.














	
class pymchelper.shieldhit.detector.geometry.CylindricalMesh[source]

	Bases: pymchelper.shieldhit.detector.geometry.Geometry

Cylindrical mesh along R, PHI and Z axis


	
static allowed_estimators()[source]

	
	Returns

	List of compatible estimators for this scoring geometry.














	
class pymchelper.shieldhit.detector.geometry.Geometry[source]

	Bases: object

Base class for all types of scoring geometries. Holds information about three axes.
Three axis are used to allow scoring up to 3 dimensions.
Lower number of dimensions (i.e. scoring on square) are achieved by setting nbins=1 in the axis.


	
static allowed_estimators()[source]

	
	Returns

	List of compatible estimators for this scoring geometry.










	
set_axis(axis_no, start=None, stop=None, nbins=None)[source]

	Fill axis data
:param axis_no: integer number, from 0 to 2, specifies axis number
:param start: start position
:param stop:  stop position
:param nbins: number of elements
:return: None










	
class pymchelper.shieldhit.detector.geometry.Plane[source]

	Bases: object

Plane scoring geometry


	
static allowed_estimators()[source]

	




	
set_normal(x=None, y=None, z=None)[source]

	




	
set_point(x=None, y=None, z=None)[source]

	








	
class pymchelper.shieldhit.detector.geometry.Zone[source]

	Bases: object

Zone scoring geometry - start and stop


	
static allowed_estimators()[source]

	










          

      

      

    

  

    
      
          
            
  
pymchelper.utils.mcscripter module

Tool for creating MC input files using user-specified tables and ranges.

2019 - Niels Bassler


	
class pymchelper.utils.mcscripter.Config(fn)[source]

	Bases: object

Reading the config file.


	
parse()[source]

	Parse configuration file.
All data are read into dicts. There are two dicts: a constant and variable (tabluated) one.










	
class pymchelper.utils.mcscripter.Generator(templ, cfg)[source]

	Bases: object

This generates and writes the output files based on the loaded template files and the config file.


	
static get_keys(s)[source]

	return list of ${} keys in string






	
static lreplace(s, f, r)[source]

	Left adjusted replacement of string f with string r, in string s.

This function is implemented in order to fill in data in FORTRAN77 fields,
which are tied to certain positions on the line, i.e. subsequent values
may not be shifted.

Finds string f in string s and replaces it with string r, but left adjusted, retaining line length.
If length of r is shorter than length of f, remaining chars will be space padded.
If length of r is larger than length of f, then characters will be overwritten.
A copy of s with the replacement is returned.






	
write(t, u_dict)[source]

	Write a copy of the template, using the substitutions as specifed in
the unique dictionary u_dict.

“Unique”, means that any _MIN _MAX _STEP type variables have been set.










	
class pymchelper.utils.mcscripter.McFile[source]

	Bases: object

General MC single file object.
This will be used for the template files as well as the generated output files.


	
write()[source]

	Write self to disk, create symlink if that is the case.










	
class pymchelper.utils.mcscripter.Template(cfg)[source]

	Bases: object

Read all files and symlinks specified in the config file, and place them in a list of McFile objects.


	
read(cfg)[source]

	Reads all template files, and creates a list of McFile objects in self.files.










	
pymchelper.utils.mcscripter.main(args=None)[source]

	Main function.








          

      

      

    

  

    
      
          
            
  
pymchelper.utils.pld2sobp module

Reads PLD file in IBA format and convert to sobp.dat
which is readable by FLUKA with source_sampler.f and by SHIELD-HIT12A.

TODO: Translate energy to spotsize.


	
class pymchelper.utils.pld2sobp.Layer(spotsize, energy, meterset, elsum, repaints, elements)[source]

	Bases: object

Class for handling Layers.






	
class pymchelper.utils.pld2sobp.PLDRead(fpld)[source]

	Bases: object

Class for handling PLD files.






	
pymchelper.utils.pld2sobp.dedx_air(energy)[source]

	Calculate the mass stopping power of protons in air following ICRU 49.
Valid from 1 to 500 MeV only.


	Params energy

	Proton energy in MeV



	Returns

	mass stopping power in MeV cm2/g










	
pymchelper.utils.pld2sobp.main(args=None)[source]

	Main function of the pld2sobp script.








          

      

      

    

  

    
      
          
            
  
pymchelper.utils.runmc module


	
pymchelper.utils.runmc.main(args=None)[source]

	Entry point to the runmc script: argument parsing and calling run method






	
pymchelper.utils.runmc.set_logger_level(args)[source]

	Set logger verbosity and quietness based on parsed arguments
Checks for presence of quiet (-q) and verbose (-v) switches








          

      

      

    

  

    
      
          
            
  
pymchelper.utils package


Submodules



	pymchelper.utils.mcscripter module

	pymchelper.utils.pld2sobp module

	pymchelper.utils.runmc module









          

      

      

    

  

    
      
          
            
  
pymchelper.version module


	
pymchelper.version.git_version()[source]

	Inspired by https://github.com/numpy/numpy/blob/master/setup.py
:return: the git revision as a string








          

      

      

    

  _images/default_1d.png
DOSE-GY [Gy]

12

10

°
®

°
S

°
=

02

0.0

le-7

0.0

2.5

5.0

75 100 125
Position (2) [cm]

15.0

17.5

20.0






_images/default_2d.png
a

DOSE-GY [Gy]

0 n

N g =

[wo] (z) uonisod

Position (Y) [cm]





_images/grey_2d.png
DOSE-GY [Gy]
© <

T
i

—
S =w o w 9o 9
& 5 4 9§ s -~ R

[w>] (2) uonisod

-10 -05 00 05 1.0 15 2.0

-15

Position (Y) [cm]





nav.xhtml

    
      Table of Contents


      
        		
          Welcome to pymchelper’s documentation!
        


        		
          Getting Started
          
            		
              Introduction
            


            		
              Quick Installation Guide
            


            		
              License
            


          


        


        		
          User’s Guide
          
            		
              Available converters
              
                		
                  Plain text
                


                		
                  MS Excel file
                


                		
                  Plots and images
                


                		
                  Gnuplot
                


                		
                  Sparse matrix data
                


                		
                  Inspect data
                


              


            


            		
              Common options
              
                		
                  Input files
                


                		
                  Output files
                


                		
                  Scaling factor
                


                		
                  Error calculation
                


                		
                  Handling NaNs
                


                		
                  Obtaining help
                


                		
                  Program version
                


                		
                  More verbose output
                


                		
                  Silent execution
                


              


            


            		
              Using as a library
            


          


        


        		
          Detailed Installation Guide
          
            		
              Prerequisites
            


            		
              Installing using pip (all platforms)
              
                		
                  Administrator installation (root access)
                


                		
                  User installation (non-root access)
                


              


            


          


        


        		
          Developer documentation
          
            		
              Contributing Guide
              
                		
                  Types of Contributions
                


                		
                  Get Started for GIT-aware developers
                


                		
                  Pull Request Guidelines
                


                		
                  Get Started for non-GIT developers
                


                		
                  Tips
                


              


            


            		
              Source code
              
                		
                  pymchelper package
                


              


            


            		
              Badges and links
            


            		
              Credits
              
                		
                  Development
                


                		
                  Contributors
                


              


            


          


        


      


    
  

_images/logz_2d.png
Position () [cm]

20.0

17.5

15.0

125

10.0

75

5.0 £

2.5

0.0
2.0

-15

-1.0

05 00 05
Position (Y) [cm]

10

15

2.0

107°
10°¢
1077
107
107°
10710
10711
10712

10-13

[49] A9-350a





_images/logxy_1d.png
DOSE-GY [Gy]

1077

107

107°

10-10

100

Position (Z) [cm]

10!






_images/logy_1d.png
DOSE-GY [Gy]

1077

107

107°

10-10

0.0

2.5

5.0

75 100 125
Position (2) [cm]

15.0

17.5

20.0






_static/comment-bright.png





_static/comment-close.png





_static/ajax-loader.gif





_static/down.png





_static/comment.png





_static/down-pressed.png





_static/up.png





_static/up-pressed.png





_static/minus.png





_static/plus.png





_static/file.png





