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CBMPy: Installation Guide


Support

CBMPy is Open Source software released under the GNU GPL 3 licence (included with the source code)
and is in constant development. All the latest downloads, documentation and development information
is available at CBMPy on SourceForge: http://cbmpy.sourceforge.net.




Python standard library modules

CBMPy is developed and tested against Python 2.7.x. The following Python Standard
Library modules are used in CBMPy and should be available as part of any CPython
distribution and not require additional installation:

'cPickle', 'cStringIO', 'cgi', 'copy', 'gc', 'itertools', 'locale', 'math',
'multiprocessing', 'os', 'pprint', 'random', 're', 'shutil', 'subprocess',
'time', 'urllib2', 'webbrowser', 'xml'








Required libraries (Python bindings)

Besides those mentioned above, the following packages are required for CBMPy’s
core functionality. Note that it is possible to install CBMPy using only
numpy but that only very limited subset of functionality is then available.
CBMPy is primarily developed on Microsoft Windows and Ubuntu Linux and where possible the package
name is provided such that can be used with the software center or package manager
sudo apt-get install <package> (please see the man pages for sudo and apt-get
if you don’t know what this). A comprehensive list of modules are listed at the end of this
document however I consider these to be the minimum requirements. In the case of
external C/C++ libraries the Python bindings should be installed as well (e.g. libSBML). Many
of these are available in batteries included Python distributions.




Installation types: quick reference


Minimal


	numpy http://numpy.scipy.org

	libsbml (+ Python bindings) http://sbml.org/download

	PyQT4 http://www.riverbankcomputing.com/software/pyqt/download

	Optimization libraries (one or more of):
- CPLEX (LP, MILP): http:://www.ibm.com
- GLPK  (LP): http://tfinley.net/software/pyglpk/






Full (highly recommended)


	xlwt http://pypi.python.org/pypi/xlwt

	xlrd http://pypi.python.org/pypi/xlrd

	wxPython

	Matplotlib

	Sympy






Complete

Web services and database:


	pysqlite2

	suds



Advanced functionality:


	SciPy

	H5Py

	NetworkX



User tools:


	iPython

	iPython-notebook

	SCiTE








Generic installation Windows (XP, 7, 8.1)

For the modeller that does not want to customize his installation and install
all of the above packages by hand there are some batteries included Python
distributions which have many (if not most) of the packages listed above. An
Open Source distributions is Python(x,y) available from http://code.google.com/p/pythonxy
Alternatives include commercial distribution such as Anaconda http://continuum.io and the
Enthought Python Distribution (EPD) http://www.enthought.com

Python(x,y) has a huge number of additional packages in addition to the base
Python distribution, best of all it is Open Source and free for use. First of
all download Python(x,y), I would recommend the
latest Python 2.7.x distribution. In addition to the default packages
automatically selected by the installer it is highly recommended to install
either all the additional packages. If not at least select the following
packages from the Python branch of the Python(x,y) installation directory:


	WxPython

	Sympy

	NetworkX

	xlrd

	xlwt

	h5py

	wxPython

	PyQT4



You should now have a working Python 2.7.x distribution. Try firing up an
advanced shell like iPython and play around and get to grips with the
fantastic, free text editor SciTE.


Installing CBMPy

There are two ways to install CBMPy either download the latest release as
source bundle or binary from http://cbmpy.sourceforge.net and unzip or execute from a
a temporary directory (recommended). Or, if you want the latest
(greatest and potentially broken) version grab the latest revision from the
the CBMPy Subversion repository:

svn co http://sourceforge.net/p/cbmpy/code/HEAD/tree/trunk/cbmpy cbmpy





In both cases you should should now have a directory that contains a file
setup.py which can install by simply typing the following into a Windows shell
(command line):

python setup.py build
python setup.py install








Installing libSBML with Python bindings

It is highly recommended to install libSBML which CBMPy uses to provide support
for the Systems Biology Markup Language (SBML). First go to the libSBML download
page http://sbml.org/Software/libSBML page follow the Download libSBML –> Stable –>
Windows –> 32bit path and download libSBML (e.g. libSBML-5.10.0-win-x86.exe). The latest
stable version can be found at http://sbml.org/Software/libSBML


http://sourceforge.net/projects/sbml/files/libsbml/5.10.0/stable/Windows/32-bit/libSBML-5.10.0-win-x86.exe/download


Run the installer and make sure you select the Python Bindings during installation
or install the appropriate Python bindings that match your Python(x,y) version directly e.g.
(libSBML-5.10.0-win-py2.7-x86.exe)




Optmization (1): IBM cplex optimization studio (Academic)

If you have access to the the IBM CPLEX solver. It is a a good idea to use the latest available version.
Again choose the appropriate 32 or 64 bit version and an installation path that suites your setup.


	Run cplex_studio126.win-x86-32.exe

	Select English language and accept licence

	Set “Program” install directory to C:\ILOG\CPLEX_Studio126

	Allow default associations to be set and PATH update



Once installation is complete we need to install the Python bindings


	Open a terminal

	Execute cd c:\\ILOG\\CPLEX_Studio126\\cplex\\python\\x86_win32

	Execute python setup.py install






Optmization (2): GLPK

CBMPy 0.7.0 includes support for the free, Open Source GLPK solver. This allows access
to CBMPy’s LP functionality (MILP’s requires CPLEX). A port of PyGLPK 0.3
is maintained by the OpenCOBRA project which is mirrored here:


https://sourceforge.net/projects/cbmpy/files/tools/glpk/


Select the binary or source distribution you require and either execute the binary:


	Execute glpk-0.3.win32-py2.7.exe






Testing your new installation

If everything has gone according to plan you can test your installation:


	Open a terminal

	Execute ipython

	In ipython shell, execute import numpy, h5py, xlrd, xlwt



No import errors should occur.


	Execute import libsbml

	Execute libsbml.LIBSBML_VERSION_STRING



A successful test should return (for example):

In : libsbml.LIBSBML_VERSION_STRING
Out: '51000'






	Execute import pyscescbm as cbm



This should return:

In [1]: import pyscescbm as cbm

*******************************************************************
* Welcome to CBMPy (0.7.2) - PySCeS Constraint Based Modelling    *
*                http://cbmpy.sourceforge.net                     *
* Copyright(C) Brett G. Olivier 2010 - 2015                       *
* Dept. of Systems Bioinformatics                                 *
* Vrije Universiteit Amsterdam, Amsterdam, The Netherlands        *
* CBMPy is distributed under the GNU GPL v 3.0 licence, see       *
* LICENCE (supplied with this release) for details                *
*******************************************************************





Exit ipython with CTRL-D

If you installed CPLEX then try:


	Open a terminal

	Execute ipython

	Execute import cplex

	Execute lp = cplex.Cplex()

	Execute lp.solve()



A succesful test should return:

In : lp.solve()
Tried aggregator 1 time.
No LP presolve or aggregator reductions.
Presolve time =    0.00 sec.





Exit ipython with CTRL-D

If you installed GLPK then try:


	Open a terminal

	Execute ipython

	Execute import glpk

	Execute lp = glpk.LPX()



A succesful test should return:

In : glpk.LPX()
<glpk.LPX 0-by-0 at 0x036C24C8>





Exit ipython with CTRL-D




Install CBMPy (http://cbmpy.sourceforge.net)

Download the latest version of CBMPy


	Run pyscescbm-0.7.2.win32.exe (or newer for 32 bit Windows)

	Run pyscescbm-0.7.2.amd64.exe (or newer for 64 bit Windows)



Test installation:


	Open a terminal

	Execute ipython

	Execute import pyscescbm as cbm



This should return:

In [1]: import pyscescbm as cbm

*****
Using GLPK
*****

WX GUI tools available.
Qt4 GUI tools available

CBMPy environment
******************
Revision: r346


*******************************************************************
* Welcome to CBMPy (0.7.2) - PySCeS Constraint Based Modelling    *
*                http://cbmpy.sourceforge.net                     *
* Copyright(C) Brett G. Olivier 2010 - 2015                       *
* Dept. of Systems Bioinformatics                                 *
* Vrije Universiteit Amsterdam, Amsterdam, The Netherlands        *
* CBMPy is distributed under the GNU GPL v 3.0 licence, see       *
* LICENCE (supplied with this release) for details                *
*******************************************************************





Exit ipython with CTRL-D






Linux: Ubuntu

On Linux many of the base dependencies are available as packages or from the Python Cheeseshop (http://pypi.python.org/pypi).
For libSBML, CPLEX and/or GLPK please see the Generic installation on Microsoft Windows (XP, 7, 2008) for more details.
For example using Ubuntu the base dependencies can be easily installed (depending on what functionality is required).
If you don’t know what these packages are please look them up before installing.

Required:

sudo apt-get install python-dev python-numpy

- libSBML for SBML support.





Please see http://sbml.org/Software/libSBML or try the following. Depending on your configurationyou need to install libxml2, bzip2 and their associated “dev” packages:

apt-get install libxml2 libxml2-dev
apt-get install zlib1g zlib1g-dev
apt-get install bzip2 libbz2-dev

easy_install pip

# for standard libSBML
pip install python-libsbml

# for "experimental" libSBML (for FBC V2 and Groups support)
pip install python-libsbml-experimental






	Optimization (at least one of):
	IBM CPLEX: http://www.ibm.com

	PyGLPK: https://sourceforge.net/projects/cbmpy/files/tools/glpk/







Please note that due to changes in the GLPK API the current version of PyGLPK (0.3) only supports GLPK up
until version 4.47. If your system has a newer version of GLPK then the current workaround is to uninstall the newer
version and compile 4.47 from source (also available from the above directory). Dependencies are standard Linux build tools
and GMP etc:

tar xzf glpk-4.47.tar.gz
cd glpk-4.47
./configure --with-gmp
make
make check
sudo make install





Graphical interfaces (highly recommended):

sudo apt-get install python-wxgtk2.8 python-qt4 python-matplotlib





Extended IO (highly recommended):

sudo apt-get install python-xlrd python-xlwt python-sympy





Web services and database:

sudo apt-get install python-suds python-pysqlite2





Advanced functionality:

sudo apt-get install python-scipy python-h5py python-networkx





User tools (highly recommended):

sudo apt-get install ipython ipython-notebook scite








Linux: Ubuntu 14.04


Python2

First we create a scientific Python workbench:

sudo apt-get install python-dev python-numpy python-scipy
sudo apt-get install python-matplotlib  python-pip
sudo apt-get install python-sympy python-suds python-xlrd
sudo apt-get install python-xlwt python-h5py
sudo apt-get install python-wxgtk2.8 python-qt4
sudo apt-get install ipython ipython-notebook








libSBML

Installing libSBML is now easy using Pip:

sudo apt-get install libxml2 libxml2-dev
sudo apt-get install zlib1g zlib1g-dev
sudo apt-get install bzip2 libbz2-dev

sudo pip install python-libsbml








glpk/python-glpk

GLPK needs to be version 4.47 to work with glpk-0.3:

sudo apt-get install libgmp-dev





cd GLPK source (e.g. glpk-4.47):

./configure --with-gmp
make
make check
sudo make install
sudo ldconfig





cd to python-glpk source (glpk-0.3):

make
sudo make install








CBMPy

Finally, install CBMPy:

python setup.py build sdist
sudo python setup.py install








Installing PyscesMarinerCBM

This will install PySCeS Mariner that adds SOAP web-services
capability to CBMPy. First unpack pyscesmariner-0.7.7.zip and install
the cherrypy webserver:

sudo apt-get install python-cherrypy








Install soaplib

cd <pysces_cbm_mariner>/misc:

tar -xf soaplib-0.8.1.tar.gz
cd soaplib-0.8.1
python setup.py build sdist
sudo python setup.py install








Install Mariner

cd <pysces_cbm_mariner> and set mariner configuration (not needed for Ubuntu, Windows or if the server does not read SBML):

sudo nano /usr/local/lib/python2.7/dist-packages/pyscesmariner/MarinerConfig.py
PATH_LIBSBMLTHREAD = '/usr/local/lib/python2.7/dist-packages/pyscesmariner/libSBMLthread.pyc'
PATH_LIBSBML_CONVERTTHREAD = '/usr/local/lib/python2.7/dist-packages/pyscesmariner/libSBMLConvertThread.py'





cd to <pysces_cbm_mariner>:

python setup.py build sdist
sudo python setup.py install








Test installation

Open a new terminal window:

# cd <pysces_cbm_mariner>/demo
python cbm_server_demo.py





Open another terminal and run the client demo:

python cbm_client_demo.py





Kill the server by closing the terminal window.




Python3

Not all dependencies are available for Python3:

sudo apt-get install python3-dev python3-numpy python3-scipy
sudo apt-get install python3-matplotlib  python3-pip
sudo apt-get install python3-xlrd python3-h5py

# need to find out what is going on with Python3 and xlwt suds
# easy_install3 sympy ???
# wxPython and PyQt4 not in Ubuntu P3 builds yet

sudo apt-get install ipython3 ipython3-notebook

sudo apt-get install libxml2 libxml2-dev
sudo apt-get install zlib1g zlib1g-dev
sudo apt-get install bzip2 libbz2-dev

sudo pip3 install python-libsbml

sudo apt-get install python-qt4 python-qt4-dev python-sip
sudo apt-get install python-sip-dev build-essential










Apple Macintosh: OS X

Installation is similar to Linux except packages are installed using distutils and pip. The first step is to install the Mac development tools xcode

Install Python packages:

sudo easy_install numpy ipython scipy matplotlib
sudo easy_install xlrd xlwt sympy suds pyparsing pip





Use pip to install advanced Ipython and libsbml:

sudo pip install ipython[notebook]
ARCHFLAGS=-Wno-error=unused-command-line-argument-hard-error-in-future  pip install python-libsbml





For solvers, either install your own copy of CPLEX or build PyGLPK which requires building both the GMP and GLPK libraries.

GMP (https://gmplib.org/):

download gmp
./configure --prefix=/usr/local
make
make check
sudo make install





GLPK  (http://sourceforge.net/projects/cbmpy/files/tools/glpk):

download glpk-4.47.tar.gz
./configure --prefix=/usr/local --with-gmp
make
sudo make install





PyGLPK (http://sourceforge.net/projects/cbmpy/files/tools/glpk):

download python-glpk-0.3
python setup.py build
sudo python setup.py install








Installing PySCeS-CBM Mariner (Microsoft Windows and Linux)

The PySCeS Mariner module exposes the CBMPy functionality as SOAP
web services (e.g. as a backend to FAME (http://F-A-M-E.org)). It is available for download from SourceForge:


	PySCeS-CBM Mariner: http://sourceforge.net/projects/cbmpy/files/release/pysces_mariner/




Dependencies: CherryPy, libXML and SOAPlib

PySCeS-CBM Mariner requires (pure python) soaplib 0.8.1 (supplied with it) or
downloadable from:

https//sourceforge.net/projects/cbmpy/files/tools/soaplib/





Soaplib itself has two dependencies which should be installed first:


	LXML (http://lxml.de)
	Windows: install with easy_install lxml

	Linux (Ubuntu) use sudo apt-get install python-lxml





	CherryPy (http://www.cherrypy.org)
	Windows: install with easy_install cherrypy

	Linux (Ubuntu) use sudo apt-get install python-cherrypy





	SOAPLIB 0.8.1:
	Windows: Execute soaplib-0.8.1.win32.exe

	Linux: Unpack the zip archive and run sudo python setup.py install







Test installation:


	Open a terminal

	Execute “ipython”

	Execute “import cherrypy, lxml, soaplib” no errors or warnings should be generated

	Exit ipython with CTRL-D

	change directory to supplied soaplib tests e.g. “cd e:\cbmpy\tests\soaplib”

	Execute “python binary_test.py”

	Execute “python primitive_test.py”



All tests should pass.




PySCeS-CBM Mariner (http://cbmpy.sourceforge.net)

Download and install the latest version (0.7.4 or newer is required for CBMPy 0.7+):


	Windows: Execute pyscesmariner-0.7.7.zip

	Linux: unpack the archive and run sudo python setup.py install



To test installation, on Linux execute the commands in run_server.bat from the terminal directly.


	Open two terminals and in both

	Change directory to supplied PySCeS-CBM Mariner tests e.g. cd e:\\cbmpy\\tests\\pyscesmariner

	In terminal one Execute run_server.bat



Which should now display:

E:\\cbmpy\\tests\\pyscesmariner>python cbm_server_demo.py
Mariner using E:\\cbmpy\\tests\\pyscesmariner as a working directory
Mariner server name: 10.0.2.15
Mariner using port: 31313

Welcome to the PySCeS Constraint Based Modelling Toolkit (0.7.0)

<snipped>

Multiple Environment Module (0.6.2 [r1147])

PySCeSCBM/Mariner initialising ... this console is now blocked





In terminal two:


	Execute python cbm_client_demo.py



This should end without errors and display done. Congratulations
you have successfully installed CBMPy and PySCeS-CBM Mariner!
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Introduction

PySCeS CBMPy is a new platform for constraint based modelling and analysis. It has been designed using principles
developed in the PySCeS simulation software project: usability, flexibility and accessibility. Its architecture
is both extensible and flexible using data structures that are intuitive to the biologist (metabolites, reactions, compartments)
while transparently translating these into the underlying mathematical structures used in advanced analysis (LP’s, MILP’s).

PySCeS CBMPy implements popular analyses such as FBA, FVA, element/charge balancing, network analysis and model editing as
well as advanced methods developed specifically for the ecosystem modelling: minimal distance methods, flux minimization and input selection.

To cater for a diverse range of modelling needs PySCeS CBMPy supports user interaction via:


	interactive console, scripting for advanced use or as a library for software development

	GUI, for quick access to a visual representation of the model, analysis methods and annotation tools

	SOAP based web services: using the Mariner framework much high level functionality is exposed for integration into web tools



For more information on the development and use of PySCeS CBMPy visit the website (http:cbmpy.sourceforge.net) for up to date information and
feel free to contact the development team (bgoli@users.sourceforge.net).
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CBMPy Module Reference


CBMPy: CBCommon module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBCommon.py 346 2015-08-03 14:09:32Z bgoli $)


	
class pyscescbm.CBCommon.ComboGen[source]

	Generate sets of unique combinations






	
pyscescbm.CBCommon.checkChemFormula(cf, quiet=False)[source]

	Checks whether a string conforms to a Chemical Formula C3Br5 etc, returns True/False. Please see the SBML
Level 3 specification and http://wikipedia.org/wiki/Hill_system for more information.



	cf a string that contains a formula to check

	quiet [default=False] do not print error messages











	
pyscescbm.CBCommon.checkId(s)[source]

	Checks the validity of the string to see if it conforms to a C variable. Returns true/false


	s a string








	
pyscescbm.CBCommon.extractGeneIdsFromString(g)[source]

	Extract and return a list of gene names from a gene association string formulation


	g a COBRA style gene association string








	
pyscescbm.CBCommon.fixId(s, replace=None)[source]

	Checks a string (Sid) to see if it is a valid C style variable. first letter must be an underscore or letter,
the rest should be alphanumeric or underscore.


	s the string to test

	replace [None] default is to leave out offensive character, otherwise replace with this one








	
pyscescbm.CBCommon.parseGeneAssociation(gs)[source]

	Parse a COBRA style gene association into a nested list.



	gs a string containing a gene association











	
pyscescbm.CBCommon.processSpeciesChargeChemFormulaAnnot(s, getFromName=False, overwriteChemFormula=False, overwriteCharge=False)[source]

	Disambiguate the chemical formula from either the Notes or the overloaded name



	s a species object

	getFromName [default=False] whether to try strip the chemical formula from the name (old COBRA style)

	overwriteChemFormula [default=False]

	overwriteCharge [default=False]













CBMPy: CBConfig module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBConfig.py 346 2015-08-03 14:09:32Z bgoli $)


	
pyscescbm.CBConfig.current_version()[source]

	Return the current CBMPy version as a string






	
pyscescbm.CBConfig.current_version_tuple()[source]

	Return the current CBMPy version as a tuple (x, y , z)








CBMPy: CBCPLEX module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBCPLEX.py 346 2015-08-03 14:09:32Z bgoli $)


	
pyscescbm.CBCPLEX.cplx_FluxVariabilityAnalysis(fba, selected_reactions=None, pre_opt=True, tol=None, objF2constr=True, rhs_sense='lower', optPercentage=100.0, work_dir=None, quiet=True, debug=False, oldlpgen=False, markupmodel=True, default_on_fail=False, roundoff_span=10, method='o')[source]

	Perform a flux variability analysis on an fba model:



	fba an FBA model object

	selected reactions [default=None] means use all reactions otherwise use the reactions listed here

	pre_opt [default=True] attempt to presolve the FBA and report its results in the ouput, if this is disabled and objF2constr is True then the rid/value of the current active objective is used

	tol  [default=None] do not floor/ceiling the objective function constraint, otherwise round of to tol

	rhs_sense [default=’lower’] means objC >= objVal the inequality to use for the objective constraint can also be upper or equal

	optPercentage [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value*(optPercentage/100.0)

	work_dir [default=None] the FVA working directory for temporary files default = cwd+fva

	debug [default=False] if True write out all the intermediate FVA LP’s into work_dir

	quiet [default=False] if enabled, supress CPLEX output

	objF2constr [default=True] add the model objective function as a constraint using rhs_sense etc. If
this is True with pre_opt=False then the id/value of the active objective is used to form the constraint

	markupmodel [default=True] add the values returned by the fva to the reaction.fva_min and reaction.fva_max

	default_on_fail [default=False] if pre_opt is enabled replace a failed minimum/maximum with the solution value

	roundoff_span [default=10] number of digits is round off (not individual min/max values)

	method [default=’o’] choose the CPLEX method to use for solution, default is automatic. See CPLEX reference manual for details
	‘o’: auto

	‘p’: primal

	‘d’: dual

	‘b’: barrier (no crossover)

	‘h’: barrier

	‘s’: sifting

	‘c’: concurrent










Returns an array with columns: Reaction, Reduced Costs, Variability Min, Variability Max, abs(Max-Min), MinStatus, MaxStatus and a list containing the row names.






	
pyscescbm.CBCPLEX.cplx_MinimizeNumActiveFluxes(fba, selected_reactions=None, pre_opt=True, tol=None, objF2constr=True, rhs_sense='lower', optPercentage=100.0, work_dir=None, quiet=False, debug=False, objective_coefficients=None, return_lp_obj=False, populate=None, oldlpgen=False)[source]

	Minimize the sum of active fluxes, updates the model with the values of the solution and returns the value
of the MILP objective function (not the model objective function which remains unchanged). If population mode is activated
output is as described below:



	Min: sum(Bi)

	Bi = 0 -> Ci Ji = 0

	Such that:

	NJi = 0
Jbio = opt

	where:

	Binary Bi






Arguments:



	fba an FBA model object

	selected reactions [default=None] means use all reactions otherwise use the reactions listed here

	pre_opt [default=True] attempt to presolve the FBA and report its results in the ouput, if this is diabled and objF2constr is True then the vid/value of the current active objective is used

	tol  [default=None] do not floor/ceiling the objective function constraint, otherwise round of to tol

	rhs_sense [default=’lower’] means objC >= objVal the inequality to use for the objective constraint can also be upper or equal
Note this does not necessarily mean the upper or lower bound, although practically it will. If in doubt use equal

	optPercentage [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value * (optPercentage/100.0)

	work_dir [default=None] the MSAF working directory for temporary files default = cwd+fva

	debug [default=False] if True write out all the intermediate MSAF LP’s into work_dir

	quiet [default=False] if enabled supress CPLEX output

	objF2constr [default=True] add the model objective function as a constraint using rhs_sense etc. If
this is True with pre_opt=False then the id/value of the active objective is used to form the constraint

	objective_coefficients [default=None] a dictionary of (reaction_id : float) pairs that provide the are introduced as objective coefficients to the absolute flux value. Note that the default value of the coefficient (non-specified) is +1.

	return_lp_obj [default=False] off by default when enabled it returns the CPLEX LP object

	populate [default=None] enable search algorithm to find multiple (sub)optimal solutions. Set with a tuple of (RELGAP=0.0, POPULATE_LIMIT=20, TIME_LIMIT=300) suggested values only.
- RELGAP [default=0.0] relative gap to optimal solution
- POPULATE_LIMIT [default=20] terminate when so many solutions have been found
- TIME_LIMIT [default=300] terminate search after so many seconds important with higher values of POPULATION_LIMIT

	with_reduced_costs [default=’uncsaled’] can be ‘scaled’, ‘unscaled’ or anything else which is None






With outputs:



	mincnt the objective function value OR

	mincnt, cpx the objective function and cplex model OR

	populate_data, mincnt a population data set OR

	populate_data, mincnt, cpx both the cps object and population data set






depending on selected flags.






	
pyscescbm.CBCPLEX.cplx_MinimizeSumOfAbsFluxes(fba, selected_reactions=None, pre_opt=True, tol=None, objF2constr=True, rhs_sense='lower', optPercentage=100.0, work_dir=None, quiet=False, debug=False, objective_coefficients=None, return_lp_obj=False, oldlpgen=False, with_reduced_costs=None, method='o')[source]

	Minimize the sum of absolute fluxes sum(abs(J1) + abs(J2) + abs(J3) ... abs(Jn)) by adding two constraints per flux
and a variable representing the absolute value:



	Min: Ci abs_Ji

	Ji - abs_Ji <= 0
Ji + abs_Ji >= 0

	Such that:

	NJi = 0
Jopt = opt






returns the value of the flux minimization objective function (not the model objective function which remains unchanged from)

Arguments:



	fba an FBA model object

	selected reactions [default=None] means use all reactions otherwise use the reactions listed here

	pre_opt [default=True] attempt to presolve the FBA and report its results in the ouput, if this is disabled and objF2constr is True then the vid/value of the current active objective is used

	tol  [default=None] do not floor/ceiling the objective function constraint, otherwise round of to tol

	rhs_sense [default=’lower’] means objC >= objVal the inequality to use for the objective constraint can also be upper or equal

	optPercentage [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value*(optPercentage/100.0)

	work_dir [default=None] the MSAF working directory for temporary files default = cwd+fva

	debug [default=False] if True write out all the intermediate MSAF LP’s into work_dir

	quiet [default=False] if enabled supress CPLEX output

	objF2constr [default=True] add the model objective function as a constraint using rhs_sense etc. If
this is True with pre_opt=False then the id/value of the active objective is used to form the constraint

	objective_coefficients [default=None] a dictionary of (reaction_id : float) pairs that provide the are introduced as objective coefficients to the absolute flux value. Note that the default value of the coefficient (non-specified) is +1.

	return_lp_obj [default=False] off by default when enabled it returns the CPLEX LP object

	with_reduced_costs [default=None] if not None should be ‘scaled’ or ‘unscaled’

	method [default=’o’] choose the CPLEX method to use for solution, default is automatic. See CPLEX reference manual for details
	‘o’: auto

	‘p’: primal

	‘d’: dual

	‘b’: barrier (no crossover)

	‘h’: barrier

	‘s’: sifting

	‘c’: concurrent










With outputs:



	fba an update instance of a CBModel. Note that the FBA model objective function value is the original value set as a constraint











	
pyscescbm.CBCPLEX.cplx_MultiFluxVariabilityAnalysis(lp, selected_reactions=None, tol=1e-10, rhs_sense='lower', optPercentage=100.0, work_dir=None, debug=False)[source]

	Perform a flux variability analysis on a multistate LP



	lp a multistate LP

	selected reactions [default=None] means use all reactions otherwise use the reactions listed here

	pre_opt [default=True] attempt to presolve the FBA and report its results in the ouput

	tol  [default=1e-10] do floor/ceiling the objective function constraint, otherwise floor/ceil to tol

	rhs_sense [default=’lower’] means objC >= objVal the inequality to use for the objective constraint can also be upper or equal

	optPercentage [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value*(optPercentage/100.0)

	work_dir [default=None] the FVA working directory for temporary files default = cwd+fva

	debug [default=False] if True write out all the intermediate FVA LP’s into work_dir

	bypass [default=False] bypass everything and only run the min/max on lp






and returns an array with columns:

Reaction, Reduced Costs, Variability Min, Variability Max, abs(Max-Min), MinStatus, MaxStatus





and a list containing the row names.






	
pyscescbm.CBCPLEX.cplx_SolveMILP(c, auto_mipgap=False)[source]

	Solve and MILP



	auto_mipgap auto decrease mipgap until mipgap == absmipgap











	
pyscescbm.CBCPLEX.cplx_WriteFVAtoCSV(pid, fva, names, Dir=None, fbaObj=None)[source]

	Takes the resuls of a FluxVariabilityAnalysis method and writes it to a nice
csv file. Note this method has been refactored to CBWrite.WriteFVAtoCSV().



	pid filename_base for the CSV output

	fva FluxVariabilityAnalysis() OUTPUT_ARRAY

	names FluxVariabilityAnalysis() OUTPUT_NAMES

	Dir [default=None] if set the output directory for the csv files

	fbaObj [default=None] if supplied adds extra model information into the output tables











	
pyscescbm.CBCPLEX.cplx_analyzeModel(f, lpFname=None, return_lp_obj=False, with_reduced_costs='unscaled', with_sensitivity=False, del_intermediate=False, build_n=True, quiet=False, oldlpgen=False, method='o')[source]

	Optimize a model and add the result of the optimization to the model object
(e.g. reaction.value, objectiveFunction.value). The stoichiometric
matrix is automatically generated. This is a common function available
in all solver interfaces. By default returns the objective function value



	f an instantiated PySCeSCBM model object

	lpFname [default=None] the name of the intermediate LP file. If not specified no LP file is produced

	return_lp_obj [default=False] off by default when enabled it returns the CPLEX LP object

	with_reduced_costs [default=’unscaled’] calculate and add reduced cost information to mode this can be: ‘unscaled’ or ‘scaled’
or anything else which is interpreted as ‘None’. Scaled means s_rcost = (r.reduced_cost*rval)/obj_value

	with_sensitivity [default=False] add solution sensitivity information (not yet implemented)

	del_intermediate [default=False] redundant except if output file is produced and deleted (not useful)

	build_n [default=True] generate stoichiometry from the reaction network (reactions/reagents/species)

	quiet [default=False] suppress cplex output

	method [default=’o’] choose the CPLEX method to use for solution, default is automatic. See CPLEX reference manual for details
	‘o’: auto

	‘p’: primal

	‘d’: dual

	‘b’: barrier (no crossover)

	‘h’: barrier

	‘s’: sifting

	‘c’: concurrent















	
pyscescbm.CBCPLEX.cplx_constructLPfromFBA(fba, fname=None)[source]

	Create a CPLEX LP in memory.
- fba an FBA object
- fname optional filename if defined writes out the constructed lp






	
pyscescbm.CBCPLEX.cplx_fixConSense(operator)[source]

	Fixes the sense of inequality operators, returns corrected sense symbol


	operator the operator to check








	
pyscescbm.CBCPLEX.cplx_func_GetCPXandPresolve(fba, pre_opt, objF2constr, quiet=False, oldlpgen=False, with_reduced_costs='unscaled', method='o')[source]

	This is a utility function that does a presolve for FVA, MSAF etc. Generates properly formatted
empty objects if pre_opt == False



	pre_opt a boolean

	fba a CBModel object

	objF2constr add objective function as constraint

	quiet [default=False] supress cplex output

	with_reduced_costs [default=’unscaled’] can be ‘scaled’ or ‘unscaled’

	method [default=’o’] choose the CPLEX method to use for solution, default is automatic. See CPLEX reference manual for details
	‘o’: auto

	‘p’: primal

	‘d’: dual

	‘b’: barrier (no crossover)

	‘h’: barrier

	‘s’: sifting

	‘c’: concurrent










Returns: pre_sol, pre_oid, pre_oval, OPTIMAL_PRESOLUTION, REDUCED_COSTS






	
pyscescbm.CBCPLEX.cplx_func_SetObjectiveFunctionAsConstraint(cpx, rhs_sense, oval, tol, optPercentage)[source]

	
	Take the objective function and “optimum” value and add it as a constraint

	
	cpx a cplex object

	oval the objective value

	tol  [default=None] do not floor/ceiling the objective function constraint, otherwise round of to tol

	rhs_sense [default=’lower’] means objC >= objVal the inequality to use for the objective constraint can also be upper or equal

	optPercentage [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value*(optPercentage/100.0)












	
pyscescbm.CBCPLEX.cplx_getCPLEXModelFromLP(lptFile, Dir=None)[source]

	Load a LPT (CPLEX format) file and return a CPLX LP model



	lptfile an CPLEX LP format file

	Dir an optional directory











	
pyscescbm.CBCPLEX.cplx_getDualValues(c)[source]

	Get the get the dual values of the solution



	c a CPLEX LP






Output is a dictionary of {name : value} pairs






	
pyscescbm.CBCPLEX.cplx_getModelFromLP(lptFile, Dir=None)[source]

	Load a LPT (CPLEX format) file and return a CPLX LP model



	lptfile an CPLEX LP format file

	Dir an optional directory











	
pyscescbm.CBCPLEX.cplx_getModelFromObj(fba)[source]

	Return a CPLEX object from a FBA model object (via LP file)






	
pyscescbm.CBCPLEX.cplx_getOptimalSolution(c)[source]

	From a CPLX model extract a tuple of solution, ObjFuncName and ObjFuncVal






	
pyscescbm.CBCPLEX.cplx_getOptimalSolution2(c, names)[source]

	From a CPLX model extract a tuple of solution, ObjFuncName and ObjFuncVal






	
pyscescbm.CBCPLEX.cplx_getReducedCosts(c, scaled=False)[source]

	Extract ReducedCosts from LP and return as a dictionary ‘Rid’ : reduced cost



	c a cplex LP object

	scaled scale the reduced cost by the optimal flux value











	
pyscescbm.CBCPLEX.cplx_getSensitivities(c)[source]

	Get the sensitivities of each constraint on the objective function with inpt



	c a CPLEX LP






Output is a tuple of bound and objective sensitivities where the objective
sensitivity is described in the CPLEX reference manual as:

... the objective sensitivity shows each variable, its reduced cost and the range over
which its objective function coefficient can vary without forcing a change
in the optimal basis. The current value of each objective coefficient is
also displayed for reference.

- *objective coefficient sensitivity* {flux : (reduced_cost, lower_obj_sensitivity, coeff_value, upper_obj_sensitivity)}
- *rhs sensitivity* {constraint : (low, value, high)}
- *bound sensitivity ranges* {flux : (lb_low, lb_high, ub_low, ub_high)}










	
pyscescbm.CBCPLEX.cplx_getShadowPrices(c)[source]

	Returns a dictionary of shadow prices containing ‘Rid’ : (lb, rhs, ub)



	c a cplex LP object











	
pyscescbm.CBCPLEX.cplx_getSolutionStatus(c)[source]

	Returns one of:



	LPS_OPT: solution is optimal;

	LPS_FEAS: solution is feasible;

	LPS_INFEAS: solution is infeasible;

	LPS_NOFEAS: problem has no feasible solution;

	LPS_UNBND: problem has unbounded solution;

	LPS_UNDEF: solution is undefined.

	LPS_NONE: no solution











	
pyscescbm.CBCPLEX.cplx_runInputScan(fba, exDict, wDir, input_lb=-10.0, input_ub=0.0, writeHformat=False, rationalLPout=False)[source]

	scans all inputs






	
pyscescbm.CBCPLEX.cplx_setFBAsolutionToModel(fba, lp, with_reduced_costs='unscaled')[source]

	Sets the FBA solution from a CPLEX solution to an FBA object



	fba and fba object

	lp a CPLEX LP object

	with_reduced_costs [default=’unscaled’] calculate and add reduced cost information to mode this can be: ‘unscaled’ or ‘scaled’
or anything else which is interpreted as None. Scaled is: s_rcost = (r.reduced_cost*rval)/obj_value











	
pyscescbm.CBCPLEX.cplx_setMIPGapTolerance(c, tol)[source]

	Sets the the relative MIP gap tolerance






	
pyscescbm.CBCPLEX.cplx_setObjective(c, pid, expr=None, sense='maximize', reset=True)[source]

	Set a new objective function note that there is a major memory leak in
c.variables.get_names() whch is used when reset=True. If this is a problem
use cplx_setObjective2 which takes names as an input:



	c a CPLEX LP object

	pid the r_id of the flux to be optimized

	expr a list of (coefficient, flux) pairs

	sense ‘maximize’/’minimize’

	reset [default=True] reset all objective function coefficients to zero











	
pyscescbm.CBCPLEX.cplx_setObjective2(c, pid, names, expr=None, sense='maximize', reset=True)[source]

	Set a new objective function. This is a workaround function to avoid the
e is a major memory leak in c.variables.get_names() whch is used
in cplx_setObjective()  when reset=True.






	
pyscescbm.CBCPLEX.cplx_setOutputStreams(lp, mode='default')[source]

	Sets the noise level of the solver, mode can be one of:



	None silent i.e. no output

	‘file’ set solver to silent and output logs to CPLX_RESULT_STREAM_FILE cplex_output.log

	‘iostream’ set solver to silent and output logs to CPLX_RESULT_STREAM_IO csio

	‘default’ or anything else noisy with full output closes STREAM_IO and STREAM_FILE (default)











	
pyscescbm.CBCPLEX.cplx_singleGeneScan(fba, r_off_low=0.0, r_off_upp=0.0, optrnd=8, altout=False)[source]

	Perform a single gene deletion scan



	fba a model object

	r_off_low the lower bound of a deactivated reaction

	r_off_upp the upper bound of a deactivated reaction

	optrnd [default=8] round off the optimal value

	altout [default=False] by default return a list of gene:opt pairs, alternatively (True) return an extended result set including gene groups, optima and effect map











	
pyscescbm.CBCPLEX.cplx_writeLPsolution(fba_sol, objf_name, fname, Dir=None, separator=', ')[source]

	This function writes the optimal solution, produced wth cplx_getOptimalSolution to file



	fba_sol a dictionary of Flux : value pairs

	objf_name the objective function flux id

	fname the output filename

	Dir [default=None] use directory if not None

	separator [default=’,’] the column separator











	
pyscescbm.CBCPLEX.cplx_writeLPtoLPTfile(c, filename, title=None, Dir=None)[source]

	Write out a CPLEX model as an LP format file






	
pyscescbm.CBCPLEX.getReducedCosts(fba)[source]

	Get a dictionary of reduced costs for each reaction/flux






	
pyscescbm.CBCPLEX.setReducedCosts(fba, reduced_costs)[source]

	For each reaction/flux, sets the attribute “reduced_cost” from a dictionary of
reduced costs



	fba an fba object

	reduced_costs a dictionary of {reaction : value} pairs













CBMPy: CBDataStruct module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBDataStruct.py 331 2015-07-01 14:36:41Z bgoli $)


	
class pyscescbm.CBDataStruct.MIRIAMannotation[source]

	The MIRIAMannotation class MIRIAM annotations: Biological Qualifiers


	
addIDorgURI(qual, uri)[source]

	Add a URI directly into a qualifier collection:



	qual a Biomodels biological qualifier e.g. “is” “isEncodedBy”

	uri the complete identifiers.org uri e.g. http://identifiers.org/chebi/CHEBI:58088











	
addMIRIAMannotation(qual, entity, mid)[source]

	Add a qualified MIRIAM annotation or entity:



	qual a Biomodels biological qualifier e.g. “is” “isEncodedBy”

	entity a MIRIAM resource entity e.g. “ChEBI”

	mid the entity id e.g. CHEBI:17158











	
checkEntity(entity)[source]

	Check an entity entry, this is a MIRIAM resource name: “chEBI”. The test is case insensitive and will correct the case
of wrongly capitalised entities automatically. If the entity is not recognised then a list of possible candidates
based on the first letters of the input is displayed.


	entity a MIRIAM resource entity e.g. “ChEBI”








	
checkEntityPattern(entity)[source]

	For an entity key compile the pattern to a regex, if necessary.



	entity a MIRIAM resource entity











	
checkId(entity, mid)[source]

	Check that a entity id e.g. CHEBI:17158



	mid the entity id e.g. CHEBI:17158











	
deleteMIRIAMannotation(qual, entity, mid)[source]

	Deletes a qualified MIRIAM annotation or entity:



	qual a Biomodels biological qualifier e.g. “is” “isEncodedBy”

	entity a MIRIAM resource entity e.g. “ChEBI”

	mid the entity id e.g. CHEBI:17158











	
getAllMIRIAMUris()[source]

	Return a dictionary of qualifiers that contain ID.org URL’S






	
getAndViewUrisForQualifier(qual)[source]

	Retrieve all url’s associated with qualifier and attempt to open them all in a new browser tab



	qual the qualifier e.g. “is” or “isEncoded”











	
getMIRIAMUrisForQualifier(qual)[source]

	Return all list of urls associated with qualifier:



	qual the qualifier e.g. “is” or “isEncoded”











	
viewURL(url)[source]

	This will try to open the URL in a new tab of the default webbrowser



	url the url















	
class pyscescbm.CBDataStruct.StructMatrix(array, ridx, cidx, row=None, col=None)[source]

	This class is specifically designed to store structural matrix information
give it an array and row/col index permutations it can generate its own
row/col labels given the label src.


	
getColsByIdx(*args)[source]

	Return the columns referenced by index (1,3,5)






	
getColsByName(*args)[source]

	Return the columns referenced by label (‘s’,’x’,’d’)






	
getIndexes(axis='all')[source]

	Return the matrix indexes ([rows],[cols]) where axis=’row’/’col’/’all’






	
getLabels(axis='all')[source]

	Return the matrix labels ([rows],[cols]) where axis=’row’/’col’/’all’






	
getRowsByIdx(*args)[source]

	Return the rows referenced by index (1,3,5)






	
getRowsByName(*args)[source]

	Return the rows referenced by label (‘s’,’x’,’d’)






	
setCol(src)[source]

	Assuming that the col index array is a permutation (full/subset)
of a source label array by supplying that src to setCol
maps the row labels to cidx and creates self.col (col label list)






	
setRow(src)[source]

	Assuming that the row index array is a permutation (full/subset)
of a source label array by supplying that source to setRow it
maps the row labels to ridx and creates self.row (row label list)










	
class pyscescbm.CBDataStruct.StructMatrixLP(array, ridx, cidx, row=None, col=None, rhs=None, operators=None)[source]

	Adds some stuff to StructMatrix that makes it LP friendly


	
getCopy(attr_str, deep=False)[source]

	Return a copy of the attribute with name attr_str. Uses the copy module copy.copy or copy.deepcopy


	attr_str a string of the attribute name: ‘row’, ‘col’

	deep [default=False] try to do a deepcopy. Use with caution see copy module docstring for details














CBMPy: CBGLPK module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBGLPK.py 305 2015-04-23 15:18:31Z bgoli $)


	
pyscescbm.CBGLPK.getReducedCosts(fba)[source]

	Get a dictionary of reduced costs for each reaction/flux






	
pyscescbm.CBGLPK.glpk_FluxVariabilityAnalysis(fba, selected_reactions=None, pre_opt=True, tol=None, objF2constr=True, rhs_sense='lower', optPercentage=100.0, work_dir=None, quiet=True, debug=False, oldlpgen=False, markupmodel=True, default_on_fail=False, roundoff_span=10, method='s')[source]

	Perform a flux variability analysis on an fba model:



	fba an FBA model object

	selected reactions [default=None] means use all reactions otherwise use the reactions listed here

	pre_opt [default=True] attempt to presolve the FBA and report its results in the ouput, if this is disabled and objF2constr is True then the vid/value of the current active objective is used

	tol  [default=None] do not floor/ceiling the objective function constraint, otherwise round of to tol

	rhs_sense [default=’lower’] means objC >= objVal the inequality to use for the objective constraint can also be upper or equal

	optPercentage [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value*(optPercentage/100.0)

	work_dir [default=None] the FVA working directory for temporary files default = cwd+fva

	debug [default=False] if True write out all the intermediate FVA LP’s into work_dir

	quiet [default=False] if enabled supress CPLEX output

	objF2constr [default=True] add the model objective function as a constraint using rhs_sense etc. If
this is True with pre_opt=False then the id/value of the active objective is used to form the constraint

	markupmodel [default=True] add the values returned by the fva to the reaction.fva_min and reaction.fva_max

	default_on_fail [default=False] if pre_opt is enabled replace a failed minimum/maximum with the solution value

	roundoff_span [default=10] number of digits is round off (not individual min/max values)

	method [default=’s’] select the GLPK solver method, see the GLPK documentation for details
	‘s’: simplex

	‘i’: interior

	‘e’: exact










Returns an array with columns Reaction, Reduced Costs, Variability Min, Variability Max, abs(Max-Min), MinStatus, MaxStatus and a list containing the row names.






	
pyscescbm.CBGLPK.glpk_MinimizeSumOfAbsFluxes(fba, selected_reactions=None, pre_opt=True, tol=None, objF2constr=True, rhs_sense='lower', optPercentage=100.0, work_dir=None, quiet=False, debug=False, objective_coefficients={}, return_lp_obj=False, oldlpgen=False, with_reduced_costs=None, method='s')[source]

	Minimize the sum of absolute fluxes sum(abs(J1) + abs(J2) + abs(J3) ... abs(Jn)) by adding two constraints per flux
and a variable representing the absolute value:



	Min: Ci abs_Ji

	Ji - abs_Ji <= 0
Ji + abs_Ji >= 0

	Such that:

	NJi = 0
Jopt = opt






returns the value of the flux minimization objective function (not the model objective function which remains unchanged from)

Arguments:



	fba an FBA model object

	selected reactions [default=None] means use all reactions otherwise use the reactions listed here

	pre_opt [default=True] attempt to presolve the FBA and report its results in the ouput, if this is disabled and objF2constr is True then the vid/value of the current active objective is used

	tol  [default=None] do not floor/ceiling the objective function constraint, otherwise round of to tol

	rhs_sense [default=’lower’] means objC >= objVal the inequality to use for the objective constraint can also be upper or equal

	optPercentage [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value*(optPercentage/100.0)

	work_dir [default=None] the MSAF working directory for temporary files default = cwd+fva

	debug [default=False] if True write out all the intermediate MSAF LP’s into work_dir

	quiet [default=False] if enabled supress CPLEX output

	objF2constr [default=True] add the model objective function as a constraint using rhs_sense etc. If
this is True with pre_opt=False then the id/value of the active objective is used to form the constraint

	objective_coefficients [default={}] a dictionary of (reaction_id : float) pairs that provide the are introduced as objective coefficients to the absolute flux value. Note that the default value of the coefficient (non-specified) is +1.

	return_lp_obj [default=False] off by default when enabled it returns the CPLEX LP object

	with_reduced_costs [default=None] if not None should be ‘scaled’ or ‘unscaled’

	method [default=’s’] select the GLPK solver method, see the GLPK documentation for details
	‘s’: simplex

	‘i’: interior

	‘e’: exact










With outputs:



	fba an update instance of a CBModel. Note that the FBA model objective function value is the original value set as a constraint











	
pyscescbm.CBGLPK.glpk_Solve(lp, method='s')[source]

	Solve the LP and create a status attribute with the solution status



	method [default=’s’] ‘s’ = simplex, ‘i’ = interior, ‘e’ = exact






GLPK solver options can be set in the dictionary GLPK_CFG






	
pyscescbm.CBGLPK.glpk_analyzeModel(f, lpFname=None, return_lp_obj=False, with_reduced_costs='unscaled', with_sensitivity=False, del_intermediate=False, build_n=True, quiet=False, oldlpgen=False, method='s')[source]

	Optimize a model and add the result of the optimization to the model object
(e.g. reaction.value, objectiveFunction.value). The stoichiometric
matrix is automatically generated. This is a common function available in all
solver interfaces. By default returns the objective function value



	f an instantiated PySCeSCBM model object

	lpFname [default=None] the name of the intermediate LP file saved when this has a string value.

	return_lp_obj [default=False] off by default when enabled it returns the PyGLPK LP object

	with_reduced_costs [default=’unscaled’] calculate and add reduced cost information to mode this can be: ‘unscaled’ or ‘scaled’
or anything else which is interpreted as ‘None’. Scaled means s_rcost = (r.reduced_cost*rval)/obj_value

	with_sensitivity [default=False] add solution sensitivity information (not yet implemented)

	del_intermediate [default=False] delete the intermediary files after updating model object, useful for server applications

	build_n [default=True] generate stoichiometry from the reaction network (reactions/reagents/species)

	quiet [default=False] suppress glpk output

	method [default=’s’] select the GLPK solver method, see the GLPK documentation for details
	‘s’: simplex

	‘i’: interior

	‘e’: exact















	
pyscescbm.CBGLPK.glpk_constructLPfromFBA(fba, fname=None)[source]

	Create a GLPK LP in memory.
- fba an FBA object
- fname optional filename if defined writes out the constructed lp






	
pyscescbm.CBGLPK.glpk_func_GetCPXandPresolve(fba, pre_opt, objF2constr, quiet=False, oldlpgen=True, with_reduced_costs='unscaled', method='s')[source]

	This is a utility function that does a presolve for FVA, MSAF etc. Generates properly formatted
empty objects if pre_opt == False



	pre_opt a boolean

	fba a CBModel object

	objF2constr add objective function as constraint

	quiet [default=False] supress cplex output

	with_reduced_costs [default=’unscaled’] can be ‘scaled’ or ‘unscaled’

	method [default=’s’] select the GLPK solver method, see the GLPK documentation for details
	‘s’: simplex

	‘i’: interior

	‘e’: exact










Returns: pre_sol, pre_oid, pre_oval, OPTIMAL_PRESOLUTION, REDUCED_COSTS






	
pyscescbm.CBGLPK.glpk_func_SetObjectiveFunctionAsConstraint(cpx, rhs_sense, oval, tol, optPercentage)[source]

	
	Take the objective function and “optimum” value and add it as a constraint

	
	cpx a cplex object

	oval the objective value

	tol  [default=None] do not floor/ceiling the objective function constraint, otherwise round of to tol

	rhs_sense [default=’lower’] means objC >= objVal the inequality to use for the objective constraint can also be upper or equal

	optPercentage [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value*(optPercentage/100.0)












	
pyscescbm.CBGLPK.glpk_getOptimalSolution(c)[source]

	From a GLPK model extract a tuple of solution, ObjFuncName and ObjFuncVal






	
pyscescbm.CBGLPK.glpk_getReducedCosts(c, scaled=False)[source]

	Extract ReducedCosts from LP and return as a dictionary ‘Rid’ : reduced cost



	c a GLPK LP object

	scaled scale the reduced cost by the optimal flux value











	
pyscescbm.CBGLPK.glpk_getSolutionStatus(lp)[source]

	Returns one of:



	LPS_OPT: solution is optimal;

	LPS_FEAS: solution is feasible;

	LPS_INFEAS: solution is infeasible;

	LPS_NOFEAS: problem has no feasible solution;

	LPS_UNBND: problem has unbounded solution;

	LPS_UNDEF: solution is undefined.











	
pyscescbm.CBGLPK.glpk_setFBAsolutionToModel(fba, lp, with_reduced_costs='unscaled')[source]

	Sets the FBA solution from a CPLEX solution to an FBA object



	fba and fba object

	lp a CPLEX LP object

	with_reduced_costs [default=’unscaled’] calculate and add reduced cost information to mode this can be: ‘unscaled’ or ‘scaled’
or anything else which is interpreted as None. Scaled is: s_rcost = (r.reduced_cost*rval)/obj_value











	
pyscescbm.CBGLPK.glpk_setObjective(c, oid, expr=None, sense='maximize', reset=True)[source]

	Set a new objective function note that there is a major memory leak in
c.variables.get_names() whch is used when reset=True. If this is a problem
use cplx_setObjective2 which takes names as an input:



	c a GLPK LP object

	oid the r_id of the flux to be optimized

	expr a list of (coefficient, flux) pairs

	sense ‘maximize’/’minimize’

	reset [default=True] reset all objective function coefficients to zero











	
pyscescbm.CBGLPK.glpk_setSingleConstraint(c, cid, expr=[], sense='E', rhs=0.0)[source]

	Sets a new sigle constraint to a GLPK model



	c a GLPK instance

	cid the constraint id

	expr a list of (coefficient, name) pairs

	sense [default=’G’] LGE

	rhs [default=0.0] the right hand side











	
pyscescbm.CBGLPK.glpk_writeLPtoLPTfile(c, filename, title=None, Dir=None)[source]

	Write out a GLPK model as an LP format file






	
pyscescbm.CBGLPK.setReducedCosts(fba, reduced_costs)[source]

	For each reaction/flux, sets the attribute “reduced_cost” from a dictionary of
reduced costs



	fba an fba object

	reduced_costs a dictionary of {reaction : value} pairs













CBMPy: CBGUI module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBGUI.py 305 2015-04-23 15:18:31Z bgoli $)


	
pyscescbm.CBGUI.createReaction(mod)[source]

	Load the QT4 reaction creator widget



	mod a PySCeS CBMPy model instance











	
pyscescbm.CBGUI.loadCBGUI(mod, version=2)[source]

	Load an FBA model instance into the quick editor to view or change basic model properties



	mod a PySCeS CBMPy model instance











	
pyscescbm.CBGUI.openFileName(work_dir=None)[source]

	Load the QT4 file open selection dialogue



	work_dir the optional initial directory











	
pyscescbm.CBGUI.saveFileName(work_dir=None)[source]

	Load the QT4 file save selection dialogue



	work_dir the optional initial directory













CBMPy: CBModel module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2014 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBModel.py 362 2015-08-12 16:25:49Z bgoli $)


	
class pyscescbm.CBModel.Compartment(cid, name=None, size=1, dimensions=3, volume=None)[source]

	A compartment


	
containsReactions()[source]

	Lists the species contained in this compartment






	
containsSpecies()[source]

	Lists the species contained in this compartment






	
getDimensions()[source]

	Get the compartment dimensions






	
getSize()[source]

	Get the compartment size






	
setDimensions(dimensions)[source]

	Get the compartment dimensions



	dimensions set the new compartment dimensions











	
setSize(size)[source]

	Set the compartment size



	size the new compartment size















	
class pyscescbm.CBModel.Fbase[source]

	Base class for CB Model objects


	
addMIRIAMannotation(qual, entity, mid)[source]

	Add a qualified MIRIAM annotation or entity:



	qual a Biomodels biological qualifier e.g. “is” “isEncodedBy”

	entity a MIRIAM resource entity e.g. “ChEBI”

	mid the entity id e.g. CHEBI:17158 or fully qualifies url (if only_qual_uri)











	
addMIRIAMuri(qual, uri)[source]

	Add a qualified MIRIAM annotation or entity:



	qual a Biomodels biological qualifier e.g. “is” “isEncodedBy”

	uri the fully qualified entity id e.g. http://identifiers.org/chebi/CHEBI:12345 (no validity checking is done)











	
clone()[source]

	Return a clone of this object. Cloning performs a deepcop on the object which will also clone
any objects that exist as attributes of this object, in other words an independent copy of the
original. If this is not the desired behaviour override this method when subclassing or implement
your own.






	
deleteAnnotation(key)[source]

	Unsets (deltes) an objects annotation with key



	key the annotation key











	
deleteMIRIAMannotation(qual, entity, mid)[source]

	Deletes a qualified MIRIAM annotation or entity:



	qual a Biomodels biological qualifier e.g. “is” “isEncodedBy”

	entity a MIRIAM resource entity e.g. “ChEBI”

	mid the entity id e.g. CHEBI:17158











	
getAnnotation(key)[source]

	Return the object annotation associated with:



	key the annotation key











	
getAnnotations()[source]

	Return the object annotation dictionary






	
getCompartmentId()[source]

	Return the compartment id where this element is located






	
getId()[source]

	Return the object ID.






	
getMIRIAMannotations()[source]

	Returns a dictionary of all MIRIAM annotations associated with this object
or None of there are none defined.






	
getMetaId()[source]

	Return the object metaId.






	
getName()[source]

	Return the object name.






	
getNotes()[source]

	Return the object’s notes






	
getPid()[source]

	Return the object ID.






	
getSBOterm()[source]

	Return the SBO term for this object.






	
hasAnnotation(key)[source]

	Returns a boolean representing the presence/absence of the key in the objext annotation



	key the annotation key











	
serialize(protocol=0)[source]

	Serialize object, returns a string by default



	
	protocol [default=0] serialize to a string or binary if required,

	see pickle module documentation for details

















	
serializeToDisk(filename, protocol=0)[source]

	Serialize to disk using pickle protocol:



	filename the name of the output file



	
	protocol [default=0] serialize to a string or binary if required,

	see pickle module documentation for details

















	
setAnnotation(key, value)[source]

	Set an objects annotation as a key : value pair.



	key the annotation key

	value the annotation value











	
setCompartmentId(compartment)[source]

	Set the compartment id where this element is located






	
setId(fid)[source]

	Sets the object Id



	fid a valid c variable style id string











	
setMetaId(mid=None)[source]

	Sets the object Id



	mid [default=None] a valid c variable style metaid string, if None it will be set as meta+id











	
setName(name)[source]

	Set the object name:



	name the name string











	
setNotes(notes)[source]

	Sets the object’s notes:



	notes the note string, should preferably be (X)HTML for SBML











	
setPid(fid)[source]

	Sets the object Id



	fid a valid c variable style id string











	
setSBOterm(sbo)[source]

	Set the SBO term for this object.










	
class pyscescbm.CBModel.FluxBound(fid, reaction, operation, value)[source]

	A reaction fluxbound


	
getType()[source]

	Returns the type of FluxBound: ‘lower’, ‘upper’, ‘equality’ or None






	
getValue()[source]

	Returns the current value of the attribute (input/solution)






	
setReactionId(react)[source]

	Sets the reaction attribute of the FluxBound






	
setValue(value)[source]

	Sets the attribute ‘’value’‘










	
class pyscescbm.CBModel.FluxObjective(pid, reaction, coefficient=1)[source]

	A weighted flux that appears in an objective function

NOTE: reaction is a string containing a reaction id






	
class pyscescbm.CBModel.Gene(gid, label=None, active=True)[source]

	Contains all the information about a gene (or gene+protein construct depending on your philosophy)

TODO: I will change the whole Gene/GPR structure to a dictionary data structure on the model which should simplify this all significantly.


	
getLabel()[source]

	Returns the gene label






	
isActive()[source]

	Returns whether the gene is active or not






	
resetActivity()[source]

	Reset the gene to its default activity state






	
setActive()[source]

	Set the gene to be active






	
setInactive()[source]

	Set the gene to be inactive






	
setLabel(label)[source]

	Sets the gene label










	
class pyscescbm.CBModel.GeneProteinAssociation(gpid, protein)[source]

	This class associates genes to proteins.
TODO: I will change the whole Gene/GPR structure to a dictionary data structure on the model which should simplify this all significantly.


	
addAssociation(assoc)[source]

	Add a gene/protein association expression






	
addGeneref(geneid)[source]

	Add a gene reference to the list of gene references



	geneid a valid model Gene id











	
buildEvalFunc()[source]

	Builds a function which evaluates the gene expressions and evaluates to an integer uisng
the following rules:



	True –> 1

	False –> 0

	and –> *

	or –> +











	
createAssociationAndGeneRefs(assoc, altlabels=None)[source]

	Evaluate the gene/protein association and add the genes necessary to evaluate it
Note that this GPR should be added to a model with cmod.addGPRAssociation() before calling this method



	assoc the COBRA style gene protein association

	altlabels [default=None] a dictionary containing a label<–>id mapping











	
deleteGeneref(gid)[source]

	Deletes a gene reference


	geneid a valid model Gene id








	
evalAssociation()[source]

	Returns an integer value representing the logical associations or None.






	
getActiveGenes()[source]

	Return a list of active gene objects






	
getAssociationStr()[source]

	return the gene association string






	
getGene(gid)[source]

	Return a gene object with id






	
getGeneIds()[source]

	Return a list of gene id’s






	
getGenes()[source]

	Return a list of gene objects associated with this GPRass






	
getProtein()[source]

	Return the protein associated with this set of genes






	
isProteinActive()[source]

	This returns a boolean which indicates the result of evaluating the gene association. If the result is positive
then the protein is expressed and True is returned, otherwise if the expression evaluates to a value of 0 then
the protein is not expressed and  False is returned.






	
setAllGenesActive()[source]

	Activate all genes in association






	
setAllGenesInactive()[source]

	Deactivates all genes in association






	
setGeneActive(gid)[source]

	Set a gene to be inactive






	
setGeneInactive(gid)[source]

	Set a gene to be inactive










	
class pyscescbm.CBModel.Group(pid)[source]

	Container for SBML groups


	
addMember(obj)[source]

	Add member CBMPy object(s) to the group



	obj either a single, tuple or list of CBMPy objects











	
clone()[source]

	Return a clone of this object. Note the for Groups this is a shallow copy, in that the reference
objects themselves are not cloned only the group (and attributes)










	
class pyscescbm.CBModel.GroupMemberAttributes[source]

	Contains the shared attributes of the group members (equivalent to SBML annotation on ListOfMembers)






	
class pyscescbm.CBModel.Model(pid)[source]

	Container for constraint based model, adds methods for manipulating:



	objectives

	constraints

	reactions

	species

	compartments

	groups

	parameters

	N a structmatrix object







	
addCompartment(comp)[source]

	Add an instantiated Compartment object to the CBM model


	comp an instance of the Compartment class








	
addFluxBound(fluxbound, fbexists=None)[source]

	Add an instantiated FluxBound object to the FBA model


	fluxbound an instance of the FluxBound class








	
addGPRAssociation(gpr, update_idx=True)[source]

	Add a GeneProteinAssociation instance to the model



	gpr an instantiated GeneProteinAssociation object











	
addGene(gene)[source]

	Add an instantiated Gene object to the FBA model


	gene an instance of the G class








	
addGroup(obj)[source]

	Add an instantiated group object to the model



	obj the Group instance











	
addMIRIAMannotation(qual, entity, mid)[source]

	Add a qualified MIRIAM annotation or entity:



	qual a Biomodels biological qualifier e.g. “is” “isEncodedBy”

	entity a MIRIAM resource entity e.g. “ChEBI”

	mid the entity id e.g. CHEBI:17158











	
addModelCreator(firstname, lastname, organisation=None, email=None)[source]

	Add a model creator to the list of model creators, only the first and fmaily names are mandatory:



	firstname

	lastname

	organisation [default=None]

	email  [default=None]











	
addObjective(obj, active=False)[source]

	Add an instantiated Objective object to the FBA model


	obj an instance of the Objective class

	active [default=False] flag this objective as the active objective (fba.activeObjIdx)








	
addParameter(par)[source]

	Add an instantiated Parameter object to the model


	par an instance of the Parameter class








	
addReaction(reaction)[source]

	Adds a reaction object to the model


	reaction an instance of the Reaction class








	
addSpecies(species)[source]

	Add an instantiated Species object to the FBA model


	species an instance of the Species class








	
addUserConstraint(pid, fluxes=None, operator='=', rhs=0.0)[source]

	Add a user defined constraint to FBA model, this is additional to the automatically determined Stoichiometric constraints.



	pid user constraint name/id, use None for auto-assign

	fluxes a list of (coefficient, reaction id) pairs where coefficient is a float

	operator is one of = > < >= <=

	rhs a float











	
buildStoichMatrix(matrix_type='numpy', only_return=False)[source]

	Build the stoichiometric matrix N and additional constraint matrix CN (if required)



	matrix_type [default=’numpy’] the type of matrix to use to generate constraints
	numpy a NumPy matrix default

	sympy a SymPy symbolic matrix, if available note the denominator limit can be set in CBModel.__CBCONFIG__['SYMPY_DENOM_LIMIT'] = 10**12

	scipy_csr create using NumPy but store as SciPy csr_sparse











	only_return [default=False] IMPORTANT only returns the stoichiometric matrix and constraint matrix (if required),
does not update the model








	
changeAllFluxBoundsWithValue(old, new)[source]

	Replaces all flux bounds with value “old” with a new value “new”:



	old value

	new value











	
clone()[source]

	Return a clone of this object.






	
createCompartment(cid, name=None, size=1, dimensions=3, volume=None)[source]

	Create a new compartment and add it to the model if the id does not exist


	cid compartment id

	name [None] compartment name

	size [1] compartment size

	dimensions [3] compartment size dimensions

	volume [None] compartment volume








	
createGeneAssociationsFromAnnotations(annotation_key='GENE ASSOCIATION', replace_existing=True)[source]

	Add genes to the model using the definitions stored in the annotation key. If this fails it tries some standard annotation
keys: GENE ASSOCIATION, GENE_ASSOCIATION, gene_association, gene association.



	annotation_key the annotation dictionary key that holds the gene association for the protein/enzyme

	replace_existing [default=True] replace existing annotations, otherwise only new ones are added











	
createGeneProteinAssociation(protein, assoc, gid=None, name=None, gene_pattern=None, update_idx=True, altlabels=None)[source]

	Create and add a gene protein relationship to the model, note genes are mapped on protein objects which may or may not be reactions



	protein in this case the reaction

	assoc the COBRA style gene protein association

	gid the unique id

	name the optional name

	gene_pattern deprecated, not needed anymore

	update_idx update the model gene index, not used

	altlabels [default=None] alternative labels for genes, default uses geneIds











	
createGroup(gid)[source]

	Create an empty group with



	gid the unique group id











	
createObjectiveFunction(rid, coefficient=1, osense='maximize', active=True, delete_current_obj=True)[source]

	Create a single variable objective function:



	rid The

	coefficient [default=1]

	osense [default=’maximize’]

	active [default=True]

	delete_current_obj [default=True]











	
createReaction(rid, name=None, reversible=True, create_default_bounds=True, silent=False)[source]

	Create a new blank reaction and add it to the model:



	id the unique reaction ID

	name the reaction name

	reversible [default=True] the reaction reversibility. True is reversible, False is irreversible

	create_default_bounds create default reaction bounds, irreversible 0 <= J <= INF, reversable -INF <= J <= INF











	
createReactionLowerBound(reaction, value)[source]

	Create a new lower bound for a reaction: value <= reaction



	reaction the reaction id

	value the value of the bound











	
createReactionReagent(reaction, metabolite, coefficient, silent=False)[source]

	Add a reagent to an existing reaction, both reaction and metabolites must exist



	reaction a reaction id

	metabolite a species/metabolite id

	coefficient the reagent coefficient











	
createReactionUpperBound(reaction, value)[source]

	Create a new upper bound for a reaction: reaction <= value



	reaction the reaction id

	value the value of the bound











	
createSingleGeneEffectMap()[source]

	This takes a model and analyses the logical gene expression patterns. This only needs to be done once,
the result is a dictionary that has boolean effect patterns as keys and the (list of) genes that give rise to
those patterns as values. This map is used by the single gene deletion method for further analysis.

Note this dictionary can also be stored and retrieved separately as long as the model structure is not changed i.e.
the gene associations themselves or order of reactions (stored as the special entry ‘keyJ’).

Stored as self.__single_gene_effect_map__






	
createSpecies(sid, boundary=False, name='', value=nan, compartment=None, charge=None, chemFormula=None)[source]

	Create a new species and add it to the model:



	id the unique species id

	boundary [default=False] whether the species is a variable (False) or is a boundary parameter (fixed)

	name [default=’‘] the species name

	value [default=nan] the value not currently used

	compartment [default=None] the compartment the species is located in

	charge [default=None] the species charge

	chemFormula [default=None] the chemical formula











	
deleteAllFluxBoundsWithValue(value)[source]

	Delete all flux bounds which have a specified value:



	value the value of the flux bound(s) to delete











	
deleteBoundsForReactionId(rid, lower=True, upper=True)[source]

	Delete bounds connected to reaction, rid



	rid a valid reaction id

	upper [default=True] delete the upper bound

	lower [default=True] delete the lower bound











	
deleteGroup(gid)[source]

	Delete a group with



	gid the unique group id











	
deleteNonReactingSpecies(simulate=True)[source]

	Deletes all species that are not reagents (do not to take part in a reaction).
Warning this deletion is permanent and greedy (not selective). Returns a list of (would be) deleted species



	simulate [default=True] only return a list of the speciesId’s that would have been deleted if False











	
deleteObjective(objective_id)[source]

	Delete objective function:


objective_id the id of the objective function. If objective_id is given  as ‘active’ then the active objective is deleted.







	
deleteReactionAndBounds(rid)[source]

	Delete all reaction and bounds connected to reaction



	rid a valid reaction id











	
deleteSpecies(sid)[source]

	Deletes a species object with id


	sid the species id








	
exportFVAdata()[source]

	Export the fva data as an array and list of reaction id’s






	
findFluxesForConnectedSpecies(metab)[source]

	Returns a list of (reaction, flux value) pairs that this metabolite appears as a reagent of



	metab the metabolite name











	
getActiveObjective()[source]

	Returns the active objective object.






	
getAllFluxBounds()[source]

	Returns a dictionary of all flux bounds [id:value]






	
getAllGeneActivities()[source]

	Returns a dictionary of genes (if defined) and whether they are active or not






	
getAllGeneProteinAssociations()[source]

	Returns a dictionary of genes associated with each protein






	
getAllProteinActivities()[source]

	Returns a dictionary of reactions (if genes and GPR’s are defined) and whether they are active or not






	
getAllProteinGeneAssociations()[source]

	Returns a dictionary of the proteins associated with each gene






	
getBoundarySpeciesIds(rid=None)[source]

	Return all boundary species associated with reaction



	rid [default=None] by default return all boundary species in a model, alternatively a string containing a reaction id or list of reaction id’s











	
getCompartment(cid)[source]

	Returns a compartment object with cid



	cid compartment ID











	
getCompartmentIds(substring=None)[source]

	Returns a list of compartment Ids, applies a substring search if substring is defined



	substring search for this pattern anywhere in the id











	
getDescription()[source]

	Returns the model description which was stored in the SBML <notes> field






	
getExchangeReactionIds()[source]

	Returns id’s of reactions where the ‘is_exchange’ attribute set to True. This is by default
reactions that contain a boundary species.






	
getExchangeReactions()[source]

	Returns reaction instances where the ‘is_exchange’ attribute set to True. This is by default
reactions that contain a boundary species.






	
getFluxBoundByID(fid)[source]

	Returns a FluxBound with id



	fid the fluxBound ID











	
getFluxBoundByReactionID(rid, bound)[source]

	Returns a FluxBound instance



	rid the reaction ID

	bound the bound: ‘upper’, ‘lower’, ‘equality’











	
getFluxBoundIds(substring=None)[source]

	Returns a list of fluxbound Ids, applies a substring search if substring is defined



	substring search for this pattern anywhere in the id











	
getFluxBoundsByReactionID(rid)[source]

	Returns all FluxBound instances connected to a reactionId as a tuple of valid
(lower, upper, None) or (None, None, equality) or alternatively invalid (lower, upper, equality).



	rid the reaction ID



under evaluation









	
getFluxesAssociatedWithSpecies(metab)[source]

	Returns a list of (reaction, flux value) pairs that this metabolite appears as a reagent in



	metab the metabolite name











	
getGPRassociation(gpr_id)[source]

	Returns a gene protein association object that has the identifier:



	gpr_id the gene protein identifier











	
getGPRforReaction(rid)[source]

	Return the GPR associated with the reaction id:



	rid a reaction id











	
getGene(g_id)[source]

	Returns a gene object that has the identifier:



	gid the gene identifier











	
getGeneIdFromLabel(label)[source]

	Given a gene label it returns the corresponding Gene id or None



	label











	
getGeneIds(substring=None)[source]

	Returns a list of gene Ids, applies a substring search if substring is defined



	substring search for this pattern anywhere in the id











	
getGroup(gid)[source]

	Return a group with



	gid the unique group id











	
getGroupIds()[source]

	Delete all group ids






	
getIrreversibleReactionIds()[source]

	Return a list of irreversible reaction Id’s






	
getModelCreators()[source]

	Return model creator information






	
getObjFuncValue()[source]

	Returns the objective function value






	
getObjectiveIds(substring=None)[source]

	Returns a list of objective function Ids, applies a substring search if substring is defined



	substring search for this pattern anywhere in the id











	
getReaction(rid)[source]

	Returns a reaction object with id



	rid reaction ID











	
getReactionActivity(rid)[source]

	If there is a GPR and genes associated with the reaction ID then return either active=True or inactive=False
Note if there is no gene associated information then this will return active.



	rid a reaction id











	
getReactionBounds(rid)[source]

	Get the bounds of a reaction, returns a tuple of rid, lowerbound value, upperbound value and equality value (None means bound does not exist).



	rid the reaction ID











	
getReactionIds(substring=None)[source]

	Returns a list of reaction Ids, applies a substring search if substring is defined



	substring search for this pattern anywhere in the id











	
getReactionLowerBound(rid)[source]

	Returns the lower bound of a reaction (it it exists) or None



	rid the reaction ID











	
getReactionNames(substring=None)[source]

	Returns a list of reaction names, applies a substring search if substring is defined



	substring search for this pattern anywhere in the name











	
getReactionUpperBound(rid)[source]

	Returns the upper bound of a reaction (it it exists) or None



	rid the reaction ID











	
getReactionValues(only_exchange=False)[source]

	Returns a dictionary of ReactionID : ReactionValue pairs:



	only_exchange [default=False] only return the reactions labelled as exchange











	
getReversibleReactionIds()[source]

	Return a list of reversible reaction Id’s






	
getSolutionVector(names=False)[source]

	Return a vector of solution values



	names [default=False] if True return a solution vector and list of names











	
getSpecies(sid)[source]

	Returns a species object with sid



	sid a specied ID











	
getSpeciesIds(substring=None)[source]

	Returns a list of species Ids, applies a substring search if substring is defined



	substring search for this pattern anywhere in the id











	
renameObjectIds(prefix=None, suffix=None, target='all', ignore=None)[source]

	This method is designed for target=”all” other use may result in incomplete models.



	prefix [None] if supplied add as a prefix

	suffix [None] if supplied add as a suffix

	target [‘all’] specify what class of objects to rename





	‘species’

	‘reactions’

	‘bounds’

	‘objectives’

	‘all’







	ignore [default=None] a list of id’s to ignore











	
resetAllGenes(update_reactions=False)[source]

	Resets all genes to their default activity state (normally on)


	update_reactions [default=False] update the associated reactions fluxbounds from the gene deletion bounds if they exist








	
resetAllInactiveGPRBounds()[source]

	Resets all reaction bounds modified by the cmod.setAllInactiveGeneReactionBounds() method to their previous values






	
setAllFluxBounds(bounds)[source]

	DEPRECATED! use setFluxBoundsFromDict()

Sets all the fluxbounds present in bounds



	bounds a dictionary of [fluxbound_id : value] pairs (not per reaction!!!)











	
setAllInactiveGPRBounds(lower=0.0, upper=0.0)[source]

	Set all reactions that are inactive (as determined by gene and gpr evaluation) to bounds:



	lower [default=0.0] the new lower bound

	upper [default=0.0] the new upper bound











	
setAllProteinActivities(activites, lower=0.0, upper=0.0)[source]

	Given a dictionary of activities [rid : boolean] pairs set all the corresponding reactions:



	activities a dictionary of [rid : boolean] pairs

	lower [default=0.0] the lower bound of the deactivated flux

	upper [default=0.0] the upper bound of the deactivated flux











	
setBoundValueByName(rid, value, bound)[source]

	Deprecated use setReactionBound


	Set a reaction bound

	
	rid the reactions id

	value the new value

	bound this is either ‘lower’ or ‘upper’












	
setCreatedDate(date=None)[source]

	Set the model created date tuple(year, month, day, hour, minute, second)


	date [default=None] default is now (automatic) otherwise (year, month, day, hour, minute, second) e.g. (2012, 09, 24, 13, 34, 00)








	
setDescription(html)[source]

	Sets the model description which translates into the SBML <notes> field.



	html any valid html or the empty string to clear ‘’











	
setFluxBoundsFromDict(bounds)[source]

	Sets all the fluxbounds present in bounds



	bounds a dictionary of [fluxbound_id : value] pairs (not per reaction!!!)











	
setGeneActive(g_id, update_reactions=False)[source]

	Effectively restores a gene by setting it’s active flag



	g_id a gene ID

	update_reactions [default=False] update the associated reactions fluxbounds from the gene deletion bounds if they exist











	
setGeneInactive(g_id, update_reactions=False, lower=0.0, upper=0.0)[source]

	Effectively deletes a gene by setting it’s inactive flag while optionally updating the GPR associated reactions



	g_id a gene ID

	update_reactions [default=False] update the associated reactions fluxbounds

	lower [default=0.0] the deactivated reaction lower bound

	upper [default=0.0] the deactivated reaction upper bound











	
setModifiedDate(date=None)[source]

	Set the model modification date: tuple(year, month, day, hour, minute, second)


	date [default=None] default is now (automatic) otherwise (year, month, day, hour, minute, second) e.g. (2012, 09, 24, 13, 34, 00)








	
setObjectiveFlux(rid, coefficient=1, osense='maximize', delete_objflx=True)[source]

	Set single target reaction flux for the current active objective function.



	rid a string containing a reaction id

	coefficient [default=1] an objective flux coefficient

	osense the optimization sense must be maximize or minimize

	delete_objflx [default=True] delete all existing fluxObjectives in the active objective function











	
setPrefix(prefix, target)[source]

	This is alpha stuff, target can be:



	‘species’

	‘reactions’

	‘constraints’

	‘objectives’

	‘all’











	
setReactionBound(rid, value, bound)[source]

	Set a reaction bound



	rid the reactions id

	value the new value

	bound this is either ‘lower’ or ‘upper’, or ‘equal’











	
setReactionBounds(rid, lower, upper)[source]

	Set both the upper and lower bound of a reaction:


	rid the good old reaction id

	lower the lower bound value

	upper the upper bound value








	
setReactionLowerBound(rid, value)[source]

	Set a reactions lower bound (if it exists)



	rid the reactions id

	value the new value











	
setReactionUpperBound(rid, value)[source]

	Set a reactions upper bound (if it exists)



	rid the reaction id

	value the new value











	
setSuffix(suffix, target)[source]

	This is alpha stuff, target can be:



	‘species’

	‘reactions’

	‘constraints’

	‘objectives’

	‘all’











	
sortReactionsById()[source]

	Sorts the reactions by Reaction.id uses the python string sort






	
sortSpeciesById()[source]

	Sorts the reaction list by Reaction.id uses the python string sort






	
splitEqualityFluxBounds()[source]

	Splits any equalit flux bounds into lower and upper bounds.






	
testGeneProteinAssociations()[source]

	This method will test the GeneProtein associations and return a list of protein, association pairs






	
undeleteObjective(objective_id)[source]

	Undeltes a deleted objective function:



	objective_id the id of an objeective function











	
undeleteReactionAndBounds(rid)[source]

	Undelete a reaction and bounds deleted with the deleteReactionAndBounds method



	rid a deleted reaction id






Please note this method is still experimental ;-)






	
updateNetwork(lower=0.0, upper=0.0)[source]

	Update the reaction network based on gene activity. If reaction is deactivated then lower and upper bounds are used



	lower [default=0.0] deactivated lower bound

	upper [default=0.0] deactivated upper bound















	
class pyscescbm.CBModel.Objective(pid, operation)[source]

	An objective function


	
addFluxObjective(fobj)[source]

	Adds a FluxObjective instance to the Objective






	
createFluxObjectives(fluxlist)[source]

	Create and add flux objective objects to this objective function.



	fluxlist a list of one or more (‘coefficient’, ‘rid’) pairs











	
getFluxObjective(foid)[source]

	Return the flux objective with id.



	foid the flux objective id returns either an object or a list if there are multiply defined flux objectives











	
getFluxObjectiveData()[source]

	Returns a list of ObjectiveFunction components as (coefficient, flux) pairs






	
getFluxObjectiveForReaction(rid)[source]

	Returns the FluxObjective associated with the suplied rid.


rid a reaction id







	
getFluxObjectiveIDs()[source]

	Returns a list of ObjectiveFlux ids, for the reaction id’s use getFluxObjectiveReactions()
or for coefficient, fluxobjective pairs use getFluxObjectiveData()






	
getFluxObjectiveReactions()[source]

	Returns a list of reactions that are used as FluxObjectives






	
getFluxObjectives()[source]

	Returns the list of FluxObjective objects.






	
getOperation()[source]

	Returns the operation or sense of the objective






	
getValue()[source]

	Returns the current value of the attribute (input/solution)






	
setOperation(operation)[source]

	Sets the objective operation (sense)



	operation [default=’maximize’] one of ‘maximize’, ‘maximise’, ‘max’, ‘minimize’, ‘minimise’, ‘min’











	
setValue(value)[source]

	Sets the attribute ‘’value’‘










	
class pyscescbm.CBModel.Parameter(pid, value, name=None, constant=True)[source]

	Holds parameter information


	
addAssociation(assoc)[source]

	Add a fluxbound ID’s to associate with this object






	
deleteAssociation(assoc)[source]

	Delete the fluxbound id associated with this object






	
getAssociations()[source]

	Return the FluxBounds ID’s associated with this object






	
getValue()[source]

	Returns the current value of the attribute (input/solution)






	
setValue(value)[source]

	Sets the attribute ‘’value’‘










	
class pyscescbm.CBModel.Reaction(pid, name=None, reversible=True)[source]

	Holds reaction information


	
addReagent(reag)[source]

	Adds an instantiated Reagent object to the reaction






	
changeId(pid)[source]

	Changes the Id of the reaction and updates associated FluxBounds






	
changeReagentCoefficientForSpecies(s_id, coefficient)[source]

	Change the coefficient of reagent which refers to s_id. If there is more than one reagent that refers
to this species return a warning and a list of reagents otherwise None.



	s_id a species/metabolite id

	coefficient the new coefficient











	
createReagent(metabolite, coefficient)[source]

	Create a new reagent and add it to the reaction:



	metabolite the metabolite name

	coefficient the



negative coefficient is a substrate
– positive coefficient is a product




Will fail if a species reference already exists






	
deactivateReaction(lower=0.0, upper=0.0)[source]

	Deactivates a reaction by setting its bounds to lower and upper. Restore with reactivateReaction()



	lower [default=0.0] bound

	upper [default=0.0] bound











	
deleteReagentWithSpeciesRef(species)[source]

	Delete a reagent that refers to the species id:



	species a species/metabolite id











	
getEquation(reverse_symb='=', irreverse_symb='>', use_names=False)[source]

	Return a pretty printed string containing the reaction equation



	reverse_symb [default = ‘=’] the symbol to use for reversible reactions

	irreverse_symb [default = ‘>’] the symbol to use for irreversible reactions

	use_names [defualt = False] use species names rather than id’s











	
getFVAdata(roundnum=None, silent=True)[source]

	Returns the data generated by CBSolver.FluxVariabilityAnalysis() for this reaction as a tuple of
(Flux, FVAmin, FVAmax, span) where span is abs(FVAmax - FVAmin). FVAmin or FVAmax is None this indicates no solution
to that particular optimization (infeasible).



	roundnum [default=None] the integer number of roundoff decimals the default is no rounding

	silent [default=True] supress output to stdout











	
getLowerBound()[source]

	Get the value of the reactions lower bound






	
getProductIds(use_names=False)[source]

	Returns a list of the reaction products, species identifiers


	use_names [defualt = False] use species names rather than id’s








	
getReagent(rid)[source]

	Return the one or more reagent objects which have rid:



	rid a reagent rid











	
getReagentObjIds()[source]

	Returns a list of the reagent id’s. For the name of the reagents/metabolites use <reaction>.getSpeciesIds()






	
getReagentRefs()[source]

	Returns a list of the reagents/metabolites






	
getReagentWithSpeciesRef(species)[source]

	Return the reagent object which refers to the species id:



	species the species/metabolite id











	
getSpeciesIds()[source]

	Returns a list of the reagents/metabolites






	
getSpeciesObj()[source]

	Returns a list of the species objects that are reagents






	
getStoichiometry(use_names=False, altout=False)[source]

	Returns a list of (coefficient, species) pairs for this reaction


	use_names [default = False] use species names rather than id’s

	altout [default = False] returns a dictionary








	
getSubstrateIds(use_names=False)[source]

	Returns a list of the reaction substrates, species identifiers


	use_names [defualt = False] use species names rather than id’s








	
getUpperBound()[source]

	Get the value of the reactions upper bound






	
getValue()[source]

	Returns the current value of the flux.






	
reactivateReaction()[source]

	Activates a reaction deactivated with deactivateReaction






	
setLowerBound(value)[source]

	Set the value of the reactions lower bound



	value a floating point value











	
setStoichCoefficient(sid, value)[source]

	Sets the stoichiometric coefficient of a reagent that refers to a metabolite. Note negative coefficients are substrates
while positive ones are products. At this point zero coefficients are not allowed


	sid the species/metabolite id

	value a floating point value != 0








	
setUpperBound(value)[source]

	Set the value of the reactions upper bound



	value a floating point value











	
setValue(value)[source]

	Sets the attribute value in this case the flux.






	
undeleteReagentWithSpeciesRef(species)[source]

	Attempts to unDelete reagent deleted with deleteReagent() that refers to the species id:



	species a species/metabolite id















	
class pyscescbm.CBModel.Reagent(reid, species_ref, coef)[source]

	
	Has a reactive species id and stoichiometric coefficient:

	
	negative = substrate

	positive = product

	species_ref a reference to a species obj








	
getCoefficient()[source]

	Returns the reagent coefficient






	
getRole()[source]

	Returns the reagents role, “substrate”, “product” or None






	
getSpecies()[source]

	Returns the metabolite/species that the reagent reference refers to






	
setCoefficient(coef)[source]

	Sets the reagent coefficient and role, negative coefficients are substrates and positive ones are products



	coeff the new coefficient











	
setSpecies(spe)[source]

	Sets the metabolite/species that the reagent reference refers to










	
class pyscescbm.CBModel.Species(pid, boundary=False, name=None, value=nan, compartment=None, charge=None, chemFormula=None)[source]

	Holds species/metabolite information


	
getCharge()[source]

	Returns the species charge






	
getChemFormula()[source]

	Returns the species chemical formula






	
getReagentOf()[source]

	Returns a list of reaction id’s that this metabolite occurs in






	
getValue()[source]

	Returns the current value of the attribute (input/solution)






	
isReagentOf()[source]

	Returns a dynamically generated list of reactions that this species occurs as a reagent






	
setBoundary()[source]

	Sets the species so it is a boundary metabolite or fixed which does not occur in the stoichiometric matrix N






	
setCharge(charge)[source]

	Sets the species charge:



	charge a signed double but generally a signed int is used











	
setChemFormula(cf)[source]

	Sets the species chemical formula



	cf a chemical formula e.g. CH3NO2











	
setReagentOf(rid)[source]

	Adds the supplied reaction id to the reagent_of list (if it isn’t one already)



	rid a valid reaction id











	
setValue(value)[source]

	Sets the attribute ‘’value’‘






	
unsetBoundary()[source]

	Unsets the species boundary attribute so that the metabolite is free and therefore occurs in the stoichiometric matrix N












CBMPy: CBModelTools module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBModelTools.py 305 2015-04-23 15:18:31Z bgoli $)




CBMPy: CBMultiCore module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBMultiCore.py 305 2015-04-23 15:18:31Z bgoli $)


	
pyscescbm.CBMultiCore.grouper(3, 'abcdefg', 'x') --> ('a', 'b', 'c'), ('d', 'e', 'f'), ('g', 'x', 'x')[source]

	




	
pyscescbm.CBMultiCore.runMultiCoreFVA(fba, selected_reactions=None, pre_opt=True, tol=None, objF2constr=True, rhs_sense='lower', optPercentage=100.0, work_dir=None, quiet=True, debug=False, oldlpgen=False, markupmodel=True, procs=2)[source]

	Run a multicore FVA where:



	fba is an fba model instance

	procs [default=2] number of processing threads (optimum seems to be about the number of physical cores)











	
pyscescbm.CBMultiCore.runMultiCoreMultiEnvFVA(lp, selected_reactions=None, tol=None, rhs_sense='lower', optPercentage=100.0, work_dir=None, debug=False, procs=2)[source]

	Run a multicore FVA where:



	lp is a multienvironment lp model instance

	procs [default=2] number of processing threads (optimum seems to be about the number of physical cores)













CBMPy: CBMultiEnv module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBMultiEnv.py 305 2015-04-23 15:18:31Z bgoli $)




CBMPy: CBNetDB module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBNetDB.py 305 2015-04-23 15:18:31Z bgoli $)


	
class pyscescbm.CBNetDB.DBTools[source]

	Some user friendly tools to work with SQLite2 DB’s


	
checkEntry(table, id)[source]

	Check if an entry exists in a table


	table the table name

	id the table row to search for








	
createDBTable(table, sqlcols=['gene TEXT PRIMARY KEY', 'aa_seq TEXT', 'nuc_seq TEXT', 'aa_len INT', 'nuc_len INT'])[source]

	Create a database table if it does not exist:



	table the table name

	sqlcols the SQL definitions of the table columns: <id> <type>






Effectively writes CREATE TABLE “table” (<id> <type>, gene TEXT PRIMARY KEY, aa_seq TEXT, nuc_seq TEXT, aa_len INT, nuc_len INT) % table






	
dumpTableToTxt(table, filename)[source]

	Save a table as tab separated txt file



	table the table to export

	filename the filename of the table dump











	
executeSQL(sql)[source]

	Execute a SQL command:



	sql a string containing a SQL command











	
fetchAll(sql)[source]

	E.g. SELECT aa_len FROM gene_data WHERE gene=”G”’






	
getTable(table, colOut=False)[source]

	Returns an entire database table



	table the table name

	colOut optionally return a tuple of (data,ColNames)











	
insertData(table, data=[], commit=True)[source]

	
	Insert data into a table: “INSERT INTO %s (gene, aa_seq, nuc_seq, aa_len, nuc_len) VALUES (?, ?, ?, ?, ?)” % tablename,

	
(str(ecg), str(prot2), str(gene2), int(len(prot2)), int(len(gene2))) )



	table the DB table name

	data a list of (column_id, value) pairs

	commit whether to commit the data insertions












	
updateData(table, id)[source]

	Update already defined data (primary key)



	table the table name

	id the table row to search for















	
class pyscescbm.CBNetDB.KeGGSequenceTools(url, db_name, work_dir)[source]

	Using the KeGG connector this class provides tools to construct an organims specific sequence database






	
class pyscescbm.CBNetDB.KeGGTools(url)[source]

	Class that holds useful methods for querying KeGG via a SUDS provided soap client


	
fetchSeqfromKeGG(k_gene)[source]

	Given a gene name try and retrieve the gene and amino acid sequence










	
class pyscescbm.CBNetDB.MIRIAMTools[source]

	Tools dealing with MIRIAM annotations






	
class pyscescbm.CBNetDB.RESTClient[source]

	Class that provides the basis for application specific connectors to REST web services


	
Close()[source]

	Close the currently active connection






	
Connect(root)[source]

	Establish HTTP connection to



	root the site root “www.google.com”











	
Get(query)[source]

	Perform an http GET using:



	query e.g.

	reply_mode [default=’‘] this is the reply mode






For example “/semanticSBML/annotate/search.xml?q=ATP”






	
GetLog()[source]

	Return the logged history






	
Log(txt)[source]

	Add txt to logfile history



	txt a string











	
URLDecode(txt)[source]

	Decodes a URL encoded string






	
URLEncode(txt)[source]

	URL encodes a string.










	
class pyscescbm.CBNetDB.SemanticSBML[source]

	REST client for connecting to SemanticSBML services


	
parseXMLtoText(xml)[source]

	Parse the xml output by quickLookup() into a list of URL



	xml XML returns from SemanticSBML











	
quickLookup(txt)[source]

	Do a quick lookpup for txt using SemanticSBML (connectic if required) and return results. Returns
a list of identifiers.org id’s in descending priority (as return)



	txt the string to lookup











	
viewDataInWebrowser(maxres=10)[source]

	Attempt to view #maxres results returned by SemanticSBML in the default browser



	maxres default maximum number of results to display.

















CBMPy: CBPlot module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBPlot.py 305 2015-04-23 15:18:31Z bgoli $)


	
pyscescbm.CBPlot.plotFluxVariability(fva_data, fva_names, fname, work_dir=None, title=None, ySlice=None, minHeight=None, maxHeight=None, roundec=None, autoclose=True, fluxval=True, type='png')[source]

	Plots and saves as an image the flux variability results as generated by CBSolver.FluxVariabilityAnalysis.



	fva_data FluxVariabilityAnalysis() FVA OUTPUT_ARRAY

	fva_names FluxVariabilityAnalysis() FVA OUTPUT_NAMES

	fname filename_base for the CSV output

	work_dir [default=None] if set the output directory for the csv files

	title [default=None] the user defined title for the graph

	ySlice [default=None] this sets an absolute (fixed) limit on the Y-axis (+- ySlice)

	minHeight [default=None] the minimum length that defined a span

	maxHeight [default=None] the maximum length a span can obtain, bar will be limited to maxHeight and coloured yellow

	roundec [default=None] an integer indicating at which decimal to round off output. Default is no rounding.

	autoclose [default=True] autoclose plot after save

	fluxval [default=True] plot the flux value

	type [default=’png’] the output format, depends on matplotlib backend e.g. ‘png’, ‘pdf’, ‘eps’













CBMPy: CBQt4 module

Constraint Based Modelling in Python (http://pysces.sourceforge.net/getNewReaction)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
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pyscescbm.CBQt4.createReaction(mod)[source]

	Create a reaction using the graphical Reaction Creator



	mod a CBMPy model object













CBMPy: CBRead module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBRead.py 305 2015-04-23 15:18:31Z bgoli $)


	
pyscescbm.CBRead.readCOBRASBML(fname, work_dir=None, return_sbml_model=False, delete_intermediate=False, fake_boundary_species_search=False, output_dir=None)[source]

	Read in a COBRA format SBML Level 2 file with FBA annotation where and return either a CBM model object
or a (cbm_mod, sbml_mod) pair if return_sbml_model=True



	fname is the filename

	work_dir is the working directory

	return_sbml_model [default=False] return a a (cbm_mod, sbml_mod) pair

	delete_intermediate [default=False] delete the intermediate SBML Level 3 FBC file

	fake_boundary_species_search [default=False] after looking for the boundary_condition of a species search for overloaded id’s <id>_b

	output_dir [default=None] the directory to output the intermediate SBML L3 files (if generated) default to input directory











	
pyscescbm.CBRead.readExcel97Model(xlname, write_sbml=True, sbml_level=3, return_dictionaries=False)[source]

	Reads a model encoded as an Excel97 workbook and returns it as a CBMPy model object and SBML file. Note the workbook must be formatted
exactly like those produced by cbm.writeModelToExcel97(). Note that reactions have to be defined in both the reaction
and network_react sheets to be included in the model.



	xlpath the filename of the Excel workbook

	return_model [default=True] construct and return the CBMPy model

	write_sbml [default=True] write the SBML file to fname

	return_dictionaries [default=False] return the dictionaries constructed when reading the Excel file (in place of the model)

	sbml_level [default=3] write the SBML file as either SBML L2 FBA or SBML L3 FBC file.











	
pyscescbm.CBRead.readSBML2FBA(fname, work_dir=None, return_sbml_model=False, fake_boundary_species_search=False)[source]

	Read in an SBML Level 2 file with FBA annotation where:



	fname is the filename

	work_dir is the working directory if None then only fname is used

	return_sbml_model [default=False] return a a (cbm_mod, sbml_mod) pair

	fake_boundary_species_search [default=False] after looking for the boundary_condition of a species search for overloaded id’s <id>_b











	
pyscescbm.CBRead.readSBML3FBC(fname, work_dir=None, return_sbml_model=False, xoptions={})[source]

	Read in an SBML Level 2 file with FBA annotation where and return either a CBM model object
or a (cbm_mod, sbml_mod) pair if return_sbml_model=True



	fname is the filename. However, “special” test models can be loaded using the names
- cbmpy_test_core a small test model
- cbmpy_test_ecoli the iJR904 model from the BiGG database

	work_dir is the working directory if None then only fname is used

	return_sbml_model [default=False] return a a (cbm_mod, sbml_mod) pair

	xoptions special load options enable with {‘option’:True}
- nogenes do not load/process genes
- noannot do not load/process any annotations











	
pyscescbm.CBRead.readSK_FVA(filename)[source]

	Read Stevens FVA results (opt.fva) file and return a list of dictionaries






	
pyscescbm.CBRead.readSK_vertex(fname, bigfile=True, fast_rational=False, nformat='%.14f', compression=None, hdf5file=None)[source]

	Reads in Stevens vertex analysis file:



	fname the input filename (.all file that results from Stevens pipeline)

	bigfile [default=True] this option is now always true and is left in for backwards compatability

	fast_rational [default=False] by default off and uses SymPy for rational–>float conversion, when on uses float decomposition with a slight (2th decimal) decrease in accuracy

	nformat [default=’%.14f’] the number format used in output files

	compression [default=None] compression to be used in hdf5 files can be one of [None, ‘lzf’, ‘gz?’, ‘szip’]

	hdf5file [default=None] if None then generic filename ‘_vtx_.tmp.hdf5’ is uses otherwise <hdf5file>.hdf5






and returns an hdf5 filename of the results with a single group named data which countains datasets



	vertices

	rays

	lin






where all vectors are in terms of the column space of N.






	
pyscescbm.CBRead.readSK_vertexOld(fname, bigfile=False, fast_rational=False, nformat='%.14f', compresslevel=3)[source]

	Reads in Stevens vertex analysis file and returns, even more optimized for large datasets than the original.



	a list of vertex vectors

	a list of ray vectors

	the basis of the lineality space as a list of vectors






all vectors in terms of the column space of N








CBMPy: CBReadtxt module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBReadtxt.py 305 2015-04-23 15:18:31Z bgoli $)


	
pyscescbm.CBReadtxt.readCSV(model_file, bounds_file=None, biomass_flux=None, model_id='FBAModel', reaction_prefix='R_', has_header=False)[source]

	This function loads a CSV file and translates it into a Python object:

- *model_file* the name of the CSV file that contains the model
- *bounds_file* the name of the CSV file that contains the flux bounds
- *reaction_prefix* [default='R _'] the prefix to add to input reaction ID's
- *has_header* [default=False] if there is a header row in the csv file












CBMPy: CBSolver module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBSolver.py 305 2015-04-23 15:18:31Z bgoli $)




CBMPy: CBTools module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBTools.py 346 2015-08-03 14:09:32Z bgoli $)


	
pyscescbm.CBTools.addFluxAsActiveObjective(f, reaction_id, osense, coefficient=1)[source]

	Adds a flux as an active objective function



	reaction_id a string containing a reaction id

	osense objective sense must be maximize or minimize

	coefficient the objective funtion coefficient [default=1]











	
pyscescbm.CBTools.addGenesFromAnnotations(fba, annotation_key='GENE ASSOCIATION', gene_pattern=None)[source]

	THIS METHOD IS DERPRECATED PLEASE USE cmod.createGeneAssociationsFromAnnotations()

Add genes to the model using the definitions stored in the annotation key



	fba and fba object

	annotation_key the annotation dictionary key that holds the gene association for the protein/enzyme

	gene_pattern deprecated, not needed anymore











	
pyscescbm.CBTools.addSinkReaction(fbam, species, lb=0.0, ub=1000.0)[source]

	Adds a sink reactions that consumes a model species so that X –>



	fbam an fba model object

	species a valid species name

	lb lower flux bound [default = 0.0]

	ub upper flux bound [default = 1000.0]











	
pyscescbm.CBTools.addSourceReaction(fbam, species, lb=0.0, ub=1000.0)[source]

	Adds a source reactions that produces a model species so that –> X



	fbam an fba model object

	species a valid species name

	lb lower flux bound [default = 0.0]

	ub upper flux bound [default = 1000.0]






Note reversiblity is determined by the lower bound, default 0 = irreversible. If
negative then reversible.






	
pyscescbm.CBTools.addStoichToFBAModel(fm)[source]

	Build stoichiometry: this method has been refactored into the model class - cmod.buildStoichMatrix()






	
pyscescbm.CBTools.checkExchangeReactions(fba, autocorrect=True)[source]

	Scan all reactions for exchange reactions (reactions containing a boundary species), return a list of
inconsistent reactions or correct automatically.


	fba a CBMPy model

	autocorrect [default=True] correctly set the “is_exchange” attribute on a reaction








	
pyscescbm.CBTools.checkFluxBoundConsistency(fba)[source]

	Check flux bound consistency checks for multiply defined bounds, bounds without a reaction, inconsistent bounds with respect to each other
and reaction reversbility. Returns a dictionary of bounds/reactions where errors occur.






	
pyscescbm.CBTools.checkIds(fba, items='all')[source]

	Checks the id’s of the specified model attributes to see if the name is legal and if there are duplicates.
Returns a list of items with errors.


	fba a CBMPy model instance

	items [default=’all’] ‘all’ means ‘species,reactions,flux_bounds,objectives’ of which one or more can be specified








	
pyscescbm.CBTools.checkProducibility(mod, metabolites=None, reactions=None, retOnlyZeroEntr=False, zeroLimit=1e-11)[source]

	Check for blocked metabolites by adding a sink reaction and maximizing its output. If no metabolites
are defined all metabolites are used by default. Returns a dictionary of metabolite
id and sink flux pairs:



	mod a CBMPy model

	metabolites [default=[]] if not specified by default uses all metabolites defined in model

	reactions [default=[]] if defined, the reagents of each reaction listed here will be tested

	retOnlyZeroEntr [default=False] default returns all results, if this is try only blocked metabolites are returned

	zeroLimit [default=1.0e-11] values smaller than this are considered to be zero






This function was contributed by Willi Gottstein, Amsterdam, 2015.






	
pyscescbm.CBTools.checkProducibilityMetabolites(mod, metabolites=None, retOnlyZeroEntr=False, zeroLimit=1e-11)[source]

	Check for blocked metabolites by adding a sink reaction and maximizing its output. If no metabolites
are defined all metabolites are used by default. Returns a dictionary of metabolite
id and sink flux pairs:



	mod a CBMPy model

	metabolites [default=[]] if not specified by default uses all metabolites defined in model

	reactions [default=[]] if defined, the reagents of each reaction listed here will be tested

	retOnlyZeroEntr [default=False] default returns all results, if this is try only blocked metabolites are returned

	zeroLimit [default=1.0e-11] values smaller than this are considered to be zero






This function was contributed by Willi Gottstein, Amsterdam, 2015.






	
pyscescbm.CBTools.checkProducibilityReactions(mod, reactions=None, retOnlyZeroEntr=False, zeroLimit=1e-11)[source]

	Check for blocked metabolites by adding a sink reaction to each reaction reagent and maximizing
its output. Returns a dictionary of reagent/metabolite id and sink flux pairs:



	mod a CBMPy model

	reactions [default=[]] if defined, the reagents of each reaction listed here will be tested

	retOnlyZeroEntr [default=False] default returns all results, if this is try only blocked metabolites are returned

	zeroLimit [default=1.0e-11] values smaller than this are considered to be zero






This function was contributed by Willi Gottstein, Amsterdam, 2015.






	
pyscescbm.CBTools.checkReactionBalanceElemental(f, Rid=None, zero_tol=1e-12)[source]

	Check if the reaction is balanced using the chemical formula



	f the FBA object

	Rid [default = None] the reaction to check, defaults to all

	zero_tol [default=1.0e-12] the floating point zero used for elemental balancing






This function is derived from the code found here: http://pyparsing.wikispaces.com/file/view/chemicalFormulas.py






	
pyscescbm.CBTools.createTempFileName()[source]

	Return a temporary filename






	
pyscescbm.CBTools.createZipArchive(zipname, files, move=False, compression='normal')[source]

	Create a zip archive which contains one or more files



	zipname the name of the zip archive to create (fully qualified)

	files either a valid filename or a list of filenames (fully qualified)

	move [default=False] attempt to delete input files after zip-archive creation

	compression [default=’normal’] normal zip compression, set as None for no compression only store files (zlib not required)











	
pyscescbm.CBTools.deSerialize(s)[source]

	Deserializes a serialised object contained in a string






	
pyscescbm.CBTools.exportArray2CSV(arr, fname)[source]

	Export an array to fname.csv



	arr the an array like object

	fname the output filename

	sep [default=’,’] the column separator











	
pyscescbm.CBTools.exportArray2TXT(arr, fname)[source]

	Export an array to fname.txt



	arr the an array like object

	fname the output filename

	sep [default=’,’] the column separator











	
pyscescbm.CBTools.exportLabelledArray(arr, fname, names=None, sep=', ', fmt='%f')[source]

	Write a 2D array type object to file



	arr the an array like object

	names [default=None] the list of row names

	fname the output filename

	sep [default=’,’] the column separator

	fmt [default=’%s’] the output number format











	
pyscescbm.CBTools.exportLabelledArray2CSV(arr, fname, names=None)[source]

	Export an array with row names to fname.csv



	arr the an array like object

	fname the output filename

	names [default=None] the list of row names











	
pyscescbm.CBTools.exportLabelledArray2TXT(arr, fname, names=None)[source]

	Export an array with row names to fname.txt



	arr the an array like object

	names [default=None] the list of row names

	fname the output filename











	
pyscescbm.CBTools.exportLabelledArrayWithHeader(arr, fname, names=None, header=None, sep=', ', fmt='%f')[source]

	Export an array with row names and header



	arr the an array like object

	names [default=None] the list of row names

	header [default=None] the list of column names

	fname the output filename

	sep [default=’,’] the column separator

	fmt [default=’%s’] the output number format

	appendlist [default=False] if True append the array to fname otherwise create a new file











	
pyscescbm.CBTools.exportLabelledArrayWithHeader2CSV(arr, fname, names=None, header=None)[source]

	Export an array with row names and header to fname.csv



	arr the an array like object

	fname the output filename

	names [default=None] the list of row names

	header [default=None] the list of column names











	
pyscescbm.CBTools.exportLabelledArrayWithHeader2TXT(arr, fname, names=None, header=None)[source]

	Export an array with row names and header to fname.txt



	arr the an array like object

	names the list of row names

	header the list of column names

	fname the output filename











	
pyscescbm.CBTools.exportLabelledLinkedList(arr, fname, names=None, sep=', ', fmt='%s', appendlist=False)[source]

	Write a 2D linked list [[...],[...],[...],[...]] and optionally a list of row labels to file:



	arr the linked list

	fname the output filename

	names [default=None] the list of row names

	sep [default=’,’] the column separator

	fmt [default=’%s’] the output number format

	appendlist [default=False] if True append the array to fname otherwise create a new file











	
pyscescbm.CBTools.findDeadEndMetabolites(fbam)[source]

	Finds dead-end (single reaction) metabolites rows in N with a single entry), returns a list of (metabolite, reaction) ids






	
pyscescbm.CBTools.findDeadEndReactions(fbam)[source]

	Finds dead-end (single substrate/product) reactions (cols in N with a single entry), returns a list of (metabolite, reaction) ids






	
pyscescbm.CBTools.fixReversibility(fbam, auto_correct=False)[source]

	Set fluxbound lower bound from reactions reversibility information.



	fbam and FBAModel instance

	auto_correct (default=False) if True automatically sets lower bound to zero if required, otherwise prints a warning if false.











	
pyscescbm.CBTools.getBoundsDict(fbamod, substring=None)[source]

	Return a dictionary of reactions&bounds






	
pyscescbm.CBTools.getExchBoundsDict(fbamod)[source]

	Return a dictionary of all exchange reactions (as determined by the is_exchange attribute of Reaction)


	fbamod a CBMPy model








	
pyscescbm.CBTools.getModelGenesPerReaction(fba, gene_pattern=None, gene_annotation_key='GENE ASSOCIATION')[source]

	Parse a BiGG style gene annotation string using default gene_pattern=’((W*w*W*))’ or
(<any non-alphanum><any alphanum><any non-alphanum>)

Old eColi specific pattern ‘(bw*W)’

It is advisable to use the model methods directly rather than this function






	
pyscescbm.CBTools.loadObj(filename)[source]

	Loads a serialised Python pickle from filename.dat returns the Python object(s)






	
pyscescbm.CBTools.merge2Models(m1, m2, ignore=None, ignore_duplicate_ids=False)[source]

	Merge 2 models, this method does a raw merge of model 2 into model 1 without any model checking.
Component id’s in ignore are ignored in both models and the first objective of model 1 is arbitrarily
set as active. Compartments are also merged and a new “OuterMerge” compartment is also created.

In all cases duplicate id’s are tracked and ignored, essentially using the object id encountered first -
usually that of model 1. Duplicate checking can be disabled by setting the ignore_duplicate_ids flag.


	m1 model 1

	m2 model 2

	ignore [[]] do not merge these id’s

	ignore_duplicate_ids [False] default behaviour that can be enabled



In development: merging genes and gpr’s.






	
pyscescbm.CBTools.processBiGGannotationNote(fba, annotation_key='note')[source]

	Parse the HTML formatted reaction information stored in the BiGG notes field.
This function is being deprecated and replaced by CBTools.processSBMLAnnotationNotes()



	requires an annotation_key which contains a BiGG HTML fragment











	
pyscescbm.CBTools.processBiGGchemFormula(fba)[source]

	Disambiguates the overloaded BiGG name NAME_CHEMFORMULA into



	species.name NAME

	species.chemFormula CHEMFORMULA











	
pyscescbm.CBTools.processExchangeReactions(fba, key)[source]

	Extract exchange reactions from model using key and return:



	a dictionary of all exchange reactions without medium reactions

	a dictionary of medium exchange reactions (negative lower bound)











	
pyscescbm.CBTools.processSBMLAnnotationNotes(fba, annotation_key='note')[source]

	Parse the HTML formatted reaction information stored in the SBML notes field currently
processes BiGG and PySCeSCBM style annotations it looks for the the annotation indexed
with the annotation_key



	annotation_key [default=’note’] which contains a HTML/XHTML fragment in BiGG/PySCeSCBM format











	
pyscescbm.CBTools.removeFixedSpeciesReactions(f)[source]

	This function is a hack that removes reactions which only have boundary species as reactants
and products. These are typically gene associations encoded in the Manchester style and there
is probably a better way of working around this problem ...



	f an instantiated fba model object











	
pyscescbm.CBTools.roundOffWithSense(val, osense='max', tol=1e-08)[source]

	Round of a value in a way that takes into consideration the sense of the operation that generated it



	val the value

	osense [default=’max’] the sense

	tol [default=1e-8] the tolerance of the roundoff factor











	
pyscescbm.CBTools.scanForReactionDuplicates(f, ignore_coefficients=False)[source]

	This method uses uses a brute force apprach to finding reactions with matching
stoichiometry






	
pyscescbm.CBTools.scanForUnbalancedReactions(f, output='all')[source]

	Scan a model for unbalanced reactions, returns a tuple of dictionaries balanced and unbalanced:



	f an FBA model instance

	output [default=’all’] can be one of [‘all’,’charge’,’element’]

	charge return all charge un balanced reactions

	element return all element un balanced reactions











	
pyscescbm.CBTools.setSpeciesPropertiesFromAnnotations(fbam, overwriteCharge=False, overwriteChemFormula=False)[source]

	This will attempt to set the model Species properties from the annotation. With the default options
it will only replace missing data. With ChemicalFormula this is easy to detect however charge may
have an “unknown value” of 0. Setting the optional values to true will replace any existing value
with any valid annotation.



	overwriteChemFormula [default=False]

	overwriteCharge [default=False]











	
pyscescbm.CBTools.splitReversibleReactions(fba, selected_reactions=None)[source]

	Split a (set of) reactions into reversible reactions returns a copy of the original model

R1: A = B
R1f: A -> B
R1r: B -> A



	fba an instantiated CBMPy model object

	selected_reactions if a reversible reaction id is in here split it











	
pyscescbm.CBTools.splitSingleReversibleReaction(fba, rid, fwd_id=None, rev_id=None)[source]

	Split a single reversible reaction into two irreversible reactions, returns the original reversible reaction and bounds
while deleting them from model.

R1: A = B
R1_fwd: A -> B
R1_rev: B -> A



	fba an instantiated CBMPy model object

	rid a valid reaction id

	fwd_id [default=None] the new forward reaction id, defaults to rid_fwd

	rev_id [default=None] the new forward reaction id, defaults to rid_rev











	
pyscescbm.CBTools.storeObj(obj, filename, compress=False)[source]

	Stores a Python obj as a serialised binary object in filename.dat


	obj a python object

	filename the base filename

	compress [False] use gzip compression not implemented








	
pyscescbm.CBTools.stringReplace(fbamod, old, new, target)[source]

	This is alpha stuff, target can be:



	‘species’

	‘reactions’

	‘constraints’

	‘objectives’

	‘all’













CBMPy: CBWrite module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
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Author: Brett G. Olivier
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Last edit: $Author: bgoli $ ($Id: CBWrite.py 358 2015-08-11 10:41:01Z bgoli $)


	
pyscescbm.CBWrite.BuildHformatFluxBounds(fba, infinity_replace=None, use_rational=False)[source]

	Build and return a csio that contains the flux bounds in H format



	fba a PySCeS-CBM FBA object

	infinity_replace [default=None] if defined this is the abs(value) of +-<infinity>











	
pyscescbm.CBWrite.BuildLPConstraints(fba, use_rational=False)[source]

	Build and return a csio that contains constraint constructed from
the StoichiometeryLP object



	fba an fba model object which has a stoichiometry

	use_rational write rational number output [default=False]











	
pyscescbm.CBWrite.BuildLPConstraintsMath(fba, use_rational=False)[source]

	Build and return a csio that contains the constaints in LP format
Strict refers to dS/dt => 0 and dS/dt <= 0






	
pyscescbm.CBWrite.BuildLPConstraintsRelaxed(fba)[source]

	Build and return a csio that contains the constaints in LP format
Relaxed refers to dS/dt >= 0






	
pyscescbm.CBWrite.BuildLPConstraintsStrict(fba, use_rational=False)[source]

	Build and return a csio that contains the constaints in LP format
Strict refers to dS/dt = 0






	
pyscescbm.CBWrite.BuildLPFluxBounds(fba, use_rational=False)[source]

	Build and return a csio that contains the flux bounds in LP format






	
pyscescbm.CBWrite.BuildLPUserConstraints(fba, use_rational=False)[source]

	Build and return a csio that contains constraint constructed from
the StoichiometeryLP object



	fba an fba model object which has a stoichiometry

	use_rational write rational number output [default=False]











	
pyscescbm.CBWrite.WriteFVAdata(fva, names, fname, work_dir=None, roundec=None, scale_min=False, appendfile=False, info=None)[source]

	INFO: this method will be deprecated please update your scripts to use “writeFVAdata()”






	
pyscescbm.CBWrite.WriteFVAtoCSV(id, fva, names, Dir=None, fbaObj=None)[source]

	INFO: this method will be deprecated please update your scripts to use “writeFVAtoCSV()”






	
pyscescbm.CBWrite.WriteModelHFormatFBA(fba, work_dir=None, use_rational=False, fullLP=True, format='%s', infinity_replace=None)[source]

	INFO: this method will be deprecated please update your scripts to use “writeModelHFormatFBA2()”






	
pyscescbm.CBWrite.WriteModelHFormatFBA2(fba, fname=None, work_dir=None, use_rational=False, fullLP=True, format='%s', infinity_replace=None)[source]

	INFO: this method will be deprecated please update your scripts to use “writeModelHFormatFBA2()”






	
pyscescbm.CBWrite.WriteModelLP(fba, work_dir=None, fname=None, multisymb=' ', format='%s', use_rational=False, constraint_mode=None, quiet=False)[source]

	INFO: this method will be deprecated please update your scripts to use “writeModelLP()”






	
pyscescbm.CBWrite.WriteModelLPOld(fba, work_dir=None, multisymb=' ', lpt=True, constraint_mode='strict', use_rational=False, format='%s')[source]

	INFO: this method will be deprecated please update your scripts to use “writeModelLPOld()”






	
pyscescbm.CBWrite.WriteModelRaw(fba, work_dir=None)[source]

	INFO: this method will be deprecated please update your scripts to use “writeModelRaw()”






	
pyscescbm.CBWrite.exportModel(fba, fname=None, fmt='lp', work_dir=None, use_rational='both')[source]

	Export the FBA model in different formats:



	fba the FBA model

	fname [default=None] the exported filename if None then fba.getPid() is used

	fmt [default=’lp’] the export format can be one of: ‘lp’ (CPLEX), ‘hformat’ (Polyhedra), ‘all’ (both)

	use_rational [default=’both’] if all or hformat is specified should hformat files be written using rational math or not. The default both is the legacy behaviour and writes both.






Note that ‘hformat’ ignores ‘fname’ and only uses fba.getPid() this is a legacy behaviour






	
pyscescbm.CBWrite.generateBGID(num, prefix)[source]

	
	Create a BGID generator, which is <prefix><num> where perfix is two letters num is padded to 6 figures

	
	num the starting number

	prefix the two letter prefix












	
pyscescbm.CBWrite.printFBASolution(fba, include_all=False)[source]

	Prints the FBA optimal solution to the screen.



	fba an FBA model object

	include_all include all variables











	
pyscescbm.CBWrite.writeCOBRASBML(fba, fname, directory=None)[source]

	Takes an FBA model object and writes it to file as a COBRA compatible :



	fba an fba model object

	fname the model will be written as XML to fname

	directory [default=None] if defined it is prepended to fname











	
pyscescbm.CBWrite.writeFVAdata(fvadata, names, fname, work_dir=None, roundec=None, scale_min=False, appendfile=False, info=None)[source]

	Takes the resuls of a FluxVariabilityAnalysis method and writes it to a nice
csv file. Note this method replaces the glpk/cplx_WriteFVAtoCSV methods. Data is output as a csv file
with columns: FluxName, FVA_MIN, FVA_MAX, OPT_VAL, SPAN



	fvadata FluxVariabilityAnalysis() FVA OUTPUT_ARRAY

	names FluxVariabilityAnalysis() FVA OUTPUT_NAMES

	fname filename_base for the CSV output

	work_dir [default=None] if set the output directory for the csv files

	roundec [default=None] an integer indicating at which decimal to round off output. Default is no rounding.

	scale_min [default=False] normalise each flux such that that FVA_MIN = 0.0

	appendfile [default=False] instead of opening a new file try and append the data

	info [default=None] a string added to the results as an extra column, useful with appendfile











	
pyscescbm.CBWrite.writeFVAtoCSV(fvadata, names, fname, Dir=None, fbaObj=None)[source]

	Takes the resuls of a FluxVariabilityAnalysis method and writes it to a nice
csv file. Note this method replaces the glpk/cplx_WriteFVAtoCSV methods.



	fvadata FluxVariabilityAnalysis() OUTPUT_ARRAY

	names FluxVariabilityAnalysis() OUTPUT_NAMES

	fname filename_base for the CSV output

	Dir [default=None] if set the output directory for the csv files

	fbaObj [default=None] if supplied adds extra model information into the output tables











	
pyscescbm.CBWrite.writeMinDistanceLPwithCost(fname, fbas, work_dir=None, ignoreDistance=[], constraint_mode='strict')[source]

	For backwards compatability only






	
pyscescbm.CBWrite.writeModelHFormatFBA(fba, work_dir=None, use_rational=False, fullLP=True, format='%s', infinity_replace=None)[source]

	Write an FBA-LP in polynomial H-Format file. This version has been replaced by writeModelHFormatFBA2()
but is kept for backwards compatability.



	fba a PySCeS-CBM FBA object

	Work_dir [default=None] the output directory

	use_rational [default=false] use rational numbers in output (requires sympy)

	fullLP [default=True] include the default objective function as a maximization target

	format [default=’%s’] the number format string

	infinity_replace [default=None] if defined this is the abs(value) of +-<infinity>











	
pyscescbm.CBWrite.writeModelHFormatFBA2(fba, fname=None, work_dir=None, use_rational=False, fullLP=True, format='%s', infinity_replace=None)[source]

	Write an FBA-LP in polynomial H-Format file. This is an improved version of WriteModelHFormatFBA()
which it replaces. Note that if a SymPy matrix is used as input then use_rational is automatically enabled.



	fba a PySCeS-CBM FBA object

	fname [default=None] the output filename, fba.getPid() if not defined

	Work_dir [default=None] the output directory

	use_rational [default=false] use rational numbers in output (requires sympy)

	fullLP [default=True] include the default objective function as a maximization target

	format [default=’%s’] the number format string

	infinity_replace [default=None] if defined this is the abs(value) of +-<infinity>











	
pyscescbm.CBWrite.writeModelInfoToFile(fba, fname, Dir=None, separator=', ', only_exchange=False, met_type='all')[source]

	This function writes a CBModel to file



	fba an instance of an PySCeSCBM model

	fname the output filename

	Dir [default=None] use directory if not None

	separator [default=’,’] the column separator

	only_exchange [default=False] only output fluxes labelled as exchange reactions

	type [default=’all’] only output certain type of species: ‘all’,’boundary’ or ‘variable’











	
pyscescbm.CBWrite.writeModelLP(fba, work_dir=None, fname=None, multisymb=' ', format='%s', use_rational=False, constraint_mode=None, quiet=False)[source]

	Writes an FBA object as an LP in CPLEX LP format



	fba an instantiated FBAmodel instance

	work_dir directory designated for output

	fname the file name [default=fba.getPid()]

	multisymb the multiplication symbol (default: <space>)

	format the number format of the output

	use_rational output rational numbers [default=False]

	quiet [default=False] supress information messages











	
pyscescbm.CBWrite.writeModelLPOld(fba, work_dir=None, multisymb=' ', lpt=True, constraint_mode='strict', use_rational=False, format='%s')[source]

	Writes a fba as an LP/LPT



	fba an instantiated FBAmodel instance

	work_dir directory designated for output

	multisymb the multiplication symbol (default: <space>)

	lpt the file format (default: True for lpt) or False for lp











	
pyscescbm.CBWrite.writeModelRaw(fba, work_dir=None)[source]

	Writes a fba (actually just dumps it) to a text file.



	fba an instantiated FBAmodel instance

	work_dir directory designated for output











	
pyscescbm.CBWrite.writeModelToCOMBINEarchive(mod, fname=None, directory=None, sbmlname=None, withExcel=True, vc_given='CBMPy', vc_family='Software', vc_email='None', vc_org='cbmpy.sourceforge.net', add_cbmpy_annot=True, add_cobra_annot=True)[source]

	Write a model in SBML and Excel format to a COMBINE archive using the following information:


	mod a model object

	fname the output base filename, archive will be <fname>.zip

	directory [default=None] created the combine archive ‘directory’

	sbmlname [default=’None’] If sbmlname is defined then SBML file is <sbmlname>.xml otherwise sbml will be <fname>.xml.

	withExcel [default=True] include a human readable Excel spreadsheet version of the model

	vc_given [default=’CBMPy’] first name

	vc_family [default=’Software’] family name

	vc_email [default=’None’] email

	vc_org [default=’None’] organisation

	add_cbmpy_annot [default=True] add CBMPy KeyValueData annotation. Replaces <notes>

	add_cobra_annot [default=True] add COBRA <notes> annotation








	
pyscescbm.CBWrite.writeModelToExcel97(fba, filename, roundoff=6)[source]

	Exports the model as an Excel 97 spreadsheet



	fba a CBMPy model instance

	filename the filename of the workbook

	roundoff [default=6] the number of digits to round off to











	
pyscescbm.CBWrite.writeOptimalSolution(fba, fname, Dir=None, separator=', ', only_exchange=False)[source]

	This function writes the optimal solution to file



	fba an instance of an PySCeSCBM model

	fname the output filename

	Dir [default=None] use current directory if not None

	separator [default=’,’] the column separator

	only_exchange [default=False] only output fluxes labelled as exchange reactions











	
pyscescbm.CBWrite.writeProteinCostToCSV(fba, fname)[source]

	Writes the protein costs ‘CBM_PEPTIDE_COST’ annotation toa csv file.



	fba an instantiated FBA object

	fname the exported file name











	
pyscescbm.CBWrite.writeReactionInfoToFile(fba, fname, Dir=None, separator=', ', only_exchange=False)[source]

	This function writes a CBModel to file



	fba an instance of an PySCeSCBM model

	fname the output filename

	Dir [default=None] use directory if not None

	separator [default=’,’] the column separator

	only_exchange [default=False] only output fluxes labelled as exchange reactions











	
pyscescbm.CBWrite.writeSBML2FBA(fba, fname, directory=None, sbml_level_version=None)[source]

	Takes an FBA model object and writes it to file as SBML L2 with FBA annotations.
Note if you want to write BiGG/FAME style annotations then you must use sbml_level_version=(2,1)



	fba an fba model object

	fname the model will be written as XML to fname

	sbml_level_version [default=None] a tuple containing the SBML level and version e.g. (2,1)






This is a utility wrapper for the function CBXML.sbml_writeSBML2FBA






	
pyscescbm.CBWrite.writeSBML3FBC(fba, fname, directory=None, sbml_level_version=(3, 1), autofix=True, gpr_from_annot=False, add_groups=False, add_cbmpy_annot=True, add_cobra_annot=False, xoptions={'fbc_version': 1, 'validate': False, 'compress_bounds': True})[source]

	Takes an FBA model object and writes it to file as SBML L3 FBC:



	fba an fba model object

	fname the model will be written as XML to fname

	directory [default=None] if defined it is prepended to fname

	sbml_level_version [default=(3,1)] a tuple containing the SBML level and version e.g. (3,1)

	autofix convert <> to <=>=

	gpr_from_annot [default=True] if enabled will attempt to add the gene protein associations from the annotations
if no gene protein association objects exist

	add_cbmpy_annot [default=True] add CBMPy KeyValueData annotation. Replaces <notes>

	add_cobra_annot [default=True] add COBRA <notes> annotation

	xoptions extended options
	fbc_version [default=1] write SBML3FBC using version 1 (2013) or version 2 (2015)

	validate [default=False] validate the output SBML file

	compress_bounds [default=False] try compress output flux bound parameters















	
pyscescbm.CBWrite.writeSBML3FBCV2(fba, fname, directory=None, gpr_from_annot=False, add_groups=False, add_cbmpy_annot=True, add_cobra_annot=False, validate=False, compress_bounds=True)[source]

	Takes an FBA model object and writes it to file as SBML L3 FBC:



	fba an fba model object

	fname the model will be written as XML to fname

	directory [default=None] if defined it is prepended to fname

	gpr_from_annot [default=False] if enabled will attempt to add the gene protein associations from the annotations

	add_groups [default=False] add SBML3 groups (if supported by libSBML)

	add_cbmpy_annot [default=True] add CBMPy KeyValueData annotation. Replaces <notes>

	add_cobra_annot [default=False] add COBRA <notes> annotation

	validate [default=False] validate the output SBML file

	compress_bounds [default=True] try compress output flux bound parameters











	
pyscescbm.CBWrite.writeSensitivitiesToCSV(sensitivities, fname)[source]

	Write out a sensitivity report using the objective sensitivities and
bound sensitivity dictionaries created by e.g. cplx_getSensitivities().



	sensitivity tuple containing





	obj_sens dictionary of objective coefficient sensitivities (per flux)

	rhs_sens dictionary of constraint rhs sensitivities (per constraint)

	bound_sens dictionary of bound sensitivities (per flux)







	fname output filename e.g. fname.csv











	
pyscescbm.CBWrite.writeSolutions(fname, sols=[], sep=', ', extra_output=None, fba=None)[source]

	Write 2 or more solutions where a solution is a dictionary of flux:value pairs:



	fname the export filename

	sols a list of dictionaries containing flux:value pairs (e.g. output by cmod.getReactionValues())

	sep [default=’,’] the column separator

	extra_output [default=None] add detailed information to output e.g. reaction names by giving a CBModel object as an argument to extra_output.

	fba an fba model that canbe used for extra_output











	
pyscescbm.CBWrite.writeSpeciesInfoToFile(fba, fname, Dir=None, separator=', ', met_type='all')[source]

	This function writes a CBModel to file



	fba an instance of an PySCeSCBM model

	fname the output filename

	Dir [default=None] use directory if not None

	separator [default=’,’] the column separator

	met_type [default=’all’] only output certain type of species: ‘all’,’boundary’ or ‘variable’











	
pyscescbm.CBWrite.writeStoichiometricMatrix(fba, fname=None, work_dir=None, use_rational=False, fullLP=True, format='%s', infinity_replace=None)[source]

	Write an FBA-LP in polynomial H-Format file. This is an improved version of WriteModelHFormatFBA()
which it replaces but is kept for backwards compatability.



	fba a PySCeS-CBM FBA object

	fname [default=None] the output filename, fba.getPid() if not defined

	Work_dir [default=None] the output directory

	use_rational [default=false] use rational numbers in output (requires sympy)

	fullLP [default=True] include the default objective function as a maximization target

	format [default=’%s’] the number format string

	infinity_replace [default=None] if defined this is the abs(value) of +-<infinity>
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class pyscescbm.CBWx.HtmlWindowMod(*args, **kwargs)[source]

	Overrides ‘OnLinkClicked’ to open links in external browser






	
pyscescbm.CBWx.circlePoints(totalPoints=4, startAngle=0, arc=360, circleradius=1, centerxy=(0, 0), direction='forward', evenDistribution=True)[source]

	Returns a list of points evenly spread around a circle:



	totalPoints how many points

	startAngle where to start

	arc how far to go

	circleradius radius

	centerxy origin

	direction ‘forward’ or ‘backward’

	evenDistribution True/False






This code has been adapted from the Flash example that can be found here:
http://www.lextalkington.com/blog/2009/12/generate-points-around-a-circles-circumference/








CBMPy: CBXML module
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Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands
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it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
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class pyscescbm.CBXML.MLStripper[source]

	Class for stripping a string of HTML/XML used from:
http://stackoverflow.com/questions/753052/strip-html-from-strings-in-python






	
pyscescbm.CBXML.sbml_convertCOBRASBMLtoFBC(fname, outname=None, work_dir=None, output_dir=None)[source]

	Read in a COBRA SBML Level 2 file and return the name of the created SBML Level 3 with FBC
file that is created in the output directory



	fname is the filename

	outname the name of the output file. If not specified then <filename>.l3fbc.xml is used as default

	work_dir [default=None] is the working directory

	output_dir [default=None] is the output directory (default is work_dir)






This method is based on code from libSBML (http://sbml.org) in the file “convertCobra.py”
written by Frank T. Bergmann.






	
pyscescbm.CBXML.sbml_convertSBML3FBCToCOBRA(fname, outname=None, work_dir=None, output_dir=None)[source]

	Read in a SBML Level 3 file and return the name of the created COBRA
file that is created in the output directory



	fname is the filename

	outname the name of the output file. If not specified then <filename>.cobra.xml is used as default

	work_dir [default=None] is the working directory

	output_dir [default=None] is the output directory (default is work_dir)






This method is based on code from libSBML (http://sbml.org) in the file “convertFbcToCobra.py”
written by Frank T. Bergmann.






	
pyscescbm.CBXML.sbml_createAssociationFromAST(node, out)[source]

	Converts a GPR string ‘((g1 and g2) or g3)’ to an association via a Python AST.
In future I will get rid of all the string elements and work only with associations
and AST’s.



	node a Python AST note (e.g. body)

	out a new shiny FBC V2 GeneProductAssociation











	
pyscescbm.CBXML.sbml_createModelL2(fba, level=2, version=1)[source]

	Create an SBML model and document:



	fba a PySCeSCBM model instance

	level always 2

	version always 1






and returns:



	model an SBML model











	
pyscescbm.CBXML.sbml_exportSBML2FBAModel(document, filename, directory=None, return_doc=False, remove_note_body=False)[source]

	Writes an SBML model object to file. Note this is an internal SBML method use sbml_writeSBML2FBA() to write an FBA model:



	model a libSBML model instance

	filename the output filename

	directory [default=None] by default use filename otherwise join, <dir><filename>

	return_doc [default=False] return the SBML document used to write the XML











	
pyscescbm.CBXML.sbml_getCVterms(sb, model=False)[source]

	Get the MIRIAM compliant CV terms and return a MIRIAMAnnotation or None



	sb a libSBML SBase derived object

	model is this a BQmodel term











	
pyscescbm.CBXML.sbml_getGeneRefs(association, out)[source]

	Walk through a gene association and extract GeneRefs inspired by Frank






	
pyscescbm.CBXML.sbml_readCOBRANote(s)[source]

	Parses a COBRA style note from a XML string



	s an XML string











	
pyscescbm.CBXML.sbml_readCOBRASBML(fname, work_dir=None, return_sbml_model=False, delete_intermediate=False, fake_boundary_species_search=False, output_dir=None, speciesAnnotationFix=True)[source]

	Read in a COBRA format SBML Level 2 file with FBA annotation where and return either a CBM model object
or a (cbm_mod, sbml_mod) pair if return_sbml_model=True



	fname is the filename

	work_dir is the working directory

	return_sbml_model [default=False] return a a (cbm_mod, sbml_mod) pair

	delete_intermediate [default=False] delete the intermediate SBML Level 3 FBC file

	fake_boundary_species_search [default=False] after looking for the boundary_condition of a species search for overloaded id’s <id>_b

	output_dir [default=None] the directory to output the intermediate SBML L3 files (if generated) default to input directory











	
pyscescbm.CBXML.sbml_readKeyValueDataAnnotation(annotations)[source]

	Reads KeyValueData annotation (http://pysces.sourceforge.net/KeyValueData) and returns a dictionary of key:value pairs






	
pyscescbm.CBXML.sbml_readSBML2FBA(fname, work_dir=None, return_sbml_model=False, fake_boundary_species_search=False)[source]

	Read in an SBML Level 2 file with FBA annotation where and return either a CBM model object
or a (cbm_mod, sbml_mod) pair if return_sbml_model=True



	fname is the filename

	work_dir is the working directory (only used if not None)

	return_sbml_model [default=False] return a a (cbm_mod, sbml_mod) pair

	fake_boundary_species_search [default=False] after looking for the boundary_condition of a species search for overloaded id’s <id>_b











	
pyscescbm.CBXML.sbml_readSBML3FBC(fname, work_dir=None, return_sbml_model=False, xoptions={})[source]

	Read in an SBML Level 3 file with FBC annotation where and return either a CBM model object
or a (cbm_mod, sbml_mod) pair if return_sbml_model=True



	fname is the filename

	work_dir is the working directory

	return_sbml_model [default=False] return a a (cbm_mod, sbml_mod) pair

	xoptions special load options enable with option = True
- nogenes do not load/process genes
- noannot do not load/process any annotations
- validate validate model and display errors and warnings before loading











	
pyscescbm.CBXML.sbml_setCVterms(sb, uridict, model=False)[source]

	Add MIRIAM compliant CV terms to a sbml object from a CBM object



	sb a libSBML SBase derived object

	uridict a dictionary of uri’s as produced by getAllMIRIAMUris()

	model is this a BQmodel term [deprecated attribute, ignored and autodetected]











	
pyscescbm.CBXML.sbml_setCompartmentsL3(model, fba)[source]

	Sets the model compartments.



	model a libSBML model instance

	fba a PySCeSCBM model instance











	
pyscescbm.CBXML.sbml_setDescription(model, fba)[source]

	Sets the model description as a <note> containing txt in an HTML paragraph on the model object.



	model a libSBML model instance

	fba a PySCeSCBM model instance











	
pyscescbm.CBXML.sbml_setReactionsL2(model, fba, return_dict=False)[source]

	Add the FBA instance reactions to the SBML model



	model an SBML model instance

	fba a PySCeSCBM model instance

	return_dict [default=False] if True do not add reactions to SBML document instead return a dictionary description of the reactions











	
pyscescbm.CBXML.sbml_setReactionsL3Fbc(fbcmod, fba, return_dict=False, add_cobra_anno=False, add_cbmpy_anno=True, fbc_version=1)[source]

	Add the FBA instance reactions to the SBML model



	fbcmod a CBM2SBML instance

	fba a PySCeSCBM model instance

	return_dict [default=False] if True do not add reactions to SBML document instead return a dictionary description of the reactions

	add_cbmpy_anno [default=True] add CBMPy KeyValueData annotation. Replaces <notes>

	add_cobra_anno [default=False] add COBRA <notes> annotation

	fbc_version [default=1] writes either FBC v1 (2013) or v2 (2015)











	
pyscescbm.CBXML.sbml_setSpeciesL2(model, fba, return_dicts=False)[source]

	Add the species definitions to the SBML object:



	model [default=’‘] a libSBML model instance or can be None if return_dicts == True

	fba a PySCeSCBM model instance

	return_dicts [default=False] only returns the compartment and species dictionaries without updated the SBML






returns:



	compartments a dictionary of compartments (except when give return_dicts argument)











	
pyscescbm.CBXML.sbml_setSpeciesL3(model, fba, return_dicts=False, add_cobra_anno=False, add_cbmpy_anno=True)[source]

	Add the species definitions to the SBML object:



	model and SBML model instance or can be None if return_dicts == True

	fba a PySCeSCBM model instance

	return_dicts [default=False] only returns the compartment and species dictionaries without updating the SBML

	add_cbmpy_anno [default=True] add CBMPy KeyValueData annotation. Replaces <notes>

	add_cobra_anno [default=False] add COBRA <notes> annotation






returns:



	compartments a dictionary of compartments (except when given return_dicts argument)











	
pyscescbm.CBXML.sbml_setUnits(model, units=None, give_default=False)[source]

	Adds units to the model:


	model a libSBML model instance

	units [default=None] a dictionary of units, if None default units are used

	give_default [default=False] if true method returns the default unit dictionary








	
pyscescbm.CBXML.sbml_validateDocument(D)[source]

	Validates and SBML document returns three dictionaries, errors, warnings, other and a boolean indicating an invalid document:



	D and SBML document











	
pyscescbm.CBXML.sbml_writeAnnotationsAsCOBRANote(annotations)[source]

	Writes the annotations dictionary as a COBRA compatible SBML <note>






	
pyscescbm.CBXML.sbml_writeCOBRASBML(fba, fname, directory=None)[source]

	Takes an FBA model object and writes it to file as a COBRA compatible :



	fba an fba model object

	fname the model will be written as XML to fname

	directory [default=None] if defined it is prepended to fname











	
pyscescbm.CBXML.sbml_writeKeyValueDataAnnotation(annotations)[source]

	Writes the key:value annotations as a KeyValueData annotation (http://pysces.sourceforge.net/KeyValueData)






	
pyscescbm.CBXML.sbml_writeSBML2FBA(fba, fname, directory=None, sbml_level_version=None)[source]

	Takes an FBA model object and writes it to file as SBML L3 FBA:



	fba an fba model object

	fname the model will be written as XML to fname

	directory [default=None] if defined it is prepended to fname

	sbml_level_version [default=None] a tuple containing the SBML level and version e.g. (2,4) (ignored)











	
pyscescbm.CBXML.sbml_writeSBML3FBC(fba, fname, directory=None, sbml_level_version=(3, 1), autofix=True, return_fbc=False, gpr_from_annot=False, add_groups=False, add_cbmpy_annot=True, add_cobra_annot=False, xoptions={})[source]

	Takes an FBA model object and writes it to file as SBML L3 FBC:



	fba an fba model object

	fname the model will be written as XML to fname

	directory [default=None] if defined it is prepended to fname

	sbml_level_version [default=(3,1)] a tuple containing the SBML level and version e.g. (3,1)

	autofix convert <> to <=>=

	return_fbc return the FBC converter instance

	gpr_from_annot [default=True] if enabled will attempt to add the gene protein associations from the annotations
if no gene protein association objects exist

	add_cbmpy_annot [default=True] add CBMPy KeyValueData annotation. Replaces <notes>

	add_cobra_annot [default=True] add COBRA <notes> annotation

	xoptions extended options
	fbc_version [default=1] write SBML3FBC using version 1 (2013) or version 2 (2015)

	validate [default=False] validate the output SBML file

	compress_bounds [default=False] try compress output flux bound parameters















	
pyscescbm.CBXML.xml_addSBML2FBAFluxBound(document, rid, operator, value, fbid=None)[source]

	Adds an SBML3FBA flux bound to the document:



	document a minidom XML document created by xml_createSBML2FBADoc

	rid the reaction id

	operator one of [‘greater’,’greaterEqual’,’less’,’lessEqual’,’equal’,’>’,’>=’,’<’,’<=’,’=’]

	value a float which will be cast to a string using str(value)

	fbid the flux bound id, autogenerated by default











	
pyscescbm.CBXML.xml_addSBML2FBAObjective(document, objective, active=True)[source]

	Adds an objective element to the documents listOfObjectives and sets the active attribute:



	document a minidom XML document created by xml_createSBML2FBADoc

	objective a minidom XML objective element created with xml_createSBML2FBAObjective

	active [default=True] a boolean flag specifiying whether this objective is active











	
pyscescbm.CBXML.xml_createListOfFluxObjectives(document, fluxObjectives)[source]

	Create a list of fluxObjectives to add to an Objective:



	document a minidom XML document created by xml_createSBML2FBADoc

	fluxobjs a list of (rid, coefficient) tuples











	
pyscescbm.CBXML.xml_createSBML2FBADoc()[source]

	Create a ‘document’ to store the SBML2FBA annotation, returns:



	DOC a minidom document











	
pyscescbm.CBXML.xml_createSBML2FBAObjective(document, oid, sense, fluxObjectives)[source]

	Create a list of fluxObjectives to add to an Objective:



	document a minidom XML document created by xml_createSBML2FBADoc

	oid the objective id

	sense a string containing the objective sense either: maximize or minimize

	fluxObjectives a list of (rid, coefficient) tuples











	
pyscescbm.CBXML.xml_getSBML2FBAannotation(fba, fname=None)[source]

	Takes an FBA model object and returns the SBML3FBA annotation as an XML string:



	fba an fba model object

	fname [default=None] if supplied the XML will be written to file fname











	
pyscescbm.CBXML.xml_stripTags(html)[source]

	Strip a string of HTML/XML, returns a string



	html the string containing html











	
pyscescbm.CBXML.xml_viewSBML2FBAXML(document, fname=None)[source]

	Print a minidom XML document to screen or file, arguments:



	document a minidom XML document

	fname [default=None] by default print to screen or write to file fname













PyscesStoich

PySCeS stoichiometric analysis classes.


	
class pyscescbm.PyscesStoich.MathArrayFunc[source]

	PySCeS array functions - used by Stoich


	
MatrixFloatFix(mat, val=1.e-15)[source]

	Clean an array removing any floating point artifacts defined as being smaller than a specified value.
Processes an array inplace

Arguments:

mat: the input 2D array
val [default=1.e-15]: the threshold value (effective zero)






	
MatrixValueCompare(matrix)[source]

	Finds the largest/smallest abs(value) > 0.0 in a matrix.
Returns a tuple containing (smallest,largest) values

Arguments:

matrix: the input 2D array






	
SwapCol(res_a, r1, r2)[source]

	Swap two columns using BLAS swap, arrays can be (or are upcast to) type double (d) or double complex (D).
Returns the colswapped array

Arguments:

res_a: the input array
r1: the first column to be swapped
r2: the second column to be swapped






	
SwapCold(res_a, c1, c2)[source]

	Swaps two double (d) columns in an array using BLAS DSWAP. Returns the colswapped array.

Arguments:

res_a: input array
c1: column index 1
c2: column index 2






	
SwapColz(res_a, c1, c2)[source]

	Swaps two double complex (D) columns in an array using BLAS ZSWAP. Returns the colswapped array.

Arguments:

res_a: input array
c1: column index 1
c2: column index 2






	
SwapElem(res_a, r1, r2)[source]

	Swaps two elements in a 1D vector

Arguments:

res_a: the input vector
r1: index 1
r2: index 2






	
SwapRow(res_a, r1, r2)[source]

	Swaps two rows using BLAS swap, arrays can be (or are upcast to) type double (d) or double complex (D).
Returns the rowswapped array.

Arguments:

res_a: the input array
r1: the first row index to be swapped
r2:  the second row index to be swapped






	
SwapRowd(res_a, c1, c2)[source]

	Swaps two double (d) rows in an array using BLAS DSWAP. Returns the rowswapped array.

Arguments:

res_a: input array
c1: row index 1
c2: row index 2






	
SwapRowz(res_a, c1, c2)[source]

	Swaps two double complex (D) rows in an array using BLAS ZSWAP. Returns the rowswapped array.

Arguments:

res_a: input array
c1: row index 1
c2: row index 2






	
assertRank2(*arrays)[source]

	Check that we are using a 2D array

Arguments:

*arrays: input array(s)






	
castCopyAndTranspose(type, *arrays)[source]

	Cast numeric arrays to required type and transpose

Arguments:

type: the required type to cast to
*arrays: the arrays to be processed






	
commonType(*arrays)[source]

	Numeric detect and set array precision (will be replaced with new scipy.core compatible code when ready)

Arguments:

*arrays: input arrays










	
class pyscescbm.PyscesStoich.Stoich(input)[source]

	PySCeS stoichiometric analysis class: initialized with a stoichiometric matrix N (input)


	
AnalyseK()[source]

	Evaluate the stoichiometric matrix and calculate the nullspace using LU decomposition and backsubstitution .
Generates the MCA K and Ko arrays and associated row and column vectors

Arguments:
None






	
AnalyseL()[source]

	Evaluate the stoichiometric matrix and calculate the left nullspace using LU factorization and backsubstitution.
Generates the MCA L, Lo, Nr and Conservation matrix and associated row and column vectors

Arguments:
None






	
BackSubstitution(res_a, row_vector, column_vector)[source]

	Jordan reduction of a scaled upper triangular matrix. The returned array is now in the form [I R] and can
be used for nullspace determination. Modified row and column tracking vetors are also returned.

Arguments:

res_a: unitary pivot upper triangular matrix
row_vector: row tracking vector
column_vector: column tracking vector






	
GetUpperMatrix(a)[source]

	Core analysis algorithm; an input is preconditioned using PivotSort_initial and then cycles of PLUfactorize and
PivotSort are run until the factorization is completed. During this process the matrix is reordered by
column swaps which emulates a full pivoting LU factorization. Returns the pivot matrix P, upper factorization U
as well as the row/col tracking vectors.

Arguments:

a: a stoichiometric matrix






	
GetUpperMatrixUsingQR(a)[source]

	GetUpperMatrix(a)

Core analysis algorithm; an input is preconditioned using PivotSort_initial and then cycles of PLUfactorize and
PivotSort are run until the factorization is completed. During this process the matrix is reordered by
column swaps which emulates a full pivoting LU factorization. Returns the pivot matrix P, upper factorization U
as well as the row/col tracking vectors.

Arguments:

a: a stoichiometric matrix






	
K_split_R(R_a, row_vector, column_vector)[source]

	Using the R factorized form of the stoichiometric matrix we now form the K and Ko matrices. Returns
the r_ipart,Komatrix,Krow,Kcolumn,Kmatrix,Korow,info

Arguments:

R_a: the Gauss-Jordan reduced stoichiometric matrix
row_vector: row tracking vector
column_vector: column tracking vector






	
L_split_R(Nfull, R_a, row_vector, column_vector)[source]

	Takes the Gauss-Jordan factorized N^T and extract the L, Lo, conservation (I -Lo) and reduced stoichiometric matrices. Returns: lmatrix_col_vector, lomatrix, lomatrix_row, lomatrix_co, nrmatrix, Nred_vector_row, Nred_vector_col, info

Arguments:

Nfull: the original stoichiometric matrix N
R_a: gauss-jordan factorized form of N^T
row_vector: row tracking vector
column_vector: column tracking vector






	
PLUfactorize(a_in)[source]

	Performs an LU factorization using LAPACK D/ZGetrf. Now optimized for FLAPACK interface.
Returns LU - combined factorization, IP - rowswap information and info - Getrf error control.

Arguments:

a_in: the matrix to be factorized






	
PivotSort(a, row_vector, column_vector)[source]

	This is a sorting routine that accepts a matrix and row/colum vectors
and then sorts them so that: there are no zero rows (by swapping with first
non-zero row) The abs(largest) pivots are moved onto the diagonal to maintain
numerical stability. Row and column swaps are recorded in the tracking vectors.

Arguments:

a: the input array
row_vector: row tracking vector
column_vector: column tracking vector






	
PivotSort_initial(a, row_vector, column_vector)[source]

	This is a sorting routine that accepts a matrix and row/colum vectors
and then sorts them so that: the abs(largest) pivots are moved onto the diagonal to maintain
numerical stability i.e. the matrix diagonal is in descending max(abs(value)).
Row and column swaps are recorded in the tracking vectors.

Arguments:

a: the input array
row_vector: row tracking vector
column_vector: column tracking vector






	
SVD_Rank_Check(matrix=None, factor=1.0e4, resultback=0)[source]

	Calculates the dimensions of L/L0/K/K) by way of SVD and compares them to the Guass-Jordan results. Please note that for LARGE ill conditioned matrices the SVD can become numerically unstable when used for nullspace determinations

Arguments:

matrix [default=None]: the stoichiometric matrix default is self.Nmatrix
factor [default=1.0e4]: factor used to calculate the ‘zero pivot’ mask = mach_eps*factor
resultback [default=0]: return the SVD results, U, S, vh






	
ScalePivots(a_one)[source]

	Given an upper triangular matrix U, this method scales the diagonal (pivot values) to one.

Arguments:

a_one: an upper triangular matrix U






	
SplitLU(plu, row, col, t)[source]

	PLU takes the combined LU factorization computed by PLUfactorize and extracts the upper matrix.
Returns U.

Arguments:

plu: LU factorization
row: row tracking vector
col: column tracking vector
t [default=None)]: typecode argument (currently not used)










	
class pyscescbm.PyscesStoich.StructMatrix(array, ridx, cidx, row=None, col=None)[source]

	This class is specifically designed to store structural matrix information
give it an array and row/col index permutations it can generate its own
row/col labels given the label src.


	
getColsByIdx(*args)[source]

	Return the columns referenced by index (1,3,5)






	
getColsByName(*args)[source]

	Return the columns referenced by label (‘s’,’x’,’d’)






	
getIndexes(axis='all')[source]

	Return the matrix indexes ([rows],[cols]) where axis=’row’/’col’/’all’






	
getLabels(axis='all')[source]

	Return the matrix labels ([rows],[cols]) where axis=’row’/’col’/’all’






	
getRowsByIdx(*args)[source]

	Return the rows referenced by index (1,3,5)






	
getRowsByName(*args)[source]

	Return the rows referenced by label (‘s’,’x’,’d’)






	
setCol(src)[source]

	Assuming that the col index array is a permutation (full/subset)
of a source label array by supplying that src to setCol
maps the row labels to cidx and creates self.col (col label list)






	
setRow(src)[source]

	Assuming that the row index array is a permutation (full/subset)
of a source label array by supplying that source to setRow it
maps the row labels to ridx and creates self.row (row label list)












CBMPy: MultiCoreFVA module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: _multicorefva.py 305 2015-04-23 15:18:31Z bgoli $)




CBMPy: MultiCoreEnvFVA module

PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: _multicoreenvfva.py 305 2015-04-23 15:18:31Z bgoli $)
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"""
CBMPy: CBGLPK module
====================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBGLPK.py 305 2015-04-23 15:18:31Z bgoli $)

"""

# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals

HAVE_SYMPY = False
try:
    import sympy
    if int(sympy.__version__.split('.')[1]) >= 7 and int(sympy.__version__.split('.')[2]) >= 4:
        HAVE_SYMPY = True
    else:
        del sympy
except ImportError:
    HAVE_SYMPY = False

import os, time
import numpy
from . import CBWrite
from .CBConfig import __CBCONFIG__ as __CBCONFIG__
__DEBUG__ = __CBCONFIG__['DEBUG']
__version__ = __CBCONFIG__['VERSION']


HAVE_GLPK = False
GLPK_SOLUTION_STATUS = None

try:
    import glpk
    lp = glpk.LPX()
    HAVE_GLPK = True
except:
    raise ImportError

# configuration options for GLPK
GLPK_CFG = {'simplex' : {'meth' : glpk.LPX.PRIMAL,
                       #'meth' : glpk.LPX.DUAL,
                       #'meth' : glpk.LPX.DUALP,
                       'tol_bnd' : 1.0e-6,
                       'tol_dj'  : 1.0e-6,
                       'tol_piv' : 1.0e-10
                       }
          }

GLPK_STATUS = {
    1 : 'LPS_UNDEF',
    2 : 'LPS_FEAS',
    3 : 'LPS_INFEAS',
    4 : 'LPS_NOFEAS',
    5 : 'LPS_OPT',
    6 : 'LPS_UNBND'}

GLPK_STATUS2 = {
    'opt' : 'LPS_OPT',
    'undef' : 'LPS_UNDEF',
    'feas' : 'LPS_FEAS',
    'infeas' : 'LPS_INFEAS',
    'nofeas' : 'LPS_NOFEAS',
    'unbnd' : 'LPS_UNBND'}


GLPK_SILENT_MODE = True
GLPK_INFINITY = 1.0e9

[docs]def glpk_constructLPfromFBA(fba, fname=None):
    """
    Create a GLPK LP in memory.
    - *fba* an FBA object
    - *fname* optional filename if defined writes out the constructed lp

    """
    _Stime = time.time()

    # define model and add variables
    lp = glpk.LPX()
    lp.name = fba.getPid()
    lp.cols.add(len(fba.N.col))


    if HAVE_SYMPY and fba.N.__array_type__ == sympy.MutableDenseMatrix:
        print('INFO: GLPK requires floating point, converting N')
        Nmat = numpy.array(fba.N.array).astype('float')
        RHSmat = numpy.array(fba.N.RHS).astype('float')
        if fba.CM != None:
            CMmat = numpy.array(fba.CM.array).astype('float')
            CMrhs = numpy.array(fba.CM.RHS).astype('float')
    else:
        Nmat = fba.N.array
        RHSmat = fba.N.RHS
        if fba.CM != None:
            CMmat = fba.CM.array
            CMrhs = fba.CM.RHS

    varMap = {}
    for n_ in range(Nmat.shape[1]):
        varMap[fba.N.col[n_]] = n_
        lp.cols[n_].name = fba.N.col[n_]

    #print varMap

    # define objective
    osense = fba.getActiveObjective().operation.lower()
    if osense in ['minimize', 'minimise', 'min']:
        lp.obj.maximize = False
    elif osense in ['maximize', 'maximise', 'max']:
        lp.obj.maximize = True
    else:
        raise RuntimeError('\n%s - is not a valid objective operation' % osense)
    lp.obj.name = fba.getActiveObjective().getPid()
    for fo_ in fba.getActiveObjective().fluxObjectives:
        lp.obj[varMap[fo_.reaction]] = fo_.coefficient

    # create N constraints
    lp.rows.add(Nmat.shape[0])
    #conMap = {}
    #for n_ in range(Nmat.shape[0]):
        ##conMap[fba.N.row[n_]] = n_
        #lp.rows[n_].name = fba.N.row[n_]

    #tnew = time.time()
    for r_ in range(Nmat.shape[0]):
        # name and coefficients
        newCon = []
        for c_ in range(Nmat.shape[1]):
            newCon.append((c_, Nmat[r_,c_]))
        lp.rows[r_].name = fba.N.row[r_]
        lp.rows[r_].matrix = newCon

        # sense and rhs
        rhs = RHSmat[r_]
        if fba.N.operators[r_] in ['<=','<','L']:
            lp.rows[r_].bounds = None, rhs
        elif fba.N.operators[r_] in ['>=','>','G']:
            lp.rows[r_].bounds = rhs, None
        elif fba.N.operators[r_] in ['=','E']:
            lp.rows[r_].bounds = rhs
        else:
            raise RuntimeError('INFO: invalid operator: %s' % fba.N.operators[n])

    # add user defined constraints
    if fba.CM != None:
        baseRows = len(lp.rows)
        lp.rows.add(CMmat.shape[0])
        for r_ in range(CMmat.shape[0]):
            # name and coefficients
            newCon = []
            for c_ in range(CMmat.shape[1]):
                newCon.append((c_, CMmat[r_, c_]))
            lp.rows[baseRows+r_].name = fba.CM.row[r_]
            lp.rows[baseRows+r_].matrix = newCon

            # sense and rhs
            rhs = CMrhs[r_]
            if fba.CM.operators[r_] in ['<=','<','L']:
                lp.rows[baseRows+r_].bounds = None, rhs
            elif fba.CM.operators[r_] in ['>=','>','G']:
                lp.rows[baseRows+r_].bounds = rhs, None
            elif fba.CM.operators[r_] in ['=','E']:
                lp.rows[baseRows+r_].bounds = rhs
            else:
                raise RuntimeError('INFO: invalid operator: %s' % fba.N.operators[n])

    # add bounds
    for r_ in fba.reactions:
        lb = ub = None
        lb = fba.getReactionLowerBound(r_.getPid())
        ub = fba.getReactionUpperBound(r_.getPid())

        if lb in ['Infinity', 'inf', 'Inf', 'infinity']:
            lb = GLPK_INFINITY
        elif lb in ['-Infinity', '-inf', '-Inf', '-infinity', None]:
            lb = -GLPK_INFINITY
        elif numpy.isinf(lb):
            if lb < 0.0:
                lb = -GLPK_INFINITY
            else:
                lb = GLPK_INFINITY
        if ub in ['Infinity', 'inf', 'Inf', 'infinity', None]:
            ub = GLPK_INFINITY
        elif ub in ['-Infinity', '-inf', '-Inf', '-infinity']:
            ub = -GLPK_INFINITY
        elif numpy.isinf(ub):
            if ub < 0.0:
                ub = -GLPK_INFINITY
            else:
                ub = GLPK_INFINITY

        if ub != GLPK_INFINITY and lb != -GLPK_INFINITY and ub == lb:
            lp.cols[varMap[r_.getPid()]].bounds = lb
        elif ub != GLPK_INFINITY and lb != -GLPK_INFINITY:
            lp.cols[varMap[r_.getPid()]].bounds = lb, ub
        elif ub != GLPK_INFINITY:
            lp.cols[varMap[r_.getPid()]].bounds = None, ub
        elif lb != -GLPK_INFINITY:
            lp.cols[varMap[r_.getPid()]].bounds = lb, None
        else:
            lp.cols[varMap[r_.getPid()]].bounds = None

    print('\ngplk_constructLPfromFBA time: {}\n'.format(time.time() - _Stime))
    if fname != None:
        lp.write(cpxlp=fname+'.lp')
    return lp


[docs]def glpk_Solve(lp, method='s'):
    """
    Solve the LP and create a status attribute with the solution status

     - *method* [default='s'] 's' = simplex, 'i' = interior, 'e' = exact

    GLPK solver options can be set in the dictionary GLPK_CFG

    """

    if method == 'i':
        glpksol = lp.interior()
    elif method == 'e':
        glpksol = lp.exact()
    else:
        glpksol = lp.simplex(**GLPK_CFG['simplex'])


    global GLPK_SOLUTION_STATUS
    GLPK_SOLUTION_STATUS = glpk_getSolutionStatus(lp)

    #if status == 'LPS_UNDEF':
        #sd.presolve = False
        #status = glpk.glp_simplex(lp, sd)
    #if status == 'LPS_UNDEF':
        #print('\nINFO: Primal solver failure switching to dual-primal solver\n')
        #sd.presolve = False
        #sd.obj_ul = 1.0e10
        #sd.obj_ll = 1.0e10
        #sd.meth = glpk.GLP_DUALP
        #glpk.glp_simplex(lp, sd)
        #status = glpk_getSolutionStatus(lp)



    if GLPK_SOLUTION_STATUS in ['LPS_UNDEF', 'LPS_FEAS', 'LPS_INFEAS', 'LPS_NOFEAS', 'LPS_OPT', 'LPS_UNBND']:
        if not GLPK_SILENT_MODE:
            print('Solution status returned as: {}'.format(GLPK_SOLUTION_STATUS))
            print("Objective value = " , lp.obj.value)
        return GLPK_SOLUTION_STATUS
    else:
        print("INFO: No solution available ({})".format(GLPK_SOLUTION_STATUS))
        return None


[docs]def glpk_getSolutionStatus(lp):
    """
    Returns one of:

     - *LPS_OPT*: solution is optimal;
     - *LPS_FEAS*: solution is feasible;
     - *LPS_INFEAS*: solution is infeasible;
     - *LPS_NOFEAS*: problem has no feasible solution;
     - *LPS_UNBND*: problem has unbounded solution;
     - *LPS_UNDEF*: solution is undefined.

    """
    return GLPK_STATUS2[lp.status]


[docs]def glpk_analyzeModel(f, lpFname=None, return_lp_obj=False, with_reduced_costs='unscaled', with_sensitivity=False,\
                      del_intermediate=False, build_n=True, quiet=False, oldlpgen=False, method='s'):
    """
    Optimize a model and add the result of the optimization to the model object
    (e.g. `reaction.value`, `objectiveFunction.value`). The stoichiometric
    matrix is automatically generated. This is a common function available in all
    solver interfaces. By default returns the objective function value

     - *f* an instantiated PySCeSCBM model object
     - *lpFname* [default=None] the name of the intermediate LP file saved when this has a string value.
     - *return_lp_obj* [default=False] off by default when enabled it returns the PyGLPK LP object
     - *with_reduced_costs* [default='unscaled'] calculate and add reduced cost information to mode this can be: 'unscaled' or 'scaled'
       or anything else which is interpreted as 'None'. Scaled means s_rcost = (r.reduced_cost*rval)/obj_value
     - *with_sensitivity* [default=False] add solution sensitivity information (not yet implemented)
     - *del_intermediate* [default=False] delete the intermediary files after updating model object, useful for server applications
     - *build_n* [default=True] generate stoichiometry from the reaction network (reactions/reagents/species)
     - *quiet* [default=False] suppress glpk output
     - *method* [default='s'] select the GLPK solver method, see the GLPK documentation for details

       - 's': simplex
       - 'i': interior
       - 'e': exact

    """

    if build_n:
        f.buildStoichMatrix()
        #CBTools.addStoichToFBAModel(f)
    fid = f.id

    if with_reduced_costs == 'scaled':
        f.SCALED_REDUCED_COSTS = True
    elif with_reduced_costs == 'unscaled':
        f.SCALED_REDUCED_COSTS = False
    else:
        f.SCALED_REDUCED_COSTS = None

    if lpFname == None:
        flp = glpk_constructLPfromFBA(f, fname=None)
        f.id = '_glpktmp_.tmp'
    else:
        flp = glpk_constructLPfromFBA(f, fname=lpFname)
        fid = lpFname

    _Stime = time.time()

    print('\nglpk_analyzeModel FBA --> LP time: {}\n'.format(time.time() - _Stime))
    f.id = fid
    glpk_Solve(flp, method)

    glpk_setFBAsolutionToModel(f, flp, with_reduced_costs=with_reduced_costs)

    f.SOLUTION_STATUS =  glpk_getSolutionStatus(flp)
    # TODO: need to synchronise all solvers to same integer system
    if f.SOLUTION_STATUS == 'LPS_OPT':
        f.SOLUTION_STATUS_INT = 1
    else:
        f.SOLUTION_STATUS_INT = 999

    if oldlpgen and del_intermediate:
        os.remove(LPF)
    objv = f.getActiveObjective().getValue()
    print('\nanalyzeModel objective value: {}\n'.format(objv))
    if return_lp_obj:
        return flp
    else:
        del flp
        return objv


[docs]def glpk_setFBAsolutionToModel(fba, lp, with_reduced_costs='unscaled'):
    """
    Sets the FBA solution from a CPLEX solution to an FBA object

     - *fba* and fba object
     - *lp* a CPLEX LP object
     - *with_reduced_costs* [default='unscaled'] calculate and add reduced cost information to mode this can be: 'unscaled' or 'scaled'
       or anything else which is interpreted as None. Scaled is: s_rcost = (r.reduced_cost*rval)/obj_value

    """
    sol, objname, objval = glpk_getOptimalSolution(lp)
    if glpk_getSolutionStatus(lp) == 'LPS_OPT':
        fba.objectives[fba.activeObjIdx].solution, fba.objectives[fba.activeObjIdx].value = sol, objval
    else:
        fba.objectives[fba.activeObjIdx].solution, fba.objectives[fba.activeObjIdx].value = sol, numpy.NaN
    for r in fba.reactions:
        rid = r.getPid()
        if rid in sol:
            r.value = sol[rid]
        else:
            r.value = None
    scaled = False
    if with_reduced_costs == 'scaled':
        scaled = True
        with_reduced_costs = True
    elif with_reduced_costs == 'unscaled':
        scaled = False
        with_reduced_costs = True
    else:
        with_reduced_costs = False

    if objval != None and sol != {} and with_reduced_costs:
        RC = glpk_getReducedCosts(lp, scaled=scaled)
        setReducedCosts(fba, RC)
    else:
        setReducedCosts(fba, {})


[docs]def glpk_getOptimalSolution(c):
    """
    From a GLPK model extract a tuple of solution, ObjFuncName and ObjFuncVal
    """
    s_val = []
    s_name = []
    fba_sol = {}
    objf_name = None
    objf_val = None
    try:
        objf_name = c.obj.name
        objf_val = c.obj.value
        for n in c.cols:
            fba_sol.update({n.name : n.value})
    except Exception as ex:
        print(ex)
        print('WARNING: No solution to get')
        s_val = []
        s_name = []
        fba_sol = {}
        objf_val = None
    del s_name,s_val
    return fba_sol, objf_name, objf_val


[docs]def glpk_getReducedCosts(c, scaled=False):
    """
    Extract ReducedCosts from LP and return as a dictionary 'Rid' : reduced cost

     - *c* a GLPK LP object
     - *scaled* scale the reduced cost by the optimal flux value

    """
    s_name = []
    r_costs = []
    s_val = []

    for c_ in c.cols:
        s_name.append(c_.name)
        r_costs.append(c_.dual)
        s_val.append(c_.value)
    objf_val = c.obj.value
    output = {}
    for v in range(len(s_name)):
        if scaled:
            try:
                r_val = r_costs[v]*s_val[v]/objf_val
            except:
                r_val = float('nan')
        else:
            r_val = r_costs[v]
        output.update({s_name[v] : r_val})
    del s_name, r_costs, s_val
    return output


[docs]def glpk_FluxVariabilityAnalysis(fba, selected_reactions=None, pre_opt=True, tol=None, objF2constr=True, rhs_sense='lower', optPercentage=100.0, work_dir=None, quiet=True, debug=False, oldlpgen=False, markupmodel=True, default_on_fail=False, roundoff_span=10, method='s'):
    """
    Perform a flux variability analysis on an fba model:

     - *fba* an FBA model object
     - *selected reactions* [default=None] means use all reactions otherwise use the reactions listed here
     - *pre_opt* [default=True] attempt to presolve the FBA and report its results in the ouput, if this is disabled and *objF2constr* is True then the vid/value of the current active objective is used
     - *tol*  [default=None] do not floor/ceiling the objective function constraint, otherwise round of to *tol*
     - *rhs_sense* [default='lower'] means objC >= objVal the inequality to use for the objective constraint can also be *upper* or *equal*
     - *optPercentage* [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value*(optPercentage/100.0)
     - *work_dir* [default=None] the FVA working directory for temporary files default = cwd+fva
     - *debug* [default=False] if True write out all the intermediate FVA LP's into work_dir
     - *quiet* [default=False] if enabled supress CPLEX output
     - *objF2constr* [default=True] add the model objective function as a constraint using rhs_sense etc. If
       this is True with pre_opt=False then the id/value of the active objective is used to form the constraint
     - *markupmodel* [default=True] add the values returned by the fva to the reaction.fva_min and reaction.fva_max
     - *default_on_fail* [default=False] if *pre_opt* is enabled replace a failed minimum/maximum with the solution value
     - *roundoff_span* [default=10] number of digits is round off (not individual min/max values)
     - *method* [default='s'] select the GLPK solver method, see the GLPK documentation for details

       - 's': simplex
       - 'i': interior
       - 'e': exact


    Returns an array with columns Reaction, Reduced Costs, Variability Min, Variability Max, abs(Max-Min), MinStatus, MaxStatus and a list containing the row names.

    """
    if work_dir == None:
        work_dir = os.getcwd()
    else:
        assert os.path.exists(work_dir), '\nWhat did you think would happen now!'
    if debug:
        debug_dir = os.path.join(work_dir,'DEBUG')
        if not os.path.exists(debug_dir):
            os.mkdir(debug_dir)
    s2time = time.time()
    # generate a presolution
    print('GLPK is using solver option: "{}"'.format(method))
    cpx = OPTIMAL_PRESOLUTION = None
    pre_sol = pre_oid = pre_oval = None
    REDUCED_COSTS = {}
    cpx, pre_sol, pre_oid, pre_oval, OPTIMAL_PRESOLUTION, REDUCED_COSTS = glpk_func_GetCPXandPresolve(fba, pre_opt, objF2constr, quiet=quiet, oldlpgen=oldlpgen, method=method)

    # if required add the objective function as a constraint
    if objF2constr:
        glpk_func_SetObjectiveFunctionAsConstraint(cpx, rhs_sense, pre_oval, tol, optPercentage)
    if debug:
        cpx.write(cpxlp=os.path.join(debug_dir, 'FVA_base.lp'))

    # do the FVA
    NUM_FLX = len(fba.reactions)
    print('Total number of reactions: {}'.format(NUM_FLX))
    if selected_reactions != None:
        rids = fba.getReactionIds()
        for r in selected_reactions:
            assert r in rids, "\n%s is not a valid reaction name" % r
    else:
        selected_reactions = fba.getReactionIds()
    NUM_FLX = len(selected_reactions)
    print('Number of user selected variables: {}'.format(NUM_FLX))
    try:
        OUTPUT_ARRAY = numpy.zeros((NUM_FLX, 7), numpy.double)
    except AttributeError:
        OUTPUT_ARRAY = numpy.zeros((NUM_FLX, 7))
    OUTPUT_NAMES = []
    cntr = 0
    tcnt = 0
    # this is a memory hack --> prevents solver going berserk
    mcntr = 0
    mcntr_cntrl = 3
    mps_filename = '_{}_.mps'.format(str(time.time()).split('.')[0])
    cpx.write(mps=mps_filename)
    for Ridx in range(NUM_FLX):
        R = selected_reactions[Ridx]
        OUTPUT_NAMES.append(R)
        max_error_iter = 1
        GOMIN = True
        gomin_cntr = 0
        while GOMIN:
            MIN_STAT = 0
            # MIN
            # TODO: bgoli: see whether this also works with 'minimize'
            glpk_setObjective(cpx, 'min%s' % R, [(1, R)], 'min', reset=True)
            ##  cplx_setBounds(c, id, min=None, max=None) # think about this
            MIN_STAT = glpk_Solve(cpx, method=method)
            if MIN_STAT == 'LPS_OPT':
                MIN_STAT = 1
            elif MIN_STAT == 'LPS_UNBND':
                MIN_STAT = 2
            elif MIN_STAT == 'LPS_NOFEAS':
                MIN_STAT = 3
            else:
                MIN_STAT = 4
            if MIN_STAT == 1: # solved
                min_oval = cpx.obj.value
            elif MIN_STAT == 2: # unbound
                min_oval = -numpy.Inf
            elif MIN_STAT == 3:
                #min_oval = pre_sol[R]
                min_oval = numpy.NaN
            else: # other failure
                min_oval = numpy.NaN
            if debug:
                cpx.write(cpxlp=os.path.join(debug_dir, '%smin.lp' % R))
            if MIN_STAT >= 3:
                if gomin_cntr == 0:
                    cpx.erase()
                    del cpx
                    time.sleep(0.1)
                    cpx = glpk.LPX(mps=mps_filename)
                    gomin_cntr += 1
                else:
                    GOMIN = False
            else:
                GOMIN = False
            if gomin_cntr >= max_error_iter:
                GOMIN = False

        GOMAX = True
        gomax_cntr = 0
        while GOMAX:
            MAX_STAT = 0
            # MAX
            glpk_setObjective(cpx, 'max%s' % R, expr=None, sense='max', reset=False)
            ##  cplx_setBounds(c, id, min=None, max=None) # think about this
            MAX_STAT = glpk_Solve(cpx, method=method)
            if MAX_STAT == 'LPS_OPT':
                MAX_STAT = 1
            elif MAX_STAT == 'LPS_UNBND':
                MAX_STAT = 2
            elif MAX_STAT == 'LPS_NOFEAS':
                MAX_STAT = 3
            else:
                MAX_STAT = 4
            if MAX_STAT == 1: # solved
                max_oval = cpx.obj.value
            elif MAX_STAT == 2: # unbound
                max_oval = numpy.Inf
            elif MAX_STAT == 3: # infeasable
                #max_oval = pre_sol[R]
                max_oval = numpy.NaN
            else: # other fail
                max_oval = numpy.NaN

            if MAX_STAT >= 3:
                if gomax_cntr == 0:
                    cpx.erase()
                    del cpx
                    time.sleep(0.1)
                    cpx = glpk.LPX(mps=mps_filename)
                    gomax_cntr += 1
                else:
                    GOMAX = False
            else:
                GOMAX = False
            if gomax_cntr >= max_error_iter:
                GOMAX = False

        # check for solver going berserk
        if MIN_STAT > 1 and MAX_STAT > 1:
            print(Ridx)
            time.sleep(1)

        # enables using the default value as a solution if the solver fails
        if pre_opt and default_on_fail:
            if MAX_STAT > 1 and not MIN_STAT > 1:
                max_oval = pre_sol[R]
            if MIN_STAT > 1 and not MAX_STAT > 1:
                min_oval = pre_sol[R]

        if debug:
            cpx.write(cpxlp=os.path.join(debug_dir, '%smax.lp' % R))

        OUTPUT_ARRAY[Ridx,0] = pre_sol[R]
        if R in REDUCED_COSTS:
            OUTPUT_ARRAY[Ridx,1] = REDUCED_COSTS[R]
        OUTPUT_ARRAY[Ridx,2] = min_oval
        OUTPUT_ARRAY[Ridx,3] = max_oval
        OUTPUT_ARRAY[Ridx,4] = round(abs(max_oval - min_oval), roundoff_span)
        OUTPUT_ARRAY[Ridx,5] = MIN_STAT
        OUTPUT_ARRAY[Ridx,6] = MAX_STAT
        if markupmodel:
            REAC = fba.getReaction(R)
            REAC.setValue(pre_sol[R])
            REAC.fva_min = min_oval
            REAC.fva_max = max_oval
            REAC.fva_status = (MIN_STAT, MAX_STAT)
            if R in REDUCED_COSTS:
                REAC.reduced_costs = REDUCED_COSTS[R]
        if not quiet and MAX_STAT > 1 or MIN_STAT > 1:
            print('Solver fail for reaction \"{}\" (MIN_STAT: {} MAX_STAT: {})'.format(R, MIN_STAT, MAX_STAT))
        cntr += 1
        if cntr == 200:
            tcnt += cntr
            print('FVA has processed {} of {} reactions'.format(tcnt, NUM_FLX))
            cntr = 0

    os.remove(mps_filename)

    #cpx.write(cpxlp='thefinaldebug.lp')
    del cpx
    print('\nSinglecore FVA took: {} min (1 process)\n'.format((time.time()-s2time)/60.))
    print('Output array has columns:')
    print('Reaction, Reduced Costs, Variability Min, Variability Max, abs(Max-Min), MinStatus, MaxStatus')
    return OUTPUT_ARRAY, OUTPUT_NAMES



[docs]def glpk_func_GetCPXandPresolve(fba, pre_opt, objF2constr, quiet=False, oldlpgen=True, with_reduced_costs='unscaled', method='s'):
    """
    This is a utility function that does a presolve for FVA, MSAF etc. Generates properly formatted
    empty objects if pre_opt == False

     - *pre_opt* a boolean
     - *fba* a CBModel object
     - *objF2constr* add objective function as constraint
     - *quiet* [default=False] supress cplex output
     - *with_reduced_costs* [default='unscaled'] can be 'scaled' or 'unscaled'
     - *method* [default='s'] select the GLPK solver method, see the GLPK documentation for details

       - 's': simplex
       - 'i': interior
       - 'e': exact


    Returns: pre_sol, pre_oid, pre_oval, OPTIMAL_PRESOLUTION, REDUCED_COSTS

    """

    cpx = glpk_constructLPfromFBA(fba, fname=None)
    OPTIMAL_PRESOLUTION = None
    pre_sol = pre_oid = pre_oval = None
    REDUCED_COSTS = {}
    if pre_opt:
        status = glpk_Solve(cpx, method=method)
        if glpk_getSolutionStatus(cpx) == 'LPS_OPT':
            print('Valid Presolution')
            OPTIMAL_PRESOLUTION = True
            pre_sol, pre_oid, pre_oval = glpk_getOptimalSolution(cpx)
            fba.objectives[fba.activeObjIdx].solution, fba.objectives[fba.activeObjIdx].value = pre_sol, pre_oval
            scaled = False
            if with_reduced_costs == 'scaled':
                REDUCED_COSTS = glpk_getReducedCosts(cpx, scaled=True)
            elif with_reduced_costs == 'unscaled':
                REDUCED_COSTS = glpk_getReducedCosts(cpx, scaled=False)
        else:
            print('Invalid Presolution, because {}'.format(glpk_getSolutionStatus(cpx) ))
            OPTIMAL_PRESOLUTION = False
            pre_sol = {}
            for r in fba.reactions:
                pre_sol.update({r.getPid : 0.0})
                r.reduced_cost = 0.0
            pre_oval = 0.0
            pre_oid = 'None'
            raise RuntimeError('\nPresolve failed to optimize this model and cannot continue!')
    else:
        pre_sol = {}
        for r in fba.reactions:
            pre_sol.update({r.getPid() : 0.0})
        if objF2constr:
            pre_oval = fba.objectives[fba.activeObjIdx].value
            pre_oid = fba.objectives[fba.activeObjIdx].getPid()
        else:
            pre_oval = 0.0
            pre_oid = 'None'
    for r in fba.reactions:
        r.value = pre_sol[r.id]
    return cpx, pre_sol, pre_oid, pre_oval, OPTIMAL_PRESOLUTION, REDUCED_COSTS


[docs]def glpk_func_SetObjectiveFunctionAsConstraint(cpx, rhs_sense, oval, tol, optPercentage):
    """
    Take the objective function and "optimum" value and add it as a constraint
     - *cpx* a cplex object
     - *oval* the objective value
     - *tol*  [default=None] do not floor/ceiling the objective function constraint, otherwise round of to *tol*
     - *rhs_sense* [default='lower'] means objC >= objVal the inequality to use for the objective constraint can also be *upper* or *equal*
     - *optPercentage* [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value*(optPercentage/100.0)

    """

    # generate new constraint from old objective value (use non-zero coefficients)
    LCS = []
    LCN = []
    new_constraint = []
    for v_ in range(len(cpx.cols)):
        LCN.append(cpx.cols[v_].name)
        LCS.append(cpx.obj[v_])
        if LCS[-1] != 0.0:
            new_constraint.append((LCS[-1], LCN[-1]))

    if rhs_sense == 'equal':
        pass
    elif cpx.obj.maximize and (rhs_sense == 'upper'):
        print('\nWarning: RHS sense error: \"upper\" does not match \"maximize\" changing to \"lower\"')
        rhs_sense = 'lower'
        time.sleep(1)
    elif not cpx.obj.maximize and (rhs_sense == 'lower'):
        print('\nWarning: RHS sense error: \"lower\" does not match \"minimize\" changing to \"upper\"')
        rhs_sense = 'upper'
        time.sleep(1)
    else:
        print('\nRHS sense ok.')

    # set objective constraint
    if rhs_sense == 'equal':
        cplx_setSingleConstraint(cpx, 'ObjCstr', expr=new_constraint, sense='E', rhs=oval)
        ##  cplx_setSingleConstraint(cpx, 'ObjCstr', expr=[(1, pre_oid)], sense='E', rhs=oval)
    elif rhs_sense == 'upper':
        if tol != None:
            ub =  numpy.ceil(oval/tol)*tol*optPercentage/100.0
        else:
            ub = oval*(optPercentage/100.0)
        glpk_setSingleConstraint(cpx, 'ObjCstr', expr=new_constraint, sense='L', rhs=ub)
        ##  cplx_setSingleConstraint(cpx, 'ObjCstr', expr=[(1, pre_oid)], sense='L', rhs=ub)
    elif rhs_sense == 'lower':
        if tol != None:
            lb =  numpy.floor(oval/tol)*tol*optPercentage/100.0
        else:
            lb = oval*(optPercentage/100.0)
        glpk_setSingleConstraint(cpx, 'ObjCstr', expr=new_constraint, sense='G', rhs=lb)
        ##  cplx_setSingleConstraint(cpx, 'ObjCstr', expr=[(1, pre_oid)], sense='G', rhs=lb)
    else:
        raise RuntimeError("\nInvalid RHS sense: %s" % rhs_sense)


[docs]def glpk_setSingleConstraint(c, cid, expr=[], sense='E', rhs=0.0):
    """
    Sets a new sigle constraint to a GLPK model

     - *c* a GLPK instance
     - *cid* the constraint id
     - *expr* a list of (coefficient, name) pairs
     - *sense* [default='G'] LGE
     - *rhs* [default=0.0] the right hand side

    """

    baseRows = len(c.rows)
    c.rows.add(1)
    ofnames = [a[1] for a in expr]
    ofval = [a[0] for a in expr]

    # name and coefficients
    newCon = []
    for cidx_ in range(len(c.cols)):
        if c.cols[cidx_].name in ofnames:
            newCon.append((cidx_, ofval[ofnames.index(c.cols[cidx_].name)]))
            print(newCon[-1])
        else:
            newCon.append((cidx_, 0.0))
    c.rows[baseRows].name = cid
    c.rows[baseRows].matrix = newCon

    # sense and rhs
    if sense in ['<=','<','L']:
        c.rows[baseRows].bounds = None, rhs
    elif sense in ['>=','>','G']:
        c.rows[baseRows].bounds = rhs, None
    elif sense in ['=','E']:
        c.rows[baseRows].bounds = rhs
    else:
        raise RuntimeError('INFO: invalid operator: %s' % sense)
    #c.write(cpxlp='test.setc.lp')


[docs]def glpk_setObjective(c, oid, expr=None, sense='maximize', reset=True):
    """
    Set a new objective function note that there is a major memory leak in
    `c.variables.get_names()` whch is used when reset=True. If this is a problem
    use cplx_setObjective2 which takes *names* as an input:

     - *c* a GLPK LP object
     - *oid* the r_id of the flux to be optimized
     - *expr* a list of (coefficient, flux) pairs
     - *sense* 'maximize'/'minimize'
     - *reset* [default=True] reset all objective function coefficients to zero

    """
    sense = sense.lower()
    if sense == 'max': sense = 'maximize'
    if sense == 'min': sense = 'minimize'
    if sense in ['maximise', 'minimise']:
        sense = sense.replace('se','ze')
    assert sense in ['maximize', 'minimize'], "\nsense must be ['maximize', 'minimize'] not %s" % sense

    if expr != None:
        ofnames = [a[1] for a in expr]
        ofval = [a[0] for a in expr]

        for cidx_ in range(len(c.cols)):
            if c.cols[cidx_].name in ofnames:
                c.obj[cidx_] = ofval[ofnames.index(c.cols[cidx_].name)]
            elif reset:
                c.obj[cidx_] = 0.0
            else:
                c.obj[cidx_] = c.obj[cidx_]
    c.obj.name = oid

    if sense == 'minimize':
        c.obj.maximize = False
        if __DEBUG__: print('Set minimizing')
    else:
        c.obj.maximize = True
        if __DEBUG__: print('Set maximizing')
    #c.write(cpxlp='test_obja.lp')


[docs]def getReducedCosts(fba):
    """
    Get a dictionary of reduced costs for each reaction/flux

    """
    output = {}
    for r in fba.reactions:
        output.update({r.getPid() : r.reduced_cost})
    return output


[docs]def setReducedCosts(fba, reduced_costs):
    """
    For each reaction/flux, sets the attribute "reduced_cost" from a dictionary of
    reduced costs

     - *fba* an fba object
     - *reduced_costs* a dictionary of {reaction : value} pairs

    """
    if len(reduced_costs) == 0:
        pass
    else:
        for r in fba.reactions:
            if r.getPid() in reduced_costs:
                r.reduced_cost = reduced_costs[r.getPid()]
            else:
                r.reduced_cost = None


#def cplx_getDualValues(c):
    #"""
    #Get the get the dual values of the solution

     #- *c* a CPLEX LP

    #Output is a dictionary of {name : value} pairs

    #"""
    #d_names = c.linear_constraints.get_names()
    #d_values = c.solution.get_dual_values()
    #output = {}
    #for j in range(len(d_names)):
        #output.update({d_names[j] : d_values[j]})
    #return output

#def cplx_getSensitivities(c):
    #"""
    #Get the sensitivities of each constraint on the objective function with input

     #- *c* a CPLEX LP

    #Output is a tuple of bound and objective sensitivities where the objective
    #sensitivity is described in the CPLEX reference manual as::

     #... the objective sensitivity shows each variable, its reduced cost and the range over
     #which its objective function coefficient can vary without forcing a change
     #in the optimal basis. The current value of each objective coefficient is
     #also displayed for reference.

     #- *objective coefficient sensitivity* {flux : (reduced_cost, lower_obj_sensitivity, coeff_value, upper_obj_sensitivity)}
     #- *rhs sensitivity* {constraint : (low, value, high)}
     #- *bound sensitivity ranges* {flux : (lb_low, lb_high, ub_low, ub_high)}

    #"""
    #SENSE_RHS = {}
    #SENSE_BND = {}
    #SENSE_OBJ = {}
    #c_names = c.linear_constraints.get_names()
    #rhs_val = c.linear_constraints.get_rhs()
    #j_names = c.variables.get_names()

    #rhs_sense = c.solution.sensitivity.rhs()
    #bnd_sense = c.solution.sensitivity.bounds()
    #obj_sense = c.solution.sensitivity.objective()
    #obj_coeff = c.objective.get_linear()
    #red_cost = c.solution.get_reduced_costs()

    #for r in range(c.variables.get_num()):
        #SENSE_BND.update({j_names[r] : (bnd_sense[r][0], bnd_sense[r][1], bnd_sense[r][2], bnd_sense[r][3])})
        #SENSE_OBJ.update({j_names[r] : (red_cost[r], obj_sense[r][0], obj_coeff[r], obj_sense[r][1])})

    #for s in range(c.linear_constraints.get_num()):
        #SENSE_RHS.update({c_names[s] : (rhs_sense[s][0], rhs_val[s], rhs_sense[s][1])})

    #return (SENSE_OBJ, SENSE_RHS, SENSE_BND)



[docs]def glpk_MinimizeSumOfAbsFluxes(fba, selected_reactions=None, pre_opt=True, tol=None, objF2constr=True, rhs_sense='lower', optPercentage=100.0, work_dir=None, quiet=False, debug=False, objective_coefficients={}, return_lp_obj=False, oldlpgen=False, with_reduced_costs=None, method='s'):
    """
    Minimize the sum of absolute fluxes sum(abs(J1) + abs(J2) + abs(J3) ... abs(Jn)) by adding two constraints per flux
    and a variable representing the absolute value:

     Min: Ci abs_Ji
      Ji - abs_Ji <= 0
      Ji + abs_Ji >= 0

     Such that:
      NJi = 0
      Jopt = opt

    returns the value of the flux minimization objective function (not the model objective function which remains unchanged from)

    Arguments:

     - *fba* an FBA model object
     - *selected reactions* [default=None] means use all reactions otherwise use the reactions listed here
     - *pre_opt* [default=True] attempt to presolve the FBA and report its results in the ouput, if this is disabled and *objF2constr* is True then the vid/value of the current active objective is used
     - *tol*  [default=None] do not floor/ceiling the objective function constraint, otherwise round of to *tol*
     - *rhs_sense* [default='lower'] means objC >= objVal the inequality to use for the objective constraint can also be *upper* or *equal*
     - *optPercentage* [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value*(optPercentage/100.0)
     - *work_dir* [default=None] the MSAF working directory for temporary files default = cwd+fva
     - *debug* [default=False] if True write out all the intermediate MSAF LP's into work_dir
     - *quiet* [default=False] if enabled supress CPLEX output
     - *objF2constr* [default=True] add the model objective function as a constraint using rhs_sense etc. If
       this is True with pre_opt=False then the id/value of the active objective is used to form the constraint
     - *objective_coefficients* [default={}] a dictionary of (reaction_id : float) pairs that provide the are introduced as objective coefficients to the absolute flux value. Note that the default value of the coefficient (non-specified) is +1.
     - *return_lp_obj* [default=False] off by default when enabled it returns the CPLEX LP object
     - *with_reduced_costs* [default=None] if not None should be 'scaled' or 'unscaled'
     - *method* [default='s'] select the GLPK solver method, see the GLPK documentation for details

       - 's': simplex
       - 'i': interior
       - 'e': exact


    With outputs:

     - *fba* an update instance of a CBModel. Note that the FBA model objective function value is the original value set as a constraint

    """

    if with_reduced_costs == 'scaled':
        fba.SCALED_REDUCED_COSTS = True
    elif with_reduced_costs == 'unscaled':
        fba.SCALED_REDUCED_COSTS = False
    elif fba.SCALED_REDUCED_COSTS == True:
        with_reduced_costs = 'scaled'
    elif fba.SCALED_REDUCED_COSTS == False:
        with_reduced_costs = 'unscaled'
    else:
        with_reduced_costs = None

    print('\nINFO: using \"{}\" reduced costs.\n'.format(with_reduced_costs))

    if work_dir == None:
        work_dir = os.getcwd()
    else:
        assert os.path.exists(work_dir), '\nWhat did you think would happen now!'
    if debug:
        debug_dir = os.path.join(work_dir,'DEBUG')
        if not os.path.exists(debug_dir):
            os.mkdir(debug_dir)

    # generate a presolution
    print('GLPK is using solver option: "{}"'.format(method))
    cpx = OPTIMAL_PRESOLUTION = None
    pre_sol = pre_oid = pre_oval = None
    REDUCED_COSTS = {}
    cpx, pre_sol, pre_oid, pre_oval, OPTIMAL_PRESOLUTION, REDUCED_COSTS = glpk_func_GetCPXandPresolve(fba, pre_opt, objF2constr, quiet=quiet, oldlpgen=oldlpgen, with_reduced_costs=with_reduced_costs, method=method)
    # if required add the objective function as a constraint
    if objF2constr:
        glpk_func_SetObjectiveFunctionAsConstraint(cpx, rhs_sense, pre_oval, tol, optPercentage)

    STORED_OPT = None
    if pre_opt:
        STORED_OPT = pre_oval
    else:
        STORED_OPT = fba.getActiveObjective().getValue()

    # minimize the absolute sum of fluxes
    if selected_reactions != None:
        rids = fba.getReactionIds()
        for r in selected_reactions:
            assert r in rids, "\n%s is not a valid reaction name" % r
    else:
        selected_reactions = fba.getReactionIds()

    # this removes the objective function
    ##  fba_obj_ids = fba.getActiveObjective().getFluxObjectiveReactions()
    ##  print fba_obj_ids
    ##  for R in fba_obj_ids:
        ##  if R in selected_reactions:
            ##  selected_reactions.pop(selected_reactions.index(R))
    ##  del R, fba_obj_ids
    NUM_FLX = len(selected_reactions)
    print('Total number of reactions: {}'.format(NUM_FLX))
    abs_selected_reactions = ['abs_%s' % r for r in selected_reactions]
    # absJ implicitly assumed to be absJ >= 0
    #C#cpx.variables.add(names=abs_selected_reactions)
    basecols = len(cpx.cols)
    cpx.cols.add(len(abs_selected_reactions))
    for v_ in range(len(abs_selected_reactions)):
        cpx.cols[basecols+v_].name = abs_selected_reactions[v_]
        cpx.cols[basecols+v_].bounds = 0, None

    """
     J - abs_J <= 0
     J + abs_J >= 0
    """
    baserows = len(cpx.rows)
    #tnew = time.time()
    rowNames = tuple([c.name for c in cpx.rows])
    colNames = tuple([c.name for c in cpx.cols])
    cRange = range(baserows, baserows+(len(selected_reactions)))
    rcntr = 0
    cpx.rows.add(len(selected_reactions)*2)
    for r_ in cRange:
        # name and coefficients
        cpx.rows[r_].name = 'abs{}a'.format(selected_reactions[rcntr])
        cpx.rows[r_].matrix = [(colNames.index(selected_reactions[rcntr]), 1),\
                               (colNames.index(abs_selected_reactions[rcntr]), -1)]
        cpx.rows[r_].bounds = None, 0
        cpx.rows[r_+len(selected_reactions)].name = 'abs{}b'.format(selected_reactions[rcntr])
        cpx.rows[r_+len(selected_reactions)].matrix = [(colNames.index(selected_reactions[rcntr]), 1),\
                                (colNames.index(abs_selected_reactions[rcntr]), 1)]
        cpx.rows[r_+len(selected_reactions)].bounds = 0, None
        rcntr += 1

    glpk_setObjective(cpx, 'MAFS', [(1, j) for j in abs_selected_reactions], 'min', reset=True)

    if debug:
        cpx.write(cpxlp=os.path.join(debug_dir, 'MSAF_base_(%s).lp' % time.time()))
        #cplx_writeLPtoLPTfile(cpx, , title=None, Dir=debug_dir)
        ##  cplx_writeLPtoLPTfile(cpx, 'MSAF_base_%s' % time.time() , title=None, Dir=debug_dir)

    glpk_Solve(cpx, method=method)
    glpk_setFBAsolutionToModel(fba, cpx, with_reduced_costs=with_reduced_costs)

    #cpx.write(cpxlp='test.lp'); return cpx

    minSum = cpx.obj.value
    fba.setAnnotation('min_flux_sum', minSum)
    fba.getActiveObjective().setValue(STORED_OPT)
    print('\nMinimizeSumOfAbsFluxes objective value: {}\n'.format(minSum))
    if quiet:
        pass
        #cplx_setOutputStreams(cpx, mode='default')
    if not return_lp_obj:
        return minSum
    else:
        return cpx


[docs]def glpk_writeLPtoLPTfile(c, filename, title=None, Dir=None):
    """
    Write out a GLPK model as an LP format file

    """
    if Dir != None:
        filename = os.path.join(Dir, filename)
    #if title != None:
        #c.set_problem_name(title)
    #c.write(filename+'.lp', filetype='lp')
    c.write(cpxlp=filename+'.lp')
    print('LP output as {}'.format(filename+'.lp'))
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  Source code for pyscescbm.CBGUI

"""
CBMPy: CBGUI module
===================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBGUI.py 305 2015-04-23 15:18:31Z bgoli $)

"""

# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals

import os

__HAVE_QT4__ = False
__HAVE_WX__ = False
try:
    from . import CBWx
    __HAVE_WX__ = True
except ImportError as ex:
    print('WARNING: Error importing CBWx module')
    #print(ex)
try:
    if os.sys.platform == 'win32':
        from . import CBQt4
        __HAVE_QT4__ = True
    else:
        print('\nINFO: Qt currently only available on Windows')
except ImportError as ex:
    print('WARNING: Error importing CBQt4 module')
    #print(ex)

if __HAVE_WX__:
[docs]    def loadCBGUI(mod, version=2):
        """
        Load an FBA model instance into the quick editor to view or change basic model properties

         - *mod* a PySCeS CBMPy model instance

        """
        if version == 2:
            CBWx.runModelEditor(mod)
        elif version == 3:
            CBWx.runMyAUIApp()

else:
    print('\nWX GUI is not available please make sure WxPython is installed (http://www.wxpython.org)')

if __HAVE_QT4__:
[docs]    def createReaction(mod):
        """
        Load the QT4 reaction creator widget

         - *mod* a PySCeS CBMPy model instance

        """
        CBQt4.createReaction(mod)


[docs]    def openFileName(work_dir=None):
        """
        Load the QT4 file open selection dialogue

         - *work_dir* the optional initial directory

        """
        if work_dir == None:
            work_dir = os.getcwd()
        return CBQt4.fileDialogue(work_dir, 'open', None)


[docs]    def saveFileName(work_dir=None):
        """
        Load the QT4 file save selection dialogue

         - *work_dir* the optional initial directory

        """
        if work_dir == None:
            work_dir = os.getcwd()
        return CBQt4.fileDialogue(work_dir, 'save', None)

else:
    print('\nQT4 GUI tools are not available please make sure PyQT4 is installed ()')


'''
def loadBasicApp(mod=None):
    """
    Load the QT4 basic app widget

     - *mod* a PySCeS CBMPy model instance

    """
    if __HAVE_QT4__:
        CBQt4.loadBasicApp(mod)
    else:
        print('\nQT4 GUI tools are not available please make sure PyQT4 is installed ()')
'''
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  Source code for pyscescbm.CBCPLEX

"""
CBMPy: CBCPLEX module
=====================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBCPLEX.py 346 2015-08-03 14:09:32Z bgoli $)

"""
## gets rid of "invalid variable name" info
# pylint: disable=C0103
## gets rid of "line to long" info
# pylint: disable=C0301
## use with caution: gets rid of module xxx has no member errors (run once enabled)
# pylint: disable=E1101

# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals

import os, time, gc
# this is a hack that needs to be streamlined a bit
try:
    import cStringIO as csio
except ImportError:
    import io as csio

HAVE_SYMPY = False
try:
    import sympy
    if int(sympy.__version__.split('.')[1]) >= 7 and int(sympy.__version__.split('.')[2]) >= 4:
        HAVE_SYMPY = True
    else:
        del sympy
except ImportError:
    HAVE_SYMPY = False
HAVE_SCIPY = False
try:
    from scipy.sparse import csr
    HAVE_SCIPY = True
except ImportError:
    HAVE_SCIPY = False

import numpy
import cplex
#from cplex.exceptions import CplexError
from . import CBWrite, CBTools
from .CBConfig import __CBCONFIG__ as __CBCONFIG__

__DEBUG__ = __CBCONFIG__['DEBUG']
__version__ = __CBCONFIG__['VERSION']

##  class FluxSensitivity(object):
    ##  """
    ##  Contains variable (Flux) sensitivities and reduced cost
    ##  """
    ##  flux = None
    ##  lower_bound_low = None
    ##  lower_bound_high = None
    ##  lower_bound_value = None
    ##  upper_bound_low = None
    ##  upper_bound_high = None
    ##  upper_bound_value = None
    ##  objective_coefficient_value = None
    ##  objective_coefficient_low = None
    ##  objective_coefficient_high = None
    ##  reduced_cost = None

    ##  def getUpperBoundRange(self):
        ##  """
        ##  Returns the absolute range of the upper bound.
        ##  """
        ##  return abs(self.upper_bound_high-self.upper_bound_low)

    ##  def getLowerBoundRange(self):
        ##  """
        ##  Returns the absolute range of the lower bound.
        ##  """
        ##  return abs(self.lower_bound_high-self.lower_bound_low)

    ##  def getObjectiveCoefficientRange(self):
        ##  """
        ##  Returns the absolute range of the objective flux coefficient.
        ##  """
        ##  return abs(self.objective_coefficient_high-objective_coefficient_low)

##  class RHSsensitivity(object):
    ##  """
    ##  Class containing RHS sensitivities
    ##  """
    ##  species = None
    ##  rhs_low = None
    ##  rhs_high = None
    ##  rhs_value = None

    ##  def getRHSRange(self):
        ##  """
        ##  Returns the absolute range of the objective flux coefficient.
        ##  """
        ##  return abs(self.rhs_high-rhs_low)

##  class Sensitivities(object):
    ##  """
    ##  Container class that holds sensitivities
    ##  """
    ##  flux_ids = None
    ##  species_ids = None

    ##  def __init__(self):
        ##  self.flux_ids = []
        ##  self.species_ids = []

    ##  def addFluxSensitivity(self, fsense):
        ##  self.__setattr__(fsense.flux, fsense)
        ##  self.flux_ids.append(fsense.flux)

    ##  def addRHSsensitivity(self, rhsense):
        ##  self.__setattr__(rhsense.species, rhsense)
        ##  self.species_ids.append(rhsense.species)


"""
Sets the noise level of the solver CPLX_RESULT_STREAM can be::

 - *None* silent i.e. no output
 - *file* set solver to silent and output logs to *CPLX_RESULT_STREAM_FILE* cplex_output.log
 - *iostream* set solver to silent and output logs to *CPLX_RESULT_STREAM_IO* csio
 - *'default'* or anything else noisy with full output closes STREAM_IO and STREAM_FILE (default)
"""
#CPLX_RESULT_STREAM, CPLX_RESULT_STREAM_FILE, CPLX_RESULT_STREAM_IO, CPLX_SILENT_MODE
CPLX_RESULT_STREAM = 'default'
CPLX_RESULT_STREAM_FILE = None
CPLX_RESULT_STREAM_IO = None
CPLX_SILENT_MODE = True

[docs]def cplx_fixConSense(operator):
    """
    Fixes the sense of inequality operators, returns corrected sense symbol

    - *operator* the operator to check

    """

    if operator in ['<=', '<','L']:
        oPr = 'L'
    elif operator in ['>=', '>','G']:
        oPr = 'G'
    elif operator in ['=', 'E']:
        oPr = 'E'
    else:
        raise RuntimeError('INFO: invalid operator: %s' % operator)
    return oPr



[docs]def cplx_constructLPfromFBA(fba, fname=None):
    '''
    Create a CPLEX LP in memory.
    - *fba* an FBA object
    - *fname* optional filename if defined writes out the constructed lp

    '''
    _Stime = time.time()
    # defines
    #csense = 'E' # constraint sense

    # define model and add variables
    lp = cplex.Cplex()
    lp.set_problem_name('%s' % (fba.getPid()))
    lp.variables.add(names=fba.N.col)
    # define objective
    osense = fba.getActiveObjective().operation.lower()
    if osense in ['minimize', 'minimise', 'min']:
        lp.objective.set_sense(lp.objective.sense.minimize)
    elif osense in ['maximize', 'maximise', 'max']:
        lp.objective.set_sense(lp.objective.sense.maximize)
    else:
        raise RuntimeError('\n%s - is not a valid objective operation' % osense)
    lp.objective.set_name(fba.getActiveObjective().getPid())
    lp.objective.set_linear([(fo.reaction, fo.coefficient) for fo in fba.getActiveObjective().fluxObjectives])

    ## old fashioned way
    #told = time.time()
    #lin_expr = []
    #rhs =[]
    #names = []
    #senses = []
    #for lc_ in range(fba.N.shape[0]):
        #ids = []
        #val = []
        #for c_ in range(len(fba.N.array[lc_])):
            #if fba.N.array[lc_, c_] != 0.0:
                #ids.append(fba.N.col[c_])
                #val.append(fba.N.array[lc_, c_])
        #lin_expr.append(cplex.SparsePair(ids, val))
        #rhs.append(fba.N.RHS[lc_])
        #senses.append(fba.N.operators[lc_])
        #names.append(fba.N.row[lc_])
    #lp.linear_constraints.add(lin_expr=lin_expr, senses=senses, rhs=rhs, names=names)
    #print 'Old style lc:', time.time() - told

    ## the numpy way
    #tnew = time.time()
    lin_expr = []
    rhs = []
    names = []
    senses = []
    if HAVE_SYMPY and fba.N.__array_type__ == sympy.MutableDenseMatrix:
        print('INFO: CPLEX requires floating point, converting N')
        Nmat = numpy.array(fba.N.array).astype('float')
        RHSmat = numpy.array(fba.N.RHS).astype('float')
        if fba.CM != None:
            CMmat = numpy.array(fba.CM.array).astype('float')
            CMrhs = numpy.array(fba.CM.RHS).astype('float')
    else:
        Nmat = fba.N.array
        RHSmat = fba.N.RHS
        if fba.CM != None:
            CMmat = fba.CM.array
            CMrhs = fba.CM.RHS

    GOSCI = False
    if HAVE_SCIPY and fba.N.__array_type__ == csr.csr_matrix:
        GOSCI = True

    for n in range(Nmat.shape[0]):
        if not GOSCI:
            nz = Nmat[n].nonzero()[0]
        else:
            nz = Nmat[n].nonzero()[1]
        lin_expr.append(cplex.SparsePair([fba.N.col[c] for c in nz], [Nmat[n, c] for c in nz]))
        rhs.append(RHSmat[n])
        senses.append(cplx_fixConSense(fba.N.operators[n]))
        names.append(fba.N.row[n])
    #print senses
    lp.linear_constraints.add(lin_expr=lin_expr, senses=senses, rhs=rhs, names=names)
    #print 'New style lc:', time.time() - tnew

    # add user defined constraints
    if fba.CM != None:
        ## the numpy way
        #t2new = time.time()
        lin_expr = []
        rhs = []
        names = []
        senses = []
        for n in range(CMmat.shape[0]):
            if not GOSCI:
                nz = CMmat[n].nonzero()[0]
            else:
                nz = CMmat[n].nonzero()[1]

            lin_expr.append(cplex.SparsePair([fba.CM.col[c] for c in nz], [CMmat[n, c] for c in nz]))
            rhs.append(CMrhs[n])
            senses.append(cplx_fixConSense(fba.CM.operators[n]))
            names.append(fba.CM.row[n])
        lp.linear_constraints.add(lin_expr=lin_expr, senses=senses, rhs=rhs, names=names)
        #print 'New style lc:', time.time() - t2new

    # add bounds
    lb = []
    ub = []
    for b_ in fba.flux_bounds:
        btype = b_.getType()
        bvalue = b_.getValue()
        if bvalue in ['Infinity', 'inf', 'Inf', 'infinity']:
            bvalue = cplex.infinity
        elif bvalue in ['-Infinity', '-inf', '-Inf', '-infinity']:
            bvalue = -cplex.infinity
        elif numpy.isinf(bvalue):
            if bvalue > 0.0:
                bvalue = cplex.infinity
            else:
                bvalue = -cplex.infinity
        if btype == 'lower':
            lb.append((b_.reaction, bvalue))
        elif btype == 'upper':
            ub.append((b_.reaction, bvalue))
        elif btype == 'equality':
            ub.append((b_.reaction, bvalue))
            lb.append((b_.reaction, bvalue))
    if len(lb) > 0:
        lp.variables.set_lower_bounds(lb)
    if len(ub) > 0:
        lp.variables.set_upper_bounds(ub)

    print('\ncplx_constructLPfromFBA time: {}\n'.format(time.time() - _Stime))
    if fname != None:
        lp.write(fname+'.lp', filetype='lp')
    return lp


[docs]def cplx_analyzeModel(f, lpFname=None, return_lp_obj=False, with_reduced_costs='unscaled', with_sensitivity=False,\
                      del_intermediate=False, build_n=True, quiet=False, oldlpgen=False, method='o'):
    """
    Optimize a model and add the result of the optimization to the model object
    (e.g. `reaction.value`, `objectiveFunction.value`). The stoichiometric
    matrix is automatically generated. This is a common function available
    in all solver interfaces. By default returns the objective function value

     - *f* an instantiated PySCeSCBM model object
     - *lpFname* [default=None] the name of the intermediate LP file. If not specified no LP file is produced
     - *return_lp_obj* [default=False] off by default when enabled it returns the CPLEX LP object
     - *with_reduced_costs* [default='unscaled'] calculate and add reduced cost information to mode this can be: 'unscaled' or 'scaled'
       or anything else which is interpreted as 'None'. Scaled means s_rcost = (r.reduced_cost*rval)/obj_value
     - *with_sensitivity* [default=False] add solution sensitivity information (not yet implemented)
     - *del_intermediate* [default=False] redundant except if output file is produced and deleted (not useful)
     - *build_n* [default=True] generate stoichiometry from the reaction network (reactions/reagents/species)
     - *quiet* [default=False] suppress cplex output
     - *method* [default='o'] choose the CPLEX method to use for solution, default is automatic. See CPLEX reference manual for details

       - 'o': auto
       - 'p': primal
       - 'd': dual
       - 'b': barrier (no crossover)
       - 'h': barrier
       - 's': sifting
       - 'c': concurrent


    """

    if build_n:
        f.buildStoichMatrix()

    fid = f.id

    if with_reduced_costs == 'scaled':
        f.SCALED_REDUCED_COSTS = True
    elif with_reduced_costs == 'unscaled':
        f.SCALED_REDUCED_COSTS = False
    else:
        f.SCALED_REDUCED_COSTS = None

    if lpFname == None:
        ##  lpFname = '_cplxtmp_%s_.tmp' % random.randint(0,100)
        lpFname = '_cplxtmp_.tmp'
    f.id = lpFname
    _Stime = time.time()
    if oldlpgen:
        LPF = CBWrite.writeModelLP(f, quiet=quiet)
        LPF = os.path.abspath(LPF)
        flp = cplx_getModelFromLP(LPF)
    else:
        if lpFname == '_cplxtmp_.tmp':
            flp = cplx_constructLPfromFBA(f, fname=None)
        else:
            flp = cplx_constructLPfromFBA(f, fname=lpFname)
    if not quiet:
        print('\ncplx_analyzeModel FBA --> LP time: {}\n'.format(time.time() - _Stime))
    f.id = fid
    if not quiet and CPLX_SILENT_MODE:
        cplx_setOutputStreams(flp, mode='default')
    elif quiet and CPLX_SILENT_MODE:
        pass
    elif quiet:
        cplx_setOutputStreams(flp, mode=None)
    cplx_Solve(flp, method)
    cplx_setFBAsolutionToModel(f, flp, with_reduced_costs=with_reduced_costs)
    f.SOLUTION_STATUS_INT = flp.solution.get_status()
    f.SOLUTION_STATUS = cplx_getSolutionStatus(flp)
    if oldlpgen and del_intermediate:
        os.remove(LPF)
    objv = f.getActiveObjective().getValue()
    if not quiet:
        print('\nanalyzeModel objective value: {}\n'.format(objv))
    if return_lp_obj:
        return flp
    else:
        del flp
        return objv


[docs]def cplx_setFBAsolutionToModel(fba, lp, with_reduced_costs='unscaled'):
    """
    Sets the FBA solution from a CPLEX solution to an FBA object

     - *fba* and fba object
     - *lp* a CPLEX LP object
     - *with_reduced_costs* [default='unscaled'] calculate and add reduced cost information to mode this can be: 'unscaled' or 'scaled'
       or anything else which is interpreted as None. Scaled is: s_rcost = (r.reduced_cost*rval)/obj_value

    """
    sol, objname, objval = cplx_getOptimalSolution(lp)
    if not CPLX_SILENT_MODE:
        print('Status:', cplx_getSolutionStatus(lp))
    if cplx_getSolutionStatus(lp) == 'LPS_OPT':
        fba.objectives[fba.activeObjIdx].solution, fba.objectives[fba.activeObjIdx].value = sol, objval
    else:
        fba.objectives[fba.activeObjIdx].solution, fba.objectives[fba.activeObjIdx].value = sol, numpy.NaN
    for r in fba.reactions:
        rid = r.getPid()
        if rid in sol:
            r.value = sol[rid]
        else:
            r.value = None
    scaled = False
    if with_reduced_costs == 'scaled':
        scaled = True
        with_reduced_costs = True
    elif with_reduced_costs == 'unscaled':
        scaled = False
        with_reduced_costs = True
    else:
        with_reduced_costs = False

    if objval != None and sol != {} and with_reduced_costs:
        RC = cplx_getReducedCosts(lp, scaled=scaled)
        setReducedCosts(fba, RC)
    else:
        setReducedCosts(fba, {})


[docs]def getReducedCosts(fba):
    """
    Get a dictionary of reduced costs for each reaction/flux

    """
    output = {}
    for r in fba.reactions:
        output.update({r.getPid() : r.reduced_cost})
    return output


[docs]def setReducedCosts(fba, reduced_costs):
    """
    For each reaction/flux, sets the attribute "reduced_cost" from a dictionary of
    reduced costs

     - *fba* an fba object
     - *reduced_costs* a dictionary of {reaction : value} pairs

    """
    if len(reduced_costs) == 0:
        pass
    else:
        for r in fba.reactions:
            if r.getPid() in reduced_costs:
                r.reduced_cost = reduced_costs[r.getPid()]
            else:
                r.reduced_cost = None


[docs]def cplx_setOutputStreams(lp, mode='default'):
    """
    Sets the noise level of the solver, mode can be one of:

     - *None* silent i.e. no output
     - *'file'* set solver to silent and output logs to *CPLX_RESULT_STREAM_FILE* cplex_output.log
     - *'iostream'* set solver to silent and output logs to *CPLX_RESULT_STREAM_IO* csio
     - *'default'* or anything else noisy with full output closes STREAM_IO and STREAM_FILE (default)
    """
    global CPLX_RESULT_STREAM
    global CPLX_SILENT_MODE
    global CPLX_RESULT_STREAM_FILE
    global CPLX_RESULT_STREAM_IO
    CPLX_RESULT_STREAM = mode

    if CPLX_RESULT_STREAM == None:
        lp.set_log_stream(None)
        lp.set_results_stream(None)
        lp.set_warning_stream(None)
        CPLX_SILENT_MODE = True
    elif CPLX_RESULT_STREAM == 'file':
        if CPLX_RESULT_STREAM_FILE == None:
            CPLX_RESULT_STREAM_FILE = file('cplex_output.log', 'w')
        lp.set_log_stream(CPLX_RESULT_STREAM_FILE)
        lp.set_results_stream(CPLX_RESULT_STREAM_FILE)
        CPLX_SILENT_MODE = True
    elif CPLX_RESULT_STREAM == 'iostream':
        if CPLX_RESULT_STREAM_IO == None:
            CPLX_RESULT_STREAM_IO = csio.StringIO()
        lp.set_log_stream(CPLX_RESULT_STREAM_IO)
        lp.set_results_stream(CPLX_RESULT_STREAM_IO)
        CPLX_SILENT_MODE = True
    else:
        CPLX_RESULT_STREAM = 'default'
        CPLX_SILENT_MODE = False
        try:
            CPLX_RESULT_STREAM_IO.close()
        except AttributeError:
            pass
        try:
            CPLX_RESULT_STREAM_FILE.close()
        except AttributeError:
            pass

        CPLX_RESULT_STREAM_IO = None
        CPLX_RESULT_STREAM_FILE = None
        lp.set_log_stream(os.sys.stdout)
        lp.set_results_stream(os.sys.stdout)


[docs]def cplx_getModelFromLP(lptFile, Dir=None):
    """
    Load a LPT (CPLEX format) file and return a CPLX LP model

     - *lptfile* an CPLEX LP format file
     - *Dir* an optional directory

    """
    if Dir != None:
        assert os.path.exists(Dir), '\nIncorrect path'
        lptFile = os.path.join(Dir, lptFile)
    lp = cplex.Cplex(lptFile)
    return lp


[docs]def cplx_getCPLEXModelFromLP(lptFile, Dir=None):
    """
    Load a LPT (CPLEX format) file and return a CPLX LP model

     - *lptfile* an CPLEX LP format file
     - *Dir* an optional directory

    """
    return cplx_getModelFromLP(lptFile, Dir)



[docs]def cplx_getModelFromObj(fba):
    """
    Return a CPLEX object from a FBA model object (via LP file)
    """
    _Stime = time.time()
    modId = fba.id
    ##  fba.id = '_cplxtmp_%s_.tmp' % random.randint(0,5)
    fba.id = '_cplxtmp_.tmp'
    LPF = CBWrite.writeModelLP(fba, work_dir=os.getcwd())
    fba.id = modId
    x = cplx_getModelFromLP(LPF)
    print('\ncplx_getModelFromObj time: {}\n'.format(time.time() - _Stime))
    return x


def cplx_Solve(c, method='o'):
    alg = c.parameters.lpmethod.values

    if method == "o":
        c.parameters.lpmethod.set(alg.auto)
    elif method == "p":
        c.parameters.lpmethod.set(alg.primal)
    elif method == "d":
        c.parameters.lpmethod.set(alg.dual)
    elif method == "b":
        c.parameters.lpmethod.set(alg.barrier)
        c.parameters.barrier.crossover.set(c.parameters.barrier.crossover.values.none)
    elif method == "h":
        c.parameters.lpmethod.set(alg.barrier)
    elif method == "s":
        c.parameters.lpmethod.set(alg.sifting)
    elif method == "c":
        c.parameters.lpmethod.set(alg.concurrent)
    else:
        print("Unrecognized option, using automatic")
        c.parameters.lpmethod.set(alg.auto)
    try:
        c.solve()
    except cplex.exceptions.CplexSolverError as ex:
        print("Exception raised during solve:\n\t\"{}\"".format(ex))
        return None
    # solution.get_status() returns an integer code
    status = c.solution.get_status()
    if status == c.solution.status.optimal:
        if not CPLX_SILENT_MODE:
            print("INFO: Model is optimal:", status)
    elif status == c.solution.status.unbounded:
        if not CPLX_SILENT_MODE:
            print("INFO: Model is unbounded:", status)
        return status
    elif status == c.solution.status.infeasible:
        if not CPLX_SILENT_MODE:
            print("INFO: Model is infeasible:", status)
        return status
    elif status == c.solution.status.infeasible_or_unbounded:
        if not CPLX_SILENT_MODE:
            print("INFO: Model is infeasible or unbounded:", status)
        return status

    if not CPLX_SILENT_MODE:
        s_method = c.solution.get_method()
        print("Solution status = ", status, ":", end=" ")
        # the following line prints the status as a string
        print(c.solution.status[status])
        print("Solution method = ", s_method, ":", end=" ")
        print(c.solution.method[s_method])

    s_type = c.solution.get_solution_type()
    if s_type == c.solution.type.none:
        print("INFO: No solution available")
        return None
    else:
        if not CPLX_SILENT_MODE:
            print("Objective value = ", c.solution.get_objective_value())
        return status

[docs]def cplx_setMIPGapTolerance(c, tol):
    """
    Sets the the relative MIP gap tolerance
    """
    c.parameters.mip.tolerances.mipgap.set(tol)
    print('New MIP gap tolerance', c.parameters.mip.tolerances.mipgap.get())

# TODO
#def cplx_setSolverParameters(c, parset):
    #pass


[docs]def cplx_SolveMILP(c, auto_mipgap=False):
    """
    Solve and MILP

     - *auto_mipgap* auto decrease mipgap until mipgap == absmipgap

    """
    try:
        c.solve()
        if c.solution.get_status() == c.solution.status.optimal_tolerance:
            if auto_mipgap:
                while c.parameters.mip.tolerances.mipgap.get() >= c.parameters.mip.tolerances.absmipgap.get():
                    c.parameters.mip.tolerances.mipgap.set(c.parameters.mip.tolerances.mipgap.get()/10.0)
                    c.solve()
                    if c.solution.get_status() == c.solution.status.MIP_optimal:
                        break
                print('\n\nMILP solution gap tolerance set to: %s\n\n' % c.parameters.mip.tolerances.mipgap.get())
                time.sleep(5)
            if c.solution.get_status() == c.solution.status.optimal_tolerance:
                print('\n\nMILP solution found with gap tolerance consider adjusting gap tolerance with cplx_setGapTolerance\n\n')
                #raise RuntimeWarning
    except cplex.exceptions.CplexSolverError as ex:
        print("\nException raised during solve\n")
        print(ex)


[docs]def cplx_getOptimalSolution(c):
    """
    From a CPLX model extract a tuple of solution, ObjFuncName and ObjFuncVal
    """
    s_val = []
    s_name = []
    fba_sol = {}
    objf_name = None
    objf_val = None
    try:
        objf_name = c.objective.get_name()
        objf_val = c.solution.get_objective_value()
        s_val = c.solution.get_values()
        s_name = c.variables.get_names()
        for n in range(len(s_name)):
            fba_sol.update({s_name[n] : s_val[n]})
    except Exception as ex:
        print(ex)
        print('WARNING: No solution to get')
        s_val = []
        s_name = []
        fba_sol = {}
        objf_val = None
    del s_name, s_val
    return fba_sol, objf_name, objf_val


[docs]def cplx_getOptimalSolution2(c, names):
    """
    From a CPLX model extract a tuple of solution, ObjFuncName and ObjFuncVal
    """
    s_val = []
    s_name = []
    fba_sol = None
    objf_name = None
    objf_val = None
    try:
        s_val = c.solution.get_values()
        objf_name = c.objective.get_name()
        objf_val = c.solution.get_objective_value()
        s_name = names
    except AttributeError:
        print('No solution attribute on CPLEX object')
    fba_sol = {}
    for n in range(len(s_name)):
        fba_sol.update({s_name[n] : s_val[n]})
    del names, s_val
    return fba_sol, objf_name, objf_val


[docs]def cplx_writeLPsolution(fba_sol, objf_name, fname, Dir=None, separator=','):
    """
    This function writes the optimal solution, produced wth `cplx_getOptimalSolution` to file

     - *fba_sol* a dictionary of Flux : value pairs
     - *objf_name* the objective function flux id
     - *fname* the output filename
     - *Dir* [default=None] use directory if not None
     - *separator* [default=','] the column separator

    """
    if Dir != None:
        assert os.path.exists(Dir), '\nPath does not exist'
        fname = os.path.join(Dir, fname)
    fname += '.csv'
    F = file(fname, 'w')
    F.write('%s%s%s\n' % ('ObjectiveFunction', separator, objf_name))
    for r in fba_sol:
        F.write('%s%s%f\n' % (r, separator, fba_sol[r]))
    F.flush()
    F.close()
    print('CSV exported to {}'.format(fname))


[docs]def cplx_getShadowPrices(c):
    """
    Returns a dictionary of shadow prices containing 'Rid' : (lb, rhs, ub)

     - *c* a cplex LP object

    """
    c_names = c.linear_constraints.get_names()
    rhs_sense = c.solution.sensitivity.rhs()
    rhs_val = c.linear_constraints.get_rhs()
    output = {}
    for s in range(c.linear_constraints.get_num()):
        output.update({c_names[s] : (rhs_sense[s][0], rhs_val[s], rhs_sense[s][1])})
    return output


[docs]def cplx_getReducedCosts(c, scaled=False):
    """
    Extract ReducedCosts from LP and return as a dictionary 'Rid' : reduced cost

     - *c* a cplex LP object
     - *scaled* scale the reduced cost by the optimal flux value

    """
    s_name = c.variables.get_names()
    r_costs = c.solution.get_reduced_costs()
    objf_val = c.solution.get_objective_value()
    output = {}
    s_val = None
    if scaled:
        s_val = c.solution.get_values()
    for v in range(len(s_name)):
        if scaled:
            try:
                r_val = r_costs[v]*s_val[v]/objf_val
            except Exception:
                r_val = 0.0
        else:
            r_val = r_costs[v]
        output.update({s_name[v] : r_val})
    del s_name, r_costs, s_val
    return output


[docs]def cplx_getSensitivities(c):
    """
    Get the sensitivities of each constraint on the objective function with inpt

     - *c* a CPLEX LP

    Output is a tuple of bound and objective sensitivities where the objective
    sensitivity is described in the CPLEX reference manual as::

     ... the objective sensitivity shows each variable, its reduced cost and the range over
     which its objective function coefficient can vary without forcing a change
     in the optimal basis. The current value of each objective coefficient is
     also displayed for reference.

     - *objective coefficient sensitivity* {flux : (reduced_cost, lower_obj_sensitivity, coeff_value, upper_obj_sensitivity)}
     - *rhs sensitivity* {constraint : (low, value, high)}
     - *bound sensitivity ranges* {flux : (lb_low, lb_high, ub_low, ub_high)}

    """
    SENSE_RHS = {}
    SENSE_BND = {}
    SENSE_OBJ = {}
    c_names = c.linear_constraints.get_names()
    rhs_val = c.linear_constraints.get_rhs()
    j_names = c.variables.get_names()

    rhs_sense = c.solution.sensitivity.rhs()
    bnd_sense = c.solution.sensitivity.bounds()
    obj_sense = c.solution.sensitivity.objective()
    obj_coeff = c.objective.get_linear()
    red_cost = c.solution.get_reduced_costs()

    for r in range(c.variables.get_num()):
        SENSE_BND.update({j_names[r] : (bnd_sense[r][0], bnd_sense[r][1], bnd_sense[r][2], bnd_sense[r][3])})
        SENSE_OBJ.update({j_names[r] : (red_cost[r], obj_sense[r][0], obj_coeff[r], obj_sense[r][1])})

    for s in range(c.linear_constraints.get_num()):
        SENSE_RHS.update({c_names[s] : (rhs_sense[s][0], rhs_val[s], rhs_sense[s][1])})

    return (SENSE_OBJ, SENSE_RHS, SENSE_BND)


[docs]def cplx_getDualValues(c):
    """
    Get the get the dual values of the solution

     - *c* a CPLEX LP

    Output is a dictionary of {name : value} pairs

    """
    d_names = c.linear_constraints.get_names()
    d_values = c.solution.get_dual_values()
    output = {}
    for j in range(len(d_names)):
        output.update({d_names[j] : d_values[j]})
    return output



[docs]def cplx_getSolutionStatus(c):
    """
    Returns one of:

     - *LPS_OPT*: solution is optimal;
     - *LPS_FEAS*: solution is feasible;
     - *LPS_INFEAS*: solution is infeasible;
     - *LPS_NOFEAS*: problem has no feasible solution;
     - *LPS_UNBND*: problem has unbounded solution;
     - *LPS_UNDEF*: solution is undefined.
     - *LPS_NONE*: no solution

    """
    # solution.get_status() returns an integer code
    if c.solution.get_solution_type() == c.solution.type.none:
        print("\nNo solution available\n")
        return 'LPS_NONE'
    status = c.solution.get_status()
    if status == c.solution.status.optimal:
        if not CPLX_SILENT_MODE:
            print("Model is optimal")
        return 'LPS_OPT'
    elif status == c.solution.status.feasible:
        print("\nModel is feasible")
        return 'LPS_FEAS'
    elif status == c.solution.status.unbounded:
        print("\nModel is unbounded")
        return 'LPS_UNBND'
    elif status == c.solution.status.infeasible:
        print("\nModel is infeasible")
        return 'LPS_INFEAS'
    elif status == c.solution.status.infeasible_or_unbounded:
        print("\nModel is infeasible or unbounded")
        return 'LPS_INFEAS or LPS_UNBND'
    elif status == c.solution.status.MIP_optimal:
        print('MILP optimal')
        return 'MILP_OPT'
    elif status == c.solution.status.MIP_optimal:
        print('MILP optimal')
        return 'MILP_OPT'
    elif status == c.solution.status.optimal_tolerance:
        print('MILP optimal within gap tolerance')
        return 'MILP_OPTTOL'
    else:
        return 'LPS_NONE'


[docs]def cplx_setObjective(c, pid, expr=None, sense='maximize', reset=True):
    """
    Set a new objective function note that there is a major memory leak in
    `c.variables.get_names()` whch is used when reset=True. If this is a problem
    use cplx_setObjective2 which takes *names* as an input:

     - *c* a CPLEX LP object
     - *pid* the r_id of the flux to be optimized
     - *expr* a list of (coefficient, flux) pairs
     - *sense* 'maximize'/'minimize'
     - *reset* [default=True] reset all objective function coefficients to zero

    """
    sense = sense.lower()
    if sense == 'max': sense = 'maximize'
    if sense == 'min': sense = 'minimize'
    if sense in ['maximise', 'minimise']:
        sense = sense.replace('se', 'ze')
    assert sense in ['maximize', 'minimize'], "\nsense must be ['maximize', 'minimize'] not %s" % sense
    c.objective.set_name(pid)
    if reset:
        vartemp = c.variables.get_names()
        new_obj = []
        for e in range(c.variables.get_num()):
            new_obj.append((vartemp[e], 0.0))
        c.objective.set_linear(new_obj)
        del new_obj, vartemp
    if expr != None:
        expr = [(e[1], e[0]) for e in expr]
        if __DEBUG__: print(expr)
        #print expr
        c.objective.set_linear(expr)
        del expr

    if sense == 'minimize':
        c.objective.set_sense(c.objective.sense.minimize)
        if __DEBUG__: print('Set minimizing')
    else:
        c.objective.set_sense(c.objective.sense.maximize)
        if __DEBUG__: print('Set maximizing')


[docs]def cplx_setObjective2(c, pid, names, expr=None, sense='maximize', reset=True):
    """
    Set a new objective function. This is a workaround function to avoid the
    e is a major memory leak in `c.variables.get_names()` whch is used
    in cplx_setObjective()  when reset=True.

    """
    sense = sense.lower()
    if sense == 'max': sense = 'maximize'
    if sense == 'min': sense = 'minimize'
    if sense in ['maximise', 'minimise']:
        sense = sense.replace('se', 'ze')
    assert sense in ['maximize', 'minimize'], "\nsense must be ['maximize', 'minimize'] not %s" % sense
    c.objective.set_name(pid)
    if reset:
        ##  var_num = c.variables.get_num()
        ##  names = range(var_num)
        new_obj = []
        for e in range(len(names)):
            new_obj.append((names[e], 0.0))
        c.objective.set_linear(new_obj)
        del new_obj, names
    if expr != None:
        expr = [(e[1], e[0]) for e in expr]
        if __DEBUG__: print(expr)
        c.objective.set_linear(expr)
        del expr
    if sense == 'minimize':
        c.objective.set_sense(c.objective.sense.minimize)
        if __DEBUG__: print('Set minimizing')
    else:
        c.objective.set_sense(c.objective.sense.maximize)
        if __DEBUG__: print('Set maximizing')



def cplx_setSingleConstraint(c, pid, expr, sense='E', rhs=0.0):
    ind = []
    val = []
    for e in expr:
        ind.append(e[1])
        val.append(e[0])
    lexp = cplex.SparsePair(ind, val)
    c.linear_constraints.add(lin_expr=[lexp], senses=sense, rhs=[rhs], names=[pid])
    del ind, val, lexp

def cplx_setBounds(c, pid, lb=None, ub=None):
    if lb != None:
        c.variables.set_lower_bounds(pid, lb)
    if ub != None:
        c.variables.set_upper_bounds(pid, ub)

[docs]def cplx_writeLPtoLPTfile(c, filename, title=None, Dir=None):
    """
    Write out a CPLEX model as an LP format file

    """
    if Dir != None:
        filename = os.path.join(Dir, filename)
    if title != None:
        c.set_problem_name(title)
    c.write(filename+'.lp', filetype='lp')
    print('LP output as {}'.format(filename+'.lp'))


[docs]def cplx_runInputScan(fba, exDict, wDir, input_lb=-10.0, input_ub=0.0, writeHformat=False, rationalLPout=False):
    """
    scans all inputs

    """
    debug_dir = os.path.join(wDir, 'lpt')
    ine_dir = os.path.join(wDir, 'ine')
    rat_dir = os.path.join(wDir, 'eslv')
    if not os.path.exists(debug_dir):
        os.mkdir(debug_dir)
    if writeHformat and not os.path.exists(ine_dir):
        os.mkdir(ine_dir)
    if rationalLPout and not os.path.exists(rat_dir):
        os.mkdir(rat_dir)

    optimal_growth_rates = {}
    infeasible_inputs = []
    modname = fba.sourcefile
    fbaid0 = fba.id
    fba.buildStoichMatrix()
    for inpt in exDict:
        fba.id = '%s(%s)' % (modname, inpt)
        ilb = fba.getFluxBoundByReactionID(inpt, 'lower').value
        iub = fba.getFluxBoundByReactionID(inpt, 'upper').value
        fba.setReactionBound(inpt, input_lb, 'lower')
        fba.setReactionBound(inpt, input_ub, 'upper')
        #fbalp = cplx_getModelFromObj(fba)
        fbalp = cplx_constructLPfromFBA(fba, fname=None)
        cplx_Solve(fbalp)
        if cplx_getSolutionStatus(fbalp) == 'LPS_OPT':
            opt = cplx_getOptimalSolution(fbalp)[2]
            if __DEBUG__: print('Optimal growth rate %s(%s) = %s' % (modname, inpt, opt))
            optimal_growth_rates.update({inpt : opt})
            if writeHformat:
                CBWrite.WriteModelHFormatFBA(fba, ine_dir, use_rational=False)
                CBWrite.WriteModelHFormatFBA(fba, ine_dir, use_rational=True)
            if rationalLPout:
                tmp = CBWrite.writeModelLP(fba, work_dir=rat_dir)
        else:
            print('CPLX returned an error code: {}'.format(cplx_getSolutionStatus(fbalp)))
            infeasible_inputs.append(inpt)
        fba.setReactionBound(inpt, ilb, 'lower')
        fba.setReactionBound(inpt, iub, 'upper')
        del fbalp
    fba.id = fbaid0
    return optimal_growth_rates, infeasible_inputs

##'''
##def cplx_runInputScanWithFVA(fba, exDict, wDir, input_lb=-10.0, input_ub=0.0, writeHformat=False, rationalLPout=False, NaNonFail=False):
    ##"""
    ##scans all inputs

    ##"""
    ##raise NotImplementedError('Not yet anyway')

    ##debug_dir = os.path.join(wDir, 'lpt')
    ##ine_dir = os.path.join(wDir, 'ine')
    ##rat_dir = os.path.join(wDir, 'eslv')
    ##if not os.path.exists(debug_dir):
        ##os.mkdir(debug_dir)
    ##if writeHformat and not os.path.exists(ine_dir):
        ##os.mkdir(ine_dir)
    ##if rationalLPout and not os.path.exists(rat_dir):
        ##os.mkdir(rat_dir)

    ##optimal_growth_rates = {}
    ##infeasible_inputs = []
    ##modname = fba.sourcefile
    ##fbaid0 = fba.id
    ##fva_out = []
    ##for inpt in exDict:
        ##fba.id = '%s(%s)' % (modname, inpt)
        ##ilb = fba.getFluxBoundByReactionID(inpt, 'lower').value
        ##iub = fba.getFluxBoundByReactionID(inpt, 'upper').value
        ##fba.setReactionBound(inpt, input_lb, 'lower')
        ##fba.setReactionBound(inpt, input_ub, 'upper')
        ##LPfile = CBWrite.writeModelLP(fba, work_dir=debug_dir)
        ##fbalp = PyscesGLPK.glpk_getModelFromLPT(LPfile, debug_dir)
        ####  fbalp.solve()
        ##PyscesGLPK.glpk_Solve(fbalp)
        ##if fbalp.solution_status == 'LPS_OPT':
            ##opt = PyscesGLPK.glpk_getOptimalSolution(fbalp)[2]
            ##if __DEBUG__: print 'Optimal growth rate %s(%s) = %s' % (modname, inpt, opt)
            ##optimal_growth_rates.update({inpt : opt})
            ##if writeHformat:
                ##CBWrite.WriteModelHFormatFBA(fba, ine_dir, realnum=False)
                ##CBWrite.WriteModelHFormatFBA(fba, ine_dir, realnum=True)
            ##if rationalLPout:
                ##tmp = CBWrite.writeModelLP(fba, work_dir=rat_dir)
            ##PyscesGLPK.glpk_addOptimalSolutionAsConstraint(fbalp, tol=None, bound='lower', optPercentage=100.0, reset_of=True)
            ##OUTPUT_ARRAY, ncol_names = doFluxVariability(fbalp, ignore_fluxes=[], write_debug_lps=False,\
                                        ##pause_on_skip=True, model_name=fba.id, work_dir=wDir)
            ##fva_out.append((inpt,OUTPUT_ARRAY, ncol_names))
            ##del OUTPUT_ARRAY, ncol_names
        ##else:
            ##print 'GLPK returned an error code: %s' % fbalp.solution_status
            ##infeasible_inputs.append(inpt)
            ##os.remove(LPfile)
        ##fba.setReactionBound(inpt, ilb, 'lower')
        ##fba.setReactionBound(inpt, iub, 'upper')
    ##fba.id = fbaid0
    ##return optimal_growth_rates, infeasible_inputs, fva_out
##'''


[docs]def cplx_func_GetCPXandPresolve(fba, pre_opt, objF2constr, quiet=False, oldlpgen=False, with_reduced_costs='unscaled', method='o'):
    """
    This is a utility function that does a presolve for FVA, MSAF etc. Generates properly formatted
    empty objects if pre_opt == False

     - *pre_opt* a boolean
     - *fba* a CBModel object
     - *objF2constr* add objective function as constraint
     - *quiet* [default=False] supress cplex output
     - *with_reduced_costs* [default='unscaled'] can be 'scaled' or 'unscaled'
     - *method* [default='o'] choose the CPLEX method to use for solution, default is automatic. See CPLEX reference manual for details

       - 'o': auto
       - 'p': primal
       - 'd': dual
       - 'b': barrier (no crossover)
       - 'h': barrier
       - 's': sifting
       - 'c': concurrent


    Returns: pre_sol, pre_oid, pre_oval, OPTIMAL_PRESOLUTION, REDUCED_COSTS

    """
    if oldlpgen:
        cpx = cplx_getModelFromObj(fba)
    else:
        cpx = cplx_constructLPfromFBA(fba, fname=None)
    if quiet:
        cplx_setOutputStreams(cpx, mode=None)
    OPTIMAL_PRESOLUTION = None
    pre_sol = pre_oid = pre_oval = None
    REDUCED_COSTS = {}
    if pre_opt:
        status = cplx_Solve(cpx, method=method)
        if cplx_getSolutionStatus(cpx) == 'LPS_OPT':
            print('Valid Presolution')
            OPTIMAL_PRESOLUTION = True
            pre_sol, pre_oid, pre_oval = cplx_getOptimalSolution(cpx)
            fba.objectives[fba.activeObjIdx].solution, fba.objectives[fba.activeObjIdx].value = pre_sol, pre_oval
            if with_reduced_costs == 'scaled':
                REDUCED_COSTS = cplx_getReducedCosts(cpx, scaled=True)
            elif with_reduced_costs == 'unscaled':
                REDUCED_COSTS = cplx_getReducedCosts(cpx, scaled=False)
        else:
            print('Invalid Presolution')
            OPTIMAL_PRESOLUTION = False
            pre_sol = {}
            for r in fba.reactions:
                pre_sol.update({r.getPid : 0.0})
                r.reduced_cost = 0.0
            pre_oval = 0.0
            pre_oid = 'None'
            raise RuntimeError('\nPresolve failed to optimize this model and cannot continue!')
    else:
        pre_sol = {}
        for r in fba.reactions:
            pre_sol.update({r.getPid() : 0.0})
        if objF2constr:
            pre_oval = fba.objectives[fba.activeObjIdx].value
            pre_oid = fba.objectives[fba.activeObjIdx].getPid()
        else:
            pre_oval = 0.0
            pre_oid = 'None'
    for r in fba.reactions:
        r.value = pre_sol[r.id]
    return cpx, pre_sol, pre_oid, pre_oval, OPTIMAL_PRESOLUTION, REDUCED_COSTS


[docs]def cplx_func_SetObjectiveFunctionAsConstraint(cpx, rhs_sense, oval, tol, optPercentage):
    """
    Take the objective function and "optimum" value and add it as a constraint
     - *cpx* a cplex object
     - *oval* the objective value
     - *tol*  [default=None] do not floor/ceiling the objective function constraint, otherwise round of to *tol*
     - *rhs_sense* [default='lower'] means objC >= objVal the inequality to use for the objective constraint can also be *upper* or *equal*
     - *optPercentage* [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value*(optPercentage/100.0)

    """

    # generate new constraint from old objective value (use non-zero coefficients)
    LCS = cpx.objective.get_linear()
    LCN = cpx.variables.get_names()
    new_constraint = []
    for c in range(len(LCS)):
        if LCS[c] != 0.0:
            new_constraint.append((LCS[c], LCN[c]))

    if rhs_sense == 'equal':
        pass
    elif (cpx.objective.get_sense() == cpx.objective.sense.maximize) and (rhs_sense == 'upper'):
        print('\nWarning: RHS sense error: \"upper\" does not match \"maximize\" changing to \"lower\"')
        rhs_sense = 'lower'
        time.sleep(1)
    elif (cpx.objective.get_sense() == cpx.objective.sense.minimize) and (rhs_sense == 'lower'):
        print('\nWarning: RHS sense error: \"lower\" does not match \"minimize\" changing to \"upper\"')
        rhs_sense = 'upper'
        time.sleep(1)
    else:
        print('\nRHS sense ok.')

    # set objective constraint
    if rhs_sense == 'equal':
        cplx_setSingleConstraint(cpx, 'ObjCstr', expr=new_constraint, sense='E', rhs=oval)
        ##  cplx_setSingleConstraint(cpx, 'ObjCstr', expr=[(1, pre_oid)], sense='E', rhs=oval)
    elif rhs_sense == 'upper':
        if tol != None:
            ub = numpy.ceil(oval/tol)*tol*optPercentage/100.0
        else:
            ub = oval*(optPercentage/100.0)
        cplx_setSingleConstraint(cpx, 'ObjCstr', expr=new_constraint, sense='L', rhs=ub)
        ##  cplx_setSingleConstraint(cpx, 'ObjCstr', expr=[(1, pre_oid)], sense='L', rhs=ub)
    elif rhs_sense == 'lower':
        if tol != None:
            lb = numpy.floor(oval/tol)*tol*optPercentage/100.0
        else:
            lb = oval*(optPercentage/100.0)
        cplx_setSingleConstraint(cpx, 'ObjCstr', expr=new_constraint, sense='G', rhs=lb)
        ##  cplx_setSingleConstraint(cpx, 'ObjCstr', expr=[(1, pre_oid)], sense='G', rhs=lb)
    else:
        raise RuntimeError("\nInvalid RHS sense: %s" % rhs_sense)



[docs]def cplx_MinimizeSumOfAbsFluxes(fba, selected_reactions=None, pre_opt=True, tol=None, objF2constr=True, rhs_sense='lower', optPercentage=100.0, work_dir=None, quiet=False, debug=False, objective_coefficients=None, return_lp_obj=False, oldlpgen=False, with_reduced_costs=None, method='o'):
    """
    Minimize the sum of absolute fluxes sum(abs(J1) + abs(J2) + abs(J3) ... abs(Jn)) by adding two constraints per flux
    and a variable representing the absolute value:

     Min: Ci abs_Ji
      Ji - abs_Ji <= 0
      Ji + abs_Ji >= 0

     Such that:
      NJi = 0
      Jopt = opt

    returns the value of the flux minimization objective function (not the model objective function which remains unchanged from)

    Arguments:

     - *fba* an FBA model object
     - *selected reactions* [default=None] means use all reactions otherwise use the reactions listed here
     - *pre_opt* [default=True] attempt to presolve the FBA and report its results in the ouput, if this is disabled and *objF2constr* is True then the vid/value of the current active objective is used
     - *tol*  [default=None] do not floor/ceiling the objective function constraint, otherwise round of to *tol*
     - *rhs_sense* [default='lower'] means objC >= objVal the inequality to use for the objective constraint can also be *upper* or *equal*
     - *optPercentage* [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value*(optPercentage/100.0)
     - *work_dir* [default=None] the MSAF working directory for temporary files default = cwd+fva
     - *debug* [default=False] if True write out all the intermediate MSAF LP's into work_dir
     - *quiet* [default=False] if enabled supress CPLEX output
     - *objF2constr* [default=True] add the model objective function as a constraint using rhs_sense etc. If
       this is True with pre_opt=False then the id/value of the active objective is used to form the constraint
     - *objective_coefficients* [default=None] a dictionary of (reaction_id : float) pairs that provide the are introduced as objective coefficients to the absolute flux value. Note that the default value of the coefficient (non-specified) is +1.
     - *return_lp_obj* [default=False] off by default when enabled it returns the CPLEX LP object
     - *with_reduced_costs* [default=None] if not None should be 'scaled' or 'unscaled'
     - *method* [default='o'] choose the CPLEX method to use for solution, default is automatic. See CPLEX reference manual for details

       - 'o': auto
       - 'p': primal
       - 'd': dual
       - 'b': barrier (no crossover)
       - 'h': barrier
       - 's': sifting
       - 'c': concurrent


    With outputs:

     - *fba* an update instance of a CBModel. Note that the FBA model objective function value is the original value set as a constraint

    """

    if objective_coefficients == None:
        objective_coefficients = {}
    if with_reduced_costs == 'scaled':
        fba.SCALED_REDUCED_COSTS = True
    elif with_reduced_costs == 'unscaled':
        fba.SCALED_REDUCED_COSTS = False
    elif fba.SCALED_REDUCED_COSTS == True:
        with_reduced_costs = 'scaled'
    elif fba.SCALED_REDUCED_COSTS == False:
        with_reduced_costs = 'unscaled'
    else:
        with_reduced_costs = None

    print('\nINFO: using \"{}\" reduced costs.\n'.format(with_reduced_costs))

    if work_dir == None:
        work_dir = os.getcwd()
    else:
        assert os.path.exists(work_dir), '\nWhat did you think would happen now!'
    if debug:
        debug_dir = os.path.join(work_dir, 'DEBUG')
        if not os.path.exists(debug_dir):
            os.mkdir(debug_dir)

    # generate a presolution
    print('CPLEX is using solver option: "{}"'.format(method))

    cpx = OPTIMAL_PRESOLUTION = None
    pre_sol = pre_oid = pre_oval = None
    REDUCED_COSTS = {}
    cpx, pre_sol, pre_oid, pre_oval, OPTIMAL_PRESOLUTION, REDUCED_COSTS = cplx_func_GetCPXandPresolve(fba, pre_opt, objF2constr, quiet=quiet, oldlpgen=oldlpgen, with_reduced_costs=with_reduced_costs, method=method)
    # if required add the objective function as a constraint
    if objF2constr:
        cplx_func_SetObjectiveFunctionAsConstraint(cpx, rhs_sense, pre_oval, tol, optPercentage)

    STORED_OPT = None
    if pre_opt:
        STORED_OPT = pre_oval
    else:
        STORED_OPT = fba.getActiveObjective().getValue()

    # minimize the absolute sum of fluxes
    if selected_reactions != None:
        rids = fba.getReactionIds()
        for r in selected_reactions:
            assert r in rids, "\n%s is not a valid reaction name" % r
    else:
        selected_reactions = fba.getReactionIds()

    # this removes the objective function
    ##  fba_obj_ids = fba.getActiveObjective().getFluxObjectiveReactions()
    ##  print fba_obj_ids
    ##  for R in fba_obj_ids:
        ##  if R in selected_reactions:
            ##  selected_reactions.pop(selected_reactions.index(R))
    ##  del R, fba_obj_ids
    NUM_FLX = len(selected_reactions)
    print('Total number of reactions: {}'.format(NUM_FLX))
    abs_selected_reactions = ['abs_%s' % r for r in selected_reactions]
    # absJ implicitly assumed to be absJ >= 0
    ##  lbs = [0.0]*len(abs_selected_reactions)
    ##  ubs = [numpy.inf]*len(abs_selected_reactions)
    ##  cpx.variables.add(lb=lbs, ub=ubs, names=abs_selected_reactions)
    cpx.variables.add(names=abs_selected_reactions)

    #cpx.variables.add(obj=[], lb=[], ub=[], types='', names=[], columns=[])
    #obj_func = [(1, r) for r in abs_selected_reactions]

    ##J - abs_J <= 0
    ##J + abs_J >= 0

    lin_exprs = []
    senses = []
    names = []
    rhss = []
    range_values = []
    obj_func = []

    for r in range(len(selected_reactions)):
        name1 = abs_selected_reactions[r]+'_c1'
        lin_expr1 = cplex.SparsePair(ind=[selected_reactions[r], abs_selected_reactions[r]], val=[1.0, -1.0])
        sense1 = 'L'
        name2 = abs_selected_reactions[r]+'_c2'
        lin_expr2 = cplex.SparsePair(ind=[selected_reactions[r], abs_selected_reactions[r]], val=[1.0, 1.0])
        sense2 = 'G'
        names.append(name1)
        lin_exprs.append(lin_expr1)
        senses.append(sense1)
        rhss.append(0.0)
        range_values.append(0.0)
        names.append(name2)
        lin_exprs.append(lin_expr2)
        senses.append(sense2)
        rhss.append(0.0)
        range_values.append(0.0)
        ##  print selected_reactions[r], abs_selected_reactions[r]
        if selected_reactions[r] in objective_coefficients:
            obj_func.append((objective_coefficients[selected_reactions[r]], abs_selected_reactions[r]))
        else:
            obj_func.append((1, abs_selected_reactions[r]))

    cplx_setObjective(cpx, 'MAFS', obj_func, 'min', reset=True)
    cpx.linear_constraints.add(lin_expr=lin_exprs, senses=senses, rhs=rhss, range_values=range_values, names=names)
    if debug:
        cplx_writeLPtoLPTfile(cpx, 'MSAF_base_(%s)' % time.time(), title=None, Dir=debug_dir)
        ##  cplx_writeLPtoLPTfile(cpx, 'MSAF_base_%s' % time.time() , title=None, Dir=debug_dir)

    cplx_Solve(cpx, method=method)
    cplx_setFBAsolutionToModel(fba, cpx, with_reduced_costs=with_reduced_costs)
    minSum = cpx.solution.get_objective_value()
    fba.setAnnotation('min_flux_sum', minSum)
    fba.getActiveObjective().setValue(STORED_OPT)
    print('\nMinimizeSumOfAbsFluxes objective value: {}\n'.format(minSum))
    if quiet:
        cplx_setOutputStreams(cpx, mode='default')
    if not return_lp_obj:
        return minSum
    else:
        return cpx



[docs]def cplx_MinimizeNumActiveFluxes(fba, selected_reactions=None, pre_opt=True, tol=None, objF2constr=True, rhs_sense='lower', optPercentage=100.0, work_dir=None, quiet=False, debug=False, objective_coefficients=None, return_lp_obj=False, populate=None, oldlpgen=False):
    """
    Minimize the sum of active fluxes, updates the model with the values of the solution and returns the value
    of the MILP objective function (not the model objective function which remains unchanged). If population mode is activated
    output is as described below:

     Min: sum(Bi)
      Bi = 0 -> Ci Ji = 0

     Such that:
      NJi = 0
      Jbio = opt

     where:
       Binary Bi

    Arguments:

     - *fba* an FBA model object
     - *selected reactions* [default=None] means use all reactions otherwise use the reactions listed here
     - *pre_opt* [default=True] attempt to presolve the FBA and report its results in the ouput, if this is diabled and *objF2constr* is True then the vid/value of the current active objective is used
     - *tol*  [default=None] do not floor/ceiling the objective function constraint, otherwise round of to *tol*
     - *rhs_sense* [default='lower'] means objC >= objVal the inequality to use for the objective constraint can also be *upper* or *equal*
       Note this does not necessarily mean the upper or lower bound, although practically it will. If in doubt use *equal*
     - *optPercentage* [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value * (optPercentage/100.0)
     - *work_dir* [default=None] the MSAF working directory for temporary files default = cwd+fva
     - *debug* [default=False] if True write out all the intermediate MSAF LP's into work_dir
     - *quiet* [default=False] if enabled supress CPLEX output
     - *objF2constr* [default=True] add the model objective function as a constraint using rhs_sense etc. If
       this is True with pre_opt=False then the id/value of the active objective is used to form the constraint
     - *objective_coefficients* [default=None] a dictionary of (reaction_id : float) pairs that provide the are introduced as objective coefficients to the absolute flux value. Note that the default value of the coefficient (non-specified) is +1.
     - *return_lp_obj* [default=False] off by default when enabled it returns the CPLEX LP object
     - *populate* [default=None] enable search algorithm to find multiple (sub)optimal solutions. Set with a tuple of (RELGAP=0.0, POPULATE_LIMIT=20, TIME_LIMIT=300) suggested values only.
       - *RELGAP* [default=0.0] relative gap to optimal solution
       - *POPULATE_LIMIT* [default=20] terminate when so many solutions have been found
       - *TIME_LIMIT* [default=300] terminate search after so many seconds important with higher values of *POPULATION_LIMIT*
     - *with_reduced_costs* [default='uncsaled'] can be 'scaled', 'unscaled' or anything else which is None

    With outputs:

     - *mincnt* the objective function value OR
     - *mincnt, cpx* the objective function and cplex model OR
     - *populate_data, mincnt* a population data set OR
     - *populate_data, mincnt, cpx* both the cps object and population data set

    depending on selected flags.

    """
    if objective_coefficients == None:
        objective_coefficients = {}
    if fba.SCALED_REDUCED_COSTS:
        with_reduced_costs = 'scaled'
    else:
        with_reduced_costs = 'unscaled'
    if work_dir == None:
        work_dir = os.getcwd()
    else:
        assert os.path.exists(work_dir), '\nWhat did you think would happen now!'
    if debug:
        debug_dir = os.path.join(work_dir, 'DEBUG')
        if not os.path.exists(debug_dir):
            os.mkdir(debug_dir)

    base_reaction_names = fba.getReactionIds()

    # generate a presolution
    cpx = OPTIMAL_PRESOLUTION = None
    pre_sol = pre_oid = pre_oval = None
    REDUCED_COSTS = {}
    cpx, pre_sol, pre_oid, pre_oval, OPTIMAL_PRESOLUTION, REDUCED_COSTS = cplx_func_GetCPXandPresolve(fba, pre_opt, objF2constr, quiet=quiet, oldlpgen=oldlpgen, with_reduced_costs=with_reduced_costs)
    # if required add the objective function as a constraint
    if objF2constr:
        cplx_func_SetObjectiveFunctionAsConstraint(cpx, rhs_sense, pre_oval, tol, optPercentage)

    STORED_OPT = None
    if pre_opt:
        STORED_OPT = pre_oval
    else:
        STORED_OPT = fba.getActiveObjective().getValue()

    # minimize the absolute sum of fluxes
    if selected_reactions != None:
        rids = fba.getReactionIds()
        for r in selected_reactions:
            assert r in rids, "\n%s is not a valid reaction name" % r
    else:
        selected_reactions = fba.getReactionIds()

    # this removes the objective function (redundant I think)
    #fba_obj_ids = fba.getActiveObjective().getFluxObjectiveReactions()
    #print fba_obj_ids
    #for R in fba_obj_ids:
        #if R in selected_reactions:
            #selected_reactions.pop(selected_reactions.index(R))
    #del R, fba_obj_ids
    NUM_FLX = len(selected_reactions)
    print('Total number of reactions: {}'.format(NUM_FLX))
    bin_selected_reactions = ['bin_%s' % r for r in selected_reactions]
    #print bin_selected_reactions
    # bin_J in [0,1]
    ##  lbs = [0.0]*len(bin_selected_reactions)
    ##  ubs = [numpy.inf]*len(bin_selected_reactions)
    ##  cpx.variables.add(lb=lbs, ub=ubs, names=bin_selected_reactions)
    #cpx.variables.add(names=bin_selected_reactions)
    cpx.variables.add(names=bin_selected_reactions, lb=numpy.zeros(len(bin_selected_reactions)),\
                      ub=numpy.ones(len(bin_selected_reactions)))
    ##cpx.variables.add(obj=[], lb=[], ub=[], types='', names=[], columns=[])

    for bv in bin_selected_reactions:
        cpx.variables.set_types(bv, cpx.variables.type.binary)

    obj_func = []

    for r in range(len(selected_reactions)):
        name1 = 'ind_'+selected_reactions[r]
        ##  print selected_reactions[r]
        lin_expr1 = cplex.SparsePair(ind=[selected_reactions[r]], val=[1.0])
        sense1 = 'E'
        rhs1 = 0.0
        indvar1 = cpx.variables.get_indices(bin_selected_reactions[r])
        complemented1 = 1
        cpx.indicator_constraints.add(lin_expr=lin_expr1, sense=sense1, rhs=rhs1, indvar=indvar1, complemented=complemented1, name=name1)
        #obj_func.append((1, bin_selected_reactions[r]))

        if selected_reactions[r] in objective_coefficients:
            obj_func.append((objective_coefficients[selected_reactions[r]], bin_selected_reactions[r]))
        else:
            obj_func.append((1, bin_selected_reactions[r]))

    #print obj_func
    #cpx.write('dump.lp')
    cplx_setObjective(cpx, 'MNAF', obj_func, 'min', reset=True)

    if debug:
        cplx_writeLPtoLPTfile(cpx, 'MNAF_base_(%s)' % time.time(), title=None, Dir=debug_dir)
        ##  cplx_writeLPtoLPTfile(cpx, 'MNAV_base_%s' % time.time() , title=None, Dir=debug_dir)

    #cpx.write('dump.lp')

    if populate == None:
        cplx_SolveMILP(cpx) #  cpx.solve()
        cplx_setFBAsolutionToModel(fba, cpx, with_reduced_costs=None)
        setReducedCosts(fba, REDUCED_COSTS)
        minCnt = cpx.solution.get_objective_value()
        fba.getActiveObjective().setValue(STORED_OPT)
        if quiet:
            cplx_setOutputStreams(cpx, mode='default')
        print('\nMinimizeNumActiveFluxes objective value: {}'.format(minCnt))
        if not return_lp_obj:
            return round(minCnt, 2)
        else:
            return round(minCnt, 2), cpx
    else:
        RELGAP = populate[0] #0.0 # relative gap to optimal solution
        POPULATE_LIMIT = populate[1] #20
        TIME_LIMIT = populate[2] #300 # seconds
        INTENSITY = cpx.parameters.mip.pool.intensity.values.very_aggressive
        DIVERSITY = cpx.parameters.mip.pool.replace.values.diversity
        #DIVERSITY = cpx.parameters.mip.pool.replace.values.firstin_firstout
        #DIVERSITY = cpx.parameters.mip.pool.replace.values.worst_objective
        ABSGAP = 0.0
        cpx.parameters.mip.pool.relgap.set(RELGAP) # Gunnar
        cpx.parameters.mip.pool.absgap.set(ABSGAP) # check this
        cpx.parameters.mip.pool.intensity.set(INTENSITY) # get "all" (sub)optimal solutions
        cpx.parameters.mip.limits.populate.set(POPULATE_LIMIT)
        cpx.parameters.mip.pool.replace.set(DIVERSITY)
        cpx.parameters.timelimit.set(TIME_LIMIT)
        #cpx.solve()
        cpx.populate_solution_pool()

        population = []
        var_names = cpx.variables.get_names()
        var_num = cpx.variables.get_num()
        pop_names = cpx.solution.pool.get_names()
        pop_num = cpx.solution.pool.get_num()
        print('CPLEX solution pool: {}'.format(pop_num))

        #pop_bin = []
        for p in range(pop_num):
            sol = cpx.solution.pool.get_values(p)
            binSum = 0
            for j_ in range(len(var_names)-1,-1,-1):
                if var_names[j_] not in base_reaction_names:
                    a = sol.pop(j_)
                    var_names.pop(j_)
                    binSum += round(a, 2)
            #pop_bin.append(binSum)
            population.append(sol)
        population.insert(0, base_reaction_names)
        for j_ in range(len(population[0])):
            fba.getReaction(population[0][j_]).setValue(population[1][j_])
        try:
            setReducedCosts(fba, REDUCED_COSTS)
        except Exception as ex:
            print(ex)
        minCnt = cpx.solution.get_objective_value()
        print('\nMinimizeNumActiveFluxes objective value: {}\n'.format(round(minCnt, 2)))
        fba.getActiveObjective().setValue(STORED_OPT)
        if quiet:
            cplx_setOutputStreams(cpx, mode='default')
        if not return_lp_obj:
            print('\nINFO: population scan now returns population and objective')
            return population, round(minCnt, 2)
        else:
            return population, round(minCnt, 2), cpx



[docs]def cplx_FluxVariabilityAnalysis(fba, selected_reactions=None, pre_opt=True, tol=None, objF2constr=True, rhs_sense='lower', optPercentage=100.0, work_dir=None, quiet=True, debug=False, oldlpgen=False, markupmodel=True, default_on_fail=False, roundoff_span=10, method='o'):
    """
    Perform a flux variability analysis on an fba model:

     - *fba* an FBA model object
     - *selected reactions* [default=None] means use all reactions otherwise use the reactions listed here
     - *pre_opt* [default=True] attempt to presolve the FBA and report its results in the ouput, if this is disabled and *objF2constr* is True then the rid/value of the current active objective is used
     - *tol*  [default=None] do not floor/ceiling the objective function constraint, otherwise round of to *tol*
     - *rhs_sense* [default='lower'] means objC >= objVal the inequality to use for the objective constraint can also be *upper* or *equal*
     - *optPercentage* [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value*(optPercentage/100.0)
     - *work_dir* [default=None] the FVA working directory for temporary files default = cwd+fva
     - *debug* [default=False] if True write out all the intermediate FVA LP's into work_dir
     - *quiet* [default=False] if enabled, supress CPLEX output
     - *objF2constr* [default=True] add the model objective function as a constraint using rhs_sense etc. If
       this is True with pre_opt=False then the id/value of the active objective is used to form the constraint
     - *markupmodel* [default=True] add the values returned by the fva to the reaction.fva_min and reaction.fva_max
     - *default_on_fail* [default=False] if *pre_opt* is enabled replace a failed minimum/maximum with the solution value
     - *roundoff_span* [default=10] number of digits is round off (not individual min/max values)
     - *method* [default='o'] choose the CPLEX method to use for solution, default is automatic. See CPLEX reference manual for details

       - 'o': auto
       - 'p': primal
       - 'd': dual
       - 'b': barrier (no crossover)
       - 'h': barrier
       - 's': sifting
       - 'c': concurrent


    Returns an array with columns: Reaction, Reduced Costs, Variability Min, Variability Max, abs(Max-Min), MinStatus, MaxStatus and a list containing the row names.

    """
    if work_dir == None:
        work_dir = os.getcwd()
    else:
        assert os.path.exists(work_dir), '\nWhat did you think would happen now!'
    if debug:
        debug_dir = os.path.join(work_dir,'DEBUG')
        if not os.path.exists(debug_dir):
            os.mkdir(debug_dir)
    s2time = time.time()
    # generate a presolution
    cpx = OPTIMAL_PRESOLUTION = None
    pre_sol = pre_oid = pre_oval = None
    REDUCED_COSTS = {}
    cpx, pre_sol, pre_oid, pre_oval, OPTIMAL_PRESOLUTION, REDUCED_COSTS = cplx_func_GetCPXandPresolve(fba, pre_opt, objF2constr, quiet=quiet, oldlpgen=oldlpgen, method=method)
    # if required add the objective function as a constraint
    if objF2constr:
        cplx_func_SetObjectiveFunctionAsConstraint(cpx, rhs_sense, pre_oval, tol, optPercentage)
    if debug:
        cplx_writeLPtoLPTfile(cpx, 'FVA_base', title=None, Dir=debug_dir)

    # do the FVA
    NUM_FLX = len(fba.reactions)
    print('Total number of reactions: {}'.format(NUM_FLX))
    if selected_reactions != None:
        rids = fba.getReactionIds()
        for r in selected_reactions:
            assert r in rids, "\n%s is not a valid reaction name" % r
    else:
        selected_reactions = fba.getReactionIds()
    NUM_FLX = len(selected_reactions)
    print('Number of user selected variables: {}'.format(NUM_FLX))
    try:
        OUTPUT_ARRAY = numpy.zeros((NUM_FLX, 7), numpy.double)
    except AttributeError:
        OUTPUT_ARRAY = numpy.zeros((NUM_FLX, 7))
    OUTPUT_NAMES = []
    cntr = 0
    tcnt = 0
    for Ridx in range(NUM_FLX):
        R = selected_reactions[Ridx]
        OUTPUT_NAMES.append(R)
        MIN_STAT = MAX_STAT = 0
        # MIN
        ##  cplx_setObjective(cpx, R, expr=None, sense='min', reset=True)
        # TODO: bgoli: see whether this also works with 'minimize'
        cplx_setObjective(cpx, 'min%s' % R, [(1, R)], 'min', reset=True)
        ##  cplx_setBounds(c, id, min=None, max=None) # think about this
        MIN_STAT = cplx_Solve(cpx, method=method)
        if MIN_STAT == 1: # solved
            min_oval = cpx.solution.get_objective_value()
        elif MIN_STAT == 2: # unbound
            min_oval = -numpy.Inf
        elif MIN_STAT == 3:
            #min_oval = pre_sol[R] # try this as infeasible means no solution outside optimum
            min_oval = numpy.NaN
        else: # other failure
            min_oval = numpy.NaN
        if debug:
            cplx_writeLPtoLPTfile(cpx, '%smin' % R, title='min%s=%s' % (R,min_oval), Dir=debug_dir)

        # MAX
        ##  cplx_setObjective(cpx, R, expr=None, sense='max', reset=True)
        cplx_setObjective(cpx, 'max%s' % R, expr=None, sense='max', reset=False)
        ##  cplx_setBounds(c, id, min=None, max=None) # think about this
        MAX_STAT = cplx_Solve(cpx, method=method)
        if MAX_STAT == 1: # solved
            max_oval = cpx.solution.get_objective_value()
        elif MAX_STAT == 2: # unbound
            max_oval = numpy.Inf
        elif MAX_STAT == 3: # infeasible
            #max_oval = pre_sol[R] # try this as infeasible means no solution outside optimum
            max_oval = numpy.NaN
        else: # other fail
            max_oval = numpy.NaN
        if debug:
            cplx_writeLPtoLPTfile(cpx, '%smax' % R, title='max%s=%s' % (R,max_oval), Dir=debug_dir)

        # enables using the default value as a solution if the solver fails
        if pre_opt and default_on_fail:
            if MAX_STAT > 1 and not MIN_STAT > 1:
                max_oval = pre_sol[R]
            if MIN_STAT > 1 and not MAX_STAT > 1:
                min_oval = pre_sol[R]

        OUTPUT_ARRAY[Ridx,0] = pre_sol[R]
        if R in REDUCED_COSTS:
            OUTPUT_ARRAY[Ridx,1] = REDUCED_COSTS[R]
        OUTPUT_ARRAY[Ridx,2] = min_oval
        OUTPUT_ARRAY[Ridx,3] = max_oval
        OUTPUT_ARRAY[Ridx,4] = round(abs(max_oval - min_oval), roundoff_span)
        OUTPUT_ARRAY[Ridx,5] = MIN_STAT
        OUTPUT_ARRAY[Ridx,6] = MAX_STAT
        if markupmodel:
            REAC = fba.getReaction(R)
            REAC.setValue(pre_sol[R])
            REAC.fva_min = min_oval
            REAC.fva_max = max_oval
            REAC.fva_status = (MIN_STAT, MAX_STAT)
            #if MAX_STAT == 1:
                #REAC.fva_max = max_oval
            #else:
                #REAC.fva_max = None
            #if MIN_STAT == 1:
                #REAC.fva_min = min_oval
            #else:
                #REAC.fva_min = None
            if R in REDUCED_COSTS:
                REAC.reduced_costs = REDUCED_COSTS[R]
        if not quiet and MAX_STAT > 1 or MIN_STAT > 1:
            print('Solver fail for reaction \"{}\" (MIN_STAT: {} MAX_STAT: {})'.format(R, MIN_STAT, MAX_STAT))
        cntr += 1
        if cntr == 200:
            tcnt += cntr
            print('FVA has processed {} of {} reactions'.format(tcnt, NUM_FLX))
            cntr = 0
    if quiet:
        cplx_setOutputStreams(cpx, mode='default')
    del cpx
    print('\nSinglecore FVA took: {} min (1 process)\n'.format((time.time()-s2time)/60.))
    print('Output array has columns:')
    print('Reaction, Reduced Costs, Variability Min, Variability Max, abs(Max-Min), MinStatus, MaxStatus')
    return OUTPUT_ARRAY, OUTPUT_NAMES




[docs]def cplx_MultiFluxVariabilityAnalysis(lp, selected_reactions=None, tol=1e-10, rhs_sense='lower', optPercentage=100.0, work_dir=None, debug=False):
    """
    Perform a flux variability analysis on a multistate LP

     - *lp* a multistate LP
     - *selected reactions* [default=None] means use all reactions otherwise use the reactions listed here
     - *pre_opt* [default=True] attempt to presolve the FBA and report its results in the ouput
     - *tol*  [default=1e-10] do floor/ceiling the objective function constraint, otherwise floor/ceil to *tol*
     - *rhs_sense* [default='lower'] means objC >= objVal the inequality to use for the objective constraint can also be *upper* or *equal*
     - *optPercentage* [default=100.0] means the percentage optimal value to use for the RHS of the objective constraint: optimal_value*(optPercentage/100.0)
     - *work_dir* [default=None] the FVA working directory for temporary files default = cwd+fva
     - *debug* [default=False] if True write out all the intermediate FVA LP's into work_dir
     - *bypass* [default=False] bypass everything and only run the min/max on lp

    and returns an array with columns::

     Reaction, Reduced Costs, Variability Min, Variability Max, abs(Max-Min), MinStatus, MaxStatus

    and a list containing the row names.
    """

    gc.enable()
    pre_opt = True
    debug_dir = work_dir
    if debug_dir == None:
        debug_dir = os.path.join(os.getcwd(), 'fva')
    else:
        assert os.path.exists(debug_dir), '\nWhat did you think would happen now!'
        debug_dir = os.path.join(debug_dir, 'fva')
    if debug and not os.path.exists(debug_dir):
        os.mkdir(debug_dir)

    TFname = CBTools.createTempFileName()
    OPTIMAL_PRESOLUTION = None
    pre_sol = pre_oid = pre_oval = None
    REDUCED_COSTS = {}
    if pre_opt:
        cplx_SolveMILP(lp, auto_mipgap=True)
        status = cplx_getSolutionStatus(lp)
        print(status)
        assert lp.solution.get_status() == lp.solution.status.MIP_optimal, '\n Fail not CPXMIP_OPTIMAL'
        print('Valid FVA presolution')
        OPTIMAL_PRESOLUTION = True
        pre_sol, pre_oid, pre_oval = cplx_getOptimalSolution(lp)
        REDUCED_COSTS = {}

    print(pre_oid, pre_oval)


    # generate new constraint from old objective value (use non-zero coefficients)
    LCS = lp.objective.get_linear()
    LCN = lp.variables.get_names()

    #new_constraint = []
    #for c in range(len(LCS)):
        #if LCS[c] != 0.0:
            #if 'xvar_' not in  LCN[c] and 'absL_' not in  LCN[c]:
                ##print LCS[c], LCN[c]
                #new_constraint.append((LCS[c], LCN[c]))

    #print len(LCS), len(LCN), len(new_constraint)
    #lp.write(os.path.join(work_dir, TFname+'_DEBUG.1.lp'),'lp')


    ## set objective constraint
    #if rhs_sense == 'equal':
        #cplx_setSingleConstraint(lp, 'ObjCstr', expr=new_constraint, sense='E', rhs=pre_oval)
        ###  cplx_setSingleConstraint(lp, 'ObjCstr', expr=[(1, pre_oid)], sense='E', rhs=pre_oval)
    #elif rhs_sense == 'upper':
        #if tol != None:
            #ub =  numpy.ceil(pre_oval/tol)*tol*optPercentage/100.0
        #else:
            #ub = pre_oval*(optPercentage/100.0)
        #cplx_setSingleConstraint(lp, 'ObjCstr', expr=new_constraint, sense='L', rhs=ub)
        ###  cplx_setSingleConstraint(lp, 'ObjCstr', expr=[(1, pre_oid)], sense='L', rhs=ub)
    #elif rhs_sense == 'lower':
        #if tol != None:
            #lb =  numpy.floor(pre_oval/tol)*tol*optPercentage/100.0
        #else:
            #lb = pre_oval*(optPercentage/100.0)
        #cplx_setSingleConstraint(lp, 'ObjCstr', expr=new_constraint, sense='G', rhs=lb)
        ###  cplx_setSingleConstraint(lp, 'ObjCstr', expr=[(1, pre_oid)], sense='G', rhs=lb)

    #lp.write(os.path.join(work_dir, TFname+'_DEBUG.2.lp'),'lp')

    NUM_FLX = lp.variables.get_num()
    VARIABLE_NAMES = lp.variables.get_names()
    print('Number of variables: {}'.format(NUM_FLX))
    if selected_reactions != None:
        for r in selected_reactions:
            assert r in VARIABLE_NAMES, "\n%s is not a valid reaction name" % r
        NUM_FLX = len(selected_reactions)
        print('Number of user selected variables: {}'.format(NUM_FLX))
        OUTPUT_ARRAY = numpy.zeros((NUM_FLX, 5))

    OUTPUT_NAMES = []
    iter_cnt = 0

    #raw_input('\n*****\nMultiFVA ready, press <enter> to continue:')
    Rdump = file(os.path.join(work_dir, TFname+'_resTemp.txt'),'w')
    NEW_RUN = True
    ADD_MILP_CONSTR = False
    for Ridx in range(NUM_FLX):
        if selected_reactions != None:
            R = selected_reactions[Ridx]
        else:
            R = VARIABLE_NAMES[Ridx]

        if ADD_MILP_CONSTR:
            if not NEW_RUN:
                lp.linear_constraints.delete('ObjCstr')
            NEW_RUN = False
            new_constraint = []
            for c in range(len(LCS)):
                if LCS[c] != 0.0:
                    if 'xvar_' not in  LCN[c] and 'absL_' not in  LCN[c] and LCN[c] == 'zvar1'+R:
                        print('Skipping objective', R)
                    elif 'xvar_' not in  LCN[c] and 'absL_' not in  LCN[c]:
                        #print LCS[c], LCN[c]
                        new_constraint.append((LCS[c], LCN[c]))

            print(len(LCS), len(LCN), len(new_constraint))

            lp.write(os.path.join(work_dir, TFname+'_DEBUG.1.lp'),'lp')
            # set objective constraint
            if rhs_sense == 'equal':
                cplx_setSingleConstraint(lp, 'ObjCstr', expr=new_constraint, sense='E', rhs=pre_oval)
                ##  cplx_setSingleConstraint(lp, 'ObjCstr', expr=[(1, pre_oid)], sense='E', rhs=pre_oval)
            elif rhs_sense == 'upper':
                if tol != None:
                    ub =  numpy.ceil(pre_oval/tol)*tol*optPercentage/100.0
                else:
                    ub = pre_oval*(optPercentage/100.0)
                cplx_setSingleConstraint(lp, 'ObjCstr', expr=new_constraint, sense='L', rhs=ub)
                ##  cplx_setSingleConstraint(lp, 'ObjCstr', expr=[(1, pre_oid)], sense='L', rhs=ub)
            elif rhs_sense == 'lower':
                if tol != None:
                    lb =  numpy.floor(pre_oval/tol)*tol*optPercentage/100.0
                else:
                    lb = pre_oval*(optPercentage/100.0)
                cplx_setSingleConstraint(lp, 'ObjCstr', expr=new_constraint, sense='G', rhs=lb)
                ##  cplx_setSingleConstraint(lp, 'ObjCstr', expr=[(1, pre_oid)], sense='G', rhs=lb)

            lp.write(os.path.join(work_dir, TFname+'_DEBUG.2.lp'),'lp')
            print(new_constraint)
            print(R)


        Rdump.write('%s\t%s\t%2.3f\t' % (Ridx, R, pre_sol[R]))
        iter_cnt += 1
        OUTPUT_NAMES.append(R)
        MIN_STAT = MAX_STAT = 0
        # MIN
        ##  cplx_setObjective(lp, R, expr=None, sense='min', reset=True)
        cplx_setObjective2(lp, 'min%s' % R, VARIABLE_NAMES, [(1, R)], 'min', reset=True)
        ##  cplx_setBounds(c, id, min=None, max=None) # think about this

        lp.write(os.path.join(work_dir, TFname+'_DEBUG.3a.lp'),'lp')
        cplx_SolveMILP(lp)

        if lp.solution.get_status() == lp.solution.status.MIP_optimal:
            #DBG# min_sol, min_oid, min_oval = cplx_getOptimalSolution(lp)
            min_sol, min_oid, min_oval = cplx_getOptimalSolution2(lp, VARIABLE_NAMES)
            ##  min_sol, min_oid, min_oval = 0.0,0.0,0.0
            MIN_STAT = 1
        else:
            ##  min_sol, min_oid, min_oval = 0.0
            min_sol = None
            min_oid = None
            min_oval = numpy.NaN
        if debug:
            cplx_writeLPtoLPTfile(lp, TFname+'%smin' % R, title='min%s=%s' % (R,min_oval), Dir=debug_dir)
        Rdump.write('%2.3f\t' % round(min_oval,3))
        # MAX
        ##  cplx_setObjective(lp, 'max%s' % R, expr=None, sense='max', reset=False)
        cplx_setObjective2(lp, 'max%s' % R, VARIABLE_NAMES, expr=None, sense='max', reset=False)
        ##  cplx_setBounds(c, id, min=None, max=None) # think about this

        lp.write(os.path.join(work_dir, TFname+'_DEBUG.3b.lp'),'lp')
        cplx_SolveMILP(lp)

        if lp.solution.get_status() == lp.solution.status.MIP_optimal:
            #DBG# max_sol, max_oid, max_oval = cplx_getOptimalSolution(lp)
            max_sol, max_oid, max_oval = cplx_getOptimalSolution2(lp, VARIABLE_NAMES)
            ##  max_sol, max_oid, max_oval = 0.0,0.0,0.0
            MAX_STAT = 1
        else:
            ##  max_sol, max_oid, max_oval = 0.0
            max_sol = None
            max_oid = None
            max_oval = numpy.NaN
        if debug:
            cplx_writeLPtoLPTfile(lp, TFname+'%smax' % R, title='max%s=%s' % (R,max_oval), Dir=debug_dir)
        Rdump.write('%2.3f\t' % round(max_oval,3))
        Rdump.write('%2.3f\n' % round(abs(max_oval - min_oval),3))

        OUTPUT_ARRAY[Ridx,0] = pre_sol[R]
        OUTPUT_ARRAY[Ridx,1] = min_oval
        OUTPUT_ARRAY[Ridx,2] = max_oval
        OUTPUT_ARRAY[Ridx,3] = MIN_STAT
        OUTPUT_ARRAY[Ridx,4] = MAX_STAT
        del max_sol, max_oid, max_oval, min_sol, min_oid, min_oval
        if MIN_STAT == 0 or MIN_STAT == 0:
            print('Solver fail for reaction')
            print(R, OUTPUT_ARRAY[Ridx])
        if iter_cnt == 100:
            iter_cnt = 0
            ##  mdtempFile = os.path.join(debug_dir,'_memDump.lp')
            ##  lp.write(mdtempFile, filetype='lp')
            ##  del lp
            gc.collect()
            ##  reload(cplex)
            print('Collecting garbage')
            ##  time.sleep(2)
            ##  lp = cplex.Cplex(mdtempFile)
    Rdump.close()
    #for r in OUTPUT_ARRAY:
        #print r
    print('Output array has columns:')
    print('Reaction, Variability Min, Variability Max, MinStatus, MaxStatus')
    del lp
    return OUTPUT_ARRAY, OUTPUT_NAMES



[docs]def cplx_singleGeneScan(fba, r_off_low=0.0, r_off_upp=0.0, optrnd=8, altout=False):
    """
    Perform a single gene deletion scan

     - *fba* a model object
     - *r_off_low* the lower bound of a deactivated reaction
     - *r_off_upp* the upper bound of a deactivated reaction
     - *optrnd* [default=8] round off the optimal value
     - *altout* [default=False] by default return a list of gene:opt pairs, alternatively (True) return an extended result set including gene groups, optima and effect map

    """
    # cplex optimization
    if fba.__single_gene_effect_map__ == None:
        fba.createSingleGeneEffectMap()
    #lpx = cbm.analyzeModel(fba, return_lp_obj=True)
    lpx = cplx_constructLPfromFBA(fba)
    lpx.solve()
    wtOpt = lpx.solution.get_objective_value()

    Jmap = fba.__single_gene_effect_map__.pop('keyJ')
    Emap = list(fba.__single_gene_effect_map__)

    cplx_setOutputStreams(lpx, mode=None)

    base_names = lpx.variables.get_names()
    base_lower = lpx.variables.get_lower_bounds()
    base_upper = lpx.variables.get_upper_bounds()

    base_lower_bounds = []
    base_upper_bounds = []

    t_cplex = 0.0

    for n_ in range(len(base_names)):
        base_lower_bounds.append((base_names[n_], base_lower[n_]))
        base_upper_bounds.append((base_names[n_], base_upper[n_]))

    results = []

    for pr_ in range(len(Emap)):
        ## cplex optimized method
        t_x1 = time.time()
        lpx.variables.set_lower_bounds(base_lower_bounds)
        lpx.variables.set_upper_bounds(base_upper_bounds)
        new_lower = []
        new_upper = []
        for r_ in range(len(Emap[pr_])):
            if not Emap[pr_][r_]:
                new_lower.append((Jmap[r_], r_off_low))
                new_upper.append((Jmap[r_], r_off_upp))
        if len(new_lower) > 0:
            lpx.variables.set_lower_bounds(new_lower)
        if len(new_upper) > 0:
            lpx.variables.set_upper_bounds(new_upper)
        lpx.solve()
        if lpx.solution.get_status() == lpx.solution.status.optimal:
            results.append({ 'opt' : round(lpx.solution.get_objective_value(), optrnd),
                             'deletions' : fba.__single_gene_effect_map__[Emap[pr_]],
                             #'activities' : Emap[pr_]
                           })
        else:
            results.append({ 'opt' : float('nan'),
                             'deletions' : fba.__single_gene_effect_map__[Emap[pr_]],
                             #'activities' : Emap[pr_]
                           })
        t_cplex += time.time() - t_x1

    fba.__single_gene_effect_map__['keyJ'] = Jmap
    del lpx, fba
    print('\nSingle gene deletion scan: {} mins'.format(t_cplex/60.0))

    singleRes = []
    for d in results:
        for g in d['deletions']:
            if g not in singleRes:
                if g == 'wt':
                    lbl = 'N/A'
                elif numpy.isnan(d['opt']):
                    lbl = 'no-solution'
                elif abs(round(wtOpt, optrnd) - d['opt']) <= 1.0e-10:
                    lbl = 'silent'
                elif abs(d['opt']) <= 1.0e-10:
                    lbl = 'lethal'
                else:
                    lbl = 'partial'
                singleRes.append((g, d['opt'], lbl))
            else:
                print('\nINFO: duplicate gene Id detected and skipped')

    if not altout:
        return singleRes
    else:
        return results



[docs]def cplx_WriteFVAtoCSV(pid, fva, names, Dir=None, fbaObj=None):
    """
    Takes the resuls of a FluxVariabilityAnalysis method and writes it to a nice
    csv file. Note this method has been refactored to `CBWrite.WriteFVAtoCSV()`.

     - *pid* filename_base for the CSV output
     - *fva* FluxVariabilityAnalysis() OUTPUT_ARRAY
     - *names* FluxVariabilityAnalysis() OUTPUT_NAMES
     - *Dir* [default=None] if set the output directory for the csv files
     - *fbaObj* [default=None] if supplied adds extra model information into the output tables

    """

    print('\nThis method is now a wrapper for the newer CBWrite.WriteFVAtoCSV method, provided for back compatbility.\n')

    CBWrite.WriteFVAtoCSV(pid, fva, names, Dir, fbaObj)
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  Source code for pyscescbm.CBDataStruct

"""
CBMPy: CBDataStruct module
==========================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBDataStruct.py 331 2015-07-01 14:36:41Z bgoli $)

"""

# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals

import os, time, copy, re
import numpy

import webbrowser
from . import miriamids

MIRIAM = miriamids.miriamids

#MIRIAM.update({'EC' : {'data_entry': 'http://www.ebi.ac.uk/intenz/query?cmd=SearchEC&amp;ec=$id',
                       #'example': '1.1.1.1',
                       #'name': 'Enzyme Nomenclature',
                       #'pattern': re.compile(r'^\d+\.-\.-\.-|\d+\.\d+\.-\.-|\d+\.\d+\.\d+\.-|\d+\.\d+\.\d+\.(n)?\d+$'),
                       #'url': 'http://identifiers.org/ec-code/'}
               #})
MIRIAM_KEYS = list(MIRIAM)
MIRIAM_KEYS.sort()
MIRIAM_KEYS = tuple(MIRIAM_KEYS)
MIRIAM_KEYSlc = tuple([a.lower() for a in MIRIAM_KEYS])


from .CBConfig import __CBCONFIG__ as __CBCONFIG__
__DEBUG__ = __CBCONFIG__['DEBUG']
__version__ = __CBCONFIG__['VERSION']


cTime = time.time

[docs]class StructMatrix:
    """
    This class is specifically designed to store structural matrix information
    give it an array and row/col index permutations it can generate its own
    row/col labels given the label src.
    """

    array = None
    ridx = None
    cidx = None
    row = None
    col = None
    shape = None

    def __init__(self, array, ridx, cidx, row=None, col=None):
        """
        Instantiate with array and matching row/col index arrays, optional label arrays
        """
        self.array = array
        self.ridx = ridx
        self.cidx = cidx
        self.row = row
        self.col = col
        self.shape = array.shape

    def __call__(self):
        return self.array

[docs]    def getRowsByIdx(self, *args):
        """Return the rows referenced by index (1,3,5)"""
        return self.array.take(args, axis=0)


[docs]    def getColsByIdx(self, *args):
        """Return the columns referenced by index (1,3,5)"""
        return self.array.take(args, axis=1)


[docs]    def setRow(self, src):
        """
        Assuming that the row index array is a permutation (full/subset)
        of a source label array by supplying that source to setRow it
        maps the row labels to ridx and creates self.row (row label list)
        """
        self.row = [src[r] for r in self.ridx]


[docs]    def setCol(self, src):
        """
        Assuming that the col index array is a permutation (full/subset)
        of a source label array by supplying that src to setCol
        maps the row labels to cidx and creates self.col (col label list)
        """

        self.col = [src[c] for c in self.cidx]


[docs]    def getRowsByName(self, *args):
        """Return the rows referenced by label ('s','x','d')"""
        assert self.row != None, "\nI need row labels"
        try:
            return self.array.take([self.row.index(l) for l in args], axis=0)
        except Exception as ex:
            print(ex)
            print("\nValid row labels are: {}".format(self.row))
            return None


[docs]    def getColsByName(self, *args):
        """Return the columns referenced by label ('s','x','d')"""
        assert self.col != None, "\nI need column labels"
        try:
            return self.array.take([self.col.index(l) for l in args], axis=1)
        except Exception as ex:
            print(ex)
            print("Valid column labels are: {}".format(self.col))
            return None


[docs]    def getLabels(self, axis='all'):
        """Return the matrix labels ([rows],[cols]) where axis='row'/'col'/'all'"""
        if axis == 'row': return self.row
        elif axis == 'col': return self.col
        else: return self.row, self.col


[docs]    def getIndexes(self, axis='all'):
        """Return the matrix indexes ([rows],[cols]) where axis='row'/'col'/'all'"""
        if axis == 'row': return self.ridx
        elif axis == 'col': return self.cidx
        else: return self.ridx, self.cidx


    def getByIdx(self, row, col):
        assert row in self.ridx, '\n%s is an invalid index' % row
        assert col in self.cidx, '\n%s is an invalid index' % col
        return self.array[row, col]

    def getByName(self, row, col):
        assert row in self.row, '\n%s is an invalid name' % row
        assert col in self.col, '\n%s is an invalid name' % col
        return self.array[self.row.index(row), self.col.index(col)]

    def setByIdx(self, row, col, val):
        assert row in self.ridx, '\n%s is an invalid index' % row
        assert col in self.cidx, '\n%s is an invalid index' % col
        self.array[row, col] = val

    def setByName(self, row, col, val):
        assert row in self.row, '\n%s is an invalid name' % row
        assert col in self.col, '\n%s is an invalid name' % col
        self.array[self.row.index(row), self.col.index(col)] = val


[docs]class StructMatrixLP(StructMatrix):
    """Adds some stuff to StructMatrix that makes it LP friendly"""
    RHS = None
    operators = None
    __array_type__ = None

    def __init__(self, array, ridx, cidx, row=None, col=None, rhs=None, operators=None):
        """
        Object that holds an LP, stoichiometric constraints, operators, RHS, names etc

         - *array* stoichiometric matrix (linear constraints)
         - *ridx* a list of indexes typically range(shape[0])
         - *cidx* a list of indexes typically range(shape[1])
         - *row* a list of row names
         - *col* a list of col names
         - *rhs* [default=None] a list of rhs values defaults to 0
         - *operators* [default=None] a list of constraint senses defaults to 'E' =

        """
        StructMatrix.__init__(self, array, ridx, cidx, row=row, col=col)
        self.__array_type__ = type(array)
        if type(rhs) == type(None):
            self.RHS = numpy.zeros(array.shape[0])
        else:
            assert len(rhs) == array.shape[0], "\nRHS length mismatch"
            if type(rhs) == list:
                rhs = numpy.array(rhs)
            self.RHS = rhs
        if operators == None:
            self.operators = ['E']*len(self.RHS)
        else:
            assert len(operators) == len(self.RHS), "\nOperator length mismatch"
            self.operators = operators

[docs]    def getCopy(self, attr_str, deep=False):
        """
        Return a copy of the attribute with name attr_str. Uses the copy module `copy.copy` or `copy.deepcopy`

        - *attr_str* a string of the attribute name: 'row', 'col'
        - *deep* [default=False] try to do a deepcopy. Use with caution see copy module docstring for details

        """
        if attr_str == 'array' or attr_str == 'rhs':
            return getattr(self, attr_str).copy()
        elif deep:
            return copy.deepcopy(getattr(self, attr_str))
        else:
            return copy.copy(getattr(self, attr_str))


    def getLandRHS(self):
        RHS = self.RHS.copy()
        RHS.resize(len(RHS), 1)
        return numpy.hstack([self.array, RHS])

    def setRHSbyName(self, name, value):
        assert name in self.row, '\n%s is an invalid name' % name
        self.RHS[self.row.index(name)] = value

    def setRHSbyIdx(self, idx, val):
        assert idx in self.ridx, '\n%s is an invalid index' % idx
        self.RHS[idx] = val

    def setOperatorbyName(self, name, value):
        assert name in self.row, '\n%s is an invalid name' % name
        value = value.strip()
        assert value in ['G','L','E'], '\n%s is not a valid operator' % value
        self.operators[self.row.index(name)] = value

    def setOperatorbyIdx(self, idx, value):
        assert idx in self.ridx, '\n%s is an invalid index' % idx
        value = value.strip()
        assert value in ['G','L','E'], '\n%s is not a valid operator' % value
        self.operators[idx] = value

    def getRHSbyName(self, name):
        assert name in self.row, '\n%s is an invalid name' % name
        return self.RHS[self.row.index(name)]

    def getRHSbyIdx(self, idx):
        assert idx in self.ridx, '\n%s is an invalid index' % idx
        return self.RHS[idx]

    def getOperatorbyName(self, name):
        assert name in self.row, '\n%s is an invalid name' % name
        return self.operators[self.row.index(name)]

    def getOperatorbyIdx(self, idx):
        assert idx in self.ridx, '\n%s is an invalid index' % idx
        return self.operators[idx]

#TODO: this all needs to be redone to allow for nested qualifiers and model/biol qualifers


[docs]class MIRIAMannotation(object):
    """
    The MIRIAMannotation class MIRIAM annotations: Biological Qualifiers

    """

    MIRIAM = None
    MIDS = None
    MIDSlc = None
    QUALIFIERS = None
    # biomodels qualifiers
    isA = None
    isEncodedBy = None
    encodes = None
    hasPart = None
    hasProperty = None
    hasTaxon = None
    hasVersion = None
    isDescribedBy = None
    isHomologTo = None
    isPartOf = None
    isPropertyOf = None
    isVersionOf = None
    occursIn = None
    isDerivedFrom = None

    def __init__(self):
        self.MIRIAM = MIRIAM
        self.MIDS = MIRIAM_KEYS
        self.MIDSlc = MIRIAM_KEYSlc
        self.QUALIFIERS = ("isA","isEncodedBy","encodes","hasPart","hasProperty","hasTaxon","hasVersion","isDescribedBy",\
                           "isHomologTo","isPartOf","isPropertyOf","isVersionOf","occursIn",\
                           "isDerivedFrom")

[docs]    def addIDorgURI(self, qual, uri):
        """
        Add a URI directly into a qualifier collection:

         - *qual* a Biomodels biological qualifier e.g. "is" "isEncodedBy"
         - *uri* the complete identifiers.org uri e.g. http://identifiers.org/chebi/CHEBI:58088

        """
        if qual == 'is':
            qual = 'isA'
        if hasattr(self, qual):
            Q = self.__getattribute__(qual)
            if Q == None:
                Q = []
            Q.append(uri)
            self.__setattr__(qual, Q)
        else:
            print('INFO: Invalid qualifier: \"{}\" uri NOT set'.format(qual))
        #print(self.getAllMIRIAMUris())


[docs]    def checkEntityPattern(self, entity):
        """
        For an entity key compile the pattern to a regex, if necessary.

         - *entity* a MIRIAM resource entity

        """
        if type(self.MIRIAM[entity]['pattern']) == re._pattern_type:
            return True
        else:
            try:
                #self.MIRIAM[entity]['pattern'] = re.compile(self.MIRIAM[entity]['pattern'])
                return True
            except:
                print('Invalid pattern (entity={}): \"{}\"'.format(self.MIRIAM[entity]['name'], self.MIRIAM[entity]['pattern']))
                return False


[docs]    def checkId(self, entity, mid):
        """
        Check that a entity id e.g. CHEBI:17158

         - *mid* the entity id e.g. CHEBI:17158

        """
        if self.checkEntityPattern(entity):
            res = re.findall(self.MIRIAM[entity]['pattern'], mid)
            if len(res) > 0:
                return True
        print('INFO: invalid entity ({}) id: \"{}\"'.format(entity, mid))
        return False


[docs]    def checkEntity(self, entity):
        """
        Check an entity entry, this is a MIRIAM resource name: "chEBI". The test is case insensitive and will correct the case
        of wrongly capitalised entities automatically. If the entity is not recognised then a list of possible candidates
        based on the first letters of the input is displayed.

        - *entity* a MIRIAM resource entity e.g. "ChEBI"

        """
        if entity.lower() not in self.MIDSlc:
            print('\n\"{}\" is not a valid entity were you looking for one of these:\n'.format(entity))
            if len(entity) == 0:
                print('Need something to work with here')
            elif len(entity) == 1:
                temp = [a for a in self.MIDS if a[0].lower() == entity[0].lower()]
            else:
                temp = [a for a in self.MIDS if a[:2].lower() == entity[:2].lower()]
            for t_ in temp:
                print('\t{}'.format(t_))
            return None
        else:
            return self.MIDS[self.MIDSlc.index(entity.lower())]


[docs]    def addMIRIAMannotation(self, qual, entity, mid):
        """
        Add a qualified MIRIAM annotation or entity:

         - *qual* a Biomodels biological qualifier e.g. "is" "isEncodedBy"
         - *entity* a MIRIAM resource entity e.g. "ChEBI"
         - *mid* the entity id e.g. CHEBI:17158

        """
        if qual == 'is':
            qual = 'isA'
        if hasattr(self, qual):
            Q = self.__getattribute__(qual)
            if Q == None:
                Q = []
            E = self.checkEntity(entity)
            if E != None:
                if self.checkId(E, mid):
                    Q.append(self.MIRIAM[E]['url']+mid)
                    self.__setattr__(qual, Q)
            else:
                print('INFO: Invalid entity: \"{}\" MIRIAM entity NOT set'.format(entity))
        else:
            print('INFO: Invalid qualifier: \"{}\" MIRIAM entity NOT set'.format(qual))


[docs]    def deleteMIRIAMannotation(self, qual, entity, mid):
        """
        Deletes a qualified MIRIAM annotation or entity:

         - *qual* a Biomodels biological qualifier e.g. "is" "isEncodedBy"
         - *entity* a MIRIAM resource entity e.g. "ChEBI"
         - *mid* the entity id e.g. CHEBI:17158

        """
        if qual == 'is':
            qual = 'isA'
        if hasattr(self, qual):
            Q = self.__getattribute__(qual)
            if Q != None:
                E = self.checkEntity(entity)
                if E != None:
                    if self.checkId(E, mid):
                        annot = self.MIRIAM[E]['url']+mid
                        if annot in Q:
                            idx = Q.index(annot)
                            print('Deleted annotation {}'.format(Q.pop(idx)))
                        else:
                            print('INFO: Invalid entity: \"{}\" MIRIAM entry does not exist'.format(mid))
                else:
                    print('INFO: Invalid entity: \"{}\" MIRIAM entry does not exist'.format(mid))
            else:
                print('INFO: Invalid entity: \"{}\" MIRIAM entity does not exist'.format(entity))
        else:
            print('INFO: Invalid qualifier: \"{}\" MIRIAM entity does not exist'.format(qual))


[docs]    def getMIRIAMUrisForQualifier(self, qual):
        """
        Return all list of urls associated with qualifier:

         - *qual* the qualifier e.g. "is" or "isEncoded"

        """
        if qual == 'is':
            qual = 'isA'
        if hasattr(self, qual):
            Q = self.__getattribute__(qual)
            if Q == None:
                print('INFO: No \"{}\" qualifiers defined'.format(qual))
                return ()
            else:
                return tuple(Q)
        else:
            print('INFO: Invalid qualifier: \"{}\" MIRIAM entity NOT set'.format(qual))
            return ()


[docs]    def getAndViewUrisForQualifier(self, qual):
        """
        Retrieve all url's associated with qualifier and attempt to open them all in a new browser tab

         - *qual* the qualifier e.g. "is" or "isEncoded"

        """
        Q = self.getMIRIAMUrisForQualifier(qual)
        if Q != None:
            for q_ in Q:
                self.viewURL(q_)


[docs]    def getAllMIRIAMUris(self):
        """
        Return a dictionary of qualifiers that contain ID.org URL'S
        """
        out = {}
        for q_ in self.QUALIFIERS:
            Q = self.__getattribute__(q_)
            urls = []
            if Q != None:
                for u_ in self.getMIRIAMUrisForQualifier(q_):
                    urls.append(u_)
            if q_ == 'isA':
                q_ = 'is'
            out[q_] = tuple(urls)
        return out


[docs]    def viewURL(self, url):
        """
        This will try to open the URL in a new tab of the default webbrowser

         - *url* the url

        """
        webbrowser.open_new_tab(url)

#class MIRIAMModelAnnotation(MIRIAMannotation):
    #"""
    #Derived class with qualifiers for BQmodel
    #"""
    #isDerivedFrom = None


    #def __init__(self):
        #self.MIRIAM = MIRIAM
        #self.MIDS = MIRIAM_KEYS
        #self.MIDSlc = MIRIAM_KEYSlc
        #self.QUALIFIERS = ("isA", "isDerivedFrom", "isDescribedBy")



##  class SensitivityReaction(object):
    ##  """
    ##  Pseudo reaction class holding sensitivity data
    ##  """

    ##  def __init__(self):
        ##  pass

##  class SensitivitySpecies(object):
    ##  """
    ##  Pseudo species class holding sensitivity data
    ##  """

    ##  def __init__(self):
        ##  pass

##  class SensitivityData(object):
    ##  """
    ##  A class that holds sensitivity analysis data of an LP object
    ##  """

    ##  def __init__(self, sense_obj, sense_rhs, sense_bnd):
        ##  pass

    ##  def getListOfReactions(self):
        ##  """
        ##  Returns a list of sensitivity reaction objects
        ##  """
        ##  return []

    ##  def getListOfConstraints(self):
        ##  """
        ##  Returns a list of sensitivity constraint objects
        ##  """
        ##  return []
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  Source code for pyscescbm.CBNetDB

"""
CBMPy: CBNetDB module
=====================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBNetDB.py 305 2015-04-23 15:18:31Z bgoli $)

"""

# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals

import os, time, numpy, re, webbrowser


from .CBConfig import __CBCONFIG__ as __CBCONFIG__
__DEBUG__ = __CBCONFIG__['DEBUG']
__version__ = __CBCONFIG__['VERSION']

[docs]class DBTools:
    """
    Some user friendly tools to work with SQLite2 DB's
    """

    sqlite = None
    db_conn = None
    db_cursor = None
    db_tables = None

    def __init__(self):
        from pysqlite2 import dbapi2 as sqlite
        self.sqlite = sqlite
        self.db_tables = []

    def connectSQLiteDB(self, db_name, work_dir):
        # connect to DB
        self.db_conn = self.sqlite.connect(os.path.join(work_dir, db_name))
        self.db_cursor = self.db_conn.cursor()

[docs]    def createDBTable(self, table, sqlcols=['gene TEXT PRIMARY KEY', 'aa_seq TEXT', 'nuc_seq TEXT', 'aa_len INT', 'nuc_len INT']):
        """
        Create a database table if it does not exist:

         - *table* the table name
         - *sqlcols* the SQL definitions of the table columns: <id> <type>

        Effectively writes CREATE TABLE "table" (<id> <type>, gene TEXT PRIMARY KEY, aa_seq TEXT, nuc_seq TEXT, aa_len INT, nuc_len INT) % table
        """

        SQL = 'CREATE TABLE %s (' % table
        for c in sqlcols:
            SQL += ' %s,' % c
        SQL = SQL[:-1]
        SQL += ' )'
        prin(SQL)
        try:
            self.db_cursor.execute('SELECT * FROM %s' % table)
            print('Table {} exists'.format(table))
        except self.sqlite.OperationalError:
            print('Table {} does not exist, creating it'.format(table))
            self.db_cursor.execute(SQL)
        self.db_tables.append(table)


[docs]    def insertData(self, table, data=[], commit=True):
        """
        Insert data into a table: "INSERT INTO %s (gene, aa_seq, nuc_seq, aa_len, nuc_len) VALUES (?, ?, ?, ?, ?)" % tablename,
                                    (str(ecg), str(prot2), str(gene2), int(len(prot2)), int(len(gene2))) )

         - *table* the DB table name
         - *data* a list of (column_id, value) pairs
         - *commit* whether to commit the data insertions

        """

        colstr = "("
        valstr = "VALUES ("
        vals = []
        for d in data:
            colstr += '%s, ' % d[0]
            valstr += '?, '
            vals.append(d[1])
        colstr = colstr[:-2] + ')'
        valstr = valstr[:-2] + ')'
        sql = "INSERT INTO %s %s %s" % (table, colstr, valstr)
        #print sql
        #time.sleep(1)
        try:
            self.db_cursor.execute(sql, vals)
            if commit:
                self.db_cursor.connection.commit()
            return True
        except Exception as ex:
            print(ex)
            return False



[docs]    def updateData(self, table, id):
        """
        Update already defined data (primary key)

         - *table* the table name
         - *id* the table row to search for

        """
        raise NotImplementedError


[docs]    def checkEntry(self, table, id):
        """
        Check if an entry exists in a table

        - *table* the table name
        - *id* the table row to search for

        """
        raise NotImplementedError



[docs]    def executeSQL(self, sql):
        """
        Execute a SQL command:

         - *sql* a string containing a SQL command

        """
        try:
            self.db_cursor.execute(sql)
            return True
        except Exception as ex:
            print('Error executing command')
            print(ex)
            return False


[docs]    def getTable(self, table, colOut=False):
        """
        Returns an entire database table

         - *table* the table name
         - *colOut* optionally return a tuple of (data,ColNames)

        """
        sql = 'SELECT * FROM %s' % table
        sql2 = "PRAGMA table_info( %s )" % table

        r = None
        col = None
        try:
            r = self.db_cursor.execute(sql).fetchall()
            if colOut:
                col = self.db_cursor.execute(sql2).fetchall()
                col = [str(a[1]) for a in col]
        except Exception as ex:
            print(ex)
        if colOut:
            return r, col
        else:
            return r


[docs]    def dumpTableToTxt(self, table, filename):
        """
        Save a table as tab separated txt file

         - *table* the table to export
         - *filename* the filename of the table dump

        """

        data, head = self.getTable(table, colOut=True)
        data.insert(0, head)
        from CBTools import exportLabelledLinkedList
        exportLabelledLinkedList(data, fname=filename, names=None, sep='\t')



[docs]    def fetchAll(self, sql):
        """E.g. SELECT aa_len FROM gene_data WHERE gene="G"'"""
        print(sql)
        r = None
        try:
            r = self.db_cursor.execute(sql).fetchall()
        except Exception as ex:
            print(ex)
        return r



[docs]class KeGGTools:
    """
    Class that holds useful methods for querying KeGG via a SUDS provided soap client
    """

    Kclient = None

    def __init__(self, url):
        import suds
        self.Kclient = suds.client.Client(url)

[docs]    def fetchSeqfromKeGG(self, k_gene):
        """
        Given a gene name try and retrieve the gene and amino acid sequence
        """
        g2 = 'None'
        p2 = 'None'
        try:
            g = self.Kclient.service.bget("-f -n n %s" % k_gene)
            if g == None:
                print('\n*****\nWARNING: potential naming error in gene: {}!!\n*****\n'.format(k_gene))
            g2 = g.split('(N)')[1].replace('\n','')
        except Exception as ex:
            print('\nGene sequence get exception ({})!\n'.format(k_gene))
            print(ex)
        try:
            p = self.Kclient.service.bget("-f -n a %s" % k_gene)
            if p == None:
                print('\n*****\nWARNING: potential naming error in gene: {}!!\n*****\n'.format(k_gene))
            p2 = p.split('(A)')[1].replace('\n','')
        except Exception as ex:
            print('\nProtein sequence get exception ({})!\n'.format(k_gene))
            print(ex)
        return g2, p2




[docs]class KeGGSequenceTools:
    """
    Using the KeGG connector this class provides tools to construct an organims specific sequence database
    """

    DB = None
    KEGG = None

    def __init__(self, url, db_name, work_dir):
        self.DB = DBTools()
        self.DB.connectSQLiteDB(db_name, work_dir)
        self.KEGG = KeGGTools(url)

    def buildGeneDatabase(self, genes, tablename, UPDATE_IF_EXISTS=False, default_length=0):
        cntr = 1
        cntr2 = 1

        for ecg in genes:
            print('Processing gene {} of {}'.format(cntr, len(genes)))
            entry_exists = False
            testg = self.DB.db_cursor.execute('SELECT * FROM %s WHERE gene="%s" ' % (tablename,ecg)).fetchall()
            if len(testg) > 0:
                entry_exists = True

            ##  if ecg in ['eco:b1898','eco:b1899','eco:b3692','eco:b3111','eco:b4228','eco:b2978',\
                ##  'eco:b1416','eco:b3112','eco:b1417','eco:b3768','eco:b3767','eco:b4229']:
                ##  raw_input(testg)

            tstart = time.time()
            if not entry_exists:
                print('\tadding gene {}'.format(ecg), end=" ")
                gene2, prot2 = self.KEGG.fetchSeqfromKeGG(ecg)
                if gene2 != 'None' and prot2 != 'None':
                    self.DB.db_cursor.execute("INSERT INTO %s (gene, aa_seq, nuc_seq, aa_len, nuc_len) VALUES (?, ?, ?, ?, ?)" % tablename,
                                              (str(ecg), str(prot2), str(gene2), int(len(prot2)), int(len(gene2))) )
                else:
                    print('\nGene {} cannot be found and is probably an incorrect annotation assigning length: {}\n'.format(ecg, default_length))
                    self.DB.db_cursor.execute("INSERT INTO %s (gene, aa_seq, nuc_seq, aa_len, nuc_len) VALUES (?, ?, ?, ?, ?)" % tablename,
                                              (str(ecg), 'None', 'None', default_length, default_length) )
            elif entry_exists and UPDATE_IF_EXISTS:
                print('\tupdating gene {}'.format(ecg), end=" ")
                gene2, prot2 = self.KEGG.fetchSeqfromKeGG(ecg)
                self.DB.db_cursor.execute('UPDATE %s SET aa_seq="%s", nuc_seq="%s", aa_len="%s", nuc_len="%s" WHERE gene="%s"' % (tablename, prot2, gene2, int(len(prot2)), int(len(gene2)), ecg))
            else:
                print('\tskipping gene {}'.format(ecg), end=" ")
            tend = time.time()
            print(' ... done ({}).'.format(tend-tstart))
            #  if cntr == 6:
                #  break
            cntr += 1
            cntr2 += 1
            if cntr2 == 21:
                self.DB.db_cursor.connection.commit()
                cntr2 = 1

    def getPeptideLengthsFromDB(self, genes, keg_prefix):
        gene_peplen = {}
        for G in genes:
            print(G)
            ##  Glen = self.cursor.execute('SELECT aa_len FROM gene_data WHERE gene="%s"' % G).fetchall()[0][0]
            Glen = self.DB.fetchAll('SELECT aa_len FROM gene_data WHERE gene="%s"' % G)[0][0]
            print(Glen)
            gene_peplen.update({G.replace(keg_prefix,'') : Glen})
        return gene_peplen



[docs]class RESTClient(object):
    """
    Class that provides the basis for application specific connectors to REST web services
    """
    site_root = None
    text_encoding = 'utf8'
    conn = None
    history = ''
    CONNECTED = False
    urllib2 = None
    USER_AGENT = 'Mozilla/5.0 (X11; Ubuntu; Linux x86_64; rv:13.0) Gecko/20100101 Firefox/13.0'

    def __init__(self):
        import urllib2 as urllib2
        self.urllib2 = urllib2

[docs]    def Log(self, txt):
        """
        Add txt to logfile history

         - *txt* a string
        """
        self.history += '%s - %s\n' % (time.strftime('%H:%M:%S'), str(txt))


[docs]    def GetLog(self):
        """
        Return the logged history
        """
        return self.history


[docs]    def Connect(self, root):
        """
        Establish HTTP connection to

         - *root* the site root "www.google.com"

        """
        try:
            self.site_root = root
            self.conn = self.urllib2.httplib.HTTPConnection(self.site_root)
            self.CONNECTED = True
            self.Log(self.site_root)
        except Exception as ex:
            print('\nConnection to {} failed!'.format(self.site_root))
            print(ex)
            self.CONNECTED = False
            self.Log('ERROR: %s' % self.site_root)
            raise RuntimeError


[docs]    def Get(self, query):
        """
        Perform an http GET using:

         - *query* e.g.
         - *reply_mode* [default=''] this is the reply mode

        For example "/semanticSBML/annotate/search.xml?q=ATP"

        """
        data1 = None
        if self.CONNECTED:
            try:
                print(query)
                HTMLhead = { 'User-Agent' : self.USER_AGENT }
                self.conn.request("GET", query, headers=HTMLhead)
                r1 = self.conn.getresponse()
                print(r1.status, r1.reason)
                data1 = r1.read()
                self.Log('GET %s' % (query))
            except Exception as ex:
                print('\nFailure to GET: {}{}\n'.format(self.site_root, query))
                print(ex)
                self.Log('ERROR: %s%s' % (self.site_root, query))
                raise RuntimeError
        return data1


[docs]    def URLEncode(self, txt):
        """
        URL encodes a string.

        """
        return self.urllib2.quote(txt.encode(self.text_encoding))


[docs]    def URLDecode(self, txt):
        """
        Decodes a URL encoded string

        """
        return self.urllib2.unquote(txt)


[docs]    def Close(self):
        """
        Close the currently active connection
        """
        if self.CONNECTED:
            self.conn.close()
            self.conn = None
            self.CONNECTED = False
            self.Log('%s - connection closed' % self.site_root)
            self.site_root = None




[docs]class MIRIAMTools(object):
    """
    Tools dealing with MIRIAM annotations
    """

    def MiriamURN2IdentifiersURL(self,urn):
        urn = urn.replace('urn:miriam:','').split(':', 1)
        urn = 'http://identifiers.org/%s/%s' % (urn[0].strip(), urn[1].strip())
        print(urn)
        return urn


[docs]class SemanticSBML(RESTClient, MIRIAMTools):
    """
    REST client for connecting to SemanticSBML services

    """
    data = None
    item_re = re.compile('<item>.+?</item>')

    def __init__(self):
        RESTClient.__init__(self)

[docs]    def quickLookup(self, txt):
        """
        Do a quick lookpup for txt using SemanticSBML (connectic if required) and return results. Returns
        a list of identifiers.org id's in descending priority (as return)

         - *txt* the string to lookup

        """

        if not self.CONNECTED:
            self.Connect("www.semanticsbml.org")

        txt = txt.strip().replace(' ', '+')
        self.data = self.Get("/semanticSBML/annotate/search.xml?q={}".format(txt))
        self.data = self.parseXMLtoText(self.data)
        return self.data


[docs]    def viewDataInWebrowser(self, maxres=10):
        """
        Attempt to view #maxres results returned by SemanticSBML in the default browser

         - *maxres* default maximum number of results to display.

        """
        cntr = 0
        for u_ in self.data:
            cntr += 1
            try:
                webbrowser.open_new_tab(u_)
            except:
                print('ERROR in url {}'.format(u_))
            if cntr >= maxres:
                print('\nMaximum results reached, set \"maxres\" to increase')
                break


[docs]    def parseXMLtoText(self, xml):
        """
        Parse the xml output by quickLookup() into a list of URL

         - *xml* XML returns from SemanticSBML

        """
        return [i.replace('<item>','').replace('</item>','').strip() for i in re.findall(self.item_re, xml)]
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  Source code for pyscescbm.CBPlot

"""
CBMPy: CBPlot module
====================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBPlot.py 305 2015-04-23 15:18:31Z bgoli $)

"""

# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals

import os, time, gc
import numpy
from . import CBWrite, CBTools
from .CBConfig import __CBCONFIG__ as __CBCONFIG__
__DEBUG__ = __CBCONFIG__['DEBUG']
__version__ = __CBCONFIG__['VERSION']

_HAVE_MATPLOTLIB_ = True
try:
    import matplotlib
    import matplotlib.pyplot as pyplot
except ImportError:
    print('No Matplotlib available')
    matplotlib = None
    pyplot = None
    _HAVE_MATPLOTLIB_ = False

[docs]def plotFluxVariability(fva_data, fva_names, fname, work_dir=None, title=None, ySlice=None, minHeight=None, maxHeight=None, roundec=None, autoclose=True, fluxval=True, type='png'):
    """
    Plots and saves as an image the flux variability results as generated by CBSolver.FluxVariabilityAnalysis.

     - *fva_data* FluxVariabilityAnalysis() FVA OUTPUT_ARRAY
     - *fva_names* FluxVariabilityAnalysis() FVA OUTPUT_NAMES
     - *fname* filename_base for the CSV output
     - *work_dir* [default=None] if set the output directory for the csv files
     - *title* [default=None] the user defined title for the graph
     - *ySlice* [default=None] this sets an absolute (fixed) limit on the Y-axis (+- ySlice)
     - *minHeight* [default=None] the minimum length that defined a span
     - *maxHeight* [default=None] the maximum length a span can obtain, bar will be limited to maxHeight and coloured yellow
     - *roundec* [default=None] an integer indicating at which decimal to round off output. Default is no rounding.
     - *autoclose* [default=True] autoclose plot after save
     - *fluxval* [default=True] plot the flux value
     - *type* [default='png'] the output format, depends on matplotlib backend e.g. 'png', 'pdf', 'eps'

    """
    assert _HAVE_MATPLOTLIB_, "\nPlotting requires Matplotlib"

    l_cntr = 0
    c_width = 0.8
    g_bars = []
    g_bars_lcorner =[]
    fba_val_lines =[]
    vResults = {}
    PLOTLOG = False
    outputNames = []

    Ymagic = []
    FIG = matplotlib.pyplot.figure(num=5, figsize=(16,9))
    pyplot.hold(True)
    for r in range(fva_data.shape[0]):
        HASMIN = False
        HASMAX = False
        if roundec == None:
            fv_min = fva_data[r,2]
            fv_fba = fva_data[r,0]
            fv_max = fva_data[r,3]
        else:
            fv_min = round(fva_data[r,2], roundec)
            fv_fba = round(fva_data[r,0], roundec)
            fv_max = round(fva_data[r,3], roundec)
        if fv_fba != numpy.NaN:
            if fv_min != numpy.NaN:
                if fv_min < fv_fba:
                    HASMIN = True
            if fv_max != numpy.NaN:
                if fv_max > fv_fba:
                    HASMAX = True
        b_height = 0.0
        b_height1 = 0.0
        b_height2 = 0.0
        if HASMAX:
            b_height1 = fv_max-fv_fba
        if HASMIN:
            b_height2 = fv_fba-fv_min
        b_height = abs(b_height1)+abs(b_height2)

        HCheckMin = False
        HCheckMax = False
        if minHeight == None:
            HCheckMin = True
        elif minHeight != None and b_height >= minHeight:
            HCheckMin = True
        if maxHeight == None:
            HCheckMax = True
        elif maxHeight != None and b_height <= maxHeight:
            HCheckMax = True
        if b_height > 0.0 and HCheckMin and HCheckMax:
            outputNames.append(fva_names[r])
            if HASMIN:
                bottom = fv_min
            else:
                bottom = fv_fba
            Ymagic.append(bottom)
            Ymagic.append(bottom+b_height)
            ##  print 'Bar = (%s,%s)' % (bottom, bottom+b_height)
            g_bars.append(matplotlib.pyplot.bar(left=l_cntr, height=b_height,\
               width=c_width, bottom=bottom, log=PLOTLOG, hold=True))
            if fluxval:
                fba_val_lines.append(matplotlib.pyplot.hlines(fv_fba, g_bars[-1][0].get_x(),\
                    g_bars[-1][0].get_x()+g_bars[-1][0].get_width(), colors='r', linestyles='solid', lw=2))
            g_bars_lcorner.append(l_cntr)
            l_cntr += c_width
            vResults.update({fva_names[r] : fva_data[r].copy()})
        elif b_height > 0.0 and HCheckMin:
            outputNames.append(fva_names[r])

            if HASMIN:
                bottom = fv_min
            else:
                bottom = fv_fba
            if bottom < fv_fba - maxHeight:
                bottom = fv_fba- maxHeight
            if bottom + b_height > fv_fba + maxHeight:
                b_height = abs(fv_fba - bottom) + maxHeight
            Ymagic.append(bottom)
            Ymagic.append(bottom+b_height)
            ##  print 'Bar = (%s,%s)' % (bottom, bottom+b_height)
            g_bars.append(matplotlib.pyplot.bar(left=l_cntr, height=b_height,\
               width=c_width, bottom=bottom, log=PLOTLOG, hold=True, color='y', lw=0.5))
            if fluxval:
                fba_val_lines.append(matplotlib.pyplot.hlines(fv_fba, g_bars[-1][0].get_x(),\
                    g_bars[-1][0].get_x()+g_bars[-1][0].get_width(), colors='r', linestyles='solid', lw=2))
            g_bars_lcorner.append(l_cntr)
            l_cntr += c_width
            vResults.update({fva_names[r] : fva_data[r].copy()})


    if __DEBUG__: print('len fva_names', len(fva_names))
    if __DEBUG__: print('len g_bars', len(g_bars))
    ##  print 'fva_data.shape', fva_data.shape
    outputNames = [l.replace('_LPAREN_e_RPAREN_','_e') for l in outputNames]
    matplotlib.pyplot.xticks(numpy.array(g_bars_lcorner)+(c_width/2.0), outputNames,\
        rotation='vertical', size='xx-small')
    if title == None:
        matplotlib.pyplot.title('%s has %i varying fluxes' % (fname, len(g_bars)))
    else:
        matplotlib.pyplot.title('%s' % (title))
    matplotlib.pyplot.ylabel('Variability')
    if len(Ymagic) > 0:
        yhi = max(Ymagic) + 0.01*max(Ymagic)
        ylow = min(Ymagic) - abs(0.01*min(Ymagic))
        if ySlice != None:
            yhi = abs(ySlice)
            ylow = -abs(ySlice)
        matplotlib.pyplot.ylim(ylow, yhi)
        if __DEBUG__: print('Plotting y %s --> %s' % (ylow, yhi))
    if work_dir != None:
        fname = os.path.join(work_dir, fname)
    matplotlib.pyplot.savefig(fname+'.%s' % type)
    pyplot.hold(False)
    if autoclose:
        matplotlib.pyplot.close('all')
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  Source code for pyscescbm.CBModel

"""
CBMPy: CBModel module
=====================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2014 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBModel.py 362 2015-08-12 16:25:49Z bgoli $)

"""
## gets rid of "invalid variable name" info
# pylint: disable=C0103
## gets rid of "line to long" info
# pylint: disable=C0301
## use with caution: gets rid of module xxx has no member errors (run once enabled)
# pylint: disable=E1101

# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals

import numpy, re, time, weakref, copy, json

try:
    import pickle
except ImportError:
    import cPickle as pickle

HAVE_SYMPY = False
try:
    import sympy
    if int(sympy.__version__.split('.')[1]) >= 7 and int(sympy.__version__.split('.')[2]) >= 4:
        HAVE_SYMPY = True
    else:
        del sympy
except ImportError:
    HAVE_SYMPY = False

HAVE_SCIPY = False
try:
    import scipy
    from scipy.sparse import csr_matrix
    HAVE_SCIPY = True
except ImportError:
    HAVE_SCIPY = False


#from .CBDataStruct import (StructMatrixLP, MIRIAMannotation, MIRIAMModelAnnotation)
from .CBDataStruct import (StructMatrixLP, MIRIAMannotation)
from .CBCommon import (checkChemFormula, extractGeneIdsFromString, binHash, fixId, checkId)

from .CBConfig import __CBCONFIG__ as __CBCONFIG__
__DEBUG__ = __CBCONFIG__['DEBUG']
__version__ = __CBCONFIG__['VERSION']


[docs]class Fbase(object):
    """
    Base class for CB Model objects

    """
    id = None
    name = None
    annotation = None
    compartment = None
    miriam = None
    notes = ''
    __TRASH__ = None
    __objref__ = None
    __metaid__ = None
    __sbo_term__ = None

    ##  __pre__ = ''
    ##  __post__ = ''


    def __getstate__(self):
        """
        Internal method that should allow our weakrefs to be 'picklable'

        """

        if '__objref__' not in self.__dict__:
            return self.__dict__
        else:
            cpy = self.__dict__.copy()
            cpy['__objref__'] = None
            return cpy

    def __setObjRef__(self, o):
        """
        Sets a weakref to another object

         - *o* the referred to object

        """
        self.__objref__ = weakref.ref(o)

    def __unsetObjRef__(self):
        """
        UnSets a weakref to another object

         - *o* the referred to object

        """
        self.__objref__ = None

[docs]    def getPid(self):
        """
        Return the object ID.

        """
        return self.id


[docs]    def getId(self):
        """
        Return the object ID.

        """
        return self.id


[docs]    def getMetaId(self):
        """
        Return the object metaId.

        """
        self.__metaid__ = 'meta_{}'.format(self.id)
        if self.__metaid__ == None:
            self.__metaid__ = 'meta_{}'.format(self.id)
        return self.__metaid__


[docs]    def getName(self):
        """
        Return the object name.

        """
        return self.name


[docs]    def getNotes(self):
        """
        Return the object's notes

        """
        return self.notes


[docs]    def getAnnotations(self):
        """
        Return the object annotation dictionary

        """
        return self.annotation


[docs]    def getAnnotation(self, key):
        """
        Return the object annotation associated with:

         - *key* the annotation key

        """
        if key in self.annotation:
            return self.annotation[key]
        else:
            return None


[docs]    def hasAnnotation(self, key):
        """
        Returns a boolean representing the presence/absence of the key in the objext annotation

         - *key* the annotation key

        """
        if key in self.annotation:
            return True
        else:
            return False


[docs]    def setName(self, name):
        """
        Set the object name:

         - *name* the name string

        """
        self.name = name


[docs]    def setNotes(self, notes):
        """
        Sets the object's notes:

         - *notes* the note string, should preferably be (X)HTML for SBML

        """
        self.notes = notes


[docs]    def setAnnotation(self, key, value):
        """
        Set an objects annotation as a key : value pair.

         - *key* the annotation key
         - *value* the annotation value

        """
        assert self.annotation != None, '\nThis class has no annotation field'
        if type(value) != list:
            self.annotation.update({key : value})
        elif type(value) == list:
            if len(value) == 1:
                self.annotation.update({key : value[0]})
            else:
                value = ['&apos;{}&apos;'.format(str(v).strip()) for v in value]
                self.annotation.update({key : '['+', '.join(map(str, value))+']'})
                #self.annotation.update({key : str(json.dumps(value))})
                #self.annotation.update({key : value})


[docs]    def deleteAnnotation(self, key):
        """
        Unsets (deltes) an objects annotation with key

         - *key* the annotation key

        """
        assert key != self.annotation, '\nAnnotation key {} does not exist'.format(key)
        self.annotation.pop(key)


    def __checkId__(self):
        """
        Checks the validity of the object id, raises a Runtime warning if not.

        """
        cntr = 0
        for c in self.id:
            if cntr == 0 and c.isalpha() or c == '_':
                pass
            elif cntr > 0 and c.isalnum() or c == '_':
                pass
            else:
                print('\"{}\" is an invalid character in id: \"{}\"'.format(c, self.id))
                #raise RuntimeWarning('\n\"{}\" is an invalid character in id: \"{}\"'.format(c, self.id))
                return False
            cntr += 1
        return True

[docs]    def setPid(self, fid):
        """
        Sets the object Id

         - *fid* a valid c variable style id string

        """
        self.id = fid


[docs]    def setId(self, fid):
        """
        Sets the object Id

         - *fid* a valid c variable style id string

        """
        self.id = fid


[docs]    def setMetaId(self, mid=None):
        """
        Sets the object Id

         - *mid* [default=None] a valid c variable style metaid string, if None it will be set as meta+id

        """
        if mid == None:
            self.__metaid__ = 'meta_{}'.format(self.id)
        else:
            self.__metaid__ = mid


[docs]    def clone(self):
        """
        Return a clone of this object. Cloning performs a deepcop on the object which will also clone
        any objects that exist as attributes of this object, in other words an independent copy of the
        original. If this is not the desired behaviour override this method when subclassing or implement
        your own.

        """
        if type(self.__TRASH__) == dict:
            self.__TRASH__.clear()
        else:
            self.__TRASH__ = None
        return copy.deepcopy(self)


[docs]    def serialize(self, protocol=0):
        """
        Serialize object, returns a string by default

         - *protocol* [default=0] serialize to a string or binary if required,
                      see pickle module documentation for details

        """
        return pickle.dumps(self, protocol=protocol)


[docs]    def serializeToDisk(self, filename, protocol=0):
        """
        Serialize to disk using pickle protocol:

         - *filename* the name of the output file
         - *protocol* [default=0] serialize to a string or binary if required,
                      see pickle module documentation for details

        """
        F = file(filename, 'wb')
        pickle.dump(self, F, protocol=protocol)
        F.close()


[docs]    def addMIRIAMannotation(self, qual, entity, mid):
        """
        Add a qualified MIRIAM annotation or entity:

         - *qual* a Biomodels biological qualifier e.g. "is" "isEncodedBy"
         - *entity* a MIRIAM resource entity e.g. "ChEBI"
         - *mid* the entity id e.g. CHEBI:17158 or fully qualifies url (if only_qual_uri)

        """
        if self.miriam == None:
            self.miriam = MIRIAMannotation()
        self.miriam.addMIRIAMannotation(qual, entity, mid)


[docs]    def addMIRIAMuri(self, qual, uri):
        """
        Add a qualified MIRIAM annotation or entity:

         - *qual* a Biomodels biological qualifier e.g. "is" "isEncodedBy"
         - *uri* the fully qualified entity id e.g. http://identifiers.org/chebi/CHEBI:12345 (no validity checking is done)

        """
        if self.miriam == None:
            self.miriam = MIRIAMannotation()
        self.miriam.addIDorgURI(qual, uri)


[docs]    def getMIRIAMannotations(self):
        """
        Returns a dictionary of all MIRIAM annotations associated with this object
        or None of there are none defined.

        """
        if self.miriam != None:
            try:
                return self.miriam.getAllMIRIAMUris()
            except Exception as ex:
                print(ex)
                return None
        else:
            return None


[docs]    def deleteMIRIAMannotation(self, qual, entity, mid):
        """
        Deletes a qualified MIRIAM annotation or entity:

         - *qual* a Biomodels biological qualifier e.g. "is" "isEncodedBy"
         - *entity* a MIRIAM resource entity e.g. "ChEBI"
         - *mid* the entity id e.g. CHEBI:17158

        """
        self.miriam.deleteMIRIAMannotation(qual, entity, mid)


[docs]    def getCompartmentId(self):
        """
        Return the compartment id where this element is located

        """
        return self.compartment


[docs]    def setCompartmentId(self, compartment):
        """
        Set the compartment id where this element is located

        """
        self.compartment = compartment


[docs]    def getSBOterm(self):
        """
        Return the SBO term for this object.

        """
        return self.__sbo_term__


[docs]    def setSBOterm(self, sbo):
        """
        Set the SBO term for this object.

        """
        if not sbo.startswith('SBO:'):
            print('SBOterm must have the form: SBO:<7 digit integer>')
        else:
            self.__sbo_term__ = sbo




[docs]class Model(Fbase):
    """
    Container for constraint based model, adds methods for manipulating:

     - objectives
     - constraints
     - reactions
     - species
     - compartments
     - groups
     - parameters
     - N a structmatrix object

    """

    prefix = ''
    suffix = ''
    objectives = None
    obj_func = None
    activeObjIdx = None
    flux_bounds = None
    reactions = None
    species = None
    compartments = None
    groups = None
    genes = None
    __genes_idx__ = None
    __single_gene_effect_map__ = None
    gpr = None
    _parameters_ = None
    N = None
    sourcefile = ''
    description = ''
    user_constraints = None
    CM = None
    sensitivity = None
    ##  optValue = None
    ##  optType = None
    SCALED_REDUCED_COSTS = False
    SOLUTION_STATUS_INT = None
    SOLUTION_STATUS = None
    DATE_CREATED = None
    DATE_MODIFIED = None
    MODEL_CREATORS = None
    __gene_deactivated_reactions__ = None
    _SBML_LEVEL_ = None
    __FBC_VERSION__ = 1
    __FBC_STRICT__ = True
    #__objref__ = None

    def __init__(self, pid):
        """
        Container for constraint based model.

         - *pid* a string with the model ID

        Adds methods for manipulating:

         - objectives
         - constraints
         - reactions
         - species
         - compartments
         - groups
         - N a structmatrix object

        """
        self.setPid(pid)
        self.objectives = []
        self.flux_bounds = []
        self.reactions = []
        self.species = []
        self.compartments = []
        self.groups = []
        self.genes = []
        self.__genes_idx__ = []
        self.gpr = []
        self._parameters_ = []
        self.annotation = {}
        self.__TRASH__ = {}
        self.MODEL_CREATORS = {}
        self.__gene_deactivated_reactions__ = {}
        self.compartment = None
        self.__delattr__('compartment')

[docs]    def clone(self):
        """
        Return a clone of this object.

        """
        tzero = time.time()
        if type(self.__TRASH__) == dict:
            self.__TRASH__.clear()
        else:
            self.__TRASH__ = None
        cpy = copy.deepcopy(self)
        cpy.__setModelSelf__()
        print('Model clone time: {}'.format(time.time()-tzero))
        return cpy


    def __setModelSelf__(self):
        """
        This method sets the model reference (updates the weakref) to the current instance. This is a
        utility function that mostly comes into play when a model is cloned or objects are mixed between models

        """
        for r in self.reactions:
            r.__setObjRef__(self)
        for s in self.species:
            s.__setObjRef__(self)
        for fb in self.flux_bounds:
            fb.__setObjRef__(self)
        for o in self.objectives:
            o.__setObjRef__(self)
        for g in self.gpr:
            g.__setObjRef__(self)
        for c in self.compartments:
            c.__setObjRef__(self)

    def __unsetModelSelf__(self):
        """
        This method unsets the model reference (deletes the weakref). This is a
        utility function that mostly comes into play when a model is cloned or objects are mixed between models

        """
        for r in self.reactions:
            r.__unsetObjRef__()
        for s in self.species:
            s.__unsetObjRef__()
        for fb in self.flux_bounds:
            fb.__unsetObjRef__()
        for o in self.objectives:
            o.__unsetObjRef__()
        for g in self.gpr:
            g.__unsetObjRef__()
        for c in self.compartments:
            c.__unsetObjRef__()

    def __setstate__(self, dic):
        """
        Internal method that allows our weakrefs to be 'picklable'

        """
        self.__dict__ = dic
        self.__setModelSelf__()

[docs]    def addMIRIAMannotation(self, qual, entity, mid):
        """
        Add a qualified MIRIAM annotation or entity:

         - *qual* a Biomodels biological qualifier e.g. "is" "isEncodedBy"
         - *entity* a MIRIAM resource entity e.g. "ChEBI"
         - *mid* the entity id e.g. CHEBI:17158

        """
        if self.miriam == None:
            self.miriam = MIRIAMannotation()
        self.miriam.addMIRIAMannotation(qual, entity, mid)


[docs]    def setDescription(self, html):
        """
        Sets the model description which translates into the SBML <notes> field.

         - *html* any valid html or the empty string to clear ''

        """

        self.description = html


[docs]    def getDescription(self):
        """
        Returns the model description which was stored in the SBML <notes> field

        """

        return self.description


[docs]    def setCreatedDate(self, date=None):
        """
        Set the model created date tuple(year, month, day, hour, minute, second)

        - *date* [default=None] default is now (automatic) otherwise (year, month, day, hour, minute, second) e.g. (2012, 09, 24, 13, 34, 00)

        """
        if date == None:
            lt = time.gmtime()
            self.DATE_CREATED = (lt.tm_year, lt.tm_mon, lt.tm_mday, lt.tm_hour, lt.tm_min, lt.tm_sec)
        else:
            assert len(date) == 6, '\nInvalid date'
            self.DATE_CREATED = tuple([int(abs(t)) for t in date])
        if self.DATE_MODIFIED == None:
            self.setModifiedDate()


[docs]    def setModifiedDate(self, date=None):
        """
        Set the model modification date: tuple(year, month, day, hour, minute, second)

        - *date* [default=None] default is now (automatic) otherwise (year, month, day, hour, minute, second) e.g. (2012, 09, 24, 13, 34, 00)

        """
        if date == None:
            lt = time.gmtime()
            self.DATE_MODIFIED = (lt.tm_year, lt.tm_mon, lt.tm_mday, lt.tm_hour, lt.tm_min, lt.tm_sec)
        else:
            assert len(date) == 6, '\nInvalid date'
            self.DATE_MODIFIED = tuple([int(abs(t)) for t in date])
        if self.DATE_CREATED == None:
            self.setCreatedDate()



[docs]    def addModelCreator(self, firstname, lastname, organisation=None, email=None):
        """
        Add a model creator to the list of model creators, only the first and fmaily names are mandatory:

         - *firstname*
         - *lastname*
         - *organisation* [default=None]
         - *email*  [default=None]

        """
        self.MODEL_CREATORS.update({firstname.title()+lastname.title() : {
            'firstname' : firstname,
            'lastname' : lastname,
            'organisation' : organisation,
            'email' : email
        }
                                    })


[docs]    def getModelCreators(self):
        """
        Return model creator information

        """
        out = []
        mc = self.MODEL_CREATORS
        for c_ in mc:
            out.append((mc[c_]['firstname'], mc[c_]['lastname'], mc[c_]['organisation'], mc[c_]['email']))
        return tuple(out)


[docs]    def addObjective(self, obj, active=False):
        """
        Add an instantiated Objective object to the FBA model

        - *obj* an instance of the Objective class
        - *active* [default=False] flag this objective as the active objective (fba.activeObjIdx)

        """
        assert type(obj) == Objective, '\nERROR: requires an Objective object, not something of type {}'.format(type(obj))
        print('Adding objective: {}'.format(obj.id))
        obj.__objref__ = weakref.ref(self)
        self.objectives.append(obj)
        self.obj_func = self.objectives[-1]
        if active:
            self.activeObjIdx = len(self.objectives)-1


[docs]    def createObjectiveFunction(self, rid, coefficient=1, osense='maximize', active=True, delete_current_obj=True):
        """
        Create a single variable objective function:

         - **rid** The
         - **coefficient** [default=1]
         - **osense** [default='maximize']
         - **active** [default=True]
         - **delete_current_obj** [default=True]

        """
        new_obj_id = rid + '_objective'
        assert new_obj_id not in self.getObjectiveIds(), '\nObjective Id %s already exists' % (new_obj_id)
        if delete_current_obj:
            for o in self.getObjectiveIds():
                self.deleteObjective(o)
        obj = Objective(new_obj_id, osense)
        FO = FluxObjective('{}_{}_fluxobj'.format(new_obj_id, rid), rid, coefficient)
        obj.addFluxObjective(FO)
        self.addObjective(obj, active=active)


[docs]    def createSpecies(self, sid, boundary=False, name='', value=float('nan'), compartment=None, charge=None, chemFormula=None):
        """
        Create a new species and add it to the model:

         - **id** the unique species id
         - **boundary** [default=False] whether the species is a variable (False) or is a boundary parameter (fixed)
         - **name** [default=''] the species name
         - **value** [default=nan] the value *not currently used*
         - **compartment** [default=None] the compartment the species is located in
         - **charge** [default=None] the species charge
         - **chemFormula** [default=None] the chemical formula

        """

        assert sid not in self.getSpeciesIds(), '\nSpecies id\'s must be unique: {} exists'.format(sid)

        S = Species(sid, boundary, name, value, compartment, charge, chemFormula)
        self.addSpecies(S)



[docs]    def createCompartment(self, cid, name=None, size=1, dimensions=3, volume=None):
        """
        Create a new compartment and add it to the model if the id does not exist

        - *cid* compartment id
        - *name* [None] compartment name
        - *size* [1] compartment size
        - *dimensions* [3] compartment size dimensions
        - *volume* [None] compartment volume

        """
        if cid not in self.getCompartmentIds():
            C = Compartment(cid, name, size, dimensions, volume)
            self.addCompartment(C)
        else:
            print('Error: compartment id \"{}\"'.format(cid))




[docs]    def createReaction(self, rid, name=None, reversible=True, create_default_bounds=True, silent=False):
        """
        Create a new blank reaction and add it to the model:

         - **id** the unique reaction ID
         - **name** the reaction name
         - **reversible** [default=True] the reaction reversibility. True is reversible, False is irreversible
         - **create_default_bounds** create default reaction bounds, irreversible 0 <= J <= INF, reversable -INF <= J <= INF

        """

        assert rid not in self.getReactionIds(), '\nReaction ID %s already exists' % rid
        self.addReaction(Reaction(rid, name, reversible))
        if create_default_bounds:
            self.createReactionUpperBound(rid, numpy.inf)
            if reversible:
                self.createReactionLowerBound(rid, -numpy.inf)
                if not silent:
                    print('\nReaction bounds set to: -INF <= {} <= INF'.format(rid))
            else:
                self.createReactionLowerBound(rid, 0)
                if not silent:
                    print('\nReaction bounds set to: 0 <= {} <= INF'.format(rid))
        if not silent:
            print('\nAdd reagents with cmod.createReactionReagent({}, metabolite, coefficient)'.format(rid))


[docs]    def createReactionReagent(self, reaction, metabolite, coefficient, silent=False):
        """
        Add a reagent to an existing reaction, both reaction and metabolites must exist

         - *reaction* a reaction id
         - *metabolite* a species/metabolite id
         - *coefficient* the reagent coefficient

        """
        R = self.getReaction(reaction)
        S = self.getSpecies(metabolite)
        assert R != None, '\nReaction {} does not exist'.format(reaction)
        assert S != None, '\nMetabolite {} does not exist'.format(metabolite)
        R.createReagent(metabolite, coefficient)
        S.setReagentOf(reaction)
        if not silent:
            print('Added \"{}\" as a reagent of reaction \"{}\"'.format(metabolite, reaction))


[docs]    def createReactionLowerBound(self, reaction, value):
        """
        Create a new lower bound for a reaction: value <= reaction

         - **reaction** the reaction id
         - **value** the value of the bound

        """

        bnds = self.getReactionBounds(reaction)
        assert bnds[1] == None and bnds[3] == None, '\nLower or equality bound exists for reaction: %s' % reaction
        newId = '%s_%s_bnd'% (reaction, 'lower')
        self.addFluxBound(FluxBound(newId, reaction, 'greaterEqual', value))



[docs]    def createReactionUpperBound(self, reaction, value):
        """
        Create a new upper bound for a reaction: reaction <= value

         - **reaction** the reaction id
         - **value** the value of the bound

        """

        bnds = self.getReactionBounds(reaction)
        assert bnds[2] == None and bnds[3] == None, '\nUpper or equality bound exists for reaction: %s' % reaction
        newId = '%s_%s_bnd'% (reaction, 'upper')
        self.addFluxBound(FluxBound(newId, reaction, 'lessEqual', value))


[docs]    def addFluxBound(self, fluxbound, fbexists=None):
        """
        Add an instantiated FluxBound object to the FBA model

        - *fluxbound* an instance of the FluxBound class

        """
        assert type(fluxbound) == FluxBound, '\nERROR: requires a FluxBound object, not something of type {}'.format(type(fluxbound))
        if fbexists == None:
            RL = self.getFluxBoundByReactionID(fluxbound.getReactionId(), 'lower')
            RU = self.getFluxBoundByReactionID(fluxbound.getReactionId(), 'upper')
            GO = True
            if RL != None and RL.is_bound == fluxbound.is_bound and RL.reaction == fluxbound.reaction:
                print('Lower bound on reaction {} already exists'.format(fluxbound.getReactionId()))
                GO = False
            if RU != None and RU.is_bound == fluxbound.is_bound and RU.reaction == fluxbound.reaction:
                print('Upper bound on reaction {} already exists'.format(fluxbound.getReactionId()))
                GO = False
            if __DEBUG__: print('Adding fluxbound: {}'.format(fluxbound.id))
            if GO:
                fluxbound.__objref__ = weakref.ref(self)
                self.flux_bounds.append(fluxbound)
            else:
                print('\n{} FluxBound for reaction {} exists, skipping'.format(fluxbound.is_bound, fluxbound.reaction))
                time.sleep(1)
        else:
            if not (fluxbound.getReactionId(), fluxbound.getType()) in fbexists:
                fluxbound.__objref__ = weakref.ref(self)
                self.flux_bounds.append(fluxbound)
            else:
                print('\n{} FluxBound for reaction {} exists, skipping'.format(fluxbound.is_bound, fluxbound.reaction))
                time.sleep(1)


[docs]    def addSpecies(self, species):
        """
        Add an instantiated Species object to the FBA model

        - *species* an instance of the Species class

        """
        assert isinstance(species, Species), '\nERROR: requires a Species object, not something of type {}'.format(type(species))
        if __DEBUG__: print('Adding species: {}'.format(species.id))
        species.__objref__ = weakref.ref(self)
        self.species.append(species)


[docs]    def addGene(self, gene):
        """
        Add an instantiated Gene object to the FBA model

        - *gene* an instance of the G class

        """
        assert isinstance(gene, Gene), '\nERROR: requires a Species object, not something of type {}'.format(type(gene))
        if __DEBUG__: print('Adding Gene: {}'.format(gene.id))
        gene.__objref__ = weakref.ref(self)
        self.genes.append(gene)


[docs]    def addParameter(self, par):
        """
        Add an instantiated Parameter object to the model

        - *par* an instance of the Parameter class

        """
        assert isinstance(par, Parameter), '\nERROR: requires a Parameter object, not something of type {}'.format(type(par))
        if __DEBUG__: print('Adding Parameter: {}'.format(par.id))
        #comp.__objref__ = weakref.ref(self)
        self._parameters_.append(par)


[docs]    def addCompartment(self, comp):
        """
        Add an instantiated Compartment object to the CBM model

        - *comp* an instance of the Compartment class

        """
        assert isinstance(comp, Compartment), '\nERROR: requires a Compartment object, not something of type {}'.format(type(comp))
        if __DEBUG__: print('Adding Compartment: {}'.format(comp.id))
        comp.__objref__ = weakref.ref(self)
        self.compartments.append(comp)


[docs]    def addReaction(self, reaction):
        """
        Adds a reaction object to the model

        - *reaction* an instance of the Reaction class

        """
        assert isinstance(reaction, Reaction), '\nERROR: requires a Reaction object, not something of type {}'.format(type(reaction))

        if __DEBUG__: print('Adding reaction: {}'.format(reaction.id))

        reaction.__objref__ = weakref.ref(self)
        self.reactions.append(reaction)


[docs]    def addUserConstraint(self, pid, fluxes=None, operator='=', rhs=0.0):
        """
        Add a user defined constraint to FBA model, this is additional to the automatically determined Stoichiometric constraints.

         - *pid* user constraint name/id, use `None` for auto-assign
         - *fluxes* a list of (coefficient, reaction id) pairs where coefficient is a float
         - *operator* is one of = > < >= <=
         - *rhs* a float

        """
        assert fluxes != None, '\nNo *fluxes* defined: a list of (coefficient, reaction id) pairs where coefficient is a float'
        if self.user_constraints == None:
            self.user_constraints = {}
        Rids = self.getReactionIds()
        fluxlist = []
        for J in fluxes:
            assert J[1] in Rids, '\n%s is not a valid reaction id' % J[1]
            assert J[1] not in fluxlist, '\nFluxes may only appear once per constraint:\n%s' % fluxes
            fluxlist.append(J[1])
        operator = operator.strip()
        assert operator in ['>', '<', '<=', '>=', '=', 'L', 'G', 'E'], '\n%s is not a valid operator' % operator
        if operator == '=' or operator == 'E':
            operator = 'E'
        elif operator in ['>=', '>', 'G']:
            operator = 'G'
        elif operator in ['<=', '=<', '<', 'L']:
            operator = 'L'

        rhs = float(rhs)
        if pid == None:
            pid = 'uConstr%s' % (len(self.user_constraints)+1)
        self.user_constraints.update({pid : {'fluxes' : fluxes,
                                              'operator' : operator,
                                              'rhs' : rhs}
                                      })



[docs]    def deleteReactionAndBounds(self, rid):
        """
        Delete all reaction and bounds connected to reaction

         - *rid* a valid reaction id

        """

        Ridx = None
        Robj = None
        assert rid in self.getReactionIds(), '\nOh Hellooooooooooooo'
        for r in range(len(self.reactions)-1, -1, -1):
            if self.reactions[r].getPid() == rid:
                Ridx = rid
                Robj = self.reactions.pop(r)
        Bounds = []
        for b in range(len(self.flux_bounds)-1, -1, -1):
            if self.flux_bounds[b].reaction == rid:
                Bounds.append(self.flux_bounds.pop(b))
        print('Deleting reaction {} and {} associated bounds'.format(Ridx, len(Bounds)))
        for s_ in Robj.getSpeciesIds():
            S = self.getSpecies(s_)
            if Ridx in S.reagent_of:
                S.reagent_of.remove(Ridx)
        self.__TRASH__.update({Ridx : {'react' : Robj, 'bnds' : Bounds}})


[docs]    def deleteObjective(self, objective_id):
        """
        Delete objective function:

         *objective_id* the id of the objective function. If objective_id is given  as 'active' then the active objective is deleted.

        """
        if objective_id == 'active':
            objective_id = self.getActiveObjective().getPid()

        assert objective_id in self.getObjectiveIds(), '\nNo ....'
        for o in range(len(self.objectives)-1, -1, -1):
            if self.objectives[o].getPid() == objective_id:
                Oidx = objective_id
                Oobj = self.objectives.pop(o)
        print('Deleting objective {}'.format(Oidx))
        self.__TRASH__.update({Oidx : Oobj})


[docs]    def undeleteObjective(self, objective_id):
        """
        Undeltes a deleted objective function:

         - *objective_id* the id of an objeective function

        """

        assert objective_id in self.__TRASH__, '\nNo deleted object of with this id'
        self.addObjective(self.__TRASH__[objective_id])



[docs]    def deleteBoundsForReactionId(self, rid, lower=True, upper=True):
        """
        Delete bounds connected to reaction, rid

         - *rid* a valid reaction id
         - *upper* [default=True] delete the upper bound
         - *lower* [default=True] delete the lower bound

        """
        ##  Ridx = None
        ##  Robj = None
        Bounds = []
        for b in range(len(self.flux_bounds)-1, -1, -1):
            if self.flux_bounds[b].reaction == rid:
                delbound = False
                if upper and self.flux_bounds[b].getType() == 'upper':
                    delbound = True
                if lower and self.flux_bounds[b].getType() == 'lower':
                    delbound = True
                if lower and upper and self.flux_bounds[b].getType() == 'equality':
                    delbound = True
                if delbound:
                    Bounds.append(self.flux_bounds.pop(b))
        print('Deleting {} bounds associated with reaction {}'.format(len(Bounds), rid))
        del Bounds


[docs]    def undeleteReactionAndBounds(self, rid):
        """
        Undelete a reaction and bounds deleted with the **deleteReactionAndBounds** method

         - *rid* a deleted reaction id

        Please note this method is still experimental ;-)

        """
        assert rid in self.__TRASH__, '\nOops I did it again ...'
        Ridx = self.__TRASH__[rid]['react']
        self.addReaction(Ridx)
        # this is just while transitioning to new dynamic structures
        for s_ in Ridx.getSpeciesIds():
            self.getSpecies(s_).setReagentOf(rid)
        for b in self.__TRASH__[rid]['bnds']:
            self.addFluxBound(b)
        self.__TRASH__.pop(rid)

        print('Undeleting reaction: {}'.format(rid))


[docs]    def createGeneAssociationsFromAnnotations(self, annotation_key='GENE ASSOCIATION', replace_existing=True):
        """
        Add genes to the model using the definitions stored in the annotation key. If this fails it tries some standard annotation
        keys: GENE ASSOCIATION, GENE_ASSOCIATION, gene_association, gene association.

         - *annotation_key* the annotation dictionary key that holds the gene association for the protein/enzyme
         - *replace_existing* [default=True] replace existing annotations, otherwise only new ones are added

        """
        # protein, assoc, id=None, name=None, gene_pattern='(\(\W*\w*\W*\))')
        if replace_existing:
            self.genes = []
            self.gpr = []
            self.__genes_idx__ = []
        gid = name = None
        g0 = len(self.genes)
        gpr0 = len(self.gpr)
        ga_keys = []
        for r_ in self.getReactionIds():
            GA = None
            R = self.getReaction(r_)
            ##  print r.annotation
            if annotation_key in R.annotation:
                GA = annotation_key
            elif 'GENE ASSOCIATION' in R.annotation:
                GA = 'GENE ASSOCIATION'
            elif 'GENE_ASSOCIATION' in R.annotation:
                GA = 'GENE_ASSOCIATION'
            elif 'gene_association' in R.annotation:
                GA = 'gene_association'
            elif 'gene association' in R.annotation:
                GA = 'gene association'
            if GA != None:
                self.createGeneProteinAssociation(r_, R.getAnnotation(GA), gid, name, update_idx=False)
                if GA not in ga_keys:
                    ga_keys.append(GA)

        print('INFO: used key(s) \'{}\''.format(ga_keys))
        self.__updateGeneIdx__()
        print('INFO: Added {} new genes and {} associations to model'.format(len(self.genes)- g0, len(self.gpr)- gpr0))



[docs]    def addGPRAssociation(self, gpr, update_idx=True):
        """
        Add a GeneProteinAssociation instance to the model

         - *gpr* an instantiated GeneProteinAssociation object

        """
        if update_idx:
            self.__updateGeneIdx__()

        gpr.__objref__ = weakref.ref(self)
        self.gpr.append(gpr)


[docs]    def createGeneProteinAssociation(self, protein, assoc, gid=None, name=None, gene_pattern=None, update_idx=True, altlabels=None):
        """
        Create and add a gene protein relationship to the model, note genes are mapped on protein objects which may or may not be reactions

         - *protein* in this case the reaction
         - *assoc* the COBRA style gene protein association
         - *gid* the unique id
         - *name* the optional name
         - *gene_pattern* deprecated, not needed anymore
         - *update_idx* update the model gene index, not used
         - *altlabels* [default=None] alternative labels for genes, default uses geneIds

        """
        if altlabels == None:
            altlabels = {}
        if assoc != '' and assoc != None:
            if gid == None:
                gid = '%s_assoc' % protein
            gpr = GeneProteinAssociation(gid, protein)
            self.addGPRAssociation(gpr)
            if name == None:
                name = gid
            gpr.setName(name)
            gpr.createAssociationAndGeneRefs(assoc, altlabels)


    def __updateGeneIdx__(self):
        """
        Update the gene name index

        """
        self.__genes_idx__ = [g.getPid() for g in self.genes]

[docs]    def getAllProteinGeneAssociations(self):
        """
        Returns a dictionary of the proteins associated with each gene

        """
        prg = {}
        for gpr in self.gpr:
            for g in gpr.getGenes():
                if g.getPid() not in prg:
                    prg.update({g.getPid() : [gpr.protein]})
                else:
                    prg[g.getPid()].append(gpr.protein)
        return prg


[docs]    def getAllGeneProteinAssociations(self):
        """
        Returns a dictionary of genes associated with each protein

        """
        gprmap = {}
        for gpr in self.gpr:
            if gpr.protein not in gprmap:
                gprmap.update({gpr.protein : gpr.getGeneIds()})
            else:
                gprmap[gpr.protein].extend(gpr.getGeneIds())
        return gprmap


[docs]    def getGene(self, g_id):
        """
        Returns a gene object that has the identifier:

         - *gid* the gene identifier

        """
        out = None
        for g_ in self.genes:
            if g_.getPid() == g_id:
                out = g_
                break
        return out


[docs]    def getGPRassociation(self, gpr_id):
        """
        Returns a gene protein association object that has the identifier:

         - *gpr_id* the gene protein identifier

        """
        out = None
        for g_ in self.gpr:
            if g_.getPid() == gpr_id:
                out = g_
                break
        return out


[docs]    def getGPRforReaction(self, rid):
        """
        Return the GPR associated with the reaction id:

         - *rid* a reaction id

        """
        out = None
        assert self.getReaction(rid) != None, '\n%ERROR: %s is not a valid reaction id' % rid
        for gpr_ in self.gpr:
            if gpr_.getProtein() == rid:
                out = gpr_
                break
        return out


[docs]    def getReactionActivity(self, rid):
        """
        If there is a GPR and genes associated with the reaction ID then return either active=True or inactive=False
        Note if there is no gene associated information then this will return active.

         - *rid* a reaction id

        """
        out = True
        GPR = self.getGPRforReaction(rid)
        if GPR != None:
            out = GPR.isProteinActive()
        return out


[docs]    def getGeneIds(self, substring=None):
        """
        Returns a list of gene Ids, applies a substring search if substring is defined

         - *substring* search for this pattern anywhere in the id

        """
        if substring == None:
            return [g.getPid() for g in self.genes]
        else:
            return [g.getPid() for g in self.genes if substring in g.getPid()]


[docs]    def getAllGeneActivities(self):
        """
        Returns a dictionary of genes (if defined) and whether they are active or not
        """
        out = {}
        for g_ in self.genes:
            out[g_.getPid()] = g_.isActive()
        return out


[docs]    def getAllProteinActivities(self):
        """
        Returns a dictionary of reactions (if genes and GPR's are defined) and whether they are active or not

        """
        out = {}
        for g_ in self.gpr:
            out[g_.getProtein()] = g_.isProteinActive()
        return out


[docs]    def setAllProteinActivities(self, activites, lower=0.0, upper=0.0):
        """
        Given a dictionary of activities [rid : boolean] pairs set all the corresponding reactions:

         - *activities* a dictionary of [rid : boolean] pairs
         - *lower* [default=0.0] the lower bound of the deactivated flux
         - *upper* [default=0.0] the upper bound of the deactivated flux

        """
        for r_ in activites:
            R = self.getReaction(r_)
            if activites[r_] and not R.__is_active__:
                R.reactivateReaction()
            elif not activites[r_] and R.__is_active__:
                R.deactivateReaction(lower, upper)


[docs]    def setAllInactiveGPRBounds(self, lower=0.0, upper=0.0):
        """
        Set all reactions that are inactive (as determined by gene and gpr evaluation) to bounds:

         - *lower* [default=0.0] the new lower bound
         - *upper* [default=0.0] the new upper bound

        """
        gpract = self.getAllProteinActivities()
        for r_ in gpract:
            if not gpract[r_]:
                self.__gene_deactivated_reactions__[r_] = self.getReactionBounds(r_)
                self.setReactionBounds(r_, lower, upper)
                print('Setting reaction {} bounds to [{}, {}]'.format(r_, lower, upper))


[docs]    def resetAllInactiveGPRBounds(self):
        """
        Resets all reaction bounds modified by the ``cmod.setAllInactiveGeneReactionBounds()`` method to their previous values

        """
        for r_ in self.__gene_deactivated_reactions__:
            r = self.__gene_deactivated_reactions__.pop(r_)
            self.setReactionBounds(r_, r[1], r[2])
            print('Resetting reaction {} bounds to [{}, {}]'.format(r_, r[1], r[2]))


[docs]    def changeAllFluxBoundsWithValue(self, old, new):
        """
        Replaces all flux bounds with value "old" with a new value "new":

         - *old* value
         - *new* value

        """
        cntr = 0
        if new in ['inf', 'INF', 'INFINITY', '-inf', '-INF', '-INFINITY']:
            new = float(new)
        for b in range(len(self.flux_bounds)-1,-1,-1):
            if self.flux_bounds[b].value == old:
                ##  db = fba.flux_bounds.pop(b)
                self.flux_bounds[b].value = new
                cntr += 1
        print('\nReplaced {} \"{}\" bounds with \"{}\"'.format(cntr, old, new))


[docs]    def deleteAllFluxBoundsWithValue(self, value):
        """
        Delete all flux bounds which have a specified value:

         - *value* the value of the flux bound(s) to delete

        """
        cntr = 0
        for b in range(len(self.flux_bounds)-1,-1,-1):
            if self.flux_bounds[b].value == value:
                db = self.flux_bounds.pop(b)
                cntr += 1
        print('\nDeleted {} \"{}\" bounds'.format(cntr, value))

    # TODO: undelete Species

[docs]    def deleteSpecies(self, sid):
        """
        Deletes a species object with id

        - *sid* the species id

        """
        s = self.species.pop(self.getSpeciesIds().index(sid))


[docs]    def deleteNonReactingSpecies(self, simulate=True):
        """
        Deletes all species that are not reagents (do not to take part in a reaction).
        *Warning* this deletion is permanent and greedy (not selective). Returns a list of (would be) deleted species

         - *simulate* [default=True] only return a list of the speciesId's that would have been deleted if False

        """
        active_reagents = []
        for R in self.reactions:
            for S in R.getSpeciesIds():
                if S not in active_reagents:
                    active_reagents.append(S)
            if __DEBUG__: print(active_reagents)
        if not simulate:
            print('Deleting non-reactive species', end=" ")
        deleted_species = []
        for S in range(len(self.species)-1,-1,-1):
            if self.species[S].getPid() not in active_reagents:
                deleted_species.append(self.species[S].getPid())
                if simulate:
                    pass
                else:
                    self.deleteSpecies(self.species[S].getPid())
                if __DEBUG__: print(self.getSpeciesIds())
                print('.', end= " ")
        print(' ')
        return deleted_species


[docs]    def getCompartment(self, cid):
        """
        Returns a compartment object with *cid*

         - *cid* compartment ID

        """
        out = None
        for c in self.compartments:
            if c.getPid() == cid:
                out = c
                break
        if self.compartments.count(cid) > 1:
            print('\nERROR: multiple compartments with id \"{}\" returning first'.format(cid))
        return out


[docs]    def getReaction(self, rid):
        """
        Returns a reaction object with *id*

         - *rid* reaction ID

        """
        out = None
        for r in self.reactions:
            if r.getPid() == rid:
                out = r
                break
        return out


[docs]    def getSpecies(self, sid):
        """
        Returns a species object with *sid*

         - *sid* a specied ID

        """
        out = None
        for s in self.species:
            if s.getPid() == sid:
                out = s
                break
        return out


[docs]    def getReactionBounds(self, rid):
        """
        Get the bounds of a reaction, returns a tuple of rid, lowerbound value, upperbound value and equality value (None means bound does not exist).

         - *rid* the reaction ID

        """
        lb = ub = eq = None
        lb = self.getFluxBoundByReactionID(rid, 'lower')
        ub = self.getFluxBoundByReactionID(rid, 'upper')
        eq = self.getFluxBoundByReactionID(rid, 'equality')
        if lb != None:
            if numpy.isinf(lb.value) or numpy.isreal(lb.value):
                lb = lb.value
            else:
                lb = float(lb)
        if ub != None:
            if numpy.isinf(ub.value) or numpy.isreal(ub.value):
                ub = ub.value
            else:
                ub = float(ub)
        if eq != None:
            if numpy.isinf(eq.value) or numpy.isreal(eq.value):
                eq = eq.value
            else:
                eq = float(eq)
        return rid, lb, ub, eq


[docs]    def getReactionLowerBound(self, rid):
        """
        Returns the lower bound of a reaction (it it exists) or None

         - *rid* the reaction ID

        """
        lb = eq = None
        lb = self.getFluxBoundByReactionID(rid, 'lower')
        if lb != None:
            if type(lb.value) != str and (numpy.isreal(lb.value) or numpy.isinf(lb.value)):
                lb = lb.value
            else:
                lb = float(lb.value)
        else:
            eq = self.getFluxBoundByReactionID(rid, 'equality')
            if eq != None:
                #print('\nINFO: Lower bound defined as an equality ({})'.format(rid))
                if numpy.isinf(eq.value) or numpy.isreal(eq.value):
                    lb = eq.value
                else:
                    lb = float(eq)
        return lb


[docs]    def getReactionUpperBound(self, rid):
        """
        Returns the upper bound of a reaction (it it exists) or None

         - *rid* the reaction ID

        """
        ub = eq = None
        ub = self.getFluxBoundByReactionID(rid, 'upper')
        if ub != None:
            if type(ub.value) != str and (numpy.isreal(ub.value) or numpy.isinf(ub.value)):
                ub = ub.value
            else:
                ub = float(ub.value)
        else:
            eq = self.getFluxBoundByReactionID(rid, 'equality')
            if eq != None:
                #print('\nINFO: Upper bound defined as an equality ({})'.format(rid))
                if numpy.isinf(eq.value) or numpy.isreal(eq.value):
                    ub = eq.value
                else:
                    ub = float(eq)
        return ub

    ##  def getBoundByName(self, rid, bound):
        ##  """
        ##  Return a FluxBound instance. Note this is an old name for the newer preferred method: `getFluxBoundByReactionID`

         ##  - *rid* the reaction ID
         ##  - *bound* the bound: 'upper', 'lower', 'equal'

        ##  """
        ##  print 'Deprecated: use *getFluxBoundByReactionID*'
        ##  return self.getFluxBoundByReactionID(rid, bound)


[docs]    def getFluxBoundByID(self, fid):
        """
        Returns a FluxBound with id

         - *fid* the fluxBound ID

        """
        c_ = None
        for c_ in self.flux_bounds:
            if c_.getPid() == fid:
                return c_
        return c_


[docs]    def getFluxBoundByReactionID(self, rid, bound):
        """
        Returns a FluxBound instance

         - *rid* the reaction ID
         - *bound* the bound: 'upper', 'lower', 'equality'

        """
        c_ = None
        for c_ in self.flux_bounds:
            if c_.reaction == rid and c_.is_bound == bound:
                return c_


[docs]    def getFluxBoundsByReactionID(self, rid):
        """
        Returns all FluxBound instances connected to a reactionId as a tuple of valid
        (lower, upper, None) or (None, None, equality) or alternatively invalid (lower, upper, equality).

         - *rid* the reaction ID

         *under evaluation*

        """
        lower = None
        upper = None
        equality = None
        for c_ in self.flux_bounds:
            if c_.reaction == rid and c_.getType() == 'lower':
                lower = c_
            elif c_.reaction == rid and c_.getType() == 'upper':
                upper = c_
            elif c_.reaction == rid and c_.getType() == 'equality':
                equality = c_
            if lower != None and upper != None:
                return (lower, upper, None)
            elif equality != None:
                return (None, None, equality)
        print('\nSomething strange in function getFluxBoundsByReactionID, returns: {}{}{}'.format(lower, upper, equality))
        return (lower, upper, equality)


[docs]    def getCompartmentIds(self, substring=None):
        """
        Returns a list of compartment Ids, applies a substring search if substring is defined

         - *substring* search for this pattern anywhere in the id

        """
        if substring == None:
            return [c.getPid() for c in self.compartments]
        else:
            return [c.getPid() for c in self.compartments if substring in c.getPid()]


[docs]    def getSpeciesIds(self, substring=None):
        """
        Returns a list of species Ids, applies a substring search if substring is defined

         - *substring* search for this pattern anywhere in the id

        """
        if substring == None:
            return [s.getPid() for s in self.species]
        else:
            return [s.getPid() for s in self.species if substring in s.getPid()]


[docs]    def getReactionIds(self, substring=None):
        """
        Returns a list of reaction Ids, applies a substring search if substring is defined

         - *substring* search for this pattern anywhere in the id

        """
        if substring == None:
            return [r.getPid() for r in self.reactions]
        else:
            return [r.getPid() for r in self.reactions if substring in r.getPid()]


[docs]    def getReactionNames(self, substring=None):
        """
        Returns a list of reaction names, applies a substring search if substring is defined

         - *substring* search for this pattern anywhere in the name

        """
        if substring == None:
            return [r.name for r in self.reactions]
        else:
            return [r.name for r in self.reactions if substring in r.name]


[docs]    def getFluxBoundIds(self, substring=None):
        """
        Returns a list of fluxbound Ids, applies a substring search if substring is defined

         - *substring* search for this pattern anywhere in the id

        """
        if substring == None:
            return [s.getPid() for s in self.flux_bounds]
        else:
            return [s.getPid() for s in self.flux_bounds if substring in s.getPid()]


[docs]    def getObjectiveIds(self, substring=None):
        """
        Returns a list of objective function Ids, applies a substring search if substring is defined

         - *substring* search for this pattern anywhere in the id

        """
        if substring == None:
            return [s.getPid() for s in self.objectives]
        else:
            return [s.getPid() for s in self.objectives if substring in s.getPid()]


[docs]    def getObjFuncValue(self):
        """
        Returns the objective function value

        """
        AO = self.getActiveObjective()
        print('Objective {}: \"{}\"'.format(AO.getPid(), AO.operation))
        return AO.getValue()


[docs]    def getActiveObjective(self):
        """
        Returns the active objective object.

        """
        out = None
        try:
            out = self.objectives[self.activeObjIdx]
        except Exception:
            print('No active objective to get')
        return out


    def setActiveObjective(self, objId):
        idz = [o.id for o in self.objectives]
        if objId in idz:
            self.activeObjIdx = idz.index(objId)
            self.obj_func = self.objectives[self.activeObjIdx]
            print('Objective {} (idx={}) set active'.format(objId, self.activeObjIdx))
        else:
            print('Invalid ObjectiveId: {}'.format(objId))

[docs]    def setBoundValueByName(self, rid, value, bound):
        """
        Deprecated use setReactionBound

        Set a reaction bound
         - *rid* the reactions id
         - *value* the new value
         - *bound* this is either 'lower' or 'upper'

        """
        print("Deprecated: use *setReactionBound*")
        self.setReactionBound(rid, value, bound)


[docs]    def getGeneIdFromLabel(self, label):
        """
        Given a gene label it returns the corresponding Gene id or None

         - *label*

        """
        for g_ in self.genes:
            if g_.label == label:
                return g_.getId()
        return None


[docs]    def setGeneInactive(self, g_id, update_reactions=False, lower=0.0, upper=0.0):
        """
        Effectively deletes a gene by setting it's inactive flag while optionally updating the GPR associated reactions

         - *g_id* a gene ID
         - *update_reactions* [default=False] update the associated reactions fluxbounds
         - *lower* [default=0.0] the deactivated reaction lower bound
         - *upper* [default=0.0] the deactivated reaction upper bound

        """
        g = self.getGene(g_id)
        if g != None:
            g.setInactive()
            if update_reactions:
                self.updateNetwork(lower, upper)
            return True
        else:
            return False


[docs]    def setGeneActive(self, g_id, update_reactions=False):
        """
        Effectively restores a gene by setting it's active flag

         - *g_id* a gene ID
         - *update_reactions* [default=False] update the associated reactions fluxbounds from the gene deletion bounds if they exist

        """
        g = self.getGene(g_id)
        if g != None:
            g.setActive()
            if update_reactions:
                self.updateNetwork()
            return True
        else:
            return False


[docs]    def updateNetwork(self, lower=0.0, upper=0.0):
        """
        Update the reaction network based on gene activity. If reaction is deactivated then lower and upper bounds are used

         - *lower* [default=0.0] deactivated lower bound
         - *upper* [default=0.0] deactivated upper bound

        """
        for g_ in self.gpr:
            active = g_.isProteinActive()
            R = self.getReaction(g_.getProtein())
            if not active and R.__is_active__:
                R.deactivateReaction(lower, upper)
            elif active and not R.__is_active__:
                R.reactivateReaction()


[docs]    def resetAllGenes(self, update_reactions=False):
        """
        Resets all genes to their default activity state (normally on)

        - *update_reactions* [default=False] update the associated reactions fluxbounds from the gene deletion bounds if they exist

        """
        for g_ in self.genes:
            g_.resetActivity()
        self.updateNetwork()


[docs]    def setReactionBound(self, rid, value, bound):
        """
        Set a reaction bound

         - *rid* the reactions id
         - *value* the new value
         - *bound* this is either 'lower' or 'upper', or 'equal'

        """
        c2 = self.getFluxBoundByReactionID(rid, bound)
        # changed to no str() casting
        if c2 != None:
            c2.setValue(value)
            if __DEBUG__: print(c2.reaction, c2.operation, c2.value)
        else:
            # if the bound does not exist, create a new one
            if bound == 'upper':
                self.createReactionUpperBound(rid, value)
            elif bound == 'lower':
                self.createReactionLowerBound(rid, value)
            else:
                raise RuntimeError('\n%s is not a valid reaction name or \'%s\' bound does not exist ' % (rid,bound))


[docs]    def setReactionBounds(self, rid, lower, upper):
        """
        Set both the upper and lower bound of a reaction:

        - *rid* the good old reaction id
        - *lower* the lower bound value
        - *upper* the upper bound value

        """
        self.setReactionBound(rid, lower, 'lower')
        self.setReactionBound(rid, upper, 'upper')


[docs]    def setReactionLowerBound(self, rid, value):
        """
        Set a reactions lower bound (if it exists)

         - *rid* the reactions id
         - *value* the new value

        """
        self.setReactionBound(rid, value, 'lower')


[docs]    def setReactionUpperBound(self, rid, value):
        """
        Set a reactions upper bound (if it exists)

         - *rid* the reaction id
         - *value* the new value

        """
        self.setReactionBound(rid, value, 'upper')



[docs]    def getAllFluxBounds(self):
        """
        Returns a dictionary of all flux bounds [id:value]

        """
        out = {}
        for f_ in self.flux_bounds:
            fid = f_.getId()
            if fid in out:
                print('WARNING: duplicate fluxbound Id: {}'.format(fid))
            out[fid] = f_.getValue()
        return out


[docs]    def setAllFluxBounds(self, bounds):
        """
        DEPRECATED! use setFluxBoundsFromDict()

        Sets all the fluxbounds present in bounds

         - *bounds* a dictionary of [fluxbound_id : value] pairs (not per reaction!!!)

        """
        print('\nDEPRECATION WARNING: use setFluxBoundsFromDict instead of setAllFluxBounds\n')
        time.sleep(1)
        self.setFluxBoundsFromDict(bounds)


[docs]    def setFluxBoundsFromDict(self, bounds):
        """
        Sets all the fluxbounds present in bounds

         - *bounds* a dictionary of [fluxbound_id : value] pairs (not per reaction!!!)

        """

        fbids = self.getFluxBoundIds()
        for f_ in self.flux_bounds:
            if f_.getId() in fbids:
                f_.setValue(bounds[f_.getId()])



[docs]    def renameObjectIds(self, prefix=None, suffix=None, target='all', ignore=None):
        """
        This method is designed for target="all" other use may result in incomplete models.

         - *prefix* [None] if supplied add as a prefix
         - *suffix* [None] if supplied add as a suffix
         - *target* ['all'] specify what class of objects to rename

          - 'species'
          - 'reactions'
          - 'bounds'
          - 'objectives'
          - 'all'

         - *ignore* [default=None] a list of id's to ignore

        """

        if ignore == None:
            ignore = []
        SUFFIX = PREFIX = False
        if suffix == None and prefix == None:
            raise RuntimeError("Either prefix or suffix must be defined")
        if prefix != None:
            self.prefix = prefix
            PREFIX = True
        if suffix != None:
            self.suffix = suffix
            SUFFIX = True

        ##  self.id = self.id+suffix
        if target == 'species' or target == 'all':
            for s in self.species:
                if s.id not in ignore:
                    if PREFIX:
                        s.id = prefix+s.id
                    if SUFFIX:
                        s.id = s.id+suffix

        if target == 'reactions' or target == 'all':
            for s in self.reactions:
                if s.id not in ignore:
                    if PREFIX:
                        s.id = prefix+s.id
                    if SUFFIX:
                        s.id = s.id+suffix
                for r in s.reagents:
                    if PREFIX:
                        r.id = prefix+r.id
                        if r.species_ref not in ignore:
                            r.species_ref = prefix+r.species_ref
                    if SUFFIX:
                        r.id = r.id+suffix
                        if r.species_ref not in ignore:
                            r.species_ref = r.species_ref+suffix

        if target == 'bounds' or target == 'all':
            for s in self.flux_bounds:
                if PREFIX:
                    s.id = prefix+s.id
                    if s.reaction not in ignore:
                        s.reaction = prefix+s.reaction
                if SUFFIX:
                    s.id = s.id+suffix
                    if s.reaction not in ignore:
                        s.reaction = s.reaction+suffix

        if target == 'objectives' or target == 'all':
            for s in self.objectives:
                if PREFIX:
                    s.id = prefix+s.id
                if SUFFIX:
                    s.id = s.id+suffix
                for f in s.fluxObjectives:
                    if PREFIX:
                        f.id = prefix+f.id
                        if f.reaction not in ignore:
                            f.reaction = prefix+f.reaction
                    if SUFFIX:
                        f.id = f.id+suffix
                        if f.reaction not in ignore:
                            f.reaction = f.reaction+suffix
        self.buildStoichMatrix()



[docs]    def setPrefix(self, prefix, target):
        """
        This is alpha stuff, target can be:

         - 'species'
         - 'reactions'
         - 'constraints'
         - 'objectives'
         - 'all'

        """

        print('\nDEPRECATION WARNING: setPrefix will be removed, please use the new cmod.renameObjectIds() method instead\n')
        time.sleep(1.0)

        if target == 'constraints':
            target = 'bounds'
        self.renameObjectIds(prefix=prefix, suffix=None, target=target, ignore=[])



[docs]    def setSuffix(self, suffix, target):
        """
        This is alpha stuff, target can be:

         - 'species'
         - 'reactions'
         - 'constraints'
         - 'objectives'
         - 'all'

        """

        print('\nDEPRECATION WARNING: setSuffix will be removed, please use the new cmod.renameObjectIds() method instead\n')
        time.sleep(1.0)

        if target == 'constraints':
            target = 'bounds'
        self.renameObjectIds(prefix=None, suffix=suffix, target=target, ignore=[])



[docs]    def setObjectiveFlux(self, rid, coefficient=1, osense='maximize', delete_objflx=True):
        """
        Set single target reaction flux for the current active objective function.

         - *rid* a string containing a reaction id
         - *coefficient* [default=1] an objective flux coefficient
         - *osense* the optimization sense must be **maximize** or **minimize**
         - *delete_objflx* [default=True] delete all existing fluxObjectives in the active objective function
        """
        assert rid in self.getReactionIds(), '\n%s is not a reaction\n%s' % (rid, self.getReactionIds())
        osense = osense.lower()
        if osense == 'max': osense = 'maximize'
        if osense == 'min': osense = 'minimize'
        if osense in ['maximise', 'minimise']:
            osense = osense.replace('se', 'ze')
        assert osense in ['maximize', 'minimize'], "\nosense must be ['maximize', 'minimize'] not %s" % osense
        if delete_objflx:
            self.objectives[self.activeObjIdx].fluxObjectives = []
        FO = FluxObjective('{}_{}_fluxobj'.format(self.objectives[self.activeObjIdx].getPid(), rid), rid, coefficient)
        self.objectives[self.activeObjIdx].addFluxObjective(FO)
        self.objectives[self.activeObjIdx].operation = osense


[docs]    def sortReactionsById(self):
        """
        Sorts the reactions by Reaction.id uses the python string sort

        """

        reactions2 = []
        reactId = self.getReactionIds()
        reactId.sort()
        for r in reactId:
            reactions2.append(self.getReaction(r))
        self.reactions = reactions2
        self.__updateGeneIdx__()
        for gpr_ in self.gpr:
            gpr_.buildEvalFunc()
        del reactions2


[docs]    def sortSpeciesById(self):
        """
        Sorts the reaction list by Reaction.id uses the python string sort

        """
        raise NotImplementedError("\nCall developer about this")


[docs]    def getExchangeReactions(self):
        """
        Returns reaction instances where the 'is_exchange' attribute set to True. This is by default
        reactions that contain a boundary species.

        """
        return [r for r in self.reactions if r.is_exchange]


[docs]    def getExchangeReactionIds(self):
        """
        Returns id's of reactions where the 'is_exchange' attribute set to True. This is by default
        reactions that contain a boundary species.

        """
        return [r.getPid() for r in self.reactions if r.is_exchange]


[docs]    def getReactionValues(self, only_exchange=False):
        """
        Returns a dictionary of ReactionID : ReactionValue pairs:

         - *only_exchange* [default=False] only return the reactions labelled as exchange

        """
        out = {}
        reacts = []
        if only_exchange:
            reacts = self.getExchangeReactionIds()
        else:
            reacts = self.getReactionIds()
        for rid in reacts:
            out.update({rid : self.getReaction(rid).value})
        return out


[docs]    def getSolutionVector(self, names=False):
        """
        Return a vector of solution values

         - *names* [default=False] if True return a solution vector and list of names

        """
        self.buildStoichMatrix()
        J = numpy.array([self.getReaction(r).getValue() for r in self.N.col])
        if not names:
            return J
        else:
            return J, tuple(self.N.col)



[docs]    def getReversibleReactionIds(self):
        """
        Return a list of reversible reaction Id's

        """
        output = []
        for r_ in self.reactions:
            if r_.reversible:
                output.append(r_.getPid())
        return output


[docs]    def getIrreversibleReactionIds(self):
        """
        Return a list of irreversible reaction Id's

        """
        output = []
        for r_ in self.reactions:
            if not r_.reversible:
                output.append(r_.getPid())
        return output


[docs]    def getBoundarySpeciesIds(self, rid=None):
        """
        Return all boundary species associated with reaction

         - rid [default=None] by default return all boundary species in a model, alternatively a string containing a reaction id or list of reaction id's

        """
        if rid == None:
            rid = self.getReactionIds()
        elif type(rid) == list:
            pass
        else:
            rid = [rid]
        bspec = []
        for r_ in rid:
            R = self.getReaction(r_)
            for s_ in R.getSpeciesIds():
                if s_ not in bspec and self.getSpecies(s_).is_boundary:
                    bspec.append(s_)
        return bspec


[docs]    def findFluxesForConnectedSpecies(self, metab):
        """
        Returns a list of (reaction, flux value) pairs that this metabolite appears as a reagent of

         - *metab* the metabolite name

        """
        print('DEPRECATION WARNING: please use cmod.getFluxesAssociatedWithSpecies()')
        return self.getFluxesAssociatedWithSpecies(metab)


[docs]    def getFluxesAssociatedWithSpecies(self, metab):
        """
        Returns a list of (reaction, flux value) pairs that this metabolite appears as a reagent in

         - *metab* the metabolite name

        """
        output = []
        assert self.getSpecies != None, '\n%s is not a valid metabolite name!' % metab
        for r_ in self.getSpecies(metab).isReagentOf():
            # if cmod.getReaction(r_).getValue() != 0.0:
            output.append([r_, self.getReaction(r_).getValue()])
            #print r_, cmod.getReaction(r_).getValue()
        return output


[docs]    def splitEqualityFluxBounds(self):
        """
        Splits any equalit flux bounds into lower and upper bounds.

        """
        ebs = []
        for b_ in self.flux_bounds:
            if b_.getType() == 'equality':
                ebs.append(b_.getPid())
        for e_ in ebs:
            old = self.getFluxBoundByID(e_)
            R = old.getReactionId()
            V = old.getValue()
            self.deleteBoundsForReactionId(R)
            self.createReactionLowerBound(R, V)
            self.createReactionUpperBound(R, V)
        del ebs


[docs]    def buildStoichMatrix(self, matrix_type='numpy', only_return=False):
        """
        Build the stoichiometric matrix N and additional constraint matrix CN (if required)

         - *matrix_type* [default='numpy'] the type of matrix to use to generate constraints

           - *numpy* a NumPy matrix default
           - *sympy* a SymPy symbolic matrix, if available note the denominator limit can be set in ``CBModel.__CBCONFIG__['SYMPY_DENOM_LIMIT'] = 10**12``
           - *scipy_csr* create using NumPy but store as SciPy csr_sparse

        - *only_return* [default=False] **IMPORTANT** only returns the stoichiometric matrix and constraint matrix (if required),
          does not update the model

        """
        if __DEBUG__: print('Species:', self.getSpeciesIds())
        var_spec = [s for s in self.species if not s.is_boundary]
        var_spec_id = [s.getPid() for s in self.species if not s.is_boundary]
        reac_id = self.getReactionIds()
        num_col = len(self.reactions)
        num_row = len(var_spec)
        sym_dlim = __CBCONFIG__['SYMPY_DENOM_LIMIT']
        if __DEBUG__: print('N-dimension = (%s, %s)' % (num_row, num_col))
        if matrix_type == 'scipy_csr' and not HAVE_SCIPY:
            raise RuntimeError('\nSciPy required for scipy_csr matrices')
        if matrix_type == 'sympy':
            if HAVE_SYMPY:
                N = sympy.zeros((num_row,num_col))
                RHS = [sympy.numbers.Zero() for i in range(num_row)]
                print('\nINFO: using SymPy for N')
            else:
                raise RuntimeError('\nSymPy required for SymPy matrices')
        else:
            N = numpy.zeros((num_row, num_col))
            RHS = numpy.zeros(num_row)

        SGO = False
        if matrix_type == 'sympy':
            SGO = True
        for c in range(num_col):
            if __DEBUG__: print(self.reactions[c].getPid())
            if __DEBUG__: print(self.reactions[c].getStoichiometry())
            for reag in self.reactions[c].getStoichiometry():
                if reag[1] in var_spec_id:
                    if __DEBUG__: print('{}: setting reagent {} to {} (idx={},{})'.format(self.reactions[c].getPid(), reag[1], reag[0], var_spec_id.index(reag[1]), c))
                    r = var_spec_id.index(reag[1])
                    if SGO:
                        if N[r, c] == 0.0:
                            N[r, c] = sympy.Rational(reag[0]).limit_denominator(sym_dlim)
                        else:
                            N[r, c] = N[r, c] + sympy.Rational(reag[0]).limit_denominator(sym_dlim)
                    elif N[r, c] == 0.0:
                        N[r, c] = reag[0]
                    else:
                        N[r, c] = N[r, c] + reag[0]
        if matrix_type == 'scipy_csr':
            N2 = csr_matrix(N)
            del N
            N = StructMatrixLP(N2, range(num_row), range(num_col), row=var_spec_id, col=reac_id, rhs=RHS)
            N.array.eliminate_zeros()
        else:
            N = StructMatrixLP(N, range(num_row), range(num_col), row=var_spec_id, col=reac_id, rhs=RHS)

        # build and append additional constraint matric
        CM = None
        if self.user_constraints != None:
            crows = list(self.user_constraints)
            crows.sort()
            ccols = reac_id
            cnum_col = len(ccols)
            cnum_row = len(crows)
            Coperators = ['E']*cnum_row

            if matrix_type == 'sympy':
                if HAVE_SYMPY:
                    CM = sympy.zeros((cnum_row, cnum_col))
                    CRHS = [sympy.numbers.Zero() for i in range(cnum_row)]
                    print('INFO: using SymPy for CM')
                else:
                    raise RuntimeError('\nSymPy not available')

            else:
                CM = numpy.zeros((cnum_row,cnum_col))
                CRHS = numpy.zeros(cnum_row)
            SGO = False
            if matrix_type == 'sympy':
                SGO = True
            for cs in range(cnum_row):
                for flx in self.user_constraints[crows[cs]]['fluxes']:
                    if not SGO:
                        CM[cs,ccols.index(flx[1])] = float(flx[0])
                    else:
                        CM[cs,ccols.index(flx[1])] = sympy.Rational(flx[0]).limit_denominator(sym_dlim)

                    Coperators[cs] = self.user_constraints[crows[cs]]['operator']
                    if not SGO:
                        CRHS[cs] = float(self.user_constraints[crows[cs]]['rhs'])
                    else:
                        CRHS[cs] = sympy.Rational(self.user_constraints[crows[cs]]['rhs']).limit_denominator(sym_dlim)
            if matrix_type == 'scipy_csr':
                CM2 = csr_matrix(CM)
                del CM
                CM = StructMatrixLP(CM2, range(cnum_row), range(cnum_col), row=crows, col=ccols,\
                            rhs=CRHS, operators=Coperators)
                CM.array.eliminate_zeros()
            else:
                CM = StructMatrixLP(CM, range(cnum_row), range(cnum_col), row=crows, col=ccols,\
                            rhs=CRHS, operators=Coperators)
        if not only_return:
            self.N = N
            if CM != None:
                self.CM = CM
        else:
            print('INFO: Model stoichiometry not updated.')
            if CM != None:
                return (N, CM)
            else:
                return N



[docs]    def createSingleGeneEffectMap(self):
        """
        This takes a model and analyses the logical gene expression patterns. This only needs to be done once,
        the result is a dictionary that has boolean effect patterns as keys and the (list of) genes that give rise to
        those patterns as values. This map is used by the single gene deletion method for further analysis.

        Note this dictionary can also be stored and retrieved separately as long as the model structure is not changed i.e.
        the gene associations themselves or order of reactions (stored as the special entry 'keyJ').

        Stored as self.__single_gene_effect_map__

        """
        fba2 = self.clone()
        #cbm.analyzeModel(fba2)

        geneIds = fba2.getGeneIds()
        wtpr = fba2.getAllProteinActivities()
        wtrn = fba2.getReactionIds()
        wtrn.sort()

        cpress = {binHash(wtrn, wtpr) : ['wt']}

        #print(cpress)

        geneidcache = {}

        t0a = time.time()
        DEBUG = False

        print(time.strftime('%H:%M:%S'))
        cntr = 1
        for g_ in geneIds:
            if g_ not in geneidcache:
                geneidcache[g_] = fba2.getGene(g_)
            geneidcache[g_].setInactive()
            new = fba2.getAllProteinActivities()
            bhash = binHash(wtrn, new)
            if bhash in cpress:
                cpress[bhash].append(g_)
            else:
                cpress[bhash] = [g_]
            geneidcache[g_].setActive()
            if time.time() - t0a > 20.0:
                print(cntr, time.strftime('%H:%M:%S'))
                t0a = time.time()
            cntr += 1
        print(cntr, time.strftime('%H:%M:%S'))
        cpress['keyJ'] = tuple(wtrn)
        self.__single_gene_effect_map__ = cpress
        del geneidcache, fba2, cpress


[docs]    def testGeneProteinAssociations(self):
        """
        This method will test the GeneProtein associations and return a list of protein, association pairs

        """
        out = []
        for g_ in self.gpr:
            try:
                g_.evalAssociation()
            except Exception:
                out.append((g_.protein, g_.assoc))
                print('Error in GPR for reaction: {}'.format(g_.protein))
        return out


[docs]    def exportFVAdata(self):
        """
        Export the fva data as an array and list of reaction id's

        """

        # investigate the use of numpy index arrays here
        raise NotImplementedError


[docs]    def createGroup(self, gid):
        """
        Create an empty group with

         - *gid* the unique group id

        """
        self.addGroup(Group(gid))


[docs]    def addGroup(self, obj):
        """
        Add an instantiated group object to the model

         - *obj* the Group instance

        """
        if obj.getId() not in self.getGroupIds():
            self.groups.append(obj)
        else:
            print('ERROR: Group with id \"{}\" already exists.'.format(obj.getId()))
            del obj


[docs]    def deleteGroup(self, gid):
        """
        Delete a group with

         - *gid* the unique group id

        """
        gids = self.getGroupIds()
        if gid in gids:
            self.groups.pop(gids.index(gid))
        else:
            print('ERROR: Group with id \"{}\" does not exist.'.format(gid))


[docs]    def getGroup(self, gid):
        """
        Return a group with

         - *gid* the unique group id

        """
        for g_ in self.groups:
            if g_.getId() == gid:
                return g_
        return None


[docs]    def getGroupIds(self):
        """
        Delete all group ids

        """
        return [g.getPid() for g in self.groups]




[docs]class Objective(Fbase):
    """
    An objective function

    """
    fluxObjectives = None
    ##  fluxObjectiveNames = None
    operation = None
    value = None
    solution = None

    def __init__(self, pid, operation):
        self.id = pid
        if operation.lower() in ['maximize', 'maximise', 'max']:
            self.operation = 'maximize'
        elif operation.lower() in ['minimize', 'minimise', 'min']:
            self.operation = 'minimize'
        else:
            print('WARNING: Invalid operation: {}'.format(operation))
        self.fluxObjectives = []
        self.compartment = None
        self.__delattr__('compartment')

[docs]    def setOperation(self, operation):
        """
        Sets the objective operation (sense)

         - *operation* [default='maximize'] one of 'maximize', 'maximise', 'max', 'minimize', 'minimise', 'min'

        """
        if operation.lower() in ['maximize', 'maximise', 'max']:
            self.operation = 'maximize'
        elif operation.lower() in ['minimize', 'minimise', 'min']:
            self.operation = 'minimize'
        else:
            print('WARNING: Invalid operation: {}'.format(operation))


[docs]    def getOperation(self):
        """
        Returns the operation or sense of the objective
        """
        return self.operation


[docs]    def addFluxObjective(self, fobj):
        """
        Adds a FluxObjective instance to the Objective

        """
        if fobj.getPid() in self.getFluxObjectiveIDs():
            print('\nWARNING: a flux objective with id \"{}\" already exists ... not adding!\n'.format(fobj.getPid()))
            return
        self.fluxObjectives.append(fobj)


[docs]    def createFluxObjectives(self, fluxlist):
        """
        Create and add flux objective objects to this objective function.

         - *fluxlist* a list of one or more ('coefficient', 'rid') pairs

        """
        for J in fluxlist:
            if J[1] not in self.getFluxObjectiveReactions():
                self.addFluxObjective(FluxObjective(J[1]+'_fobj', J[1], J[0]))
            else:
                print('\nObjective {} already contains flux {} ... skipping!\n'.format(self.getPid(), J[1]))


[docs]    def getFluxObjectiveIDs(self):
        """
        Returns a list of ObjectiveFlux ids, for the reaction id's use *getFluxObjectiveReactions()*
        or for coefficient, fluxobjective pairs use *getFluxObjectiveData()*

        """
        return [f.getPid() for f in self.fluxObjectives]


[docs]    def getFluxObjectiveForReaction(self, rid):
        """
        Returns the FluxObjective associated with the suplied rid.

         *rid* a reaction id

        """
        fo = None
        for fo_ in self.fluxObjectives:
            if fo_.reaction == rid:
                if fo == None:
                    fo = fo_
                elif type(fo) == list:
                    fo.append(fo_)
                    print('\nWARNING: multiple FluxBounds have id: {}\n'.format(rid))
                else:
                    fo = [fo]
                    fo.append(fo_)
                    print('\nWARNING: multiple FluxBounds have id: {}\n'.format(rid))
        return fo


[docs]    def getFluxObjectiveReactions(self):
        """
        Returns a list of reactions that are used as FluxObjectives

        """
        return [f.reaction for f in self.fluxObjectives]


[docs]    def getFluxObjectiveData(self):
        """
        Returns a list of ObjectiveFunction components as (coefficient, flux) pairs

        """
        return [(f.coefficient, f.reaction) for f in self.fluxObjectives]


[docs]    def getFluxObjective(self, foid):
        """
        Return the flux objective with id.

         - *foid* the flux objective id returns either an object or a list if there are multiply defined flux objectives

        """
        fo = None
        for fo_ in self.fluxObjectives:
            if fo_.getPid() == foid:
                if fo == None:
                    fo = fo_
                elif type(fo) == list:
                    fo.append(fo_)
                    print('ERROR: multiple FluxBounds have id: {}'.format(foid))
                else:
                    fo = [fo]
                    fo.append(fo_)
                    print('ERROR: multiple FluxBounds have id: {}'.format(foid))
        return fo



[docs]    def getFluxObjectives(self):
        """
        Returns the list of FluxObjective objects.

        """
        return self.fluxObjectives


[docs]    def getValue(self):
        """
        Returns the current value of the attribute (input/solution)
        """
        return self.value


[docs]    def setValue(self, value):
        """
        Sets the attribute ''value''
        """
        self.value = value

    # not needed, left here just in case
    #def clone(self):
        #"""
        #Return a clone of this object.

        #"""
        #if type(self.__TRASH__) == dict:
            #self.__TRASH__.clear()
        #else:
            #self.__TRASH__ = None

        #out = copy.deepcopy(self)
        #out.fluxObjectives = []
        #for rr_ in self.fluxObjectives:
            #out.addFluxObjective(rr_.clone())
        #return out




[docs]class FluxObjective(Fbase):
    """
    A weighted flux that appears in an objective function

    NOTE: reaction is a string containing a reaction id
    """
    reaction = None
    coefficient = None

    def __init__(self, pid, reaction, coefficient=1):
        self.id = pid
        self.reaction = reaction
        self.coefficient = coefficient
        self.annotation = {}
        self.compartment = None
        self.__delattr__('compartment')

    def getReactionId(self):
        return self.reaction

    def getCoefficient(self):
        return self.coefficient

    def setReactionId(self, reaction):
        self.reaction = reaction

    def setCoefficient(self, coefficient):
        self.coefficient = coefficient


[docs]class Compartment(Fbase):
    """A compartment"""
    size = None
    dimensions = None
    volume = None

    def __init__(self, cid, name=None, size=1, dimensions=3, volume=None):
        """
         - *cid* comapartment id
         - *name* optional compartment name
         - *size* compartment size, [default=1]
         - *dimensions* compartment spatial dimensions [default=3]
        """
        self.setPid(cid)
        if name != None:
            self.setName(name)
        else:
            self.setName(cid)
        self.size = size
        if volume == None:
            self.volume = size
        self.dimensions = dimensions
        self.annotation = {}

[docs]    def containsSpecies(self):
        """
        Lists the species contained in this compartment

        """
        out = []
        if self.__objref__ != None:
            out = [s.getPid() for s in self.__objref__().species if s.compartment == self.getPid()]
        return out


[docs]    def containsReactions(self):
        """
        Lists the species contained in this compartment

        """
        out = []
        if self.__objref__ != None:
            out = [r.getPid() for r in self.__objref__().reactions if r.compartment == self.getPid()]
        return out


[docs]    def getSize(self):
        """
        Get the compartment size

        """
        return self.size


[docs]    def getDimensions(self):
        """
        Get the compartment dimensions

        """
        return self.dimensions



[docs]    def setSize(self, size):
        """
        Set the compartment size

         - *size* the new compartment size

        """
        self.size = size


[docs]    def setDimensions(self, dimensions):
        """
        Get the compartment dimensions

         - *dimensions* set the new compartment dimensions

        """
        self.dimensions = dimensions



[docs]class GroupMemberAttributes(Fbase):
    """
    Contains the shared attributes of the group members (equivalent to SBML annotation on ListOfMembers)

    """
    def __init__(self):
        self.annotation = {}


[docs]class Group(Fbase):
    """
    Container for SBML groups

    """

    members = None
    member_ids = None
    kind = 'collection'
    _kinds_ = ('collection', 'partonomy', 'classification')
    _group_member_ids_ = None
    _member_attributes_ = None

    def __init__(self, pid):
        #delattr(self, 'compartment') # doesn't work
        self.setId(pid)
        self.members = []
        self.member_ids = []
        self._group_member_ids_ = []
        self.annotation = {}
        self._member_attributes_ = GroupMemberAttributes()

[docs]    def clone(self):
        """
        Return a clone of this object. Note the for Groups this is a shallow copy, in that the reference
        objects themselves are not cloned only the group (and attributes)

        """
        if type(self.__TRASH__) == dict:
            self.__TRASH__.clear()
        else:
            self.__TRASH__ = None
        cpy = copy.deepcopy(self)
        cpy.members = []
        cpy.members.extend(self.members[:])
        return cpy


[docs]    def addMember(self, obj):
        """
        Add member CBMPy object(s) to the group

         - *obj* either a single, tuple or list of CBMPy objects

        """
        if not isinstance(obj, (list, tuple)):
            obj = [obj]
        for o_ in obj:
            if isinstance(o_, Fbase):
                if o_.getId() in self.member_ids:
                    print('ERROR object {} already exist in group.\n'.format(o_.getId()))
                else:
                    self.members.append(o_)
                    self.member_ids.append(o_.getId())
                    if isinstance(o_, Group):
                        self._group_member_ids_.append(o_.getId())
            else:
                print('ERROR: object {} is not a valid CBMPy object .\n'.format(o_))


    def deleteMember(self, oid):
        if oid in self.member_ids:
            oidx = self.member_ids.index(oid)
            obj = self.members.pop(oidx)
            self.member_ids.pop(oidx)
            if isinstance(obj, Group):
                self._group_member_ids_.remove(oid)
        else:
            print('\nError object {} is not a member of group.\n'.format(oid))

    def getMembers(self, as_set=False):
        if not as_set:
            return self.members
        else:
            return set(self.members)

    def getMemberIDs(self, as_set=False):
        if not as_set:
            return self.member_ids
        else:
            return set(self.member_ids)

    def getKind(self):
        return self.kind

    def setKind(self, kind):
        assert kind in self._kinds_, '\nKind must be one of: {}\n'.format(self._kinds_)
        self.kind = kind

    def addSharedMIRIAMannotation(self, qual, entity, mid):
        self._member_attributes_.addMIRIAMannotation(qual, entity, mid)

    def setSharedAnnotation(self, key, value):
        self._member_attributes_.setAnnotation(key, value)

    def setSharedSBOterm(self, sbo):
        self._member_attributes_.setSBOterm(sbo)

    def setSharedNotes(self, notes):
        self._member_attributes_.setNotes(notes)

    def getSharedMIRIAMannotations(self):
        return self._member_attributes_.getMIRIAMannotations()

    def getSharedAnnotations(self):
        return self._member_attributes_.getAnnotations()

    def getSharedSBOterm(self):
        return self._member_attributes_.getSBOterm()

    def getSharedNotes(self):
        return self._member_attributes_.getNotes()

    def assignSharedAnnotationToMembers(self):
        print('INFO: Assigning shared CBMPy annotation to members, this cannot be undone.')
        if len(self._member_attributes_.annotation) > 0:
            for m_ in self.members:
                m_.annotation.update(self._member_attributes_.annotation)

    def assignSharedMIRIAMannotationToMembers(self):
        print('INFO: Assigning shared MIRIAM annotation to members, this cannot be undone.')
        if self._member_attributes_.miriam != None:
            annot = self._member_attributes_.miriam.getAllMIRIAMUris()
            for m_ in self.members:
                for k_ in annot:
                    if len(annot[k_]) > 0:
                        for u_ in annot[k_]:
                            m_.addMIRIAMuri(k_, u_)

    def assignSharedSBOtermsToMembers(self):
        print('INFO: Assigning shared SBOterm to members, this cannot be undone.')
        sbo = self._member_attributes_.getSBOterm()
        if sbo != None:
            for m_ in self.members:
                if m_.__sbo_term__ == None:
                    m_.setSBOterm(sbo)

    def assignSharedNotesToMembers(self):
        print('INFO: Assigning shared Notes to members, this cannot be undone.')
        if self._member_attributes_.notes != '':
            for m_ in self.members:
                if m_.notes == '':
                    m_.notes = self._member_attributes_.notes

    def assignAllSharedPropertiesToMembers(self):
        self.assignSharedSBOtermsToMembers()
        self.assignSharedNotesToMembers()
        self.assignSharedAnnotationToMembers()
        self.assignSharedMIRIAMannotationToMembers()



[docs]class FluxBound(Fbase):
    """A reaction fluxbound"""
    reaction = None
    operation = None
    value = None
    is_bound = None
    __param__ = None

    def __init__(self, fid, reaction, operation, value):
        self.id = fid
        self.reaction = reaction
        self.setValue(value)
        assert operation in ['greater', 'greaterEqual', 'less', 'lessEqual', '>=', '<=', '=', 'equal', 'E', 'G', 'L', 'GE', 'LE']
        self.operation = operation
        if self.operation in ['greater', 'greaterEqual', '>=', 'G', 'GE']:
            self.operation = 'greaterEqual'
            self.is_bound = 'lower'
        elif self.operation in ['less', 'lessEqual', '<=', 'L', 'LE']:
            self.is_bound = 'upper'
            self.operation = 'lessEqual'
        else:
            self.is_bound = 'equality'
            self.operation = 'equal'
        self.annotation = {}
        self.compartment = None
        self.__delattr__('compartment')

[docs]    def getType(self):
        """
        Returns the *type* of FluxBound: 'lower', 'upper', 'equality' or None

        """
        if self.operation in ['greater', 'greaterEqual', '>=']:
            self.is_bound = 'lower'
        elif self.operation in ['less', 'lessEqual', '<=']:
            self.is_bound = 'upper'
        elif self.operation in ['equal', 'equality', '=']:
            self.is_bound = 'equality'
        else:
            return None
        return self.is_bound


    def getReactionId(self):
        return self.reaction

[docs]    def setReactionId(self, react):
        """
        Sets the reaction attribute of the FluxBound

        """
        self.reaction = react


[docs]    def getValue(self):
        """
        Returns the current value of the attribute (input/solution)
        """
        return self.value


[docs]    def setValue(self, value):
        """
        Sets the attribute ''value''
        """
        if numpy.isreal(value):
            self.value = value
        elif type(value) == unicode or type(value) == str:
            self.value = float(value)
        elif numpy.isinf(value):
            self.value = value
        else:
            self.value = float(value)



[docs]class Parameter(Fbase):
    """Holds parameter information"""

    _association_ = None
    constant = True
    value = None

    def __init__(self, pid, value, name=None, constant=True):
        """
        Parameter definition class

         - *pid* the unique parameter pid
         - *value* the value
         - *name* [default=''] the parameter name
         - *constant* [default=True] is the paramter constant (an SBML thing)

        """
        self.id = pid
        self.name = name
        self.value = value
        self.constant = constant
        self._association_ = []
        self.annotation = {}

[docs]    def getValue(self):
        """
        Returns the current value of the attribute (input/solution)

        """
        return self.value


[docs]    def setValue(self, value):
        """
        Sets the attribute ''value''

        """
        if numpy.isreal(value):
            self.value = value
        elif type(value) == unicode or type(value) == str:
            self.value = float(value)
        elif numpy.isinf(value):
            self.value = value
        else:
            self.value = float(value)


[docs]    def getAssociations(self):
        """
        Return the FluxBounds ID's associated with this object

        """
        return self._association_


[docs]    def addAssociation(self, assoc):
        """
        Add a fluxbound ID's to associate with this object

        """
        self._association_.append(assoc)


[docs]    def deleteAssociation(self, assoc):
        """
        Delete the fluxbound id associated with this object

        """
        if assoc in self._association_:
            self._association_.pop(self._association_.index(assoc))



[docs]class Reaction(Fbase):
    """Holds reaction information"""
    reagents = None
    reversible = None
    is_exchange = False
    value = None
    reduced_cost = None
    is_balanced = None
    fva_min = None
    fva_max = None
    fva_status = None
    __bound_history__ = None
    __is_active__ = True

    def __init__(self, pid, name=None, reversible=True):
        self.id = pid
        self.name = name
        self.reagents = []
        self.reversible = reversible
        self.annotation = {}
        self.__TRASH__ = {}
        self.__bound_history__ = []

[docs]    def addReagent(self, reag):
        """
        Adds an instantiated Reagent object to the reaction

        """
        self.reagents.append(reag)


[docs]    def createReagent(self, metabolite, coefficient):
        """
        Create a new reagent and add it to the reaction:

         - **metabolite** the metabolite name
         - **coefficient** the

         -- negative coefficient is a substrate
         -- positive coefficient is a product

        Will fail if a species reference already exists

        """
        assert metabolite not in self.getSpeciesIds(), '\nA reagent already refers to metabolite: %s' % metabolite
        self.addReagent(Reagent('%s_%s' % (self.getPid(), metabolite), metabolite, coefficient))


[docs]    def getReagentObjIds(self):
        """
        Returns a list of the reagent id's. For the name of the reagents/metabolites use *<reaction>.getSpeciesIds()*

        """
        return [r.getPid() for r in self.reagents]


[docs]    def getReagentRefs(self):
        """
        Returns a list of the reagents/metabolites

        """
        print('\nDEPRECATED: please use <reaction>.getSpeciesIds')
        return [r.species_ref for r in self.reagents]


[docs]    def getSpeciesIds(self):
        """
        Returns a list of the reagents/metabolites

        """
        return [r.species_ref for r in self.reagents]


[docs]    def getSpeciesObj(self):
        """
        Returns a list of the species objects that are reagents

        """
        if self.__objref__ == None:
            print('INFO: Only works when part of a model.')
            return []
        else:
            return [self.__objref__().getSpecies(r.species_ref) for r in self.reagents]



[docs]    def getFVAdata(self, roundnum=None, silent=True):
        """
        Returns the data generated by CBSolver.FluxVariabilityAnalysis() for this reaction as a tuple of
        (Flux, FVAmin, FVAmax, span) where span is abs(FVAmax - FVAmin). FVAmin or FVAmax is None this indicates no solution
        to that particular optimization (infeasible).

         - *roundnum* [default=None] the integer number of roundoff decimals the default is no rounding
         - *silent* [default=True] supress output to stdout

        """
        try:
            span = abs(self.fva_max - self.fva_min)
        except Exception:
            span = numpy.NaN
        out = [self.value, self.fva_min, self.fva_max, span]
        if roundnum != None:
            for f_ in range(len(out)):
                try:
                    out[f_] = round(out[f_], roundnum)
                except Exception:
                    pass

        if not silent:
            print('{}'.format(self.getPid()))
            print('Flux:   {}\nFVAmin: {}\nFVAmax: {}\nSpan:   {}\n'.format(out[0], out[1], out[2], out[3]))
        return tuple(out)


[docs]    def getReagent(self, rid):
        """
        Return the one or more reagent objects which have *rid*:

         - *rid* a reagent *rid*

        """

        rgnt = [r for r in self.reagents if r.getPid() == rid]
        if len(rgnt) == 0:
            return None
        elif len(rgnt) == 1:
            return rgnt[0]
        else:
            print('\nWarning multiple reagents defined for species: {}'.format(rid))
            return rgnt


[docs]    def changeId(self, pid):
        """
        Changes the Id of the reaction and updates associated FluxBounds

        """
        for fb in self.__objref__().getFluxBoundsByReactionID(self.getId()):
            if fb != None:
                fb.setReactionId(pid)
        self.setPid(pid)



[docs]    def getValue(self):
        """
        Returns the current value of the flux.

        """
        return self.value


[docs]    def setValue(self, value):
        """
        Sets the attribute *value* in this case the flux.

        """
        self.value = value


[docs]    def getReagentWithSpeciesRef(self, species):
        """
        Return the reagent object which refers to the *species* id:

         - *species* the species/metabolite id

        """
        rgnt = [r for r in self.reagents if r.species_ref == species]
        if len(rgnt) == 0:
            return None
        elif len(rgnt) == 1:
            return rgnt[0]
        else:
            print('\nWarning multiple reagents defined for species: {}'.format(species))
            return rgnt


[docs]    def changeReagentCoefficientForSpecies(self, s_id, coefficient):
        """
        Change the coefficient of reagent which refers to s_id. If there is more than one reagent that refers
        to this species return a warning and a list of reagents otherwise None.

         - *s_id* a species/metabolite id
         - *coefficient* the new coefficient

        """
        raise RuntimeWarning('\nDEPRECATED: please use <reaction>.setStoichCoefficient')


[docs]    def setStoichCoefficient(self, sid, value):
        """
        Sets the stoichiometric coefficient of a reagent that refers to a metabolite. Note *negative coefficients* are *substrates*
        while *positive* ones are *products*. At this point zero coefficients are not allowed

        - *sid* the species/metabolite id
        - *value* a floating point value != 0

        """
        if value == 0.0:
            print('WARNING: for now a coefficient cannot be set to zero')
        else:
            S = self.getReagentWithSpeciesRef(sid)
            if S != None and type(S) != list:
                S.setCoefficient(value)


[docs]    def getStoichiometry(self, use_names=False, altout=False):
        """
        Returns a list of (coefficient, species) pairs for this reaction

        - *use_names* [default = False] use species names rather than id's
        - *altout* [default = False] returns a dictionary

        """
        if not use_names:
            out = [(r.coefficient, r.species_ref) for r in self.reagents]
            if not altout:
                return out
            else:
                out2 = {}
                for r in out:
                    out2[r[1]] = r[0]
                return out2
        else:
            out = [(r.coefficient, self.__objref__().getSpecies(r.species_ref).getName()) for r in self.reagents]
            if not altout:
                return out
            else:
                out2 = {}
                for r in out:
                    out2[r[1]] = r[0]
                return out2



[docs]    def getSubstrateIds(self, use_names=False):
        """
        Returns a list of the reaction substrates, species identifiers

        - *use_names* [defualt = False] use species names rather than id's

        """
        if not use_names:
            return [r.species_ref for r in self.reagents if r.coefficient < 0.0]
        else:
            return [self.__objref__().getSpecies(r.species_ref).getName() for r in self.reagents if r.coefficient < 0.0]


[docs]    def getProductIds(self, use_names=False):
        """
        Returns a list of the reaction products, species identifiers

        - *use_names* [defualt = False] use species names rather than id's

        """
        if not use_names:
            return [r.species_ref for r in self.reagents if r.coefficient > 0.0]
        else:
            return [self.__objref__().getSpecies(r.species_ref).getName() for r in self.reagents if r.coefficient > 0.0]


[docs]    def deleteReagentWithSpeciesRef(self, species):
        """
        Delete a reagent that refers to the species id:

         - *species* a species/metabolite id

        """
        rids = self.getSpeciesIds()
        assert species in rids, '\nThats not a good matabolite/species ref'
        self.__TRASH__.update({self.getPid()+species : self.reagents.pop(rids.index(species))})


[docs]    def undeleteReagentWithSpeciesRef(self, species):
        """
        Attempts to unDelete reagent deleted with deleteReagent() that refers to the species id:

         - *species* a species/metabolite id

        """
        assert self.getPid()+species in self.__TRASH__, '\nAha, yes, sure, maybe, perhaps ...'
        self.reagents.append(self.__TRASH__.pop(self.getPid()+species))


[docs]    def getLowerBound(self):
        """
        Get the value of the reactions lower bound

        """
        try:
            return self.__objref__().getReactionLowerBound(self.id)
        except AttributeError as why:
            print('WARNING: This function requires that this reaction object be added to a CBMPy instance to work.')
            return None


[docs]    def getUpperBound(self):
        """
        Get the value of the reactions upper bound

        """
        try:
            return self.__objref__().getReactionUpperBound(self.id)
        except AttributeError as why:
            print('WARNING: This function requires that this reaction object be added to a CBMPy instance to work.')
            return None


[docs]    def setLowerBound(self, value):
        """
        Set the value of the reactions lower bound

         - *value* a floating point value

        """
        try:
            self.__objref__().setReactionLowerBound(self.id, value)
        except AttributeError as why:
            print('WARNING: This function requires that this reaction object be added to a CBMPy instance to work.')


[docs]    def setUpperBound(self, value):
        """
        Set the value of the reactions upper bound

         - *value* a floating point value

        """
        try:
            self.__objref__().setReactionUpperBound(self.id, value)
        except AttributeError as why:
            print('WARNING: This function requires that this reaction object be added to a CBMPy instance to work.')



[docs]    def deactivateReaction(self, lower=0.0, upper=0.0):
        """
        Deactivates a reaction by setting its bounds to lower and upper. Restore with reactivateReaction()

         - *lower* [default=0.0] bound
         - *upper* [default=0.0] bound

        """
        self.__bound_history__ = None
        lb = self.getLowerBound()
        ub = self.getUpperBound()
        self.__bound_history__ = (lb, ub)
        self.setLowerBound(lower)
        self.setUpperBound(upper)
        self.__is_active__ = False
        print('Reaction {} bounds set to [{} : {}]'.format(self.id, lower, upper))


[docs]    def reactivateReaction(self):
        """
        Activates a reaction deactivated with deactivateReaction

        """
        if self.__bound_history__ != None:
            self.setLowerBound(self.__bound_history__[0])
            self.setUpperBound(self.__bound_history__[1])
            print('Reaction {} bounds set to [{} : {}]'.format(self.id, self.__bound_history__[0], self.__bound_history__[1]))
            self.__bound_history__ = None
            self.__is_active__ = True


[docs]    def getEquation(self, reverse_symb='=', irreverse_symb='>', use_names=False):
        """
        Return a pretty printed string containing the reaction equation

         - *reverse_symb* [default = '='] the symbol to use for reversible reactions
         - *irreverse_symb* [default = '>'] the symbol to use for irreversible reactions
         - *use_names* [defualt = False] use species names rather than id's

        """
        sub = ''
        prod = ''
        for r in self.reagents:
            coeff = abs(r.coefficient)
            if r.role == 'substrate':
                if coeff == 1.0:
                    if not use_names:
                        sub += '{} + '.format(r.species_ref)
                    else:
                        sub += '{} + '.format(self.__objref__().getSpecies(r.species_ref).getName())
                else:
                    if not use_names:
                        sub += '({}) {} + '.format(coeff, r.species_ref)
                    else:
                        sub += '({}) {} + '.format(coeff, self.__objref__().getSpecies(r.species_ref).getName())
            else:
                if coeff == 1.0:
                    if not use_names:
                        prod += '{} + '.format(r.species_ref)
                    else:
                        prod += '{} + '.format(self.__objref__().getSpecies(r.species_ref).getName())
                else:
                    if not use_names:
                        prod += '({}) {} + '.format(coeff, r.species_ref)
                    else:
                        prod += '({}) {} + '.format(coeff, self.__objref__().getSpecies(r.species_ref).getName())
        if self.reversible:
            eq = '{} {} {}'.format(sub[:-3], reverse_symb, prod[:-2])
        else:
            eq = '{} {} {}'.format(sub[:-3], irreverse_symb, prod[:-2])
        return eq



[docs]class Species(Fbase):
    """
    Holds species/metabolite information

    """
    chemFormula = None
    charge = None
    value = None
    is_boundary = False
    reagent_of = None
    shadow_price = None

    def __init__(self, pid, boundary=False, name=None, value=float('nan'),\
                    compartment=None, charge=None, chemFormula=None):
        """
        Species/metabolite definition class

         - **pid** the unique species pid
         - **boundary** [default=False] whether the species is a variable (False) or is a boundary parameter (fixed)
         - **name** [default=''] the species name
         - **value** [default=nan] the value *not currently used*
         - **compartment** [default=None] the compartment the species is located in
         - **charge** [default=None] the species charge
         - **chemFormula** [default=None] the chemical formula

        """
        self.id = pid
        self.name = name
        self.value = value
        self.is_boundary = boundary
        self.compartment = compartment
        self.charge = charge
        self.chemFormula = chemFormula
        self.reagent_of = []
        self.annotation = {}

[docs]    def getValue(self):
        """
        Returns the current value of the attribute (input/solution)

        """
        return self.value


[docs]    def setValue(self, value):
        """
        Sets the attribute ''value''

        """
        self.value = value


[docs]    def isReagentOf(self):
        """
        Returns a dynamically generated list of reactions that this species occurs as a reagent

        """
        assert self.__objref__ != None, "\nWARNING: needs to be added to a model (cmod.addSpecies()) to work"
        self.reagent_of = [r.getPid() for r in self.__objref__().reactions if self.getPid() in r.getSpeciesIds()]
        return self.reagent_of


[docs]    def getReagentOf(self):
        """
        Returns a list of reaction id's that this metabolite occurs in

        """
        print('INFO: The static .getReagentOf() method will be deprecated, please update your code to use: \".isReagentOf()\"')
        return self.reagent_of


[docs]    def setReagentOf(self, rid):
        """
        Adds the supplied reaction id to the reagent_of list (if it isn't one already)

         - *rid* a valid reaction id

        """
        if rid not in self.reagent_of:
            self.reagent_of.append(rid)


[docs]    def setChemFormula(self, cf):
        """
        Sets the species chemical formula

         - *cf* a chemical formula e.g. CH3NO2

        """
        assert checkChemFormula(cf)
        self.chemFormula = cf
        #if checkChemFormula(cf):
            #self.chemFormula = cf
        #else:
            #self.chemFormula = ''


[docs]    def getChemFormula(self):
        """
        Returns the species chemical formula

        """
        return self.chemFormula


[docs]    def setCharge(self, charge):
        """
        Sets the species charge:

         - *charge* a signed double but generally a signed int is used

        """
        charge = float(charge)
        self.charge = charge


[docs]    def getCharge(self):
        """
        Returns the species charge

        """
        return self.charge


[docs]    def setBoundary(self):
        """
        Sets the species so it is a boundary metabolite or fixed which does not occur in the stoichiometric matrix N

        """
        self.is_boundary = True


[docs]    def unsetBoundary(self):
        """
        Unsets the species boundary attribute so that the metabolite is free and therefore occurs in the stoichiometric matrix N

        """
        self.is_boundary = False




[docs]class Reagent(Fbase):
    """
    Has a reactive species id and stoichiometric coefficient:
     - negative = substrate
     - positive = product
     - species_ref a reference to a species obj

    """
    coefficient = None
    role = None
    species_ref = None

    def __init__(self, reid, species_ref, coef):
        """
        Instantiates a reagent

         - *reid* a unique id
         - *species_ref* a reference to a species id
         - *coefficient* the metabolite coefficient

        """
        self.id = reid
        self.species_ref = species_ref
        self.coefficient = coef
        if coef > 0.0:
            self.role = 'product'
        elif coef < 0.0:
            self.role = 'substrate'
        else:
            raise RuntimeError('\nZero coefficients are not supported for now: {%s}%s!' % (coef, reid))
        self.annotation = {}
        self.compartment = None
        self.__delattr__('compartment')

[docs]    def setCoefficient(self, coef):
        """
        Sets the reagent coefficient and role, negative coefficients are substrates and positive ones are products

         - *coeff* the new coefficient

        """
        self.coefficient = coef
        if self.coefficient < 0.0:
            self.role = 'substrate'
        elif self.coefficient > 0.0:
            self.role = 'product'
        else:
            self.role = None


[docs]    def getCoefficient(self):
        """
        Returns the reagent coefficient

        """
        return self.coefficient


[docs]    def setSpecies(self, spe):
        """
        Sets the metabolite/species that the reagent reference refers to

        """
        self.species_ref = spe


[docs]    def getSpecies(self):
        """
        Returns the metabolite/species that the reagent reference refers to

        """
        return self.species_ref


[docs]    def getRole(self):
        """
        Returns the reagents role, "substrate", "product" or None

        """
        #if self.coefficient < 0.0:
            #self.role = 'substrate'
        #elif self.coefficient > 0.0:
            #self.role = 'product'
        #else:
            #self.role = None
        return self.role



[docs]class Gene(Fbase):
    """
    Contains all the information about a gene (or gene+protein construct depending on your philosophy)

    TODO: I will change the whole Gene/GPR structure to a dictionary data structure on the model which should simplify this all significantly.

    """
    active0 = False
    active = False
    label = None

    def __init__(self, gid, label=None, active=True):
        """
        A gene construct

         - *gid* the gene id
         - *label* the gene label this may or may not be a legal Sid
         - *active* is the gene is active or not (boolean)

        """
        self.setId(gid)
        if label == None:
            label = gid
        self.setLabel(label)
        self.active0 = active
        self.active = active
        self.annotation = {}

[docs]    def getLabel(self):
        """
        Returns the gene label

        """
        return self.label


[docs]    def setLabel(self, label):
        """
        Sets the gene label

        """
        self.label = label


[docs]    def setActive(self):
        """
        Set the gene to be active
        """
        self.active = True


[docs]    def setInactive(self):
        """
        Set the gene to be inactive
        """
        self.active = False


[docs]    def isActive(self):
        """
        Returns whether the gene is active or not
        """
        return self.active


[docs]    def resetActivity(self):
        """
        Reset the gene to its default activity state
        """
        self.active = self.active0




[docs]class GeneProteinAssociation(Fbase):
    """
    This class associates genes to proteins.
    TODO: I will change the whole Gene/GPR structure to a dictionary data structure on the model which should simplify this all significantly.

    """
    #_MODIFIED_ASSOCIATION_ = False
    assoc = None
    #assoc0 = None
    protein = None
    __evalass__ = 'None'
    __evalass_ids__ = 'None'
    __evalass_names__ = 'None'
    generefs = None

    def __init__(self, gpid, protein):
        """
        Create a GeneProteinAssociation

         - *gpid* a unique id
         - *protein* the protein the gene association referes to, in most cases this should be a reaction id

        """
        self.setPid(gpid)
        self.generefs = []
        self.protein = protein
        self.annotation = {}

[docs]    def evalAssociation(self):
        """
        Returns an integer value representing the logical associations or None.

        """
        out = None
        _model_ = self.__objref__()
        try:
            out = eval(self.__evalass__)
        except SyntaxError:
            raise RuntimeWarning('\nError in GPR associated with reaction: %s\n%s' % (self.protein, self.assoc))
        del _model_
        return out


[docs]    def addGeneref(self, geneid):
        """
        Add a gene reference to the list of gene references

         - *geneid* a valid model Gene id

        """
        if geneid not in self.generefs:
            self.generefs.append(geneid)


[docs]    def deleteGeneref(self, gid):
        """
        Deletes a gene reference

        - *geneid* a valid model Gene id

        """
        if gid in self.generefs:
            self.generefs.remove(gid)


[docs]    def addAssociation(self, assoc):
        """
        Add a gene/protein association expression

        """
        self.assoc = assoc


[docs]    def createAssociationAndGeneRefs(self, assoc, altlabels=None):
        """
        Evaluate the gene/protein association and add the genes necessary to evaluate it
        Note that this GPR should be added to a model with cmod.addGPRAssociation() before calling this method

         - *assoc* the COBRA style gene protein association
         - *altlabels* [default=None] a dictionary containing a label<-->id mapping

        """
        if self.__objref__() == None:
            raise RuntimeError("\nPlease add this GeneAssociation to a model with cmod.addGPRAssociation() before calling this method!")
        if altlabels == None:
            altlabels = {}
        genelist = self.__objref__().genes
        mod_genes = [g.getPid() for g in genelist]
        #self.assoc = self.assoc0 = assoc
        self.assoc = assoc
        react_gene = {}
        #gene_re = re.compile(gene_pattern)
        ##  print 'assoc\n', assoc
        self.generefs = []
        if assoc != None and assoc != '':
            genes = extractGeneIdsFromString(assoc)
            #print(genes)
            #geneLabels = []
            #for g_ in genes:
                #if not checkId(s)
            if len(genes) == 0:
                self.generefs = []
            else:
                for gid in genes:
                    if gid in altlabels:
                        label = altlabels[gid]
                    else:
                        label = gid
                    #if not checkId(gid):
                        #gid2 = fixId(gid, replace='_')
                        #self.assoc = self.assoc.replace(gid, gid2)
                        #self._MODIFIED_ASSOCIATION_ = True
                        #print('Incompatible geneId \"{}\" replacing with \"{}\"\n{}\n{}'.format(gid, gid2, self.assoc0, self.assoc))
                        #gid = gid2
                    if gid in self.generefs:
                        pass
                    elif gid in mod_genes:
                        self.addGeneref(gid)
                    else:
                        genelist.append(Gene(gid, label, active=True))
                        self.addGeneref(gid)
        else:
            self.generefs = []
        self.__objref__().__updateGeneIdx__()
        self.buildEvalFunc()


[docs]    def buildEvalFunc(self):
        """
        Builds a function which evaluates the gene expressions and evaluates to an integer uisng
        the following rules:

         - True --> 1
         - False --> 0
         - and --> *
         - or --> +

        """
        gids = self.getGeneIds()
        ##  print gids
        if len(gids) > 0:
            self.__evalass__ = self.assoc
            _model_ = self.__objref__()
            # this is to avoid substring replacements
            gids = sorted(gids, key=len)
            gids.reverse()
            for g in gids:
                self.__evalass__ = self.__evalass__.replace(g, "_model_.genes[{}].isActive()".format(_model_.__genes_idx__.index(g)))
            self.__evalass__ = self.__evalass__.replace(' or ', ' + ')
            self.__evalass__ = self.__evalass__.replace(' OR ', ' + ')
            self.__evalass__ = self.__evalass__.replace(' and ', ' * ')
            self.__evalass__ = self.__evalass__.replace(' AND ', ' * ')
            self.__evalass__ = 'int(%s)' % self.__evalass__
            del _model_
            #self.__evalass__ = compile(self.__evalass__, 'GeneAss', 'exec')


[docs]    def getGenes(self):
        """
        Return a list of gene objects associated with this GPRass
        """
        return [self.__objref__().getGene(g) for g in self.generefs]


[docs]    def getGene(self, gid):
        """
        Return a gene object with id

        """
        if gid in self.generefs:
            return self.__objref__().getGene(gid)
        else:
            print('WARNING: {} is not a valid gene id'.format(gid))
            return None


[docs]    def getAssociationStr(self):
        """
        return the gene association string
        """
        #if self._MODIFIED_ASSOCIATION_:
            #print('NOTE: this association string has been modified to be evaluable:\n{} --> {}'.format(self.assoc0, self.assoc))
        return self.assoc


[docs]    def getGeneIds(self):
        """
        Return a list of gene id's
        """
        return self.generefs


[docs]    def getActiveGenes(self):
        """
        Return a list of active gene objects

        """
        out = []
        for g_ in self.generefs:
            G = self.__objref__().getGene(g_)
            if G.isActive():
                out.append(G)
        return out


[docs]    def getProtein(self):
        """
        Return the protein associated with this set of genes
        """
        return self.protein


[docs]    def setGeneInactive(self, gid):
        """
        Set a gene to be inactive
        """
        try:
            self.getGene(gid).setInactive()
        except Exception as ex:
            print('\nGene {} does not exist'.format(gid))


[docs]    def setGeneActive(self, gid):
        """
        Set a gene to be inactive
        """
        try:
            self.getGene(gid).setActive()
        except Exception as ex:
            print('\nGene {} does not exist'.format(gid))


[docs]    def setAllGenesActive(self):
        """
        Activate all genes in association

        """
        for g_ in self.generefs:
            G = self.__objref__().getGene(g_)
            G.setActive()


[docs]    def setAllGenesInactive(self):
        """
        Deactivates all genes in association

        """
        for g_ in self.generefs:
            G = self.__objref__().getGene(g_)
            G.setInactive()


[docs]    def isProteinActive(self):
        """
        This returns a boolean which indicates the result of evaluating the gene association. If the result is positive
        then the protein is expressed and *True* is returned, otherwise if the expression evaluates to a value of 0 then
        the protein is not expressed and  *False* is returned.
        """
        res = self.evalAssociation()
        if res == 0:
            return False
        else:
            return True
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  Source code for pyscescbm.CBMultiCore

"""
CBMPy: CBMultiCore module
=========================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBMultiCore.py 305 2015-04-23 15:18:31Z bgoli $)

"""

# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals

import os, time, subprocess, itertools, shutil, numpy

try:
    import pickle
except ImportError:
    import cPickle as pickle

from . import CBSolver

from . import _multicorefva
MULTIFVAFILE = __file__.replace('CBMultiCore', '_multicorefva')
del _multicorefva

try:
    from . import _multicoreenvfva
    MULTIENVFVAFILE = __file__.replace('CBMultiCore','_multicoreenvfva')
    del _multicoreenvfva
    HAVE_MULTIENV = True
except ImportError as ex:
    print(ex)
    HAVE_MULTIENV = False

from .CBConfig import __CBCONFIG__ as __CBCONFIG__

[docs]def grouper(n, iterable, padvalue=None):
    "grouper(3, 'abcdefg', 'x') --> ('a','b','c'), ('d','e','f'), ('g','x','x')"
    return itertools.izip_longest(*[iter(iterable)]*n, fillvalue=padvalue)


[docs]def runMultiCoreFVA(fba, selected_reactions=None, pre_opt=True, tol=None, objF2constr=True, rhs_sense='lower',\
                    optPercentage=100.0, work_dir=None, quiet=True, debug=False, oldlpgen=False, markupmodel=True, procs=2):
    """
    Run a multicore FVA where:

     - *fba* is an fba model instance
     - *procs* [default=2] number of processing threads (optimum seems to be about the number of physical cores)

    """

    #CBSolver.analyzeModel(fba, oldlpgen=False)
    #cplx_FluxVariabilityAnalysis(fba, selected_reactions=None, pre_opt=True, tol=None, objF2constr=True, rhs_sense='lower', optPercentage=100.0, work_dir=None, quiet=True, debug=False, oldlpgen=False, markupmodel=True)
    fba.FVAARGS = [selected_reactions, pre_opt, tol, objF2constr, rhs_sense, optPercentage, work_dir, True, False, False, False]
    fN = str(time.time()).split('.')[0]
    fba.serializeToDisk(fN, protocol=-1)
    fN = os.path.abspath(fN)
    subprocess.call(['python', MULTIFVAFILE, str(procs), fN])
    F = file(fN, 'rb')
    res = pickle.load(F)
    F.close()
    os.remove(fN)

    fva = res[0]
    fvan = res[1]

    if len(fva) == 1:
        fva = fva[0]
        fvan = fvan[0]
    elif len(fva) > 1:
        fva = numpy.vstack(fva)
        fvan2 = []
        for n_ in fvan:
            fvan2 += n_
        fvan = fvan2

    # print 'Reaction, Reduced Costs, Variability Min, Variability Max, abs(Max-Min), MinStatus, MaxStatus'
    if markupmodel:
        for R in range(len(fvan)):
            REAC = fba.getReaction(fvan[R])
            REAC.setValue(fva[R][0])
            REAC.fva_max = fva[R][3]
            REAC.fva_min = fva[R][2]
            REAC.reduced_costs = fva[R][1]
    return fva, fvan


if HAVE_MULTIENV:
    def runMultiCoreMultiEnvFVA(lp, selected_reactions=None, tol=None, rhs_sense='lower', optPercentage=100.0, work_dir=None, debug=False, procs=2):
        """
        Run a multicore FVA where:

         - *lp* is a multienvironment lp model instance
         - *procs* [default=2] number of processing threads (optimum seems to be about the number of physical cores)

        """
        fN = os.path.join(work_dir, str(time.time()).split('.')[0])
        lp.write(fN+'.lp', filetype='lp')
        MEargs = [fN+'.lp', selected_reactions, tol, rhs_sense, optPercentage, work_dir, debug]
        print(MEargs)
        print(fN)
        F = file(fN, 'wb')
        pickle.dump(MEargs, F, protocol=-1)
        F.close()
        subprocess.call(['python', MULTIENVFVAFILE, str(procs), fN])
        F = file(fN, 'rb')
        res = pickle.load(F)
        F.close()
        os.remove(fN)

        fva = res[0]
        fvan = res[1]

        if len(fva) == 1:
            fva = fva[0]
            fvan = fvan[0]
        elif len(fva) > 1:
            fva = numpy.vstack(fva)
            fvan2 = []
            for n_ in fvan:
                fvan2 += n_
            fvan = fvan2

        return fva, fvan
else:
[docs]    def runMultiCoreMultiEnvFVA(lp, selected_reactions=None, tol=None, rhs_sense='lower', optPercentage=100.0, work_dir=None, debug=False, procs=2):
        raise RuntimeError('\nMultiCore module not present')




# look at using if __name__ != '__main__'


"""
import os, time, math, pickle
import multiprocessing
import CBSolver, CBMultiCore

def funcFVA(x,r):
    try:
        fva, fvan = CBSolver.FluxVariabilityAnalysis(x, selected_reactions=r, pre_opt=True, quiet=True, oldlpgen=False)
    except Exception as ex:
        print ex
        fva = fvan = None
        raise RuntimeError(ex)
    return fva, fvan

def multiCoreFVA(fvamod, procs=2, timeout=None):
    #assert procs >= 2, '\nMinimum 2 processes required'
    rid = fvamod.getReactionIds()
    PRs = [d_[0] for d_ in list(CBMultiCore.grouper(int(math.ceil(len(rid)/float(procs))), range(len(rid))))]
    print procs, len(PRs), PRs

    s2time = time.time()
    TP = multiprocessing.Pool(processes=procs)
    results = []
    if procs == 1:
        results.append(TP.apply_async(funcFVA, (fvamod.clone(), rid)))
    else:
        for p_ in range(len(PRs)-1):
            print '%s -> %s' % (PRs[p_], PRs[p_+1])
            results.append(TP.apply_async(funcFVA, (fvamod.clone(), rid[PRs[p_]:PRs[p_+1]])))
        results.append(TP.apply_async(funcFVA, (fvamod.clone(), rid[PRs[-1]:])))
    fva = []
    fvan = []
    for r_ in results:
        out = r_.get(timeout)
        fva.append(out[0])
        fvan.append(out[1])
    e2time = time.time()
    del results

    print '\nMulticore FVA took: %.2f min (%s processes)' % ((e2time-s2time)/60., procs)
    return fva, fvan


if __name__ == '__main__':
    print os.sys.argv

    cores = int(os.sys.argv[1])
    F = file(os.sys.argv[2],'rb')
    cmod = pickle.load(F)
    F.close()


    CBSolver.analyzeModel(cmod, oldlpgen=False)
    res = multiCoreFVA(cmod, procs=cores)

    F = file(os.sys.argv[2], 'wb')
    pickle.dump(res, F, protocol=-1)
    F.flush()
    F.close()

"""
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"""
CBMPy: CBQt4 module
===================
Constraint Based Modelling in Python (http://pysces.sourceforge.net/getNewReaction)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBQt4.py 305 2015-04-23 15:18:31Z bgoli $)

"""

# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals

import os, time, random, math, re, webbrowser, urllib2
from .CBCommon import pp_chemicalFormula
from .CBModel import Reaction as CBMReaction


HAVE_QT4 = False
try:
    import PyQt4
    from PyQt4 import QtCore, QtGui, QtSvg
    from PyQt4.QtWebKit import QGraphicsWebView
    HAVE_QT4 = True
    print('Qt4 GUI tools available')
except ImportError as ex:
    print('\nQt4 GUI tools not available.')
    print(ex)


class ReactionCreator(QtGui.QWidget):

    #_fba = None
    _mlist = None
    _rlist = None
    _flist = None
    _newSubs = None
    _newProds = None
    _fixColour = None
    _errColour = None
    _goodColour = None
    _cfdict = None
    _cndict = None
    _ccdict = None
    IGNORECHECK = False
    ISBALANCED = True
    NewReaction = None
    _Blower = '-inf'
    _Bupper = 'inf'

    def __init__(self, rlist, mlist, flist, cfdict, cndict, ccdict):
        super(ReactionCreator, self).__init__()
        self.mousePos = self.cursor().pos()
        rlist.sort()
        mlist.sort()
        flist.sort()
        self._rlist = rlist
        self._mlist = mlist
        self._flist = flist
        self._cfdict = cfdict
        self._cndict = cndict
        self._ccdict = ccdict
        self._newSubs = []
        self._newProds = []
        self._fixColour = QtGui.QColor(0,0,153,alpha=255)
        self._errColour = QtGui.QColor(255,0,0,alpha=255)
        self._goodColour = QtGui.QColor(0,100,0,alpha=255)
        self.initUI()

    def addSubstrate(self, coeff, sid):
        self.tblSub.insertRow(self.tblSubRow)
        self.tblSub.setItem(self.tblSubRow, 0, QtGui.QTableWidgetItem('{}'.format(coeff)))
        self.tblSub.setItem(self.tblSubRow, 1, QtGui.QTableWidgetItem('{}'.format(sid)))
        CF = 'None'
        if sid in self._cfdict:
            CF = self._cfdict[sid]
        self.tblSub.item(self.tblSubRow, 1).setToolTip(CF)
        if sid in self._flist:
            self.tblSub.item(self.tblSubRow, 1).setForeground(self._fixColour)
        self.tblSub.item(self.tblSubRow, 0).setTextAlignment(QtCore.Qt.AlignCenter)
        self.tblSubRow += 1

    def addSelectedSubstrates(self):
        self.IGNORECHECK = True
        items = [str(it_.text()) for it_ in self.lstSub.selectedItems()]
        self.setFocus(PyQt4.QtCore.Qt.OtherFocusReason)
        #print(items)
        for i_ in items:
            if i_ not in self._newSubs:
                self.addSubstrate(1, i_)
                self._newSubs.append(i_)
        self.IGNORECHECK = False
        self.statusBar.showMessage('Substrates(s) added')
        self.checkBalance()

    def addProduct(self, coeff, sid):
        self.tblProd.insertRow(self.tblProdRow)
        self.tblProd.setItem(self.tblProdRow, 0, QtGui.QTableWidgetItem('{}'.format(coeff)))
        self.tblProd.setItem(self.tblProdRow, 1, QtGui.QTableWidgetItem('{}'.format(sid)))
        CF = 'None'
        if sid in self._cfdict:
            CF = self._cfdict[sid]
        self.tblProd.item(self.tblProdRow, 1).setToolTip(CF)
        if sid in self._flist:
            self.tblProd.item(self.tblProdRow, 1).setForeground(self._fixColour)
        self.tblProd.item(self.tblProdRow, 0).setTextAlignment(QtCore.Qt.AlignCenter)
        self.tblProdRow += 1

    def addSelectedProducts(self):
        self.IGNORECHECK = True
        items = [str(it_.text()) for it_ in self.lstProd.selectedItems()]
        self.setFocus(PyQt4.QtCore.Qt.OtherFocusReason)
        #print(items)
        for i_ in items:
            if i_ not in self._newProds:
                self.addProduct(1, i_)
                self._newProds.append(i_)
        self.IGNORECHECK = False
        self.statusBar.showMessage('Product(s) added')
        self.checkBalance()

    #def keyPressEvent(self, event):
        #print('KeyPress key: {}'.format(str(event.key())))
        #if event.key() == 16777223:
            #print('You pressed the delete key')

    def deleteSubstrates(self):
        self.deleteReagents('substrate')

    def deleteProducts(self):
        self.deleteReagents('product')

    def deleteAllSubstrates(self):
        self.tblSub.clear()
        for r_ in range(self.tblSubRow-1,-1,-1):
            self.tblSub.removeRow(r_)
        self.tblSubRow = 0
        self.checkBalance()

    def deleteAllProducts(self):
        self.tblProd.clear()
        for r_ in range(self.tblProdRow-1,-1,-1):
            self.tblProd.removeRow(r_)
        self.tblProdRow = 0
        self.checkBalance()

    def deleteReagents(self, reagentType):
        selected = None
        PRODACTIVE = False
        SUBACTIVE = False
        self.IGNORECHECK = True
        if reagentType == 'substrate':
            selected = [(it_.row(), it_.column()) for it_ in self.tblSub.selectedItems()]
            SUBACTIVE = True
        elif reagentType == 'product':
            selected = [(it_.row(), it_.column()) for it_ in self.tblProd.selectedItems()]
            PRODACTIVE = True

        if selected != None:
            deleteRow = []
            if len(selected) == 2:
                if selected[0][0] == selected[1][0]:
                    if selected[0][1]+1 == selected[1][1]:
                        deleteRow.append(selected[0][0])
            elif len(selected) > 2:
                for it_ in range(0, len(selected), 2):
                    if selected[it_][1] == selected[it_+1][1]:
                        if selected[it_][0]+1 == selected[it_+1][0]:
                            if selected[it_][0] not in deleteRow:
                                deleteRow.append(selected[it_][0])
                            if selected[it_][0]+1 not in deleteRow:
                                deleteRow.append(selected[it_][0]+1)
            deleteRow.sort()
            for d_ in range(len(deleteRow)-1,-1,-1):
                if SUBACTIVE:
                    print('Deleting Sub table row: {}'.format(deleteRow[d_]))
                    self.statusBar.showMessage('Substrate(s) deleted')
                    #print(self._newSubs)
                    #print(str(self.tblSub.item(d_, 1).text()))
                    self._newSubs.pop(self._newSubs.index(str(self.tblSub.item(d_, 1).text())))
                    self.tblSub.removeRow(deleteRow[d_])
                    self.tblSubRow -= 1
                elif PRODACTIVE:
                    print('Deleting Prod table row: {}'.format(deleteRow[d_]))
                    self.statusBar.showMessage('Product(s) deleted')
                    #print(self._newProds)
                    #print(str(self.tblProd.item(d_, 1).text()))
                    self._newProds.pop(self._newProds.index(str(self.tblProd.item(d_, 1).text())))
                    self.tblProd.removeRow(deleteRow[d_])
                    self.tblProdRow -= 1
        self.IGNORECHECK = False
        self.checkBalance()

    def checkBalance(self):
        if self.IGNORECHECK:
            return
        output = {}
        left = {}
        right = {}
        for r_ in range(self.tblSubRow):
            sid = str(self.tblSub.item(r_, 1).text())
            scoef = float(str(self.tblSub.item(r_, 0).text()))
            #print scoef
            if sid in self._cfdict:
                cf = self._cfdict[sid]
                if cf not in [None, 'None', '', ' ']:
                    cfl = pp_chemicalFormula.parseString(cf).asList()
                else:
                    cfl = []
                #print sid, cf, cfl
                for e_ in cfl:
                    if e_[0] in output:
                        output[e_[0]] = output[e_[0]] + -scoef*float(e_[1])
                        #print scoef*float(e_[1])
                    else:
                        output[e_[0]] = -scoef*float(e_[1])
                        #print scoef*float(e_[1])
                    if e_[0] in left:
                        left[e_[0]] = left[e_[0]] + scoef*float(e_[1])
                    else:
                        left[e_[0]] = scoef*float(e_[1])
        for r_ in range(self.tblProdRow):
            sid = str(self.tblProd.item(r_, 1).text())
            pcoef = float(str(self.tblProd.item(r_, 0).text()))
            #print pcoef, type(pcoef)
            if sid in self._cfdict:
                cf = self._cfdict[sid]
                if cf not in [None, 'None', '', ' ']:
                    cfl = pp_chemicalFormula.parseString(cf).asList()
                else:
                    cfl = []
                #print sid, cf, cfl
                for e_ in cfl:
                    if e_[0] in output:
                        #print -pcoef*float(e_[1])
                        output[e_[0]] = output[e_[0]] + pcoef*float(e_[1])
                    else:
                        #print -pcoef*float(e_[1])
                        output[e_[0]] = pcoef*float(e_[1])
                    if e_[0] in right:
                        #print -pcoef*float(e_[1])
                        right[e_[0]] = right[e_[0]] + pcoef*float(e_[1])
                    else:
                        #print -pcoef*float(e_[1])
                        right[e_[0]] = pcoef*float(e_[1])
        #print output
        self.updateBalance(output, left, right)
        #self.txtBal.setText(str(output))

    def updateBalance(self, bdict, left, right):
        colHead = []
        keys = list(bdict)
        if self.tblBalCol > 0:
            for c_ in range(self.tblBalCol-1,-1,-1):
                self.tblBal.removeColumn(c_)
        self.tblBalCol = 0
        self.ISBALANCED = True
        for k_ in range(len(keys)):
            if not keys[k_] in left:
                left[keys[k_]] = 'None'
            if not keys[k_] in right:
                right[keys[k_]] = 'None'
            self.tblBalCol += 1
            self.tblBal.insertColumn(k_)
            self.tblBal.setItem(0, k_, QtGui.QTableWidgetItem('{}'.format(abs(bdict[keys[k_]]))))
            self.tblBal.setItem(1, k_, QtGui.QTableWidgetItem('{}'.format(left[keys[k_]])))
            self.tblBal.setItem(2, k_, QtGui.QTableWidgetItem('{}'.format(right[keys[k_]])))
            self.tblBal.item(0, k_).setTextAlignment(QtCore.Qt.AlignCenter)
            if k_ == 0:
                boldFont = self.tblBal.item(0, k_).font()
                boldFont.setBold(True)
            self.tblBal.item(0, k_).setFont(boldFont)
            self.tblBal.item(1, k_).setTextAlignment(QtCore.Qt.AlignCenter)
            self.tblBal.item(2, k_).setTextAlignment(QtCore.Qt.AlignCenter)
            if bdict[keys[k_]] != 0.0:
                self.ISBALANCED = False
                self.tblBal.item(0, k_).setForeground(self._errColour)
            else:
                self.tblBal.item(0, k_).setForeground(self._goodColour)
        self.tblBal.setHorizontalHeaderLabels(QtCore.QStringList(keys))


    def showErrorMessage(self, errorMsg, title="Reaction Creator"):
        QtGui.QMessageBox.critical(None, title,\
                                   errorMsg,\
                                   QtGui.QMessageBox.Ok | QtGui.QMessageBox.Default,\
                                   QtGui.QMessageBox.NoButton)
        self.statusBar.showMessage(errorMsg)

    def getNewReaction(self):
        reversible = self.btReverse.isChecked()
        if not reversible and self._Blower == '-inf':
            self._Blower = 0.0
        Id = str(self.txtId.toPlainText()).strip()
        Name = str(self.txtNm.toPlainText()).strip()

        if Id == 'NewReactionId':
            print('\nWARNING: using default reaction id')
        errorMsg = None
        if Id == "":
            errorMsg = 'Reaction ID must be specified.'
        elif Id in self._rlist:
            errorMsg = 'Reaction ID \"{}\" already exists.'.format(Id)
        if errorMsg != None:
            self.showErrorMessage(errorMsg)
            self.NewReaction = None
            return None
        if self.tblSubRow == 0 and self.tblProdRow == 0:
            self.showErrorMessage('At least one reagent must be defined.')
            self.NewReaction = None
            return None

        #print('\nid=\"{}\"\nname=\"{}\"'.format(Id, Name))
        #print self.tblSub.rowCount(), self.tblSubRow
        #print self.tblProd.rowCount(), self.tblProdRow
        Reag = {}
        exReac = False
        for s_ in range(self.tblSub.rowCount()):
            coeff = -abs(float(self.tblSub.item(s_, 0).text()))
            Sid = str(self.tblSub.item(s_, 1).text()).strip()
            if Sid in self._flist:
                exReac = True
            Reag[Sid] = coeff
        for p_ in range(self.tblProd.rowCount()):
            coeff = abs(float(self.tblProd.item(p_, 0).text()))
            Sid = str(self.tblProd.item(p_, 1).text()).strip()
            if Sid in self._flist:
                exReac = True
            if Sid in Reag:
                Reag[Sid] += coeff
            else:
                Reag[Sid] = coeff

        for r_ in tuple(Reag):
            if Reag[r_] == 0.0:
                Reag.pop(r_)
                print('removing zero coefficient reagent: {}'.format(r_))
        self.NewReaction = {'reversible' : reversible,
                           'id' : Id,
                           'name' : Name,
                           'is_exchange' : exReac,
                           'is_balanced'  : self.ISBALANCED,
                           'reagents' : Reag,
                           'upper_bound' : self._Bupper,
                           'lower_bound' : self._Blower
                           }


        sub = ''
        prod = ''
        for r_ in Reag:
            coeff = abs(Reag[r_])
            if Reag[r_] < 0.0:
                if coeff == 1.0:
                    sub += '%s + ' % (r_)
                else:
                    sub += '{%s} %s + ' % (coeff, r_)
            else:
                if coeff == 1.0:
                    prod += '%s + ' % (r_)
                else:
                    prod += '{%s} %s + ' % (coeff, r_)
        if reversible:
            eq = '%s\n\t%s\n%s' % (sub[:-3], '<==>', prod[:-2])
        else:
            eq = '%s\n\t%s\n%s' % (sub[:-3], '-->', prod[:-2])

        #quit_msg = "Add reaction:\n\n{}\n\t{}\n{}".format(sub,rev,prod)
        quit_msg = eq
        reply = QtGui.QMessageBox.question(self, 'Do you want to add the reaction \"{}\" to the model?'.format(Id),
                                           quit_msg, QtGui.QMessageBox.Yes, QtGui.QMessageBox.No)
        if reply == QtGui.QMessageBox.Yes:
            self.statusBar.showMessage('Reaction {} added to model'.format(Id))
            print(self.NewReaction)
            QtGui.qApp.quit()
        else:
            print('Try again')
            self.NewReaction = None

    def initUI(self):
        # create labels
        lblSub = QtGui.QLabel('Substrates')
        lblSub.setAlignment(QtCore.Qt.AlignCenter)
        lblProd = QtGui.QLabel('Products')
        lblProd.setAlignment(QtCore.Qt.AlignCenter)
        lblId = QtGui.QLabel('Reaction id')
        lblId.setAlignment(QtCore.Qt.AlignCenter)
        lblNm = QtGui.QLabel('Reaction name')
        lblNm.setAlignment(QtCore.Qt.AlignCenter)

        # create text boxes
        self.txtId = QtGui.QTextEdit()
        self.txtId.setMaximumHeight(25)
        self.txtId.setText('NewReactionId')
        self.txtNm = QtGui.QTextEdit()
        self.txtNm.setMaximumHeight(25)
        self.txtNm.setText('NewReactionName')
        self.txtBal = QtGui.QTextEdit()
        self.txtBal.setMaximumHeight(40)

        # create static lists
        self.lstSub = QtGui.QListWidget()
        self.lstSub.setSelectionMode(self.lstSub.ExtendedSelection)
        self.lstProd = QtGui.QListWidget()
        self.lstProd.setSelectionMode(self.lstProd.ExtendedSelection)
        # populate lists
        cntr = 0
        for m_ in self._mlist:
            cntr += 1
            name = 'None'
            comp = 'None'
            if m_ in self._ccdict:
                comp = self._ccdict[m_]
            if m_ in self._cndict:
                name = self._cndict[m_]
            item = QtGui.QListWidgetItem(m_)
            item.setToolTip('{}\t{}'.format(name, comp))
            if m_ in self._flist:
                item.setForeground(self._fixColour)
            self.lstSub.addItem(item.clone())
            self.lstProd.addItem(item)
            #if cntr == 20: break

        # create buttons
        self.btAddSub = QtGui.QPushButton('Add substrate(s)')
        QtCore.QObject.connect(self.btAddSub, QtCore.SIGNAL('clicked()'), self.addSelectedSubstrates)
        self.btAddProd = QtGui.QPushButton('Add product(s)')
        QtCore.QObject.connect(self.btAddProd, QtCore.SIGNAL('clicked()'), self.addSelectedProducts)
        self.btReverse = QtGui.QPushButton('Reversible')
        self.btReverse.setCheckable(True)
        self.btReverse.setChecked(True)

        # create tables
        self.tblSub = QtGui.QTableWidget()
        self.tblSub.setSortingEnabled(True)
        self.tblSub.insertColumn(0)
        self.tblSub.insertColumn(1)
        self.tblSub.setHorizontalHeaderLabels(QtCore.QStringList(('Coefficient','Metabolite')))
        self.tblSub.verticalHeader().setVisible(False)
        QtCore.QObject.connect(self.tblSub, QtCore.SIGNAL('cellChanged(int,int)'), self.checkBalance)
        self.tblSubRow = 0
        self.tblProd = QtGui.QTableWidget()
        self.tblProd.setSortingEnabled(True)
        self.tblProd.insertColumn(0)
        self.tblProd.insertColumn(1)
        self.tblProd.setHorizontalHeaderLabels(QtCore.QStringList(('Coefficient','Metabolite')))
        self.tblProd.verticalHeader().setVisible(False)
        self.tblProdRow = 0
        QtCore.QObject.connect(self.tblProd, QtCore.SIGNAL('cellChanged(int,int)'), self.checkBalance)

        self.tblBal  = QtGui.QTableWidget()
        self.tblBal.setMaximumHeight(150)
        self.tblBal.insertRow(0)
        self.tblBal.insertRow(1)
        self.tblBal.insertRow(2)
        self.tblBal.verticalHeader().setVisible(False)
        self.tblBalCol = 0


        # set up menu and status bar
        menuBar = QtGui.QMenuBar()

        exitAction = QtGui.QAction('&Exit', self)
        exitAction.setShortcut('Ctrl+Q')
        exitAction.setStatusTip('Exit and loose changes')
        exitAction.triggered.connect(QtGui.qApp.quit)
        addReAction = QtGui.QAction('&Add reaction and exit', self)
        addReAction.setShortcut('Ctrl+A')
        addReAction.setStatusTip('Add reaction to model and exit')
        addReAction.triggered.connect(self.getNewReaction)

        fileMenu = menuBar.addMenu('&Model')
        fileMenu.addAction(exitAction)
        fileMenu.addAction(addReAction)

        subAddAction = QtGui.QAction('&Add', self)
        subAddAction.triggered.connect(self.addSelectedSubstrates)
        subDelAction = QtGui.QAction('&Delete selected', self)
        subDelAction.triggered.connect(self.deleteSubstrates)
        subDelAllAction = QtGui.QAction('&Delete all', self)
        subDelAllAction.triggered.connect(self.deleteAllSubstrates)
        subMenu = menuBar.addMenu('&Substrate')
        subMenu.addAction(subAddAction)
        subMenu.addAction(subDelAction)
        subMenu.addAction(subDelAllAction)

        prodAddAction = QtGui.QAction('&Add', self)
        prodAddAction.triggered.connect(self.addSelectedProducts)
        prodDelAction = QtGui.QAction('&Delete selected', self)
        prodDelAction.triggered.connect(self.deleteProducts)
        prodDelAllAction = QtGui.QAction('&Delete all', self)
        prodDelAllAction.triggered.connect(self.deleteAllProducts)
        prodMenu = menuBar.addMenu('&Product')
        prodMenu.addAction(prodAddAction)
        prodMenu.addAction(prodDelAction)
        prodMenu.addAction(prodDelAllAction)

        self.statusBar = QtGui.QStatusBar()
        self.statusBar.showMessage('{} ready'.format('Model'))

        # do layout
        grid = QtGui.QGridLayout()
        grid.setSpacing(10)

        grid.addWidget(menuBar, 0, 0, 1, 2)
        grid.addWidget(self.statusBar, 0, 2, 1, 2)
        grid.addWidget(lblId, 1, 0)
        grid.addWidget(self.txtId, 1, 1)
        grid.addWidget(lblNm, 1, 2)
        grid.addWidget(self.txtNm, 1, 3)
        grid.addWidget(lblSub, 2, 0, 1, 2)
        grid.addWidget(lblProd, 2, 2, 1, 2)
        grid.addWidget(self.lstSub, 3, 0, 1, 2)
        grid.addWidget(self.lstProd, 3, 2, 1, 2)
        grid.addWidget(self.btAddSub, 4, 0)
        grid.addWidget(self.btReverse, 4, 1, 1, 2)
        grid.addWidget(self.btAddProd, 4, 3)
        grid.addWidget(self.tblSub, 5, 0, 1, 2)
        grid.addWidget(self.tblProd, 5, 2, 1, 2)
        grid.addWidget(self.tblBal, 6, 0, 1, 4)

        self.setLayout(grid)
        self.setGeometry(self.mousePos.x()-75, self.mousePos.y()-75, 500, 640)
        self.setWindowTitle('Reaction Creator')
        self.show()

[docs]def createReaction(mod):
    """
    Create a reaction using the graphical Reaction Creator

     - *mod* a CBMPy model object

    """
    cfdict = {}
    cndict = {}
    ccdict = {}
    for s_ in mod.species:
        cfdict[s_.getPid()] = s_.getChemFormula()
        cndict[s_.getPid()] = s_.getName()
        ccdict[s_.getPid()] = s_.compartment
    app = QtGui.QApplication([])
    ex = ReactionCreator(mod.getReactionIds(), mod.getSpeciesIds(), mod.getBoundarySpeciesIds(), cfdict, cndict, ccdict)
    app.exec_()
    newR = ex.NewReaction
    del app, ex
    if newR == None:
        return None
    else:
        R = CBMReaction(newR['id'], name=newR['name'], reversible=newR['reversible'])
        R.is_balanced = newR['is_balanced']
        R.is_exchange = newR['is_exchange']
        for r_ in newR['reagents']:
            R.createReagent(r_, newR['reagents'][r_])
            mod.getSpecies(r_).setReagentOf(newR['id'])
        mod.addReaction(R)
        mod.createReactionLowerBound(newR['id'], newR['lower_bound'])
        mod.createReactionUpperBound(newR['id'], newR['upper_bound'])
        return R


class CBFileDialogue(QtGui.QWidget):
    _appTitle = 'Open file'
    work_dir = None
    model_file = None
    mode = None

    def __init__(self, work_dir, mode='open', filters=None):
        super(CBFileDialogue, self).__init__()
        self.mousePos = self.cursor().pos()
        self.work_dir = work_dir
        self.mode = mode
        if mode == 'save':
            self._appTitle = 'Save file'
        self.initUI()

    def initUI(self):
        #self.setAttribute(QtCore.Qt.WA_DeleteOnClose, True)
        #self.setHidden(True)
        self.__dlg__ = QtGui.QFileDialog(self)
        if self.mode == 'open':
            #self.model_file = str(self.__dlg__.getOpenFileName(self, 'Open file', self.work_dir, options=QtGui.QFileDialog.DontUseNativeDialog))
            self.model_file = str(self.__dlg__.getOpenFileName(self, 'Open file', self.work_dir))
        elif self.mode == 'save':
            #self.model_file = str(self.__dlg__.getSaveFileName(self, 'Save file as', self.work_dir, options=QtGui.QFileDialog.DontUseNativeDialog))
            self.model_file = str(self.__dlg__.getSaveFileName(self, 'Save file as', self.work_dir))
        self.model_file = os.path.normpath(self.model_file)


def fileDialogue(work_dir=None, mode='open', filters=None):
    if work_dir == None:
        work_dir = os.getcwd()
    if mode in ['open', 'save']:
        app = QtGui.QApplication([])
        fileApp = CBFileDialogue(work_dir, mode=mode, filters=filters)
        model_file = fileApp.model_file
        fileApp.__dlg__.done(1)
        app.exit()
        if mode == 'open':
            return model_file
        else:
            return True

class ViewSVG(QtGui.QWidget):
    _fixColour = None
    _errColour = None
    _goodColour = None
    _appTitle = 'ViewSVG'

    def __init__(self, filename):
        super(ViewSVG, self).__init__()
        self.mousePos = self.cursor().pos()
        self._fixColour = QtGui.QColor(0,0,153,alpha=255)
        self._errColour = QtGui.QColor(255,0,0,alpha=255)
        self._goodColour = QtGui.QColor(0,100,0,alpha=255)
        self.filename = os.path.abspath(filename)
        print('\nViewing file: {}'.format(filename))
        self.initUI()


    def initUI(self):
        # create panels
        self.txtId = QtGui.QTextEdit()

        # set up menu and status bar
        menuBar = QtGui.QMenuBar()

        exitAction = QtGui.QAction('&Exit', self)
        exitAction.setShortcut('Ctrl+Q')
        exitAction.setStatusTip('Exit and loose changes')
        exitAction.triggered.connect(QtGui.qApp.quit)

        fileMenu = menuBar.addMenu('&File')
        fileMenu.addAction(exitAction)

        self.statusBar = QtGui.QStatusBar()
        self.statusBar.showMessage('Ready ...')

        # webkit panel
        scene = QtGui.QGraphicsScene()
        view = QtGui.QGraphicsView(scene)

        br = QtSvg.QGraphicsSvgItem(self.filename).boundingRect()

        webview = QGraphicsWebView()
        #webview.load(QtCore.QUrl("C:\your_interactive_svg.svg"))
        webview.load(QtCore.QUrl(QtCore.QUrl.fromLocalFile(self.filename)))
        webview.setFlags(QtGui.QGraphicsItem.ItemClipsToShape)
        webview.setCacheMode(QtGui.QGraphicsItem.NoCache)
        webview.resize(br.width(), br.height())

        scene.addItem(webview)
        view.resize(br.width()+10, br.height()+10)
        #view.show()


        # do layout
        grid = QtGui.QGridLayout()
        grid.setSpacing(10)

        grid.addWidget(menuBar, 0, 0, 1, 2)
        #grid.addWidget(self.txtId, 1, 0, 1, 2)
        grid.addWidget(view, 1, 0, 4, 4)
        grid.addWidget(self.statusBar, 5, 0, 1, 4)

        self.setLayout(grid)
        self.setGeometry(self.mousePos.x()-75, self.mousePos.y()-75, 500, 640)
        self.setWindowTitle(self._appTitle)
        self.show()

def loadViewSVG(filename):
    app = QtGui.QApplication([])
    ex = ViewSVG(filename)
    app.exec_()


class ValueSlider(QtGui.QWidget):
    _fixColour = None
    _errColour = None
    _goodColour = None
    _appTitle = 'ValueSlider'

    def __init__(self):
        super(ValueSlider, self).__init__()
        self.mousePos = self.cursor().pos()
        self._fixColour = QtGui.QColor(0,0,153,alpha=255)
        self._errColour = QtGui.QColor(255,0,0,alpha=255)
        self._goodColour = QtGui.QColor(0,100,0,alpha=255)
        self.initUI()


    def initUI(self):

        # create panels
        #self.txtId = QtGui.QTextEdit()

        l1a = QtGui.QLabel(self)
        l1a.setText('Property')
        sld1 = QtGui.QSlider(QtCore.Qt.Horizontal, self)
        sld1.setTickPosition(sld1.TicksBelow)

        sld1_min = -100
        sld1_max = 100

        sld1.setMinimum(sld1_min)
        sld1.setMaximum(sld1_max)
        sld1.setTickInterval((sld1_min-sld1_max)/10.0)
        sld1.setSingleStep(0.1)

        sld1.setFocusPolicy(QtCore.Qt.NoFocus)
        sld1.valueChanged[int].connect(self.changeValue)
        self.l1b = QtGui.QLabel(self)
        self.l1b.setText('0.0')

        # do layout
        grid = QtGui.QGridLayout()
        grid.setSpacing(10)

        grid.addWidget(l1a, 0, 0, 1, 1)
        grid.addWidget(self.l1b, 0, 1, 1, 1)
        grid.addWidget(sld1, 0, 2, 1, 5)


        #grid.addWidget(self.txtId, 1, 0, 1, 2)
        #grid.addWidget(menuBar, 0, 0)
        #grid.addWidget(self.statusBar, 0, 1)

        self.setLayout(grid)
        self.setGeometry(self.mousePos.x()-75, self.mousePos.y()-75, 280, 170)
        self.setWindowTitle(self._appTitle)
        self.show()


    def changeValue(self, value):
        getattr(self, 'l1b').setText('{}'.format(value))

def loadSlider():
    app = QtGui.QApplication([])
    ex = ValueSlider()
    app.exec_()


data = "<DATASTART><return>{}</return>"

if __name__ == '__main__':
    print(os.sys.argv)
    if os.sys.argv[1] == 'fileOpen':
        filename = fileDialogue(work_dir=None, mode='open', filters=None)
        print(data.format(filename))
        os.sys.exit(0)

    # subprocess.check_output(['python', '_qtloader.py', 'fileOpen']).split('<DATASTART>')[1].strip()


# template widget
"""
    class SmallAppBasicGrid(QtGui.QWidget):
        _fixColour = None
        _errColour = None
        _goodColour = None
        _appTitle = 'SmallAppBaseGrid'

        def __init__(self):
            super(SmallAppBasicGrid, self).__init__()
            self.mousePos = self.cursor().pos()
            self._fixColour = QtGui.QColor(0,0,153,alpha=255)
            self._errColour = QtGui.QColor(255,0,0,alpha=255)
            self._goodColour = QtGui.QColor(0,100,0,alpha=255)
            self.initUI()


        def initUI(self):

            # create panels
            self.txtId = QtGui.QTextEdit()

            # set up menu and status bar
            menuBar = QtGui.QMenuBar()

            exitAction = QtGui.QAction('&Exit', self)
            exitAction.setShortcut('Ctrl+Q')
            exitAction.setStatusTip('Exit and loose changes')
            exitAction.triggered.connect(QtGui.qApp.quit)

            fileMenu = menuBar.addMenu('&File')
            fileMenu.addAction(exitAction)

            self.statusBar = QtGui.QStatusBar()
            self.statusBar.showMessage('Ready ...')

            # do layout
            grid = QtGui.QGridLayout()
            grid.setSpacing(10)

            grid.addWidget(menuBar, 0, 0, 1, 2)
            grid.addWidget(self.txtId, 1, 0, 1, 2)
            grid.addWidget(self.statusBar, 2, 0, 1, 2)

            self.setLayout(grid)
            self.setGeometry(self.mousePos.x()-75, self.mousePos.y()-75, 500, 640)
            self.setWindowTitle(self._appTitle)
            self.show()

    def loadBasicApp(mod):
        app = QtGui.QApplication([])
        ex = SmallAppBasicGrid()
        app.exec_()
"""

    # template microGUI
"""
    class MicroGUI(QtGui.QWidget):
        _appTitle = 'MicroGUI'

        def __init__(self):
            super(MicroGUI, self).__init__()
            self.mousePos = self.cursor().pos()
            self.work_dir = work_dir
            self.initUI()


        def initUI(self):
            self.setAttribute(QtCore.Qt.WA_DeleteOnClose, True)
            self.setHidden(True)

            # action code (this example is for opening a file dialogue)
            self.model_file = str(QtGui.QFileDialog.getOpenFileName(self, 'Open file', os.getcwd()))



    def loadMicroGUI(*args):
        app = QtGui.QApplication([])
        mGUI = OpenFileDialogue()
        appTitle = mGUI._appTitle
        del mGUI, app
        return
"""

"""
import sys
from PyQt4 import QtCore, QtGui, QtSvg
from PyQt4.QtWebKit import QGraphicsWebView
if __name__ == "__main__":
    app = QtGui.QApplication(sys.argv)

    scene = QtGui.QGraphicsScene()
    view = QtGui.QGraphicsView(scene)

    br = QtSvg.QGraphicsSvgItem("C:\your_interactive_svg.svg").boundingRect()

    webview = QGraphicsWebView()
    webview.load(QtCore.QUrl("C:\your_interactive_svg.svg"))
    webview.load(QtCore.QUrl(QtCore.QUrl.fromLocalFile("C:\your_interactive_svg.svg")))
    webview.setFlags(QtGui.QGraphicsItem.ItemClipsToShape)
    webview.setCacheMode(QtGui.QGraphicsItem.NoCache)
    webview.resize(br.width(), br.height())

    scene.addItem(webview)
    view.resize(br.width()+10, br.height()+10)
    view.show()
    sys.exit(app.exec_())
"""
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  Source code for pyscescbm.CBRead

"""
CBMPy: CBRead module
====================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBRead.py 305 2015-04-23 15:18:31Z bgoli $)

"""

# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals

#__doc__ = """
#CBMPy: CBRead module
#"""


import os, time, numpy
# this is a hack that needs to be streamlined a bit
try:
    import cStringIO as csio
except ImportError:
    import io as csio
from . import CBXML, CBModel


from .CBConfig import __CBCONFIG__ as __CBCONFIG__
__DEBUG__ = __CBCONFIG__['DEBUG']
__version__ = __CBCONFIG__['VERSION']
__CBCONFIG__['CBMPY_DIR'] = os.path.split(CBXML.__file__)[0]

##  try:
    ##  import psyco
    ##  psyco.full()
##  except:
    ##  pass

_HAVE_SYMPY_ = None
try:
    import sympy
    if int(sympy.__version__.split('.')[1]) >= 7 and int(sympy.__version__.split('.')[2]) >= 4:
        HAVE_SYMPY = True
    else:
        del sympy
except ImportError:
    print('Rational IO not available')
    _HAVE_SYMPY_ = False
_HAVE_SYMPY_ = None
try:
    import h5py
    _HAVE_HD5_ = True
except ImportError:
    _HAVE_HD5_ = False

_HAVE_XLRD_ = False
try:
    import xlrd
    _HAVE_XLRD_ = True
except ImportError:
    print('\nINFO: No xlrd module available, Excel spreadsheet reading disabled')



__test_models__ = {'cbmpy_test_core' : 'core_memesa_model.xml',
                   'cbmpy_test_ecoli' : 'Ecoli_iJR904.glc.xml',
                   }

[docs]def readSBML3FBC(fname, work_dir=None, return_sbml_model=False, xoptions={}):
    """
    Read in an SBML Level 2 file with FBA annotation where and return either a CBM model object
    or a (cbm_mod, sbml_mod) pair if return_sbml_model=True

     - *fname* is the filename. However, "special" test models can be loaded using the names
       - *cbmpy_test_core* a small test model
       - *cbmpy_test_ecoli* the iJR904 model from the BiGG database
     - *work_dir* is the working directory if None then only fname is used
     - *return_sbml_model* [default=False] return a a (cbm_mod, sbml_mod) pair
     - *xoptions* special load options enable with {'option':True}
       - *nogenes* do not load/process genes
       - *noannot* do not load/process any annotations

    """
    if fname in __test_models__:
        fname = __test_models__[fname].replace('.xml','.l3.xml')
        print(fname)
        fname = os.path.join(__CBCONFIG__['CBMPY_DIR'], 'models', fname)

    return CBXML.sbml_readSBML3FBC(fname, work_dir, return_sbml_model, xoptions)


[docs]def readCOBRASBML(fname, work_dir=None, return_sbml_model=False, delete_intermediate=False, fake_boundary_species_search=False, output_dir=None):
    """
    Read in a COBRA format SBML Level 2 file with FBA annotation where and return either a CBM model object
    or a (cbm_mod, sbml_mod) pair if return_sbml_model=True

     - *fname* is the filename
     - *work_dir* is the working directory
     - *return_sbml_model* [default=False] return a a (cbm_mod, sbml_mod) pair
     - *delete_intermediate* [default=False] delete the intermediate SBML Level 3 FBC file
     - *fake_boundary_species_search* [default=False] after looking for the boundary_condition of a species search for overloaded id's <id>_b
     - *output_dir* [default=None] the directory to output the intermediate SBML L3 files (if generated) default to input directory

    """
    return CBXML.sbml_readCOBRASBML(fname, work_dir=work_dir, return_sbml_model=return_sbml_model, delete_intermediate=delete_intermediate, fake_boundary_species_search=fake_boundary_species_search, output_dir=output_dir)


[docs]def readSBML2FBA(fname, work_dir=None, return_sbml_model=False, fake_boundary_species_search=False):
    """
    Read in an SBML Level 2 file with FBA annotation where:

     - *fname* is the filename
     - *work_dir* is the working directory if None then only fname is used
     - *return_sbml_model* [default=False] return a a (cbm_mod, sbml_mod) pair
     - *fake_boundary_species_search* [default=False] after looking for the boundary_condition of a species search for overloaded id's <id>_b


    """
    return CBXML.sbml_readSBML2FBA(fname, work_dir, return_sbml_model, fake_boundary_species_search)


def readLPtoList(fname, work_dir):
    NEW = False
    TYPE = None
    Object = []
    Constr =[]
    Bounds = []
    F = file(os.path.join(work_dir, fname), 'r')
    for l in F:
        if l == '' or l[:2] == '\\\\' or l == '\n' or l.strip() == 'END':
            print('skipping')
            if __DEBUG__: print(l)
        else:
            L = l.strip()
            if L == 'Maximize':
                TYPE = 'ObjFunc'
                NEW = True
            elif L == 'Subject To':
                TYPE = 'Constr'
                NEW = True
            elif L == 'Bounds':
                TYPE = 'Bounds'
                NEW = True
            else:
                NEW = False

            if TYPE == 'ObjFunc' and not NEW:
                Object.append(L)
            elif TYPE == 'Constr' and not NEW:
                Constr.append(L)
            elif TYPE == 'Bounds' and not NEW:
                Bounds.append(L)

    F.close()
    if __DEBUG__:
        print('ObjectiveLines')
        print(Object)
        print('ConstraintLines')
        print(Constr)
        print('BoundsLines')
        print(Bounds)
    return Object, Constr, Bounds

[docs]def readSK_FVA(filename):
    """
    Read Stevens FVA results (opt.fva) file and return a list of dictionaries

    """
    assert os.path.exists(filename), '\nGive me a break!\n'
    ##  name = []
    vari = []
    F = file(filename, 'r')
    for l in F:
        L = l.split(':')
        Jn = L[0].strip()
        Vmin = L[1].strip()
        V = L[2].strip()
        V = V.split('--')
        Vmax = V[0].strip()
        Vstat = V[1].strip()
        ##  name.append((Jn, Vstat))
        ##  vari.append((Vmin, Vmax))
        vari.append({'name' : Jn,
                     'min' : Vmin,
                     'max' : Vmax,
                     'status' : Vstat
                     })
        if __DEBUG__: print(Jn, Vmin, Vmax, Vstat)
    return vari

##  def readSK_vertexOld(fname, bigfile=False):
    ##  """
    ##  Reads in Stevens vertex analysis file and returns:

        ##  - a list of vertex vectors
        ##  - a list of ray vectors
        ##  - the basis of the lineality space as a list of vectors

    ##  all vectors in terms of the column space of N

    ##  """

    ##  assert _HAVE_SYMPY_, 'Install Sympy for rational IO support'

    ##  assert os.path.exists(fname), 'Uhm exqueeze me ...'
    ##  SK_vert_file = file(fname, 'r')
    ##  VertOut = []
    ##  LinOut = []
    ##  RayOut = []
    ##  if bigfile:
        ##  VertTmp = gzip.open('_vtx_.tmp.gz','wb', compresslevel=3)
        ##  LinTmp = gzip.open('_lin_.tmp.gz','wb', compresslevel=3)
        ##  RayTmp = gzip.open('_ray_.tmp.gz','wb', compresslevel=3)
    ##  GOvert = False
    ##  GOray = False
    ##  GOlin = False
    ##  lcntr = 0
    ##  lcntrtmp = 0
    ##  for l in SK_vert_file:
        ##  lcntr += 1
        ##  if lcntr == 1000:
            ##  print 'Processing vertex: %s' % (lcntr + lcntrtmp)
            ##  lcntrtmp += lcntr
            ##  lcntr = 0
        ##  if '* Lineality basis ' in l:
            ##  GOvert = False
            ##  GOray = False
            ##  GOlin = True
        ##  if '* Rays ' in l:
            ##  GOvert = False
            ##  GOray = True
            ##  GOlin = False
        ##  if '* Vertices ' in l:
            ##  GOvert = True
            ##  GOray = False
            ##  GOlin = False
        ##  if l[:2] != '* ':
            ##  L = l.split()
            ##  rowL = []
            ##  for c in L:
                ##  c = c.strip()
                ##  if c == '0':
                    ##  rnum = '0'
                    ##  rowL.append(0.0)
                ##  else:
                    ##  rnum = sympy.Rational('%s' % c)
                    ##  rowL.append(rnum.evalf())
                ##  del rnum
            ##  del L
            ##  if GOlin:
                ##  if bigfile:
                    ##  rowEnd = len(rowL)
                    ##  cntr = 0
                    ##  for e in rowL:
                        ##  cntr += 1
                        ##  if e == 0.0:
                            ##  LinTmp.write('0.0')
                        ##  else:
                            ##  LinTmp.write('%.14f' % e)
                        ##  if cntr == rowEnd:
                            ##  LinTmp.write('\n')
                        ##  else:
                            ##  LinTmp.write(',')
                ##  else:
                    ##  LinOut.append(rowL)
            ##  elif GOray:
                ##  if bigfile:
                    ##  rowEnd = len(rowL)
                    ##  cntr = 0
                    ##  for e in rowL:
                        ##  cntr += 1
                        ##  if e == 0.0:
                            ##  RayTmp.write('0.0')
                        ##  else:
                            ##  RayTmp.write('%.14f' % e)
                        ##  if cntr == rowEnd:
                            ##  RayTmp.write('\n')
                        ##  else:
                            ##  RayTmp.write(',')
                ##  else:
                    ##  RayOut.append(rowL)
            ##  elif GOvert:
                ##  if bigfile:
                    ##  rowEnd = len(rowL)
                    ##  cntr = 0
                    ##  for e in rowL:
                        ##  cntr += 1
                        ##  if e == 0.0:
                            ##  VertTmp.write('0.0')
                        ##  else:
                            ##  VertTmp.write('%.14f' % e)
                        ##  if cntr == rowEnd:
                            ##  VertTmp.write('\n')
                        ##  else:
                            ##  VertTmp.write(',')
                ##  else:
                    ##  VertOut.append(rowL)
            ##  del rowL
    ##  print '\nProcessed %s vertices.\n' % (lcntr + lcntrtmp)
    ##  SK_vert_file.close()
    ##  if bigfile:
        ##  VertTmp.close()
        ##  RayTmp.close()
        ##  LinTmp.close()
        ##  VertTmp = gzip.open('_vtx_.tmp.gz','rb')
        ##  LinTmp = gzip.open('_lin_.tmp.gz','rb')
        ##  RayTmp = gzip.open('_ray_.tmp.gz','rb')
        ##  return VertTmp, RayTmp, LinTmp
    ##  else:
        ##  print 'Lineality basis: %s' % len(LinOut)
        ##  print 'Number of rays: %s' % len(RayOut)
        ##  print 'Number of vertices: %s' % len(VertOut)
        ##  return VertOut, RayOut, LinOut


[docs]def readSK_vertexOld(fname, bigfile=False, fast_rational=False, nformat='%.14f', compresslevel=3):
    """
    Reads in Stevens vertex analysis file and returns, even more optimized for large datasets than the original.

     - a list of vertex vectors
     - a list of ray vectors
     - the basis of the lineality space as a list of vectors

    all vectors in terms of the column space of N

    """
    import gzip
    if fast_rational:
        pass
    else:
        assert _HAVE_SYMPY_, 'Install Sympy for rational IO support'

    assert os.path.exists(fname), 'Uhm exqueeze me ...'

    print('\n**********\nreadSK_vertex options are:\n')
    print('bigfile: {}'.format(bigfile))
    print('fast_rational: %s'.format(fast_rational))
    print('nformat: {}'.format(nformat % 0.12345678901234567890))
    print('**********\n')

    SK_vert_file = file(fname, 'r')
    VertOut = []
    LinOut = []
    RayOut = []
    if bigfile:
        VertTmp = gzip.open('_vtx_.tmp.gz','wb', compresslevel=compresslevel)
        LinTmp = gzip.open('_lin_.tmp.gz','wb', compresslevel=compresslevel)
        RayTmp = gzip.open('_ray_.tmp.gz','wb', compresslevel=compresslevel)
    GOvert = False
    GOray = False
    GOlin = False
    lcntr = 0
    lcntrtmp = 0
    TZero = time.time()
    for l in SK_vert_file:
        lcntr += 1
        if lcntr == 1000:
            print('Processing vertex: {} ({} min)'.format(lcntr + lcntrtmp, round((time.time()-TZero)/60.0,1)))
            lcntrtmp += lcntr
            lcntr = 0
        if '* Lineality basis ' in l:
            GOvert = False
            GOray = False
            GOlin = True
        if '* Rays ' in l:
            GOvert = False
            GOray = True
            GOlin = False
        if '* Vertices ' in l:
            GOvert = True
            GOray = False
            GOlin = False
        if l[:2] != '* ':
            L = l.split()
            rowL = []
            for c in L:
                rnum = None
                c = c.strip()
                if c == '0':
                    rnum = '0'
                    rowL.append(0.0)
                else:
                    if not fast_rational:
                        rnum = sympy.Rational('%s' % c)
                        rowL.append(rnum.evalf())
                        ##  print c, rnum.evalf()
                    else:
                        rnum = c.split('/')
                        if len(rnum) == 1:
                            rowL.append(float(rnum[0]))
                            ##  print c, float(rnum[0])
                        else:
                            rowL.append(float(rnum[0])/float(rnum[1]))
                            ##  print c, float(rnum[0].strip())/float(rnum[1].strip())
                del rnum
            del L
            rowL = tuple(rowL)
            if GOlin:
                if bigfile:
                    rowEnd = len(rowL)
                    cntr = 0
                    for e in rowL:
                        cntr += 1
                        if e == 0.0:
                            LinTmp.write('0.0')
                        else:
                            LinTmp.write(nformat % e)
                        if cntr == rowEnd:
                            LinTmp.write('\n')
                        else:
                            LinTmp.write(',')
                else:
                    LinOut.append(rowL)
            elif GOray:
                if bigfile:
                    rowEnd = len(rowL)
                    cntr = 0
                    for e in rowL:
                        cntr += 1
                        if e == 0.0:
                            RayTmp.write('0.0')
                        else:
                            RayTmp.write(nformat % e)
                        if cntr == rowEnd:
                            RayTmp.write('\n')
                        else:
                            RayTmp.write(',')
                else:
                    RayOut.append(rowL)
            elif GOvert:
                if bigfile:
                    rowEnd = len(rowL)
                    cntr = 0
                    for e in rowL:
                        cntr += 1
                        if e == 0.0:
                            VertTmp.write('0.0')
                        else:
                            VertTmp.write(nformat % e)
                        if cntr == rowEnd:
                            VertTmp.write('\n')
                        else:
                            VertTmp.write(',')
                else:
                    VertOut.append(rowL)
            del rowL
    print('\nProcessed {} vertices.\n'.format(lcntr + lcntrtmp))
    SK_vert_file.close()
    if bigfile:
        VertTmp.close()
        RayTmp.close()
        LinTmp.close()
        try:
            VertTmp = gzip.open('_vtx_.tmp.gz','rb')
            LinTmp = gzip.open('_lin_.tmp.gz','rb')
            RayTmp = gzip.open('_ray_.tmp.gz','rb')
            return VertTmp, RayTmp, LinTmp
        except Exception as ex:
            print(ex)
            print('\nReturning file names:')
            return '_vtx_.tmp.gz', '_lin_.tmp.gz', '_ray_.tmp.gz'
    else:
        print('Lineality basis: {}'.format(len(LinOut)))
        print('Number of rays: {}'.format(len(RayOut)))
        print('Number of vertices: {}'.format(len(VertOut)))
        return VertOut, RayOut, LinOut


[docs]def readSK_vertex(fname, bigfile=True, fast_rational=False, nformat='%.14f', compression=None, hdf5file=None):
    """
    Reads in Stevens vertex analysis file:

     - *fname* the input filename (.all file that results from Stevens pipeline)
     - *bigfile* [default=True] this option is now always true and is left in for backwards compatability
     - *fast_rational* [default=False] by default off and uses SymPy for rational-->float conversion, when on uses float decomposition with a slight (2th decimal) decrease in accuracy
     - *nformat* [default='%.14f'] the number format used in output files
     - *compression* [default=None] compression to be used in hdf5 files can be one of [None, 'lzf', 'gz?', 'szip']
     - *hdf5file* [default=None] if None then generic filename '_vtx_.tmp.hdf5' is uses otherwise <hdf5file>.hdf5

    and returns an hdf5 *filename* of the results with a single group named **data** which countains datasets

     - vertices
     - rays
     - lin

    where all vectors are in terms of the column space of N.

    """

    bigfile=True

    if not fast_rational:
        assert _HAVE_SYMPY_, 'Install Sympy for rational IO support'
    if bigfile:
        assert _HAVE_HD5_, 'Install h5py for large dataset support'

    assert os.path.exists(fname), 'Uhm exqueeze me ...'

    print('\n**********\nreadSK_vertex options are:\n')
    print('bigfile: {}'.format(bigfile))
    print('fast_rational: {}'.format(fast_rational))
    print('nformat: {}'.format(nformat % 0.12345678901234567890))
    print('**********\n')

    SK_vert_file = file(fname, 'r')
    VCNTR = 0
    LCNTR = 0
    RCNTR = 0
    CCNTR = 0
    for l in SK_vert_file:
        if '* Vertices (' in l:
            VCNTR = long(l.replace('* Vertices (','').replace('vectors):','').strip())
            break
    SK_vert_file.seek(0)
    for l in SK_vert_file:
        if '* Lineality basis (' in l:
            LCNTR = long(l.replace('* Lineality basis (','').replace('vectors):','').strip())
            break
    SK_vert_file.seek(0)
    for l in SK_vert_file:
        if '* Rays (' in l:
            RCNTR = long(l.replace('* Rays (','').replace('vectors):','').strip())
            break
    SK_vert_file.seek(0)
    for l in SK_vert_file:
        if l[:2] != '* ':
            L = l.split()
            CCNTR = len(L)
            del L
            break
    SK_vert_file.seek(0)
    print(RCNTR, LCNTR, VCNTR,  CCNTR)
    VertOut = []
    LinOut = []
    RayOut = []
    outFileName = '_vtx_.tmp.hdf5'
    if bigfile:
        if hdf5file != None:
            outFileName = hdf5file+'.'+str(compression)+'.hdf5'
        HD5out = h5py.File(outFileName,'w')
        if 'data' in HD5out:
            del HD5out['data']
        Dgrp = HD5out.create_group('data')
        if VCNTR > 0:
            VertTmp = HD5out['data'].create_dataset('vertices', (VCNTR, CCNTR), dtype=numpy.double, compression=compression)
        if LCNTR > 0:
            LinTmp = HD5out['data'].create_dataset('lin', (LCNTR, CCNTR), dtype=numpy.double, compression=compression)
        if RCNTR > 0:
            RayTmp = HD5out['data'].create_dataset('rays', (RCNTR, CCNTR), dtype=numpy.double, compression=compression)
    GOvert = False
    GOray = False
    GOlin = False
    lcntr = 0
    lcntrtmp = 0
    TZero = time.time()
    vert_count = 0
    lin_count = 0
    ray_count = 0
    ##  data_row = numpy.zeros((1,CCNTR), 'd')
    print('\nStarting vertex mapping at {}\n'.format(time.strftime('%H:%M:%S')))
    for l in SK_vert_file:
        lcntr += 1
        if lcntr == 1000:
            print('Processing vertex: {}: {} percent @ {} minutes ({} estimated)'.format(lcntr + lcntrtmp, (float(lcntr + lcntrtmp)/float(VCNTR)*100.0), round((time.time()-TZero)/60.0,1), float(VCNTR)/float(lcntr + lcntrtmp)*round((time.time()-TZero)/60.0,1)))
            lcntrtmp += lcntr
            lcntr = 0
        if '* Lineality basis ' in l and LCNTR > 0:
            GOvert = False
            GOray = False
            GOlin = True
        if '* Rays ' in l and RCNTR > 0:
            GOvert = False
            GOray = True
            GOlin = False
        if '* Vertices ' in l and VCNTR > 0:
            GOvert = True
            GOray = False
            GOlin = False
        if l[:2] != '* ':
            ##  data_row[0,:] = 0.0
            L = l.split()
            if GOlin:
                LinTmp[lin_count] = 0.0
                for c in xrange(CCNTR):
                    rnum = None
                    val = L[c].strip()
                    if val == '0':
                        ##  LinTmp[lin_count,c] = 0.0
                        pass
                    else:
                        if not fast_rational:
                            rnum = sympy.Rational('%s' % val)
                            LinTmp[lin_count,c] = rnum.evalf()
                        else:
                            rnum = val.split('/')
                            if len(rnum) == 1:
                                LinTmp[lin_count,c] = float(rnum[0])
                            else:
                                LinTmp[lin_count,c] = float(rnum[0])/float(rnum[1])
                lin_count += 1
            elif GOray:
                RayTmp[ray_count] = 0.0
                for c in xrange(CCNTR):
                    rnum = None
                    val = L[c].strip()
                    if val == '0':
                        ##  RayTmp[ray_count,c] = 0.0
                        pass
                    else:
                        if not fast_rational:
                            rnum = sympy.Rational('%s' % val)
                            RayTmp[ray_count,c] = rnum.evalf()
                        else:
                            rnum = val.split('/')
                            if len(rnum) == 1:
                                RayTmp[ray_count,c] = float(rnum[0])
                            else:
                                RayTmp[ray_count,c] = float(rnum[0])/float(rnum[1])
                ray_count += 1
            elif GOvert:
                VertTmp[vert_count] = 0.0
                for c in xrange(CCNTR):
                    ##  print 'lin_count',lin_count,c
                    ##  print 'ray_count',ray_count,c
                    ##  print 'vert_count',vert_count,c
                    rnum = None
                    try:
                        val = L[c].strip()
                    except Exception as ex:
                        print(ex)
                        print('\nError reading data: your file may be corrupt\n')
                    if val == '0':
                        ##  VertTmp[vert_count,c] = 0.0
                        pass
                    else:
                        if fast_rational:
                            rnum = val.split('/')
                            if len(rnum) == 1:
                                VertTmp[vert_count,c] = float(rnum[0])
                            else:
                                VertTmp[vert_count,c] = float(rnum[0])/float(rnum[1])
                        else:
                            rnum = sympy.Rational('%s' % val)
                            VertTmp[vert_count,c] = rnum.evalf()

                vert_count += 1

    print('\nProcessed {} vectors.\n'.format(lcntr + lcntrtmp))
    SK_vert_file.close()
    if bigfile:
        HD5out.close()
        ##  HD5out = h5py.File(outFileName,'r')
        return outFileName
    else:
        print('Lineality basis: {}'.format(len(LinOut)))
        print('Number of rays: {}'.format(len(RayOut)))
        print('Number of vertices: {}'.format(len(VertOut)))
        return VertOut, RayOut, LinOut


[docs]def readExcel97Model(xlname,  write_sbml=True, sbml_level=3, return_dictionaries=False):
    """
    Reads a model encoded as an Excel97 workbook and returns it as a CBMPy model object and SBML file. Note the workbook must be formatted
    exactly like those produced by cbm.writeModelToExcel97(). Note that reactions have to be defined in **both** the *reaction*
    and *network_react* sheets to be included in the model.

     - *xlpath* the filename of the Excel workbook
     - *return_model* [default=True] construct and return the CBMPy model
     - *write_sbml* [default=True] write the SBML file to fname
     - *return_dictionaries* [default=False] return the dictionaries constructed when reading the Excel file (in place of the model)
     - *sbml_level* [default=3] write the SBML file as either SBML L2 FBA or SBML L3 FBC file.


    """

    if not _HAVE_XLRD_:
        print('\nERROR: Cannot read Excel file, XLRD package not available (http://pypi.python.org/pypi/xlrd)')
        return

    assert os.path.exists(xlname), '\nERROR: File "{}" does not exist'.format(xlpath)

    def c2s(c):
        """
        Utility function converting a XLRD cell to a string
        """
        return str(c.value)

    MSGLog = csio.StringIO()
    def logMsg(msg):
        """
        Message logging utility

        """
        print(msg)
        MSGLog.write('{}\n'.format(msg))


    wb = xlrd.open_workbook(xlname)

    for s in wb.sheets():
        logMsg('Sheet: {}'.format(s.name))

    sI = wb.sheet_by_name('info')
    sM = wb.sheet_by_name('metabolites')
    sR = wb.sheet_by_name('reactions')
    sNR = wb.sheet_by_name('network_react')
    sNM = wb.sheet_by_name('network_metab')
    sS = wb.sheet_by_name('solution')
    sMI = wb.sheet_by_name('miriam')
    try:
        sComp = wb.sheet_by_name('compartments')
    except xlrd.XLRDError:
        sComp = None


    # INFO
    dInfo = {}
    for r_ in range(3):
        r = sI.row(r_)
        if r_ == 2:
            obj = {}
            obj['osense'] = c2s(r.pop(1))
            coeff = True
            cout = []
            for c in range(1, len(r)):
                if r[c].value != '' and c2s(r[c]) != '':
                    if coeff:
                        cout.append([r[c].value])
                        coeff = False
                    else:
                        cout[-1].append(c2s(r[c]))
                        coeff = True
            obj['objflux'] = cout
            dInfo['objective'] = obj
            del cout, obj
        else:
            dInfo[c2s(r[0])] = c2s(r[1])

    # metabolites
    mcolNames = [c2s(c) for c in sM.row(0)]

    dCompartments = {}

    dMet = {}
    for r_ in range(1, sM.nrows):
        r = sM.row(r_)
        met = {}
        annot = {}
        for c_ in range(1, len(mcolNames)):
            if c_ < 6:
                if mcolNames[c_] == 'charge':
                    met[mcolNames[c_]] = r[c_].value
                elif mcolNames[c_] == 'fixed':
                    met[mcolNames[c_]] = bool(r[c_].value)
                else:
                    met[mcolNames[c_]] = c2s(r[c_])
                if mcolNames[c_] == 'compartment':
                    dCompartments[c2s(r[c_])] = {'id' : c2s(r[c_])}
            else:
                annot[mcolNames[c_]] = c2s(r[c_])
        met['annot'] = annot
        met['id'] = c2s(r[0])
        dMet[c2s(r[0])] = met

    # reactions
    rcolNames = [c2s(c) for c in sR.row(0)]

    dReact = {}
    for r_ in range(1, sR.nrows):
        r = sR.row(r_)
        reac = {}
        annot = {}
        for c_ in range(1, len(rcolNames)):
            if c_ < 6:
                if rcolNames[c_] == 'lowerbound' or rcolNames[c_] == 'upperbound':
                    reac[rcolNames[c_]] = r[c_].value
                elif rcolNames[c_] == 'reversible':
                    rev = None
                    if r[c_].ctype == 1:
                        rev = c2s(r[c_])
                        if rev in ['True', 'Yes', True, 'yes', 'true']:
                            rev = True
                        elif rev in ['False', 'No', False, 'no', 'True']:
                            rev = False
                    else:
                        rev = bool(r[c_].value)
                    reac[rcolNames[c_]] = rev
                else:
                    reac[rcolNames[c_]] = c2s(r[c_])
                if rcolNames[c_] == 'compartment':
                    dCompartments[c2s(r[c_])] = {'id' : c2s(r[c_])}
            else:
                annot[rcolNames[c_]] = c2s(r[c_])
        reac['annot'] = annot
        reac['id'] = c2s(r[0])
        dReact[c2s(r[0])] = reac

    # reaction network
    nDict = {}
    reagentList = []
    for n_ in range(0, sNR.nrows, 3):
        coeff = True
        sub = []
        s = sNR.row(n_+1)
        for c in range(1, len(s)):
            if s[c].value != '' and c2s(s[c]) != '':
                if coeff:
                    sub.append([s[c].value])
                    coeff = False
                else:
                    sub[-1].append(c2s(s[c]))
                    coeff = True
                    if c2s(s[c]) not in reagentList:
                        reagentList.append(c2s(s[c]))

        coeff = True
        prod = []
        p = sNR.row(n_+2)
        for c in range(1, len(p)):
            if p[c].value != '' and c2s(p[c]) != '':
                if coeff:
                    prod.append([p[c].value])
                    coeff = False
                else:
                    prod[-1].append(c2s(p[c]))
                    coeff = True
                    if c2s(p[c]) not in reagentList:
                        reagentList.append(c2s(p[c]))
        nDict[c2s(sNR.row(n_)[0])] = {'subs' : sub,
                                      'prod' : prod
                                      }

    # compartments
    if sComp != None:

        # metabolites
        ccolNames = [c2s(c) for c in sComp.row(0)]

        for m_ in range(1, sComp.nrows):
            r = sComp.row(m_)
            comp = {}
            annot = {}
            for c_ in range(1, len(ccolNames)):
                if c_ < 6:
                    if ccolNames[c_] == 'name':
                        comp[ccolNames[c_]] = c2s(r[c_])
                    elif ccolNames[c_] == 'size':
                        comp[ccolNames[c_]] = r[c_].value
                    elif ccolNames[c_] == 'dimensions':
                        comp[ccolNames[c_]] = r[c_].value
                    elif ccolNames[c_] == '# species' or ccolNames[c_] == '# reactions':
                        pass
                else:
                    annot[ccolNames[c_]] = c2s(r[c_])
            comp['annot'] = annot
            comp['id'] = c2s(r[0])
            dCompartments[c2s(r[0])] = comp

    # MIRIAM
    mirNames = [c2s(c) for c in sMI.row(0)]
    dMir = {}
    for m_ in range(1, sMI.nrows):
        r = sMI.row(m_)
        qualD = {}
        for c_ in range(1, len(mirNames)):
            if c2s(r[c_]) != '':
                if mirNames[c_] in qualD:
                    qualD[mirNames[c_]].append(c2s(r[c_]))
                else:
                    qualD[mirNames[c_]] = [c2s(r[c_])]
        dMir[c2s(r[0])] = qualD

    # clean up
    if '' in dCompartments:
        dCompartments.pop('')
    if '' in nDict:
        nDict.pop('')
    if '' in dReact:
        dReact.pop('')
    if '' in dMet:
        dMet.pop('')


    # cross check reactions
    dReactError = {}
    nDictError = {}
    for r_ in tuple(dReact):
        if r_ not in nDict:
            logMsg('ERROR: Reaction "{}" listed but not defined ... removing.'.format(r_))
            dReactError[r_] = dReact.pop(r_)
    for r_ in tuple(nDict):
        if r_ not in dReact:
            logMsg('ERROR: Reaction "{}" defined but not listed ... removing.'.format(r_))
            nDictError[r_] = nDict.pop(r_)

    # cross check reagents versus species
    nDictReagentError = {}
    reagentError = []

    for s_ in dMet:
        if s_ not in reagentList:
            logMsg('WARNING: Metabolite "{}" listed but not used.'.format(s_))
            #dMetError[s_] = dMet.pop(s_)

    for s_ in (reagentList):
        if s_ not in dMet:
            logMsg('ERROR: Reagent "{}" used but not defined.'.format(s_))
            reagentError.append(reagentList.pop(reagentList.index(s_)))

    # remove reactions that contain unknown reagents (undefined species)
    if len(reagentError) > 0:
        for e_ in tuple(nDict):
            reag = [a[1] for a in nDict[e_]['subs']] + [a[1] for a in nDict[e_]['prod']]
            for r_ in reag:
                if r_ in reagentError:
                    logMsg('ERROR: Reaction "{}" contains an unknown reagent "{}" ... removing'.format(e_, r_))
                    nDictReagentError[e_] = { 'reaction' : dReact.pop(e_),
                                              'stoich' : nDict.pop(e_)
                                              }
    if return_dictionaries:
        return (dInfo, dReact, dMet, nDict, dCompartments, dMir)

    # assemble CBMPy model

    # construct model object
    cmod = CBModel.Model(dInfo['id'])
    cmod.name = dInfo['name']
    cmod.description = 'Model created from Excel spreadsheet: {}'.format(xlname)
    cmod.sourcefile = xlname
    cmod.setCreatedDate()

    # add compartments
    for c_ in dCompartments:
        CC = dCompartments[c_]
        if 'name' in CC:
            name = CC['name']
        else:
            name = CC['id']
        if 'size' in CC:
            size = CC['size']
        else:
            size = 1.0
        if 'dimensions' in CC:
            dimensions = CC['dimensions']
        else:
            dimensions = 3
        C = CBModel.Compartment(CC['id'], name, size, dimensions)
        if 'annot' in CC:
            for a_ in CC['annot']:
                C.setAnnotation(a_, CC['annot'][a_])
        cmod.addCompartment(C)
    del c_, CC, name, size, dimensions

    # add metabolites
    for m_ in dMet:
        M = dMet[m_]
        S = CBModel.Species(M['id'], boundary=M['fixed'], name=M['name'], value=0.0,\
                            compartment=M['compartment'], charge=M['charge'], chemFormula=M['chemformula'])
        for a_ in M['annot']:
            S.setAnnotation(a_, M['annot'][a_])
        cmod.addSpecies(S)
    del m_, M, S

    # add reactions
    for r_ in nDict:
        Rn = nDict[r_]
        Ri = dReact[r_]
        R = CBModel.Reaction(Ri['id'], Ri['name'], reversible=Ri['reversible'])
        for s_ in Rn['subs']:
            R.createReagent(s_[1], -s_[0])
        for p_ in Rn['prod']:
            R.createReagent(p_[1], p_[0])
        for a_ in Ri['annot']:
            R.setAnnotation(a_, Ri['annot'][a_])
        cmod.addReaction(R)
    # cross reference reagents (shortcut)
    for s_ in cmod.species:
        tmp = s_.isReagentOf()
    del r_, s_, p_, R, Rn, Ri, tmp

    # add flux bounds
    for r_ in dReact:
        lb = dReact[r_]['lowerbound']
        ub = dReact[r_]['upperbound']
        try:
            lb = float(lb)
        except:
            if dReact[r_]['reversible']:
                lb = -numpy.inf
            else:
                lb = 0.0
            logMsg('Undefined lower bound for reaction "{}" setting to {}'.format(r_, lb))
        try:
            ub = float(ub)
        except:
            ub = numpy.inf
            logMsg('Undefined upper bound for reaction "{}" setting to {}'.format(r_, ub))
        cmod.createReactionLowerBound(r_, lb)
        cmod.createReactionUpperBound(r_, ub)
    del r_, lb, ub

    # add objective function
    O = CBModel.Objective('obj1', dInfo['objective']['osense'])
    O.createFluxObjectives(dInfo['objective']['objflux'])
    cmod.addObjective(O, True)
    del O


    # markup with MIRIAM
    for x_ in cmod.species+cmod.reactions+cmod.compartments:
        xid = x_.getId()
        if xid in dMir:
            for q_ in dMir[xid]:
                for i_ in dMir[xid][q_]:
                    #ent, mid = i_.rsplit('/',1)
                    #x_.addMIRIAMannotation(q_, ent, mid)
                    #if q_ == 'is':
                        #qual = 'isA'
                    #else:
                        #qual = q_
                    if x_.miriam == None:
                        x_.miriam = CBModel.MIRIAMannotation()
                    x_.miriam.addIDorgURI(q_, i_)

    # ok lets play
    #try:
        #cmod.createGeneAssociationsFromAnnotations()
        #geneerrors = cmod.testGeneProteinAssociations()
        #logMsg('Successfully created gene associations from annotations.')
    #except Exception as ex:
        #logMsg(ex)
    #try:
        #cbm.analyzeModel(cmod)
        #logMsg('Successfully optimized model.')
    #except Exception as ex:
        #logMsg(ex)
    #try:
        #cbm.writeModelToExcel97(cmod, xlname.replace('.xls','')+'.new')
        #logMsg('Successfully wrote model to new Excel spreadsheet: "{}"'.format(xlname.replace('.xls','')+'.DEBUG.new.xls'))
    #except Exception as ex:
        #logMsg(ex)
    if write_sbml:
        try:
            if sbml_level == 3:
                CBXML.sbml_writeSBML3FBC(cmod, xlname+'.l3.xml', gpr_from_annot=False)
                logMsg('Successfully wrote model SBML3FBC file: "{}"'.format(xlname+'.l3.xml'))
            else:
                CBXML.sbml_writeSBML2FBA(cmod, xlname+'.l3.xml')
                logMsg('Successfully wrote model SBML2FBA file: "{}"'.format(xlname+'.l3.xml'))
        except Exception as ex:
            logMsg(ex)

    # write log to file
    """
    F = file(os.path.join(cDir,'{}.log'.format(xlname)),'w')
    MSGLog.seek(0)
    F.write(MSGLog.read())
    F.close()
    """
    print('\n*****\nExcel97 Read Log\n*****\n')
    MSGLog.seek(0)
    print(MSGLog.read())
    print('')
    MSGLog.close()

    return cmod
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"""
CBMPy: CBCommon module
======================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBCommon.py 346 2015-08-03 14:09:32Z bgoli $)

"""
## gets rid of "invalid variable name" info
# pylint: disable=C0103
## gets rid of "line to long" info
# pylint: disable=C0301
## use with caution: gets rid of module xxx has no member errors (run once enabled)
# pylint: disable=E1101


# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals

# this is a hack that needs to be streamlined a bit
#try:
    #import cStringIO as csio
#except ImportError:
    #import io as csio

chemElementDefs = None
HAVE_PYPARSING = False
try:
    from . import pyparsing
    HAVE_PYPARSING = True
except ImportError:
    try:
        print('Attempting global PyParsing import')
        import pyparsing
        HAVE_PYPARSING = True
    except ImportError:
        print('INFO please install pyparsing to enable chemical balance checking!')

if HAVE_PYPARSING:
    pp_caps = "ABCDEFGHIJKLMNOPQRSTUVWXYZ"
    pp_lowers = pp_caps.lower()
    pp_digits = "0123456789"
    pp_element = pyparsing.Word(pp_caps, pp_lowers)
    pp_integer = pyparsing.Word(pp_digits)
    pp_elementRef = pyparsing.Group(pp_element + pyparsing.Optional(pp_integer, default="1"))
    pp_chemicalFormula = pyparsing.OneOrMore(pp_elementRef)


    pp_gene_ass = pyparsing.Word(pyparsing.alphanums + '. ') | 'or' | 'OR' | 'and' | 'AND'
    pp_gene_unnester = pyparsing.nestedExpr(content=pp_gene_ass)

ptElements = ('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', 'G',\
              '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', 'Hf', 'Ta', 'W', 'Re', 'Os',\
              'Ir', 'Pt', 'Au', 'Hg', 'Tl', 'Pb', 'Bi', 'Po', 'At', 'Rn', 'Fr', 'Ra', 'Ac', 'Rf', 'Db',\
              'Sg', 'Bh', 'Hs', 'Mt', 'Ds', 'Rg', '112', '113', '114', '115', '116', '117', '118', 'La',\
              'Ce', 'Pr', 'Nd', 'Pm', 'Sm', 'Eu', 'Gd', 'Tb', 'Dy', 'Ho', 'Er', 'Tm', 'Yb', 'Lu', 'Ac',\
              'Th', 'Pa', 'U', 'Np', 'Pu', 'Am', 'Cm', 'Bk', 'Cf', 'Es', 'Fm', 'Md', 'No', 'Lr', 'X', 'R', 'Z')

## too crude, need to find a better logging strategy
#CBMPYLOG = csio.StringIO()
#def printl(st, scr=True, log=False):
    #"""
    #Updated print() function that also writes to a csio buffer

    #- *st* the string
    #- *prn* print to screen
    #- *log* write to log buffer

    #"""
    #global CBMPYLOG
    #if scr:
        #print(st)
    #if log:
        #try:
            #CBMPYLOG.write(st+'\n')
        #except Exception as ex:
            #print(ex)

#def flushLogToFile(fname):
    #global CBMPYLOG
    #F = file(fname, 'w')
    #CBMPYLOG.seek(0)
    #F.write(CBMPYLOG.read())
    #F.flush()
    #F.close()
    #CBMPYLOG.close()
    #CBMPYLOG = csio.StringIO()


[docs]def parseGeneAssociation(gs):
    """
    Parse a COBRA style gene association into a nested list.

     - *gs* a string containing a gene association

    """
    # gs = '(b0810) and ( b0811 ) or ( b1234.0) and(b0809)and ( b7643 )OR(b0812 )AND( b0876)'
    gl = pp_gene_unnester.parseString('('+gs+')').asList()
    gl = gl[0]

    def f(l):
        for i in range(len(l)):
            try:
                l[i] = l[i].lower().strip()
            except Exception:
                f(l[i])

    f(gl)
    print(gl)
    return gl


[docs]def checkChemFormula(cf, quiet=False):
    """
    Checks whether a string conforms to a Chemical Formula C3Br5 etc, returns True/False. Please see the SBML
    Level 3 specification and http://wikipedia.org/wiki/Hill_system for more information.

     - *cf* a string that contains a formula to check
     - *quiet* [default=False] do not print error messages

    """
    if not HAVE_PYPARSING:
        print('\nChemical Formula parser requires PyParsing!')
        return False
    try:
        R2 = [(r[0], int(r[1])) for r in pp_chemicalFormula.parseString(cf)]
    except Exception:
        if not quiet:
            print('WARNING: \"{}\" is not a valid chemical formula.'.format(cf))
        return False

    #print(R2)
    cf2 = ''
    for l_ in R2:
        if l_[0] not in ptElements:
            #print(R2)
            if not quiet:
                print('WARNING: \"{}\" is not a valid chemical formula.'.format(cf))
            return False
        else:
            cf2 += l_[0]
            if l_[1] != 1:
                cf2 += str(l_[1])

    if cf != cf2:
        if not quiet:
            print('INFO: \"{}\" check formula.'.format(cf))
        return True
    else:
        return True


[docs]def extractGeneIdsFromString(g):
    """
    Extract and return a list of gene names from a gene association string formulation

    - *g* a COBRA style gene association string

    """
    #print('\n{}'.format(g))
    g2 = g
    if 'AND' in g2 or 'and' in g2:
        g2 = g2.replace(')AND ', ') AND ').replace(')and ', ') and ')
        g2 = g2.replace(' AND(', ' AND (').replace(' and(', ' and (')
        g2 = g2.replace(')AND(', ') AND (').replace(')and(', ') and (')
    if 'OR' in g2 or 'or' in g2:
        g2 = g2.replace(')OR ', ') OR ').replace(')or ', ') or ')
        g2 = g2.replace(' OR(', ' OR (').replace(' or(', ' or (')
        g2 = g2.replace(')OR(', ') OR (').replace(')or(', ') or (')

    g2 = g2.replace(' AND ', ' and ').replace(' OR ', ' or ')
    g3 = g2.replace('(', '').replace(')', '')
    tmp = []

    if ' and ' in g3 or ' or ' in g3:
        if ' and ' and not ' or ' in g3:
            tmp = g3.split(' and ')
        elif ' or ' and not ' and ' in g3:
            tmp = g3.split(' or ')
        else:
            tmp1 = g3.split(' or ')
            tmp = []
            for s_ in tmp1:
                if ' and ' in s_:
                    tmp3 = s_.split(' and ')
                    tmp += tmp3
                else:
                    tmp += [s_]
    else:
        tmp = [g3]
    names = []
    for n_ in tmp:
        n = n_.strip()
        if n not in names:
            names.append(n)
    if names == ['']:
        names = []
    #print(names)
    return names


[docs]class ComboGen(object):
    """
    Generate sets of unique combinations

    """
    combo = None
    combo_int = None

    def __init__(self):
        self.combo = []

    def addCombination(self, data):
        self.combo.append(','.join(data))

    def uniqueCombinations(self, data, number, temp=None):
        if temp == None:
            temp = []
        if not number:
            self.addCombination(temp)
        for i in range(len(data)):
            temp.append(data[i])
            self.uniqueCombinations(data[i+1:], number-1, temp)
            temp.pop()

    def numberifyComb2Int(self):
        tmp = []
        for c in self.combo:
            tmp.append(tuple([int(c) for c in c.split(',')]))
        self.combo_int = tmp


[docs]def processSpeciesChargeChemFormulaAnnot(s, getFromName=False, overwriteChemFormula=False, overwriteCharge=False):
    """
    Disambiguate the chemical formula from either the Notes or the overloaded name

     - *s* a species object
     - *getFromName* [default=False] whether to try strip the chemical formula from the name (old COBRA style)
     - *overwriteChemFormula* [default=False]
     - *overwriteCharge* [default=False]

    """
    tempF = ''
    if overwriteChemFormula:
        tempF = s.chemFormula
        s.chemFormula = None
    key = None
    if s.chemFormula == None or s.chemFormula == '':
        if 'chemFormula' in s.annotation:
            key = 'chemFormula'
        elif 'FORMULA' in s.annotation:
            key = 'FORMULA'
        if key != None:
            s.chemFormula = s.annotation[key]

    if not checkChemFormula(s.chemFormula, quiet=True):
        if getFromName:
            try:
                n = s.getName()
                n, cf = n.rsplit('_', 1)
                if checkChemFormula(cf, quiet=True):
                    s.chemFormula = cf
                    s.setName(n)
                else:
                    s.chemFormula = ''
            except Exception:
                s.chemFormula = ''
        else:
            s.chemFormula = ''
        if overwriteChemFormula and s.chemFormula == '':
            s.chemFormula = tempF

    else:
        if key != None:
            s.annotation.pop(key)

    key2 = None
    tempC = None
    if overwriteCharge:
        tempC = s.charge
        s.charge = None
    if s.charge == None or s.charge == '':
        if 'charge' in s.annotation:
            key2 = 'charge'
        elif 'CHARGE' in s.annotation:
            key2 = 'CHARGE'
        if key2 != None:
            chrg = s.annotation[key2]
            try:
                s.charge = int(chrg)
            except ValueError:
                print('Invalid charge: {} defined for species {}'.format(chrg, s.getPid()))
                s.charge = None
                key2 = None
    if overwriteCharge and s.charge == None:
        s.charge = tempC
    if key2 != None:
        s.annotation.pop(key2)



def binHash(keys, d):
    out = []
    for k in keys:
        if k in d:
            out.append(d[k])
        else:
            out.append(True)
    return tuple(out)

[docs]def fixId(s, replace=None):
    """
    Checks a string (Sid) to see if it is a valid C style variable. first letter must be an underscore or letter,
    the rest should be alphanumeric or underscore.

    - *s* the string to test
    - *replace* [None] default is to leave out offensive character, otherwise replace with this one

    """
    s2 = ''
    if s[0].isdigit():
        s2 = '_'
        print('Illegal start character \"{}\": prefixing an underscore'.format(s[0]))
    for c in s:
        if c.isalnum() or c == '_':
            s2 += c
        elif replace != None:
            s2 += replace
            print('Replacing illegal character \"{}\": {} --> {}'.format(c, s, s2))
        else:
            print('Skipping illegal character \"{}\": {} --> {}'.format(c, s, s2))
    return s2


[docs]def checkId(s):
    """
    Checks the validity of the string to see if it conforms to a C variable. Returns true/false

    - *s* a string

    """
    cntr = 0
    for c in s:
        if cntr == 0 and c.isalpha() or c == '_':
            pass
        elif cntr > 0 and c.isalnum() or c == '_':
            pass
        else:
            print('\"{}\" is an invalid character in \"{}\"'.format(c, s))
            return False
        cntr += 1
    return True
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  Source code for pyscescbm.CBConfig

"""
CBMPy: CBConfig module
======================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBConfig.py 346 2015-08-03 14:09:32Z bgoli $)

"""
## gets rid of "invalid variable name" info
# pylint: disable=C0103
## gets rid of "line to long" info
# pylint: disable=C0301
## use with caution: gets rid of module xxx has no member errors (run once enabled)
# pylint: disable=E1101


# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals

# rc6

try:
    STATUS = '$Rev: 346 $'.replace('Rev: ', '').replace('$', '').strip()
except Exception:
    STATUS = ''

__CBCONFIG__ = {'VERSION_MAJOR' : 0,
                'VERSION_MINOR' : 7,
                'VERSION_MICRO' : 2,
                'VERSION_STATUS' : STATUS,
                'VERSION' : None,
                'DEBUG' : False,
                'SOLVER_PREF' : 'CPLEX',
                #'SOLVER_PREF' : 'GLPK',
                'SOLVER_ACTIVE' : None,
                'REVERSIBLE_SYMBOL' : '<==>',
                'IRREVERSIBLE_SYMBOL' : '-->',
                'HAVE_SBML2' : False,
                'HAVE_SBML3' : False,
                'CBMPY_DIR' : None,
                'CBMPY_CGLPK_VER' : 'w452',
                'SYMPY_DENOM_LIMIT' : 10**32
               }

[docs]def current_version():
    """
    Return the current CBMPy version as a string

    """
    #return '%s.%s.%s [r%s]' % (__CBCONFIG__['VERSION_MAJOR'], __CBCONFIG__['VERSION_MINOR'], __CBCONFIG__['VERSION_MICRO'], __CBCONFIG__['VERSION_STATUS'])
    if STATUS == '':
        return '{}.{}.{}'.format(__CBCONFIG__['VERSION_MAJOR'], __CBCONFIG__['VERSION_MINOR'], __CBCONFIG__['VERSION_MICRO'])
    else:
        return '{}.{}.{}.{}'.format(__CBCONFIG__['VERSION_MAJOR'], __CBCONFIG__['VERSION_MINOR'], __CBCONFIG__['VERSION_MICRO'], STATUS)


[docs]def current_version_tuple():
    """
    Return the current CBMPy version as a tuple (x, y , z)

    """
    return (__CBCONFIG__['VERSION_MAJOR'], __CBCONFIG__['VERSION_MINOR'], __CBCONFIG__['VERSION_MICRO'])


__CBCONFIG__['VERSION'] = current_version()
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  Source code for pyscescbm.CBReadtxt

"""
CBMPy: CBReadtxt module
=======================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBReadtxt.py 305 2015-04-23 15:18:31Z bgoli $)

"""

# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals


from .CBConfig import __CBCONFIG__ as __CBCONFIG__
__DEBUG__ = __CBCONFIG__['DEBUG']
__version__ = __CBCONFIG__['VERSION']

import os, time, re
import numpy
from . import CBModel


# userspace
SYMB_SPLIT = ',,'
COMPARTMENTS = ['[c]','[e]','[p]']
REPLACE_COMPARTMENTS = ['_c','_e','_p']
SYMB_IRR = '-->'
SYMB_REV = '<==>'
BIG_BOUND = 999999.0
# userspace

def getBounds(fname, reaction_prefix='R_', has_header=False):
    bndsF = file(fname,'r')
    bndsLst = []
    bndsOut = {}
    for L in bndsF:
        L = [e.strip() for e in L.split(SYMB_SPLIT)]
        # general replacements '\"' --> '' and '(e)' --> '_e'
        L = [e.replace('\"','').replace('(e)','__e') for e in L]
        ##  print L
        bndsLst.append(L)
    if has_header:
        print(bndsLst.pop(0))
    for b in bndsLst:
        # note the '-' --> '_' and '.' --> '_' replacement in the id
        bndsOut.update({reaction_prefix+b[0].replace('-','_').replace('.','_') : {'min' : float(b[1].replace(',','.')), 'max' : float(b[2].replace(',','.'))}})
    bndsF.close()
    return bndsOut

def getReactions(fname, reaction_prefix='R_', has_header=False, save_rpt=False, ignore_duplicates=False):
    assert os.path.exists(fname), '\n%s is not a valid file!'
    rF = file(fname,'r')
    rxnLst = []
    Reac = {}
    dupcntr = {}
    real_duplicates = []
    gene_ors = []
    for L in rF:
        L = [e.strip() for e in L.split(SYMB_SPLIT)]
        L = [e.replace('\"','').replace('(e)','__e') for e in L]
        rxnLst.append(L)
    if has_header:
        print('Deleting header row:', rxnLst.pop(0))
        time.sleep(2)
    for r in rxnLst:
        assert r[0] != '', '\nReaction with no name: %s' % r
        ##  print r
        # note the '-' --> '_' and '.' --> '_' replacement in the id
        if len(r) >= 4:
            gene = r[3]
        else:
            gene = 'unknown'
        R_id = reaction_prefix+r[0].replace('-','_').replace('.','_')
        ADD_REACTION = True
        if R_id in tuple(Reac):
            if r[1] == Reac[R_id]['eqn'] and r[2] == Reac[R_id]['name'] and gene == Reac[R_id]['gene']:
                print('Complete duplicate skipping reaction', R_id)
                if R_id not in real_duplicates:
                    real_duplicates.append(R_id)
                ADD_REACTION = False
            ##  elif r[1] == Reac[R_id]['eqn'] and r[2] == Reac[R_id]['name']:
            elif r[1] == Reac[R_id]['eqn']:
                Reac[R_id]['gene'] = Reac[R_id]['gene'] + ' OR %s' % gene.strip()
                print('Reaction differs only by gene association adding OR association', R_id, Reac[R_id]['gene'])
                ADD_REACTION = False
                if R_id not in gene_ors:
                    gene_ors.append(R_id)
                if r[2] not in Reac[R_id]['name']:
                    Reac[R_id]['name'] = '%s OR %s' % (Reac[R_id]['name'],r[2])
            else:
                if ignore_duplicates:
                    ADD_REACTION = False
                    print('Ignoring duplicate reaction creating new reaction:', R_id)
                else:
                    if R_id in dupcntr:
                        dupcntr[R_id] = dupcntr[R_id] + 1
                    else:
                        dupcntr.update({R_id : 1})
                    R_id = '%s_%i' % (R_id, dupcntr[R_id])
                    ADD_REACTION = True
                    print('Duplicate reaction creating new reaction:', R_id)

        if ADD_REACTION:
            ##  Reac.update({R_id : {'id' : R_id, 'name' : r[1], 'eqn' : r[2], 'gene' : gene} })
            Reac.update({R_id : {'id' : R_id, 'name' : r[2], 'eqn' : r[1], 'gene' : gene} })
    rF.close()

    if save_rpt:
        F = file('csv_read_rpt.txt','w')
        F.write('\nCSV Read Report\n********************\n')
        F.write('\nDuplicate entries ignored:\n')
        for d in real_duplicates:
            F.write('\t%s\n' % d)
        F.write('\nDuplicate reactions renamed (instances):\n')
        for d in dupcntr:
            F.write('\t%s : %i\n' % (d, dupcntr[d]+1))
        if len(dupcntr) < 1:
            F.write('\tNone\n')
        F.write('\nDuplicate reactions used for gene association:\n')
        for d in gene_ors:
            F.write('\n\t%s\n\t%s\n\t%s\n' % (d, Reac[d]['gene'], Reac[d]['name']))
        F.close()

    return Reac

def getReactions_old_format(fname, reaction_prefix='R_', has_header=False, save_rpt=False, ignore_duplicates=False):
    assert os.path.exists(fname), '\n%s is not a valid file!'
    rF = file(fname,'r')
    rxnLst = []
    Reac = {}
    dupcntr = {}
    real_duplicates = []
    gene_ors = []
    for L in rF:
        L = [e.strip() for e in L.split(SYMB_SPLIT)]
        L = [e.replace('\"','').replace('(e)','__e') for e in L]
        rxnLst.append(L)
    if has_header:
        print('Deleting header row:', rxnLst.pop(0))
        time.sleep(2)
    for r in rxnLst:
        assert r[0] != '', '\nReaction with no name: %s' % r
        ##  print r
        # note the '-' --> '_' and '.' --> '_' replacement in the id
        if len(r) >= 4:
            gene = r[3]
        else:
            gene = 'unknown'
        R_id = reaction_prefix+r[0].replace('-','_').replace('.','_')
        ADD_REACTION = True
        if R_id in tuple(Reac):
            if r[1] == Reac[R_id]['eqn'] and r[2] == Reac[R_id]['name'] and gene == Reac[R_id]['gene']:
                print('Complete duplicate skipping reaction', R_id)
                if R_id not in real_duplicates:
                    real_duplicates.append(R_id)
                ADD_REACTION = False
            ##  elif r[1] == Reac[R_id]['eqn'] and r[2] == Reac[R_id]['name']:
            elif r[1] == Reac[R_id]['eqn']:
                Reac[R_id]['gene'] = Reac[R_id]['gene'] + ' OR %s' % gene.strip()
                print('Reaction differs only by gene association adding OR association', R_id, Reac[R_id]['gene'])
                ADD_REACTION = False
                if R_id not in gene_ors:
                    gene_ors.append(R_id)
                if r[2] not in Reac[R_id]['name']:
                    Reac[R_id]['name'] = '%s OR %s' % (Reac[R_id]['name'],r[2])
            else:
                if ignore_duplicates:
                    ADD_REACTION = False
                    print('Trying to create duplicate reaction, ignoring:', R_id)
                else:
                    if R_id in dupcntr:
                        dupcntr[R_id] = dupcntr[R_id] + 1
                    else:
                        dupcntr.update({R_id : 1})
                    R_id = '%s_%i' % (R_id, dupcntr[R_id])
                    ADD_REACTION = True
                    print('Duplicate reaction, creating new reaction:', R_id)

        if ADD_REACTION:
            ##  Reac.update({R_id : {'id' : R_id, 'name' : r[1], 'eqn' : r[2], 'gene' : gene} })
            Reac.update({R_id : {'id' : R_id, 'name' : r[1], 'eqn' : r[2], 'gene' : gene} })
    rF.close()

    if save_rpt:
        F = file('csv_read_rpt.txt','w')
        F.write('\nCSV Read Report\n********************\n')
        F.write('\nDuplicate entries ignored:\n')
        for d in real_duplicates:
            F.write('\t%s\n' % d)
        F.write('\nDuplicate reactions renamed (instances):\n')
        for d in dupcntr:
            F.write('\t%s : %i\n' % (d, dupcntr[d]+1))
        if len(dupcntr) < 1:
            F.write('\tNone\n')
        F.write('\nDuplicate reactions used for gene association:\n')
        for d in gene_ors:
            F.write('\n\t%s\n\t%s\n\t%s\n' % (d, Reac[d]['gene'], Reac[d]['name']))
        F.close()

    return Reac


def parseReactions(sRxns):
    Reactions = {}
    for RXN in sRxns:
        R = sRxns[RXN]['eqn']
        Rcmp = None
        Reversible = None
        Exchange = False
        if sRxns[RXN]['id'][-3:] == '__e':
            Exchange = True
        if SYMB_REV in R:
            Reversible = True
            LHS, RHS = R.split(SYMB_REV)
        elif SYMB_IRR in R:
            Reversible = False
            LHS, RHS = R.split(SYMB_IRR)
        else:
            print('No reversability information in reaction: %s' % RXN)
            print(R)
            raw_input('\nPress any key to continue ...\n')
        if LHS[:3] in COMPARTMENTS:
            Rcmp = R[:3]
            cmp, LHS = [i.strip() for i in LHS.split(':')]

            if len(LHS) > 0:
                LHS = [i.strip().replace('-','_') for i in LHS.split('+')]
                LHS = [i+REPLACE_COMPARTMENTS[COMPARTMENTS.index(cmp)] for i in LHS]
            if len(RHS) > 0:
                RHS = [i.strip().replace('-','_') for i in RHS.split('+')]
                RHS = [i+REPLACE_COMPARTMENTS[COMPARTMENTS.index(cmp)] for i in RHS]
        else:
            LHS = [r.strip().replace('-','_') for r in LHS.split('+')]
            RHS = [r.strip().replace('-','_') for r in RHS.split('+')]
            for c in range(len(COMPARTMENTS)):
                LHS = [r.replace(COMPARTMENTS[c], REPLACE_COMPARTMENTS[c]) for r in LHS]
                RHS = [r.replace(COMPARTMENTS[c], REPLACE_COMPARTMENTS[c]) for r in RHS]

        cf = re.compile("\(.*\)")
        LHS = [[re.findall(cf, l), l] for l in LHS]
        RHS = [[re.findall(cf, r), r] for r in RHS]

        for l in range(len(LHS)):
            if LHS[l][1] == '_c':
                raw_input('Ooops1', LHS)
            if len(LHS[l][0]) == 0:
                LHS[l][0] = 1.0
                LHS[l][1] = 'M_'+LHS[l][1].replace('.','_')
            else:
                LHS[l][1] = 'M_'+LHS[l][1].replace(LHS[l][0][0], '').strip().replace('.','_')
                LHS[l][0] = float(LHS[l][0][0].replace('(','').replace(')',''))
            LHS[l] = tuple(LHS[l])

        for r in range(len(RHS)):
            if RHS[r][1] == '_c':
                raw_input('Ooops2', RHS)
            if len(RHS[r][0]) == 0:
                RHS[r][0] = 1.0
                RHS[r][1] = 'M_'+RHS[r][1].replace('.','_')
            else:
                RHS[r][1] = 'M_'+RHS[r][1].replace(RHS[r][0][0], '').strip().replace('.','_')
                RHS[r][0] = float(RHS[r][0][0].replace('(','').replace(')',''))
            RHS[r] = tuple(RHS[r])
        geneAss = 'unknown'
        if 'gene' in sRxns[RXN]:
            geneAss = sRxns[RXN]['gene']
        Reactions.update({RXN :{'id' : RXN,
                                 'reversible' : Reversible,
                                 'exchange' : Exchange,
                                 'substrates' : LHS,
                                 'products' : RHS,
                                 'name' : sRxns[RXN]['name'],
                                 'gene' : geneAss
                                }
                        })
    return Reactions

def addBoundsToReactions(Reactions, Bounds, default=1111.0):
    default = abs(default)
    for r in Reactions:
        if r in Bounds:
            Reactions[r].update({'min' : Bounds[r]['min'], 'max' : Bounds[r]['max']})
        else:
            ##  print '\t:'
            if Reactions[r]['reversible']:
                Reactions[r].update({'min' : -default, 'max' : default})
            else:
                Reactions[r].update({'min' : 0.0, 'max' : default})

def dumpReactionsToTxt(Reactions, fname):
    dF = file(fname,'w')
    for rx in Reactions:
        dF.write('\n%s\n' % Reactions[rx]['id'])
        dF.write('Name: %s\n' % Reactions[rx]['name'])
        dF.write('Reversible: %s\n' % Reactions[rx]['reversible'])
        dF.write('Exchange: %s\n' % Reactions[rx]['exchange'])
        dF.write('Bounds: min=%s max=%s\n' % (Reactions[rx]['min'], Reactions[rx]['max']))
        if Reactions[rx]['reversible']:
            rsign = '<==>'
        else:
            rsign = '-->'

        st = ''
        for s in Reactions[rx]['substrates']:
            st += '%s %s + ' % s
        st = st[:-2]
        pt = ''
        for p in Reactions[rx]['products']:
            pt += '%s %s + ' % p
        pt = pt[:-2]
        dF.write('%s %s %s\n' % (st.strip(), rsign.strip(), pt.strip()))
    dF.flush()
    dF.close()

def getSpecies(reactions):
    species = {}
    for r in reactions:
        for s in reactions[r]['substrates']:
            species.update({s[1] : {'compartment' : s[1][-1]}})
        for p in reactions[r]['products']:
            species.update({p[1] : {'compartment' : p[1][-1]}})
    return species

def dumpSpeciesToTxt(species, fname):
    dF = file(fname,'w')
    for s in species:
        dF.write('\n%s\n' % s)
        dF.write('Compartment: %s\n' % species[s]['compartment'])
    dF.flush()
    dF.close()

def buildFBAobj(reactions, species, objfname, modname='model'):
    fm = CBModel
    M = fm.Model(modname)
    M.setName(modname)
    M.description = modname
    for s in species:
        S = fm.Species(s, compartment = species[s]['compartment'])
        S.value = 0.0
        S.setName(s)
        M.addSpecies(S)
    for r in reactions:
        R = fm.Reaction(r, name=reactions[r]['name'], reversible=reactions[r]['reversible'])
        for su in reactions[r]['substrates']:
            SU = fm.Reagent(r+su[1], su[1], -su[0])
            R.addReagent(SU)
            spx = M.getSpecies(su[1])
            if su[1] not in spx.isReagentOf():
                spx.reagent_of.append(R.getPid())
        for pr in reactions[r]['products']:
            PR = fm.Reagent(r+pr[1], pr[1], pr[0])
            R.addReagent(PR)
            spx = M.getSpecies(pr[1])
            if pr[1] not in spx.isReagentOf():
                spx.reagent_of.append(R.getPid())
        R.is_exchange = reactions[r]['exchange']
        LB = fm.FluxBound(r+'min', r, 'greaterEqual', reactions[r]['min'])
        UB = fm.FluxBound(r+'max', r, 'lessEqual', reactions[r]['max'])
        R.value = 0.0
        if 'gene' in reactions[r]:
            R.setAnnotation('GENE ASSOCIATION', reactions[r]['gene'])
        M.addReaction(R)
        M.addFluxBound(LB)
        M.addFluxBound(UB)
    if objfname != None:
        OB = fm.Objective('objective1', 'maximize')
        FO = fm.FluxObjective(objfname+'_obj', objfname)
        OB.addFluxObjective(FO)
        M.addObjective(OB, active=True)
    return M



[docs]def readCSV(model_file, bounds_file=None, biomass_flux=None, model_id='FBAModel', reaction_prefix='R_', has_header=False):
    """
    This function loads a CSV file and translates it into a Python object::

     - *model_file* the name of the CSV file that contains the model
     - *bounds_file* the name of the CSV file that contains the flux bounds
     - *reaction_prefix* [default='R _'] the prefix to add to input reaction ID's
     - *has_header* [default=False] if there is a header row in the csv file

    """

    assert os.path.exists(model_file), '\nPlease supply a file name that exists.'
    Rdict = getReactions(model_file, reaction_prefix=reaction_prefix, has_header=has_header,save_rpt=True)
    R = parseReactions(Rdict)
    del Rdict
    if bounds_file != None and os.path.exists(bounds_file):
        B = getBounds(bounds_file, reaction_prefix=reaction_prefix, has_header=has_header)
        print('\nBounds loaded from file: {}\n'.format(bounds_file))
    else:
        B = {}

    addBoundsToReactions(R, B, default=BIG_BOUND)
    S = getSpecies(R)
    dumpReactionsToTxt(R, 'dump_reactions.txt')
    dumpSpeciesToTxt(S, 'dump_species.txt')

    fba = buildFBAobj(reactions=R, species=S, objfname=biomass_flux, modname=model_id)
    return fba


"""
if __name__ == '__main__':
    cDir = os.path.dirname(os.path.abspath(os.sys.argv[0]))
    work_dir = os.path.join(cDir, 'spy')

    Bounds = getBounds(os.path.join(work_dir, 'Spy_bounds_semicolon.csv'))
    Reactions  = getReactions(os.path.join(work_dir, 'Spy_reaction_biomass_semicolon.csv'))
    ##  Bounds = getBounds(os.path.join(work_dir, 'boundaries_EFA.csv'))
    ##  Reactions  = getReactions(os.path.join(work_dir, 'reactions_EFA1.csv'))

    addBoundsToReactions(Reactions, Bounds, default=1000.0)
    dumpReactionsToTxt(Reactions, 'dump_reactions.txt')
    Species = getSpecies(Reactions)
    dumpSpeciesToTxt(Species, 'dump_species.txt')
    fba = buildFBAobj(Reactions, Species, 'biomass_LPL6_0', 'Spy')
"""
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"""
CBMPy: CBWx module
===================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBWx.py 305 2015-04-23 15:18:31Z bgoli $)

"""

# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals

import os, time, random, math, re, webbrowser, locale, sys
# this is a hack that needs to be streamlined a bit
try:
    import cStringIO as csio
except ImportError:
    import io as csio
HAVE_WX = False
try:
    import wx
    import wx.grid
    import wx.html
    import wx.lib.ClickableHtmlWindow
    import wx.aui
    import wx.lib.colourdb
    from wx.lib.floatcanvas import NavCanvas, FloatCanvas, Resources
    from wx.lib import scrolledpanel
    import  wx.lib.mixins.listctrl  as  listmix
    from wx import ImageFromStream, BitmapFromImage
    HAVE_WX = True
    print('WX GUI tools available.')
except ImportError as ex:
    print('\nWX GUI tools not available.')
    print(ex)

HAVE_URLLIB2 = True
try:
    import urllib2
except:
    HAVE_URLLIB2 = False

if HAVE_WX:
    class ModelEditor(wx.Frame):
        PanelSize = (1100,600)
        RPwidth = 0.5
        RPheight = 1.0
        LPwidth = 0.5
        LPheight = 1.0
        mainSizer = None
        RGridCol = None
        RGridRow = None
        rlabels = ('Reaction','Name','Flux','d','LB','UB','RCost','Exch','Balanced')
        NOVAL = (None, '', 'None')
        RGrid = None
        pybox = None
        NoteB1 = None
        NoteB1_Psession = None
        NoteB1_Preaction = None
        NoteB1_Prelate = None
        NoteB1_Pgene = None
        FCanvas_met = None
        FCanvas_gen = None
        Colour = None
        Rinfbox = None
        _cmod_ = None
        _cbm_ = None
        MainPanel = None
        StatusBar = None
        OUT_dir = None
        OUT_file = None
        STS_OBJ_FUNC = None
        STS_OBJ_SENSE = None
        STS_OBJ_COND = None
        BUT_minsum = None
        BUT_optimise = None
        RGridOK = True
        __ActiveReaction = None
        __ScaledReducedCost = False
        __BoundaryDetection = True
        WX_COLOURS = None
        FC_LineStyles = None
        __C_BUFF__ = None
        RGdict = None
        SGdict = None
        GGdict = None
        Rmap = None
        Smap = None
        GPRmap = None
        PRGmap = None
        OnlyActiveReactions = False
        ZERO_TOL = 1.0e-11
        SEARCH_MODE = 0
        RTreeCache = None
        ReactionBalanceInfo = None
        FontCache = None
        SemanticSBMLClient = None

        def __init__(self, cmod):
            mystyle = wx.DEFAULT_DIALOG_STYLE
            mystyle = wx.DEFAULT_FRAME_STYLE
            fSize = wx.DisplaySize()
            fSize = fSize[0], fSize[1]-50
            wx.Frame.__init__(self, None, style=mystyle, name='frame1', pos=(0, 0), size=fSize)
            #self.SetSize(self.PanelSize)
            #self.SetMinSize(self.PanelSize)
            #self.ShowFullScreen(True)
            self.SetTitle('PySCeS-CBM Model Editor - editing: %s (%s)' % (cmod.getPid(), cmod.getName()))
            fSize = self.GetSize()
            fSize = fSize[0], fSize[1]-20
            self.MainPanel = wx.Panel(self, -1, size=fSize)
            self.MainPanel.SetSize(fSize)
            self.MainPanel.SetMinSize(fSize)

            self.PanelSize = self.MainPanel.GetSize()
            self._cmod_ = cmod
            self.__C_BUFF__ = []
            self.RGridRow = cmod.getReactionIds()
            self.RGdict = {}
            self.SGdict = {}
            self.GGdict = {}
            self.Rmap = {}
            self.Smap = {}
            self.GPRmap = {}
            self.PRGmap = {}
            self.RTreeCache = []
            self.ReactionBalanceInfo = {}
            self.FontCache = {}

            self.BuildMainPanel()
            self.CreateRGrid()
            #self.LeftPanel.Refresh()
            #self.MainPanel.UpdateWindowUI()

            import pyscescbm as cbm
            self._cbm_ = cbm
            self.OUT_dir = os.getcwd()
            self.UpdateModelStatus()
            self.CreateMaps()
            try:
                #self.RESTClient = cbm.CBNetDB.RESTClient()
                self.SemanticSBMLClient = cbm.CBNetDB.SemanticSBML()
            except:
                print('REST web serices not available')

        def EVT_SEARCH_MODE_SELECT(self, event):
            if event.GetId() == 211:
                self.SEARCH_MODE = 0
                self.searchSelectmenu.Check(211, True)
                self.searchSelectmenu.Check(212, False)
                self.SEARCH_OBJ.Enable(True)
            elif event.GetId() == 212:
                self.SEARCH_MODE = 1
                self.searchSelectmenu.Check(211, False)
                self.searchSelectmenu.Check(212, True)
                self.SEARCH_OBJ.Enable(False)
            print('Search mode selected:', self.SEARCH_MODE, event.GetId())

        def BuildMainPanel(self):
            # build some frame stuff
            # Setting up the menu.
            filemenu= wx.Menu()
            menuSave = filemenu.Append(101, "&Save Model"," Save to SBML", kind=wx.ID_SAVE)
            menuExport = filemenu.Append(102, "Save S&ession"," Export session as Python script", kind=wx.ID_SAVE)
            menuAbout= filemenu.Append(103, "&About"," Information about this program", kind=wx.ID_ABOUT)
            menuExit = filemenu.Append(104,"E&xit"," Terminate the program", kind=wx.ID_EXIT)

            self.searchSelectmenu = wx.Menu()
            self.CHECK_AUTOCOMP = self.searchSelectmenu.Append(211, 'AutoComplete', kind=wx.ITEM_CHECK)
            self.CHECK_SUBSEARCH = self.searchSelectmenu.Append(212, 'Subsearch', kind=wx.ITEM_CHECK)

            self.Bind(wx.EVT_MENU, self.EVT_SEARCH_MODE_SELECT, self.CHECK_AUTOCOMP)
            self.Bind(wx.EVT_MENU, self.EVT_SEARCH_MODE_SELECT, self.CHECK_SUBSEARCH)
            self.searchSelectmenu.Check(self.CHECK_AUTOCOMP.GetId(), True)

            optionsMenu = wx.Menu()
            optionsMenu.AppendMenu(201, '&Search mode', self.searchSelectmenu)

            actionMenu = wx.Menu()
            menuAnalyseBalances = actionMenu.Append(301, 'Run &Balance Checker', kind=wx.ID_DEFAULT)
            SemSBMLMenu = wx.Menu()
            menuSemSBMLMenu_name = SemSBMLMenu.Append(311, 'Name', kind=wx.ID_DEFAULT)
            menuSemSBMLMenu_id = SemSBMLMenu.Append(312, 'Id', kind=wx.ID_DEFAULT)
            actionMenu.AppendMenu(302, 'Run Semantic &SBML', SemSBMLMenu)
            self.Bind(wx.EVT_MENU, self.MENUAnalyseBalances, menuAnalyseBalances)
            self.Bind(wx.EVT_MENU, self.SemSBML_name, menuSemSBMLMenu_name)
            self.Bind(wx.EVT_MENU, self.SemSBML_id, menuSemSBMLMenu_id)



            # Creating the menubar and statusbar
            menuBar = wx.MenuBar()
            menuBar.Append(filemenu,"&File") # Adding the "filemenu" to the MenuBar
            menuBar.Append(optionsMenu,"&Options") # Adding the "filemenu" to the MenuBar
            menuBar.Append(actionMenu,"&Action") # Adding the "filemenu" to the MenuBar
            self.SetMenuBar(menuBar)  # Adding the MenuBar to the Frame content.
            # Menu Events.
            self.Bind(wx.EVT_MENU, self.MENUOnSave, menuSave)
            self.Bind(wx.EVT_MENU, self.MENUExport, menuExport)
            self.Bind(wx.EVT_MENU, self.MENUOnExit, menuExit)
            self.Bind(wx.EVT_MENU, self.MENUOnAbout, menuAbout)

            self.StatusBar = self.CreateStatusBar() # A StatusBar in the bottom of the window
            self.SetStatusText("Ready!")

            # create the sizers
            self.mainSizer = wx.BoxSizer(wx.HORIZONTAL)

            # Checkbox
            ##  self.insure = wx.CheckBox(self, label="Do you want Insured Shipment ?")
            ##  grid.Add(self.insure, pos=(4,0), span=(1,2), flag=wx.BOTTOM, border=5)
            ##  self.Bind(wx.EVT_CHECKBOX, self.EvtCheckBox, self.insure)

            # Radio Boxes
            ##  radioList = ['blue', 'red', 'yellow', 'orange', 'green', 'purple', 'navy blue', 'black', 'gray']
            ##  rb = wx.RadioBox(self, label="What color would you like ?", pos=(20, 210), choices=radioList,  majorDimension=3,
                        ##  style=wx.RA_SPECIFY_COLS)
            ##  grid.Add(rb, pos=(5,0), span=(1,2))
            ##  self.Bind(wx.EVT_RADIOBOX, self.EvtRadioBox, rb)

            # create the Lpanel
            leftSizer = wx.BoxSizer(wx.VERTICAL)
            self.LeftPanel = wx.Panel(self.MainPanel, -1)
            self.RGridGap = 80
            gridSize = (self.PanelSize[0]*self.LPwidth, self.PanelSize[1]-self.RGridGap)
            self.RGridInitSize = gridSize
            self.LeftPanel.SetMinSize(gridSize)

            # Define a dynamically updatable grid
            self.RGrid_scrollwindow = wx.ScrolledWindow(id=-1, size=gridSize,
                                                        name='RGrid_scrollwindow', parent=self.LeftPanel,
                                                        style=wx.HSCROLL | wx.VSCROLL)

            self.RGrid = wx.grid.Grid(id=-1, name='RGrid', size=gridSize,
                                      parent=self.RGrid_scrollwindow,
                                      style=0)
            self.RGridCol = len(self.rlabels)

            self.RGrid.CreateGrid(len(self._cmod_.reactions), self.RGridCol)
            #self.RGrid.SetSize(gridSize)
            #self.RGrid.SetMinSize(gridSize)
            ##  self.RGrid.SetMargins(5,5)
            self.RGrid.EnableScrolling(True, True)
            self.RGrid.SetScrollbars(10, 10, 10, 10)

            self.RGrid.Bind(wx.grid.EVT_GRID_SELECT_CELL, self.EvtRGridCellSelect)
            self.RGrid.Bind(wx.grid.EVT_GRID_CELL_CHANGE, self.EvtRGridCellChange)

            # Some buttons
            buttonSizer = wx.BoxSizer(wx.HORIZONTAL)

            ButtonPanel = wx.Panel(self.LeftPanel, -1)
            #ButtonPanel.SetSize((20,30))
            #ButtonPanel.SetMinSize((20,30))
            self.BUT_optimise = wx.Button(ButtonPanel, label="Optimize")
            self.BUT_minsum = wx.Button(ButtonPanel, label="Min. SumAbsFlux")
            self.Bind(wx.EVT_BUTTON, self.EVT_BUT_optimise, self.BUT_optimise)
            self.Bind(wx.EVT_BUTTON, self.EVT_BUT_minsum, self.BUT_minsum)
            buttonSizer.Add(self.BUT_optimise, 1, wx.CENTER)
            buttonSizer.Add(self.BUT_minsum, 1, wx.CENTER)
            ButtonPanel.SetSizer(buttonSizer)

            # add status text controls
            statusSizer = wx.GridSizer(2,4,1,1)
            StatusPanel = wx.Panel(self.LeftPanel, -1, size=wx.Size(self.PanelSize[0]*self.LPwidth,-1))
            STS_OBJ_FUNC_LBL = wx.TextCtrl(StatusPanel, -1, style=wx.TE_READONLY | wx.TE_CENTER)
            STS_OBJ_FUNC_LBL.write('ObjValue')
            STS_OBJ_FUNC_LBL.SetBackgroundColour(wx.Colour(255,255,153))
            statusSizer.Add(STS_OBJ_FUNC_LBL)
            STS_OBJ_SENSE_LBL = wx.TextCtrl(StatusPanel, -1, style=wx.TE_READONLY | wx.TE_CENTER)
            STS_OBJ_SENSE_LBL.write('ObjSense')
            STS_OBJ_SENSE_LBL.SetBackgroundColour(wx.Colour(255,255,153))
            statusSizer.Add(STS_OBJ_SENSE_LBL)
            STS_OBJ_COND_LBL = wx.TextCtrl(StatusPanel, -1, style=wx.TE_READONLY | wx.TE_CENTER)
            STS_OBJ_COND_LBL.write('ObjStatus')
            STS_OBJ_COND_LBL.SetBackgroundColour(wx.Colour(255,255,153))
            statusSizer.Add(STS_OBJ_COND_LBL)

            SEARCH_OBJ_LBL = wx.TextCtrl(StatusPanel, -1, style=wx.TE_READONLY | wx.TE_CENTER)
            SEARCH_OBJ_LBL.write('SearchReactions')
            SEARCH_OBJ_LBL.SetMinSize(wx.Size(130,-1))
            SEARCH_OBJ_LBL.SetBackgroundColour(wx.Colour(102,255,255))
            statusSizer.Add(SEARCH_OBJ_LBL)

            ## the combobox Control
            #self.SEARCH_SELECT_COMB = wx.ComboBox(StatusPanel, size=wx.Size(130, -1), choices=['AutoComplete', 'SubString'], style=wx.CB_READONLY)
            #self.SEARCH_SELECT_COMB.SetStringSelection('AutoComplete')
            #statusSizer.Add(self.SEARCH_SELECT_COMB)
            ## self.Bind(wx.EVT_COMBOBOX, self.EvtComboBox, self.edithear)

            self.STS_OBJ_FUNC = wx.TextCtrl(StatusPanel, -1, style=wx.TE_READONLY | wx.TE_CENTER)
            statusSizer.Add(self.STS_OBJ_FUNC)
            self.STS_OBJ_SENSE = wx.TextCtrl(StatusPanel, -1, style=wx.TE_READONLY | wx.TE_CENTER)
            statusSizer.Add(self.STS_OBJ_SENSE)
            self.STS_OBJ_COND = wx.TextCtrl(StatusPanel, -1, style=wx.TE_READONLY | wx.TE_CENTER)
            statusSizer.Add(self.STS_OBJ_COND)

            def SearchSelectCallback(sList):
                print('Selection list', sList)
                self.UpdateReactionGraph(sList[0])
                self.updateInfoFromReactionName(sList[0])
                self.SelectGridRow(sList[0])


            try:
                self.SEARCH_OBJ = TextCtrlAutoComplete(StatusPanel, choices=self._cmod_.getReactionIds(),\
                                                       selectCallback=SearchSelectCallback, style=wx.TE_LEFT)
                self.SEARCH_OBJ.SetMinSize(wx.Size(130, -1))
                self.SEARCH_OBJ.Enable(True)
            except:
                self.SEARCH_OBJ = wx.TextCtrl(StatusPanel, -1, choices=self._cmod_.getReactionIds(), style=wx.TE_READONLY | wx.TE_CENTER)
                self.SEARCH_OBJ.SetMinSize(wx.Size(130,-1))
                self.SEARCH_OBJ.Enable(True)
            statusSizer.Add(self.SEARCH_OBJ)
            StatusPanel.SetSizer(statusSizer)
            self.StatusPanel = StatusPanel

            leftSizer.Add(StatusPanel)
            leftSizer.AddSpacer(2)
            leftSizer.Add(ButtonPanel)
            leftSizer.AddSpacer(2)
            leftSizer.Add(self.RGrid_scrollwindow)
            self.LeftPanel.SetSizer(leftSizer)

            # create the Rpanel notebook
            rightSizer = wx.BoxSizer(wx.VERTICAL)
            self.RightPanel = wx.Panel(self.MainPanel, -1)
            NoteB1size = (self.PanelSize[0]*self.RPwidth, self.PanelSize[1]*self.RPheight)
            self.NoteB1 = wx.Notebook(self.RightPanel, size=NoteB1size)
            self.NoteB1.SetSize(NoteB1size)
            self.NoteB1.SetMinSize(NoteB1size)
            ##  self.NoteB1.SetPadding((10,-1))
            # create panels
            RinfSize = wx.Size(NoteB1size[0]-8, NoteB1size[1]-25)
            self.NoteB1_Psession =  wx.Panel(self.NoteB1, -1)
            self.NoteB1_Preaction = wx.Panel(self.NoteB1, -1)
            self.NoteB1_Pspecies = wx.Panel(self.NoteB1, -1)
            self.NoteB1_Prelate = wx.Panel(self.NoteB1, -1)
            self.NoteB1_Pgene = wx.Panel(self.NoteB1, -1)
            #self.NoteB1_PRedit = wx.Panel(self.NoteB1, -1)
            self.NoteB1_PRedit = wx.lib.scrolledpanel.ScrolledPanel(self.NoteB1, -1, style=wx.TAB_TRAVERSAL|wx.SUNKEN_BORDER|wx.HSCROLL|wx.VSCROLL)
            self.NoteB1_PRedit.SetAutoLayout(1)
            self.NoteB1_PRedit.SetupScrolling()

            #create pybox: python script window
            self.PyBox = wx.TextCtrl(self.NoteB1_Psession, -1, size=self.NoteB1.GetVirtualSize(), style=wx.TE_MULTILINE | wx.HSCROLL)
            PyBox_sizer = wx.BoxSizer(wx.VERTICAL)
            PyBox_sizer.Add(self.PyBox, -1, wx.EXPAND)
            #self.NoteB1_Psession.Fit(PyBox_sizer)
            self.PyBox.SetEditable(False)
            self.writeCmd("#############################\n# ")
            self.writeCmd("# PySCeS-CBM GUI generated command file ")
            self.writeCmd("# Please note that the model instance is: cmod ")
            self.writeCmd("#\n#############################\n")
            self.writeCmd("import pyscescbm\n")
            self.writeCmd("# cmod = pyscescbm.CBRead.readSBML2FBA(ModelFile, ModelDir)\n")
            self.PyBox.SetMinSize(self.NoteB1.GetVirtualSize())

            # create html panel for reaction information
            self.Rinfbox = wx.html.HtmlWindow(self.NoteB1_Preaction, -1, size=self.NoteB1.GetVirtualSize(), style=wx.html.HW_SCROLLBAR_AUTO)
            self.Rinfbox.SetBorders(0)
            Rinfbox_sizer = wx.BoxSizer(wx.VERTICAL)
            Rinfbox_sizer.Add(self.Rinfbox, 0, wx.EXPAND)
            self.Rinfbox.SetMinSize(self.NoteB1.GetVirtualSize())

            # create reaction editor
            self.FontCache.update({'SanSer12CS' : wx.Font(12, wx.SWISS, wx.NORMAL, wx.NORMAL, False, u'Comic Sans MS')})
            self.FontCache.update({'SanSer12' : wx.Font(12, wx.SWISS, wx.NORMAL, wx.NORMAL, False)})
            self.FontCache.update({'SanSer10' : wx.Font(10, wx.SWISS, wx.NORMAL, wx.NORMAL, False)})

            # create the box sizer
            Reditbox_sizer = wx.BoxSizer(wx.VERTICAL)

            # create the edit button
            #self.BUT_EnableEdit = wx.Button(self.NoteB1_PRedit, label="Edit Reaction")
            #self.Bind(wx.EVT_BUTTON, self.EVT_BUT_EnableEdit, self.BUT_EnableEdit)
            #Reditbox_sizer.Add(self.BUT_EnableEdit)

            # create the component grid
            #Reditgrid_sizer = wx.GridSizer(3,2,1,1)
            #grow = 10
            #gcol = 2
            #cntr = True
            #self.TEXTBOXES_Redit = []
            #for tp in range(grow*gcol):
                #cellHeight = -1
                #if cntr:
                    #tx = wx.TextCtrl(self.NoteB1_PRedit, style=wx.DEFAULT | wx.TE_READONLY | wx.TE_CENTER)
                    #tx.SetSize(wx.Size(RinfSize[1]/4, cellHeight))
                    #tx.SetMinSize(wx.Size(RinfSize[1]/4, cellHeight))
                    #tx.SetFont(self.FontCache['SanSer10'])
                    #cntr = False
                #else:
                    #tx = wx.TextCtrl(self.NoteB1_PRedit, style=wx.DEFAULT | wx.TE_LEFT | wx.EXPAND )
                    #tx.SetSize(wx.Size(RinfSize[1]/2, cellHeight))
                    #tx.SetMinSize(wx.Size(RinfSize[1]/2, cellHeight))
                    #tx.SetFont(self.FontCache['SanSer10'])
                    #cntr = True
                #tx.Disable()
                #tx.WriteText(str(tp+1))
                #tx.PID = str(tp+1)
                #Reditgrid_sizer.Add(tx, wx.EXPAND)
                #self.TEXTBOXES_Redit.append(tx)
            #Reditbox_sizer.Add(Reditgrid_sizer, wx.EXPAND) # add to boxsizer

            # create the annotate button
            #self.BUT_Annotate = wx.Button(self.NoteB1_PRedit, label="SemanticSBML")
            #self.Bind(wx.EVT_BUTTON, self.EVT_BUT_Annotate, self.BUT_Annotate)
            #Reditbox_sizer.Add(self.BUT_Annotate)

            # the big text box
            #self.TEXTBOX_Annotate = wx.TextCtrl(self.NoteB1_PRedit, style=wx.TE_MULTILINE | wx.EXPAND )
            #self.TEXTBOX_Annotate.SetMinSize(wx.Size(self.NoteB1.GetVirtualSize()[1], -1))
            #self.TEXTBOX_Annotate.SetFont(self.FontCache['SanSer10'])
            #self.TEXTBOX_Annotate.Disable()
            #Reditbox_sizer.Add(self.TEXTBOX_Annotate, wx.EXPAND) # add to boxsizer

            # add boxSizer to Panel
            self.NoteB1_PRedit.SetSizer(Reditbox_sizer, wx.DEFAULT)
            self.NoteB1_PRedit.SetMinSize(self.NoteB1.GetVirtualSize())

            # create html panel for reagent information
            self.Sinfbox = wx.lib.ClickableHtmlWindow.PyClickableHtmlWindow(self.NoteB1_Pspecies, -1, size=self.NoteB1.GetVirtualSize(), style=wx.html.HW_SCROLLBAR_AUTO)
            self.Sinfbox.SetBorders(0)
            Sinfbox_sizer = wx.BoxSizer(wx.VERTICAL)
            Sinfbox_sizer.Add(self.Sinfbox, -1, wx.EXPAND)
            self.Sinfbox.SetMinSize(self.NoteB1.GetVirtualSize())

            # Create canvas panels for graphical representations
            wx.lib.colourdb.updateColourDB()
            self.WX_COLOURS = wx.lib.colourdb.getColourList()
            self.FC_LineStyles = list(FloatCanvas.DrawObject.LineStyleList)

            # create a met/gen canvas and do voodoo to get it to fill the notebook panel
            self.MetCanvas = NavCanvas.NavCanvas(self.NoteB1_Prelate, -1, size=self.NoteB1.GetVirtualSize(), Debug=0, ProjectionFun=None, BackgroundColor="DARK SLATE BLUE")
            self.FCanvas_met = self.MetCanvas.Canvas
            self.FCanvas_met.SetProjectionFun(None)
            self.FCanvas_met.InitAll()
            self.GenCanvas = NavCanvas.NavCanvas(self.NoteB1_Pgene, -1, size=self.NoteB1.GetVirtualSize(), Debug=0, ProjectionFun=None, BackgroundColor="DARK SLATE BLUE")
            self.FCanvas_gen = self.GenCanvas.Canvas
            self.FCanvas_gen.SetProjectionFun(None)
            self.FCanvas_gen.InitAll()

            NC1_sizer = wx.BoxSizer(wx.VERTICAL)
            NC1_sizer.Add(self.MetCanvas, 1, wx.EXPAND)
            NC2_sizer = wx.BoxSizer(wx.VERTICAL)
            NC2_sizer.Add(self.GenCanvas, 1, wx.EXPAND)
            self.FCanvas_met.SetMinSize(self.NoteB1.GetVirtualSize())
            self.FCanvas_gen.SetMinSize(self.NoteB1.GetVirtualSize())

            ##  self.FCanvas_met.Bind(FloatCanvas.EVT_LEFT_DOWN, self.EVT_FC1_onClick)
            ##  self.FCanvas_gen.Bind(FloatCanvas.EVT_LEFT_DOWN, self.EVT_FC2_onClick)

            # add the pages to the notebook with the label to show on the tab
            self.NoteB1.AddPage(self.NoteB1_Psession, "Session")
            self.NoteB1.AddPage(self.NoteB1_Preaction, "Reaction")
            self.NoteB1.AddPage(self.NoteB1_Prelate, "Metabolism")
            # TODO
            self.NoteB1.AddPage(self.NoteB1_Pgene, "Genes")
            self.NoteB1.AddPage(self.NoteB1_PRedit, "ReacEdt")
            self.NoteB1.AddPage(self.NoteB1_Pspecies, "MIRIAM")

            rightSizer.Add(self.NoteB1)
            #self.RightPanel.Fit(rightSizer)

            # Add components to the main panel

            self.mainSizer.Add(self.LeftPanel, 1, wx.EXPAND)
            self.mainSizer.Add(self.RightPanel, 1, wx.EXPAND)
            self.MainPanel.SetSizerAndFit(self.mainSizer)

            ## Resize control
            self.Bind(wx.EVT_SIZE, self.EVT_FRAME_resize, self)

            ##GENERIC click event
            #self.Bind(wx.EVT_SIZE, self.EVT_onClick, self.MainPanel)

        def UpdateModelStatus(self):
            self.STS_OBJ_SENSE.Clear()
            self.STS_OBJ_COND.Clear()
            self.STS_OBJ_FUNC.Clear()
            self.STS_OBJ_COND.write(str(self._cmod_.SOLUTION_STATUS))
            if self._cmod_.SOLUTION_STATUS == 'LPS_OPT':
                self.STS_OBJ_COND.SetBackgroundColour(wx.Colour(255,255,255))
            else:
                self.STS_OBJ_COND.SetBackgroundColour(wx.Colour(255,0,51))
            if self._cmod_.getActiveObjective() != None:
                self.STS_OBJ_FUNC.write(str(self._cmod_.getActiveObjective().getValue()))
                self.STS_OBJ_SENSE.write(self._cmod_.getActiveObjective().operation)
            else:
                self.STS_OBJ_FUNC.write('None')
                self.STS_OBJ_SENSE.write('None')

        def UpdateReactionInfo(self,rid):
            print('Updating reaction info')
            r = self._cmod_.getReaction(rid)

            rs = '<h2>%s</h2><p>%s</p>' % (rid, r.getName())
            rs += '<h3>Equation</h3><p>%s</p>' % self.GetEquation(r)
            rs += '<p><br/></p>'
            ##  rs += '<h3>Details</h3>'
            props = '<tr><th colspan="2"><strong>Properties</strong></th></tr>'
            props += '<tr><td>%s</td><td>%s</td></tr><tr><td>%s</td><td>%s</td></tr>' % ('Reversible',r.reversible,'Exchange',r.is_exchange)
            props += '<tr><th colspan="2"><strong>Annotations</strong></th></tr>'
            RA = r.getAnnotations()
            for a in RA:
                props += '<tr><td>%s</td><td>%s</td></tr>' % (a, RA[a])
            ##  rs += '<table border="1" cellpadding="5" width="70%s">%s</table>' % ('\\%', props)
            rs += '<table border="1" cellpadding="5">%s</table>' % (props)

            if self.ReactionBalanceInfo != None:
                if rid in self.ReactionBalanceInfo:
                    rs += '<h3>Balancing information</h3>'
                    bi = self.ReactionBalanceInfo[rid]
                    #print bi
                    bal = '<tr><td colspan="2">Charge balanced: %s {\'charge\', %s}</td></tr>' % (bi['charge_balanced'], bi['charge'])
                    bal += '<tr><td colspan="2">Element balanced: %s %s</td></tr>' % (bi['element_balanced'], bi['elements'])
                    for rre in bi['stuff']:
                        sbal = ''
                        coeff = None
                        for det in range(len(rre)):
                            out = ''
                            if det == 0:
                                out = rre[det]
                            if det == 1:
                                coeff = rre[det]
                                #out = re[det]
                            elif det == 3:
                                out = ''
                                if rre[2] == '' or rre[3] == None:
                                    out = 'Unknown'
                                else:
                                    for e in rre[det]:
                                        out += '%.1f %s, ' % (coeff*e[1], e[0])
                                    out = out[:-2]
                            if out != '':
                                sbal += '<td>%s</td>' % out
                        bal += '<tr>%s</tr>' % (sbal)
                    rs += '<table border="1" cellpadding="5">%s</table>' % (bal)
            props = ''
            rs += '<h3>Reagents</h3>'
            for sid in r.getSpeciesIds():
                s = self._cmod_.getSpecies(sid)
                props += '<h4>%s</h4><table border="1" cellpadding="5">' % sid
                ##  props += '<tr><th colspan="2"><strong>%s</strong></th></tr>' % sid
                props += '<tr><td>%s</td><td>%s</td></tr><tr><td>%s</td><td>%s</td></tr>' % ('Name',s.getName(),'Compartment',s.compartment)
                props += '<tr><td>%s</td><td>%s</td></tr>' % ('Fixed',s.is_boundary)
                props += '<tr><td>%s</td><td>%s</td></tr>' % ('Coefficient', r.getReagentWithSpeciesRef(sid).coefficient)
                ##  props += '<tr><th colspan="2">Annotations</th></tr>'
                props += '<tr><td>%s</td><td>%s</td></tr><tr><td>%s</td><td>%s</td></tr>' % ('ChemFormula',s.chemFormula,'Charge',s.charge)
                ##  SA = s.getAnnotations()
                ##  for a in RA:
                    ##  props += '<tr><td>%s</td><td>%s</td></tr>' % (a, SA[a])
                ##  rs += '<table border="1" cellpadding="5" width="70%s">%s</table>' % ('\\%', props)
                props += '</table>'
            rs += props
                ##  rs += '<table border="1" cellpadding="3" width="80%s"><tr><th>Property</th><th>Value</th></tr>%s</table>' % ('\\%', props)


            self.Rinfbox.SetPage("<html><body>%s</body></html>" % rs)

        def SelectGridRow(self, rid):
            self.RGrid.SelectRow(self.RGridRow.index(rid))
            self.RGrid.MakeCellVisible(self.RGridRow.index(rid), 0)

        def UpdateReactionGraph(self, rid):
            R = self._cmod_.getReaction(rid)
            subs = []
            prods = []
            self.FCanvas_met.ClearAll()
            STB_LW = 2
            STB_PAD = 0.15
            STB_SZ = 0.25
            STB_LC = 'Black'
            GC = (0,0)

            FC_OBJ = []
            if rid not in self.RGdict:
                STB = FloatCanvas.ScaledTextBox(rid, GC, Size=STB_SZ, PadSize=STB_PAD,\
                                                LineWidth=STB_LW, LineColor=STB_LC,\
                                                Family=wx.FONTFAMILY_DEFAULT, Weight=wx.BOLD,\
                                                BackgroundColor='White')
                self.__STB_center__(STB)
                STB.Name = rid
                STB.HitFill = True
                STB.HitLineWidth = 5
                FC_OBJ.append(STB)

                for rr in R.reagents:
                    if rr.coefficient < 0:
                        subs.append(rr)
                    elif rr.coefficient > 0:
                        prods.append(rr)
                radius = None
                if len(R.reagents) == 1:
                    radius = 2
                    cxy = [(0,radius)]
                elif len(R.reagents) == 2:
                    radius = 2
                    cxy = circlePoints(totalPoints=len(R.reagents), startAngle=0, arc=360, circleradius=radius, centerxy=GC, direction='forward', evenDistribution=True)
                else:
                    if len(R.reagents) < 12:
                        radius = 3
                    else:
                        radius = 10
                    cxy = circlePoints(totalPoints=len(R.reagents), startAngle=270, arc=360, circleradius=radius, centerxy=GC, direction='forward', evenDistribution=True)

                scntr = 0
                rcntr = 0
                for s in range(len(subs)):
                    if self._cmod_.getSpecies(subs[s].species_ref).is_boundary:
                        STB_LC = 'Red'
                    else:
                        STB_LC = 'Black'
                    if abs(subs[s].coefficient) != 1:
                        cf = '{%.1f} ' % abs(subs[s].coefficient)
                    else:
                        cf = ''
                    STB = FloatCanvas.ScaledTextBox('%s%s' % (cf,subs[s].species_ref), cxy[rcntr], Size=STB_SZ, PadSize=STB_PAD, LineWidth=STB_LW, LineColor=STB_LC, Family=wx.SWISS, BackgroundColor='Green')
                    STB.Name = subs[s].species_ref
                    self.__STB_center__(STB)
                    STB.HitFill = True
                    STB.HitLineWidth = 5
                    FC_OBJ.append(STB)
                    scntr += 1
                    rcntr += 1
                pcntr = 0
                for p in range(len(prods)):
                    if self._cmod_.getSpecies(prods[p].species_ref).is_boundary:
                        STB_LC = 'Red'
                    else:
                        STB_LC = 'Black'
                    if abs(prods[p].coefficient) != 1:
                        cf = '{%.1f} ' % abs(prods[p].coefficient)
                    else:
                        cf = ''
                    STB = FloatCanvas.ScaledTextBox('%s%s' % (cf, prods[p].species_ref), cxy[rcntr], Size=STB_SZ, PadSize=STB_PAD, LineWidth=STB_LW, LineColor=STB_LC, Family=wx.SWISS, BackgroundColor='Yellow')
                    STB.Name = prods[p].species_ref
                    self.__STB_center__(STB)
                    STB.HitFill = True
                    STB.HitLineWidth = 5
                    FC_OBJ.append(STB)
                    pcntr += 1
                    rcntr += 1
                self.RGdict.update({rid : {'obj' : FC_OBJ}})
                ##  print 'Drawing from scratch'
            else:
                ##  print 'Using cached graph'
                FC_OBJ = self.RGdict[rid]['obj']
            self.FCanvas_met.AddObjects(FC_OBJ)
            for o in FC_OBJ:
                o.Bind(FloatCanvas.EVT_FC_LEFT_DOWN, self.HIT_STB_onClick)
            self.FCanvas_met.Draw(True)
            self.FCanvas_met.ZoomToBB()

        def __STB_center__(self, stb):
            box = stb.GetBoxRect()
            stb.SetPoint( ( box[0][0] - abs(box[1][0])/2.0, box[0][1] - abs(box[1][1])/2.0) )
            return stb.GetBoxRect()

        def UpdateSpeciesGraph(self, sid):
            #print sid, self.Smap[sid]
            STB_LW = 2
            STB_PAD = 0.15
            STB_SZ = 0.25
            STB_LC = 'Black'
            GC = (0,0)
            radius = None

            rList = self.Smap[sid]
            if self.OnlyActiveReactions:
                rList = [j for j in self.Smap[sid] if round(abs(self._cmod_.getReaction(j).getValue()),6) != 0.0]

            self.FCanvas_met.ClearAll()
            FC_OBJ = []
            if sid not in self.SGdict:
                orphan = False
                print('ReactionList', rList)
                if len(rList) == 0:
                    radius = 2
                    cxz = GC
                elif len(rList) == 1:
                    radius = 2
                    cxy = [(0,radius)]
                elif len(rList) == 2:
                    radius = 2
                    cxy = circlePoints(totalPoints=len(rList), startAngle=0, arc=360, circleradius=radius, centerxy=GC, direction='forward', evenDistribution=True)
                else:
                    if len(rList) < 12:
                        radius = 3
                    elif len(rList) < 24:
                        radius = 6
                    elif len(rList) < 36:
                        radius = 9
                    else:
                        radius = 15
                    cxy = circlePoints(totalPoints=len(rList), startAngle=270, arc=360, circleradius=radius, centerxy=GC, direction='forward', evenDistribution=True)
                    print(cxy)

                STB = FloatCanvas.ScaledTextBox(sid, GC, Size=STB_SZ, PadSize=STB_PAD, LineWidth=STB_LW, LineColor=STB_LC, Family=wx.NORMAL, Weight=wx.BOLD, BackgroundColor='White')
                self.__STB_center__(STB)
                STB.Name = sid
                STB.HitFill = True
                STB.HitLineWidth = 5
                FC_OBJ.append(STB)

                rcntr = 0
                for R in range(len(rList)):
                    cf = ''
                    STB = FloatCanvas.ScaledTextBox('%s%s' % (cf, rList[R]), cxy[R], Size=STB_SZ, PadSize=STB_PAD, LineWidth=STB_LW, LineColor=STB_LC, Family=wx.SWISS, BackgroundColor='Yellow')
                    STB.Name = self.Smap[sid][R]
                    self.__STB_center__(STB)
                    STB.HitFill = True
                    STB.HitLineWidth = 5
                    FC_OBJ.append(STB)
                    rcntr += 1
                self.SGdict.update({sid : {'obj' : FC_OBJ}})
                ##  print 'Drawing from scratch'
            else:
                ##  print 'Using cached graph'
                FC_OBJ = self.SGdict[sid]['obj']
            self.FCanvas_met.AddObjects(FC_OBJ)
            for o in FC_OBJ:
                o.Bind(FloatCanvas.EVT_FC_LEFT_DOWN, self.HIT_STB_onClick)
            self.FCanvas_met.Draw(True)
            self.FCanvas_met.ZoomToBB()

        def CreateMaps(self):
            for S in self._cmod_.species:
                self.Smap.update({S.getPid() : S.isReagentOf()})
            for R in self._cmod_.reactions:
                self.Rmap.update({R.getPid() : R.getSpeciesIds()})
            self.GPRmap = self._cmod_.getAllGeneProteinAssociations()
            self.PRGmap = self._cmod_.getAllProteinGeneAssociations()

        def GetEquation(self, R):
            sub = ''
            prod = ''
            for r in R.reagents:
                coeff = abs(r.coefficient)
                if r.role == 'substrate':
                    if coeff == 1.0:
                        sub += '%s + ' % (r.species_ref)
                    else:
                        sub += '{%s} %s + ' % (coeff, r.species_ref)
                else:
                    if coeff == 1.0:
                        prod += '%s + ' % (r.species_ref)
                    else:
                        prod += '{%s} %s + ' % (coeff, r.species_ref)
            if R.reversible:
                eq = '%s = %s' % (sub[:-3], prod[:-2])
            else:
                eq = '%s > %s' % (sub[:-3], prod[:-2])
            return eq

        def CreateRGrid(self):
            assert len(self.rlabels) == self.RGridCol, '\nlabels != #col'
            grid = self.RGrid
            reactions = self._cmod_.reactions
            fluxObjs = []
            if self._cmod_.getActiveObjective() != None:
                fluxObjs = self._cmod_.getActiveObjective().getFluxObjectiveReactions()
            for c in range(self.RGridCol):
                grid.SetColLabelValue(c, self.rlabels[c])
            for r in range(len(reactions)):
                for c in range(self.RGridCol):
                    ##  print r,c
                    ##  print reactions[r].getPid()
                    if self.rlabels[c] == 'LB':
                        ##  grid.SetColFormatFloat(c, 10, 3)
                        grid.SetCellValue(r, c, '%s' % self._cmod_.getReactionLowerBound(reactions[r].getPid()))
                    elif self.rlabels[c] == 'UB':
                        ##  grid.SetColFormatFloat(c, 10, 3)
                        grid.SetCellValue(r, c, '%s' % self._cmod_.getReactionUpperBound(reactions[r].getPid()))
                    elif self.rlabels[c] == 'd':
                        grid.SetCellValue(r, c, '%s' % '   ')
                    elif self.rlabels[c] == 'Balanced':
                        grid.SetReadOnly(r,c,True)
                        txt = reactions[r].is_balanced
                        grid.SetCellValue(r, c, '  %s' % str(txt) )
                        if txt:
                            grid.SetCellBackgroundColour(r, c, wx.Colour(255,193,96))
                    elif self.rlabels[c] == 'Flux':
                        Rval = reactions[r].getValue()
                        if Rval != None:
                            Rval = round(Rval, 10)
                        else:
                            Rval = 'None'
                        grid.SetCellValue(r, c, '  %s' % Rval)
                        grid.SetReadOnly(r,c,True)
                        # colour by sign
                        if Rval == None or Rval == '' or Rval == 'None' or Rval == 0.0:
                            grid.SetCellBackgroundColour(r,c,wx.Colour(255,255,255))
                        elif Rval < 0.0:
                            grid.SetCellBackgroundColour(r,c,wx.Colour(255,204,204))
                        elif Rval > 0.0:
                            grid.SetCellBackgroundColour(r,c,wx.Colour(153,255,153))
                        # boundary detection
                    elif self.rlabels[c] == 'Exch':
                        grid.SetReadOnly(r,c,True)
                        grid.SetCellValue(r, c, str(reactions[r].is_exchange))
                    elif self.rlabels[c] == 'RCost':
                        grid.SetReadOnly(r,c,True)
                        if not self.__ScaledReducedCost:
                            if reactions[r].reduced_cost != None:
                                rcval = '%2.3e' % reactions[r].reduced_cost
                            else:
                                rcval = 'None'
                            grid.SetCellValue(r, c, rcval)
                    elif self.rlabels[c] == 'Reaction':
                        grid.SetCellBackgroundColour(r,c,wx.Colour(198,226,255))
                        grid.SetCellValue(r, c, str(reactions[r].getPid()))
                        grid.SetReadOnly(r,c,True)
                    elif self.rlabels[c] == 'Name':
                        ##  grid.SetCellBackgroundColour(r,c,wx.Colour(255,255,153))
                        grid.SetCellValue(r, c, str(reactions[r].getName()))
                    else:
                        grid.SetCellValue(r, c, '')
                    if reactions[r].getPid() in fluxObjs:
                        grid.SetCellBackgroundColour(r,c,wx.Colour(255,255,153))
            for c in range(self.RGridCol):
                if self.rlabels[c] not in ('Name'):
                    grid.AutoSizeColumn(c, True)
                else:
                    grid.SetColMinimalWidth(c, 40)

        def UpdateRGridData(self):
            """
            Updates Rgrid numeric data
            """
            grid = self.RGrid
            reactions = self._cmod_.reactions
            if self._cmod_.getActiveObjective() != None:
                fluxObjs = self._cmod_.getActiveObjective().getFluxObjectiveReactions()
            else:
                fluxObjs = []

            for r in range(len(reactions)):
                for c in range(self.RGridCol):
    ##                 if self.rlabels[c] == 'LB':
    ##                     grid.SetCellValue(r, c, '%s' % self._cmod_.getFluxBoundByReactionID(reactions[r].getPid(), 'lower').getValue())
    ##                 elif self.rlabels[c] == 'UB':
    ##                     grid.SetCellValue(r, c, '%s' % self._cmod_.getFluxBoundByReactionID(reactions[r].getPid(), 'upper').getValue())
                    if self.rlabels[c] == 'Flux':
                        Rval = reactions[r].getValue()
                        try:
                            Rval_curr = float(grid.GetCellValue(r, c))
                        except:
                            Rval_curr = None
                        if Rval != None:
                            Rval = round(Rval, 10)
                        else:
                            Rval = 'None'
                        grid.SetCellValue(r, c, '  %s' % Rval)
                        # colour delta
                        D_col_idx = self.rlabels.index('d')
                        if Rval in self.NOVAL or Rval_curr in self.NOVAL or abs(Rval - Rval_curr) <= self.ZERO_TOL:
                            grid.SetCellValue(r, D_col_idx, '  ')
                            grid.SetCellTextColour(r, D_col_idx, wx.Colour(255,255,255))
                        elif abs(round(Rval,10)) < abs(round(Rval_curr,10)):
                            grid.SetCellValue(r, D_col_idx, ' \/ ')
                            grid.SetCellTextColour(r, D_col_idx, wx.Colour(255,0,0))
                        elif abs(round(Rval,10)) > abs(round(Rval_curr,10)):
                            grid.SetCellValue(r, D_col_idx, ' /\ ')
                            grid.SetCellTextColour(r, D_col_idx, wx.Colour(0,204,0))
                        # colour by sign J
                        if Rval in self.NOVAL or Rval == 0.0:
                            grid.SetCellBackgroundColour(r,c,wx.Colour(255,255,255))
                        elif Rval < 0.0:
                            grid.SetCellBackgroundColour(r,c,wx.Colour(255,204,204))
                        elif Rval > 0.0:
                            grid.SetCellBackgroundColour(r,c,wx.Colour(153,255,153))

                        # boundary detection
                        if self.__BoundaryDetection:
                            LB = self._cmod_.getReactionLowerBound(reactions[r].getPid())
                            UB = self._cmod_.getReactionUpperBound(reactions[r].getPid())
                            try:
                                if abs(Rval - round(LB, 10)) <= self.ZERO_TOL:
                                    grid.SetCellBackgroundColour(r,self.rlabels.index('LB'), wx.Colour(255,204,204))
                                else:
                                    grid.SetCellBackgroundColour(r,self.rlabels.index('LB'), wx.Colour(255,255,255))
                            except:
                                print('INFO: LowerBound detector failed')
                            try:
                                if abs(Rval - round(UB, 10)) <= self.ZERO_TOL:
                                    grid.SetCellBackgroundColour(r,self.rlabels.index('UB'), wx.Colour(153,255,153))
                                else:
                                    grid.SetCellBackgroundColour(r,self.rlabels.index('UB'), wx.Colour(255,255,255))
                            except:
                                print('INFO: UpperBound detector failed')
                    elif self.rlabels[c] == 'RCost':
                        if not self.__ScaledReducedCost:
                            if reactions[r].reduced_cost != None:
                                rcval = '%2.3e' % reactions[r].reduced_cost
                            else:
                                rcval = 'None'
                            grid.SetCellValue(r, c, rcval)
                    elif self.rlabels[c] == 'Balanced':
                        bval = reactions[r].is_balanced
                        grid.SetCellValue(r, c, str(bval))
                        if bval != None and not bval:
                            grid.SetCellBackgroundColour(r, c, wx.Colour(255,193,96))

                    if reactions[r].getPid() in fluxObjs:
                        grid.SetCellBackgroundColour(r,c,wx.Colour(255,255,153))
            grid.ForceRefresh()

        ##  def EvtGridCellSelect(self, event):
            ##  row = event.GetRow()
            ##  col = event.GetCol()
            ##  self.cell_selected_value = self.RGrid.GetCellValue(row, col)
            ##  print 'selected value', self.cell_selected_value
            ##  event.Skip()

        def writeCmd(self, txt):
            print('cmd: '+txt)
            self.PyBox.write(txt+'\n')


        def MENUOnAbout(self,e):
            # Create a message dialog box
            dlg = wx.MessageDialog(self, " PySCes-CBM model editor\n(C) Brett G. Olivier, Amsterdam 2012", "About PySCes-CBM model editor", wx.OK)
            dlg.ShowModal() # Shows it
            dlg.Destroy() # finally destroy it when finished.

        def MENUOnExit(self,e):
            self.Close(True)  # Close the frame.

        def MENUExport(self,e):
            dlg = wx.FileDialog(self, "Enter filename", self.OUT_dir, "", "Python files (*.py)|*.py|All files (*.*)|*.*", wx.FD_SAVE)
            if dlg.ShowModal() == wx.ID_OK:
                OUT_file = dlg.GetFilename()
                self.OUT_dir = dlg.GetDirectory()
                if OUT_file[-3:] != '.py':
                    OUT_file += '.py'
                F = file(os.path.join(self.OUT_dir, OUT_file), 'w')
                F.write(self.PyBox.GetValue())
                F.flush()
                F.close()
            dlg.Destroy()

        def MENUOnSave(self,e):
            """ Open a file"""
            dlg = wx.FileDialog(self, "Enter filename", self.OUT_dir, "", "SBML files (*.xml)|*.xml|All files (*.*)|*.*", wx.FD_SAVE)
            if dlg.ShowModal() == wx.ID_OK:
                self.OUT_file = dlg.GetFilename()
                self.OUT_dir = dlg.GetDirectory()
                if self.OUT_file[-4:] != '.xml':
                    self.OUT_file += '.xml'
                self._cmod_.inputfile_id = self.OUT_file
                self._cbm_.CBWrite.writeSBML2FBA(self._cmod_, self.OUT_file, directory=self.OUT_dir, sbml_level_version=None)
            dlg.Destroy()

        def MENUAnalyseBalances(self, e):
            ''' Check the reaction balances'''
            wait = wx.BusyCursor()
            rids = self._cmod_.getReactionIds()
            self.ReactionBalanceInfo = self._cbm_.CBTools.checkReactionBalanceElemental(self._cmod_, Rid=rids)
            for r in range(len(self._cmod_.reactions)):
                for c in range(self.RGridCol):
                    if self.rlabels[c] == 'Balanced':
                        bval = self._cmod_.reactions[r].is_balanced
                        self.RGrid.SetCellValue(r, c, str(bval))
                        if bval != None and not bval:
                            self.RGrid.SetCellBackgroundColour(r, c, wx.Colour(255,193,96))
            del wait
            wx.MessageBox('Balance Check Complete', 'Info', wx.OK | wx.ICON_INFORMATION)

        def chkFloat(self, val):
            try:
                x = float(val)
                self.StatusBar.SetStatusText('')
                return True
            except:
                self.StatusBar.SetStatusText('Invalid input %s was not a float!' % val)
                return False

        def EvtRGridCellSelect(self, event):
            print("Cell select event")
            row = event.GetRow()
            if row != self.__ActiveReaction:
                cval = self.RGrid.GetCellValue(row, 0)
                self.updateInfoFromReactionName(cval)
            event.Skip()

        def updateInfoFromReactionName(self, cval):
            self.UpdateReactionInfo(cval)
            #self.UpdateSpeciesInfoForReaction(cval)
            self.UpdateReactionGraph(cval)
            self.__ActiveReaction = cval

        def EvtRGridCellChange(self, event):
            row = event.GetRow()
            col = event.GetCol()
            clbl = self.RGrid.GetColLabelValue(col)
            #All cells have a value, regardless of the editor.
            print('Changed cell: ({}, {})'.format(row, col))
            rid = self.RGrid.GetCellValue(row, 0)
            cell_val = self.RGrid.GetCellValue(row, col)
            print('Row/Col: {} | {} | {}'.format(rid, clbl, cell_val))
            # update reaction info
            self.UpdateReactionInfo(rid)
            print(cell_val, type(cell_val))
            cell_val = str(cell_val)
            if clbl == 'LB':
                if self.chkFloat(cell_val):
                    print(cell_val, type(cell_val))
                    print('\nLB old', self._cmod_.getReactionLowerBound(rid))
                    self._cmod_.setReactionLowerBound(rid, cell_val)
                    print('LB new', self._cmod_.getReactionLowerBound(rid))
                    if cell_val == 'inf' or cell_val == '-inf':
                        self.writeCmd("cmod.setReactionLowerBound('%s', '%s')" % (rid, cell_val))
                    else:
                        self.writeCmd("cmod.setReactionLowerBound('%s', %s)" % (rid, cell_val))
                else:
                    self.RGrid.SetCellValue(row, col, str(self._cmod_.getReactionLowerBound(rid)))
            elif clbl == 'UB':
                if self.chkFloat(cell_val):
                    print('\nUB old', self._cmod_.getReactionUpperBound(rid))
                    self._cmod_.setReactionUpperBound(rid, cell_val)
                    print('UB new', self._cmod_.getReactionUpperBound(rid))
                    if cell_val == 'inf' or cell_val == '-inf':
                        self.writeCmd("cmod.setReactionUpperBound('%s', '%s')" % (rid, cell_val))
                    else:
                        self.writeCmd("cmod.setReactionUpperBound('%s', %s)" % (rid, cell_val))
                else:
                    self.RGrid.SetCellValue(row, col, str(self._cmod_.getReactionUpperBound(rid)))
            elif clbl == 'Reaction':
                pass
            elif clbl == 'Name':
                print('\nName old', self._cmod_.getReaction(rid).getName())
                self._cmod_.getReaction(rid).setName(cell_val)
                print('\nName new', self._cmod_.getReaction(rid).getName())
                self.writeCmd("cmod.getReaction('%s').setName('%s')" % (rid, cell_val))
            event.Skip()

        #def EVT_BUT_EnableEdit(self,event):
            #print 'EVT_BUT_EnableEdit'
            #for tb in self.TEXTBOXES_Redit:
                #tb.Enable()
            #event.Skip()

        def SemSBML_id(self,event):
            if self.__ActiveReaction != None:
                R = self._cmod_.getReaction(self.__ActiveReaction)
                self.SelectGridRow(R.getPid())
                searchString = R.getPid()
                self.CallSemanticSBML(searchString)
            else:
                self.Sinfbox.SetPage("<html><body>'<h1>Please select a reaction!</h1>'</body></html>")
            self.NoteB1.ChangeSelection(5)
            event.Skip()

        def SemSBML_name(self,event):
            if self.__ActiveReaction != None:
                R = self._cmod_.getReaction(self.__ActiveReaction)
                self.SelectGridRow(R.getPid())
                searchString = R.getName()
                self.CallSemanticSBML(searchString)
            else:
                self.Sinfbox.SetPage("<html><body>'<h1>Please select a reaction!</h1>'</body></html>")
            self.NoteB1.ChangeSelection(5)
            event.Skip()

        def CallSemanticSBML(self, searchString):
            print('MENUAnalyseSemanticSBML')
            #self.TEXTBOX_Annotate.Enable()
            rs = ''
            if HAVE_URLLIB2:
                wait = wx.BusyCursor()
                #self.TEXTBOX_Annotate.Clear()

                rs = '<h2>SemanticSBML query</h2><br/><h3>%s</h3>' % searchString
                # semanticSBML REST web services
                site_root = "www.semanticsbml.org"
                reply_mode = '.xml'
                try:
                    self.SemanticSBMLClient.Connect(site_root)
                    searchString = self.SemanticSBMLClient.URLEncode(searchString)
                    RESTquery = "/semanticSBML/annotate/search%s?q=%s" % (reply_mode, searchString.strip().replace(' ','+'))
                    print(RESTquery)
                    data1 = self.SemanticSBMLClient.Get(RESTquery)
                    data1 = self.SemanticSBMLClient.URLDecode(data1)
                    self.SemanticSBMLClient.Close()
                    self.writeCmd('SemanticSBMLClient = cbm.CBNetDB.SemanticSBML()')
                    self.writeCmd('SemanticSBMLClient.Connect(\"%s\")' % (site_root))
                    self.writeCmd('data1 = SemanticSBMLClient.Get(\"%s\")' % (RESTquery))
                    self.writeCmd('SemanticSBMLClient.Close()')
                    print(self.SemanticSBMLClient.GetLog())

                    item_re = re.compile('<item>.+?</item>')
                    items = re.findall(item_re, data1)
                    items = [i.replace('<item>','').replace('</item>','').strip() for i in items]
                    #self.TEXTBOX_Annotate.write('SemanticSBML results for: %s\n\n' % (urllib2.unquote(searchString)))
                    rs += '<table border="1" cellpadding="5">'
                    for i in items:
                        #url = self.SemanticSBMLClient.MiriamURN2IdentifiersURL(i)
                        url = i
                        rs += '<tr><td>%s</td><td><a href=%s>%s</a></td></tr>' % (i, url, url)
                        print(i)
                        #self.TEXTBOX_Annotate.write('%s\n' % i)<a href="/Education/">NCBI Education</a>
                    rs += '</table border="1" cellpadding="5">'
                    del wait


                except Exception as ex:
                    rs += '<h1>Error connecting to: %s</h1>' % (site_root)
                    #self.TEXTBOX_Annotate.WriteText('\n******************************************************\n')
                    #self.TEXTBOX_Annotate.WriteText('\n* Error connecting to: %s *\n\n' % (site_root))
                    #self.TEXTBOX_Annotate.WriteText('******************************************************\n\n')
                    print(ex)
            elif HAVE_URLLIB2:
                #self.TEXTBOX_Annotate.WriteText('Please select a reaction!')
                rs += '<h1>Please select a reaction!</h1>'
            else:
                #self.TEXTBOX_Annotate.WriteText('HTTPLIB not available')
                rs += '<h1>HTTPLIB not available!</h1>'
            self.Sinfbox.SetPage("<html><body>%s</body></html>" % rs)



        def EVT_BUT_optimise(self, event):
            wait = wx.BusyCursor()
            self._cbm_.CBSolver.analyzeModel(self._cmod_)
            self.UpdateRGridData()
            self.UpdateModelStatus()
            self.writeCmd("pyscescbm.CBSolver.analyzeModel(cmod)")
            del wait
            event.Skip()

        def EVT_BUT_minsum(self,event):
            wait = wx.BusyCursor()
            self._cbm_.CBSolver.cplx_MinimizeSumOfAbsFluxes(self._cmod_, selected_reactions=None, pre_opt=True, tol=None, objF2constr=True, rhs_sense='lower', optPercentage=100.0, work_dir=None, quiet=False, debug=False, objective_coefficients={}, return_lp_obj=False)
            self.UpdateRGridData()
            self.UpdateModelStatus()
            self.writeCmd("pyscescbm.CBSolver.cplx_MinimizeSumOfAbsFluxes(cmod, selected_reactions=None, pre_opt=True, tol=None, objF2constr=True, rhs_sense='lower', optPercentage=100.0, objective_coefficients={}, return_lp_obj=False)")
            del wait
            event.Skip()
            ##  pyscescbm.CBSolver.cplx_MinimizeSumOfAbsFluxes

        def PrintCoords(self,event):
            print("coords are: {}".format(event.Coords), end=" ")
            print("pixel coords are: {}\n".format(event.GetPosition()), end=" ")

        def EVT_FRAME_resize(self,event):
            #print "Pixel coords are: %s"%(event.GetPosition(),)
            print('Panel size', self.MainPanel.GetSize())
            #print 'Frame size', self.GetSize()
            #print 'Panel minsize', self.MainPanel.GetMinSize()
            #print 'Frame minsize', self.GetMinSize()
            #print 'Panel virtualsize', self.MainPanel.GetVirtualSize()
            #print 'Frame virtualsize', self.GetVirtualSize()
            #print 'mainSizer minsize', self.mainSizer.GetMinSize()
            self.FRAME_resize()
            #print '\n'

        def FRAME_resize(self):
            # get the frame size and adjust the main panel to it

            self.PanelSize = self.GetVirtualSize()
            self.MainPanel.SetSize(self.GetVirtualSize())

            #LPsize = wx.Size(self.PanelSize[0]*self.LPwidth, self.PanelSize[1]*self.LPheight)
            #RPsize = wx.Size(self.PanelSize[0]*self.RPwidth, self.PanelSize[1]*self.RPheight)
            #LPsize = wx.Size(self.PanelSize[0]*self.LPwidth, self.RGridInitSize[1])
            LPsize = wx.Size(self.PanelSize[0]*self.LPwidth, self.PanelSize[1]-self.RGridGap)
            RPsize = wx.Size(self.PanelSize[0]*self.RPwidth, self.PanelSize[1])
            # using the new panels to resize the components
            # self.StatusPanel.SetMinSize(wx.Size(LPsize[0],self.StatusPanel.GetVirtualSize()[1]))
            self.RGrid_scrollwindow.SetSize(LPsize)
            self.RGrid.SetSize(LPsize)
            self.NoteB1.SetSize(RPsize)
            RinfSize = wx.Size(self.PanelSize[0]*self.RPwidth-8, self.PanelSize[1]*self.RPheight-25)

            self.PyBox.SetSize(RinfSize)
            self.Rinfbox.SetSize(RinfSize)
            self.Sinfbox.SetSize(RinfSize)
            self.MetCanvas.SetSize(RinfSize)
            self.GenCanvas.SetSize(RinfSize)
            self.RightPanel.SetSize(RPsize)
            #self.LeftPanel.Layout()
            self.MainPanel.CenterOnParent()


        def EVT_onClick(self,event):
            print("Pixel coords are: {}".format(event.GetPosition()), end=" ")
            #print 'Panel size', self.MainPanel.GetSize()
            #print 'Frame size', self.GetSize()
            #print 'Panel minsize', self.MainPanel.GetMinSize()
            #print 'Frame minsize', self.GetMinSize()
            #print 'Panel virtualsize', self.MainPanel.GetVirtualSize()
            #print 'Frame virtualsize', self.GetVirtualSize()
            #print '\nmainSizer minsize', self.mainSizer.GetMinSize()
            #print '\n'


        def __C_BUFF_ADD__(self, obj):
            self.__C_BUFF__.append(obj)
            if len(self.__C_BUFF__) > 10:
                return self.__C_BUFF__.pop(0)
            else:
                return None


        def HIT_STB_onClick(self, Object):
            print('')
            print(repr(Object))
            print(Object.Name + " got Hit with Left")
            if Object.Name in self.Smap:
                self.UpdateSpeciesGraph(Object.Name)
            if Object.Name in self.Rmap:
                self.UpdateReactionGraph(Object.Name)
                self.updateInfoFromReactionName(Object.Name)
                self.RGrid.SelectRow(self.RGridRow.index(Object.Name))
                self.RGrid.MakeCellVisible(self.RGridRow.index(Object.Name), 0)



            ##  Object.SetLineColor('Green')
            ##  self.FCanvas_met.Draw(True)
            ##  self.FCanvas_met.ZoomToBB()
            ##  wx.CallAfter(self.FCanvas_met.ZoomToBB)
            ##  wx.CallAfter(self.FCanvas_met.Draw)


[docs]    class HtmlWindowMod(wx.html.HtmlWindow):
        """
        Overrides 'OnLinkClicked' to open links in external browser

        """
        def __init__(self, *args, **kwargs):
            wx.html.HtmlWindow.__init__(*args, **kwargs)
            if "gtk2" in wx.PlatformInfo:
                self.SetStandardFonts()

        def OnLinkClicked(self, link):
            wx.LaunchDefaultBrowser(link.GetHref())


[docs]    def circlePoints(totalPoints=4, startAngle=0, arc=360, circleradius=1, centerxy=(0,0), direction='forward', evenDistribution=True):
        """
        Returns a list of points evenly spread around a circle:

         - *totalPoints* how many points
         - *startAngle* where to start
         - *arc* how far to go
         - *circleradius* radius
         - *centerxy* origin
         - *direction* 'forward' or 'backward'
         - *evenDistribution* True/False

        This code has been adapted from the Flash example that can be found here:
        http://www.lextalkington.com/blog/2009/12/generate-points-around-a-circles-circumference/
        """

        ##  totalPoints = 4
        ##  startAngle = 270
        ##  arc = 180
        ##  direction = 'forward'
        ##  evenDistribution = True

        ##  circleradius = 1
        ##  centerx = 0
        ##  centery = 0

        roundfact = 10
        mpi = math.pi/180.0
        startRadians = startAngle * mpi
        incrementAngle = float(arc)/float(totalPoints)
        incrementRadians = incrementAngle * mpi

        if arc < 360:
            # this spreads the points out evenly across the arc
            if evenDistribution:
                incrementAngle = float(arc)/(float(totalPoints-1))
                incrementRadians = incrementAngle * mpi
            else:
                incrementAngle = float(arc)/float(totalPoints)
                incrementRadians = incrementAngle * mpi;

        cxy = []
        for p in range(totalPoints):
            xp = centerxy[0] + math.sin(startRadians) * circleradius
            yp = centerxy[1] + math.cos(startRadians) * circleradius
            if direction == 'forward':
                startRadians += incrementRadians
            else:
                startRadians -= incrementRadians
            cxy.append((round(xp,roundfact), round(yp, roundfact)))
            ##  print (round(xp,roundfact), round(yp, roundfact))
        return cxy



    '''
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    #----------------------------------------------------------------------
    def getSmallUpArrowData():
        return \
    '\x89PNG\r\n\x1a\n\x00\x00\x00\rIHDR\x00\x00\x00\x10\x00\x00\x00\x10\x08\x06\
    \x00\x00\x00\x1f\xf3\xffa\x00\x00\x00\x04sBIT\x08\x08\x08\x08|\x08d\x88\x00\
    \x00\x00<IDAT8\x8dcddbf\xa0\x040Q\xa4{h\x18\xf0\xff\xdf\xdf\xffd\x1b\x00\xd3\
    \x8c\xcf\x10\x9c\x06\xa0k\xc2e\x08m\xc2\x00\x97m\xd8\xc41\x0c \x14h\xe8\xf2\
    \x8c\xa3)q\x10\x18\x00\x00R\xd8#\xec\xb2\xcd\xc1Y\x00\x00\x00\x00IEND\xaeB`\
    \x82'

    def getSmallUpArrowBitmap():
        return BitmapFromImage(getSmallUpArrowImage())

    def getSmallUpArrowImage():
        stream = csio.StringIO(getSmallUpArrowData())
        return ImageFromStream(stream)


    def getSmallDnArrowData():
        return \
    "\x89PNG\r\n\x1a\n\x00\x00\x00\rIHDR\x00\x00\x00\x10\x00\x00\x00\x10\x08\x06\
    \x00\x00\x00\x1f\xf3\xffa\x00\x00\x00\x04sBIT\x08\x08\x08\x08|\x08d\x88\x00\
    \x00\x00HIDAT8\x8dcddbf\xa0\x040Q\xa4{\xd4\x00\x06\x06\x06\x06\x06\x16t\x81\
    \xff\xff\xfe\xfe'\xa4\x89\x91\x89\x99\x11\xa7\x0b\x90%\ti\xc6j\x00>C\xb0\x89\
    \xd3.\x10\xd1m\xc3\xe5*\xbc.\x80i\xc2\x17.\x8c\xa3y\x81\x01\x00\xa1\x0e\x04e\
    ?\x84B\xef\x00\x00\x00\x00IEND\xaeB`\x82"

    def getSmallDnArrowBitmap():
        return BitmapFromImage(getSmallDnArrowImage())

    def getSmallDnArrowImage():
        stream = csio.StringIO(getSmallDnArrowData())
        return ImageFromStream(stream)
    #----------------------------------------------------------------------

    class myListCtrl(wx.ListCtrl, listmix.ListCtrlAutoWidthMixin):
        def __init__(self, parent, ID=-1, pos=wx.DefaultPosition,
                     size=wx.DefaultSize, style=0):
            wx.ListCtrl.__init__(self, parent, ID, pos, size, style)
            listmix.ListCtrlAutoWidthMixin.__init__(self)

    class TextCtrlAutoComplete (wx.TextCtrl, listmix.ColumnSorterMixin ):

        def __init__ ( self, parent, colNames=None, choices = None,
                       multiChoices=None, showHead=True, dropDownClick=True,
                       colFetch=-1, colSearch=0, hideOnNoMatch=True,
                       selectCallback=None, entryCallback=None, matchFunction=None,
                       **therest) :
            '''
            Constructor works just like wx.TextCtrl except you can pass in a
            list of choices.  You can also change the choice list at any time
            by calling setChoices.
            '''

            if 'style' in therest:
                therest['style']=wx.TE_PROCESS_ENTER | therest['style']
            else:
                therest['style']=wx.TE_PROCESS_ENTER

            wx.TextCtrl.__init__(self, parent, **therest )

            #Some variables
            self._dropDownClick = dropDownClick
            self._colNames = colNames
            self._multiChoices = multiChoices
            self._showHead = showHead
            self._choices = choices
            self._lastinsertionpoint = 0
            self._hideOnNoMatch = hideOnNoMatch
            self._selectCallback = selectCallback
            self._entryCallback = entryCallback
            self._matchFunction = matchFunction

            self._screenheight = wx.SystemSettings.GetMetric( wx.SYS_SCREEN_Y )

            #sort variable needed by listmix
            self.itemDataMap = dict()

            #Load and sort data
            if not (self._multiChoices or self._choices):
                raise ValueError("Pass me at least one of multiChoices OR choices")

            #widgets
            self.dropdown = wx.PopupWindow( self )

            #Control the style
            flags = wx.LC_REPORT | wx.LC_SINGLE_SEL | wx.LC_SORT_ASCENDING
            if not (showHead and multiChoices) :
                flags = flags | wx.LC_NO_HEADER

            #Create the list and bind the events
            self.dropdownlistbox = myListCtrl( self.dropdown, style=flags,
                                               pos=wx.Point( 0, 0) )

            #initialize the parent
            if multiChoices: ln = len(multiChoices)
            else: ln = 1
            #else: ln = len(choices)
            listmix.ColumnSorterMixin.__init__(self, ln)

            #load the data
            if multiChoices: self.SetMultipleChoices (multiChoices, colSearch=colSearch, colFetch=colFetch)
            else: self.SetChoices ( choices )

            gp = self
            while ( gp != None ) :
                gp.Bind ( wx.EVT_MOVE , self.onControlChanged, gp )
                gp.Bind ( wx.EVT_SIZE , self.onControlChanged, gp )
                gp = gp.GetParent()

            self.Bind( wx.EVT_KILL_FOCUS, self.onControlChanged, self )
            self.Bind( wx.EVT_TEXT , self.onEnteredText, self )
            self.Bind( wx.EVT_KEY_DOWN , self.onKeyDown, self )

            #If need drop down on left click
            if dropDownClick:
                self.Bind ( wx.EVT_LEFT_DOWN , self.onClickToggleDown, self )
                self.Bind ( wx.EVT_LEFT_UP , self.onClickToggleUp, self )

            self.dropdown.Bind( wx.EVT_LISTBOX , self.onListItemSelected, self.dropdownlistbox )
            self.dropdownlistbox.Bind(wx.EVT_LEFT_DOWN, self.onListClick)
            self.dropdownlistbox.Bind(wx.EVT_LEFT_DCLICK, self.onListDClick)
            self.dropdownlistbox.Bind(wx.EVT_LIST_COL_CLICK, self.onListColClick)

            #self.il = wx.ImageList(16, 16)

            #self.sm_dn = self.il.Add(getSmallDnArrowBitmap())
            #self.sm_up = self.il.Add(getSmallUpArrowBitmap())

            #self.dropdownlistbox.SetImageList(self.il, wx.IMAGE_LIST_SMALL)
            #self._ascending = True


        #-- methods called from mixin class
        def GetSortImages(self):
            return (self.sm_dn, self.sm_up)

        def GetListCtrl(self):
            return self.dropdownlistbox

        # -- event methods
        def onListClick(self, evt):
            toSel, flag = self.dropdownlistbox.HitTest( evt.GetPosition() )
            #no values on poition, return
            if toSel == -1: return
            self.dropdownlistbox.Select(toSel)

        def onListDClick(self, evt):
            self._setValueFromSelected()

        def onListColClick(self, evt):
            col = evt.GetColumn()

            #reverse the sort
            if col == self._colSearch:
                self._ascending = not self._ascending

            self.SortListItems( evt.GetColumn(), ascending=self._ascending )
            self._colSearch = evt.GetColumn()
            evt.Skip()

        def onEnteredText(self, event):
            text = event.GetString()

            if self._entryCallback:
                self._entryCallback()

            if not text:
                # control is empty; hide dropdown if shown:
                if self.dropdown.IsShown():
                    self._showDropDown(False)
                event.Skip()
                return


            found = False
            if self._multiChoices:
                #load the sorted data into the listbox
                dd = self.dropdownlistbox
                choices = [dd.GetItem(x, self._colSearch).GetText()
                           for x in xrange(dd.GetItemCount())]
            else:
                choices = self._choices

            for numCh, choice in enumerate(choices):
                if self._matchFunction and self._matchFunction(text, choice):
                    found = True
                elif choice.lower().startswith(text.lower()) :
                    found = True
                if found:
                    self._showDropDown(True)
                    item = self.dropdownlistbox.GetItem(numCh)
                    toSel = item.GetId()
                    self.dropdownlistbox.Select(toSel)
                    break

            if not found:
                self.dropdownlistbox.Select(self.dropdownlistbox.GetFirstSelected(), False)
                if self._hideOnNoMatch:
                    self._showDropDown(False)

            self._listItemVisible()

            event.Skip ()

        def onKeyDown ( self, event ) :
            """ Do some work when the user press on the keys:
                up and down: move the cursor
                left and right: move the search
            """
            skip = True
            sel = self.dropdownlistbox.GetFirstSelected()
            visible = self.dropdown.IsShown()

            KC = event.GetKeyCode()
            if KC == wx.WXK_DOWN :
                if sel < (self.dropdownlistbox.GetItemCount () - 1) :
                    self.dropdownlistbox.Select ( sel+1 )
                    self._listItemVisible()
                self._showDropDown ()
                skip = False
            elif KC == wx.WXK_UP :
                if sel > 0 :
                    self.dropdownlistbox.Select ( sel - 1 )
                    self._listItemVisible()
                self._showDropDown ()
                skip = False
            elif KC == wx.WXK_LEFT :
                if not self._multiChoices: return
                if self._colSearch > 0:
                    self._colSearch -=1
                self._showDropDown ()
            elif KC == wx.WXK_RIGHT:
                if not self._multiChoices: return
                if self._colSearch < self.dropdownlistbox.GetColumnCount() -1:
                    self._colSearch += 1
                self._showDropDown()

            if visible :
                if event.GetKeyCode() == wx.WXK_RETURN :
                    self._setValueFromSelected()
                    skip = False
                if event.GetKeyCode() == wx.WXK_ESCAPE :
                    self._showDropDown( False )
                    skip = False
            if skip :
                event.Skip()

        def onListItemSelected (self, event):
            self._setValueFromSelected()
            event.Skip()

        def onClickToggleDown(self, event):
            self._lastinsertionpoint = self.GetInsertionPoint()
            event.Skip ()

        def onClickToggleUp ( self, event ) :
            if ( self.GetInsertionPoint() == self._lastinsertionpoint ) :
                self._showDropDown ( not self.dropdown.IsShown() )
            event.Skip ()

        def onControlChanged(self, event):
            self._showDropDown( False )
            event.Skip()


        # -- Interfaces methods
        def SetMultipleChoices(self, choices, colSearch=0, colFetch=-1):
            ''' Set multi-column choice
            '''
            self._multiChoices = choices
            self._choices = None
            if not isinstance(self._multiChoices, list):
                self._multiChoices = [ x for x in self._multiChoices]

            flags = wx.LC_REPORT | wx.LC_SINGLE_SEL | wx.LC_SORT_ASCENDING
            if not self._showHead:
                flags |= wx.LC_NO_HEADER
            self.dropdownlistbox.SetWindowStyleFlag(flags)

            #prevent errors on "old" systems
            if sys.version.startswith("2.3"):
                self._multiChoices.sort(lambda x, y: cmp(x[0].lower(), y[0].lower()))
            else:
                self._multiChoices.sort(key=lambda x: locale.strxfrm(x[0]).lower() )

            self._updateDataList(self._multiChoices)

            lChoices = len(choices)
            if lChoices < 2:
                raise ValuError( "You have to pass me a multi-dimension list")

            for numCol, rowValues in enumerate(choices[0]):

                if self._colNames: colName = self._colNames[numCol]
                else: colName = "Select %i" % numCol

                self.dropdownlistbox.InsertColumn(numCol, colName)

            for numRow, valRow in enumerate(choices):

                for numCol, colVal in enumerate(valRow):
                    if numCol == 0:
                        index = self.dropdownlistbox.InsertImageStringItem(sys.maxint, colVal, -1)
                    self.dropdownlistbox.SetStringItem(index, numCol, colVal)
                    self.dropdownlistbox.SetItemData(index, numRow)

            self._setListSize()
            self._colSearch = colSearch
            self._colFetch = colFetch

        def SetChoices(self, choices):
            '''
            Sets the choices available in the popup wx.ListBox.
            The items will be sorted case insensitively.
            '''
            self._choices = choices
            self._multiChoices = None
            flags = wx.LC_REPORT | wx.LC_SINGLE_SEL | wx.LC_SORT_ASCENDING | wx.LC_NO_HEADER
            self.dropdownlistbox.SetWindowStyleFlag(flags)

            if not isinstance(choices, list):
                self._choices = [ x for x in choices]

            #prevent errors on "old" systems
            if sys.version.startswith("2.3"):
                self._choices.sort(lambda x, y: cmp(x.lower(), y.lower()))
            else:
                self._choices.sort(key=lambda x: locale.strxfrm(x).lower())

            self._updateDataList(self._choices)

            self.dropdownlistbox.InsertColumn(0, "")

            for num, colVal in enumerate(self._choices):
                index = self.dropdownlistbox.InsertImageStringItem(sys.maxint, colVal, -1)

                self.dropdownlistbox.SetStringItem(index, 0, colVal)
                self.dropdownlistbox.SetItemData(index, num)

            self._setListSize()

            # there is only one choice for both search and fetch if setting a single column:
            self._colSearch = 0
            self._colFetch = -1

        def GetChoices(self):
            if self._choices:
                return self._choices
            else:
                return self._multiChoices

        def SetSelectCallback(self, cb=None):
            self._selectCallback = cb

        def SetEntryCallback(self, cb=None):
            self._entryCallback = cb

        def SetMatchFunction(self, mf=None):
            self._matchFunction = mf


        #-- Internal methods
        def _setValueFromSelected( self ) :
            '''
            Sets the wx.TextCtrl value from the selected wx.ListCtrl item.
            Will do nothing if no item is selected in the wx.ListCtrl.
            '''
            sel = self.dropdownlistbox.GetFirstSelected()
            if sel > -1:
                if self._colFetch != -1: col = self._colFetch
                else: col = self._colSearch

                itemtext = self.dropdownlistbox.GetItem(sel, col).GetText()
                if self._selectCallback:
                    dd = self.dropdownlistbox
                    values = [dd.GetItem(sel, x).GetText()
                              for x in xrange(dd.GetColumnCount())]
                    self._selectCallback( values )

                self.SetValue (itemtext)
                self.SetInsertionPointEnd ()
                self.SetSelection ( -1, -1 )
                self._showDropDown ( False )


        def _showDropDown ( self, show = True ) :
            '''
            Either display the drop down list (show = True) or hide it (show = False).
            '''
            if show :
                size = self.dropdown.GetSize()
                width, height = self . GetSizeTuple()
                x, y = self . ClientToScreenXY ( 0, height )
                if size.GetWidth() != width :
                    size.SetWidth(width)
                    self.dropdown.SetSize(size)
                    self.dropdownlistbox.SetSize(self.dropdown.GetClientSize())
                if (y + size.GetHeight()) < self._screenheight :
                    self.dropdown . SetPosition ( wx.Point(x, y) )
                else:
                    self.dropdown . SetPosition ( wx.Point(x, y - height - size.GetHeight()) )
            self.dropdown.Show ( show )

        def _listItemVisible( self ) :
            '''
            Moves the selected item to the top of the list ensuring it is always visible.
            '''
            toSel =  self.dropdownlistbox.GetFirstSelected ()
            if toSel == -1: return
            self.dropdownlistbox.EnsureVisible( toSel )

        def _updateDataList(self, choices):
            #delete, if need, all the previous data
            if self.dropdownlistbox.GetColumnCount() != 0:
                self.dropdownlistbox.DeleteAllColumns()
                self.dropdownlistbox.DeleteAllItems()

            #and update the dict
            if choices:
                for numVal, data in enumerate(choices):
                    self.itemDataMap[numVal] = data
            else:
                numVal = 0
            self.SetColumnCount(numVal)

        def _setListSize(self):
            if self._multiChoices:
                choices = self._multiChoices
            else:
                choices = self._choices

            longest = 0
            for choice in choices :
                longest = max(len(choice), longest)

            longest += 6
            itemcount = min( len( choices ) , 20 ) + 2
            charheight = self.dropdownlistbox.GetCharHeight()
            charwidth = self.dropdownlistbox.GetCharWidth()
            self.popupsize = wx.Size( charwidth*longest, charheight*itemcount )
            self.dropdownlistbox.SetSize ( self.popupsize )
            self.dropdown.SetClientSize( self.popupsize )

    class MyAUIFrame(wx.Frame):
        def __init__(self, *args, **kwargs):
            wx.Frame.__init__(self, *args, **kwargs)

            self.mgr = wx.aui.AuiManager(self)

            leftpanel = wx.Panel(self, -1, size = (200, 150))
            rightpanel = wx.Panel(self, -1, size = (200, 150))
            bottompanel = wx.Panel(self, -1, size = (200, 150))
            toppanel = wx.Panel(self, -1, size = (200, 150))
            centerpanel = wx.Panel(self, -1, size = (200, 150))

            wx.TextCtrl(rightpanel, -1, 'rightpanel')
            wx.TextCtrl(leftpanel, -1, 'leftpanel')
            wx.TextCtrl(toppanel, -1, 'toppanel')
            wx.TextCtrl(bottompanel, -1, 'bottompanel')
            wx.TextCtrl(centerpanel, -1, 'centerpanel')

            self.mgr.AddPane(leftpanel, wx.aui.AuiPaneInfo().Left().Layer(1))
            self.mgr.AddPane(rightpanel, wx.aui.AuiPaneInfo().Right().Layer(1))
            self.mgr.AddPane(bottompanel, wx.aui.AuiPaneInfo().Bottom().Layer(2))
            self.mgr.AddPane(toppanel, wx.aui.AuiPaneInfo().Top().Layer(2))
            self.mgr.AddPane(centerpanel, wx.aui.AuiPaneInfo().Center().Layer(1))
            self.Maximize()

            self.mgr.Update()

    class MyAUIApp(wx.App):
        def OnInit(self):
            frame = MyAUIFrame(None, -1, 'CBMPy Gen2 GUI')
            frame.Show()
            self.SetTopWindow(frame)
            return 1

    def runModelEditor(mod):
        app = wx.App(False)
        frame = ModelEditor(mod)
        frame.Show(True)
        app.SetTopWindow(frame)
        app.MainLoop()

    def runMyAUIApp():
        app = MyAUIApp(0)
        app.MainLoop()
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  Source code for pyscescbm.CBXML

"""
CBMPy: CBXML module
===================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBXML.py 362 2015-08-12 16:25:49Z bgoli $)

"""
## gets rid of "invalid variable name" info
# pylint: disable=C0103
## gets rid of "line to long" info
# pylint: disable=C0301
## use with caution: gets rid of module xxx has no member errors (run once enabled)
# pylint: disable=E1101

# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
# all unicode literals must first be cast to string for libSBML API - brett
#from __future__ import unicode_literals

import os, time, numpy, cgi, re
import ast, shutil
import numpy
# this is a hack that needs to be streamlined a bit
try:
    import cStringIO as csio
except ImportError:
    import io as csio
from getpass import getuser
import xml.etree.ElementTree as ELTree
from xml.dom.minidom import getDOMImplementation
try:
    from HTMLParser import HTMLParser
except ImportError:
    #from html.parser import HTMLParser
    from html import parser
    HTMLParser = parser.HTMLParser


from . import CBModel
#from .CBDataStruct import (MIRIAMannotation, MIRIAMModelAnnotation)
from .CBDataStruct import MIRIAMannotation
from .CBCommon import (checkChemFormula, processSpeciesChargeChemFormulaAnnot)


from .CBConfig import __CBCONFIG__ as __CBCONFIG__
__DEBUG__ = __CBCONFIG__['DEBUG']
__version__ = __CBCONFIG__['VERSION']


_HAVE_SBML_ = None
try:
    import libsbml
    _HAVE_SBML_ = True
    SBMLreader  = libsbml.SBMLReader()
    SBMLwriter  = libsbml.SBMLWriter()
except ImportError:
    print('SBML support not available, install libSMBL with the Python bindings (sbml.org)')
    _HAVE_SBML_ = False

_TEMP_XML_FILE_ = '_tmpxml.tmp'
FBA_NS = 'http://www.sbml.org/sbml/level3/version1/fba/version1'
METAPREFIX = 'meta_'

[docs]class MLStripper(HTMLParser):
    """
    Class for stripping a string of HTML/XML used from:
    http://stackoverflow.com/questions/753052/strip-html-from-strings-in-python

    """

    def __init__(self):
        """
        Strip a string of HTML/XML tags

        """
        HTMLParser.__init__(self)
        self.reset()
        self.fed = []

    def handle_data(self, d):
        self.fed.append(d)

    def get_data(self):
        data = ''
        for d_ in self.fed:
            if d_.strip() != '':
                data += d_
        return data


[docs]def xml_stripTags(html):
    """
    Strip a string of HTML/XML, returns a string

     - *html* the string containing html

    """
    s = MLStripper()
    s.feed(html)
    return s.get_data()


[docs]def sbml_readSBML2FBA(fname, work_dir=None, return_sbml_model=False, fake_boundary_species_search=False):
    """
    Read in an SBML Level 2 file with FBA annotation where and return either a CBM model object
    or a (cbm_mod, sbml_mod) pair if return_sbml_model=True

     - *fname* is the filename
     - *work_dir* is the working directory (only used if not None)
     - *return_sbml_model* [default=False] return a a (cbm_mod, sbml_mod) pair
     - *fake_boundary_species_search* [default=False] after looking for the boundary_condition of a species search for overloaded id's <id>_b

    """

    assert _HAVE_SBML_, "\nSBML not available ... install libSBML with Python bindings for SBML support"
    if work_dir != None:
        fname = os.path.join(work_dir,fname)
    D = libsbml.readSBML(str(fname))
    M = D.getModel()
    if M == None:
        print('Invalid SBML, no model will be generated')
        if not return_sbml_model:
            return None
        else:
            return None, D
    F = csio.StringIO()
    model_id = M.getId()
    model_name = M.getName()
    model_description = libsbml.XMLNode_convertXMLNodeToString(M.getNotes())
    model_description = xml_stripTags(model_description).strip()

    print(model_description)

    __HAVE_FBA_ANOT__ = False
    __HAVE_FBA_ANOT_OBJ__ = False
    __HAVE_FBA_ANOT_BNDS__ = False
    ANOT = M.getAnnotationString()
    if len(ANOT) > 0:

        __HAVE_FBA_ANOT__ = True
        if '<fba:listOfConstraints>' in ANOT:
            __HAVE_FBA_ANOT_BNDS__ = True
        #if '<fba:listOfObjectives/>' in ANOT:
        if '<fba:listOfFluxes>' in ANOT:
            __HAVE_FBA_ANOT_OBJ__ = True
        # fix some compatability stuff
        ANOT = ANOT.replace('<annotation>', '<annotation xmlns:vCard="http://www.w3.org/2001/vcard-rdf/3.0#" xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" xmlns:dc="http://purl.org/dc/elements/1.1/" xmlns:dcterms="http://purl.org/dc/terms/" xmlns:bqbiol="http://biomodels.net/biology-qualifiers/" xmlns:bqmodel="http://biomodels.net/model-qualifiers/" xmlns:fba="http://www.sbml.org/sbml/level3/version1/fba/version1">')
        #_TEMP_XML_FILE_ = createTempFileName()
        #_TEMP_XML_FILE_ = os.path.join(work_dir, _TEMP_XML_FILE_)
        #F = file(_TEMP_XML_FILE_,'w')
        F.write(ANOT)
        F.seek(0)
        #F.flush()
        #F.close()
    del ANOT
    if not __HAVE_FBA_ANOT_BNDS__ and not __HAVE_FBA_ANOT_OBJ__:
        __HAVE_FBA_ANOT__ = False



    SPEC = []
    for s in range(M.getNumSpecies()):
        SBSp = M.getSpecies(s)
        sid = SBSp.getId()
        boundCon = False
        if SBSp.getBoundaryCondition():
            if __DEBUG__: print('Real boundary metabolite: {}'.format(sid))
            boundCon = True
        CF = '' # chemical formula
        CHRG = SBSp.getCharge()
        #if CHRG == 0:
            #CHRG = None
        NM = SBSp.getName() # get name
        # to strip a BiGG file see CBTools
        S = CBModel.Species(SBSp.getId(), boundary=boundCon, name=NM, value=SBSp.getInitialConcentration(), compartment=SBSp.getCompartment(), charge=CHRG, chemFormula=CF)
        # process notes field, get rid of <head>, <body> elements
        specNotes = libsbml.XMLNode_convertXMLNodeToString(SBSp.getNotes())
        S.annotation = sbml_readCOBRANote(specNotes)

        # Note: chemFormula works will have to see about charge GETFROMNAME!!!
        processSpeciesChargeChemFormulaAnnot(S, getFromName=True, overwriteCharge=True)

        #S.setAnnotation('note', specNotes)
        manot = sbml_getCVterms(SBSp, model=False)
        if manot != None:
            S.miriam = manot
        del manot
        SPEC.append(S)

    boundary_species = [s.getPid() for s in SPEC if s.is_boundary]
    if len(boundary_species) == 0:
        if not fake_boundary_species_search:
            print('\nINFO: No boundary species detected, if this is not what you expect try searching for boundary species using <name>_b (with \"fake_boundary_species_search=True\")?')
        else:
            for s in range(M.getNumSpecies()):
                SBSp = M.getSpecies(s)
                sid = SBSp.getId()
                if sid[-2:] == '_b':
                    print('Fake boundary (_b) metabolite added: {}'.format(sid))
                    SPEC[s].is_boundary = True
    boundary_species = [s.getPid() for s in SPEC if s.is_boundary]
    spec_id = [s.getPid() for s in SPEC]

    REAC = []
    reactionIDs = []
    reactionsReversability = []
    for r in range(M.getNumReactions()):
        SBRe = M.getReaction(r)
        R_id = SBRe.getId()
        reagents = []
        EXREAC = False
        reactionIDs.append(R_id)
        for rea in range(SBRe.getNumReactants()):
            spec = SBRe.getReactant(rea).getSpecies()
            stoi = -SBRe.getReactant(rea).getStoichiometry()
            reagents.append((stoi,spec))
            if spec in boundary_species:
                EXREAC = True
        for pr in range(SBRe.getNumProducts()):
            spec2 = SBRe.getProduct(pr).getSpecies()
            stoi2 = SBRe.getProduct(pr).getStoichiometry()
            reagents.append((stoi2,spec2))
            if spec2 in boundary_species:
                EXREAC = True
        R = CBModel.Reaction(SBRe.getId(), SBRe.getName(), reversible=SBRe.getReversible())
        reactionsReversability.append(SBRe.getReversible())
        for r in reagents:
            rgtmp = CBModel.Reagent(SBRe.getId()+r[1], r[1], r[0])
            R.addReagent(rgtmp)
            if R.getPid() not in SPEC[spec_id.index(r[1])].reagent_of:
                SPEC[spec_id.index(r[1])].reagent_of.append(R.getPid())
        if EXREAC:
            R.is_exchange = True
        #R.setAnnotation('note', libsbml.XMLNode_convertXMLNodeToString(SBRe.getNotes()))
        reacNotes = libsbml.XMLNode_convertXMLNodeToString(SBRe.getNotes())
        R.annotation = sbml_readCOBRANote(reacNotes)
        manot = sbml_getCVterms(SBRe, model=False)
        if manot != None:
            R.miriam = manot
        del manot
        REAC.append(R)

    CONSTR = []
    OBJFUNCout = []
    objfunc_data = {}
    if __HAVE_FBA_ANOT__:
        #root = ELTree.ElementTree(file=os.path.join(work_dir, _TEMP_XML_FILE_))
        root = ELTree.ElementTree(file=F)
        root_i = root.getiterator()
        for ri in root_i:
            if ri.tag == '{http://www.sbml.org/sbml/level3/version1/fba/version1}fluxBalance':
                if __DEBUG__: print(ri.tag)
                rootfba = ELTree.ElementTree(ri)
                root_fba_i = rootfba.getiterator()
        constraints = []
        for ret in root_fba_i:
            if __HAVE_FBA_ANOT_BNDS__ and ret.tag == '{http://www.sbml.org/sbml/level3/version1/fba/version1}listOfConstraints':
                if __DEBUG__: print(ret.tag)
                chld = ret.getchildren()
                for c in chld:
                    if __DEBUG__: print('\t{}'.format(c.tag))
                    attrib = c.attrib
                    for a in attrib:
                        attrib.update({a.replace('{http://www.sbml.org/sbml/level3/version1/fba/version1}','') :  attrib.pop(a)})
                    constraints.append(attrib)
            elif __HAVE_FBA_ANOT_OBJ__ and ret.tag == '{http://www.sbml.org/sbml/level3/version1/fba/version1}listOfObjectives':
                if __DEBUG__: print(ret.tag)
                if len(ret) == 0:
                    print('No objectives in listOfObjectives')
                else:
                    multiobj = []
                    activeId = None
                    if '{http://www.sbml.org/sbml/level3/version1/fba/version1}activeObjective' in ret.attrib:
                        activeId = ret.attrib['{http://www.sbml.org/sbml/level3/version1/fba/version1}activeObjective']
                    for obj in ret.getchildren():
                        ##  print obj.attrib
                        if '{http://www.sbml.org/sbml/level3/version1/fba/version1}type' in obj.attrib:
                            ftype = obj.attrib['{http://www.sbml.org/sbml/level3/version1/fba/version1}type']
                        else:
                            ftype = None
                        ##  raw_input(ftype)
                        sid = obj.attrib['id']
                        #multiobj = []
                        for c_ in obj.getchildren():
                            fo = []
                            for cc_ in c_.getchildren():
                                fo.append(cc_.attrib)
                            multiobj.append(fo)

                        if __DEBUG__: print(objfunc_data)
                        obj_ = multiobj[-1]
                        for flobj_ in obj_:
                            for a in flobj_:
                                flobj_.update({a.replace('{http://www.sbml.org/sbml/level3/version1/fba/version1}','') :  flobj_.pop(a)})
                            flobj_.update({'type' : ftype})
                            flobj_.update({'id' : sid})

        if len(multiobj) > 0:
            otype = None
            oid = None
            OBJFUNCout = []
            for obj_ in multiobj:
                flobjs = []
                for fobj_ in obj_:
                    otype = fobj_['type']
                    oid = fobj_['id']
                    flobjs.append(CBModel.FluxObjective('{}_{}_flobj'.format(fobj_['id'], fobj_['reaction']), fobj_['reaction'],
                                                        float(fobj_['coefficient'])))
                OBJFUNCout.append(CBModel.Objective(oid, otype))
                for f_ in flobjs:
                    OBJFUNCout[-1].addFluxObjective(f_)
        else:
            OBJFUNCout = []

        cntr = 0
        boundReactionIDs = []
        LboundReactionIDs = []
        UboundReactionIDs = []
        AboundReactionIDs = []
        DefinedReactionIDs = []
        for c in constraints:
            if 'id' in c:
                newId = c['id']
                DefinedReactionIDs.append(c['reaction'])
            else:
                O = 'C_%i' % cntr
                if c['operation'] in ['greater','greaterEqual','>','>=']:
                    O = 'lower'
                    LboundReactionIDs.append(c['reaction'])
                elif c['operation'] in ['less','lessEqual','<','<=']:
                    O = 'upper'
                    UboundReactionIDs.append(c['reaction'])
                elif c['operation'] in ['equal','=']:
                    O = 'equal'
                    AboundReactionIDs.append(c['reaction'])
                newId = '%s_%s_bnd'% (c['reaction'], O)
            CONSTR.append(CBModel.FluxBound(newId, c['reaction'],\
                                            c['operation'], float(c['value'])))
            cntr+=1
            if c['reaction'] not in boundReactionIDs:
                boundReactionIDs.append(c['reaction'])

        # undefined flux bounds are given infinite value
        ubcntr = 0
        ##  print boundReactionIDs
        ##  print reactionIDs

        for J in range(len(reactionIDs)):
            ##  print reactionIDs[J], reactionsReversability[J]
            LBt = False
            UBt = False
            ABt = False
            if reactionIDs[J] in DefinedReactionIDs:
                LBt = UBt = ABt = True
            if reactionIDs[J] in LboundReactionIDs:
                LBt = True
            if reactionIDs[J] in UboundReactionIDs:
                UBt = True
            if reactionIDs[J] in AboundReactionIDs:
                ABt = True
            if not LBt and not UBt and not ABt:
                #print 'not LBt and not UBt and not ABt'
                #newId = 'UC_%i' % ubcntr
                newId = '%s_%s_bnd'% (reactionIDs[J], 'lower')
                if reactionsReversability[J]:
                    ##  print 'Adding reversible'
                    CONSTR.append(CBModel.FluxBound(newId, reactionIDs[J], 'greaterEqual', -numpy.inf))
                else:
                    ##  print 'Adding irreversible'
                    CONSTR.append(CBModel.FluxBound(newId, reactionIDs[J], 'greaterEqual', 0.0))
                ubcntr += 1
                #newId = 'UC_%i' % ubcntr
                newId = '%s_%s_bnd'% (reactionIDs[J], 'upper')
                CONSTR.append(CBModel.FluxBound(newId, reactionIDs[J], 'lessEqual', numpy.inf))
                ubcntr += 1
            elif not LBt and not ABt:
                #print 'not LBt and not ABt'
                #print reactionIDs[J]
                #newId = 'UC_%i' % ubcntr
                newId = '%s_%s_bnd'% (reactionIDs[J], 'lower')
                CONSTR.append(CBModel.FluxBound(newId, reactionIDs[J], 'greaterEqual', -numpy.inf))
                ubcntr += 1
                #print 'Added new lower bound', newId
            elif not UBt and not ABt:
                #print 'not UBt and not ABt'
                # print reactionIDs[J]
                #newId = 'UC_%i' % ubcntr
                newId = '%s_%s_bnd'% (reactionIDs[J], 'upper')
                CONSTR.append(CBModel.FluxBound(newId, reactionIDs[J], 'lessEqual', numpy.inf))
                ubcntr += 1
                # print 'Added new upper bound', newId

    #printl(CONSTR)
    #printl(__HAVE_FBA_ANOT_BNDS__)
    if not __HAVE_FBA_ANOT_BNDS__ and len(CONSTR) == 0:
        for r_ in REAC:
            rid = r_.getPid()
            if r_.reversible:
                newId = '{}_{}_bnd'.format(rid, 'lower')
                CONSTR.append(CBModel.FluxBound(newId, rid, 'greaterEqual', -numpy.inf))
                newId = '{}_{}_bnd'.format(r_.getPid(), 'upper')
                CONSTR.append(CBModel.FluxBound(newId, rid, 'lessEqual', numpy.inf))
            else:
                newId = '{}_{}_bnd'.format(rid, 'lower')
                CONSTR.append(CBModel.FluxBound(newId, rid, 'greaterEqual', 0.0))
                newId = '{}_{}_bnd'.format(r_.getPid(), 'upper')
                CONSTR.append(CBModel.FluxBound(newId, rid, 'lessEqual', numpy.inf))

    # build model
    fm = CBModel.Model(model_id)
    fm.sourcefile = fname
    manot = sbml_getCVterms(M, model=True)
    if manot != None:
        fm.miriam = manot
    del manot
    sbmh = M.getModelHistory()
    if sbmh != None:
        cdate = sbmh.getCreatedDate()
        if cdate != None:
            cdate = (cdate.getYear(), cdate.getMonth(), cdate.getDay(), cdate.getHour(), cdate.getMinute(), cdate.getSecond())
            fm.setCreatedDate(cdate)
        mdate = sbmh.getModifiedDate()
        if mdate != None:
            mdate = (mdate.getYear(), mdate.getMonth(), mdate.getDay(), mdate.getHour(), mdate.getMinute(), mdate.getSecond())
            fm.setModifiedDate(mdate)
        for m_ in range(sbmh.getNumCreators()):
            sbc = sbmh.getCreator(m_)
            fm.addModelCreator(sbc.getGivenName(), sbc.getFamilyName(), sbc.getOrganisation(), sbc.getEmail())
    fm.name = model_name
    fm.description = model_description
    for s in SPEC:
        fm.addSpecies(s)
    for r in REAC:
        fm.addReaction(r)
    for c in CONSTR:
        fm.addFluxBound(c)
    for o in OBJFUNCout:
        print(o.getPid(), activeId)
        if len(OBJFUNCout) == 1:
            fm.addObjective(o, active=True)
        elif o.getPid() == activeId:
            fm.addObjective(o, active=True)
        else:
            fm.addObjective(o, active=False)
    try:
        F.close()
        del F
    except Exception as ex:
        print(ex)
        print('File deletion failure')
    if not __HAVE_FBA_ANOT__:
        print('\nWARNING: Missing FBA annotations found')
        if not __HAVE_FBA_ANOT_BNDS__:
            print('WARNING: No FluxBounds defined (generic bounds created)')
        if not __HAVE_FBA_ANOT_OBJ__:
            print('WARNING: No Objective function defined please create one')
        time.sleep(1)
    fm._SBML_LEVEL_ = 2
    try:
        fm.buildStoichMatrix()
    except:
        print('INFO: unable to construct stoichiometric matrix')
    if not return_sbml_model:
        return fm
    else:
        return fm, M.clone()


[docs]def xml_createSBML2FBADoc():
    """
    Create a 'document' to store the SBML2FBA annotation, returns:

     - *DOC* a minidom document

    """
    DOM = getDOMImplementation()
    DOC = DOM.createDocument(FBA_NS, 'fba:fluxBalance', None)
    DOC.documentElement.setAttribute('xmlns:fba', FBA_NS)
    TOP = DOC.documentElement
    LoC = DOC.createElementNS(FBA_NS, 'fba:listOfConstraints')
    TOP.appendChild(LoC)
    LoO = DOC.createElementNS(FBA_NS, 'fba:listOfObjectives')
    TOP.appendChild(LoO)
    return DOC


[docs]def xml_viewSBML2FBAXML(document, fname=None):
    """
    Print a minidom XML document to screen or file, arguments:

     - *document* a minidom XML document
     - *fname* [default=None] by default print to screen or write to file fname

    """
    ##  print DOC.toxml('UTF-8')
    ##  print document.toprettyxml(indent=' ',newl='\n',encoding='UTF-8')
    if fname != None:
        FO = file(fname, 'w')
        document.writexml(FO, indent='', addindent='    ', newl='\n', encoding='UTF-8')
        FO.flush()
        FO.close()


[docs]def xml_addSBML2FBAFluxBound(document, rid, operator, value, fbid=None):
    """
    Adds an SBML3FBA flux bound to the document:

     - *document* a minidom XML document created by xml_createSBML2FBADoc
     - *rid* the reaction id
     - *operator* one of ['greater','greaterEqual','less','lessEqual','equal','>','>=','<','<=','=']
     - *value* a float which will be cast to a string using str(value)
     - *fbid* the flux bound id, autogenerated by default

    """
    OPER = ['greater','greaterEqual','less','lessEqual','equal','>','>=','<','<=','=']
    assert operator in OPER, '\nBad operator %s should be one of %s' % (operator, str(OPER))
    LoC = document.getElementsByTagName('fba:listOfConstraints')[0]
    F = document.createElementNS(FBA_NS, 'fba:constraint')
    F.setAttributeNS(FBA_NS,'fba:reaction', rid)
    F.setAttributeNS(FBA_NS,'fba:operation', operator)
    value = float(value)
    if numpy.isinf(value):
        if value > 0:
            value = 'inf'
        else:
            value = '-inf'
    else:
        value = str(value)
    F.setAttributeNS(FBA_NS,'fba:value', value)
    if fbid == None:
        O = 'type'
        if operator in ['greater','greaterEqual','>','>=']:
            O = 'lower'
        elif operator in ['less','lessEqual','<','<=']:
            O = 'upper'
        elif operator in ['equal','=']:
            O = 'equal'
        fbid = '%s_%s_bnd'% (rid, O)

    #METAID
    #F.setAttributeNS(FBA_NS,'metaid', fbid)
    F.setAttributeNS(FBA_NS,'id', fbid)
    LoC.appendChild(F)


[docs]def xml_createListOfFluxObjectives(document, fluxObjectives):
    """
    Create a list of fluxObjectives to add to an Objective:

     - *document* a minidom XML document created by xml_createSBML2FBADoc
     - *fluxobjs* a list of (rid, coefficient) tuples

    """
    LoF = document.createElementNS(FBA_NS, 'fba:listOfFluxes')
    for F in fluxObjectives:
        FO = document.createElementNS(FBA_NS, 'fba:fluxObjective')
        FO.setAttributeNS(FBA_NS,'fba:reaction', F[0])
        FO.setAttributeNS(FBA_NS,'fba:coefficient', F[1])
        LoF.appendChild(FO)
    return LoF


[docs]def xml_createSBML2FBAObjective(document, oid, sense, fluxObjectives):
    """
    Create a list of fluxObjectives to add to an Objective:

     - *document* a minidom XML document created by xml_createSBML2FBADoc
     - *oid* the objective id
     - *sense* a string containing the objective sense either: **maximize** or **minimize**
     - *fluxObjectives* a list of (rid, coefficient) tuples

    """
    sense = sense.lower()
    if sense == 'max': sense = 'maximize'
    if sense == 'min': sense = 'minimize'
    if sense in ['maximise', 'minimise']:
        sense = sense.replace('se','ze')
    assert sense in ['maximize', 'minimize'], "\nType must be ['maximize', 'minimize'] not %s" % sense
    OBJ = document.createElementNS(FBA_NS, 'fba:objective')
    OBJ.setAttributeNS(FBA_NS,'id', oid)
    #METAID
    #OBJ.setAttributeNS(FBA_NS,'metaid', oid)
    OBJ.setAttributeNS(FBA_NS,'fba:type', sense)
    LoF = document.createElementNS(FBA_NS, 'fba:listOfFluxes')
    for F in fluxObjectives:
        FO = document.createElementNS(FBA_NS, 'fba:fluxObjective')
        FO.setAttributeNS(FBA_NS,'fba:reaction', F[0])
        FO.setAttributeNS(FBA_NS,'fba:coefficient', str(F[1]))
        LoF.appendChild(FO)
    OBJ.appendChild(LoF)
    return OBJ


[docs]def xml_addSBML2FBAObjective(document, objective, active=True):
    """
    Adds an objective element to the documents listOfObjectives and sets the active attribute:

     - *document* a minidom XML document created by `xml_createSBML2FBADoc`
     - *objective* a minidom XML objective element created with `xml_createSBML2FBAObjective`
     - *active* [default=True] a boolean flag specifiying whether this objective is active

    """

    LoO = document.getElementsByTagName('fba:listOfObjectives')[0]
    if active:
        xid = objective.getAttributeNS(FBA_NS,'id')
        LoO.setAttributeNS(FBA_NS,'fba:activeObjective', xid)
        print('Setting active objective: {}'.format(xid))
    LoO.appendChild(objective)



[docs]def xml_getSBML2FBAannotation(fba, fname=None):
    """
    Takes an FBA model object and returns the SBML3FBA annotation as an XML string:

     - *fba* an fba model object
     - *fname* [default=None] if supplied the XML will be written to file *fname*

    """

    DOC = xml_createSBML2FBADoc()
    for f in fba.flux_bounds:
        ##  print f.value
        xml_addSBML2FBAFluxBound(DOC, f.reaction, f.operation, f.value, f.getPid())

    for o in fba.objectives:
        fluxobjs = [(fo.reaction, fo.coefficient) for fo in  o.fluxObjectives]
        OBJ = xml_createSBML2FBAObjective(DOC, o.id, o.operation, fluxobjs)
        if o.id == fba.objectives[fba.activeObjIdx].id:
            xml_addSBML2FBAObjective(DOC, OBJ, active=True)
        else:
            xml_addSBML2FBAObjective(DOC, OBJ, active=False)
    if fname != None:
        xml_viewSBML2FBAXML(DOC, fname)

    return DOC.toprettyxml(indent=' ',newl='\n',encoding='UTF-8')



[docs]def sbml_createModelL2(fba, level=2, version=1):
    """
    Create an SBML model and document:

     - *fba* a PySCeSCBM model instance
     - *level* always 2
     - *version* always 1

    and returns:

     - *model* an SBML model

    """
    SBML_LEVEL = 2
    SBML_VERSION = 1

    if fba.getPid() == '' or fba.getPid() == None:
        mid0 = 'FBAModel'
    else:
        mid0 = fba.getPid()

    mid = ''
    for l in mid0:
        if l.isalnum():
            mid += l
        else:
            mid += '_'

    if not mid[0].isalpha():
        mid = 'id_' + mid

    mname = fba.getName()
    if  mname in [None, '', ' ']:
        mname = 'SBML_CB_MODEL'


    if libsbml.getLibSBMLVersion() < 40000:
        document = libsbml.SBMLDocument()
        document.setLevelAndVersion(SBML_LEVEL, SBML_VERSION)
    else:
        #document = libsbml.SBMLDocument(SBML_LEVEL, SBML_VERSION)
        document = libsbml.SBMLDocument(SBML_LEVEL, SBML_VERSION)
    document.getNamespaces().add("http://www.w3.org/1999/xhtml", "html")

    model = document.createModel(fba.getPid())
    model.setMetaId(METAPREFIX+fba.getPid())
    ## can't do this right now with the custom annotations
    #miriam = fba.miriam.getAllMIRIAMUris()
    #print 'miriam', miriam
    #if len(miriam) > 0:
        #sbml_setCVterms(model, miriam, model=True)
    ## while this may look right it totally screws up things later, notably reaction reagents don't get set
    #ns = model.getNamespaces()
    #ns.add("http://www.w3.org/1999/xhtml", "html")
    #model.setNamespaces(ns)
    #print model.getNamespaces()



        ##  document = libsbml.SBMLDocument(SBML_LEVEL, SBML_VERSION)
    return model, document


def sbml_setCompartmentsL2(model, compartments):
    if len(compartments) < 1:
        print('Warning: no compartments defined adding one called \"cell\"')
        compartments.update({'cell' : {'id' : 'cell', 'dimensions' : 3, 'size' : 1.0}})
    for cs in compartments:
        comp_def = model.createCompartment()
        comp_def.setId(compartments[cs]['id'])
        comp_def.setName(compartments[cs]['id'])
        comp_def.setVolume(float(compartments[cs]['size']))
        comp_def.setConstant(False)


[docs]def sbml_setCompartmentsL3(model, fba):
    '''
    Sets the model compartments.

     - *model* a libSBML model instance
     - *fba* a PySCeSCBM model instance

    '''
    compartments = fba.compartments
    for cs in compartments:
        comp_def = model.createCompartment()
        comp_def.setId(cs.getPid())
        comp_def.setName(cs.getName())

        size = cs.getSize()
        if size == None or size == '' or numpy.isnan(size):
            # TODO need to decide what to do here
            # comp_def.setSize(numpy.nan)
            pass
        else:
            comp_def.setSize(cs.getSize())



        comp_def.setSpatialDimensions(cs.getDimensions())
        comp_def.setConstant(True)
        comp_def.setMetaId(METAPREFIX+cs.getPid())

        if len(cs.getAnnotations()) > 0:
            annoSTRnew = sbml_writeKeyValueDataAnnotation(cs.getAnnotations())
            annores = comp_def.appendAnnotation(annoSTRnew)
            if annores == -3:
                print('Invalid annotation in reaction:', cs.getPid())
                print(cs.getAnnotations())
        if cs.miriam != None:
            miriam = cs.miriam.getAllMIRIAMUris()
            if len(miriam) > 0:
                sbml_setCVterms(comp_def, miriam, model=False)



[docs]def sbml_setDescription(model, fba):
    '''
    Sets the model description as a <note> containing `txt` in an HTML paragraph on the model object.

     - *model* a libSBML model instance
     - *fba* a PySCeSCBM model instance

    '''
    ##  try: UseR = getuser()
    ##  except: UseR = ''
    notes = ''
    if fba.description.strip() in ['', None, ' ']:
        notes += '<html:p><html:br/><html:span size="small">Model \"<html:strong>%s</html:strong>\" (%s) generated with <html:a href="http://cbmpy.sourceforge.net">CBMPy</html:a> (%s) on %s.</html:span></html:p>' % (fba.getPid(), fba.getName(), __version__,time.strftime("%a, %d %b %Y %H:%M:%S"))
    else:
        notes += '<html:p><html:span style="font-family: Courier New,Courier,monospace;">%s</html:span></html:p>\n' % fba.description
    #if fba._SBML_LEVEL_ == 2:
        #notes = '<body xmlns:html="http://www.w3.org/1999/xhtml">\n%s</body>' % notes
    #else:
    notes = '%s' % notes
    model.setNotes(notes, True)

    if len(fba.getAnnotations()) > 0:
        annoSTRnew = sbml_writeKeyValueDataAnnotation(fba.getAnnotations())
        annores = model.appendAnnotation(annoSTRnew)
        if annores == -3:
            print('Invalid annotation in model:', fba.getId())
            print(fba.getAnnotations(), '\n')



[docs]def sbml_setUnits(model, units=None, give_default=False):
    """
    Adds units to the model:

    - *model* a libSBML model instance
    - *units* [default=None] a dictionary of units, if None default units are used
    - *give_default* [default=False] if true method returns the default unit dictionary

    """

    ud = {'area': {0 : {'exponent': 2, 'kind': 'metre', 'multiplier': 1.0, 'scale': 0}},
          'length': {0 : {'exponent': 1, 'kind': 'metre', 'multiplier': 1.0, 'scale': 0}},
          'substance': {0 : {'exponent': 1, 'kind': 'mole', 'multiplier': 1.0, 'scale': 0}},
          'time': {0 : {'exponent': 1, 'kind': 'second', 'multiplier': 1.0, 'scale': 0}},
          'volume': {0 : {'exponent': 1, 'kind': 'litre', 'multiplier': 1.0, 'scale': 0}},
          'mmol_per_gDW_per_hr': {0 : {'exponent': 1, 'kind': 'mole', 'multiplier': 1.0, 'scale': -3},
                                  1 : {'exponent': -1, 'kind': 'gram', 'multiplier': 1.0, 'scale': 0},
                                  2 : {'exponent': -1, 'kind': 'second', 'multiplier': 0.00027777, 'scale': 0}
                                  }
          }

    if units == None:
        units = ud

    if give_default:
        return units

    for un in units:
        vdef = model.createUnitDefinition()
        vdef.setId(un)
        vdef.setName(un)
        for u in range(len(units[un])):
            vu = model.createUnit()
            vu.setKind(libsbml.UnitKind_forName(units[un][u]['kind']))
            vu.setMultiplier(units[un][u]['multiplier'])
            vu.setScale(int(units[un][u]['scale']))
            vu.setExponent(int(units[un][u]['exponent']))
            vu.setOffset(0)


[docs]def sbml_writeAnnotationsAsCOBRANote(annotations):
    """
    Writes the annotations dictionary as a COBRA compatible SBML <note>

    """
    annoSTR = ''
    for K in annotations:
        # this is to keep COBRA happy
        if K == 'subsystem':
            Kcob = 'SUBSYSTEM'
        elif K in ['gene_association', 'GENE_ASSOCIATION']:
            Kcob = 'GENE ASSOCIATION'
        else:
            Kcob = K
        val = str(annotations[K]).replace('<','&lt;').replace('>','&gt;')
        annoSTR += "<html:p>{}: {}</html:p>\n".format(Kcob, val)
    annoSTR = '{}'.format(annoSTR)
    return annoSTR


[docs]def sbml_setSpeciesL2(model, fba, return_dicts=False):
    """
    Add the species definitions to the SBML object:

     - *model* [default=''] a libSBML model instance or can be None if *return_dicts* == True
     - *fba* a PySCeSCBM model instance
     - *return_dicts* [default=False] only returns the compartment and species dictionaries without updated the SBML

    returns:

     - *compartments* a dictionary of compartments (except when give *return_dicts* argument)

    """

    compartments = {}
    species = {}
    for s in fba.species:
        if s.compartment not in compartments:
            if s.compartment == None or s.compartment == '':
                pass
            else:
                compartments.update({s.compartment : {'id' : s.compartment, 'size' : 1.0, 'dimensions' : 3}})
        #print '++', s.charge
        if s.miriam == None:
            miriam = {}
        else:
            miriam = s.miriam.getAllMIRIAMUris()
        species.update({s.getPid() : {'id' : s.getPid(),
                                      'compartment' : s.compartment,
                                      'name' : s.getName(),
                                      'charge' : s.charge,
                                      'value' : s.value,
                                      'annotation' : s.getAnnotations().copy(),
                                      'boundary' : s.is_boundary,
                                      'chemFormula' : s.chemFormula,
                                      'miriam' : miriam
                                      }
                        })

    if len(compartments) < 1:
        print('Warning: no compartments defined adding one called \"cell\"')
        compartments.update({'cell' : {'id' : 'cell', 'dimensions' : 3, 'size' : 1.0}})

    if return_dicts:
        return compartments, species

    keys = sorted(species)
    #keys.sort()
    for spe in keys:
        s = model.createSpecies()
        s.setId(species[spe]['id'])
        #METAID
        s.setMetaId(METAPREFIX+species[spe]['id'])
        s.setName(species[spe]['name'])
        #if not (species[spe]['charge'] != None or species[spe]['charge'] != ''):
            #s.setCharge(int(species[spe]['charge']))
        Ranno = species[spe]['annotation']
        if species[spe]['charge'] not in ['', None]:
            #print species[spe]['charge'], int(species[spe]['charge'])
            if s.setCharge(int(species[spe]['charge'])) != libsbml.LIBSBML_OPERATION_SUCCESS:
                print('Unable to set charge, L{}V{} > L2V1'.format(s.getLevel(), s.getVersion()))
                if species[spe]['charge'] not in ['', None, 0]:
                    Ranno.update({'CHARGE' : species[spe]['charge']})

        if species[spe]['compartment'] == None or species[spe]['compartment'] == '':
            s.setCompartment('cell')
        else:
            s.setCompartment(species[spe]['compartment'])
        if species[spe]['boundary']:
            s.setBoundaryCondition(True)
            #s.setConstant(True)
        else:
            s.setBoundaryCondition(False)
        if species[spe]['value'] not in ['',  None]:
            s.setInitialConcentration(float(species[spe]['value']))
            ##  s.setInitialAmount(float(species[spe]['value']))
        s.setHasOnlySubstanceUnits(False)

        annoSTR = None
        #if species[spe]['chemFormula'] != None and species[spe]['chemFormula'] != '':
        if species[spe]['chemFormula'] not in ['', None]:
            Ranno.update({'FORMULA' : species[spe]['chemFormula']})
        if len(Ranno) > 0:
            annoSTR = sbml_writeAnnotationsAsCOBRANote(Ranno)
        if annoSTR != None:
            nres = s.setNotes(annoSTR)
        # this should go last
        if len(species[spe]['miriam']) > 0:
            sbml_setCVterms(s, species[spe]['miriam'], model=False)
    return compartments



[docs]def sbml_setReactionsL2(model, fba, return_dict=False):
    """
    Add the FBA instance reactions to the SBML model

     - *model* an SBML model instance
     - *fba* a PySCeSCBM model instance
     - *return_dict* [default=False] if True do not add reactions to SBML document instead return a dictionary description of the reactions

    """

    SBML_LEVEL = 2
    SBML_VERSION =1
    reactions = {}

    for r in fba.reactions:
        reactants = []
        products = []
        for rg in r.getStoichiometry():
            if rg[0] > 0.0:
                products.append(rg)
            else:
                reactants.append(rg)
        if r.miriam == None:
            miriam = {}
        else:
            miriam = r.miriam.getAllMIRIAMUris()
        reactions.update({r.getPid() : {'id' : r.getPid(),
                                        'reactants' : reactants,
                                        'products' : products,
                                        'name' : r.getName(),
                                        'reversible': r.reversible,
                                        'exchange' : r.is_exchange,
                                        'annotation' : r.getAnnotations().copy(),
                                        'compartment' : r.compartment,
                                        'miriam' : miriam
                                        }
                          })
    if return_dict:
        return reactions

    for rxn in reactions:
        # print 'Adding reaction:', reactions[rxn]['id']
        r = model.createReaction()
        r.setId(reactions[rxn]['id'])
        #METAID
        r.setMetaId(METAPREFIX+reactions[rxn]['id'])
        r.setName(reactions[rxn]['name'])
        for s in range(len(reactions[rxn]['reactants'])):
            #print '\t' + reactions[rxn]['id'] +' has substrate: ' + s.name + ' (%s)' % abs(rxn.stoichiometry[s.name])
            if libsbml.getLibSBMLVersion() < 40000:
                sref = libsbml.SpeciesReference(reactions[rxn]['reactants'][s][1], abs(float(reactions[rxn]['reactants'][s][0])))
            else:
                sref = libsbml.SpeciesReference(SBML_LEVEL, SBML_VERSION)
                sref.setStoichiometry(abs(float(reactions[rxn]['reactants'][s][0])))
                sref.setSpecies(reactions[rxn]['reactants'][s][1])
            #METAID
            #sref.setMetaId('%s_%s' % (reactions[rxn]['id'], reactions[rxn]['reactants'][s][1]))
            assert r.addReactant(sref) == 0, '\nError setting reagent'
        for p in range(len(reactions[rxn]['products'])):
            #print '\t' + reactions[rxn]['id'] +' has product: ' + p.name + ' (%s)' % abs(rxn.stoichiometry[p.name])
            if libsbml.getLibSBMLVersion() < 40000:
                pref = libsbml.SpeciesReference(reactions[rxn]['products'][p][1], abs(float(reactions[rxn]['products'][p][0])))
            else:
                pref = libsbml.SpeciesReference(SBML_LEVEL, SBML_VERSION)
                pref.setStoichiometry(abs(float(reactions[rxn]['products'][p][0])))
                pref.setSpecies(reactions[rxn]['products'][p][1])
            #METAID
            #pref.setMetaId('%s_%s' % (reactions[rxn]['id'], reactions[rxn]['products'][p][1]))
            assert r.addProduct(pref) == 0, '\nError setting product'
        Ranno = reactions[rxn]['annotation']
        # TODO: investigate this
        #if 'GENE_ASSOCIATION' in Ranno:
            #Ranno.update({'GENE ASSOCIATION' : Ranno.pop('GENE_ASSOCIATION')})
        #print 'Ranno', Ranno
        annoSTR = None
        if len(Ranno) > 0:
            annoSTR = sbml_writeAnnotationsAsCOBRANote(Ranno)
        if annoSTR != None:
            nres = r.setNotes(annoSTR)
            if nres != 0:
                print(nres, annoSTR)
            annoSTRnew = sbml_writeKeyValueDataAnnotation(Ranno) # future compatability with L3
            annores = r.appendAnnotation(annoSTRnew)
        if reactions[rxn]['reversible']:
            r.setReversible(True)
        else:
            r.setReversible(False)
        # this should go last
        # this may be a bug in libSBML in that setCVterm needs to come after appendAnnotation
        if len(reactions[rxn]['miriam']) > 0:
            sbml_setCVterms(r, reactions[rxn]['miriam'], model=False)


[docs]def sbml_exportSBML2FBAModel(document, filename, directory=None, return_doc=False, remove_note_body=False):
    """
    Writes an SBML model object to file. Note this is an internal SBML method use `sbml_writeSBML2FBA()` to write an FBA model:

     - *model* a libSBML model instance
     - *filename* the output filename
     - *directory* [default=None] by default use filename otherwise join, <dir><filename>
     - *return_doc* [default=False] return the SBML document used to write the XML

    """
    if directory != None:
        assert os.path.exists(directory), '\n%s does not exist.' % directory
        filename = os.path.join(directory, filename)
    print('Writing file: {}'.format(filename))

    try: UseR = getuser()
    except: UseR = ''

    SBML_LEVEL = 2
    SBML_VERSION = 1

    #raw_input('L%sV%s' % (document.getLevel(),document.getVersion()))
    h1 = '<?xml version="1.0" encoding="utf-8"?>\n'
    h1 += '<!-- Created with CBMPy ('+ __version__ + ') on ' + time.strftime("%a, %d %b %Y %H:%M:%S") + ' by '+UseR+' -->\n'

    SBMLDoc = document.toSBML()
    if remove_note_body:
        SBMLDoc = SBMLDoc.replace('<body xmlns:html="http://www.w3.org/1999/xhtml">','')
        SBMLDoc = SBMLDoc.replace('</body>','')

    F = file(filename, 'w')
    F.write(h1 + SBMLDoc)
    F.flush()
    F.close()
    print('Model exported as: {}'.format(filename))


[docs]def sbml_writeSBML2FBA(fba, fname, directory=None, sbml_level_version=None):
    """
    Takes an FBA model object and writes it to file as SBML L3 FBA:

     - *fba* an fba model object
     - *fname* the model will be written as XML to *fname*
     - *directory* [default=None] if defined it is prepended to fname
     - *sbml_level_version* [default=None] a tuple containing the SBML level and version e.g. (2,4) (ignored)

    """
    ##  __DEBUG__ = True

    assert _HAVE_SBML_, "\nSBML not available ... install libSBML with Python bindings for SBML support"

    SBML_LEVEL = 2
    SBML_VERSION = 1
    #  create L3 as annotation
    L3FBA = xml_getSBML2FBAannotation(fba, 'test_xml.xml') # should be None

    # create a model
    SMOD, document = sbml_createModelL2(fba, level=SBML_LEVEL, version=SBML_VERSION)
    sbml_setDescription(SMOD, fba)
    sbml_setUnits(SMOD, units=None)
    C = sbml_setSpeciesL2(SMOD, fba)
    sbml_setCompartmentsL2(SMOD, C)
    sbml_setReactionsL2(SMOD, fba, return_dict=False)
    SMOD.setAnnotation(L3FBA.replace('<?xml version="1.0" encoding="UTF-8"?>',''))
    sbml_exportSBML2FBAModel(document, fname, directory=directory, return_doc=True)

    if __DEBUG__:
        print('\nModel')
        print(L3FBA)

        import pprint
        PP = pprint.PrettyPrinter()

        print('\nUnits')
        PP.pprint(sbml_setUnits(SMOD, units=None, give_default=True))
        print('\nCompartments')
        c,s = sbml_setSpeciesL2(SMOD, fba, return_dicts=True)
        PP.pprint(c)
        print('\nSpecies')
        PP.pprint(s)
        print('\nReactions')
        PP.pprint(sbml_setReactionsL2(SMOD, fba, return_dict=True))


class FBCconnect(object):
    metaprefix = 'meta_'
    model = None
    doc = None
    sbml = None
    sbmllevel = 3
    sbmlversion = 1
    groupsversion = 1
    sbmlns = None
    fbc = None
    fbcversion = 1
    fbcstrict = True
    maxobjname = ('maximize', 'maximise', 'max')
    minobjname = ('minimize','minimise','min')
    GROUPS_AVAILABLE = False
    GROUPS_PREFIX = 'groups'
    groups = None
    groupList = None

    def __init__(self, fbc_version=1, fbc_strict=True):
        assert _HAVE_SBML_, '\nERROR: libSBML required for SBML support'
        self.sbml = libsbml
        assert self._checkPackageRegistry('fbc'), '\nSBML Level 3 FBC package required!\n(http://sbml.org/Documents/Specifications/SBML_Level_3/Packages/Flux_Balance_Constraints_%28flux%29)'
        if self._checkPackageRegistry('groups'):
            self.GROUPS_AVAILABLE = True
        self.fbcversion = fbc_version
        self.sbmlns = self.sbml.SBMLNamespaces(self.sbmllevel, self.sbmlversion, 'fbc', self.fbcversion)
        self.sbmlns.addNamespace("http://www.w3.org/1999/xhtml", "html")
        self.doc = self.sbml.SBMLDocument(self.sbmlns)
        self.doc.setPackageRequired('fbc', False)
        #self.doc.setPackageRequired('groups', False)
        self.model = self.doc.createModel()
        self.fbc = self.model.getPlugin("fbc")
        if fbc_version == 2 and fbc_strict:
            self.fbcstrict = True
            self.fbc.setStrict(True)

        assert self.fbc != None, '\nSBML Level 3 FBC package required!\n(http://sbml.org/Documents/Specifications/SBML_Level_3/Packages/Flux_Balance_Constraints_%28flux%29)'

    def _checkPackageRegistry(self, pkg):
        pkgs = []
        for i in range (0, self.sbml.SBMLExtensionRegistry.getNumRegisteredPackages()):
            pkgs.append(self.sbml.SBMLExtensionRegistry.getRegisteredPackageName(i))
        return pkg in pkgs

    def createGroupLegacy(self, gid, group, name=None):
        """
        Tries to add a group (assuming the groups package is available). Enables it if necessary.

         - *gid* the group name
         - *groups* a list of strings that refer to model SId's

        """
        if self.GROUPS_AVAILABLE:
            if self.groups == None:
                s1 = self.model.enablePackage(self.sbml.GroupsExtension_getXmlnsL3V1V1(), 'groups', True)
                s2 = self.doc.setPackageRequired(self.GROUPS_PREFIX, False)
                if s1 != 0 or s2 != 0:
                    print('INFO: Could not create group {} as the groups package is not available.'.format(gid))
                    return False
                else:
                    self.groups = self.model.getPlugin(self.GROUPS_PREFIX)
                    self.groupList = []
        else:
            print('INFO: Could not create group %s as the groups package is not available.')
            return False

        global G

        gl = self.groups.getListOfGroups()
        if len(gl) > 0:
            gl = [g_.getId() for g_ in gl]
        if gid in gl:
            print('Group {} exists appending items'.format(gid))
            G = self.groups.getGroup(gid)
        else:
            print('Group {} does not exist creating'.format(gid))
            G = self.groups.createGroup()
            G.setId(gid)
            if name != None:
                G.setName(name)
        for m_ in group:
            M = G.createMember()
            out = M.setIdRef(m_)
            if out != 0:
                print('INFO: cannot add {} to group {} as it is not a valid model id'.format(m_, gid))

        #self.groups.addGroup(G)
        return True

    def createFluxBoundV1(self, fid, reaction, operation, value):
        FB = self.fbc.createFluxBound()
        FB.setId(fid)
        FB.setReaction(reaction)
        FB.setOperation(operation)
        if not numpy.isinf(value):
            FB.setValue(float(value))
        elif value > 0.0:
            FB.setValue(float('inf'))
        elif value < 0.0:
            FB.setValue(float('-inf'))
        else:
            raise RuntimeError("\nCannot interpret bound %s with value %s" % (fid, value))

    def createObjective(self, oid, osense, flux_objs, name=None, active=True):
        """
        Create and add the FBC Objective function

         - *oid* objective id
         - *osense* objective sense
         - *flux_objs* [(reaction, coefficient)]
         - *name*
         - *active*

        """
        O = self.fbc.createObjective()
        O.setId(oid)
        if name != None:
            O.setName(name)
        if osense.lower() in self.maxobjname:
            osense = 'maximize'
        elif osense.lower() in self.minobjname:
            osense = 'minimize'
        else:
            raise RuntimeError("\nUnknown objective sense: %s" % osense)
        O.setType(osense)
        if active:
            self.fbc.setActiveObjectiveId(oid)
        for fo_ in flux_objs:
            FO = O.createFluxObjective()
            FO.setReaction(fo_[0])
            FO.setCoefficient(fo_[1])

    def createGeneAssociationV1(self, rid, assoc, gprid=None):
        """
        Create a gene association for a specified reaction and an association string

         - *rid* a reaction id
         - *assoc* the association string e.g.(b0698 and b0697) or (b0696)

        """
        GPR = self.fbc.createGeneAssociation()
        if gprid == None:
            GPR.setId('{}_gpra'.format(rid))
        else:
            GPR.setId(gprid)

        GA = GPR.createAssociation()
        ass = GA.parseInfixAssociation(assoc)
        # libSBML parsing workaround required
        if ass == None:
            ret0 = -1
        else:
            ret1 = GPR.setAssociation(ass)
            ret2 = GPR.setReaction(rid)
            if ret1 == 0 and ret2 == 0:
                ret0 = 0
            else:
                ret0 = -1
                if ret1 == 0:
                    print('ERROR: Could not set association: \"{}\"\n\"{}\"'.format(rid, assoc))
                else:
                    print('ERROR: Could not set reaction: \"{}\"\n\"{}\"'.format(rid, assoc))
        if ret0 != 0:
            print('WARNING: Possible invalid gene id: \"{}\" - \"{}\" is not a valid gene association'.format(rid, assoc))
            return GPR
        else:
            return GPR


    def writeToFile(self, filename):
        self.sbml.writeSBMLToFile(self.doc, str(filename))

    def _cleanUP_(self):
        self.fbc = None
        self.groups = None
        self.model = None
        self.doc = None
        self.sbml = None
        self.sbmlns = None



#def sbml_writeAnnotations(annotations):
    #"""
    #Writes the annotations dictionary as a BiGG compatible SBML <note> and a new style SBML parameter annotation
    #"""
    #raise NotImplemented
    #annoSTR = ''
    #for K in annotations:
        #val = str(annotations[K]).replace('<','&lt;').replace('>','&gt;')
        ###  val = str(annotations[K]).replace("'",'').replace('<','&lt;').replace('>','&gt;')
        #annoSTR += "<html:p>%s: %s</html:p>\n" % (K, val)
    ###  print annoSTR
    #return annoSTR


class CBMtoSBML3(FBCconnect):
    fba = None
    bound_registry = None
    parameter_map = None
    parameter_cntr = 0

    def __init__(self, fba, fbc_version=1, fbc_strict=True):
        """
        Convert a CBM model to SBML level 3 with FBC

        """
        FBCconnect.__init__(self, fbc_version)
        self.fba = fba
        self.parameter_map = {}


        if fba.getPid() == '' or fba.getPid() == None:
            mid0 = 'CBMPY_Model'
        else:
            mid0 = fba.getPid()

        mid = ''
        for l in mid0:
            if l.isalnum():
                mid += l
            else:
                mid += '_'

        if not mid[0].isalpha():
            mid = 'MODEL_' + mid

        self.model.setMetaId(METAPREFIX + mid)
        self.model.setId(mid)

    def addModelAnnotation(self, fba):
        # this should go last
        if fba.miriam != None:
            miriam = fba.miriam.getAllMIRIAMUris()
            #print(miriam)
            if len(miriam) > 0:
                sbml_setCVterms(self.model, miriam, model=True)

    def addModelHistory(self):
        """
        If they exist add CBM model history information to SBML model

        """
        sbmh = self.sbml.ModelHistory()
        GO = False
        if self.fba.DATE_CREATED not in [None, '']:
            sbmh.setCreatedDate(self.sbml.Date(*self.fba.DATE_CREATED))
            GO = True
        if self.fba.DATE_MODIFIED not in [None, '']:
            sbmh.setModifiedDate(self.sbml.Date(*self.fba.DATE_MODIFIED))
            GO = True
        if self.fba.MODEL_CREATORS != None and len(self.fba.MODEL_CREATORS) > 0:
            for c_ in self.fba.MODEL_CREATORS:
                C = self.sbml.ModelCreator()
                if self.fba.MODEL_CREATORS[c_]['firstname'] != None:
                    C.setGivenName(self.fba.MODEL_CREATORS[c_]['firstname'])
                if self.fba.MODEL_CREATORS[c_]['lastname'] != None:
                    C.setFamilyName(self.fba.MODEL_CREATORS[c_]['lastname'])
                if self.fba.MODEL_CREATORS[c_]['organisation'] != None:
                    C.setOrganisation(self.fba.MODEL_CREATORS[c_]['organisation'])
                if self.fba.MODEL_CREATORS[c_]['email'] != None:
                    C.setEmail(self.fba.MODEL_CREATORS[c_]['email'])
                sbmh.addCreator(C)
                del C
            GO = True
        if GO:
            self.model.setModelHistory(sbmh)
        del sbmh

    def addBoundsV2(self, autofix=True, compress_bounds=False):
        """
        Add FBC V2 style fluxbounds to model

         - *autofix* [default=True] convert <> to <=>=
         - *compress_bounds* [default=False] enable parameter compression

        """
        #print('INFO: addBoundsV2')
        self.bound_registry = []
        rids = self.fba.getReactionIds()
        bounds = []
        shared_values = {}
        shared_names = {}
        for r_ in rids:
            lb = ub = None
            for c_ in self.fba.flux_bounds:
                if c_.reaction == r_ and c_.is_bound == 'lower':
                    lb = c_
                elif c_.reaction == r_ and c_.is_bound == 'upper':
                    ub = c_
                elif c_.reaction == r_ and c_.is_bound == 'equality':
                    lb = ub = c_
                if lb != None and ub != None:
                    break
            if ub.value not in shared_values:
                shared_values[ub.value] = [ub]
            else:
                shared_values[ub.value].append(ub)
            if lb.value not in shared_values:
                shared_values[lb.value] = [lb]
            else:
                shared_values[lb.value].append(lb)

            if ub.value not in shared_names:
                shared_names[ub.value] = [ub.name]
            else:
                shared_names[ub.value].append(ub.name)
            if lb.value not in shared_names:
                shared_names[lb.value] = [lb.name]
            else:
                shared_names[lb.value].append(lb.name)

            bounds.append({'upper' : ub,
                           'lower' : lb,
                           'rid' : r_})
        #print(bounds)
        #print(shared_values)
        #print(shared_names)

        # play with bound compression
        shared_ids = []
        for v_ in list(shared_values.iterkeys()):
            POP = False
            # remove unique
            if len(shared_values[v_]) == 1:
                POP = True
            # disable compression if there is any annotation
            if not POP:
                for fb_ in range(len(shared_values[v_])-1, -1, -1):
                    if shared_values[v_][fb_].miriam != None or len(shared_values[v_][fb_].annotation) > 0:
                        shared_values[v_].pop(fb_)
                        shared_names[v_].pop(fb_)
            if POP:
                shared_values.pop(v_)
                shared_names.pop(v_)
            else:
                shared_ids.extend([i.getId() for i in shared_values[v_]])

        for v_ in list(shared_names.iterkeys()):
            POP = False
            if len(set(shared_names[v_])) == 1:
                #print(set(shared_names[v_]))
                POP = True
            #for fb_ in range(len(shared_values[v_])-1, -1, -1):
                #print(v_, fb_)

            if POP:
                shared_names.pop(v_)

        #print(shared_names)

        vp_map = {}
        if compress_bounds:
            for v_ in shared_values:
                if v_ not in shared_names:
                    pid = self.createParameterSharedV2(v_, name=shared_values[v_][0].getName())
                    #print(pid)
                    vp_map[v_] = pid
                else:
                    #print(shared_names[v_])
                    spid = list(set(shared_names[v_]))
                    #print(spid)
                    for n_ in range(len(shared_names[v_])):
                        #print(shared_names[v_][n_])
                        spidn = 'par{}_{}'.format(self.parameter_cntr, spid.index(shared_names[v_][n_]))
                        #print(spidn)
                        pid = self.createParameterSharedV2(v_, spidn, shared_values[v_][n_].getName())
                        vp_map[v_] = pid
                    self.parameter_cntr += len(spid)

        #print(vp_map)

        for b_ in bounds:
            if b_['rid'] not in self.parameter_map:
                self.parameter_map[b_['rid']] = {}
            if compress_bounds and b_['lower'].getId() in shared_ids:
                self.parameter_map[b_['rid']]['lb'] = vp_map[b_['lower'].getValue()]
            else:
                self.createParameterV2(b_['lower'])
                self.parameter_map[b_['rid']]['lb'] = b_['lower'].getId()

            if compress_bounds and b_['upper'].getId() in shared_ids:
                self.parameter_map[b_['rid']]['ub'] = vp_map[b_['upper'].getValue()]
            else:
                self.createParameterV2(b_['upper'])
                self.parameter_map[b_['rid']]['ub'] = b_['upper'].getId()

    def addBoundsV1(self, autofix=False):
        """
        Add the CBM fluxbounds to SBML

         - *autofix* convert '< >' to '<= >=' default = False

        """
        self.bound_registry = []
        for fb_ in self.fba.flux_bounds:
            rid = None
            if fb_.id not in [None, '']:
                rid = fb_.getPid()
            else:
                rid = '%s_%s_bnd' % (fb_.reaction, fb_.is_bound)
            if rid not in self.bound_registry:
                self.bound_registry.append(rid)
                operation = None
                if autofix and fb_.operation == 'less':
                    operation = 'lessEqual'
                elif autofix and fb_.operation == 'greater':
                    operation = 'greaterEqual'
                else:
                    operation = fb_.operation
                    #print 'Illegal operation in bound %s: %s' % (fb_.getPid(), fb_.operation)
                self.createFluxBoundV1(rid, fb_.reaction, operation, fb_.value)
            else:
                print('Bound %s already exists, skipping ...' % (rid))

    def addObjectives(self):
        """
        Add the CBM objective function to SBML

        """
        for ob_ in self.fba.objectives:
            active = False
            if ob_.getPid() == self.fba.getActiveObjective().getPid():
                active = True
            flux_objs = [(o2.reaction, float(o2.coefficient)) for o2 in ob_.fluxObjectives]
            self.createObjective(ob_.getPid(), ob_.operation, flux_objs, active=active)

    def addGenesV2(self, parse_from_annotation=False, annotation_key='GENE ASSOCIATION', add_cbmpy_anno=True):
        """
        Create genes and add to SBML models (FBC V2)

         - *parse_from_annotation* [default=False] if the gpr_assoc list is empty e.g. the GPR associations have
            not been parsed enabling this will do so.
         - *annotation_key* [default='GENE ASSOCIATION'] the key to use for the gene association if parse_from_annotation is True
           by default it will try one of GENE ASSOCIATION, GENE_ASSOCIATION, gene_association, gene association.
         - *add_cbmpy_anno* [default=True] add PySCeS CBMPy annotation

        """
        #print('\n\nINFO: addGenesV2')

        if len(self.fba.gpr) == 0 and parse_from_annotation:
            self.fba.createGeneAssociationsFromAnnotations(annotation_key)

        for g in self.fba.genes:
            G = self.fbc.createGeneProduct()
            G.setId(g.getId())
            name = g.getName()
            if name != None:
                G.setName(name)
            G.setMetaId(g.getMetaId())
            G.setLabel(g.getLabel())

            if len(g.annotation) > 0:
                if add_cbmpy_anno:
                    annoSTRnew = sbml_writeKeyValueDataAnnotation(g.annotation)
                    annores = G.appendAnnotation(annoSTRnew)
                    if annores == -3:
                        print('Invalid annotation in Gene', g.getId())
                        print(g.annotation, '\n')
            if g.miriam != None:
                # last blah blah
                sbml_setCVterms(G, g.miriam.getAllMIRIAMUris(), model=False)

    def addGeneProteinAssociationsV1(self, parse_from_annotation=False, annotation_key='GENE ASSOCIATION', add_cbmpy_anno=True):
        """
        Add the CBM geneProtein associations to SBML from the gpr_assoc list (FBC V1)

         - *parse_from_annotation* [default=False] if the gpr_assoc list is empty e.g. the GPR associations have
            not been parsed enabling this will do so.
         - *annotation_key* [default='GENE ASSOCIATION'] the key to use for the gene association if parse_from_annotation is True
           by default it will try one of GENE ASSOCIATION, GENE_ASSOCIATION, gene_association, gene association.
         - *add_cbmpy_anno* add PySCeS CBMPy annotation (still to be implemented)

        """
        if len(self.fba.gpr) == 0 and parse_from_annotation:
            self.fba.createGeneAssociationsFromAnnotations(annotation_key)

        for g_ in self.fba.gpr:
            rid = g_.getProtein()
            assoc = g_.getAssociationStr()
            if rid != None and rid != '':
                if assoc != None and assoc != '':
                    GPR = self.createGeneAssociationV1(rid, assoc, gprid=g_.getId())
                    #if g_.annotation != None and len(g_.annotation) > 0:
                        #annoSTRnew = sbml_writeKeyValueDataAnnotation(g_.getAnnotations())
                        #annores = GPR.appendAnnotation(annoSTRnew)
                        #if annores == -3:
                            #printl('Invalid annotation in GPR:', g_.getId())
                            #print(g_.annotation)
            else:
                print('WARNING: Skipping GPR association: \"{}\"\n\"{}\"--> \"{}\"'.format(g_.getId(), rid, assoc))

    def createParameterV2(self, bnd):
        """
        Create SBML V2 flux bound parameters for reaction

         - *bnd* object

        """
        par = self.model.createParameter()
        par.setId(bnd.getId())
        par.setMetaId('meta_{}'.format(bnd.getId()))
        #print(bnd.getName())
        par.setName(bnd.getName())
        par.setValue(bnd.getValue())
        par.setConstant(True)
        par.setSBOTerm('SBO:0000625')

        if len(bnd.annotation) > 0:
            annoSTRnew = sbml_writeKeyValueDataAnnotation(bnd.annotation)
            annores = par.appendAnnotation(annoSTRnew)
            if annores == -3:
                print('Invalid annotation in bound:', bnd.getId())
                print(lb.annotation, '\n')
        if bnd.miriam != None:
            miriam = bnd.miriam.getAllMIRIAMUris()
            if len(miriam) > 0:
                sbml_setCVterms(par, miriam, model=False)


    def createParameterSharedV2(self, value, pid=None, name=None):
        """
        Create SBML V2 flux bound parameters for reaction

         - *value* parameter value
         - *pid* optional parameter id
         - *name* optional name

         returns parameter id

        """
        if pid == None:
            pid = 'par{}'.format(self.parameter_cntr)
            self.parameter_cntr += 1
        if self.model.getParameter(pid) != None:
            return pid
        par = self.model.createParameter()
        par.setId(pid)
        par.setMetaId('meta_{}'.format(par.getId()))
        if name == None:
            par.setName('shared flux bound parameter')
        else:
            par.setName(name)
        par.setValue(value)
        par.setConstant(True)
        par.setSBOTerm('SBO:0000625')

        return par.getId()

    def _cleanUP_(self):
        self.fba = None
        self.parameter_map = {}
        self.parameter_cntr = 0
        self.fbc = None
        self.groups = None
        self.model = None
        self.doc = None
        self.sbml = None
        self.sbmlns = None


[docs]def sbml_writeKeyValueDataAnnotation(annotations):
    """
    Writes the key:value annotations as a KeyValueData annotation (http://pysces.sourceforge.net/KeyValueData)
    """

    annoSTR = '<listOfKeyValueData xmlns="http://pysces.sourceforge.net/KeyValueData">\n'
    for K in annotations:
        Ktype = None
        Kval = None
        #if type(annotations[K]) == bool:
            #Ktype = 'boolean'
        #elif type(annotations[K]) == int or type(annotations[K]) == long:
            #Ktype = 'integer'
        #elif type(annotations[K]) == float or type(annotations[K]) == numpy.float or type(annotations[K]) == numpy.double:
            #Ktype = 'double'
        #else:
            #Ktype = 'string'
        if annotations[K] == '' or annotations[K] == None:
            Kval = ""
        else:
            Kval = cgi.escape(str(annotations[K]))

        # fix the key to be sid compatible
        Kfix = ''
        for l in K:
            if l.isalnum():
                Kfix += l
            else:
                Kfix += '_'

        if not Kfix[0].isalpha():
            Kfix = 'id_' + Kfix
        ## taken out for now
        #Kfix = Kfix.lower()

        #annoSTR += ' <data id="%s" type="%s" value="%s"/>\n' % (Kfix, Ktype, Kval)
        annoSTR += ' <data id="{}" value="{}"/>\n'.format(Kfix, Kval)
    annoSTR += '</listOfKeyValueData>\n'
    #print annoSTR
    return annoSTR


RE_loKVD1 = re.compile('<data.*?/>', re.DOTALL)
RE_loKVD1_id = re.compile('id=".*?"')
#RE_loKVD1_type = re.compile('type=".*?"')
RE_loKVD1_value = re.compile('value=".*?"')
[docs]def sbml_readKeyValueDataAnnotation(annotations):
    """
    Reads KeyValueData annotation (http://pysces.sourceforge.net/KeyValueData) and returns a dictionary of key:value pairs
    """

    kvout = {}
    if '<listOfKeyValueData xmlns="http://pysces.sourceforge.net/KeyValueData">' in  annotations:
        data = re.findall(RE_loKVD1, annotations)
        for D_ in data:
            pid = re.search(RE_loKVD1_id, D_)
            if pid != None:
                pid = pid.group(0).split('=')[1].strip()[1:-1]
            #ptype = re.search(RE_loKVD1_type, D_)
            #if ptype != None:
                #ptype = ptype.group(0).split('=')[1].strip()[1:-1]
            pvalue = re.search(RE_loKVD1_value, D_)
            if pvalue != None:
                pvalue = pvalue.group(0).split('=',1)[1].strip()[1:-1]
                #if ptype == 'boolean':
                    #pvalue = bool(pvalue)
                #elif ptype == 'integer':
                    #pvalue = int(pvalue)
                #elif ptype == 'double':
                    #pvalue = float(pvalue)
                #else:
                    #pvalue = str(pvalue)
            kvout[pid] = pvalue
    return kvout


[docs]def sbml_setSpeciesL3(model, fba, return_dicts=False, add_cobra_anno=False, add_cbmpy_anno=True):
    """
    Add the species definitions to the SBML object:

     - *model* and SBML model instance or can be None if *return_dicts* == True
     - *fba* a PySCeSCBM model instance
     - *return_dicts* [default=False] only returns the compartment and species dictionaries without updating the SBML
     - *add_cbmpy_anno* [default=True] add CBMPy KeyValueData annotation. Replaces <notes>
     - *add_cobra_anno* [default=False] add COBRA <notes> annotation

    returns:

     - *compartments* a dictionary of compartments (except when given *return_dicts* argument)

    """

    compartments = fba.getCompartmentIds()

    species = {}
    USE_DEFAULT_COMPARTMENT = False
    DEFAULT_COMPARTMENT = 'Cell'
    for s in fba.species:
        if s.compartment == None or s.compartment == '':
            USE_DEFAULT_COMPARTMENT = True
            s.compartment = DEFAULT_COMPARTMENT
            if DEFAULT_COMPARTMENT not in compartments:
                print('INFO: Species "{}" has not compartment, creating default "{}".'.format(s.getPid(), DEFAULT_COMPARTMENT))
                C = CBModel.Compartment(DEFAULT_COMPARTMENT, DEFAULT_COMPARTMENT, 1.0, 3)
                C.setAnnotation('CBMPy_info', 'created by SBML writer')
                s.setAnnotation('CBMPy_info', 'compartment added by SBML writer')
                fba.addCompartment(C)
                compartments = fba.getCompartmentIds()
        elif s.compartment not in compartments:
            print('INFO: Compartment "{}" used by species "{}" is not defined, creating.'.format(s.compartment, s.getPid()))
            C = CBModel.Compartment(s.compartment, s.compartment, 1.0, 3)
            C.setAnnotation('CBMPy_info', 'created by SBML writer')
            fba.addCompartment(C)
            compartments = fba.getCompartmentIds()
        #print '++', s.charge
        if s.miriam == None:
            miriam = {}
        else:
            miriam = s.miriam.getAllMIRIAMUris()
        species.update({s.getPid() : {'id' : s.getPid(),
                                      'compartment' : s.compartment,
                                      'name' : s.getName(),
                                      'charge' : s.charge,
                                      'value' : s.value,
                                      'annotation' : s.getAnnotations().copy(),
                                      'boundary' : s.is_boundary,
                                      'chemFormula' : s.chemFormula,
                                      'miriam' : miriam
                                      }
                        })


    if return_dicts:
        return compartments, species

    keys = sorted(species)
    #keys.sort()

    for spe in keys:
        s = model.createSpecies()
        s.setId(species[spe]['id'])
        #METAID
        s.setMetaId(METAPREFIX+species[spe]['id'])
        s.setName(species[spe]['name'])
        # in theory species are constant at whatever level it is set dX/dT == 0 also there is no way to change them
        s.setConstant(False) #TODO (201209) think about this
        #if not (species[spe]['charge'] != None or species[spe]['charge'] != ''):
            #s.setCharge(int(species[spe]['charge']))
        if species[spe]['charge'] not in ['', None, 0]: # TODO this needs to be considered - bgoli
            #print species[spe]['charge'], int(species[spe]['charge'])
            if s.getPlugin('fbc').setCharge(int(species[spe]['charge'])) != libsbml.LIBSBML_OPERATION_SUCCESS:
                print('Unable to set charge for species: {}'.format(species[spe]['id']))
        if species[spe]['chemFormula'] not in ['', None]:
            if s.getPlugin('fbc').setChemicalFormula(str(species[spe]['chemFormula'])) != libsbml.LIBSBML_OPERATION_SUCCESS:
                print('Unable to set chemFormula for species: {}'.format(species[spe]['id']))


        s.setCompartment(species[spe]['compartment'])

        if species[spe]['boundary']:
            s.setBoundaryCondition(True)
            #s.setConstant(True)
        else:
            s.setBoundaryCondition(False)
        #print species[spe]['value'], type(species[spe]['value'])
        if not numpy.isnan(species[spe]['value']) and species[spe]['value'] not in ['',  None]:
            s.setInitialConcentration(float(species[spe]['value']))
            ##  s.setInitialAmount(float(species[spe]['value']))
        s.setHasOnlySubstanceUnits(False)

        if len(species[spe]['annotation']) > 0:
            if add_cbmpy_anno:
                annoSTRnew = sbml_writeKeyValueDataAnnotation(species[spe]['annotation'])
                annores = s.appendAnnotation(annoSTRnew)
                if annores == -3:
                    print('Invalid annotation in reaction:', species[spe]['id'])
                    print(species[spe]['annotation'], '\n')
            if add_cobra_anno:
                annoSTR = sbml_writeAnnotationsAsCOBRANote(species[spe]['annotation']) #GOOD RIDDANCE
                if annoSTR != None:
                    s.setNotes(annoSTR)

        if len(species[spe]['miriam']) > 0:
            sbml_setCVterms(s, species[spe]['miriam'], model=False)


[docs]def sbml_setReactionsL3Fbc(fbcmod, fba, return_dict=False, add_cobra_anno=False, add_cbmpy_anno=True, fbc_version=1):
    """
    Add the FBA instance reactions to the SBML model

     - *fbcmod* a CBM2SBML instance
     - *fba* a PySCeSCBM model instance
     - *return_dict* [default=False] if True do not add reactions to SBML document instead return a dictionary description of the reactions
     - *add_cbmpy_anno* [default=True] add CBMPy KeyValueData annotation. Replaces <notes>
     - *add_cobra_anno* [default=False] add COBRA <notes> annotation
     - *fbc_version* [default=1] writes either FBC v1 (2013) or v2 (2015)


    """

    gpr_reaction_map = {}
    for gpr in fba.gpr:
        gpr_reaction_map[gpr.getProtein()] = gpr.getId()
    #print(gpr_reaction_map)

    reactions = {}
    for r in fba.reactions:
        reactants = []
        products = []
        for rg in r.getStoichiometry():
            if rg[0] > 0.0:
                products.append(rg)
            else:
                reactants.append(rg)
        if r.miriam == None:
            miriam = {}
        else:
            miriam = r.miriam.getAllMIRIAMUris()
        reactions.update({r.getPid() : {'id' : r.getPid(),
                                        'reactants' : reactants,
                                        'products' : products,
                                        'name' : r.getName(),
                                        'reversible': r.reversible,
                                        'exchange' : r.is_exchange,
                                        'annotation' : r.getAnnotations().copy(),
                                        'compartment' : r.compartment,
                                        'miriam' : miriam
                                        }
                          })
    if return_dict:
        return reactions

    for rxn in reactions:
        # print 'Adding reaction:', reactions[rxn]['id']
        r = fbcmod.model.createReaction()
        if fbc_version == 2:
            FB = r.getPlugin('fbc')
        r.setId(reactions[rxn]['id'])
        #METAID
        r.setMetaId(METAPREFIX+reactions[rxn]['id'])
        r.setName(reactions[rxn]['name'])
        r.setFast(False)
        for s in range(len(reactions[rxn]['reactants'])):
            sref = r.createReactant()
            sref.setConstant(False)
            sref.setStoichiometry(abs(float(reactions[rxn]['reactants'][s][0])))
            sref.setSpecies(reactions[rxn]['reactants'][s][1])
        for p in range(len(reactions[rxn]['products'])):
            pref = r.createProduct()
            pref.setConstant(False)
            pref.setStoichiometry(abs(float(reactions[rxn]['products'][p][0])))
            pref.setSpecies(reactions[rxn]['products'][p][1])

        if len(reactions[rxn]['annotation']) > 0:
            if add_cbmpy_anno:
                annoSTRnew = sbml_writeKeyValueDataAnnotation(reactions[rxn]['annotation'])
                annores = r.appendAnnotation(annoSTRnew)
                if annores == -3:
                    print('Invalid annotation in reaction', reactions[rxn]['id'])
                    print(reactions[rxn]['annotation'], '\n')
            if add_cobra_anno:
                annoSTR = sbml_writeAnnotationsAsCOBRANote(reactions[rxn]['annotation']) #GOOD RIDDANCE
                if annoSTR != None:
                    nres = r.setNotes(annoSTR)
                    if nres != 0:
                        print(nres, annoSTR)
        if reactions[rxn]['reversible']:
            r.setReversible(True)
        else:
            r.setReversible(False)

        if fbc_version == 2:
            FB.setLowerFluxBound(fbcmod.parameter_map[reactions[rxn]['id']]['lb'])
            FB.setUpperFluxBound(fbcmod.parameter_map[reactions[rxn]['id']]['ub'])
            #print(gpr_reaction_map)
            if reactions[rxn]['id'] in gpr_reaction_map:
                GPR = fba.getGPRassociation(gpr_reaction_map[reactions[rxn]['id']])
                sbgpr = FB.createGeneProductAssociation()
                sbgpr.setId(GPR.getId())
                if GPR.getName() != None:
                    sbgpr.setName(GPR.getName())
                #print('GPR:', GPR.getAssociationStr())
                sbml_createAssociationFromAST(ast.parse(GPR.getAssociationStr()).body[0], sbgpr)

                if len(GPR.annotation) > 0:
                    if add_cbmpy_anno:
                        annoSTRnew = sbml_writeKeyValueDataAnnotation(GPR.annotation)
                        annores = sbgpr.appendAnnotation(annoSTRnew)
                        if annores == -3:
                            print('Invalid annotation in reaction GPR association', reactions[rxn]['id'])
                            print(GPR.annotation, '\n')
                if GPR.miriam != None:
                    # last blah blah
                    sbml_setCVterms(sbgpr, GPR.miriam.getAllMIRIAMUris(), model=False)

        # last blah blah
        if len(reactions[rxn]['miriam']) > 0:
            sbml_setCVterms(r, reactions[rxn]['miriam'], model=False)


[docs]def sbml_writeCOBRASBML(fba, fname, directory=None):
    """
    Takes an FBA model object and writes it to file as a COBRA compatible :

     - *fba* an fba model object
     - *fname* the model will be written as XML to *fname*
     - *directory* [default=None] if defined it is prepended to fname

    """
    print('\nWARNING: saving in COBRA format may result in a loss of model information!\n')
    time.sleep(3)
    sbml_writeSBML3FBC(fba, fname, directory, autofix=True, return_fbc=False, sbml_level_version=(3,1), add_groups=False)
    sbml_convertSBML3FBCToCOBRA(fname, fname)
    print('Model exported as: {}'.format(fname))



[docs]def sbml_getGeneRefs(association, out):
    """
    Walk through a gene association and extract GeneRefs inspired by Frank

    """
    if isinstance(association, libsbml.GeneProductRef):
        ref = association.getGeneProduct()
        if ref not in out:
            out.append(ref)
    else:
        for i in range(association.getNumAssociations()):
            sbml_getGeneRefs(association.getAssociation(i), out)


[docs]def sbml_createAssociationFromAST(node, out):
    """
    Converts a GPR string '((g1 and g2) or g3)' to an association via a Python AST.
    In future I will get rid of all the string elements and work only with associations
    and AST's.

     - *node* a Python AST note (e.g. body)
     - *out* a new shiny FBC V2 GeneProductAssociation

    """
    if isinstance(node, ast.Name):
        #print('Name:', node.id)
        ref = out.createGeneProductRef()
        ref.setGeneProduct(node.id)
        #ref.setId(node.id)
    else:
        if isinstance(node, ast.Expr):
            children = [node.value]
        else:
            children = node.values
        for v in children:
            if isinstance(v, ast.BoolOp) and isinstance(v.op, ast.And):
                newex = out.createAnd()
                #print('And', v)
                #walk(v, newand)
            elif isinstance(v, ast.BoolOp) and isinstance(v.op, ast.Or):
                newex = out.createOr()
                #print('Or', v)
                #walk(v, newor)
            else:
                #print('-->', v)
                newex = out
            sbml_createAssociationFromAST(v, newex)


[docs]def sbml_writeSBML3FBC(fba, fname, directory=None, sbml_level_version=(3,1), autofix=True, return_fbc=False, gpr_from_annot=False,\
                       add_groups=False, add_cbmpy_annot=True, add_cobra_annot=False, xoptions={}):
    """
    Takes an FBA model object and writes it to file as SBML L3 FBC:

     - *fba* an fba model object
     - *fname* the model will be written as XML to *fname*
     - *directory* [default=None] if defined it is prepended to fname
     - *sbml_level_version* [default=(3,1)] a tuple containing the SBML level and version e.g. (3,1)
     - *autofix* convert <> to <=>=
     - *return_fbc* return the FBC converter instance
     - *gpr_from_annot* [default=True] if enabled will attempt to add the gene protein associations from the annotations
       if no gene protein association objects exist
     - *add_cbmpy_annot* [default=True] add CBMPy KeyValueData annotation. Replaces <notes>
     - *add_cobra_annot* [default=True] add COBRA <notes> annotation
     - *xoptions* extended options

       - *fbc_version* [default=1] write SBML3FBC using version 1 (2013) or version 2 (2015)
       - *validate* [default=False] validate the output SBML file
       - *compress_bounds* [default=False] try compress output flux bound parameters


    """
    assert _HAVE_SBML_, "\nSBML not available ... install libSBML with Python bindings for SBML support"


    # load options
    fbc_version = 1
    validate = False
    compress_bounds = False
    if 'fbc_version' in xoptions:
        fbc_version = xoptions['fbc_version']
    if 'validate' in xoptions:
        validate = xoptions['validate']
    if 'compress_bounds' in xoptions and fbc_version == 2:
        compress_bounds = xoptions['compress_bounds']
    if fbc_version == 2:
        autofix = True
    print('\nINFO: using FBC version: {}'.format(fbc_version))

    if  fba.getName() in [None, '', ' ']:
        ##fba.setName('cbmpy_fbc_v{}_model'.format(fbc_version))
        fba.setName('cbmpy_fbc_model')
    fba.setModifiedDate()
    cs3 = CBMtoSBML3(fba, fbc_version, fbc_strict=True)
    if fbc_version == 1:
        cs3.addBoundsV1(autofix=autofix)
    elif fbc_version == 2:
        cs3.addBoundsV2(autofix=autofix, compress_bounds=compress_bounds)

    cs3.addObjectives()

    if fbc_version == 1:
        cs3.addGeneProteinAssociationsV1(parse_from_annotation=gpr_from_annot, annotation_key='GENE ASSOCIATION',\
                                         add_cbmpy_anno=add_cbmpy_annot)
    elif fbc_version == 2:
        cs3.addGenesV2(parse_from_annotation=gpr_from_annot, annotation_key='GENE ASSOCIATION',\
                       add_cbmpy_anno=add_cbmpy_annot)

    # create a model
    sbml_setDescription(cs3.model, fba)
    sbml_setUnits(cs3.model, units=None)
    sbml_setSpeciesL3(cs3.model, fba, add_cobra_anno=add_cobra_annot, add_cbmpy_anno=add_cbmpy_annot)
    sbml_setCompartmentsL3(cs3.model, fba)
    sbml_setReactionsL3Fbc(cs3, fba, return_dict=False, add_cobra_anno=add_cobra_annot, add_cbmpy_anno=add_cbmpy_annot, fbc_version=fbc_version)

    # stop libSBML deleting all my annotations
    cs3.addModelHistory()
    cs3.addModelAnnotation(fba)

    # here be groups
    if add_groups:
        cs3.createGroupLegacy('exchange', [r.getPid() for r in fba.reactions if r.is_exchange], name='reaction contains a boundary species')

    if directory != None:
        assert os.path.exists(directory), '\n%s does not exist.' % directory
        fname = os.path.join(directory, fname)

    try: UseR = getuser()
    except: UseR = ''

    #raw_input('L%sV%s' % (document.getLevel(),document.getVersion()))
    h1 = '<?xml version="1.0" encoding="utf-8"?>\n'
    h1 += '<!-- SBML created with CBMPy ('+ __version__ + ') on ' + time.strftime("%a, %d %b %Y %H:%M:%S") + ' -->\n'
    F = file(fname, 'w')
    F.write(h1 + cs3.doc.toSBML())
    F.flush()
    F.close()

    if validate:
        print('\nPerforming validation on output SBML ...\n')
        errors, warnings, others, DOCUMENT_VALID = sbml_validateDocument(cs3.doc)
        if not DOCUMENT_VALID:
            print('\nSBML document is invalid: filename will be {}.invalid'.format(fname))
            shutil.move(fname, fname+'.invalid')

    print('Model exported as: {}'.format(fname))

    if return_fbc:
        return cs3
    else:
        cs3._cleanUP_()
        del cs3


[docs]def sbml_readCOBRASBML(fname, work_dir=None, return_sbml_model=False, delete_intermediate=False, fake_boundary_species_search=False, output_dir=None, speciesAnnotationFix=True):
    """
    Read in a COBRA format SBML Level 2 file with FBA annotation where and return either a CBM model object
    or a (cbm_mod, sbml_mod) pair if return_sbml_model=True

     - *fname* is the filename
     - *work_dir* is the working directory
     - *return_sbml_model* [default=False] return a a (cbm_mod, sbml_mod) pair
     - *delete_intermediate* [default=False] delete the intermediate SBML Level 3 FBC file
     - *fake_boundary_species_search* [default=False] after looking for the boundary_condition of a species search for overloaded id's <id>_b
     - *output_dir* [default=None] the directory to output the intermediate SBML L3 files (if generated) default to input directory

    """
    try:
        new_file = sbml_convertCOBRASBMLtoFBC(fname, outname=None, work_dir=work_dir, output_dir=output_dir)
    except Exception as ex:
        print('\nCOBRA file conversion failed:\n\"{}\"'.format(ex))
        return None
    res = sbml_readSBML3FBC(new_file, work_dir=work_dir, return_sbml_model=return_sbml_model, xoptions={'nogenes':True})
    if fake_boundary_species_search:
        if return_sbml_model:
            cmod = res[0]
        else:
            cmod = res
        for s_ in cmod.species:
            sid = s_.getPid()
            if sid[-2:] == '_b':
                print('INFO: Fake boundary (_b) metabolite fixed: {}'.format(sid))
                s_.setBoundary()
    if speciesAnnotationFix:
        if return_sbml_model:
            cmod = res[0]
        else:
            cmod = res
        for s_ in cmod.species:
            try:
                processSpeciesChargeChemFormulaAnnot(s_, getFromName=False, overwriteCharge=True, overwriteChemFormula=True)
            except:
                print('processSpeciesChargeChemFormulaAnnot failed for species with id: {}'.format(s_.getPid()))
        sbml_writeSBML3FBC(cmod, fname=new_file)
    if delete_intermediate:
        os.remove(new_file)
    else:
        print('\nINFO: SBML Level 3 + FBC file generated as: {}'.format(new_file))
    return res




[docs]def sbml_convertCOBRASBMLtoFBC(fname, outname=None, work_dir=None, output_dir=None):
    """
    Read in a COBRA SBML Level 2 file and return the name of the created SBML Level 3 with FBC
    file that is created in the output directory

     - *fname* is the filename
     - *outname* the name of the output file. If not specified then <filename>.l3fbc.xml is used as default
     - *work_dir* [default=None] is the working directory
     - *output_dir* [default=None] is the output directory (default is work_dir)

    This method is based on code from libSBML (http://sbml.org) in the file "convertCobra.py"
    written by Frank T. Bergmann.

    """
    assert _HAVE_SBML_, "\nERROR: SBML not available ... install libSBML 5.8.0 r newer with Python bindings for SBML (http://sbml.org/Downloads)"
    assert libsbml.LIBSBML_VERSION >= 50800, "\nWARNING: COBRA SBML import requires libSBML 5.8.0 or newer (your version: {}) (http://sbml.org/Downloads)".format(libsbml.LIBSBML_VERSION)

    if work_dir != None:
        fname_only = fname
        fname = os.path.join(work_dir, fname)
    else:
        work_dir = os.path.split(fname)
        fname_only = work_dir[1]
        if work_dir[0] != '':
            work_dir = work_dir[0]
        else:
            work_dir = os.getcwd()

    if output_dir == None:
        output_dir = work_dir
    if not os.path.exists(output_dir):
        os.makedirs(output_dir)
    assert os.path.exists(fname), '\nERROR: file \"{}\" does not exist"'.format(fname)

    if outname != None:
        newfname = outname
    #elif fname[-4:] == '.xml':
        #newfname = fname_only.replace('.xml', '.l3fbc.xml')
    else:
        newfname = fname_only+'.l3fbc.xml'

    newfname = os.path.join(output_dir, newfname)

    print('\nwork_dir: {}'.format(work_dir))
    print('output_dir: {}'.format(output_dir))
    print('fname: {}'.format(fname))
    print('newfname: {}'.format(newfname))


    print('\nRead ...')
    sbmldoc = SBMLreader.readSBML(fname)
    print('Read reports {} errors'.format(sbmldoc.getNumErrors()))
    # debug stuff
    #M = sbmldoc.getModel()
    #for s_ in range(M.getNumSpecies()):
        #s = M.getSpecies(s_)
        #s.unsetAnnotation()
        #s.unsetNotes()
    #for r_ in range(M.getNumReactions()):
        #r = M.getReaction(r_)
        #r.unsetAnnotation()
        #r.unsetNotes()

    if sbmldoc.getNumErrors() > 0:
        if sbmldoc.getError(0).getErrorId() == libsbml.XMLFileUnreadable:
            # Handle case of unreadable file here.
            sbmldoc.printErrors()
        elif sbmldoc.getError(0).getErrorId() == libsbml.XMLFileOperationError:
            # Handle case of other file error here.
            sbmldoc.printErrors()
        else:
            # Handle other error cases here.
            sbmldoc.printErrors()
        return None

    props = libsbml.ConversionProperties()
    props.addOption("convert cobra", True, "Convert Cobra model")
    print('\nConvert ...')
    result = sbmldoc.convert(props)
    print('Convert returns result {}'.format(result))
    if (result != libsbml.LIBSBML_OPERATION_SUCCESS):
        print("[Error] Conversion failed... (%d)" %(result))
        return None
    SBMLwriter.writeSBML(sbmldoc, str(newfname))
    print("\nINFO: successfully converted file {} to {}\n".format(fname, newfname))
    props = None
    sbmldoc = None
    return newfname


[docs]def sbml_convertSBML3FBCToCOBRA(fname, outname=None, work_dir=None, output_dir=None):
    """
    Read in a SBML Level 3 file and return the name of the created COBRA
    file that is created in the output directory

     - *fname* is the filename
     - *outname* the name of the output file. If not specified then <filename>.cobra.xml is used as default
     - *work_dir* [default=None] is the working directory
     - *output_dir* [default=None] is the output directory (default is work_dir)

    This method is based on code from libSBML (http://sbml.org) in the file "convertFbcToCobra.py"
    written by Frank T. Bergmann.

    """
    assert _HAVE_SBML_, "\nERROR: SBML not available ... install libSBML 5.8.0 r newer with Python bindings for SBML (http://sbml.org/Downloads)"
    assert libsbml.LIBSBML_VERSION >= 50800, "\nWARNING: COBRA SBML import requires libSBML 5.8.0 or newer (your version: {}) (http://sbml.org/Downloads)".format(libsbml.LIBSBML_VERSION)

    #global SBMLreader, SBMLwriter


    if work_dir != None:
        fname_only = fname
        fname = os.path.join(work_dir, fname)
    else:
        work_dir = os.path.split(fname)
        fname_only = work_dir[1]
        if work_dir[0] != '':
            work_dir = work_dir[0]
        else:
            work_dir = os.getcwd()

    if output_dir == None:
        output_dir = work_dir
    if not os.path.exists(output_dir):
        os.makedirs(output_dir)
    assert os.path.exists(fname), '\nERROR: file \"{}\" does not exist"'.format(fname)

    if outname != None:
        newfname = outname
    #elif fname[-4:] == '.xml':
        #newfname = fname_only.replace('.xml', '.l3fbc.xml')
    else:
        newfname = fname_only+'.cobra.xml'

    newfname = os.path.join(output_dir, newfname)

    print('\nwork_dir: {}'.format(work_dir))
    print('output_dir: {}'.format(output_dir))
    print('fname: {}'.format(fname))
    print('newfname: {}'.format(newfname))

    SBMLreader  = libsbml.SBMLReader()

    print('\nRead ...')
    sbmldoc = SBMLreader.readSBML(fname)
    print('Read reports {} errors'.format(sbmldoc.getNumErrors()))
    # debug stuff
    #M = sbmldoc.getModel()
    #for s_ in range(M.getNumSpecies()):
        #s = M.getSpecies(s_)
        #s.unsetAnnotation()
        #s.unsetNotes()
    #for r_ in range(M.getNumReactions()):
        #r = M.getReaction(r_)
        #r.unsetAnnotation()
        #r.unsetNotes()

    if sbmldoc.getNumErrors() > 0:
        if sbmldoc.getError(0).getErrorId() == libsbml.XMLFileUnreadable:
            # Handle case of unreadable file here.
            sbmldoc.printErrors()
        elif sbmldoc.getError(0).getErrorId() == libsbml.XMLFileOperationError:
            # Handle case of other file error here.
            sbmldoc.printErrors()
        else:
            # Handle other error cases here.
            sbmldoc.printErrors()
        return None

    props = libsbml.ConversionProperties()
    props.addOption("convert fbc to cobra", True, "Convert FBC model to Cobra model")
    print('\nConvert ...')
    result = sbmldoc.convert(props)
    print('Convert returns result {}'.format(result))
    if (result != libsbml.LIBSBML_OPERATION_SUCCESS):
        print("[Error] Conversion failed... (%d)" %(result))
        return None
    SBMLwriter.writeSBML(sbmldoc, str(newfname))
    print("\nINFO: successfully converted file {} to {}\n".format(fname, newfname))
    return newfname


[docs]def sbml_validateDocument(D):
    """
    Validates and SBML document returns three dictionaries, errors, warnings, other and a boolean indicating an invalid document:

     - *D* and SBML document

    """

    warnings = {}
    errors = {}
    others = {}
    DOCUMENT_VALID = True
    e = None
    for e_ in range(D.validateSBML()):
        e = D.getError(e_)
        eid = e.getErrorId()
        msg = {'line': [e.getLine()],
               'msg' : e.getShortMessage(),
               'severity' : e.getSeverityAsString(),
               'valid' : e.isValid()
               }
        if not msg['valid']:
            DOCUMENT_VALID = False

        if e.isWarning():
            if eid not in warnings:
                warnings[eid] = msg
            else:
                warnings[eid]['line'].append(msg['line'][0])
        elif e.isError():
            if eid not in errors:
                errors[eid] = msg
            else:
                errors[eid]['line'].append(msg['line'][0])
        else:
            if eid not in others:
                others[eid] = msg
            else:
                others[eid]['line'].append(msg['line'][0])
    del e

    print('Validation report:\n==================\n')
    if len(errors) > 0:
        print('\nErrors\n------\n')
        eidx = list(errors.viewkeys())
        eidx.sort()
        for e_ in eidx:
            print('Error {} (valid={}):\n\n - {}\n - lines: {}\n'.format(e_, errors[e_]['valid'], errors[e_]['msg'], errors[e_]['line']))
    if len(warnings) > 0:
        print('\nWarnings\n--------\n')
        eidx = list(warnings.viewkeys())
        eidx.sort()
        for e_ in eidx:
            print('Warning {} (valid={}):\n\n - {}\n - lines: {}\n'.format(e_, warnings[e_]['valid'], warnings[e_]['msg'], warnings[e_]['line']))
    if len(others) > 0:
        print('\nOther\n-----\n')
        eidx = list(others.viewkeys())
        eidx.sort()
        for e_ in eidx:
            print('Info {} (valid={}):\n\n - {}\n - lines: {}\n'.format(e_, others[e_]['valid'], others[e_]['msg'], others[e_]['line']))
    print('End.\n')

    return errors, warnings, others, DOCUMENT_VALID



[docs]def sbml_readSBML3FBC(fname, work_dir=None, return_sbml_model=False, xoptions={}):
    """
    Read in an SBML Level 3 file with FBC annotation where and return either a CBM model object
    or a (cbm_mod, sbml_mod) pair if return_sbml_model=True

     - *fname* is the filename
     - *work_dir* is the working directory
     - *return_sbml_model* [default=False] return a a (cbm_mod, sbml_mod) pair
     - *xoptions* special load options enable with option = True
       - *nogenes* do not load/process genes
       - *noannot* do not load/process any annotations
       - *validate* validate model and display errors and warnings before loading

    """

    time00 = time.time()
    assert _HAVE_SBML_, "\nSBML not available ... install libSBML with Python bindings for SBML support"

    # DEBUFG
    global D, M, FBCplg, SBRe, PARAM_D, RFBCplg, GENE_D, GPR_D, FB_data, GPRASSOC

    if work_dir != None:
        D = libsbml.readSBMLFromFile(str(os.path.join(work_dir, fname)))
    else:
        D = libsbml.readSBMLFromFile(str(fname))

    if 'validate' in xoptions and xoptions['validate']:
        print('\nPerforming validation on input SBML ...\n')
        errors, warnings, others, DOCUMENT_VALID = sbml_validateDocument(D)
        if not DOCUMENT_VALID:
            raise RuntimeError, "\nValidation has detected an invalid SBML document"
        else:
            time.sleep(1)

    M = D.getModel()
    assert M != None, "\n\nInvalid SBML file"
    assert M.getLevel() >=3 and M.getVersion() >= 1, "\nAn SBML L3V1 or greater model is required"

    FBCplg = M.getPlugin(str("fbc"))

    assert FBCplg != None, "\n\nSBML FBC package required, see http://sbml.org/Documents/Specifications/SBML_Level_3/Packages/Flux_Balance_Constraints_%28flux%29 for more details"

    FBCver = FBCplg.getPackageVersion()

    FBCstrict = True
    if FBCver == 2:
        FBCstrict = FBCplg.getStrict()

    if FBCver == 2 and not FBCstrict:
        print("\nWARNING!!!!\n")
        print("This model has fbc:strict=\"false\" this means that is not necessarily a linear program and may contain a number of unsupported features containing aribtrary mathematical expressions such as, InitialAssignments, Rules, Events etc.")
        print("\nCBMPy can continue to load this model but will treat it as a convex linear problem and only load what it can interpret.")
        print("\nWARNING!!!!\n")
        if not raw_input('\nDo you wish to continue (Y/N): ') == 'Y':
            os.sys.exit(-1)


    # load options
    LOADGENES = True
    LOADANNOT = True
    DEBUG = False
    if 'nogenes' in xoptions and xoptions['nogenes']:
        LOADGENES = False
        print('\nGPR loading disabled!\n')
    if 'noannot' in xoptions and xoptions['noannot']:
        LOADANNOT = False
        print('\nAnnotation loading disabled!\n')
    if 'debug' in xoptions and xoptions['debug']:
        DEBUG = True
        print('\nDebug enabled!\n')

    # prototype groups support
    GRP = M.getPlugin(str("groups"))
    print('GRP: {}'.format(GRP))

    # print some model information
    print('FBC version: {}'.format(FBCver))
    print('M.getNumReactions: {}'.format(M.getNumReactions()))
    print('M.getNumSpecies: {}'.format(M.getNumSpecies()))
    print('FBC.getNumObjectives: {}'.format(FBCplg.getNumObjectives()))
    if FBCver == 1:
        print('FBC.getNumGeneAssociations: {}'.format(FBCplg.getNumGeneAssociations()))
        print('FBC.getNumFluxBounds: {}'.format(FBCplg.getNumFluxBounds()))
    elif FBCver == 2:
        print('FBC.getNumParameters: {}'.format(M.getNumParameters()))
        print('FBC.getNumGeneProducts: {}'.format(FBCplg.getNumGeneProducts()))

    model_id = M.getId()
    model_name = M.getName()
    model_description = libsbml.XMLNode_convertXMLNodeToString(M.getNotes())
    model_description = xml_stripTags(model_description).strip()

    __HAVE_FBA_ANOT_OBJ__ = True
    __HAVE_FBA_ANOT_BNDS__ = True
    __HAVE_FBA_ANOT_GENEASS__ = True
    if FBCplg.getNumFluxBounds() < 1:
        __HAVE_FBA_ANOT_BNDS__ = False
    if FBCplg.getNumObjectives() < 1:
        __HAVE_FBA_ANOT_OBJ__ = False
    if FBCplg.getNumGeneAssociations() < 1:
        __HAVE_FBA_ANOT_GENEASS__ = False

    time0 = time.time()

    SPEC = []
    for s in range(M.getNumSpecies()):
        SBSp = M.getSpecies(s)
        boundCon = False
        if SBSp.getBoundaryCondition():
            if __DEBUG__: print('Real boundary metabolite: {}'.format(SBSp.getId()))
            boundCon = True
        CF = None # chemical formula
        CH = None
        SBSpF = SBSp.getPlugin("fbc")
        if SBSpF != None:
            CF = SBSpF.getChemicalFormula()
            CH = int(SBSpF.getCharge())
        #print CF, CH

        NM = SBSp.getName() # get name
        # to strip a BiGG file see CBTools
        S = CBModel.Species(SBSp.getId(), boundary=boundCon, name=NM, value=SBSp.getInitialConcentration(), compartment=SBSp.getCompartment(), charge=CH, chemFormula=CF)
        S.annotation = {}
        if LOADANNOT:
            S.annotation = sbml_readKeyValueDataAnnotation(SBSp.getAnnotationString())
            if S.annotation == {}:
                S.annotation = sbml_readCOBRANote(libsbml.XMLNode_convertXMLNodeToString(SBSp.getNotes()))
            manot = sbml_getCVterms(SBSp, model=False)
            if manot != None:
                S.miriam = manot
            del manot
        SPEC.append(S)

    boundary_species = [s.getPid() for s in SPEC if s.is_boundary]
    spec_id = [s.getPid() for s in SPEC]

    if DEBUG: print('Species load: {}'.format(round(time.time() - time0, 3)))
    time0 = time.time()

    PARAM_D = {}
    if FBCver == 2:
        for p_ in range(M.getNumParameters()):
            P = M.getParameter(p_)
            pid = P.getId()
            pdict = {'id' : pid,
                     'value' : P.getValue(),
                     'constant' : P.getConstant(),
                     'sbo' : P.getSBOTermID(),
                     'name' : P.getName(),
                     'annotation': None,
                     'miriam' : None,
                     'association' : []
                     }
            if LOADANNOT:
                pdict['annotation'] = sbml_readKeyValueDataAnnotation(P.getAnnotationString())
                manot = sbml_getCVterms(P, model=False)
                if manot != None:
                    pdict['miriam'] = manot
                del manot
            PARAM_D[pid] = pdict

    GENE_D = {}
    if FBCver == 2:
        for g_ in range(FBCplg.getNumGeneProducts()):
            G = FBCplg.getGeneProduct(g_)
            gid = G.getId()
            gdict = {'id' : gid,
                     #'value' : G.getValue(),
                     #'constant' : P.getConstant(),
                     'sbo' : G.getSBOTermID(),
                     'name' : G.getName(),
                     'label' : G.getLabel(),
                     'annotation': None,
                     'miriam' : None,
                     }
            if LOADANNOT:
                gdict['annotation'] = sbml_readKeyValueDataAnnotation(G.getAnnotationString())
                manot = sbml_getCVterms(G, model=False)
                if manot != None:
                    gdict['miriam'] = manot
                del manot
            GENE_D[gid] = gdict

    REAC = []
    FB_data = []
    GPR_D = {}
    reactionIDs = []
    reactionsReversability = []
    gprregex  =  re.compile('\w+')

    for r in range(M.getNumReactions()):
        SBRe = M.getReaction(r)
        R_id = SBRe.getId()
        if FBCver == 2:
            # deal with new style fluxbounds
            RFBCplg = SBRe.getPlugin('fbc')
            lfbid = RFBCplg.getLowerFluxBound()
            ufbid = RFBCplg.getUpperFluxBound()
            if lfbid != '':
                fbl = {'reaction' : R_id,
                       'operation' : 'greaterEqual',
                       'value' : PARAM_D[lfbid]['value'],
                       'id' : '{}_lb'.format(R_id),
                       'parameter' : lfbid,
                       'annotation' : PARAM_D[lfbid]['annotation'],
                       'miriam' : PARAM_D[lfbid]['miriam'],
                       'sbo'  : PARAM_D[lfbid]['sbo'],
                       'type' : 'lower',
                       'name' : PARAM_D[lfbid]['name']
                       }
                PARAM_D[lfbid]['association'].append(R_id)
                FB_data.append(fbl)
            if lfbid != '':
                fbu = {'reaction' : R_id,
                       'operation' : 'lessEqual',
                       'value' : PARAM_D[ufbid]['value'],
                       'id' : '{}_ub'.format(R_id),
                       'parameter' : ufbid,
                       'annotation' : PARAM_D[ufbid]['annotation'],
                       'miriam' : PARAM_D[ufbid]['miriam'],
                       'sbo'  : PARAM_D[ufbid]['sbo'],
                       'type' : 'upper',
                       'name' : PARAM_D[ufbid]['name']
                       }
                PARAM_D[ufbid]['association'].append(R_id)
                FB_data.append(fbu)

            # deal with new gene associations (why larry why ...)
            SBgpr = RFBCplg.getGeneProductAssociation()
            if SBgpr != None:
                GPR_id = SBgpr.getId()
                if GPR_id == '' or GPR_id == None:
                    GPR_id = '{}_gpr'.format(R_id)
                ass = SBgpr.getAssociation()
                if ass != None:
                    GPR_D[GPR_id] = {'gpr_by_id' : ass.toInfix()}
                else:
                    GPR_D[GPR_id] = {'gpr_by_id' : ''}
                GPR_D[GPR_id]['reaction'] = R_id

                GPR_D[GPR_id]['gene_ids'] = []
                ## dirty hack
                #for g_ in re.findall(gprregex, GPR_D[GPR_id]['gpr_by_id']):
                    #g = g_.strip().replace(')','').replace('(','')
                    #if g != 'and' and g != 'or':
                        #GPR_D[GPR_id]['gene_ids'].append(g)
                ## the smart way
                if SBgpr.getAssociation() != None:
                    sbml_getGeneRefs(SBgpr.getAssociation(), GPR_D[GPR_id]['gene_ids'])

                #GPR_D[GPR_id]['gene_ids'] = list(set(GPR_D[GPR_id]['gene_ids']))
                gene_ids_sorted = sorted(GPR_D[GPR_id]['gene_ids'], key=len)
                gene_ids_sorted.reverse()
                GPR_D[GPR_id]['gpr_by_label'] = GPR_D[GPR_id]['gpr_by_id']
                GPR_D[GPR_id]['gpr_by_name'] = GPR_D[GPR_id]['gpr_by_id']
                GPR_D[GPR_id]['gene_labels'] = []
                for x_ in gene_ids_sorted:
                    #print(GPR_D[GPR_id])
                    GPR_D[GPR_id]['gpr_by_label'] = GPR_D[GPR_id]['gpr_by_label'].replace(x_, GENE_D[x_]['label'])
                    GPR_D[GPR_id]['gpr_by_name'] = GPR_D[GPR_id]['gpr_by_name'].replace(x_, GENE_D[x_]['name'])
                    GPR_D[GPR_id]['gene_labels'].append(GENE_D[x_]['label'])
                GPR_D[GPR_id]['miriam'] = None
                GPR_D[GPR_id]['annotation'] = {}
                GPR_D[GPR_id]['sbo'] = SBgpr.getSBOTermID()
                if LOADANNOT:
                    GPR_D[GPR_id]['annotation'] = sbml_readKeyValueDataAnnotation(SBgpr.getAnnotationString())
                    manot = sbml_getCVterms(SBgpr, model=False)
                    if manot != None:
                        GPR_D[GPR_id]['miriam'] = manot
                    del manot

        reagents = []
        EXREAC = False
        reactionIDs.append(R_id)
        for sub in range(SBRe.getNumReactants()):
            spec = SBRe.getReactant(sub).getSpecies()
            stoi = -SBRe.getReactant(sub).getStoichiometry()
            reagents.append((stoi,spec))
            if spec in boundary_species:
                EXREAC = True
        for pr in range(SBRe.getNumProducts()):
            spec2 = SBRe.getProduct(pr).getSpecies()
            stoi2 = SBRe.getProduct(pr).getStoichiometry()
            reagents.append((stoi2,spec2))
            if spec2 in boundary_species:
                EXREAC = True
        R = CBModel.Reaction(SBRe.getId(), SBRe.getName(), reversible=SBRe.getReversible())
        reactionsReversability.append(SBRe.getReversible())
        for r in reagents:
            rgtmp = CBModel.Reagent(SBRe.getId()+r[1], r[1], r[0])
            R.addReagent(rgtmp)
            if R.getPid() not in SPEC[spec_id.index(r[1])].reagent_of:
                SPEC[spec_id.index(r[1])].reagent_of.append(R.getPid())
        if EXREAC:
            R.is_exchange = True
        R.annotation = {}
        if LOADANNOT:
            R.annotation = sbml_readKeyValueDataAnnotation(SBRe.getAnnotationString())
            if R.annotation == {}:
                R.annotation = sbml_readCOBRANote(libsbml.XMLNode_convertXMLNodeToString(SBRe.getNotes()))
            manot = sbml_getCVterms(SBRe, model=False)
            if manot != None:
                R.miriam = manot
            del manot
        REAC.append(R)

    if DEBUG: print('Reactions load: {}'.format(round(time.time() - time0, 3)))
    time0 = time.time()

    # define compartments
    COMP = []
    for c_ in range(M.getNumCompartments()):
        cc = M.getCompartment(c_)
        cid = cc.getId()
        name = cc.getName()
        size = cc.getSize()
        if numpy.isnan(size) or size == None or size == '':
            #printl('WARNING: SBML IMPORT Compartment {} has no size, setting to 1.0'.format(cid))
            #size = 1.0
            size = None
        volume = cc.getVolume()
        dimensions = cc.getSpatialDimensions()
        if dimensions == 0:
            print('Zero dimension compartment detected: {}'.format(cid))
            # zero dimension compartments make no sense and are assumed to be L2 artifacts
            dimensions = 3
        C = CBModel.Compartment(cid, name=name, size=size, dimensions=dimensions)

        if LOADANNOT:
            C.annotation = sbml_readKeyValueDataAnnotation(cc.getAnnotationString())
            manot = sbml_getCVterms(cc, model=False)
            if manot != None:
                C.miriam = manot
            del manot
        COMP.append(C)
        del cid, name, size, dimensions, C

    if DEBUG: print('Compartment load: {}'.format(round(time.time() - time0, 3)))
    time0 = time.time()

    # extract fluxbounds
    if FBCver == 1:
        FB_data = []
        for fb_ in range(FBCplg.getNumFluxBounds()):
            SBFb = FBCplg.getFluxBound(fb_)
            fbd = {'reaction' : SBFb.getReaction(),
                   'operation' : SBFb.getOperation(),
                   'value' : SBFb.getValue()
                   }
            fb_id = SBFb.getId()
            if fb_id not in ['', None]:
                fbd['id'] = fb_id
            FB_data.append(fbd)

        if DEBUG: print('FluxBounds load: {}'.format(round(time.time() - time0, 3)))
        time0 = time.time()

    # determine bound type and set default bounds for unbound reactions
    CONSTR = []
    boundReactionIDs = []
    LboundReactionIDs = []
    UboundReactionIDs = []
    AboundReactionIDs = []
    DefinedReactionIDs = []
    if FBCver == 1:
        cntr = 0
        for c in FB_data:
            if 'id' in c:
                newId = c['id']
                DefinedReactionIDs.append(c['reaction'])
            else:
                O = '{}'.format(cntr)
                if c['operation'] in ['greater','greaterEqual','>','>=']:
                    O = 'lower'
                    LboundReactionIDs.append(c['reaction'])
                elif c['operation'] in ['less','lessEqual','<','<=']:
                    O = 'upper'
                    UboundReactionIDs.append(c['reaction'])
                elif c['operation'] in ['equal','=']:
                    O = 'equal'
                    AboundReactionIDs.append(c['reaction'])
                newId = '{}_{}_bnd'.format(c['reaction'], O)

            FB = CBModel.FluxBound(newId, c['reaction'], c['operation'], float(c['value']))
            FB.setName(newId)
            CONSTR.append(FB)
            #printl('FBID: {}'.format(newId))
            cntr+=1
            if c['reaction'] not in boundReactionIDs:
                boundReactionIDs.append(c['reaction'])
        # undefined flux bounds are given infinite value
        ubcntr = 0
        for J in range(len(reactionIDs)):
            ##  print reactionIDs[J], reactionsReversability[J]
            LBt = False
            UBt = False
            ABt = False
            if reactionIDs[J] in DefinedReactionIDs:
                LBt = UBt = ABt = True
            if reactionIDs[J] in LboundReactionIDs:
                LBt = True
            if reactionIDs[J] in UboundReactionIDs:
                UBt = True
            if reactionIDs[J] in AboundReactionIDs:
                ABt = True
            if not LBt and not UBt and not ABt:
                #print 'not LBt and not UBt and not ABt'
                #newId = 'UC_%i' % ubcntr
                newId = '%s_%s_bnd'% (reactionIDs[J], 'lower')
                if reactionsReversability[J]:
                    ##  print 'Adding reversible'
                    CONSTR.append(CBModel.FluxBound(newId, reactionIDs[J], 'greaterEqual', -numpy.inf))
                else:
                    ##  print 'Adding irreversible'
                    CONSTR.append(CBModel.FluxBound(newId, reactionIDs[J], 'greaterEqual', 0.0))
                ubcntr += 1
                #newId = 'UC_%i' % ubcntr
                newId = '%s_%s_bnd'% (reactionIDs[J], 'upper')
                CONSTR.append(CBModel.FluxBound(newId, reactionIDs[J], 'lessEqual', numpy.inf))
                ubcntr += 1
            elif not LBt and not ABt:
                #print 'not LBt and not ABt'
                #print reactionIDs[J]
                #newId = 'UC_%i' % ubcntr
                newId = '%s_%s_bnd'% (reactionIDs[J], 'lower')
                CONSTR.append(CBModel.FluxBound(newId, reactionIDs[J], 'greaterEqual', -numpy.inf))
                ubcntr += 1
                print('Added new lower bound', newId)
            elif not UBt and not ABt:
                #print 'not UBt and not ABt'
                # print reactionIDs[J]
                #newId = 'UC_%i' % ubcntr
                newId = '%s_%s_bnd'% (reactionIDs[J], 'upper')
                CONSTR.append(CBModel.FluxBound(newId, reactionIDs[J], 'lessEqual', numpy.inf))
                ubcntr += 1
                # print 'Added new upper bound', newId
    elif FBCver == 2:
        #CONSTR = []
        for bnd in FB_data:
            FB = CBModel.FluxBound(bnd['id'], bnd['reaction'], bnd['operation'], bnd['value'])
            FB.annotation = bnd['annotation']
            FB.miriam = bnd['miriam']
            FB.__param__ = bnd['parameter']
            FB.__sbo_term__ = bnd['sbo']
            FB.name = bnd['name']
            if FB.name == None or FB.name == '':
                FB.name = bnd['parameter']
            CONSTR.append(FB)

    if DEBUG: print('FluxBounds process: {}'.format(round(time.time() - time0, 3)))
    time0 = time.time()


    #Create parameters
    PARAM = []
    for p_ in PARAM_D:
        P = CBModel.Parameter(p_, PARAM_D[p_]['value'], PARAM_D[p_]['name'], PARAM_D[p_]['constant'])
        P.annotation = PARAM_D[p_]['annotation']
        P.miriam = PARAM_D[p_]['miriam']
        P.__sbo_term__ = PARAM_D[p_]['sbo']
        P._association_ = PARAM_D[p_]['association']
        PARAM.append(P)

    if DEBUG: print('Parameter process: {}'.format(round(time.time() - time0, 3)))
    time0 = time.time()

    # extract objectivefunctions
    OBJFUNCout = []
    try:
        ACTIVE_OBJ = FBCplg.getActiveObjective().getId()
        print('Active objective:', ACTIVE_OBJ)
    except:
        print('No active objective defined')

    for of_ in range(FBCplg.getNumObjectives()):
        SBOf = FBCplg.getObjective(of_)
        OF = CBModel.Objective(SBOf.getId(), SBOf.getType())
        OF.setName(SBOf.getName())
        for ofl_ in range(SBOf.getNumFluxObjectives()):
            SBOfl = SBOf.getFluxObjective(ofl_)
            if SBOfl.getId() in [None, '']:
                id = '%s_%s_flobj' % (SBOf.getId(), SBOfl.getReaction())
            else:
                id = SBOf.getId()
            Oflx = CBModel.FluxObjective(id, SBOfl.getReaction(), float(SBOfl.getCoefficient()))
            Oflx.setName(SBOfl.getName())
            OF.addFluxObjective(Oflx)
        OBJFUNCout.append(OF)

    if DEBUG: print('ObjectiveFunction load: {}'.format(round(time.time() - time0, 3)))
    time0 = time.time()

    GPRASSOC = {}
    if LOADGENES:
        if FBCver == 1 and __HAVE_FBA_ANOT_GENEASS__:
            SBGPR = FBCplg.getListOfGeneAssociations()
            for g_ in SBGPR:
                gprid = g_.getId()
                rid = g_.getReaction()
                GPRASSOC[gprid] = {}
                if g_.getAssociation() != None:
                    assoc = g_.getAssociation().toInfix()
                    if assoc != '' and assoc != None:
                        GPRASSOC[gprid]['reaction'] = rid
                        GPRASSOC[gprid]['gpr_by_id'] =  assoc

    if DEBUG: print('GPR load: {}'.format(round(time.time() - time0, 3)))
    time0 = time.time()

    # build model
    fm = CBModel.Model(model_id)
    if M.isSetMetaId():
        fm.__metaid__ = M.getMetaId()
    else:
        fm.setMetaId('meta_{}'.format(model_id))
    fm.name = model_name
    fm.description = model_description
    fm.annotation = sbml_readKeyValueDataAnnotation(M.getAnnotationString())
    fm.__FBC_STRICT__ = FBCstrict
    fm.__FBC_VERSION__ = FBCver

    manot = sbml_getCVterms(M, model=True)
    if manot != None:
        fm.miriam = manot
    del manot

    fm.sourcefile = fname
    sbmh = M.getModelHistory()
    if sbmh != None:
        cdate = sbmh.getCreatedDate()
        if cdate != None:
            cdate = (cdate.getYear(), cdate.getMonth(), cdate.getDay(), cdate.getHour(), cdate.getMinute(), cdate.getSecond())
            fm.setCreatedDate(cdate)
        mdate = sbmh.getModifiedDate()
        if mdate != None:
            mdate = (mdate.getYear(), mdate.getMonth(), mdate.getDay(), mdate.getHour(), mdate.getMinute(), mdate.getSecond())
            fm.setModifiedDate(mdate)
        mCr = []
        for m_ in range(sbmh.getNumCreators()):
            sbc = sbmh.getCreator(m_)
            fm.addModelCreator(sbc.getGivenName(), sbc.getFamilyName(), sbc.getOrganisation(), sbc.getEmail())

    if DEBUG: print('Model build: {}'.format(round(time.time() - time0, 3)))
    time0 = time.time()

    for co_ in COMP:
        fm.addCompartment(co_)
    if DEBUG: print('Compartment build: {}'.format(round(time.time() - time0, 3)))
    time0 = time.time()
    for s_ in SPEC:
        fm.addSpecies(s_)
    if DEBUG: print('Species build: {}'.format(round(time.time() - time0, 3)))
    time0 = time.time()
    for r_ in REAC:
        fm.addReaction(r_)
    if DEBUG: print('Reaction build: {}'.format(round(time.time() - time0, 3)))
    time0 = time.time()
    fbexists = []
    for c_ in CONSTR:
        fm.addFluxBound(c_, fbexists=fbexists)
        fbexists.append((c_.getReactionId(), c_.getType()))
    del fbexists
    if DEBUG: print('FluxBound build: {}'.format(round(time.time() - time0, 3)))
    time0 = time.time()
    for o_ in OBJFUNCout:
        if o_.getPid() == ACTIVE_OBJ:
            fm.addObjective(o_, active=True)
        else:
            fm.addObjective(o_, active=False)
    if DEBUG: print('Objective build: {}'.format(round(time.time() - time0, 3)))
    time0 = time.time()
    for p_ in PARAM:
        fm.addParameter(p_)
    if DEBUG: print('Parameter build: {}'.format(round(time.time() - time0, 3)))
    time0 = time.time()
    if FBCver == 1 and LOADGENES:
        for g_ in GPRASSOC:
            fm.createGeneProteinAssociation(GPRASSOC[g_]['reaction'], GPRASSOC[g_]['gpr_by_id'], gid=g_, update_idx=False)
        fm.__updateGeneIdx__()
    elif FBCver == 2 and LOADGENES:
        # note we may want to add branches here for using indexes etc etc
        non_gpr_genes = []
        for g_ in GPR_D:
            fm.createGeneProteinAssociation(GPR_D[g_]['reaction'], GPR_D[g_]['gpr_by_id'], gid=g_, update_idx=False)
            gpr = fm.getGPRassociation(g_)
            if gpr != None:
                gpr.annotation = GPR_D[g_]['annotation']
                gpr.miriam = GPR_D[g_]['miriam']
                gpr.__sbo_term__ = GPR_D[g_]['sbo']
        fm.__updateGeneIdx__()
        for g_ in GENE_D:
            G = fm.getGene(g_)
            if G != None:
                G.setLabel(GENE_D[g_]['label'])
                G.name = GENE_D[g_]['name']
                G.annotation = GENE_D[g_]['annotation']
                G.__sbo_term__ = GENE_D[g_]['sbo']
                G.miriam = GENE_D[g_]['miriam']
            else:
                print('Gene {} is not part of a GPR association. Will create anyway!'.format(g_))
                non_gpr_genes.append(g_)
        # TODO: this is a corner case I'll deal with it better later, non GPR associated genes are added as inactive gene objects
        for ng_ in non_gpr_genes:
            G = CBModel.Gene(ng_, label=GENE_D[ng_]['label'], active=False)
            G.annotation = GENE_D[ng_]['annotation']
            G.__sbo_term__ = GENE_D[ng_]['sbo']
            G.miriam = GENE_D[ng_]['miriam']

    if DEBUG: print('GPR build: {}'.format(round(time.time() - time0, 3)))
    time0 = time.time()

    if len(CONSTR) < 1:
        print('\nWARNING: No FBC flux bounds were defined!\n')
        time.sleep(1)
    elif len(OBJFUNCout) < 1:
        print('\nWARNING: No FBC objective functions were defined!\n')
        time.sleep(1)
    fm._SBML_LEVEL_ = 3
    try:
        fm.buildStoichMatrix()
    except:
        print('INFO: unable to construct stoichiometric matrix')
    if DEBUG: print('Nmatrix build: {}'.format(round(time.time() - time0, 3)))

    print('\nSBML3 load time: {}\n'.format(round(time.time() - time00, 3)))

    if not return_sbml_model:
        return fm
    else:
        print('SBML object return temporarily disabled')
        return fm, None


re_html_p = re.compile("<p>.*?</p>")
re_html_cobra_p = re.compile("<html:p>.*?</html:p>")
re_html_span = re.compile("<span>.*?</span>")
[docs]def sbml_readCOBRANote(s):
    """
    Parses a COBRA style note from a XML string

     - *s* an XML string

    """

    new_ann = {}
    cobra_p = re.findall(re_html_cobra_p, s)
    html_c_p = re.findall(re_html_p, s)
    if len(cobra_p) > 0:
        if __DEBUG__: print(cobra_p)
        for p in cobra_p:
            ps = p.replace('<html:p>','').replace('</html:p>','').replace('&lt;','<').replace('&gt;','>').split(':',1)
            if len(ps) == 2:
                new_ann.update({ps[0].strip() : ps[1].strip()})
    elif len(html_c_p) > 0:
        if __DEBUG__: print(cobra_p)
        for p in html_c_p:
            ps = p.replace('<p>','').replace('</p>','').replace('&lt;','<').replace('&gt;','>').split(':',1)
            if len(ps) == 2:
                new_ann.update({ps[0].strip() : ps[1].strip()})
    elif '<span xmlns="http://www.w3.org/1999/xhtml">' in s:
        hPs = re.findall(re_html_p, s.replace('\n',''))
        if __DEBUG__: print(hPs)
        for p in hPs:
            ps = re.findall(re_html_span, p)
            ps = [p.replace('<span>','').replace('</span>','').replace('&lt;','<').replace('&gt;','>').strip() for p in ps]
            if len(ps) == 2:
                new_ann.update({ps[0] : ps[1]})
    #print new_ann
    return new_ann



BQ2CBMMAP = {
    8  : "encodes",
    1  : "hasPart",
    10 : "hasProperty",
    4  : "hasVersion",
    0  : "is",
    6  : "isDescribedBy",
    7  : "isEncodedBy",
    5  : "isHomologTo",
    2  : "isPartOf",
    11 : "isPropertyOf",
    3  : "isVersionOf",
    9  : "occursIn",
    12 : None
}

CBM2BQMAP = {
    "encodes"       : 8,
    "hasPart"       : 1,
    "hasProperty"   : 10,
    "hasVersion"    : 4,
    "is"            : 0,
    "isDescribedBy" : 6,
    "isEncodedBy"   : 7,
    "isHomologTo"   : 5,
    "isPartOf"      : 2,
    "isPropertyOf"  : 11,
    "isVersionOf"   : 3,
    "occursIn"      : 9,
    None            : 12
}

BQM2CBMMAP = {
    0  : "is",
    1  : "isDescribedBy",
    2  : "isDerivedFrom",
    3 : None
}

CBM2BQMMAP = {
    "is"            : 0,
    "isDescribedBy" : 1,
    "isDerivedFrom" : 2,
    None            : 3
}


[docs]def sbml_getCVterms(sb, model=False):
    """
    Get the MIRIAM compliant CV terms and return a MIRIAMAnnotation or None

     - *sb* a libSBML SBase derived object
     - *model* is this a BQmodel term

    """
    out = {}
    if sb.getNumCVTerms() > 0:
        for c_ in range(sb.getNumCVTerms()):
            cvt = sb.getCVTerm(c_)
            resrc = []
            if cvt.getQualifierType() == libsbml.BIOLOGICAL_QUALIFIER:
                qual = BQ2CBMMAP[cvt.getBiologicalQualifierType()]
            else:
                qual = BQM2CBMMAP[cvt.getModelQualifierType()]
            for r_ in range(cvt.getNumResources()):
                uri = cvt.getResourceURI(r_)
                if qual != None and uri != None:
                    resrc.append(uri)
            out[qual] = tuple(resrc)
    if len(out) > 0:
        man = MIRIAMannotation()
        for q_ in out:
            for r_ in out[q_]:
                man.addIDorgURI(q_, r_)
        return man
    else:
        return None



[docs]def sbml_setCVterms(sb, uridict, model=False):
    """
    Add MIRIAM compliant CV terms to a sbml object from a CBM object

     - *sb* a libSBML SBase derived object
     - *uridict* a dictionary of uri's as produced by getAllMIRIAMUris()
     - *model* is this a BQmodel term [deprecated attribute, ignored and autodetected]

    """
    for t_ in uridict:
        if len(uridict[t_]) > 0:
            #print(t_)
            #print(uridict[t_])
            if t_ in CBM2BQMAP:
                cv = libsbml.CVTerm(libsbml.BIOLOGICAL_QUALIFIER)
                cv.setBiologicalQualifierType(CBM2BQMAP[t_])
                #print(CBM2BQMAP[t_])
            else:
                cv = libsbml.CVTerm(libsbml.MODEL_QUALIFIER)
                cv.setModelQualifierType(CBM2BQMMAP[t_])
            for u_ in uridict[t_]:
                #print(u_)
                #print(uridict[t_])
                if cv.addResource(u_) != libsbml.LIBSBML_OPERATION_SUCCESS:
                    print('INFO failure adding MIRIAM resource {} to: {}'.format(u_, sb.getId()))
            if sb.addCVTerm(cv) != libsbml.LIBSBML_OPERATION_SUCCESS:
                print('INFO: failure adding MIRIAM term: {}'.format(sb.addCVTerm(cv)))


"""
print libsbml.BQB_ENCODES            , 8  # "encodes",
print libsbml.BQB_HAS_PART           , 1  # "hasPart",
print libsbml.BQB_HAS_PROPERTY       , 10 # "hasProperty",
print libsbml.BQB_HAS_VERSION        , 4  # "hasVersion",
print libsbml.BQB_IS                 , 0  # "isA",
print libsbml.BQB_IS_DESCRIBED_BY    , 6  # "isDescribedBy",
print libsbml.BQB_IS_ENCODED_BY      , 7  # "isEncodedBy",
print libsbml.BQB_IS_HOMOLOG_TO      , 5  # "isHomologTo",
print libsbml.BQB_IS_PART_OF         , 2  # "isPartOf",
print libsbml.BQB_IS_PROPERTY_OF     , 11 # "isPropertyOf",
print libsbml.BQB_IS_VERSION_OF      , 3  # "isVersionOf",
print libsbml.BQB_OCCURS_IN          , 9  # "occursIn",
print libsbml.BQB_UNKNOWN            , 12 # None

print libsbml.BQM_IS                 , 0 # None
print libsbml.BQM_IS_DERIVED_FROM    , 2 # None
print libsbml.BQM_IS_DESCRIBED_BY    , 1 # None
print libsbml.BQM_UNKNOWN            , 3 # None
"""
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  Source code for pyscescbm.CBTools

"""
CBMPy: CBTools module
=====================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBTools.py 346 2015-08-03 14:09:32Z bgoli $)

"""
## gets rid of "invalid variable name" info
# pylint: disable=C0103
## gets rid of "line to long" info
# pylint: disable=C0301
## use with caution: gets rid of module xxx has no member errors (run once enabled)
# pylint: disable=E1101


# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals

import os, time, re, pprint, gzip, zipfile
try:
    import pickle
except ImportError:
    import cPickle as pickle
cDir = os.path.dirname(os.path.abspath(os.sys.argv[0]))
import numpy

from . import CBModel
#from .CBDataStruct import StructMatrixLP # legacy
from .CBCommon import HAVE_PYPARSING, checkChemFormula, pp_chemicalFormula, extractGeneIdsFromString
from .CBCommon import processSpeciesChargeChemFormulaAnnot, pyparsing

_PPR_ = pprint.PrettyPrinter()


from .CBConfig import __CBCONFIG__ as __CBCONFIG__
__DEBUG__ = __CBCONFIG__['DEBUG']
__version__ = __CBCONFIG__['VERSION']

[docs]def createTempFileName():
    """
    Return a temporary filename
    """
    return str(time.time()).split('.')[0]

#TODO comrpess

[docs]def storeObj(obj, filename, compress=False):
    """
    Stores a Python *obj* as a serialised binary object in *filename*.dat

    - *obj* a python object
    - *filename* the base filename
    - *compress* [False] use gzip compression not *implemented*

    """
    if filename[-4:] != '.dat':
        filename = filename+'.dat'
    F = file(filename, 'wb')
    pickle.dump(obj, F, protocol=2)
    print('Object serialised as {}'.format(filename))
    F.close()


[docs]def loadObj(filename):
    """
    Loads a serialised Python pickle from *filename*.dat returns the Python object(s)

    """
    if filename[-4:] != '.dat':
        filename = filename+'.dat'
    assert os.path.exists(filename), '\nFile \"{}\" does not exist'.format(filename)
    F = file(filename, 'rb')
    obj = pickle.load(F)
    F.close()
    return obj


[docs]def deSerialize(s):
    """
    Deserializes a serialised object contained in a string

    """
    return pickle.loads(s)


[docs]def addStoichToFBAModel(fm):
    """
    Build stoichiometry: this method has been refactored into the model class - cmod.buildStoichMatrix()
    """
    fm.buildStoichMatrix()


[docs]def addSinkReaction(fbam, species, lb=0.0, ub=1000.0):
    """
    Adds a sink reactions that consumes a model *species* so that X -->

     - *fbam* an fba model object
     - *species* a valid species name
     - *lb* lower flux bound [default = 0.0]
     - *ub* upper flux bound [default = 1000.0]

    """
    assert species in fbam.getSpeciesIds(), '\n%s is not a valid species' % species
    if lb < 0.0:
        reversible = True
    else:
        reversible = False
    Rname = species+'_sink'
    R = CBModel.Reaction(Rname, name='%s sink reaction' % species, reversible=reversible)
    Su = CBModel.Reagent(Rname+species, species, -1.0)
    R.addReagent(Su)
    R.is_exchange = True

    clb = CBModel.FluxBound(Rname+'_lb', Rname, 'greaterEqual', lb)
    cub = CBModel.FluxBound(Rname+'_ub', Rname, 'lessEqual', ub)

    fbam.addReaction(R)
    fbam.addFluxBound(clb)
    fbam.addFluxBound(cub)

    print('\n***\nCreated new reaction {} with bounds ({} : {})\n***\n'.format(Rname, lb, ub))


# TODO: check this

[docs]def addSourceReaction(fbam, species, lb=0.0, ub=1000.0):
    """
    Adds a source reactions that produces a model *species* so that --> X

     - *fbam* an fba model object
     - *species* a valid species name
     - *lb* lower flux bound [default = 0.0]
     - *ub* upper flux bound [default = 1000.0]

    Note reversiblity is determined by the lower bound, default 0 = irreversible. If
    negative then reversible.

    """
    assert species in fbam.getSpeciesIds(), '\n%s is not a valid species' % species
    if lb < 0.0:
        reversible = True
    else:
        reversible = False
    Rname = species+'_src'
    R = CBModel.Reaction(Rname, name='%s source reaction' % species, reversible=reversible)
    Su = CBModel.Reagent(Rname+species, species, 1.0)
    R.addReagent(Su)
    R.is_exchange = True

    clb = CBModel.FluxBound(Rname+'_lb', Rname, 'greaterEqual', lb)
    cub = CBModel.FluxBound(Rname+'_ub', Rname, 'lessEqual', ub)

    fbam.addReaction(R)
    fbam.addFluxBound(clb)
    fbam.addFluxBound(cub)

    print('\n***\nCreated new reaction {} with bounds ({} : {})\n***\n'.format(Rname, lb, ub))


[docs]def findDeadEndMetabolites(fbam):
    """
    Finds dead-end (single reaction) metabolites rows in N with a single entry), returns a list of (metabolite, reaction) ids

    """
    fbam.buildStoichMatrix()
    orphaned_list = []
    for rr in range(fbam.N.array.shape[0]):
        if (fbam.N.array[rr, :] != 0.0).sum() == 1:
            if __DEBUG__: print(fbam.N.array[rr,:])
            if __DEBUG__: print(fbam.N.row[rr])
            for c in range(fbam.N.array.shape[1]):
                if fbam.N.array[rr,c] != 0.0:
                    orphaned_list.append((fbam.N.row[rr],fbam.N.col[c]))
    return orphaned_list


[docs]def findDeadEndReactions(fbam):
    """
    Finds dead-end (single substrate/product) reactions (cols in N with a single entry), returns a list of (metabolite, reaction) ids

    """
    fbam.buildStoichMatrix()
    orphaned_list = []
    for cc in range(fbam.N.array.shape[1]):
        if (fbam.N.array[:, cc] != 0.0).sum() == 1:
            if __DEBUG__: print(fbam.N.array[:, cc])
            if __DEBUG__: print(fbam.N.col[cc])
            for r in range(fbam.N.array.shape[0]):
                if fbam.N.array[r,cc] != 0.0:
                    orphaned_list.append((fbam.N.row[r], fbam.N.col[cc]))
    return orphaned_list


[docs]def setSpeciesPropertiesFromAnnotations(fbam, overwriteCharge=False, overwriteChemFormula=False):
    """
    This will attempt to set the model Species properties from the annotation. With the default options
    it will only replace missing data. With ChemicalFormula this is easy to detect however charge may
    have an "unknown value" of 0. Setting the optional values to true will replace any existing value
    with any valid annotation.

     - *overwriteChemFormula* [default=False]
     - *overwriteCharge* [default=False]

    """
    for s_ in fbam.species:
        try:
            processSpeciesChargeChemFormulaAnnot(s_, getFromName=False, overwriteCharge=overwriteCharge, overwriteChemFormula=overwriteChemFormula)
        except Exception:
            print('processSpeciesChargeChemFormulaAnnot failed for species with id: {}'.format(s_.getPid()))


[docs]def fixReversibility(fbam, auto_correct=False):
    """
    Set fluxbound lower bound from reactions reversibility information.

     - *fbam* and FBAModel instance
     - *auto_correct* (default=False) if True automatically sets lower bound to zero if required, otherwise prints a warning if false.

    """
    for c in fbam.flux_bounds:
        R = c.reaction
        ##  print R
        O = c.operation
        ##  print O
        V = c.value
        ##  print V
        R_obj = fbam.reactions[fbam.getReactionIds().index(c.reaction)]
        RE = R_obj.reversible
        ##  print RE
        if O in ['greater', 'greaterEqual']:
            if not RE and float(V) < 0.0:
                print('Warning {} is not reversible and lower bound is {}.'.format(R, V))
                if auto_correct:
                    print('Resetting {} lower bound ({}) to zero'.format(R, V))
                    c.value = 0.0
                else:
                    print('Reaction ({}) reversible={} inconsistent with fluxbound lower bound ({}) run with auto_correct=True to reset lower bound.'.format(R, RE, V))
                    time.sleep(1)



[docs]def splitReversibleReactions(fba, selected_reactions=None):
    """
    Split a (set of) reactions into reversible reactions returns a copy of the original model

    R1: A = B
    R1f: A -> B
    R1r: B -> A

     - *fba* an instantiated CBMPy model object
     - *selected_reactions* if a reversible reaction id is in here split it

    """
    if selected_reactions == None:
        selected_reactions = []
    M = fba.clone()
    if len(selected_reactions) == 0:
        selected_reactions = M.getReversibleReactionIds()
    for r_ in M.getReversibleReactionIds():
        if r_ in selected_reactions:
            splitSingleReversibleReaction(M, r_)
        else:
            pass
    return M


[docs]def splitSingleReversibleReaction(fba, rid, fwd_id=None, rev_id=None):
    """
    Split a single reversible reaction into two irreversible reactions, returns the original reversible reaction and bounds
    while deleting them from model.

    R1: A = B
    R1_fwd: A -> B
    R1_rev: B -> A

     - *fba* an instantiated CBMPy model object
     - *rid* a valid reaction id
     - *fwd_id* [default=None] the new forward reaction id, defaults to rid_fwd
     - *rev_id* [default=None] the new forward reaction id, defaults to rid_rev

    """
    R = fba.getReaction(rid)

    assert R != None
    print('Reversible reaction splitter is processing: {}'.format(rid))
    Rf = R.clone()
    Rb = R.clone()
    Rf.setAnnotation('cbmpy_split_fwd', rid)
    Rb.setAnnotation('cbmpy_split_rev', rid)
    RB = fba.getReactionBounds(rid)
    LB = UB = EB = None
    if RB[1] != None and RB[2] != None:
        assert RB[1] <= RB[2], 'ERROR: For reaction splitting ({}): LowerBound ({}) must be LessEqual to UpperBound ({})'.format(rid, round(RB[1], 6), round(RB[2], 6))
    if RB[1] != None:
        LB = fba.getFluxBoundByReactionID(rid, 'lower')
    if RB[2] != None:
        UB = fba.getFluxBoundByReactionID(rid, 'upper')
    if RB[3] != None:
        EB = fba.getFluxBoundByReactionID(rid, 'equality')
    fba.deleteReactionAndBounds(rid)
    if fwd_id == None:
        fwd_id = Rf.getPid()+'_fwd'
    Rf.setPid(fwd_id)
    if rev_id == None:
        rev_id = Rb.getPid()+'_rev'
    Rb.setPid(rev_id)
    Rf.reversible = False
    Rb.reversible = False
    for rr_ in Rf.reagents:
        rr_.setPid(rr_.getPid()+'_fwd')
    for rr_ in Rb.reagents:
        rr_.setCoefficient(-1.0*rr_.getCoefficient())
        rr_.setPid(rr_.getPid()+'_rev')
    fba.addReaction(Rf)
    fba.addReaction(Rb)

    if EB != None:
        fba.createReactionLowerBound(Rf.getPid(), EB.getValue())
        fba.createReactionUpperBound(Rf.getPid(), EB.getValue())
        fba.createReactionLowerBound(Rb.getPid(), EB.getValue())
        fba.createReactionUpperBound(Rb.getPid(), EB.getValue())
    elif LB != None and UB != None:
        if LB.getValue() <= 0.0 and UB.getValue() >= 0.0:
            fba.createReactionLowerBound(Rf.getPid(), 0.0)
            fba.createReactionUpperBound(Rf.getPid(), UB.getValue())
            fba.createReactionLowerBound(Rb.getPid(), 0.0)
            fba.createReactionUpperBound(Rb.getPid(), abs(LB.getValue()))
        elif LB.getValue() > 0.0 and UB.getValue() > 0.0:
            fba.createReactionLowerBound(Rf.getPid(), LB.getValue())
            fba.createReactionUpperBound(Rf.getPid(), UB.getValue())
            fba.createReactionLowerBound(Rb.getPid(), 0.0)
            fba.createReactionUpperBound(Rb.getPid(), 0.0)
        if LB.getValue() < 0.0 and UB.getValue() < 0.0:
            fba.createReactionLowerBound(Rf.getPid(), 0.0)
            fba.createReactionUpperBound(Rf.getPid(), 0.0)
            fba.createReactionLowerBound(Rb.getPid(), abs(UB.getValue()))
            fba.createReactionUpperBound(Rb.getPid(), abs(LB.getValue()))
    elif LB != None and UB == None:
        if LB.getValue() > 0:
            fba.createReactionLowerBound(Rf.getPid(), LB.getValue())
            fba.createReactionUpperBound(Rf.getPid(), float('inf'))
            fba.createReactionLowerBound(Rb.getPid(), 0.0)
            fba.createReactionUpperBound(Rb.getPid(), 0.0)
        else:
            fba.createReactionLowerBound(Rf.getPid(), 0.0)
            fba.createReactionUpperBound(Rf.getPid(), float('inf'))
            fba.createReactionLowerBound(Rb.getPid(), 0.0)
            fba.createReactionUpperBound(Rb.getPid(), abs(LB.getValue()))
    elif LB == None and UB != None:
        if UB.getValue() >= 0:
            fba.createReactionLowerBound(Rf.getPid(), 0.0)
            fba.createReactionUpperBound(Rf.getPid(), UB.getValue())
            fba.createReactionLowerBound(Rb.getPid(), 0.0)
            fba.createReactionUpperBound(Rb.getPid(), float('inf'))
        else:
            fba.createReactionLowerBound(Rf.getPid(), 0.0)
            fba.createReactionUpperBound(Rf.getPid(), 0.0)
            fba.createReactionLowerBound(Rb.getPid(), abs(UB.getValue()))
            fba.createReactionUpperBound(Rb.getPid(), float('inf'))
    else:
        fba.createReactionLowerBound(Rf.getPid(), 0.0)
        fba.createReactionUpperBound(Rf.getPid(), float('inf'))
        fba.createReactionLowerBound(Rb.getPid(), 0.0)
        fba.createReactionUpperBound(Rb.getPid(), float('inf'))

    return (R, LB, UB, EB)


[docs]def exportLabelledArray(arr, fname, names=None,  sep=',', fmt='%f'):
    """
    Write a 2D array type object to file

     - *arr* the an array like object
     - *names* [default=None] the list of row names
     - *fname* the output filename
     - *sep* [default=','] the column separator
     - *fmt* [default='%s'] the output number format

    """
    if names != None:
        assert arr.shape[0] == len(names), '\n ...  rows must equal number of names!'
    F = file(fname, 'w')
    cntr = 0
    for r in range(arr.shape[0]):
        if names != None:
            F.write(('%s'+sep) % names[r])
        for c in range(arr.shape[1]):
            if c < arr.shape[1]-1:
                F.write((fmt+sep) % arr[r,c])
            else:
                F.write((fmt+'\n') % arr[r,c])
        cntr += 1
        if cntr >= 250:
            F.flush()
            cntr = 1
    F.write('\n')
    F.flush()
    F.close()
    print('exported to {}'.format(fname))


[docs]def exportLabelledArrayWithHeader(arr, fname, names=None, header=None, sep=',', fmt='%f'):
    """
    Export an array with row names and header

     - *arr* the an array like object
     - *names* [default=None] the list of row names
     - *header* [default=None] the list of column names
     - *fname* the output filename
     - *sep* [default=','] the column separator
     - *fmt* [default='%s'] the output number format
     - *appendlist* [default=False] if True append the array to *fname* otherwise create a new file

    """
    if names != None:
        assert arr.shape[0] == len(names), '\n ...  rows must equal number of names!'
    if header != None:
        assert arr.shape[1] == len(header), '\n ...  cols must equal number of header names!'

    F = file(fname, 'w')
    cntr = 0
    if header != None:
        if names != None:
            hstr = ' '+sep
        else:
            hstr = ''
        for h in header:
            hstr += str(h)+sep
        hstr = hstr[:-1]+'\n'
        F.write(hstr)
        del hstr
    for r in range(arr.shape[0]):
        if names != None:
            F.write(('%s'+sep) % names[r])
        for c in range(arr.shape[1]):
            if c < arr.shape[1]-1:
                F.write((fmt+sep) % arr[r,c])
            else:
                F.write((fmt+'\n') % arr[r,c])
        cntr += 1
        if cntr >= 250:
            F.flush()
            cntr = 1
    F.write('\n')
    F.flush()
    F.close()
    print('exported to {}'.format(fname))


[docs]def exportLabelledLinkedList(arr, fname, names=None, sep=',', fmt='%s', appendlist=False):
    """
    Write a 2D linked list [[...],[...],[...],[...]] and optionally a list of row labels to file:

     - *arr* the linked list
     - *fname* the output filename
     - *names* [default=None] the list of row names
     - *sep* [default=','] the column separator
     - *fmt* [default='%s'] the output number format
     - *appendlist* [default=False] if True append the array to *fname* otherwise create a new file

    """
    if names != None:
        assert len(arr) == len(names), '\n ...  rows must equal number of names!'
    if not appendlist:
        F = file(fname, 'w')
    else:
        F = file(fname, 'a')
    cntr = 0
    for r in range(len(arr)):
        if names != None:
            F.write(('%s'+sep) % names[r])
        col_l = len(arr[0])
        for c in range(col_l):
            if c < col_l-1:
                if arr[r][c] == 0.0:
                    F.write('0.0'+sep)
                else:
                    try:
                        F.write((fmt+sep) % arr[r][c])
                    except UnicodeEncodeError:
                        F.write((fmt+sep) % 'uError')
            else:
                if arr[r][c] == 0.0:
                    F.write('0.0\n')
                else:
                    try:
                        F.write((fmt+'\n') % arr[r][c])
                    except UnicodeEncodeError:
                        F.write((fmt+'\n') % 'uError')
        cntr += 1
        if cntr >= 250:
            F.flush()
            cntr = 1
    ##  F.write('\n')
    F.flush()
    F.close()
    del arr
    if not appendlist:
        print('exported to {}'.format(fname))


[docs]def exportLabelledArrayWithHeader2CSV(arr, fname, names=None, header=None):
    """
    Export an array with row names and header to fname.csv

     - *arr* the an array like object
     - *fname* the output filename
     - *names* [default=None] the list of row names
     - *header* [default=None] the list of column names

    """
    fname += '.csv'
    exportLabelledArrayWithHeader(arr, fname, names, header,  sep=',', fmt='%f')


[docs]def exportLabelledArray2CSV(arr, fname, names=None):
    """
    Export an array with row names to fname.csv

     - *arr* the an array like object
     - *fname* the output filename
     - *names* [default=None] the list of row names

    """
    fname += '.csv'
    exportLabelledArray(arr, fname, names, sep=',', fmt='%f')



[docs]def exportArray2CSV(arr, fname):
    """
    Export an array to fname.csv

     - *arr* the an array like object
     - *fname* the output filename
     - *sep* [default=','] the column separator

    """
    fname += '.csv'
    exportLabelledArray(arr, fname, None, sep=',', fmt='%f')



[docs]def exportLabelledArrayWithHeader2TXT(arr, fname, names=None, header=None):
    """
    Export an array with row names and header to fname.txt

     - *arr* the an array like object
     - *names* the list of row names
     - *header* the list of column names
     - *fname* the output filename

    """
    fname += '.txt'
    exportLabelledArrayWithHeader(arr, fname, names, header, sep='\t', fmt='%f')


[docs]def exportLabelledArray2TXT(arr, fname, names=None):
    """
    Export an array with row names to fname.txt

     - *arr* the an array like object
     - *names* [default=None] the list of row names
     - *fname* the output filename

    """
    fname += '.txt'
    exportLabelledArray(arr, fname, names, sep='\t', fmt='%f')


[docs]def exportArray2TXT(arr, fname):
    """
    Export an array to fname.txt

     - *arr* the an array like object
     - *fname* the output filename
     - *sep* [default=','] the column separator

    """
    fname += '.txt'
    exportLabelledArray(arr, fname, None, sep='\t', fmt='%f')


[docs]def stringReplace(fbamod, old, new, target):
    """
    This is alpha stuff, target can be:

     - 'species'
     - 'reactions'
     - 'constraints'
     - 'objectives'
     - 'all'

    """
    print('stringReplace is relatively new and UNTESTED')
    fbamod.id = fbamod.id.replace(old, new)
    if target == 'species' or target == 'all':
        for s in fbamod.species:
            s.id = s.id.replace(old, new)
    if target == 'reactions' or target == 'all':
        for s in fbamod.reactions:
            s.id = s.id.replace(old, new)
            for r in s.reagents:
                r.id = r.id.replace(old, new)
    if target == 'constraints' or target == 'all':
        for s in fbamod.flux_bounds:
            s.id = s.id.replace(old, new)
            s.reaction = s.reaction.replace(old, new)
    if target == 'objectives' or target == 'all':
        for s in fbamod.objectives:
            s.id = s.id.replace(old, new)
            for f in s.fluxObjectives:
                f.id = f.id.replace(old, new)
                f.reaction = f.reaction.replace(old, new)
    return fbamod


[docs]def getBoundsDict(fbamod, substring=None):
    """
    Return a dictionary of reactions&bounds
    """
    rBdic = {}
    for r in fbamod.getReactionIds(substring=substring):
        name, lb, ub, eq = fbamod.getReactionBounds(r)
        rBdic.update({name : {'lb' : lb,
                              'ub' : ub,
                              'eq' : eq
                             }
                    })
    return rBdic


[docs]def getExchBoundsDict(fbamod):
    """
    Return a dictionary of all exchange reactions (as determined by the is_exchange attribute of Reaction)

    - *fbamod* a CBMPy model

    """
    rBdic = {}
    for r in fbamod.getReactionIds(substring=None):
        name, lb, ub, eq = fbamod.getReactionBounds(r)
        rBdic.update({name : {'lb' : lb,
                              'ub' : ub,
                              'eq' : eq
                             }
                    })
    for r in fbamod.reactions:
        if not r.is_exchange:
            rBdic.pop(r.getPid())
    return rBdic


[docs]def processBiGGchemFormula(fba):
    """
    Disambiguates the overloaded BiGG name NAME_CHEMFORMULA into

     - *species.name* NAME
     - *species.chemFormula* CHEMFORMULA

    """
    for s in fba.species:
        #print s.name
        tmp = s.name
        tmp2 = tmp.split('_')
        if len(tmp2) >= 2:
            CF = tmp2.pop(-1)
            NM = ''
            for se in tmp2:
                NM += '%s_' % se
            NM = NM[:-1]
            #NM = tmp.replace('_%s' % CF, '')
        else:
            NM = s.name
            CF = ''
        if __DEBUG__:
            print(NM, CF)
        del tmp, tmp2
        if s.chemFormula in ['', None, ' '] and CF != '':
            s.chemFormula = CF.strip()
            s.name = NM.strip()


[docs]def processBiGGannotationNote(fba, annotation_key='note'):
    """
    Parse the HTML formatted reaction information stored in the BiGG notes field.
    This function is being deprecated and replaced by `CBTools.processSBMLAnnotationNotes()`

     - requires an *annotation_key* which contains a BiGG HTML fragment

    """
    print('\nDeprecation warning:\nCBTools.processBiGGannotationNote() is being replaced with CBTools.processSBMLAnnotationNotes')

    html_p = re.compile("<html:p>.*?</html:p>")
    for r in fba.reactions:
        new_ann = {}
        if annotation_key in r.annotation:
            hPs = re.findall(html_p, r.annotation.pop(annotation_key))
            if __DEBUG__: print(hPs)
            for p in hPs:
                ps = p.replace('<html:p>','').replace('</html:p>','').replace('&lt;','<').replace('&gt;','>').split(':',1)
                if len(ps) == 2:
                    new_ann.update({ps[0].strip() : ps[1].strip()})
            r.annotation.update(new_ann)
        if __DEBUG__: print(r.annotation)




[docs]def processSBMLAnnotationNotes(fba, annotation_key='note'):
    """
    Parse the HTML formatted reaction information stored in the SBML notes field currently
    processes BiGG and PySCeSCBM style annotations it looks for the the annotation indexed
    with the *annotation_key*

     - *annotation_key* [default='note'] which contains a HTML/XHTML fragment in BiGG/PySCeSCBM format

    """

    if hasattr(fba, '_SBML_LEVEL_') and fba._SBML_LEVEL_ != None:
        print('\n==================================\nINFO \"CBTools.processSBMLAnnotationNotes()\":\n')
        print('This function is now called automatically\nduring model load and can be ignored.')
        print('==================================\n')
        return

    html_p = re.compile("<p>.*?</p>")
    html_span = re.compile("<span>.*?</span>")
    html_bigg_p = re.compile("<html:p>.*?</html:p>")
    for r in fba.reactions:
        if annotation_key in r.annotation:
            new_ann = {}
            if '<span xmlns="http://www.w3.org/1999/xhtml">' in r.annotation[annotation_key]:
                hPs = re.findall(html_p, r.annotation.pop(annotation_key).replace('\n',''))
                if __DEBUG__: print(hPs)
                for p in hPs:
                    ps = re.findall(html_span, p)
                    ps = [p.replace('<span>','').replace('</span>','').replace('&lt;','<').replace('&gt;','>').strip() for p in ps]
                    if len(ps) == 2:
                        new_ann.update({ps[0] : ps[1]})
            else:
                annoKey = r.annotation.pop(annotation_key)
                hPs = re.findall(html_bigg_p, annoKey)
                if len(hPs) > 0:
                    if __DEBUG__: print(hPs)
                    for p in hPs:
                        ps = p.replace('<html:p>','').replace('</html:p>','').replace('&lt;','<').replace('&gt;','>').split(':',1)
                        if len(ps) == 2:
                            new_ann.update({ps[0].strip() : ps[1].strip()})
                else:
                    hPs = re.findall(html_p, annoKey)
                    if __DEBUG__: print(hPs)
                    for p in hPs:
                        ps = p.replace('<p>','').replace('</p>','').replace('&lt;','<').replace('&gt;','>').split(':',1)
                        if len(ps) == 2:
                            new_ann.update({ps[0].strip() : ps[1].strip()})
                #hPs = re.findall(html_bigg_p, r.annotation.pop(annotation_key))
                #if __DEBUG__: print hPs
                #for p in hPs:
                    #ps = p.replace('<html:p>','').replace('</html:p>','').replace('&lt;','<').replace('&gt;','>').split(':',1)
                    #if len(ps) == 2:
                        #new_ann.update({ps[0].strip() : ps[1].strip()})
            r.annotation.update(new_ann)
            if __DEBUG__: print(r.annotation)
    for s in fba.species:
        if annotation_key in s.annotation:
            new_ann = {}
            if '<span xmlns="http://www.w3.org/1999/xhtml">' in s.annotation[annotation_key]:
                hPs = re.findall(html_p, s.annotation.pop(annotation_key).replace('\n',''))
                if __DEBUG__: print(hPs)
                for p in hPs:
                    ps = re.findall(html_span, p)
                    ps = [p.replace('<span>','').replace('</span>','').replace('&lt;','<').replace('&gt;','>').strip() for p in ps]
                    if len(ps) == 2:
                        new_ann.update({ps[0] : ps[1]})
            else:
                annoKey = s.annotation.pop(annotation_key)
                hPs = re.findall(html_bigg_p, annoKey)
                if len(hPs) > 0:
                    if __DEBUG__: print(hPs)
                    for p in hPs:
                        ps = p.replace('<html:p>','').replace('</html:p>','').replace('&lt;','<').replace('&gt;','>').split(':',1)
                        if len(ps) == 2:
                            new_ann.update({ps[0].strip() : ps[1].strip()})
                else:
                    hPs = re.findall(html_p, annoKey)
                    if __DEBUG__: print(hPs)
                    for p in hPs:
                        ps = p.replace('<p>','').replace('</p>','').replace('&lt;','<').replace('&gt;','>').split(':',1)
                        if len(ps) == 2:
                            new_ann.update({ps[0].strip() : ps[1].strip()})
            s.annotation.update(new_ann)

        if 'chemFormula' in s.annotation and (s.chemFormula == None or s.chemFormula == ''):
            s.chemFormula = s.annotation.pop('chemFormula')
            if __DEBUG__: print(s.annotation)
        elif 'FORMULA' in s.annotation and (s.chemFormula == None or s.chemFormula == ''):
            s.chemFormula = s.annotation.pop('FORMULA')

        if not checkChemFormula(s.chemFormula):
            s.chemFormula = ''

        if (s.charge == None or s.charge == '') and 'charge' in s.annotation:
            chrg = s.annotation.pop('charge')
            try:
                s.charge = int(chrg)
            except ValueError:
                s.charge = None
                print('Invalid charge: {} defined for species {}'.format(chrg, s.getPid()))
            if __DEBUG__: print(s.annotation)
        elif (s.charge == None or s.charge == '') and 'CHARGE' in s.annotation:
            chrg = s.annotation.pop('CHARGE')
            try:
                s.charge = int(chrg)
            except ValueError:
                print('Invalid charge: {} defined for species {}'.format(chrg, s.getPid()))
                s.charge = None
            if __DEBUG__: print(s.annotation)


[docs]def processExchangeReactions(fba, key):
    """
    Extract exchange reactions from model using *key* and return:

     - a dictionary of all exchange reactions without *medium* reactions
     - a dictionary of *medium* exchange reactions (negative lower bound)

    """
    # extract all exchange bounds
    if key == None:
        fexDic = getExchBoundsDict(fba)
    else:
        fexDic = getBoundsDict(fba, substring=key)


    # extract the medium (exchange fluxes that allow uptake)
    MediumAll = []
    Medium = []
    for r in fexDic:
        if fexDic[r]['lb'] < 0.0:
            MediumAll.append((r, fexDic[r]['lb'], fexDic[r]['ub']))
            Medium.append(r)
        if __DEBUG__: print(r, fexDic[r])
    # remove medium from bounds dictionary and place in medium dict
    mediumDic = {}
    for m in Medium:
        mediumDic.update({m : fexDic.pop(m)})
    if __DEBUG__:
        print('\nMedium')
        for m in MediumAll:
            print(m)
        print('mediumDic')
        print(mediumDic)
        print('\nr in fexDic')
        for r in mediumDic:
            print(r, r in fexDic)
    return fexDic, mediumDic


def generateInputScanReports(fba, exDict, mediumDict, optimal_growth_rates, wDir, tag=''):
    modName = fba.sourcefile
    modName += tag
    rnames = fba.getReactionNames()
    rid = fba.getReactionIds()
    F = file(os.path.join(wDir, '%s.medium.csv' % modName), 'w')
    F.write('J, lb, ub\n')
    for r in mediumDict:
        RN = rnames[rid.index(r)]
        F.write('%s, %s, %s, %s\n' % (r, mediumDict[r]['lb'], mediumDict[r]['ub'], RN))
    F.write('\n')
    F.close()

    F = file(os.path.join(wDir, '%s.exchange.csv' % modName), 'w')
    F.write('J, lb, ub\n')
    for r in exDict:
        RN = rnames[rid.index(r)]
        F.write('%s, %s, %s, %s\n' % (r, exDict[r]['lb'], exDict[r]['ub'], RN))
    F.write('\n')
    F.close()

    F = file(os.path.join(wDir, '%s.optima.csv' % modName), 'w')
    F.write('J, lb, ub, optimum, "name"\n')
    if __DEBUG__:
        print(rnames)
        print(rid)
    for r in optimal_growth_rates:
        RN = rnames[rid.index(r)]
        F.write('%s, %s, %s, %s, "%s"\n' % (r, exDict[r]['lb'], exDict[r]['ub'], optimal_growth_rates[r], RN))
    F.write('\n')
    F.close()

def getAllReactionsAssociatedWithGene(fba, gene, gene_annotation_key='GENE ASSOCIATION'):
    out = []
    for r in fba.reactions:
        GA = None
        if gene_annotation_key in r.annotation:
            GA = gene_annotation_key
        elif 'GENE ASSOCIATION' in r.annotation:
            GA = 'GENE ASSOCIATION'
        elif 'GENE_ASSOCIATION' in r.annotation:
            GA = 'GENE_ASSOCIATION'
        if GA != None:
            if gene in r.annotation[GA]:
                out.append(r.getPid())
    return out

[docs]def scanForReactionDuplicates(f, ignore_coefficients=False):
    """
    This method uses uses a brute force apprach to finding reactions with matching
    stoichiometry
    """
    duplicates = []
    for r in f.reactions:
        Rref = r.getSpeciesIds()
        Rref.sort()
        refspecies = ''
        for s in Rref:
            refspecies += '%s:' % s
        refspecies = refspecies[:-1]
        for r2 in f.reactions:
            Rtest = r2.getSpeciesIds()
            Rtest.sort()
            if Rref == Rtest and r.id != r2.id:
                if not ignore_coefficients:
                    go = True
                    for rgid in Rtest:
                        if float(r.getReagentWithSpeciesRef(rgid).coefficient) != float(r2.getReagentWithSpeciesRef(rgid).coefficient):
                            go = False
                            break
                    if go:
                        dup = [r.id, r2.id,]
                        dup.sort()
                        dup = dup+[refspecies, f.getReaction(dup[0]).getName(), f.getReaction(dup[1]).getName()]
                        if dup not in duplicates:
                            duplicates.append(dup)
                else:
                    dup = [r.id, r2.id,]
                    dup.sort()
                    dup = dup+[refspecies, f.getReaction(dup[0]).getName(), f.getReaction(dup[1]).getName()]
                    if dup not in duplicates:
                        duplicates.append(dup)
    for d in duplicates:
        print(d)
    print('\nFound %s pairs of duplicate reactions' % len(duplicates))
    return duplicates


def countedPause(Tsec):
    print('\nPausing ...   ',)
    for t in range(Tsec,-1,-1):
        print('\b\b\b{}'.format(t), end=" ")
        time.sleep(1)
    print('\b\b{}'.format('done.'))


[docs]def addGenesFromAnnotations(fba, annotation_key='GENE ASSOCIATION', gene_pattern=None):
    """
    THIS METHOD IS DERPRECATED PLEASE USE cmod.createGeneAssociationsFromAnnotations()

    Add genes to the model using the definitions stored in the annotation key

     - *fba* and fba object
     - *annotation_key* the annotation dictionary key that holds the gene association for the protein/enzyme
     - *gene_pattern* deprecated, not needed anymore

    """

    print('\nWARNING: CBTools.addGenesFromAnnotations IS DEPRECATED PLEASE USE cmod.createGeneAssociationsFromAnnotations()\n')
    fba.createGeneAssociationsFromAnnotations(annotation_key=annotation_key, replace_existing=True)



[docs]def getModelGenesPerReaction(fba, gene_pattern=None, gene_annotation_key='GENE ASSOCIATION'):
    '''
    Parse a BiGG style gene annotation string using default gene_pattern='(\(\W*\w*\W*\))' or
    (<any non-alphanum><any alphanum><any non-alphanum>)

    Old eColi specific pattern '(b\w*\W)'

    It is advisable to use the model methods directly rather than this function

    '''

    react_gene = {}
    #gene_re = re.compile(gene_pattern)

    for r in fba.reactions:
        GA = None
        ##  print r.annotation
        if gene_annotation_key in r.annotation:
            GA = gene_annotation_key
        elif 'GENE ASSOCIATION' in r.annotation:
            GA = 'GENE ASSOCIATION'
        elif 'GENE_ASSOCIATION' in r.annotation:
            GA = 'GENE_ASSOCIATION'
        elif 'gene_association' in r.annotation:
            GA = 'gene_association'
        elif 'gene association' in r.annotation:
            GA = 'gene association'
        if GA != None:
            genes = extractGeneIdsFromString(r.annotation[GA])
            #genes = re.findall(gene_re, r.annotation[GA])
            #genes = [g.replace('(','').replace(')','').strip() for g in genes]
            ##  print r.annotation['GENE ASSOCIATION']
            if len(genes) == 0:
                ##  print '\n'
                ##  print 'GA:', r.annotation['GENE ASSOCIATION']
                ##  print r.getPid(), genes
                ##  raw_input('x')
                genes = None
            ##  print r.getPid(), genes
            ##  raw_input()
            react_gene.update({r.getPid() : genes})
        else:
            react_gene.update({r.getPid() : None})
    return react_gene


def getReactionsPerGene(react_gene):
    gene_react = {}
    no_gene = []
    for R in react_gene:
        if react_gene[R] == None:
            print('Reaction {} has no gene associated with it'.format(R))
            no_gene.append(R)
        else:
            for G in react_gene[R]:
                ##  GK = G.replace('(','').replace(')','').strip()
                if G in gene_react:
                    print('Updating gene {} with reaction {}'.format(G, R))
                    gene_react[G].append(R)
                else:
                    print('Adding gene {} to gene_react'.format(G))
                    gene_react.update({G : [R]})
    genes = list(gene_react)
    return gene_react, genes, no_gene

[docs]def removeFixedSpeciesReactions(f):
    """
    This function is a hack that removes reactions which only have boundary species as reactants
    and products. These are typically gene associations encoded in the Manchester style and there
    is probably a better way of working around this problem ...

     - *f* an instantiated fba model object

    """
    c_react = []
    for rea in f.reactions:
        lsa = numpy.array([f.getSpecies(r.species_ref).is_boundary for r in rea.reagents])
        if lsa.all():
            c_react.append(rea.getPid())
    for r in c_react:
        f.deleteReactionAndBounds(r)


[docs]def addFluxAsActiveObjective(f, reaction_id, osense, coefficient=1):
    """
    Adds a flux as an active objective function

     - *reaction_id* a string containing a reaction id
     - *osense* objective sense must be **maximize** or **minimize**
     - *coefficient* the objective funtion coefficient [default=1]

    """
    osense = osense.lower()
    if osense == 'max': osense = 'maximize'
    if osense == 'min': osense = 'minimize'
    if osense in ['maximise', 'minimise']:
        osense = osense.replace('se','ze')
    assert osense in ['maximize', 'minimize'], "\nosense must be ['maximize', 'minimize'] not %s" % osense
    assert reaction_id in [r.getPid() for r in f.reactions], '\n%s is not avalid reaction' % reaction_id
    n_obj = CBModel.Objective(reaction_id+'_objf',osense)
    n_flux_obj = CBModel.FluxObjective(reaction_id+'_fluxobj', reaction_id, coefficient)
    n_obj.addFluxObjective(n_flux_obj)
    f.addObjective(n_obj, active=True)


[docs]def checkReactionBalanceElemental(f, Rid=None, zero_tol=1.0e-12):
    """
    Check if the reaction is balanced using the chemical formula

     - *f* the FBA object
     - *Rid* [default = None] the reaction to check, defaults to all
     - *zero_tol* [default=1.0e-12] the floating point zero used for elemental balancing

    This function is derived from the code found here: http://pyparsing.wikispaces.com/file/view/chemicalFormulas.py

    """
    assert HAVE_PYPARSING, '\nPyParsing needs to be installed for this method'
    if Rid == None:
        Rid = f.getReactionIds()
    elif isinstance(Rid, list):
        pass
    else:
        Rid = [Rid]
    ROUT = {}
    RCHARGE = {}
    for rid in Rid:
        R = f.getReaction(rid)
        reagents = []
        netcharge = None
        for rr in R.reagents:
            CF = f.getSpecies(rr.species_ref).chemFormula
            chrg = f.getSpecies(rr.species_ref).charge
            if CF not in [None, '']:
                #print rid, rr.getPid(), CF
                try:
                    CFP = pp_chemicalFormula.parseString(CF)
                    R2 = [(r[0], int(r[1])) for r in CFP]
                    #print R2
                    # note this uses a net stoichiometry approach with signed coefficients
                    reagents.append([rr.species_ref, rr.coefficient, CF, R2])
                except pyparsing.ParseException:
                    print('Invalid Chemical Formula ({}): {}'.format(rid, CF))
                    reagents.append([rr.species_ref, rr.coefficient, CF, None])
            else:
                # note this uses a net stoichiometry approach with signed coefficients
                reagents.append([rr.species_ref, rr.coefficient, CF, None])
            if chrg not in [None, '']:
                if netcharge == None:
                    netcharge = float(chrg)*rr.coefficient
                else:
                    netcharge += float(chrg)*rr.coefficient
        # if after all this we still do not have a charge make it all zero
        RCHARGE[rid] = netcharge
        ROUT[rid] = reagents
    Rres = {}
    for R in ROUT:
        Ed = {}
        for rr in ROUT[R]:
            if rr[3] != None:
                for s in rr[3]:
                    if s[0] in Ed:
                        Ed.update({s[0] : Ed[s[0]] + rr[1]*s[1]})
                    else:
                        Ed.update({s[0] : rr[1]*s[1]})
            else:
                pass# print('Invalid or no chemical formula defined for reagent: {}'.format(rr[0]))

        if len(Ed) > 0:
            CBAL = True
            EBAL = True
        else:
            CBAL = False
            EBAL = False

        for e in Ed:
            if abs(Ed[e]) >= zero_tol:
                EBAL = False
            if RCHARGE[R] == None or abs(RCHARGE[R]) >= zero_tol:
                CBAL = False
        Rres.update({ R : {'id' : R,
                            'charge_balanced' : CBAL,
                            'element_balanced' : EBAL,
                            'elements' : Ed.copy(),
                            'charge' : RCHARGE[R],
                            'stuff' : ROUT[R]}})
        if CBAL and EBAL:
            f.getReaction(R).is_balanced = True
        else:
            f.getReaction(R).is_balanced = False
    return Rres


[docs]def scanForUnbalancedReactions(f, output='all'):
    """
    Scan a model for unbalanced reactions, returns a tuple of dictionaries balanced and unbalanced:

     - *f* an FBA model instance
     - *output* [default='all'] can be one of ['all','charge','element']
     - *charge* return all charge **un** balanced reactions
     - *element* return all element **un** balanced reactions

    """
    bcheck = checkReactionBalanceElemental(f)
    badD = bcheck.copy()
    out = {}
    all_balanced = {}
    charge_balanced = {}
    element_balanced = {}
    for b in bcheck:
        if bcheck[b]['charge_balanced'] and bcheck[b]['element_balanced']:
            all_balanced.update({b : badD.pop(b)})
        elif bcheck[b]['charge_balanced']:
            charge_balanced.update({b : badD.pop(b)})
        elif bcheck[b]['element_balanced']:
            element_balanced.update({b : badD.pop(b)})
    if output == 'charge':
        out.update(element_balanced)
    elif output == 'element':
        out.update(charge_balanced)
    else:
        out.update(element_balanced)
        out.update(charge_balanced)
    print(len(bcheck), len(badD))
    return out


[docs]def createZipArchive(zipname, files, move=False, compression='normal'):
    """
    Create a zip archive which contains one or more files

     - *zipname* the name of the zip archive to create (fully qualified)
     - *files* either a valid filename or a list of filenames (fully qualified)
     - *move* [default=False] attempt to delete input files after zip-archive creation
     - *compression* [default='normal'] normal zip compression, set as None for no compression only store files (zlib not required)

    """

    if compression == None:
        compression = zipfile.ZIP_STORED
    else:
        compression = zipfile.ZIP_DEFLATED

    zf = zipfile.ZipFile(zipname, mode='w', compression=compression)
    if isinstance(files, list) or isinstance(files, tuple):
        files = [files]

    for f_ in files:
        assert os.path.exists(f_), 'ERROR: file \"{}\" does not exist'.format(f_)
    for f_ in files:
        zf.write(f_, arcname=os.path.split(f_)[-1])
    zf.close()
    if move:
        for f_ in files:
            try:
                os.remove(f_)
            except Exception as ex:
                print(ex)
        print('\nINFO: {} input file(s) moved to archive \"{}\".'.format(len(files), zipname))
    else:
        print('\nINFO: zip-archive \"{}\" created.'.format(zipname))


[docs]def checkExchangeReactions(fba, autocorrect=True):
    """
    Scan all reactions for exchange reactions (reactions containing a boundary species), return a list of
    inconsistent reactions or correct automatically.

    - *fba* a CBMPy model
    - *autocorrect* [default=True] correctly set the "is_exchange" attribute on a reaction

    """
    badR = []
    for r_ in fba.reactions:
        has_fixed = False
        if True in [fba.getSpecies(rr_.species_ref).is_boundary for rr_ in r_.reagents]:
            has_fixed = True
        if r_.is_exchange and not has_fixed:
            print('WARNING: reaction {} is labelled as an exchange reaction but has no fixed reagents.'.format(r_.getPid()))
            if autocorrect:
                print('INFO: is_exchange reaction attribute corrected')
                r_.is_exchange = has_fixed
            badR.append(r_.getPid())
        elif not r_.is_exchange and has_fixed:
            print('WARNING: reaction {} is not labelled as an exchange reaction but contains a fixed reagent.'.format(r_.getPid()))
            if autocorrect:
                print('INFO: is_exchange reaction attribute corrected')
                r_.is_exchange = has_fixed
            badR.append(r_.getPid())
    return badR



[docs]def checkIds(fba, items='all'):
    """
    Checks the id's of the specified model attributes to see if the name is legal and if there are duplicates.
    Returns a list of items with errors.

    - *fba* a CBMPy model instance
    - *items* [default='all'] 'all' means 'species,reactions,flux_bounds,objectives' of which one or more can be specified

    """

    if items == 'all':
        items = [a.strip() for a in 'species,reactions,flux_bounds,objectives'.split(',')]
    else:
        items = [a.strip() for a in items.split(',')]


    for i_ in range(len(items)-1,-1,-1):
        if not hasattr(fba, items[i_]):
            print('ERROR: bad descriptor \"{}\" removing from input list'.format(items.pop(i_)))

    output = {}
    iddump = []
    for i_ in items:
        output[i_] = []
        ITEMS = fba.__getattribute__(i_)
        for I_ in ITEMS:
            Id = I_.getPid()
            if Id in iddump:
                print('INFO: duplicate \"{}\" id: {}'.format(i_, Id))
                output[i_].append(I_)
            else:
                iddump.append(Id)
            if i_ == 'reactions':
                if not 'reagents' in output:
                    output['reagents'] = []
                for rr_ in I_.reagents:
                    rrid = rr_.getPid()
                    if rrid in iddump:
                        print('INFO: duplicate \"reagent\" id: {}'.format(rrid))
                        if rr_ not in output['reagents']:
                            output['reagents'].append(rr_)
                    else:
                        iddump.append(rrid)
            if i_ == 'objectives':
                if not 'fluxObjectives' in output:
                    output['fluxObjectives'] = []
                for fo_ in I_.fluxObjectives:
                    foid = fo_.getPid()
                    if foid in iddump:
                        print('INFO: duplicate \"fluxObjective\" id: {}'.format(foid))
                        if fo_ not in output['fluxObjectives']:
                            output['fluxObjectives'].append(fo_)
                    else:
                        iddump.append(foid)
    if len(output) == 0:
        print('\nWARNING: no valid object descriptors found, please check your function call!')
    return output



[docs]def checkFluxBoundConsistency(fba):
    """
    Check flux bound consistency checks for multiply defined bounds, bounds without a reaction, inconsistent bounds with respect to each other
    and reaction reversbility. Returns a dictionary of bounds/reactions where errors occur.

    """

    dupIDs = checkIds(fba, items='flux_bounds')['flux_bounds']
    if len(dupIDs) > 0:
        print('\nERROR: {} duplicate flux_bound Id\'s detected!'.format(len(dupIDs)))

    LB = {}
    UB = {}
    EB = {}
    eMB = {'lower' : {},
           'upper' : {},
           'equality' : {}
           }

    noreaction = []
    for fb in fba.flux_bounds:
        raw_type = fb.is_bound
        get_type = fb.getType()
        RID = fb.getReactionId()
        if raw_type != get_type:
            print('WARNING: incorrect bound type for operation: \"{}\" old \"{}\" --> \"{}\"'.format(fb.operation, raw_type, get_type))

        if  get_type == 'lower':
            if RID in LB:
                print('ERROR multiple LOWER bounds defined for reaction: \"{}\"'.format(RID))
            if RID in eMB['lower']:
                eMB['lower'][RID].append(fb)
            else:
                eMB['lower'][RID] = [fb]
            LB[RID] = fb
        if  get_type == 'upper':
            if RID in UB:
                print('ERROR multiple UPPER bounds defined for reaction: \"{}\"'.format(RID))
            if RID in eMB['upper']:
                eMB['upper'][RID].append(fb)
            else:
                eMB['upper'][RID] = [fb]
            UB[RID] = fb
        if  get_type == 'equality':
            if RID in EB:
                print('ERROR multiple EQUAL bounds defined for reaction: \"{}\"'.format(RID))
            if RID in eMB['equality']:
                eMB['equality'][RID].append(fb)
            else:
                eMB['equality'][RID] = [fb]

            EB[RID] = fb
        if fba.getReaction(RID) == None:
            noreaction.append(fb)

    for mb_ in list(eMB['lower']):
        if len(eMB['lower'][mb_]) == 1:
            eMB['lower'].pop(mb_)
    for mb_ in list(eMB['upper']):
        if len(eMB['upper'][mb_]) == 1:
            eMB['upper'].pop(mb_)
    for mb_ in list(eMB['equality']):
        if len(eMB['equality'][mb_]) == 1:
            eMB['equality'].pop(mb_)

    undefined = {'no_upper' : [],
                 'no_lower' : [],
                 'no_upper_lower' : []
                 }

    for r_ in fba.getReactionIds():
        LBdef = True
        UBdef = True
        if r_ not in EB:
            if r_ not in LB:
                LBdef = False
            if r_ not in UB:
                UBdef = False
        if not LBdef and not UBdef:
            print('WARNING: No bounds defined for reaction: \"{}\"'.format(r_))
            undefined['no_upper_lower'].append(r_)
        else:
            if not LBdef:
                print('WARNING: No LOWER BOUND defined for reaction: \"{}\"'.format(r_))
                undefined['no_lower'].append(r_)
            if not UBdef:
                print('WARNING: No UPPER BOUND defined for reaction: \"{}\"'.format(r_))
                undefined['no_upper'].append(r_)

    errors = {'eq+lb' : [],
              'eq+ub' : [],
              'duplicate_ids' : dupIDs,
              'multiple_defines' : eMB,
              'lb>ub' : [],
              'undefined' : undefined,
              'rev_contradict' : [],
              'no_reaction' : noreaction
              }

    for k_ in EB:
        if k_ in LB:
            errors['eq+lb'].append((EB[k_], LB[k_]))
        if k_ in UB:
            errors['eq+ub'].append((EB[k_], UB[k_]))

    checked = []
    for k_ in LB:
        if k_ in UB and k_ not in checked:
            if not LB[k_].getValue() <= UB[k_].getValue():
                print('ERROR: Reaction {} has lower bound ({}) larger than upper bound ({})'.format(k_, LB[k_].getValue(), UB[k_].getValue()))
                errors['lb>ub'].append((LB[k_], UB[k_]))
            checked.append(k_)
        assR = fba.getReaction(LB[k_].getReactionId())
        if assR != None:
            if not assR.reversible:
                if LB[k_].getValue() < 0.0:
                    print('ERROR: Reaction {} is marked as irreversible but has a negative lower bound ({})'.format(assR.getPid(), LB[k_].getValue()))
                    errors['rev_contradict'].append(assR)
            del assR

    for k_ in UB:
        if k_ in LB and k_ not in checked:
            if not LB[k_].getValue() <= UB[k_].getValue():
                print('ERROR: Reaction {} has lower bound ({}) larger than upper bound ({})'.format(k_, LB[k_].getValue(), UB[k_].getValue()))
                errors['lb>ub'].append((LB[k_], UB[k_]))
            checked.append(k_)

    return errors


[docs]def roundOffWithSense(val, osense='max', tol=1e-8):
    """
    Round of a value in a way that takes into consideration the sense of the operation that generated it

     - *val* the value
     - *osense* [default='max'] the sense
     - *tol* [default=1e-8] the tolerance of the roundoff factor

    """
    if osense.lower() in ['min', 'minimize', 'minimise']:
        val = numpy.ceil(val/tol)*tol
    else:
        val = numpy.floor(val/tol)*tol
    return val


[docs]def merge2Models(m1, m2, ignore=None, ignore_duplicate_ids=False):
    """
    Merge 2 models, this method does a raw merge of model 2 into model 1 without any model checking.
    Component id's in ignore are ignored in both models and the first objective of model 1 is arbitrarily
    set as active. Compartments are also merged and a new "OuterMerge" compartment is also created.

    In all cases duplicate id's are tracked and ignored, essentially using the object id encountered first -
    usually that of model 1. Duplicate checking can be disabled by setting the *ignore_duplicate_ids* flag.

    - *m1* model 1
    - *m2* model 2
    - *ignore* [[]] do not merge these id's
    - *ignore_duplicate_ids* [False] default behaviour that can be enabled

    In development: merging genes and gpr's.

    """
    if ignore == None:
        ignore = []

    out = CBModel.Model(m1.getPid() + m2.getPid())
    out.setName(m1.getName() + m2.getName())
    out.createCompartment('OuterMerge', size=1.0, dimensions=3)

    idstore = []
    for x_ in m1.compartments+m2.compartments:
        sid = x_.getPid()
        if sid not in ignore:
            if ignore_duplicate_ids or sid not in idstore:
                idstore.append(sid)
                out.addCompartment(x_.clone())

    for s_ in m1.species+m2.species:
        sid = s_.getPid()
        if sid not in ignore:
            if ignore_duplicate_ids or sid not in idstore:
                idstore.append(sid)
                out.addSpecies(s_.clone())
            else:
                print('Skipping duplicate id: \"{}\"'.format(sid))
        else:
            print('Skipping ignored id: \"{}\"'.format(sid))
    for r_ in m1.reactions+m2.reactions:
        sid = r_.getPid()
        if r_.getPid() not in ignore:
            if ignore_duplicate_ids or sid not in idstore:
                idstore.append(sid)
                out.addReaction(r_.clone())
            else:
                print('Skipping duplicate id: \"{}\"'.format(sid))
        else:
            print('Skipping ignored id: \"{}\"'.format(sid))
    for f_ in m1.flux_bounds+m2.flux_bounds:
        sid = f_.getPid()
        if f_.getPid() not in ignore:
            if ignore_duplicate_ids or sid not in idstore:
                idstore.append(sid)
                out.addFluxBound(f_.clone())
            else:
                print('Skipping duplicate id: \"{}\"'.format(sid))
        else:
            print('Skipping ignored id: \"{}\"'.format(sid))
    GO = True
    for o_ in m1.objectives+m2.objectives:
        sid = o_.getPid()
        if o_.getPid() not in ignore:
            if ignore_duplicate_ids or sid not in idstore:
                idstore.append(sid)
                if GO:
                    out.addObjective(o_.clone(), active=True)
                    GO = False
                else:
                    out.addObjective(o_.clone(), active=False)
            else:
                print('Skipping duplicate id: \"{}\"'.format(sid))
        else:
            print('Skipping ignored id: \"{}\"'.format(sid))
    print('\nAdded {} components to merged model'.format(len(idstore)))
    idstore = []
    return out


[docs]def checkProducibilityMetabolites(mod, metabolites=None, retOnlyZeroEntr=False, zeroLimit=1.0e-11):
    """
    Check for blocked metabolites by adding a sink reaction and maximizing its output. If no metabolites
    are defined all metabolites are used by default. Returns a dictionary of metabolite
    id and sink flux pairs:

     - *mod* a CBMPy model
     - *metabolites* [default=[]] if not specified by default uses all metabolites defined in model
     - *reactions* [default=[]] if defined, the reagents of each reaction listed here will be tested
     - *retOnlyZeroEntr* [default=False] default returns all results, if this is try only blocked metabolites are returned
     - *zeroLimit* [default=1.0e-11] values smaller than this are considered to be zero

    This function was contributed by Willi Gottstein, Amsterdam, 2015.

    """
    if metabolites == None:
        metabolites = []
    res = {}
    tempMod = mod.clone()
    if metabolites:
        assert all(isinstance(s, basestring) for s in metabolites), 'please provide metabolite names as strings'
    else:
        metabolites = tempMod.getSpeciesIds()

    # this is an intermediate level hack, as the generic functions in CBSolver are created at loadtime we need to import
    # it at runtime to use here (also keep things nicely scoped)
    from .CBSolver import analyzeModel

    for meti in metabolites:
        addSinkReaction(tempMod, meti)
        addFluxAsActiveObjective(tempMod,meti+'_sink','maximize')
        analyzeModel(tempMod, quiet=True)
        res[meti] = tempMod.getObjFuncValue()
        tempMod.deleteReactionAndBounds(meti+'_sink')
    del tempMod, analyzeModel
    if retOnlyZeroEntr:
        res = { k : v for k,v in res.iteritems() if abs(v) <= zeroLimit }
    return res


[docs]def checkProducibilityReactions(mod, reactions=None, retOnlyZeroEntr=False, zeroLimit=1.0e-11):
    """
    Check for blocked metabolites by adding a sink reaction to each reaction reagent and maximizing
    its output. Returns a dictionary of reagent/metabolite id and sink flux pairs:

     - *mod* a CBMPy model
     - *reactions* [default=[]] if defined, the reagents of each reaction listed here will be tested
     - *retOnlyZeroEntr* [default=False] default returns all results, if this is try only blocked metabolites are returned
     - *zeroLimit* [default=1.0e-11] values smaller than this are considered to be zero

    This function was contributed by Willi Gottstein, Amsterdam, 2015.

    """
    if reactions == None:
        reactions = []
    res = {}
    if reactions:
        assert all(isinstance(s, basestring) for s in reactions), 'please provide reaction names as strings'
        metlist = []
        for reai in reactions:
            metlist.extend(mod.getReaction(reai).getSpeciesIds())
        res = checkProducibilityMetabolites(mod, metlist, retOnlyZeroEntr, zeroLimit)
    return res



[docs]def checkProducibility(mod, metabolites=None, reactions=None, retOnlyZeroEntr=False, zeroLimit=1.0e-11):
    """
    Check for blocked metabolites by adding a sink reaction and maximizing its output. If no metabolites
    are defined all metabolites are used by default. Returns a dictionary of metabolite
    id and sink flux pairs:

     - *mod* a CBMPy model
     - *metabolites* [default=[]] if not specified by default uses all metabolites defined in model
     - *reactions* [default=[]] if defined, the reagents of each reaction listed here will be tested
     - *retOnlyZeroEntr* [default=False] default returns all results, if this is try only blocked metabolites are returned
     - *zeroLimit* [default=1.0e-11] values smaller than this are considered to be zero

    This function was contributed by Willi Gottstein, Amsterdam, 2015.

    """
    if metabolites == None:
        metabolites = []
    if reactions == None:
        reactions = []
    res = checkProducibilityMetabolites(mod, metabolites, retOnlyZeroEntr, zeroLimit)
    reacs = checkProducibilityReactions(mod, reactions, retOnlyZeroEntr, zeroLimit)
    res.update(reacs)

    return res
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  Source code for pyscescbm.CBWrite

"""
CBMPy: CBWrite module
=====================
PySCeS Constraint Based Modelling (http://cbmpy.sourceforge.net)
Copyright (C) 2009-2015 Brett G. Olivier, VU University Amsterdam, Amsterdam, The Netherlands

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>

Author: Brett G. Olivier
Contact email: bgoli@users.sourceforge.net
Last edit: $Author: bgoli $ ($Id: CBWrite.py 358 2015-08-11 10:41:01Z bgoli $)

"""

# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals

if 'cDir' in vars():
    cDir=vars()['cDir']
else:
    cDir=None
import os, time, numpy, zipfile
# this is a hack that needs to be streamlined a bit
try:
    import cStringIO as csio
except ImportError:
    import io as csio

from . import CBTools, CBXML, CBDataStruct


from .CBConfig import __CBCONFIG__ as __CBCONFIG__
__DEBUG__ = __CBCONFIG__['DEBUG']
__version__ = __CBCONFIG__['VERSION']

_HAVE_SYMPY_ = None
try:
    import sympy
    if int(sympy.__version__.split('.')[1]) >= 7 and int(sympy.__version__.split('.')[2]) >= 4:
        _HAVE_SYMPY_ = True
    else:
        del sympy
except ImportError:
    print('Rational IO not available')
    _HAVE_SYMPY_ = False

_HAVE_XLWT_ = False
try:
    import xlwt
    _HAVE_XLWT_ = True
except ImportError:
    print('\nINFO: No xlwt module available, Excel spreadsheet creation disabled')

[docs]def writeSBML3FBC(fba, fname, directory=None, sbml_level_version=(3,1), autofix=True, gpr_from_annot=False,\
                       add_groups=False, add_cbmpy_annot=True, add_cobra_annot=False,\
                       xoptions={'fbc_version': 1, 'validate' : False, 'compress_bounds' : True}):
    """
    Takes an FBA model object and writes it to file as SBML L3 FBC:

     - *fba* an fba model object
     - *fname* the model will be written as XML to *fname*
     - *directory* [default=None] if defined it is prepended to fname
     - *sbml_level_version* [default=(3,1)] a tuple containing the SBML level and version e.g. (3,1)
     - *autofix* convert <> to <=>=
     - *gpr_from_annot* [default=True] if enabled will attempt to add the gene protein associations from the annotations
       if no gene protein association objects exist
     - *add_cbmpy_annot* [default=True] add CBMPy KeyValueData annotation. Replaces <notes>
     - *add_cobra_annot* [default=True] add COBRA <notes> annotation
     - *xoptions* extended options

       - *fbc_version* [default=1] write SBML3FBC using version 1 (2013) or version 2 (2015)
       - *validate* [default=False] validate the output SBML file
       - *compress_bounds* [default=False] try compress output flux bound parameters

    """
    sbml_level_version = (3,1)
    return_fbc=False
    #if fbc_version == 2:
        #add_cobra_annot = False
    return CBXML.sbml_writeSBML3FBC(fba, fname, directory, sbml_level_version, autofix, return_fbc,\
                                    gpr_from_annot, add_groups, add_cbmpy_annot, add_cobra_annot, xoptions)



[docs]def writeSBML3FBCV2(fba, fname, directory=None, gpr_from_annot=False, add_groups=False, add_cbmpy_annot=True, add_cobra_annot=False,\
                    validate=False, compress_bounds=True):
    """
    Takes an FBA model object and writes it to file as SBML L3 FBC:

     - *fba* an fba model object
     - *fname* the model will be written as XML to *fname*
     - *directory* [default=None] if defined it is prepended to fname
     - *gpr_from_annot* [default=False] if enabled will attempt to add the gene protein associations from the annotations
     - *add_groups* [default=False] add SBML3 groups (if supported by libSBML)
     - *add_cbmpy_annot* [default=True] add CBMPy KeyValueData annotation. Replaces <notes>
     - *add_cobra_annot* [default=False] add COBRA <notes> annotation
     - *validate* [default=False] validate the output SBML file
     - *compress_bounds* [default=True] try compress output flux bound parameters

    """
    
    print('\nExperimental support for new FBC V2 standard (2015)')
    
    xoptions = {'fbc_version': 2, 'validate' : validate, 'compress_bounds' : compress_bounds}    
    sbml_level_version=(3,1)
    autofix=True, 
    return_fbc=False
    #if fbc_version == 2:
        #add_cobra_annot = False
    return CBXML.sbml_writeSBML3FBC(fba, fname, directory, sbml_level_version, autofix, return_fbc,\
                                    gpr_from_annot, add_groups, add_cbmpy_annot, add_cobra_annot, xoptions)



[docs]def writeCOBRASBML(fba, fname, directory=None):
    """
    Takes an FBA model object and writes it to file as a COBRA compatible :

     - *fba* an fba model object
     - *fname* the model will be written as XML to *fname*
     - *directory* [default=None] if defined it is prepended to fname

    """
    return CBXML.sbml_writeCOBRASBML(fba, fname, directory)


[docs]def writeSBML2FBA(fba, fname, directory=None, sbml_level_version=None):
    """
    Takes an FBA model object and writes it to file as SBML L2 with FBA annotations.
    Note if you want to write BiGG/FAME style annotations then you must use *sbml_level_version=(2,1)*

     - *fba* an fba model object
     - *fname* the model will be written as XML to *fname*
     - *sbml_level_version* [default=None] a tuple containing the SBML level and version e.g. (2,1)

    This is a utility wrapper for the function `CBXML.sbml_writeSBML2FBA`

    """
    CBXML.sbml_writeSBML2FBA(fba, fname, directory, sbml_level_version)



[docs]def writeSensitivitiesToCSV(sensitivities, fname):
    """
    Write out a sensitivity report using the objective sensitivities and
    bound sensitivity dictionaries created by e.g. cplx_getSensitivities().

     - *sensitivity* tuple containing

      - *obj_sens* dictionary of objective coefficient sensitivities (per flux)
      - *rhs_sens* dictionary of constraint rhs sensitivities (per constraint)
      - *bound_sens* dictionary of bound sensitivities (per flux)

     - *fname* output filename e.g. fname.csv

    """
    obj_sens = sensitivities[0]
    rhs_sens = sensitivities[1]
    bound_sens = sensitivities[2]
    F = file(fname+'_flux_sensitivity.csv', 'w')
    head = "Flux,Reduced cost,OCS low,OC value,OCS high,LB low,LB high,UB low,UB high"
    F.write(head+'\n')
    for j in obj_sens:
        rc = obj_sens[j][0]
        lcs = obj_sens[j][1]
        ocv = obj_sens[j][2]
        ucs = obj_sens[j][3]
        if j in bound_sens:
            lbs = bound_sens[j][0]
            lb = bound_sens[j][1]
            ub = bound_sens[j][2]
            ubs = bound_sens[j][3]
        else:
            lbs = 0
            lb = 0
            ub = 0
            ubs = 0
        F.write('%s,%s,%s,%s,%s,%s,%s,%s,%s\n' % (j,rc,lcs,ocv,ucs,lbs,lb,ub,ubs))

    for j in bound_sens:
        if j not in obj_sens:
            rc = 0
            lcs = 0
            ocv = 0
            ucs = 0
            lbs = bound_sens[j][0]
            lb = bound_sens[j][1]
            ub = bound_sens[j][2]
            ubs = bound_sens[j][3]
            F.write('%s,%s,%s,%s,%s,%s,%s,%s,%s\n' % (j,rc,lcs,ocv,ucs,lbs,lb,ub,ubs))
    F.flush()
    F.close()

    F = file(fname+'_constraint_sensitivity.csv', 'w')
    F.write('Constraint,RHS low,RHS,RHS high\n')
    for c in rhs_sens:
        F.write('%s,%s,%s,%s\n' % (c, rhs_sens[c][0], rhs_sens[c][1], rhs_sens[c][2]))
    F.flush()
    F.close()


[docs]def WriteModelRaw(fba, work_dir=cDir):
    """
    INFO: this method will be deprecated please update your scripts to use \"writeModelRaw()\"
    """
    print('\nINFO: this method will be deprecated please update your scripts to use \"writeModelRaw()\"\n')
    time.sleep(1)
    writeModelRaw(fba, work_dir)


[docs]def writeModelRaw(fba, work_dir=cDir):
    """
    Writes a fba (actually just dumps it) to a text file.

     - *fba* an instantiated FBAmodel instance
     - *work_dir* directory designated for output

    """
    if work_dir == None:
        work_dir = os.getcwd()
    FF = file(os.path.join(work_dir,'WriteModelRawOutput.txt'), 'w')
    FF.write('Species information:\n\n')
    for s in fba.species:
        FF.write('%s: value=%f, is_boundary=%s, name=%s\n' % (s.getPid(), s.value, int(s.is_boundary), s.name))
    FF.write('\nReaction information:\n\n')
    for r in fba.reactions:
        FF.write('%s: reversible=%s, name=%s\n' % (r.getPid(), int(r.reversible), r.name))
        FF.write('\t%s\n' % r.getSpeciesIds())
    FF.write('\nConstraint information:\n\n')
    for c in fba.flux_bounds:
        FF.write('%s %s %f\n' % (c.reaction, c.operation, c.value))
    FF.write('\nObjective information:\n\n')
    FF.write('Active Objective: %s (%s)\n' % (fba.objectives[fba.activeObjIdx].getPid(), fba.objectives[fba.activeObjIdx].operation))
    for o in fba.objectives:
        FF.write('%s: %s, %s\n' % (o.getPid(), o.operation, o.getFluxObjectiveReactions()))
    if hasattr(fba.N, 'shape'):
        FF.write('\nStoichiometric information:\n\n')
        FF.write('N-matrix dimensions = (%s,%s)\n' % fba.N.shape)
    FF.close()
    print('WriteModelRaw has written a file to {}'.format(os.path.join(work_dir,'WriteModelRawOutput.txt')))


[docs]def BuildLPFluxBounds(fba, use_rational=False):
    """
    Build and return a csio that contains the flux bounds in LP format
    """
    if not _HAVE_SYMPY_ and use_rational:
        use_rational = False
        print('Warning: install Sympy for rational IO')

    FFS = csio.StringIO()
    c2s = {}
    for c in fba.flux_bounds:
        if __DEBUG__: print('%s: %s' % (c.getPid(), c.operation))
        minv = None
        maxv = None
        oper = None
        R = c.reaction
        if c.operation in ['less','lessEqual']:
            maxv = c.value
            oper = c.operation
            if oper == 'less':
                oper = '<='
                if __DEBUG__: print('LP Bounds operator must be <= not <')
            else:
                oper = '<='
        if c.operation in ['greater','greaterEqual']:
            minv = c.value
            oper = c.operation
            if oper == 'greater':
                oper = '<='
                if __DEBUG__: print('LP Bounds operator must be <= not <')
            else:
                oper = '<='
        if c.operation == 'equals':
            maxv = c.value
            oper = '='
        if maxv != None:
            if use_rational:
                c2s.update({R+'r' : '%s %s' % (oper, sympy.Rational(maxv))})
            else:
                if maxv == float('inf'):
                    c2s.update({R+'r' : '%s +%s' % (oper, maxv)})
                else:
                    c2s.update({R+'r' : '%s %s' % (oper, maxv)})
        elif minv != None:
            if use_rational:
                c2s.update({R+'l' : '%s %s' % (sympy.Rational(minv), oper)})
            else:
                c2s.update({R+'l' : '%s %s' % (minv, oper)})

    c2sk = list(c2s)
    c2sk.sort()
    for r in (c2sk):
        rht = None
        lht = None
        R = r[:-1]
        if R+'r' in c2s:
            rht = c2s[R+'r']
            c2s.pop(R+'r')
        if R+'l' in c2s:
            lht = c2s[R+'l']
            c2s.pop(R+'l')
        if lht != None and rht != None:
            if __DEBUG__: print('{} {} {}'.format(lht, R, rht))
            ##  FFS.write('%s: %s %s %s\n' % (R, lht, R, rht))
            FFS.write('%s %s %s\n' % (lht, R, rht)) # THIS MUST BE SO for GLPK
        elif lht == None and rht == None:
            if __DEBUG__: print('Skipping: ({}, {}, {})'.format(lht, R, rht))
        elif lht != None:
            if __DEBUG__: print('{} {}'.format(lht, R))
            #FFS.write('%s: %s %s\n' % (R, lht, R))
            FFS.write('%s %s\n' % (lht, R))
        elif rht != None:
            if __DEBUG__: print('{} {}'.format(R, rht))
            #FFS.write('%s: %s %s\n' % (R, R, rht))
            FFS.write('%s %s\n' % (R, rht))
        else:
            print('CONFUSION: ({}, {}, {})'.format(lht, R, rht))
    return FFS


[docs]def BuildLPConstraints(fba, use_rational=False):
    """
    Build and return a csio that contains constraint constructed from
    the StoichiometeryLP object

     - *fba* an fba model object which has a stoichiometry
     - *use_rational* write rational number output [default=False]
    """

    if not _HAVE_SYMPY_ and use_rational:
        use_rational = False
        print('Warning: install Sympy for rational output')
    rebuild_stoich = False
    if not hasattr(fba,'N') or fba.N == None:
        rebuild_stoich = True
    else:
        if len([s for s in fba.species if not s.is_boundary]) != fba.N.array.shape[0]:
            rebuild_stoich = True
        elif len(fba.reactions) != fba.N.array.shape[1]:
            rebuild_stoich = True
    if rebuild_stoich:
        print('\nWarning FBA object has inconsistant stoichiometric matrix, rebuilding it now.')
        CBTools.addStoichToFBAModel(fba)

    constr = {}
    for r in range(fba.N.array.shape[0]):
        rowName = fba.N.row[r]
        RCon = []
        for c in range(fba.N.array.shape[1]):
            colName = fba.N.col[c]
            colCoef = fba.N.array[r,c]
            if colCoef != 0.0:
                RCon.append((colCoef, colName))
        constr.update({rowName : RCon})

    FFS = csio.StringIO()
    constrsk = list(constr)
    constrsk.sort()
    ##  for r in constrsk:
    for r in range(len(fba.N.row)):
        if len(constr[fba.N.row[r]]) > 0:
            FFS.write(' %s: ' % fba.N.row[r])
            ##  FFS.write(' ')
            for col in constr[fba.N.row[r]]:
                if use_rational:
                    if col[0] > 0.0:
                        FFS.write('+%s %s ' % (sympy.Rational('%s' % col[0]), col[1]))
                    else:
                        FFS.write('%s %s ' % (sympy.Rational('%s' % col[0]), col[1]))
                else:
                    if col[0] > 0.0:
                        if col[0] == 1.0:
                            FFS.write('+ %s ' % (col[1]))
                        else:
                            FFS.write('+%.20f %s ' % (col[0], col[1]))
                    else:
                        if col[0] == -1.0:
                            FFS.write('- %s ' % (col[1]))
                        else:
                            FFS.write('%.20f %s ' % (col[0], col[1]))
            operator = fba.N.operators[r].upper()
            if operator == 'E' or operator == '=':
                operator = '='
            elif operator == 'G' or operator == '>' or operator == '>=':
                operator = '>='
            elif operator == 'L' or operator == '<' or operator == '<=':
                operator = '<='
            else:
                raise RuntimeError('\nINVALID operator: %s' % operator)
            FFS.write('%s ' % operator)
            FFS.write('%s\n' % fba.N.RHS[r])
    return FFS


[docs]def BuildLPUserConstraints(fba, use_rational=False):
    """
    Build and return a csio that contains constraint constructed from
    the StoichiometeryLP object

     - *fba* an fba model object which has a stoichiometry
     - *use_rational* write rational number output [default=False]
    """

    if not _HAVE_SYMPY_ and use_rational:
        use_rational = False
        print('Warning: install Sympy for rational output')
    rebuild_stoich = False
    assert fba.user_constraints != None, "\nNo user constraints to build"
    if not hasattr(fba,'CM') or fba.CM == None:
        rebuild_stoich = True

    if rebuild_stoich:
        print('\nWarning FBA object has inconsistant user constraint matrix, rebuilding it now.')
        CBTools.addStoichToFBAModel(fba)

    constr = {}
    for r in range(fba.CM.array.shape[0]):
        rowName = fba.CM.row[r]
        RCon = []
        for c in range(fba.CM.array.shape[1]):
            colName = fba.CM.col[c]
            colCoef = fba.CM.array[r,c]
            if colCoef != 0.0:
                RCon.append((colCoef, colName))
        constr.update({rowName : RCon})

    FFS = csio.StringIO()
    constrsk = list(constr)
    constrsk.sort()
    ##  for r in constrsk:
    for r in range(len(fba.CM.row)):
        if len(constr[fba.CM.row[r]]) > 0:
            FFS.write(' %s: ' % fba.CM.row[r])
            ##  FFS.write(' ')
            for col in constr[fba.CM.row[r]]:
                if use_rational:
                    if col[0] > 0.0:
                        FFS.write('+%s %s ' % (sympy.Rational('%s' % col[0]), col[1]))
                    else:
                        FFS.write('%s %s ' % (sympy.Rational('%s' % col[0]), col[1]))
                else:
                    if col[0] > 0.0:
                        if col[0] == 1.0:
                            FFS.write('+ %s ' % (col[1]))
                        else:
                            FFS.write('+%.20f %s ' % (col[0], col[1]))
                    else:
                        if col[0] == -1.0:
                            FFS.write('- %s ' % (col[1]))
                        else:
                            FFS.write('%.20f %s ' % (col[0], col[1]))
            operator = fba.CM.operators[r]
            if operator == 'E' or operator == '=':
                operator = '='
            elif operator == 'G' or operator == '>' or operator == '>=':
                operator = '>='
            elif operator == 'L' or operator == '<' or operator == '<=':
                operator = '<='
            else:
                raise RuntimeError('\nINVALID operator: %s' % operator)
            FFS.write('%s ' % operator)
            FFS.write('%s\n' % fba.CM.RHS[r])
    return FFS



[docs]def BuildLPConstraintsRelaxed(fba):
    """
    Build and return a csio that contains the constaints in LP format
    Relaxed refers to dS/dt >= 0
    """
    raise DeprecationWarning("\nThis method is deprecated")
    if not hasattr(fba,'N') or fba.N == None:
        print('\nWarning FBA object has no stoichiometric matrix constructing it now.')
        CBTools.addStoichToFBAModel(fba)
        time.sleep(1)

    constr = {}
    for r in range(fba.N.array.shape[0]):
        rowName = fba.N.row[r]
        RCon = []
        for c in range(fba.N.array.shape[1]):
            colName = fba.N.col[c]
            colCoef = fba.N.array[r,c]
            if colCoef != 0.0:
                RCon.append((colCoef, colName))
        constr.update({rowName : RCon})

    FFS = csio.StringIO()
    constrsk = list(constr)
    constrsk.sort()
    for r in fba.N.row:
        if len(constr[r]) > 0:
            FFS.write('%s: ' % r)
            ##  FFS.write(' ')
            for col in constr[r]:
                if col[0] > 0.0:
                    FFS.write('+%.20f %s ' % (col[0], col[1]))
                else:
                    FFS.write('%.20f %s ' % (col[0], col[1]))
            FFS.write('>= 0\n')

    return FFS


[docs]def BuildLPConstraintsStrict(fba, use_rational=False):
    """
    Build and return a csio that contains the constaints in LP format
    Strict refers to dS/dt = 0
    """
    ##  print "Consider using the new BuildLPConstraints() method"

    if not _HAVE_SYMPY_ and use_rational:
        use_rational = False
        print('Warning: install Sympy for rational IO')

    if not hasattr(fba,'N') or fba.N == None:
        print('\nWarning FBA object has no stoichiometric matrix constructing it now.')
        CBTools.addStoichToFBAModel(fba)
        time.sleep(1)

    constr = {}
    for r in range(fba.N.array.shape[0]):
        rowName = fba.N.row[r]
        RCon = []
        for c in range(fba.N.array.shape[1]):
            colName = fba.N.col[c]
            colCoef = fba.N.array[r,c]
            if colCoef != 0.0:
                RCon.append((colCoef, colName))
        constr.update({rowName : RCon})

    FFS = csio.StringIO()
    constrsk = list(constr)
    constrsk.sort()
    ##  for r in constrsk:
    for r in fba.N.row:
        if len(constr[r]) > 0:
            FFS.write(' %s: ' % r)
            ##  FFS.write(' ')
            for col in constr[r]:
                if use_rational:
                    if col[0] > 0.0:
                        FFS.write('+%s %s ' % (sympy.Rational('%s' % col[0]), col[1]))
                    else:
                        FFS.write('%s %s ' % (sympy.Rational('%s' % col[0]), col[1]))
                else:
                    if col[0] > 0.0:
                        if col[0] == 1.0:
                            FFS.write('+ %s ' % (col[1]))
                        else:
                            FFS.write('+%.20f %s ' % (col[0], col[1]))
                    else:
                        if col[0] == -1.0:
                            FFS.write('- %s ' % (col[1]))
                        else:
                            FFS.write('%.20f %s ' % (col[0], col[1]))
            if len(constr[r]) != 0:
                FFS.write('= 0\n')
            else:
                FFS.write('\n')

    return FFS


[docs]def BuildLPConstraintsMath(fba, use_rational=False):
    """
    Build and return a csio that contains the constaints in LP format
    Strict refers to dS/dt => 0 and dS/dt <= 0
    """
    raise DeprecationWarning("\nThis method is deprecated")
    if not _HAVE_SYMPY_ and use_rational:
        use_rational = False
        print('Warning: install Sympy for rational IO')

    if not hasattr(fba,'N') or fba.N == None:
        print('\nWarning FBA object has no stoichiometric matrix constructing it now.')
        CBTools.addStoichToFBAModel(fba)
        time.sleep(1)

    constr = {}
    for r in range(fba.N.array.shape[0]):
        rowName = fba.N.row[r]
        RCon = []
        for c in range(fba.N.array.shape[1]):
            colName = fba.N.col[c]
            colCoef = fba.N.array[r,c]
            if colCoef != 0.0:
                RCon.append((colCoef, colName))
        constr.update({rowName : RCon})

    FFS = csio.StringIO()
    constrsk = list(constr)
    constrsk.sort()
    for r in fba.N.row:
        if len(constr[r]) > 0:
            FFS.write('%sn1: ' % r)
            ##  FFS.write(' ')
            for col in constr[r]:
                if col[0] > 0.0:
                    FFS.write('+%s %s ' % (col[0], col[1]))
                else:
                    FFS.write('%s %s ' % (col[0], col[1]))
            # This is a fudge
            FFS.write('>= 0\n')

    for r in fba.N.row:
        if len(constr[r]) > 0:
            FFS.write('%sn2: ' % r)
            for col in constr[r]:
                if -col[0] > 0.0:
                    FFS.write('+%s %s ' % (-col[0], col[1]))
                else:
                    FFS.write('%s %s ' % (-col[0], col[1]))
            # This is a fudge
            FFS.write('>= 0\n')
    return FFS


[docs]def WriteModelLPOld(fba, work_dir=None, multisymb=' ', lpt=True, constraint_mode='strict', use_rational=False, format='%s'):
    """
    INFO: this method will be deprecated please update your scripts to use \"writeModelLPOld()\"
    """
    print('\nINFO: this method will be deprecated please update your scripts to use \"writeModelLPOld()\"\n')
    time.sleep(1)
    writeModelLPOld(fba, work_dir, multisymb, lpt, constraint_mode, use_rational, format)


[docs]def writeModelLPOld(fba, work_dir=None, multisymb=' ', lpt=True, constraint_mode='strict', use_rational=False, format='%s'):
    """
    Writes a fba as an LP/LPT

     - *fba* an instantiated FBAmodel instance
     - *work_dir* directory designated for output
     - *multisymb* the multiplication symbol (default: <space>)
     - *lpt* the file format (default: True for lpt) or False for lp

    """

    print("\nTHIS FUNCTION IS DEPRECATED\n")

    if not _HAVE_SYMPY_ and use_rational:
        use_rational = False
        print('Warning: install Sympy for rational IO')

    FNAME = None
    if work_dir == None:
        FnameTmp = fba.getPid()
    else:
        FnameTmp = os.path.join(work_dir, fba.getPid())
    if use_rational:
        FnameTmp = FnameTmp+'.rat'
    if not lpt:
        FNAME = FnameTmp+'.lp'
        FF = file(FNAME, 'w')
        FF.write('Problem\n %s\n\n' % FnameTmp)
    else:
        FNAME = FnameTmp+'.lp'
        FF = file(FNAME, 'w')
        FF.write('\\\\ %s \n\n' % FnameTmp)
    objO = fba.objectives[fba.activeObjIdx].operation.lower()
    objO = objO[0].upper() + objO[1:]
    FF.write('%s\n' % objO)
    objStr = '%s_objf: ' % fba.objectives[fba.activeObjIdx].getPid()
    for fObj in fba.objectives[fba.activeObjIdx].fluxObjectives:
        sign = None
        nc = 0.0
        try:
            nc = float(fObj.coefficient)
        except ValueError:
            print('Suspected rational number ({}) detected in fluxObjective {}'.format(fObj.coefficient, fObj.getPid()))
        if nc >= 0.0:
            sign = '+'
        else:
            sign = '-'
        # TODO: if use_rational is not used simply try and evaluate the coefficient string with
        # sympy.Rational.evalf()  and use this as the value for nc ... also remove use_rational case
        if use_rational:
            objStr += ' %s%s%s' % (sympy.Rational(fObj.coefficient), multisymb, fObj.reaction)
            ##  FF.write('%s: %s%s%s\n' % (fobj0.reaction, sympy.Rational(fobj0.coefficient), multisymb, fobj0.reaction))
        else:
            objStr += ' %s %s%s%s' % (sign, abs(nc), multisymb, fObj.reaction)
            ##  FF.write('%s: %s%s%s\n' % (fobj0.reaction, fobj0.coefficient, multisymb, fobj0.reaction))
    FF.write('%s\n' % objStr)
    if constraint_mode == 'math':
        CONST = BuildLPConstraintsMath(fba)
    elif constraint_mode == 'relaxed':
        CONST = BuildLPConstraintsRelaxed(fba)
    else:
        CONST = BuildLPConstraintsStrict(fba, use_rational)

    CONST.seek(0)
    BOUNDS = BuildLPFluxBounds(fba, use_rational)
    BOUNDS.seek(0)
    if __DEBUG__: print(CONST.read()); CONST.seek(0)
    if __DEBUG__: print(BOUNDS.read()); BOUNDS.seek(0)

    FF.write('\nSubject To\n')
    FF.write(CONST.read())
    FF.write('\nBounds\n')
    FF.write(BOUNDS.read())
    FF.write('\nEND\n')
    FF.close()
    print('writeModelLP has written a file to {}'.format(NAME))
    return FNAME


[docs]def WriteModelLP(fba, work_dir=None, fname=None, multisymb=' ', format='%s', use_rational=False, constraint_mode=None, quiet=False):
    """
    INFO: this method will be deprecated please update your scripts to use \"writeModelLP()\"
    """
    print('\nINFO: this method will be deprecated please update your scripts to use \"writeModelLP()\"\n')
    time.sleep(1)
    writeModelLP(fba, work_dir, fname, multisymb, format, use_rational, constraint_mode, quiet)


[docs]def writeModelLP(fba, work_dir=None, fname=None, multisymb=' ', format='%s', use_rational=False, constraint_mode=None, quiet=False):
    """
    Writes an FBA object as an LP in CPLEX LP format

     - *fba* an instantiated FBAmodel instance
     - *work_dir* directory designated for output
     - *fname* the file name [default=fba.getPid()]
     - *multisymb* the multiplication symbol (default: <space>)
     - *format* the number format of the output
     - *use_rational* output rational numbers [default=False]
     - *quiet* [default=False] supress information messages

    """
    if constraint_mode != None:
        print("\nConstraint_mode has been deprecated")
        time.sleep(5)

    if not _HAVE_SYMPY_ and use_rational:
        use_rational = False
        print('\nWarning switching to floating point arithmetic: install Sympy for rational IO')
        time.sleep(2)

    FNAME = None
    if fname == None:
        fname = fba.getPid()
    if work_dir != None:
        FnameTmp = os.path.join(work_dir,  fname)
    else:
        FnameTmp = fname

    FNAME = FnameTmp+'.lp'
    FF = file(FNAME, 'w')
    FF.write('\\\\ %s \n\n' % FnameTmp)
    if len(fba.objectives) > 0:
        ##  print fba.objectives
        if fba.objectives[fba.activeObjIdx].operation == None:
            print('\nWARNING: Objective function \"{}\" has no \"operation\" defined assuming \"maximize\"'.format(fba.objectives[fba.activeObjIdx].getPid()))
            fba.objectives[fba.activeObjIdx].operation = 'maximize'
            time.sleep(2)
        objO = fba.objectives[fba.activeObjIdx].operation.lower()
        objO = objO[0].upper() + objO[1:]
        FF.write('%s\n' % objO)
        objStr = '%s_objf: ' % fba.objectives[fba.activeObjIdx].getPid()
        for fObj in fba.objectives[fba.activeObjIdx].fluxObjectives:
            sign = None
            nc = 0.0
            try:
                nc = float(fObj.coefficient)
            except ValueError:
                if _HAVE_SYMPY_:
                    nc = sympy.Rational(fObj.coefficient).evalf()
                else:
                    raise ValuError( 'Invalid coefficient (%s) detected in fluxObjective %s' % (fObj.coefficient, fObj.getPid()))
            if nc >= 0.0:
                sign = '+'
            else:
                sign = '-'
            if use_rational:
                objStr += ' %s %s%s%s' % (sign, sympy.Rational(abs(nc)), multisymb, fObj.reaction)
            else:
                objStr += ' %s %s%s%s' % (sign, abs(nc), multisymb, fObj.reaction)
    else:
        objStr = '\n\\\\ No objectives defined\n\n'

    FF.write('%s\n' % objStr)
    CONST = BuildLPConstraints(fba, use_rational)
    CONST.seek(0)
    if fba.user_constraints != None and len(fba.user_constraints) > 0:
        UCONST = BuildLPUserConstraints(fba, use_rational=False)
        UCONST.seek(0)
    BOUNDS = BuildLPFluxBounds(fba, use_rational)
    BOUNDS.seek(0)
    if __DEBUG__: print(CONST.read()); CONST.seek(0)
    if __DEBUG__: print(BOUNDS.read()); BOUNDS.seek(0)

    FF.write('\nSubject To\n')
    FF.write(CONST.read())
    if fba.user_constraints != None and len(fba.user_constraints) > 0:
        FF.write('\\\\UserConstraints\n')
        FF.write(UCONST.read())
    FF.write('\nBounds\n')
    FF.write(BOUNDS.read())
    FF.write('\nEND\n')
    FF.close()
    if not quiet:
        print('writeModelLP has written a file to {}'.format(FNAME))
    return FNAME


[docs]def BuildHformatFluxBounds(fba, infinity_replace=None, use_rational=False):
    """
    Build and return a csio that contains the flux bounds in H format

     - *fba* a PySCeS-CBM FBA object
     - *infinity_replace* [default=None] if defined this is the abs(value) of +-<infinity>

    """
    LBs = {}
    UBs = {}
    for c in fba.flux_bounds:
        ##  print '%s: %s' % (c.getPid(), c.operation)
        minv = None
        maxv = None
        oper = None
        R = c.reaction
        if c.operation in ['less','lessEqual']:
            if infinity_replace != None and numpy.isposinf([c.value])[0]:
                maxv = infinity_replace
            elif infinity_replace != None and numpy.isneginf([c.value])[0]:
                maxv = -infinity_replace
            else:
                maxv = c.value
            ##  print 'maxv', maxv
            oper = c.operation
            if oper == 'less':
                oper = '<='
                ##  print 'LP Bounds operator must be <= not <'
            else:
                oper = '<='
        if c.operation in ['greater','greaterEqual']:
            if infinity_replace != None and numpy.isposinf([c.value])[0]:
                minv = infinity_replace
            elif infinity_replace != None and numpy.isneginf([c.value])[0]:
                minv = -infinity_replace
            else:
                minv = c.value
            ##  print 'minv', minv
            oper = c.operation
            if oper == 'greater':
                oper = '<='
                ##  print 'LP Bounds operator must be <= not <'
            else:
                oper = '<='
        if c.operation == 'equals':
            if infinity_replace != None and numpy.isposinf([c.value])[0]:
                maxv = infinity_replace
            elif infinity_replace != None and numpy.isneginf([c.value])[0]:
                maxv = -infinity_replace
            else:
                maxv = c.value
            oper = '='
            ##  print 'maxv2', maxv
        if maxv != None:
            if not use_rational:
                UBs.update({R : float(maxv)})
            else:
                UBs.update({R : maxv})

        elif minv != None:
            if not use_rational:
                LBs.update({R : float(minv)})
            else:
                LBs.update({R : minv})

    if __DEBUG__:
        print(' ')
        print(LBs)
        print(UBs)

    BsRHS = []
    if not use_rational:
        LBm = numpy.zeros((len(LBs), fba.N.shape[1]))
        UBm = numpy.zeros((len(UBs), fba.N.shape[1]))
    else:
        if _HAVE_SYMPY_:
            LBm = sympy.zeros((len(LBs), fba.N.shape[1]))
            UBm = sympy.zeros((len(UBs), fba.N.shape[1]))
            print('\nUsing rational bounds')
        else:
            raise RuntimeError('\nError: SymPy required for rational operations')


    LBskeys = list(LBs)
    for lb in range(len(LBskeys)):
        if not use_rational:
            LBm[lb, fba.N.col.index(LBskeys[lb])] = 1.0
            BsRHS.append(LBs[LBskeys[lb]])
        else:
            LBm[lb, fba.N.col.index(LBskeys[lb])] = sympy.Rational(1.0).limit_denominator(__CBCONFIG__['SYMPY_DENOM_LIMIT'])
            print(LBs[LBskeys[lb]])
            BsRHS.append(sympy.Rational(LBs[LBskeys[lb]]).limit_denominator(__CBCONFIG__['SYMPY_DENOM_LIMIT']))

    if __DEBUG__:
        print(fba.N.col)
        print(LBm)
        print(UBm)
        print(BsRHS)

    UBskeys = list(UBs)
    for ub in range(len(UBskeys)):
        if not use_rational:
            UBm[ub, fba.N.col.index(UBskeys[ub])] = -1.0
            BsRHS.append(-UBs[UBskeys[ub]])
        else:
            UBm[ub, fba.N.col.index(UBskeys[ub])] = sympy.Rational(-1.0).limit_denominator(__CBCONFIG__['SYMPY_DENOM_LIMIT'])
            BsRHS.append(-sympy.Rational(UBs[UBskeys[ub]]).limit_denominator(__CBCONFIG__['SYMPY_DENOM_LIMIT']))

    del LBskeys, UBskeys

    if __DEBUG__:
        print(fba.N.col)
        print(LBm)
        print(UBm)
        print(BsRHS)
        print(' ')

    return numpy.vstack([LBm, UBm]), BsRHS


[docs]def WriteModelHFormatFBA(fba, work_dir=None, use_rational=False, fullLP=True, format='%s', infinity_replace=None):
    """
    INFO: this method will be deprecated please update your scripts to use \"writeModelHFormatFBA2()\"
    """
    print('\nINFO: this method will be deprecated please update your scripts to use \"writeModelHFormatFBA2()\"\n')
    time.sleep(1)
    writeModelHFormatFBA(fba, work_dir, use_rational, fullLP, format, infinity_replace)


[docs]def writeModelHFormatFBA(fba, work_dir=None, use_rational=False, fullLP=True, format='%s', infinity_replace=None):
    """
    Write an FBA-LP in polynomial H-Format file. This version has been replaced by `writeModelHFormatFBA2()`
    but is kept for backwards compatability.

     - *fba* a PySCeS-CBM FBA object
     - *Work_dir* [default=None] the output directory
     - *use_rational* [default=false] use rational numbers in output (requires sympy)
     - *fullLP* [default=True] include the default objective function as a maximization target
     - *format* [default='%s'] the number format string
     - *infinity_replace* [default=None] if defined this is the abs(value) of +-<infinity>

    """

    print('\nwriteModelHFormatFBA is deprecated please use: writeModelHFormatFBA2\n')

    if not _HAVE_SYMPY_ and use_rational:
        use_rational = False
        print('Warning: install Sympy for rational IO')
    M = fba
    LHS = M.N.array.copy()
    RHS = [0.0 for e in range(M.N.shape[0])]
    if __DEBUG__:
        print(LHS)
        print(RHS)
    LHS = numpy.vstack([LHS, -M.N.array.copy()])
    RHS += [0.0 for e in range(M.N.shape[0])]
    if __DEBUG__:
        print(LHS)
        print(RHS)
    BsLHS, BsRHS = BuildHformatFluxBounds(M, infinity_replace=infinity_replace)
    if __DEBUG__:
        print(BsLHS)
        print(BsRHS)
    LHS = numpy.vstack([LHS, BsLHS])
    RHS += BsRHS
    del BsLHS, BsRHS
    if __DEBUG__:
        print(LHS)
        print(RHS)
    if not use_rational:
        name = M.getPid().replace('.xml', '') + '.ine'
    else:
        name = M.getPid().replace('.xml', '') + '_r.ine'

    RHS = numpy.array(RHS,'d')
    RHS.shape = (len(RHS), 1)
    if __DEBUG__: print(RHS)
    ##  LP = numpy.hstack([LHS, RHS])

    OBJ_FUNC = numpy.zeros(LHS.shape[1]+1)
    for j in range(LHS.shape[1]):
        # first objective function, first flux objective
        if __DEBUG__: print(M.objectives[0].fluxObjectives[0].reaction, M.N.col[j])
        if M.objectives[0].fluxObjectives[0].reaction == M.N.col[j]:
            OBJ_FUNC[j] = float(M.objectives[0].fluxObjectives[0].coefficient)
    if __DEBUG__: print(OBJ_FUNC)

    # for Ax >= B Hformat wants -B A >= 0
    LP = numpy.hstack([-RHS, LHS])
    OBJ_FUNC = numpy.hstack([-OBJ_FUNC[-1], OBJ_FUNC[:-1]])

    if __DEBUG__:
        print(OBJ_FUNC)
        print(LP)
    del LHS, RHS

    if work_dir == None:
        Fname = name
    else:
        assert os.path.exists(work_dir), '\nJanee ...'
        Fname = os.path.join(work_dir, name)

    F = file(Fname, 'w')
    F.write('* %s\n\n' % name)
    F.write('H-representation\n\nbegin\n')
    NUM_TYPE = 'real'
    if use_rational:
        NUM_TYPE = 'rational'
    F.write('%s  %s  %s\n' % (LP.shape[0], LP.shape[1], NUM_TYPE))

    strW = format+' '
    for r in range(LP.shape[0]):
        for c in range(LP.shape[1]):
            if not use_rational:
                if LP[r,c] == 0.0 or LP[r,c] == -0.0:
                    LP[r,c] = 0.0
                F.write(strW % LP[r,c])
            else:
                F.write('%s ' % sympy.Rational(format % LP[r,c]))
        F.write('\n')

    if fullLP:
        F.write('end\nlponly\n')
        F.write('maximize\n')
        for o in OBJ_FUNC:
            if not use_rational:
                F.write(strW % o)
            else:
                F.write('%s ' % sympy.Rational(format % o))
    else:
        F.write('end\n')
    F.write('\n')
    F.close()
    F = file(Fname.replace('.ine','')+'.columns.txt', 'w')
    for j in range(M.N.array.shape[1]):
        F.write('%s,%s\n' % (j, M.N.col[j]))
    F.write('\n')
    F.close()
    return Fname


[docs]def WriteModelHFormatFBA2(fba, fname=None, work_dir=None, use_rational=False, fullLP=True, format='%s', infinity_replace=None):
    """
    INFO: this method will be deprecated please update your scripts to use \"writeModelHFormatFBA2()\"
    """
    print('\nINFO: this method will be deprecated please update your scripts to use \"writeModelHFormatFBA2()\"\n')
    time.sleep(1)
    writeModelHFormatFBA2(fba, fname, work_dir, use_rational, fullLP, format, infinity_replace)


[docs]def writeModelHFormatFBA2(fba, fname=None, work_dir=None, use_rational=False, fullLP=True, format='%s', infinity_replace=None):
    """
    Write an FBA-LP in polynomial H-Format file. This is an improved version of `WriteModelHFormatFBA()`
    which it replaces. Note that if a SymPy matrix is used as input then use_rational is automatically enabled.

     - *fba* a PySCeS-CBM FBA object
     - *fname* [default=None] the output filename, fba.getPid() if not defined
     - *Work_dir* [default=None] the output directory
     - *use_rational* [default=false] use rational numbers in output (requires sympy)
     - *fullLP* [default=True] include the default objective function as a maximization target
     - *format* [default='%s'] the number format string
     - *infinity_replace* [default=None] if defined this is the abs(value) of +-<infinity>

    """
    use_rational_old = use_rational
    if _HAVE_SYMPY_ and fba.N.__array_type__ == sympy.MutableDenseMatrix:
        use_rational = True
        print('INFO: using rational matrix')
    M = fba
    LHS = M.N.array.copy()
    #RHS = [0.0 for e in range(M.N.shape[0])]
    RHS = M.N.RHS.tolist()
    if __DEBUG__:
        print(LHS)
        print(RHS)
    LHS = numpy.vstack([LHS, -M.N.array.copy()])
    tmp = -M.N.RHS
    RHS += tmp.tolist()
    del tmp
    if __DEBUG__:
        print(LHS)
        print(RHS)
    BsLHS, BsRHS = BuildHformatFluxBounds(M, infinity_replace=infinity_replace, use_rational=use_rational)

    if use_rational:
        BsLHS = sympy.Matrix(BsLHS)
        den_lim = __CBCONFIG__['SYMPY_DENOM_LIMIT']
        BsRHS = [sympy.Rational(i).limit_denominator(den_lim) for i in BsRHS]
        for r in range(BsLHS.shape[0]):
            for c in range(BsLHS.shape[1]):
                BsLHS[r,c] = sympy.Rational(BsLHS[r,c]).limit_denominator(den_lim)


    if __DEBUG__:
        print(BsLHS)
        print(BsRHS)
    LHS = numpy.vstack([LHS, BsLHS])
    RHS += BsRHS
    del BsLHS, BsRHS
    if __DEBUG__:
        print(LHS)
        print(RHS)

    RHS = numpy.array(RHS)
    RHS.shape = (len(RHS), 1)
    if __DEBUG__: print(RHS)
    ##  LP = numpy.hstack([LHS, RHS])

    OBJ_FUNC = numpy.zeros(LHS.shape[1]+1)
    objIdx = M.activeObjIdx
    for j in range(LHS.shape[1]):
        for fo in range(len(M.objectives[objIdx].getFluxObjectiveReactions())):
            if M.objectives[objIdx].fluxObjectives[fo].reaction == M.N.col[j]:
                print(M.objectives[objIdx].fluxObjectives[fo].reaction, M.N.col[j])
                OBJ_FUNC[j] = float(M.objectives[objIdx].fluxObjectives[fo].coefficient)
    ##  print OBJ_FUNC

    # for Ax >= B Hformat wants -B A >= 0
    LP = numpy.hstack([-RHS, LHS])
    OBJ_FUNC = numpy.hstack([-OBJ_FUNC[-1], OBJ_FUNC[:-1]])

    if __DEBUG__:
        print(OBJ_FUNC)
        print(LP)
    del LHS, RHS

    if work_dir != None:
        assert os.path.exists(work_dir), '\nJanee ...'
        fname = os.path.join(work_dir, fname)

    if fname == None:
        fname = M.getPid().replace('.xml', '')
    if not use_rational:
        fname += '.ine'
    else:
        fname += '_r.ine'

    F = file(fname, 'w')
    F.write('* %s\n' % os.path.split(fname)[-1])
    F.write('H-representation\nbegin\n')
    NUM_TYPE = 'real'
    if use_rational:
        NUM_TYPE = 'rational'
    F.write('%s  %s  %s\n' % (LP.shape[0], LP.shape[1], NUM_TYPE))

    strW = format+' '

    for r in range(LP.shape[0]):
        for c in range(LP.shape[1]):
            if use_rational or use_rational_old:
                F.write('%s ' % LP[r,c])
            else:
                if LP[r,c] == 0.0 or LP[r,c] == -0.0:
                    LP[r,c] = 0.0
                F.write(strW % LP[r,c])
        F.write('\n')

    if fullLP:
        F.write('end\nlponly\n')
        F.write('maximize\n') # check if Hformat has a minimize kw
        for o in OBJ_FUNC:
            #if not use_rational:
                #F.write(strW % o)
            #else:
                #F.write('%s ' % sympy.Rational(format % o))

            if use_rational or use_rational_old:
                F.write('%s ' % sympy.Rational(format % o))
            else:
                if o == 0.0 or o == -0.0:
                    LP[r,c] = 0.0
                F.write(strW % o)

        # then we can use use this
        ##  F.write('%s\n' % M.objectives[M.activeObjIdx].operation)
        ##  if M.activeObjIdx].operation == 'maximize':
            ##  for o in OBJ_FUNC:
                ##  if not use_rational:
                    ##  F.write(strW % o)
                ##  else:
                    ##  F.write('%s ' % sympy.Rational(format % o))
        ##  else:
            ##  for o in OBJ_FUNC:
                ##  o = -o
                ##  if not use_rational:
                    ##  F.write(strW % o)
                ##  else:
                    ##  F.write('%s ' % sympy.Rational(format % o))
    else:
        F.write('end\n')
    F.write('\n')
    F.close()
    F = file(fname.replace('.ine','')+'.columns.txt', 'w')
    for j in range(M.N.array.shape[1]):
        F.write('%s,%s\n' % (j, M.N.col[j]))
    F.write('\n')
    F.close()
    return fname



[docs]def writeStoichiometricMatrix(fba, fname=None, work_dir=None, use_rational=False, fullLP=True, format='%s', infinity_replace=None):
    """
    Write an FBA-LP in polynomial H-Format file. This is an improved version of `WriteModelHFormatFBA()`
    which it replaces but is kept for backwards compatability.

     - *fba* a PySCeS-CBM FBA object
     - *fname* [default=None] the output filename, fba.getPid() if not defined
     - *Work_dir* [default=None] the output directory
     - *use_rational* [default=false] use rational numbers in output (requires sympy)
     - *fullLP* [default=True] include the default objective function as a maximization target
     - *format* [default='%s'] the number format string
     - *infinity_replace* [default=None] if defined this is the abs(value) of +-<infinity>

    """
    if not _HAVE_SYMPY_ and use_rational:
        use_rational = False
        print('Warning: install Sympy for rational IO')
    M = fba
    LHS = M.N.array.copy()
    RHS = [0.0 for e in range(M.N.shape[0])]
    if __DEBUG__:
        print(LHS)
        print(RHS)
    #LHS = numpy.vstack([LHS, -M.N.array.copy()])
    RHS += [0.0 for e in range(M.N.shape[0])]
    if __DEBUG__:
        print(LHS)
        print(RHS)
    #BsLHS, BsRHS = BuildHformatFluxBounds(M, infinity_replace=infinity_replace)
    if __DEBUG__:
        print(BsLHS)
        print(BsRHS)
    #LHS = numpy.vstack([LHS, BsLHS])
    #RHS += BsRHS
    #del BsLHS, BsRHS
    if __DEBUG__:
        print(LHS)
        print(RHS)

    #RHS = numpy.array(RHS,'d')
    #RHS.shape = (len(RHS), 1)
    if __DEBUG__: print(RHS)
    ##  LP = numpy.hstack([LHS, RHS])

    #OBJ_FUNC = numpy.zeros(LHS.shape[1]+1)
    objIdx = M.activeObjIdx
    #for j in range(LHS.shape[1]):
        #for fo in range(len(M.objectives[objIdx].getFluxObjectiveReactions())):
            #if M.objectives[objIdx].fluxObjectives[fo].reaction == M.N.col[j]:
                #print(M.objectives[objIdx].fluxObjectives[fo].reaction, M.N.col[j])
                #OBJ_FUNC[j] = float(M.objectives[objIdx].fluxObjectives[fo].coefficient)
    ###  print OBJ_FUNC

    # for Ax >= B Hformat wants -B A >= 0
    #LP = numpy.hstack([-RHS, LHS])
    #OBJ_FUNC = numpy.hstack([-OBJ_FUNC[-1], OBJ_FUNC[:-1]])

    LP = LHS

    if __DEBUG__:
        print(OBJ_FUNC)
        print(LP)
    del LHS, RHS

    if work_dir != None:
        assert os.path.exists(work_dir), '\nJanee ...'
        fname = os.path.join(work_dir, fname)

    if fname == None:
        fname = M.getPid().replace('.xml', '')
    if not use_rational:
        fname += '.ine'
    else:
        fname += '_r.ine'

    F = file(fname, 'w')
    #F.write('* %s\n' % os.path.split(fname)[-1])
    #F.write('H-representation\nbegin\n')
    #NUM_TYPE = 'real'
    #if use_rational:
        #NUM_TYPE = 'rational'
    #F.write('%s  %s  %s\n' % (LP.shape[0], LP.shape[1], NUM_TYPE))

    strW = format+' '
    for r in range(LP.shape[0]):
        for c in range(LP.shape[1]):
            if not use_rational:
                if LP[r,c] == 0.0 or LP[r,c] == -0.0:
                    LP[r,c] = 0.0
                F.write(strW % LP[r,c])
            else:
                ##  print LP[r,c]
                F.write('%s ' % sympy.Rational(format % LP[r,c]))
        F.write('\n')

    #if fullLP:
        #F.write('end\nlponly\n')
        #F.write('maximize\n') # check if Hformat has a minimize kw
        #for o in OBJ_FUNC:
            #if not use_rational:
                #F.write(strW % o)
            #else:
                #F.write('%s ' % sympy.Rational(format % o))
        # then we can use use this
        ##  F.write('%s\n' % M.objectives[M.activeObjIdx].operation)
        ##  if M.activeObjIdx].operation == 'maximize':
            ##  for o in OBJ_FUNC:
                ##  if not use_rational:
                    ##  F.write(strW % o)
                ##  else:
                    ##  F.write('%s ' % sympy.Rational(format % o))
        ##  else:
            ##  for o in OBJ_FUNC:
                ##  o = -o
                ##  if not use_rational:
                    ##  F.write(strW % o)
                ##  else:
                    ##  F.write('%s ' % sympy.Rational(format % o))
    #else:
        #F.write('end\n')
    #F.write('\n')
    F.close()
    F = file(fname.replace('.ine','')+'.columns.txt', 'w')
    for j in range(M.N.array.shape[1]):
        F.write('%s,%s\n' % (j, M.N.col[j]))
    F.write('\n')
    F.close()
    return fname



def writeListToLP(fname, obj=None, const=None, bnds=None, work_dir=None, objtype='maximize'):
    if work_dir == None:
        work_dir = os.getcwd()
    F = file(os.path.join(work_dir, fname+'.lp'), 'w')
    F.write("\\\\ %s\n" % fname)
    objtype = objtype.lower()
    if objtype == 'max': objtype = 'maximize'
    if objtype == 'min': objtype = 'minimize'
    if objtype in ['maximise', 'minimise']:
        objtype = objtype.replace('se','ze')
    assert objtype in ['maximize', 'minimize'], "\nobjtype must be ['maximize', 'minimize'] not %s" % objtype

    if obj != None:
        if objtype == 'maximize':
            F.write('\nMaximize\n')
        elif objtype == 'minimize':
            F.write('\nMinimize\n')
        for o in obj:
            F.write(' %s\n' % o)
    if const != None:
        F.write('\nSubject to\n')
        for c in const:
            F.write('%s\n' % c)
    if bnds != None:
        F.write('\nBounds\n')
        for b in bnds:
            F.write('%s\n' % b)
    F.write('\nEND\n')
    F.close()
    print('LP written to: {}.lp'.format(os.path.join(work_dir, fname)))
    return os.path.join(work_dir, fname+'.lp')


def writeMinDistanceLP(fname, fbas, work_dir=None, ignoreDistance=[], with_protein_cost=False, constraint_mode='strict', moma=False):
    if work_dir == None:
        work_dir = os.getcwd()

    fC = []
    objFname = ''
    for l in fbas:
        fC.append(len(l.reactions))
        objFname += l.prefix
    fC = numpy.array(fC)
    if __DEBUG__:
        print(fC)
        print((fC == fC[0]))
        print(numpy.alltrue((fC == fC[0])))
    if moma:
        assert len(fbas) == 2, '\nMOMA only defined for two inputs'
    else:
        assert numpy.alltrue((fC == fC[0])), '\nModels must have the same number of fluxes\n!'

    conL = []
    # model flux_bounds
    initial_cnstr = []

    if moma:
        initial_cnstr.append(BuildLPConstraintsStrict(fbas[0]))
        mt = fbas[1].clone()
        mt.setPrefix('mt_', 'all')
        initial_cnstr.append(BuildLPConstraintsStrict(mt))
        del mt
    else:
        for f in fbas:
            if constraint_mode == 'math':
                initial_cnstr.append(BuildLPConstraintsMath(f))
            elif constraint_mode == 'relaxed':
                initial_cnstr.append(BuildLPConstraintsRelaxed(f))
            else:
                initial_cnstr.append(BuildLPConstraintsStrict(f))

    for ib in initial_cnstr:
        ib.seek(0)
        for l in ib:
            conL.append(l.strip())
        conL.append(' ')
    del initial_cnstr

    bndL = []
    # model bounds
    initial_bnds = []
    for f in fbas:
        initial_bnds.append(BuildLPFluxBounds(f))
    for ib in initial_bnds:
        ib.seek(0)
        for l in ib:
            bndL.append(l.strip())
        bndL.append(' ')
    del initial_bnds

    artVar = []
    artVarX = []
    #ignoreDistance = []

    Combi = CBTools.ComboGen()
    Cnumber = 2
    Cdata = ''
    unique_combinations = None
    for x in range(len(fbas)):
        Cdata += '%s' % x
    if __DEBUG__: print(Cdata)

    Combi.uniqueCombinations(Cdata, Cnumber, temp=[])
    Combi.numberifyComb2Int()
    unique_combinations = Combi.combo_int

    if __DEBUG__:
        print('Data ({}):\n{}\n'.format(Cnumber, Cdata))
        print('UniqueCombinStr:\n{}'.format(Combi.combo))
        print('UniqueCombinations:\n{}'.format(unique_combinations))

    zbase = 0
    combcount = 1
    for uq in unique_combinations:
        if __DEBUG__: print(uq)
        MD0 = fbas[uq[0]]
        MD0 = fbas[uq[0]]
        if moma:
            MD1 = fbas[uq[1]].clone()
            MD1.setPrefix('mt_', 'all')
        else:
            MD1 = fbas[uq[1]]

        RiD1 = MD0.getReactionIds()
        RiD2 = MD1.getReactionIds()
        for s in range(len(MD0.reactions)):
            if __DEBUG__: print(RiD1[s], RiD2[s])
            if RiD1[s] not in ignoreDistance:
                if moma:
                    ridx2 = RiD2.index(MD1.prefix+RiD1[s])
                else:
                    ridx2 = s
                ##  av = 'z%s' % (zbase+s+1)
                av = 'zvar%s%s' % (combcount,RiD1[s].replace(MD0.prefix,''))

                c1 = '%sa: %s - %s - %s <= 0.0' % (av, RiD1[s], RiD2[ridx2], av)
                ##  c1 = '%s - %s - %s <= 0.0' % (RiD1[s], RiD2[s], av)
                c2 = '%sb: %s - %s + %s >= 0.0' % (av, RiD1[s], RiD2[ridx2], av)
                ##  c2 = '%s - %s + %s >= 0.0' % (RiD1[s], RiD2[s], av)

                # add the protein cost
                if with_protein_cost:
                    av = '%s %s' % (MD0.reactions[s].annotation['CBM_PEPTIDE_COST'], av)
                artVar.append(av)
                conL.append(c1)
                conL.append(c2)

        combcount += 1
        zbase += len(MD0.reactions)

    objS = '%smulti: ' % objFname
    vcntr = 0
    for v in artVar:
        objS += '%s + ' % v
        vcntr += 1
        if vcntr >= 500:
            objS += '\n'
            vcntr = 0
    objS = objS[:-3]
    if len(artVarX) >= 1:
        objS += ' \\* Ignored: '
        for o in artVarX:
            objS += '%s ' % o
        objS += '*\\\n'
    objL = [objS]

    objFcnstr = [' ']
    assert len(f.objectives[f.activeObjIdx].getFluxObjectiveReactions()) == 1, "\nOnly single fluxObjectives dealt with at this time"
    if moma:
        f = fbas[0]
        objFcnstr.append('C_%s: %s >= %f' % (f.objectives[f.activeObjIdx].getFluxObjectiveReactions()[0],\
                                             f.objectives[f.activeObjIdx].getFluxObjectiveReactions()[0], f.objectives[f.activeObjIdx].value))
    else:
        for f in fbas:
            objFcnstr.append('C_%s: %s >= %f' % (f.objectives[f.activeObjIdx].getFluxObjectiveReactions()[0],\
                                                 f.objectives[f.activeObjIdx].getFluxObjectiveReactions()[0], f.objectives[f.activeObjIdx].value))
    conL = conL + objFcnstr

    if __DEBUG__:
        print(objL)
        for c in conL:
            print(c)
        print(' ')
        for b in bndL:
            print(b)

    F = file(os.path.join(work_dir, fname+'.lp'), 'w')
    header = '\\\\ MultiInputMinimization: '
    for f in fbas:
        header += '%s, ' % f.getPid()
    F.write('%s\n' % header[:-2])
    F.write('\nMinimize\n')
    for o in objL:
        F.write('%s \n' % o)
    F.write('\nSubject to\n')
    for c in conL:
        F.write('%s \n' % c)
    F.write('\nBounds\n')
    for b in bndL:
        F.write(' %s \n' % b)
    F.write('END\n\n')
    F.close()
    print('LP written to: {}.lp'.format(os.path.join(work_dir, fname)))
    return os.path.join(work_dir, fname+'.lp')

def writeMinDistanceLP_absL1(fname, fbas, work_dir=None, ignoreDistance=[], bigM=500, with_protein_cost=False, constraint_mode='strict', moma=False):
    if work_dir == None:
        work_dir = os.getcwd()

    fC = []
    objFname = ''
    for l in fbas:
        fC.append(len(l.reactions))
        objFname += l.prefix
    fC = numpy.array(fC)
    if __DEBUG__:
        print(fC)
        print((fC == fC[0]))
        print(numpy.alltrue((fC == fC[0])))
    if moma:
        assert len(fbas) == 2, '\nMOMA only defined for two inputs'
    else:
        assert numpy.alltrue((fC == fC[0])), '\nModels must have the same number of fluxes\n!'


    conL = []
    # model flux_bounds
    initial_cnstr = []

    if moma:
        initial_cnstr.append(BuildLPConstraintsStrict(fbas[0]))
        mt = fbas[1].clone()
        mt.setPrefix('mt_', 'all')
        initial_cnstr.append(BuildLPConstraintsStrict(mt))
        del mt
    else:
        for f in fbas:
            if constraint_mode == 'math':
                initial_cnstr.append(BuildLPConstraintsMath(f))
            elif constraint_mode == 'relaxed':
                initial_cnstr.append(BuildLPConstraintsRelaxed(f))
            else:
                initial_cnstr.append(BuildLPConstraintsStrict(f))

    for ib in initial_cnstr:
        ib.seek(0)
        for l in ib:
            conL.append(l.strip())
        conL.append(' ')
    del initial_cnstr

    bndL = []
    # model bounds
    initial_bnds = []
    bigMS = []
    for f in fbas:
        initial_bnds.append(BuildLPFluxBounds(f))
        ##  bigMS.append(max([abs(float(v.value)) for v in f.reactions]))
    for ib in initial_bnds:
        ib.seek(0)
        for l in ib:
            bndL.append(l.strip())
        bndL.append(' ')
    del initial_bnds

    Combi = CBTools.ComboGen()
    Cnumber = 2
    Cdata = ''
    unique_combinations = None
    for x in range(len(fbas)):
        Cdata += '%s' % x
    if __DEBUG__: print(Cdata)

    Combi.uniqueCombinations(Cdata, Cnumber, temp=[])
    Combi.numberifyComb2Int()
    unique_combinations = Combi.combo_int

    if __DEBUG__:
        print('Data ({}):\n{}\n'.format(Cnumber, Cdata))
        print('UniqueCombinStr:\n{}'.format(Combi.combo))
        print('UniqueCombinations:\n{}'.format(unique_combinations))
    print(bigMS)
    print('\nbigM = ', bigM, '\n')


    ##  ILPMETHOD = 'SK' # steven
    ILPMETHOD = 'GK' # gunnar
    zbase = 0
    combcount = 1

    artVar = []
    artVarX = []
    #ignoreDistance = []
    boolVars = []

    for uq in unique_combinations:
        if __DEBUG__: print(uq)
        MD0 = fbas[uq[0]]
        if moma:
            MD1 = fbas[uq[1]].clone()
            MD1.setPrefix('mt_', 'all')
        else:
            MD1 = fbas[uq[1]]

        RiD1 = MD0.getReactionIds()
        RiD2 = MD1.getReactionIds()

        for s in range(len(MD0.reactions)):
            if __DEBUG__: print(RiD1[s], RiD2[s])
            if RiD1[s] not in ignoreDistance:
                if moma:
                    ridx2 = RiD2.index(MD1.prefix+RiD1[s])
                else:
                    ridx2 = s
                Var1 = RiD1[s]
                bVar1 =  'xvar_%s' % Var1
                absVar1 = 'absL_%s' % Var1
                Var2 = RiD2[ridx2]
                bVar2 =  'xvar_%s' % Var2
                absVar2 = 'absL_%s' % Var2

                c0a = '\n'
                c0a += '%s - %s >= 0\n' % (absVar1, Var1)
                c0a += '%s + %s >= 0\n' % (absVar1, Var1)

                if ILPMETHOD == 'GK':
                    # gunnar
                    c0a += '%s + %s - %s %s <= 0\n' % (absVar1, Var1, bigM, bVar1)
                    c0a += '%s - %s + %s %s <= %s\n' % (absVar1, Var1, bigM, bVar1, bigM)
                elif ILPMETHOD == 'SK':
                    # steven
                    c0a += '%s - %s - %s %s <= 0\n' % (absVar1, Var1, bigM, bVar1)
                    c0a += '%s + %s + %s %s <= %s\n' % (absVar1, Var1, bigM, bVar1, bigM)

                c0b = '\n'
                c0b += '%s - %s >= 0\n' % (absVar2, Var2)
                c0b += '%s + %s >= 0\n' % (absVar2, Var2)
                if ILPMETHOD == 'GK':
                    # gunnar
                    c0b += '%s + %s - %s %s <= 0\n' % (absVar2, Var2, bigM, bVar2)
                    c0b += '%s - %s + %s %s <= %s\n' % (absVar2, Var2, bigM, bVar2, bigM)
                elif ILPMETHOD == 'SK':
                    # steven
                    c0b += '%s - %s - %s %s <= 0\n' % (absVar2, Var2, bigM, bVar2)
                    c0b += '%s + %s + %s %s <= %s\n' % (absVar2, Var2, bigM, bVar2, bigM)

                c0 = c0a + c0b

                av = 'zvar%s%s' % (combcount,Var1.replace(MD0.prefix,''))

                if bVar1 not in boolVars:
                    boolVars.append(bVar1)
                if bVar2 not in boolVars:
                    boolVars.append(bVar2)
                c1 = '%sa: %s - %s - %s <= 0.0' % (av, absVar1, absVar2, av)
                c2 = '%sb: %s - %s + %s >= 0.0' % (av, absVar1, absVar2, av)

                # add the protein cost
                if with_protein_cost:
                    av = '%s %s' % (MD0.reactions[s].annotation['CBM_PEPTIDE_COST'], av)
                artVar.append(av)

                conL.append(c0)
                conL.append(c1)
                conL.append(c2)
        combcount += 1
        zbase += len(MD0.reactions)

    objS = '%smulti: ' % objFname
    vcntr = 0
    for v in artVar:
        objS += '%s + ' % v
        vcntr += 1
        if vcntr >= 500:
            objS += '\n'
            vcntr = 0
    objS = objS[:-3]
    if len(artVarX) >= 1:
        objS += ' \\* Ignored: '
        for o in artVarX:
            objS += '%s ' % o
        objS += '*\\\n'
    objL = [objS]

    objFcnstr = [' ']
    assert len(f.objectives[f.activeObjIdx].getFluxObjectiveReactions()) == 1, "\nOnly single fluxObjectives dealt with at this time"
    if moma:
        #OFvalue = f.objectives[f.activeObjIdx].value
        f = fbas[0]
        objFcnstr.append('C_%s: %s >= %f' % (f.objectives[f.activeObjIdx].getFluxObjectiveReactions()[0],\
                                             f.objectives[f.activeObjIdx].getFluxObjectiveReactions()[0], f.objectives[f.activeObjIdx].value))
    else:
        for f in fbas:
            objFcnstr.append('C_%s: %s >= %f' % (f.objectives[f.activeObjIdx].getFluxObjectiveReactions()[0],\
                                                 f.objectives[f.activeObjIdx].getFluxObjectiveReactions()[0], f.objectives[f.activeObjIdx].value))
    conL = conL + objFcnstr
    if __DEBUG__:
        print(objL)
        for c in conL:
            print(c)
        print(' ')
        for b in bndL:
            print(b)

    F = file(os.path.join(work_dir, fname+'.lp'), 'w')
    header = '\\\\ MultiInputMinimization: '
    for f in fbas:
        header += '%s, ' % f.getPid()
    F.write('%s\n' % header[:-2])
    F.write('\nMinimize\n')
    for o in objL:
        F.write('%s \n' % o)
    F.write('\nSubject to\n')
    for c in conL:
        F.write('%s \n' % c)
    F.write('\nBounds\n')
    for b in bndL:
        F.write(' %s \n' % b)
    if len(boolVars) > 0:
        F.write('Binary\n')
        for b in boolVars:
            F.write(' %s \n' % b)
    F.write('\nEND\n')
    F.close()
    print('LP written to: {}.lp'.format(os.path.join(work_dir, fname)))
    return os.path.join(work_dir, fname+'.lp')



[docs]def writeMinDistanceLPwithCost(fname, fbas, work_dir=None, ignoreDistance=[], constraint_mode='strict'):
    """
    For backwards compatability only
    """
    print("\n\n**********\nDeprecation warning!\nPlease use writeMinDistanceLP(with_protein_cost=True) instead of writeMinDistanceLPwithCost()\n\n**********\n")
    writeMinDistanceLP(fname, fbas, work_dir=work_dir, ignoreDistance=ignoreDistance, with_protein_cost=True, constraint_mode=constraint_mode)

# CAN GO SOON JUST PUTTING IN FOR SVN SYNCH

"""
def writeMinDistanceLPwithCost(fname, fbas, work_dir=None, ignoreDistance=[], constraint_mode='strict'):
    if work_dir == None:
        work_dir = os.getcwd()

    fC = []
    objFname = ''
    for l in fbas:
        fC.append(len(l.reactions))
        objFname += l.prefix
    fC = numpy.array(fC)
    if __DEBUG__:
        print fC
        print (fC == fC[0])
        print numpy.alltrue((fC == fC[0]))
    assert numpy.alltrue((fC == fC[0])), '\nModels must have the same number of fluxes\n!'

    conL = []
    # model flux_bounds
    initial_cnstr = []

    for f in fbas:
        if constraint_mode == 'math':
            initial_cnstr.append(BuildLPConstraintsMath(f))
        elif constraint_mode == 'relaxed':
            initial_cnstr.append(BuildLPConstraintsRelaxed(f))
        else:
            initial_cnstr.append(BuildLPConstraintsStrict(f))

    for ib in initial_cnstr:
        ib.seek(0)
        for l in ib:
            conL.append(l.strip())
        conL.append(' ')
    del initial_cnstr

    bndL = []
    # model bounds
    initial_bnds = []
    for f in fbas:
        initial_bnds.append(BuildLPFluxBounds(f))
    for ib in initial_bnds:
        ib.seek(0)
        for l in ib:
            bndL.append(l.strip())
        bndL.append(' ')
    del initial_bnds

    artVar = []
    artVarX = []
    ignoreDistance = []

    Combi = CBTools.ComboGen()
    Cnumber = 2
    Cdata = ''
    unique_combinations = None
    for x in range(len(fbas)):
        Cdata += '%s' % x
    if __DEBUG__: print Cdata

    Combi.uniqueCombinations(Cdata, Cnumber, temp=[])
    Combi.numberifyComb2Int()
    unique_combinations = Combi.combo_int

    if __DEBUG__:
        print 'Data (%s):\n%s\n' % (Cnumber, Cdata)
        print 'UniqueCombinStr:\n%s' % Combi.combo
        print 'UniqueCombinations:\n%s' % unique_combinations

    zbase = 0
    combcount = 1
    for uq in unique_combinations:
        if __DEBUG__: print uq
        RiD1 = fbas[uq[0]].getReactionIds()
        RiD2 = fbas[uq[1]].getReactionIds()
        for s in range(len(fbas[uq[0]].reactions)):
            if __DEBUG__: print RiD1[s], RiD2[s]
            if RiD1[s] not in ignoreDistance:
                ##  av = 'z%s' % (zbase+s+1)
                ##  av = 'zvar%s' % (RiD1[s].replace(fbas[uq[0]].prefix,''))
                av = 'zvar%s%s' % (combcount,RiD1[s].replace(fbas[uq[0]].prefix,''))
                c1 = '%sa: %s - %s - %s <= 0.0' % (av, RiD1[s], RiD2[s], av)
                ##  c1 = '%s - %s - %s <= 0.0' % (RiD1[s], RiD2[s], av)
                c2 = '%sb: %s - %s + %s >= 0.0' % (av, RiD1[s], RiD2[s], av)
                ##  c2 = '%s - %s + %s >= 0.0' % (RiD1[s], RiD2[s], av)
                conL.append(c1)
                conL.append(c2)
                ##  print RiD1[s], RiD2[s], av
                ##  print fbas[uq[0]].reactions[s].getPid(), fbas[uq[1]].reactions[s].getPid()
                ##  print fbas[uq[0]].reactions[s].annotation['CBM_PEPTIDE_COST'], fbas[uq[1]].reactions[s].annotation['CBM_PEPTIDE_COST']
                av = '%s %s' % (fbas[uq[0]].reactions[s].annotation['CBM_PEPTIDE_COST'], av)
                ##  print RiD1[s], RiD2[s], av
                artVar.append(av)
            else:
                # THIS MAY BE A BUG
                ##  av = 'z%s' % (zbase+s+1)
                ##  av = 'zvar%s' % (RiD1[s].replace(fbas[uq[0]].prefix,''))
                av = 'zvar%s%s' % (combcount,RiD1[s].replace(fbas[uq[0]].prefix,''))
                artVarX.append(av)
                c1 = '\\* %sa: %s - %s - %s <= 0.0 *\\' % (av, RiD1[s], RiD2[s], av)
                ##  c1 = '\\* %s - %s - %s <= 0.0 *\\' % (RiD1[s], RiD2[s], av)
                c2 = '\\* %sb: %s - %s + %s >= 0.0 *\\' % (av, RiD1[s], RiD2[s], av)
                ##  c2 = '\\* %s - %s + %s >= 0.0 *\\' % (RiD1[s], RiD2[s], av)
                conL.append(c1)
                conL.append(c2)
        combcount += 1
        zbase += len(fbas[uq[0]].reactions)

    objS = '%smulti: ' % objFname
    vcntr = 0
    for v in artVar:
        objS += '%s + ' % v
        vcntr += 1
        if vcntr >= 500:
            objS += '\n'
            vcntr = 0
    objS = objS[:-3]
    if len(artVarX) >= 1:
        objS += ' \\* Ignored: '
        for o in artVarX:
            objS += '%s ' % o
        objS += '*\\\n'
    objL = [objS]

    objFcnstr = [' ']
    for f in fbas:
        objFcnstr.append('C_%s: %s >= %f' % (f.objectives[f.activeObjIdx].getFluxObjectiveReactions()[0],\
                                    f.objectives[f.activeObjIdx].getFluxObjectiveReactions()[0], f.objectives[f.activeObjIdx].value))
    conL = conL + objFcnstr

    if __DEBUG__:
        print objL
        for c in conL:
            print c
        print ' '
        for b in bndL:
            print b

    F = file(os.path.join(work_dir, fname+'.lp'), 'w')
    header = '\\\\ MultiInputMinimization: '
    for f in fbas:
        header += '%s, ' % f.getPid()
    F.write('%s\n' % header[:-2])
    F.write('\nMinimize\n')
    for o in objL:
        F.write('%s \n' % o)
    F.write('\nSubject to\n')
    for c in conL:
        F.write('%s \n' % c)
    F.write('\nBounds\n')
    for b in bndL:
        F.write(' %s \n' % b)
    F.write('END\n\n')
    F.close()
    print 'LP written to: %s.lp' % os.path.join(work_dir, fname)
    return os.path.join(work_dir, fname+'.lp')
"""

[docs]def writeOptimalSolution(fba, fname, Dir=None, separator=',', only_exchange=False):
    """
    This function writes the optimal solution to file

     - *fba* an instance of an PySCeSCBM model
     - *fname* the output filename
     - *Dir* [default=None] use current directory if not None
     - *separator* [default=','] the column separator
     - *only_exchange* [default=False] only output fluxes labelled as exchange reactions

    """
    if Dir != None:
        assert os.path.exists(Dir), '\nPath does not exist'
        fname = os.path.join(Dir, fname)
    if separator == ',':
        fname_r = fname + '_solution.csv'
    else:
        fname_r = fname + '_solution.txt'
    objName = ''
    if len(fba.objectives[fba.activeObjIdx].getFluxObjectiveReactions()) > 1:
        for J in fba.objectives[fba.activeObjIdx].getFluxObjectiveReactions():
            objName += '%s_' % J
        objName = objName[:-1]
    else:
        objName = fba.objectives[fba.activeObjIdx].getFluxObjectiveReactions()[0]
    try:
        F = file(fname_r, 'w')
    except IOError:
        print('\nCSV file \"{}\" is locked by an external application (probably Excel) please close file and try again (or use a different filename).'.format(fname_r))
        return
    cntr = 0
    F.write('%s%s%s%s%s%s\n' % ('ObjectiveFunction',separator,objName,separator,separator,separator))
    F.write('\"%s\"%s%s%s%s%s%s%s%s%s\"%s\"%s\"%s\"\n' % ('Reaction',separator,'Value',separator,'LowerBound',separator,'UpperBound',separator,'Reduced cost',separator,'Name',separator,'Gene association'))
    for r in fba.reactions:
        GO = False
        if not only_exchange:
            GO = True
        elif only_exchange and r.is_exchange:
            GO = True
        if GO:
            if 'GENE ASSOCIATION' in r.annotation:
                gene = r.annotation['GENE ASSOCIATION']
            else:
                gene = 'none'
            bnds = fba.getReactionBounds(r.getPid())
            Lbnd = -numpy.inf
            Ubnd = numpy.inf
            if bnds != None:
                if bnds[1] != None:
                    Lbnd = bnds[1]
                if bnds[2] != None:
                    Ubnd = bnds[2]
            F.write('\"%s\"%s%s%s%s%s%s%s%s%s\"%s\"%s\"%s\"\n' % (r.getPid(),separator,r.value,separator,Lbnd,separator,Ubnd,separator,r.reduced_cost,separator,r.name,separator,gene))
    F.flush()
    F.close()
    print('Reactions exported to {}'.format(fname_r))


[docs]def writeModelInfoToFile(fba, fname, Dir=None, separator=',', only_exchange=False, met_type='all'):
    """
    This function writes a CBModel to file

     - *fba* an instance of an PySCeSCBM model
     - *fname* the output filename
     - *Dir* [default=None] use directory if not None
     - *separator* [default=','] the column separator
     - *only_exchange* [default=False] only output fluxes labelled as exchange reactions
     - *type* [default='all'] only output certain type of species: 'all','boundary' or 'variable'

    """
    writeReactionInfoToFile(fba, fname, Dir=Dir, separator=separator, only_exchange=only_exchange)
    writeSpeciesInfoToFile(fba, fname, Dir=Dir, separator=separator, met_type=met_type)


[docs]def writeReactionInfoToFile(fba, fname, Dir=None, separator=',', only_exchange=False):
    """
    This function writes a CBModel to file

     - *fba* an instance of an PySCeSCBM model
     - *fname* the output filename
     - *Dir* [default=None] use directory if not None
     - *separator* [default=','] the column separator
     - *only_exchange* [default=False] only output fluxes labelled as exchange reactions

    """
    if Dir != None:
        assert os.path.exists(Dir), '\nPath does not exist'
        fname = os.path.join(Dir, fname)
    if separator == ',':
        fname_r = fname + '.rxns.csv'
    else:
        fname_r = fname + '.rxns.txt'
    objName = ''
    if len(fba.objectives[fba.activeObjIdx].getFluxObjectiveReactions()) > 1:
        for J in fba.objectives[fba.activeObjIdx].getFluxObjectiveReactions():
            objName += '%s_' % J
        objName = objName[:-1]
    else:
        objName = fba.objectives[fba.activeObjIdx].getFluxObjectiveReactions()[0]
    try:
        F = file(fname_r, 'w')
    except IOError:
        print('\nOutput file \"{}\" is locked by an external application (probably Excel) please close file and try again (or use a different filename).'.format(fname_r))
        return
    cntr = 0
    F.write('%s%s%s%s%s%s\n' % ('ObjectiveFunction',separator,objName,separator,separator,separator))
    F.write('\"%s\"%s%s%s%s%s\"%s\"%s\"%s\"%s\"%s\"\n' % ('Reaction',separator,'LowerBound',separator,'UpperBound',separator,'Name',separator,'Equation',separator,'Gene association'))
    for r in fba.reactions:
        if not only_exchange:
            GO = True
        elif only_exchange and r.is_exchange:
            GO = True
        if GO:
            if 'GENE ASSOCIATION' in r.annotation:
                gene = r.annotation['GENE ASSOCIATION']
            else:
                gene = 'none'
            bnds = fba.getReactionBounds(r.getPid())
            Lbnd = -numpy.inf
            Ubnd = numpy.inf
            if bnds != None:
                if bnds[1] != None:
                    Lbnd = bnds[1]
                if bnds[2] != None:
                    Ubnd = bnds[2]
            if r.reversible:
                equation = ' %s ' % __CBCONFIG__['REVERSIBLE_SYMBOL']
            else:
                equation = ' %s '  % __CBCONFIG__['IRREVERSIBLE_SYMBOL']
            subs = ''
            prods = ''
            for rr in r.reagents:
                if rr.coefficient > 0.0:
                    if abs(rr.coefficient) == 1.0:
                        prods += ' + %s' % (rr.species_ref)
                    else:
                        prods += ' + %s %s' % (abs(rr.coefficient), rr.species_ref)
                else:
                    if abs(rr.coefficient) == 1.0:
                        subs += ' + %s' % (rr.species_ref)
                    else:
                        subs += ' + %s %s' % (abs(rr.coefficient), rr.species_ref)
            subs = subs[3:]
            prods = prods[3:]
            equation = subs + equation + prods
            F.write('\"%s\"%s%s%s%s%s\"%s\"%s\"%s\"%s\"%s\"\n' % (r.getPid(),separator,Lbnd,separator,Ubnd,separator,r.name,separator,equation,separator,gene))
            GO = False
    F.flush()
    F.close()
    print('Reactions exported to {}'.format(fname_r))


[docs]def writeSpeciesInfoToFile(fba, fname, Dir=None, separator=',', met_type='all'):
    """
    This function writes a CBModel to file

     - *fba* an instance of an PySCeSCBM model
     - *fname* the output filename
     - *Dir* [default=None] use directory if not None
     - *separator* [default=','] the column separator
     - *met_type* [default='all'] only output certain type of species: 'all','boundary' or 'variable'

    """
    if Dir != None:
        assert os.path.exists(Dir), '\nPath does not exist'
        fname = os.path.join(Dir, fname)
    if separator == ',':
        fname_s = fname + '.spec.csv'
        fname_sr = fname + '.s2r.csv'
    else:
        fname_s = fname + '.spec.txt'
        fname_sr = fname + '.s2r.txt'
    if met_type not in ['all','boundary','variable']:
        met_type = 'all'

    try:
        F2 = file(fname_s, 'w')
        F3 = file(fname_sr, 'w')
    except IOError:
        print('\nOutput file \"{}\" is locked by an external application (probably Excel) please close file and try again (or use a different filename).'.format(fname_s))
        return

    maxReagentOf = 0
    F2.write('\"%s\"%s%s%s%s%s\"%s\"%s\"%s\"%s\"%s\"\n' % ('Species',separator,'Name',separator,'Compartment',separator,'Fixed',separator,'ChemicalFormula',separator,'Charge'))
    for s in fba.species:
        if len(s.isReagentOf()) > maxReagentOf:
            maxReagentOf = len(s.reagent_of)
        GOS = False
        if met_type == 'all':
            GOS = True
        elif met_type == 'variable' and not s.is_boundary:
            GOS = True
        elif met_type == 'boundary' and s.is_boundary:
            GOS = True
        if GOS:
            F2.write('\"%s\"%s%s%s%s%s\"%s\"%s\"%s\"%s\"%s\"\n' % (s.getPid(),separator,s.getName(),separator,s.compartment,separator,s.is_boundary,separator,s.chemFormula,separator,s.charge))
    for s in fba.species:
        srl = len(s.reagent_of)
        rgOut = '\"%s\"%s' % (s.getPid(), separator)

        GOS = False
        if met_type == 'all':
            GOS = True
        elif met_type == 'variable' and not s.is_boundary:
            GOS = True
        elif met_type == 'boundary' and s.is_boundary:
            GOS = True
        if GOS:
            for rg in range(maxReagentOf):
                if rg < srl:
                    rgOut += '%s%s' % (s.reagent_of[rg], separator)
                else:
                    rgOut += '%s' % separator
            F3.write('%s\n' % rgOut[:-1])
    F2.flush()
    F2.close()
    F3.flush()
    F3.close()
    print('Species exported to {}'.format(fname_s))
    print('Reagent map exported to {}'.format(fname_sr))




[docs]def printFBASolution(fba, include_all=False):
    """
    Prints the FBA optimal solution to the screen.

     - *fba* an FBA model object
     - *include_all* include all variables

    """
    OFflux = fba.objectives[fba.activeObjIdx].fluxObjectives[0].reaction
    OFvalue = fba.objectives[fba.activeObjIdx].value
    OFSense = fba.objectives[fba.activeObjIdx].operation
    print('\n\n**********\nModel: {}\n\n'.format(fba.getPid()))
    print('{} objective: {}\nOptimal value: {}\n\n'.format(OFSense,OFflux,OFvalue))
    if include_all:
        for J in fba.reactions:
            print('{}: {}'.format(J.getPid(), J.value))
    print('**********\n')


[docs]def exportModel(fba, fname=None, fmt='lp', work_dir=None, use_rational='both'):
    """
    Export the FBA model in different formats:

     - *fba* the FBA model
     - *fname* [default=None] the exported filename if None then `fba.getPid()` is used
     - *fmt* [default='lp'] the export format can be one of: 'lp' (CPLEX), 'hformat' (Polyhedra), 'all' (both)
     - *use_rational* [default='both'] if *all* or *hformat* is specified should hformat files be written using rational math or not. The default *both* is the legacy behaviour and writes both.

    Note that 'hformat' ignores 'fname' and only uses fba.getPid() this is a legacy behaviour

    """
    if work_dir == None:
        work_dir = os.getcwd()
    if fmt == 'all' or fmt == 'lp':
        writeModelLP(fba, work_dir=work_dir, fname=fname)
    if fmt == 'all' or fmt == 'hformat':
        if fname == None:
            fname = fba.getPid().replace('.xml', '')
        if use_rational == 'both':
            writeModelHFormatFBA2(fba, fname=fname, work_dir=work_dir)
            writeModelHFormatFBA2(fba, fname=fname, work_dir=work_dir, use_rational=True)
        elif use_rational == True:
            writeModelHFormatFBA2(fba, fname=fname, work_dir=work_dir, use_rational=True)
        elif use_rational == False:
            writeModelHFormatFBA2(fba, fname=fname, work_dir=work_dir)


[docs]def writeProteinCostToCSV(fba, fname):
    """
    Writes the protein costs 'CBM_PEPTIDE_COST' annotation toa csv file.

     - *fba* an instantiated FBA object
     - *fname* the exported file name

    """
    F = file(fname+'.costs.csv','w')
    F.write('rid,minL,maxL,avgL,cost\n')
    for R in fba.reactions:
        rid = R.getPid()
        pcost = ''
        avg_l = ''
        minL = ''
        maxL = ''
        if 'CBM_PEPTIDE_COST' in R.annotation:
            pcost = R.annotation['CBM_PEPTIDE_COST']
        if 'CBM_PEPTIDE_LENGTH_MAX' in R.annotation:
            maxL = R.annotation['CBM_PEPTIDE_LENGTH_MAX']
            if R.annotation['CBM_PEPTIDE_LENGTH_MAX'] == None:
                avg_l = 1
            else:
                if 'CBM_AVG_PEPTIDE_LENGTH' in R.annotation:
                    avg_l = R.annotation['CBM_AVG_PEPTIDE_LENGTH']
                else:
                    avg_l = 0
        if 'CBM_PEPTIDE_LENGTH_MIN' in R.annotation:
            minL = R.annotation['CBM_PEPTIDE_LENGTH_MIN']
        F.write('%s,%s,%s,%s,%s\n' % (rid,minL,maxL,avg_l,pcost))
    F.flush()
    F.close()
    print('Protein costs written to file: {}'.format(fname+'.csv'))


[docs]def WriteFVAtoCSV(id, fva, names, Dir=None, fbaObj=None):
    """
    INFO: this method will be deprecated please update your scripts to use \"writeFVAtoCSV()\"
    """
    print('\nINFO: this method will be deprecated please update your scripts to use \"writeFVAtoCSV()\"\n')
    time.sleep(1)
    writeFVAtoCSV(fva, names, id, Dir, fbaObj)

#def writeFVAtoCSV(id, fva, names, Dir=None, fbaObj=None):
    #"""
    #INFO: this method will be deprecated please update your scripts to use \"writeFVAtoCSV\"
    #"""
    #print('\nINFO: this method will be deprecated please update your scripts to use \"writeFVAtoCSV\"\n')
    #time.sleep(1)
    #writeFVAtoCSV(id, fva, names, Dir, fbaObj)


[docs]def writeFVAtoCSV(fvadata, names, fname, Dir=None, fbaObj=None):
    """
    Takes the resuls of a FluxVariabilityAnalysis method and writes it to a nice
    csv file. Note this method replaces the glpk/cplx_WriteFVAtoCSV methods.

     - *fvadata* FluxVariabilityAnalysis() OUTPUT_ARRAY
     - *names* FluxVariabilityAnalysis() OUTPUT_NAMES
     - *fname* filename_base for the CSV output
     - *Dir* [default=None] if set the output directory for the csv files
     - *fbaObj* [default=None] if supplied adds extra model information into the output tables

    """
    if Dir != None:
        Dir = os.path.join(Dir, fname+'.fva.csv')
    else:
        Dir = fname+'.fva.csv'
    F = file(Dir, 'w')
    if fbaObj == None:
        F.write('name,optval,min,max,diff,red cost,minstat,maxstat\n')
    else:
        F.write('name,optval,min,max,diff,red cost,minstat,maxstat,"equation","subsystem","gene association","confidence level"\n')
    for Jidx in range(len(names)):
        if names[Jidx] != None:
            name = names[Jidx]
            optval = fvadata[Jidx][0]
            rc = fvadata[Jidx][1]
            min = fvadata[Jidx][2]
            max = fvadata[Jidx][3]
            diff = fvadata[Jidx][4]
            minstat = fvadata[Jidx][5]
            maxstat = fvadata[Jidx][6]
            if fbaObj == None:
                F.write('%s,%s,%s,%s,%s,%s,%s,%s\n' % (name, optval, min, max, diff, rc, minstat, maxstat))
            else:
                xInf = []
                Ro = fbaObj.getReaction(name)
                for k in ['Equation','SUBSYSTEM','GENE ASSOCIATION','Confidence Level']:
                    if k in Ro.annotation:
                        xInf.append(Ro.annotation[k])
                    else:
                        xInf.append('')
                F.write('%s,%s,%s,%s,%s,%s,%s,%s,"%s","%s","%s",%s\n' % (name, optval, min, max, diff, rc, minstat, maxstat, xInf[0], xInf[1], xInf[2], xInf[3]))

    F.flush()
    F.close()
    print('FVA results written to: {}'.format(Dir))


[docs]def WriteFVAdata(fva, names, fname, work_dir=None, roundec=None, scale_min=False, appendfile=False, info=None):
    """
    INFO: this method will be deprecated please update your scripts to use \"writeFVAdata()\"
    """
    print('\nINFO: this method will be deprecated please update your scripts to use \"writeFVAdata()\"\n')
    time.sleep(1)
    writeFVAdata(fva, names, fname, work_dir, roundec, scale_min, appendfile, info)


[docs]def writeFVAdata(fvadata, names, fname, work_dir=None, roundec=None, scale_min=False, appendfile=False, info=None):
    """
    Takes the resuls of a FluxVariabilityAnalysis method and writes it to a nice
    csv file. Note this method replaces the glpk/cplx_WriteFVAtoCSV methods. Data is output as a csv file
    with columns: FluxName, FVA_MIN, FVA_MAX, OPT_VAL, SPAN

     - *fvadata* FluxVariabilityAnalysis() FVA OUTPUT_ARRAY
     - *names* FluxVariabilityAnalysis() FVA OUTPUT_NAMES
     - *fname* filename_base for the CSV output
     - *work_dir* [default=None] if set the output directory for the csv files
     - *roundec* [default=None] an integer indicating at which decimal to round off output. Default is no rounding.
     - *scale_min* [default=False] normalise each flux such that that FVA_MIN = 0.0
     - *appendfile* [default=False] instead of opening a new file try and append the data
     - *info* [default=None] a string added to the results as an extra column, useful with `appendfile`

    """
    if work_dir != None:
        work_dir = os.path.join(work_dir, fname+'.fvadata.csv')
    else:
        work_dir = fname+'.fvadata.csv'
    if not appendfile:
        F = file(work_dir, 'w')
    else:
        F = file(work_dir, 'a')
    if info == None:
        F.write('%s,%s,%s,%s,%s\n' % ('Jid', 'min', 'max', 'optval', 'span'))
    else:
        F.write('%s,%s,%s,%s,%s,%s\n' % ('Jid', 'min', 'max', 'optval', 'span', 'info'))
    for Jidx in range(len(names)):
        if names[Jidx] != None:
            name = names[Jidx]
            max = fvadata[Jidx][3]
            min = fvadata[Jidx][2]
            optval = fvadata[Jidx][0]
            if roundec != None:
                max = round(max, roundec)
                min = round(min, roundec)
                optval = round(optval, roundec)
            if scale_min:
                if min > 0.0:
                    max = max-min
                    optval = optval-min
                    min = 0.0
                elif min <= 0.0:
                    max = max + abs(min)
                    optval = optval + abs(min)
                    min = 0.0
            if info == None:
                if roundec == None:
                    F.write('%s,%s,%s,%s,%s\n' % (name, min, max, optval, abs(fvadata[Jidx][3] - fvadata[Jidx][2])))
                else:
                    F.write('%s,%s,%s,%s,%s\n' % (name, min, max, optval, round(abs(fvadata[Jidx][3] - fvadata[Jidx][2]), roundec)))

            else:
                if roundec == None:
                    F.write('%s,%s,%s,%s,%s,%s\n' % (name, min, max, optval, abs(fvadata[Jidx][3] - fvadata[Jidx][2]), info))
                else:
                    F.write('%s,%s,%s,%s,%s,%s\n' % (name, min, max, optval, round(abs(fvadata[Jidx][3] - fvadata[Jidx][2]), roundec), info))
    F.flush()
    F.close()
    print('FVAdata results written to: {}'.format(work_dir))


[docs]def writeSolutions(fname, sols=[], sep=',', extra_output=None, fba=None):
    """
    Write 2 or more solutions where a solution is a dictionary of flux:value pairs:

     - *fname* the export filename
     - *sols* a list of dictionaries containing flux:value pairs (e.g. output by cmod.getReactionValues())
     - *sep* [default=','] the column separator
     - *extra_output* [default=None] add detailed information to output e.g. reaction names by giving a CBModel object as an argument to *extra_output*.
     - *fba* an fba model that canbe used for extra_output

    """
    assert len(sols) >= 2, "\nThere must be two or more solutions to work with"

    reac_ids = set([])
    for s in sols:
        reac_ids = reac_ids.union(set(s))
    reac_ids = list(reac_ids)
    reac_ids.sort()

    reac_names = []
    ##  reac_bnds = []
    ##  reac_eqns = []
    if extra_output != None and fba != None:
        for r in reac_ids:
            reac_names.append(fba.getReaction(r).getName())
            ##  reac_bnds.append(fba.getReactionBounds(r.getPid()))

    F = file(fname+'.csv', 'w')
    for r in range(len(reac_ids)):
        row = '%s%s' % (reac_ids[r], sep)
        s_str = ''
        for s in range(len(sols)):
            if reac_ids[r] in sols[s]:
                s_str += '%s%s' % (sols[s][reac_ids[r]], sep)
            else:
                s_str += '%s%s' % ('\"none\"', sep)
        row += s_str
        if extra_output:
            row += '\"%s\"\n' % reac_names[r]
        else:
            row = row[:-1]+'\n'
        F.write(row)
    F.flush()
    F.close()
    print('\nSolutions written to: \"%s\"\n' % fname)



[docs]def generateBGID(num, prefix):
    """
    Create a BGID generator, which is <prefix><num> where perfix is two letters num is padded to 6 figures
     - *num* the starting number
     - *prefix* the two letter prefix

    """
    assert prefix[0].isalpha() and prefix[1].isalpha(), '\nInvalid prefix'
    while True:
        num += 1
        yield '{}{:0>6}'.format(prefix, num)


[docs]def writeModelToExcel97(fba, filename, roundoff=6):
    """
    Exports the model as an Excel 97 spreadsheet

     - *fba* a CBMPy model instance
     - *filename* the filename of the workbook
     - *roundoff* [default=6] the number of digits to round off to

    """

    if not _HAVE_XLWT_:
        print('\nERROR: Cannot create Excel file, XLWT package not available (http://pypi.python.org/pypi/xlwt)')
        return
    try:
        F = file('{}.xls'.format(filename), 'wb')
        F.close()
    except:
        print('\nERROR: cannot open file "{}"! Please close workbook before writing!\n'.format('{}.xls'.format(filename)))
        return

    fontB = xlwt.Font()
    fontB.bold = True
    fontI = xlwt.Font()
    fontI.italic = True
    fontBI = xlwt.Font()
    fontBI.bold = True
    fontBI.italic = True
    styleBold = xlwt.XFStyle()
    styleBold.font = fontB
    styleBoldC = xlwt.XFStyle()
    styleBoldC.font = fontB
    styleBoldC.alignment.horz = xlwt.Alignment.HORZ_CENTER
    styleItalic = xlwt.XFStyle()
    styleItalic.font = fontI
    styleItalicC = xlwt.XFStyle()
    styleItalicC.font = fontI
    styleItalicC.alignment.horz = xlwt.Alignment.HORZ_CENTER
    styleBoldItalic = xlwt.XFStyle()
    styleBoldItalic.font = fontBI
    styleBoldItalicC = xlwt.XFStyle()
    styleBoldItalicC.font = fontBI
    styleBoldItalicC.alignment.horz = xlwt.Alignment.HORZ_CENTER
    styleHyper = xlwt.easyxf('font: underline single')
    styleHyper.alignment.horz = xlwt.Alignment.HORZ_CENTER

    wb = xlwt.Workbook(encoding='utf-8')

    wsInf = wb.add_sheet('info')
    wsSol = wb.add_sheet('solution')
    wsRe = wb.add_sheet('reactions')
    wsMet = wb.add_sheet('metabolites')
    wsSt = wb.add_sheet('network_react')
    wsStR = wb.add_sheet('network_metab')
    wsMiriam = wb.add_sheet('miriam')
    wsComp = wb.add_sheet('compartments')

    ridx = 0
    wsInf.write(ridx, 0, 'id', styleBold)
    wsInf.write(ridx, 1, fba.getPid())
    ridx += 1
    wsInf.write(ridx, 0, 'name', styleBold)
    wsInf.write(ridx, 1, fba.getName())
    ridx += 1
    wsInf.write(ridx, 0, 'objective', styleBold)
    try:
        wsInf.write(ridx, 1, fba.getActiveObjective().getOperation())
    except:
        wsInf.write(ridx, 1, 'undefined')
    cidx = 2
    try:
        for t_ in fba.getActiveObjective().getFluxObjectiveData():
            try:
                wsInf.write(ridx, cidx, t_[0])
            except:
                wsInf.write(ridx, cidx, 'undefined')
            try:
                wsInf.write(ridx, cidx+1, t_[1])
            except:
                wsInf.write(ridx, cidx+1, 'undefined')
            cidx += 2
    except:
        pass
    ridx += 1
    wsInf.write(ridx, 0, 'obj. value', styleBold)
    try:
        wsInf.write(ridx, 1, fba.getActiveObjective().getValue())
    except:
        wsInf.write(ridx, 1, 'undefined')
    ridx += 1
    wsInf.write(ridx, 0, 'modelcreated', styleBold)
    if fba.DATE_CREATED != None:
        for t_ in range(len(fba.DATE_CREATED)):
            wsInf.write(ridx, t_+1, fba.DATE_CREATED[t_])
    ridx += 1
    wsInf.write(ridx, 0, 'lastmodified', styleBold)
    if fba.DATE_MODIFIED != None:
        for t_ in range(len(fba.DATE_MODIFIED)):
            wsInf.write(ridx, t_+1, fba.DATE_MODIFIED[t_])
    ridx += 1
    cTime = list(time.gmtime())
    wsInf.write(ridx, 0, 'exported', styleBold)
    for t_ in range(len(cTime)):
        if t_<= 5:
            wsInf.write(ridx, t_+1, cTime[t_])
    ridx += 1
    ccridx = 0
    for cr_ in fba.getModelCreators():
        cidx = 0
        ccridx += 1
        wsInf.write(ridx, cidx, 'creator{}'.format(ccridx), styleBold)
        for ne_ in cr_:
            cidx += 1
            wsInf.write(ridx, cidx, ne_)
        ridx += 1
    ridx += 1
    wsInf.write(ridx, 0, xlwt.Formula('HYPERLINK("{}";"{}")'.format('http://cbmpy.sourceforge.net', 'Exported by CBMPy {}'.format(__version__))), styleHyper)
    ridx += 1

    #Scol = ['metabolite', 'value', 'shadow price', '', 'reaction', 'flux', 'reduced cost', 'FVA min', 'FVA max']
    if fba.SCALED_REDUCED_COSTS:
        rcstr = 'scaled reduced cost'
    else:
        rcstr = 'reduced cost'

    Scol = ['reaction', 'flux', 'lower', 'upper', rcstr, 'FVA min', 'FVA max', 'FVA span', 'exchange', 'info', 'stoichiometry']
    for s_ in range(len(Scol)):
        wsSol.write(0, s_, Scol[s_], styleBoldC)

    # metabolites
    Mlist = []
    Mcols = ['id','name','charge','chemformula','compartment','fixed']
    #Mcols = ['id','name','charge','chemformula','compartment','fixed','bgid']
    MUcols = []

    MiriQual = ["is","isEncodedBy","encodes","hasPart","hasProperty","hasTaxon","hasVersion","isDescribedBy",\
                "isHomologTo","isPartOf","isPropertyOf","isVersionOf","occursIn"]
    wsMiriam.write(0, 0, 'id', styleBoldC)
    for q_ in range(len(MiriQual)):
        wsMiriam.write(0, q_+1, MiriQual[q_], styleBold)

    # get data
    mcntr = 1
    for s_ in range(len(fba.species)):
        Mdi = {}
        Mdi['id'] = fba.species[s_].getPid()
        Mdi['name'] = fba.species[s_].getName()
        Mdi['charge'] = fba.species[s_].getCharge()
        Mdi['chemformula'] = fba.species[s_].getChemFormula()
        Mdi['compartment'] = fba.species[s_].compartment
        Mdi['fixed'] = fba.species[s_].is_boundary
        #Mdi['bgid'] = bgGen.next()
        udata = {}
        for k_ in fba.species[s_].getAnnotations():
            if k_ not in MUcols:
                MUcols.append(k_)
            udata[k_] = fba.species[s_].annotation[k_]
        Mdi['data'] = udata
        Mdi['reagentof'] = fba.species[s_].isReagentOf()
        Mlist.append(Mdi)

        ## TODO: removed for now will appear in its own sheet at some point
        #wsSol.write(s_+1, 0,  Mdi['id'])
        #Sval = fba.species[s_].getValue()
        #if Sval == None or numpy.isnan(Sval) or numpy.isinf(Sval):
            #Sval = ''
        #wsSol.write(s_+1, 1,  Sval)
        #wsSol.write(s_+1, 2,  fba.species[s_].shadow_price)
        annot = fba.species[s_].getMIRIAMannotations()
        if annot != None:
            for k_ in annot:
                for m_ in annot[k_]:
                    wsMiriam.write(mcntr, 0, Mdi['id'])
                    #if 'identifiers.org' in m_:
                        #wsMiriam.write(mcntr, MiriQual.index(k_)+1, xlwt.Formula('HYPERLINK("{}";"{}")'.format(m_.replace('identifiers.org', 'info.identifiers.org'),\
                                                                                                #m_.rsplit('/',1)[1])), styleHyper)
                    #else:
                        #wsMiriam.write(mcntr, MiriQual.index(k_)+1, m_)
                    wsMiriam.write(mcntr, MiriQual.index(k_)+1, m_)
                    mcntr += 1

    # reactions
    Rlist = []
    #Rcols = ['id','name','reversible','lowerbound','upperbound','compartment','bgid']
    Rcols = ['id','name','reversible','lowerbound','upperbound','compartment']
    RUcols = []
    try:
        AOIDS = fba.getActiveObjective().getFluxObjectiveReactions()
    except:
        AOIDS = []
    rids = fba.getReactionIds()
    rids.sort()
    for r_ in range(len(fba.reactions)):
        Rdi = {}
        REAC = fba.getReaction(rids[r_])
        Rdi['id'] = REAC.getPid()
        Rdi['name'] = REAC.getName()
        Rdi['reversible'] = REAC.reversible
        Rdi['compartment'] = REAC.compartment
        #Rdi['bgid'] = bgGen.next()
        Rdi['lowerbound'] = fba.getReactionLowerBound(Rdi['id'])
        Rdi['upperbound'] = fba.getReactionUpperBound(Rdi['id'])
        udata = {}
        for k_ in REAC.getAnnotations():
            if k_ not in RUcols:
                RUcols.append(k_)
            udata[k_] = REAC.annotation[k_]
        Rdi['data'] = udata
        subs = []
        prods = []
        for rr_ in REAC.reagents:
            if rr_.getCoefficient() > 0.0:
                prods.append((abs(rr_.getCoefficient()), rr_.getSpecies()))
            else:
                subs.append((abs(rr_.getCoefficient()), rr_.getSpecies()))
        Rdi['substrates'] = subs
        Rdi['products'] = prods
        Rlist.append(Rdi)
        cstart = 0
        bnds = list(fba.getReactionBounds(Rdi['id']))
        # deal with equality
        if bnds[3] != None:
            bnds[1] = bnds[3]
            bnds[2] = bnds[3]
        if Rdi['id'] not in AOIDS:
            wsSol.write(r_+1, cstart,  Rdi['id'])
        else:
            wsSol.write(r_+1, cstart,  Rdi['id'], styleBold)
        rval0 = REAC.getValue()
        if rval0 == None:
            rval = 'None'
        else:
            rval = round(rval0, roundoff)
        wsSol.write(r_+1, cstart+1, rval)
        del rval, rval0

        wsSol.write(r_+1, cstart+2, round(bnds[1], roundoff))
        wsSol.write(r_+1, cstart+3, round(bnds[2], roundoff))
        wsSol.write(r_+1, cstart+4, REAC.reduced_cost)
        if REAC.fva_min != None:
            wsSol.write(r_+1, cstart+5,  round(REAC.fva_min, roundoff))
        if REAC.fva_max != None:
            wsSol.write(r_+1, cstart+6,  round(REAC.fva_max, roundoff))
        if REAC.fva_min != None and REAC.fva_max != None:
            wsSol.write(r_+1, cstart+7,  round(REAC.fva_max-REAC.fva_min, roundoff))
        if REAC.is_exchange:
            wsSol.write(r_+1, cstart+8, 'yes')
        #else:
            #wsSol.write(r_+1, cstart+8, 'no')
        wsSol.write(r_+1, cstart+9, xlwt.Formula('HYPERLINK("#reactions!A{}";"{}")'.format(r_+1, 'info')), styleHyper)
        wsSol.write(r_+1, cstart+10, xlwt.Formula('HYPERLINK("#network_react!A{}";"{}")'.format(((r_+1)*3)-2, 'stoich')), styleHyper)


        annot = REAC.getMIRIAMannotations()
        if annot != None:
            for k_ in annot:
                for m_ in annot[k_]:
                    wsMiriam.write(mcntr, 0, Rdi['id'])
                    #if 'identifiers.org' in m_:
                        #wsMiriam.write(mcntr, MiriQual.index(k_)+1, xlwt.Formula('HYPERLINK("{}";"{}")'.format(m_.replace('identifiers.org', 'info.identifiers.org'),\
                                                                                                #m_.rsplit('/',1)[1])), styleHyper)
                    #else:
                        #wsMiriam.write(mcntr, MiriQual.index(k_)+1, m_)
                    wsMiriam.write(mcntr, MiriQual.index(k_)+1, m_)
                    mcntr += 1


    compHead = ['id', 'name', 'size', 'dimensions', '# species', '# reactions']
    compHeadU = []
    for c_ in range(len(compHead)):
        wsComp.write(0, c_, compHead[c_], styleBoldC)
    ridx = 1
    for c_ in fba.compartments:
        wsComp.write(ridx, 0, c_.getPid())
        wsComp.write(ridx, 1, c_.getName())
        size = c_.getSize()
        if size == None or size == '' or numpy.isnan(size):
            pass
        else:
            wsComp.write(ridx, 2, size)

        wsComp.write(ridx, 3, c_.getDimensions())
        wsComp.write(ridx, 4, len(c_.containsSpecies()))
        cRe = c_.containsReactions()
        if len(cRe) != 0:
            wsComp.write(ridx, 5, len(cRe))

        annot = c_.getAnnotations()
        for k_ in annot:
            if k_ not in compHeadU:
                compHeadU.append(k_)
        for k_ in annot:
            wsComp.write(ridx, 6+compHeadU.index(k_), annot[k_])

        annot = c_.getMIRIAMannotations()
        if annot != None:
            for k_ in annot:
                for m_ in annot[k_]:
                    wsMiriam.write(mcntr, 0, c_.getPid())
                    #if 'identifiers.org' in m_:
                        ##wsMiriam.write(mcntr, MiriQual.index(k_)+1, xlwt.Formula('HYPERLINK("{}";"{}")'.format(m_, m_.rsplit('/',1)[1])), styleHyper)
                        #wsMiriam.write(mcntr, MiriQual.index(k_)+1, xlwt.Formula('HYPERLINK("{}";"{}")'.format(m_.replace('identifiers.org', 'info.identifiers.org'),\
                                                                                                    #m_.rsplit('/',1)[1])), styleHyper)
                    #else:
                        #wsMiriam.write(mcntr, MiriQual.index(k_)+1, m_)
                    wsMiriam.write(mcntr, MiriQual.index(k_)+1, m_)
                    mcntr += 1
        ridx += 1
    for ud_ in range(0, len(compHeadU)):
        wsComp.write(0, 6+ud_, compHeadU[ud_], styleItalicC)
    ridx = 1

    del ridx, c_

    # write data
    # write metabolites
    for m_ in range(len(Mcols)):
        wsMet.write(0, m_, Mcols[m_], styleBold)
    for m_ in range(len(MUcols)):
        wsMet.write(0, len(Mcols)+m_, MUcols[m_], styleItalic)
    stridx = 0
    for s_ in range(len(Mlist)):
        s = s_+1
        wsMet.write(s, Mcols.index('id'), Mlist[s_]['id'])
        wsMet.write(s, Mcols.index('name'), Mlist[s_]['name'])
        wsMet.write(s, Mcols.index('charge'), Mlist[s_]['charge'])
        wsMet.write(s, Mcols.index('chemformula'), Mlist[s_]['chemformula'])
        wsMet.write(s, Mcols.index('compartment'), Mlist[s_]['compartment'])
        wsMet.write(s, Mcols.index('fixed'), Mlist[s_]['fixed'])
        #wsMet.write(s, Mcols.index('bgid'), Mlist[s_]['bgid'])
        for ud_ in Mlist[s_]['data']:
            if len(Mlist[s_]['data'][ud_]) < 30000:
                wsMet.write(s, len(Mcols)+MUcols.index(ud_), Mlist[s_]['data'][ud_])
            else:
                wsMet.write(s, len(Mcols)+MUcols.index(ud_),'Data tool long (more than 30000 characters)', styleBold)

        wsStR.write(stridx, 0, Mlist[s_]['id'], styleBold)
        cidx = 0
        stridx += 1
        for ro_ in range(len(Mlist[s_]['reagentof'])):
            wsStR.write(stridx, cidx, Mlist[s_]['reagentof'][ro_])
            cidx += 1
            if cidx >= 200:
                cidx = 0
                stridx += 1
        stridx += 1

    # write reactions
    for r_ in range(len(Rcols)):
        wsRe.write(0, r_, Rcols[r_], styleBold)
    for r_ in range(len(RUcols)):
        wsRe.write(0, len(Rcols)+r_, RUcols[r_], styleItalic)
    ridx = 0
    for r_ in range(len(Rlist)):
        r = r_+1
        wsRe.write(r, Rcols.index('id'), Rlist[r_]['id'])
        wsRe.write(r, Rcols.index('name'), Rlist[r_]['name'])
        wsRe.write(r, Rcols.index('reversible'), Rlist[r_]['reversible'])
        wsRe.write(r, Rcols.index('lowerbound'), Rlist[r_]['lowerbound'])
        wsRe.write(r, Rcols.index('upperbound'), Rlist[r_]['upperbound'])
        wsRe.write(r, Rcols.index('compartment'), Rlist[r_]['compartment'])
        #wsRe.write(r, Rcols.index('bgid'), Rlist[r_]['bgid'])
        for ud_ in Rlist[r_]['data']:
            if Rlist[r_]['data'][ud_] == None:
                wsRe.write(r, len(Rcols)+RUcols.index(ud_), '')
            elif type(Rlist[r_]['data'][ud_]) == str and len(Rlist[r_]['data'][ud_]) >= 30000:
                wsRe.write(r, len(Rcols)+RUcols.index(ud_), 'Data tool long (more than 30000 characters)', styleBold)
            else:
                wsRe.write(r, len(Rcols)+RUcols.index(ud_), Rlist[r_]['data'][ud_])

        wsSt.write(ridx, 0, Rlist[r_]['id'], styleBold)
        ridx += 1
        wsSt.write(ridx, 0, 'substrates', styleBold)
        cidx = 1
        for sr_ in range(len(Rlist[r_]['substrates'])):
            wsSt.write(ridx, cidx+sr_, Rlist[r_]['substrates'][sr_][0])
            wsSt.write(ridx, cidx+sr_+1, Rlist[r_]['substrates'][sr_][1])
            cidx += 1
        ridx += 1
        wsSt.write(ridx, 0, 'products', styleBold)
        cidx = 1
        for pr_ in range(len(Rlist[r_]['products'])):
            wsSt.write(ridx, cidx+pr_, Rlist[r_]['products'][pr_][0])
            wsSt.write(ridx, cidx+pr_+1, Rlist[r_]['products'][pr_][1])
            cidx += 1
        ridx += 1

    wb.save('{}.xls'.format(filename))


[docs]def writeModelToCOMBINEarchive(mod, fname=None, directory=None, sbmlname=None, withExcel=True, vc_given='CBMPy', vc_family='Software', vc_email='None', vc_org='cbmpy.sourceforge.net', add_cbmpy_annot=True, add_cobra_annot=True):
    """
    Write a model in SBML and Excel format to a COMBINE archive using the following information:

    - *mod* a model object
    - *fname* the output base filename, archive will be <fname>.zip
    - *directory* [default=None] created the combine archive 'directory'
    - *sbmlname* [default='None'] If *sbmlname* is defined then SBML file is <sbmlname>.xml otherwise sbml will be <fname>.xml.
    - *withExcel* [default=True] include a human readable Excel spreadsheet version of the model
    - *vc_given* [default='CBMPy'] first name
    - *vc_family* [default='Software'] family name
    - *vc_email* [default='None'] email
    - *vc_org* [default='None'] organisation
    - *add_cbmpy_annot* [default=True] add CBMPy KeyValueData annotation. Replaces <notes>
    - *add_cobra_annot* [default=True] add COBRA <notes> annotation

    """
    scTime = time.strftime('%Y-%m-%dT%H:%M:%S') + '%i:00' % (time.timezone/60/60)
    #self.writeSedXML(sedx=True)
    #sedxname = '%s.sed.omex' % (self.id)
    #sf = os.path.join(self.sedpath, sedxname)
    #self.__sedarchive__ = sf
    if directory != None:
        zfpath = os.path.join(directory, fname+'.sbex.zip')
    else:
        zfpath = fname+'.sbex.zip'
    zf = zipfile.ZipFile(zfpath, mode='w', compression=zipfile.ZIP_DEFLATED)
    if sbmlname != None:
        if sbmlname.endswith('.xml'):
            sbmlf = sbmlname
            xlf = sbmlname[:-4]
        else:
            sbmlf = sbmlname+'.xml'
            xlf = sbmlname
    else:
        sbmlf = fname+'.xml'
        xlf = fname
    ptmp = os.path.join(os.getcwd(), 'sedxtmp')
    if not os.path.exists(ptmp):
        os.makedirs(ptmp)
    assert os.path.exists(ptmp), "Could not create temporary archive directory: {}".format(ptmp)

    MFstr = ''
    MDstr = ''
    MFstr += '<omexManifest xmlns="http://identifiers.org/combine.specifications/omex-manifest">\n'
    MFstr += ' <content location="." format="http://identifiers.org/combine.specifications/omex"/>\n'
    #MFstr += ' <content location="./%s" format="http://identifiers.org/combine.specifications/sedml"/>\n' % os.path.split(self.__sedxml__)[-1]
    MFstr += ' <content location="./metadata.rdf" format="http://identifiers.org/combine.specifications/omex-metadata"/>\n'

    # SBML
    writeSBML3FBC(mod, sbmlf, ptmp, add_cbmpy_annot=add_cbmpy_annot, add_cobra_annot=add_cobra_annot)
    zf.write(os.path.join(ptmp, sbmlf), arcname=sbmlf)
    MFstr += ' <content location="./{}" format="http://identifiers.org/combine.specifications/sbml.level-3.version-1"/>\n'.format(sbmlf)

    # Excel
    if withExcel and _HAVE_XLWT_:
        writeModelToExcel97(mod, os.path.join(ptmp, xlf))
        xlf += '.xls'
        zf.write(os.path.join(ptmp, xlf), arcname=xlf)
        MFstr += ' <content location="./{}" format="http://mediatypes.appspot.com/application/vnd.ms-excel"/>'.format(xlf)
    MF = file(os.path.join(ptmp, 'manifest.xml'), 'w')
    MF.write('<?xml version="1.0" encoding="utf-8"?>\n{}\n</omexManifest>\n'.format(MFstr))
    MF.close()


    MD = file(os.path.join(ptmp, 'metadata.rdf'), 'w')
    MD.write('<?xml version="1.0" encoding="UTF-8"?>\n')
    MD.write('<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"\n')
    MD.write('    xmlns:dcterms="http://purl.org/dc/terms/"\n')
    MD.write('    xmlns:vCard="http://www.w3.org/2006/vcard/ns#"\n')
    MD.write('    xmlns:bqmodel="http://biomodels.net/models-qualifiers">\n')
    MD.write(' <rdf:Description rdf:about=".">\n')
    #MDstr += '   <dcterms:description>\n     %s\n    </dcterms:description>\n' % self.omex_description
    MDstr += ' <dcterms:creator>\n'
    MDstr += ' <rdf:Bag>\n'
    MDstr += '  <rdf:li rdf:parseType="Resource">\n'
    MDstr += '   <vCard:hasName rdf:parseType="Resource">\n'
    MDstr += '    <vCard:family-name>{}</vCard:family-name>\n'.format(vc_family)
    MDstr += '    <vCard:given-name>{}</vCard:given-name>\n'.format(vc_given)
    MDstr += '   </vCard:hasName>\n'
    MDstr += '   <vCard:hasEmail rdf:resource="{}" />\n'.format(vc_email)
    MDstr += '   <vCard:organization-name>\n'
    MDstr += '      {}\n'.format(vc_org)
    MDstr += '   </vCard:organization-name>\n'
    MDstr += '  </rdf:li>\n'
    MDstr += ' </rdf:Bag>\n'
    MDstr += ' </dcterms:creator>\n'
    MDstr += '   <dcterms:created rdf:parseType="Resource">\n'
    MDstr += '    <dcterms:W3CDTF>{}</dcterms:W3CDTF>\n'.format(scTime)
    MDstr += '   </dcterms:created>\n'
    MDstr += '   <dcterms:modified rdf:parseType="Resource">\n'
    MDstr += '    <dcterms:W3CDTF>{}</dcterms:W3CDTF>\n'.format(scTime)
    MDstr += '   </dcterms:modified>\n'
    MD.write('{}'.format(MDstr))
    MD.write(' </rdf:Description>\n')
    MD.write('</rdf:RDF> \n')
    MD.close()

    zf.write(os.path.join(ptmp, 'manifest.xml'), arcname='manifest.xml')
    zf.write(os.path.join(ptmp, 'metadata.rdf'), arcname='metadata.rdf')
    zf.close()

    for f_ in os.listdir(ptmp):
        os.remove(os.path.join(ptmp, f_))
    os.removedirs(ptmp)
    print('COMBINE archive created: {}'.format(fname+'.zip'))






          

      

      

    


    
        © Copyright 2009-2015, Brett G. Olivier.
      Last updated on Aug 13, 2015.
      Created using Sphinx 1.3.1.
    

  

_static/comment-bright.png





_modules/pyscescbm/PyscesStoich.html


    
      Navigation


      
        		
          index


        		
          modules |


        		PySCeS CBMPy »


          		Module code »

 
      


    


    
      
          
            
  Source code for pyscescbm.PyscesStoich

"""
PySCeS - Python Simulator for Cellular Systems (http://pysces.sourceforge.net)

Copyright (C) 2004-2015 B.G. Olivier, J.M. Rohwer, J.-H.S Hofmeyr all rights reserved,

Brett G. Olivier (bgoli@users.sourceforge.net)
Triple-J Group for Molecular Cell Physiology
Stellenbosch University, South Africa.

Permission to use, modify, and distribute this software is given under the
terms of the PySceS (BSD style) license. See LICENSE.txt that came with
this distribution for specifics.

NO WARRANTY IS EXPRESSED OR IMPLIED.  USE AT YOUR OWN RISK.
Brett G. Olivier
"""

# preparing for Python 3 port
from __future__ import division, print_function
from __future__ import absolute_import
#from __future__ import unicode_literals


from pyscescbm.CBConfig import __CBCONFIG__ as __CBCONFIG__
__DEBUG__ = __CBCONFIG__['DEBUG']
__version__ = __CBCONFIG__['VERSION']

import time, os
import scipy
import scipy.linalg
if int(scipy.__version__.split('.')[1]) < 12:
    myfblas = scipy.linalg.fblas
    myflapack = scipy.linalg.flapack
else:
    myfblas = scipy.linalg.blas
    myflapack = scipy.linalg.lapack

import copy

__doc__ = """
          PyscesStoich
          ------------
          PySCeS stoichiometric analysis classes.

          """

##  print('Stoichiometry ver ' + __version__ + ' runtime: '+ time.strftime("%H:%M:%S"))

__psyco_active__ = 0
##  try:
    ##  import psyco
    ##  psyco.profile()
    ##  __psyco_active__ = 1
    ##  print 'PySCeS Stoichiometry Module is now PsycoActive!'
##  except:
    ##  __psyco_active__ = 0

##stoich_zero_valM = scipy.machar.MachAr().eps*2.0e4 # safer --> about 4e-11 (unofficially - a minpivot size)
##stoich_zero_valM = scipy.machar.MachAr().eps*2.0e4 # safe --> about 4e-12 (unofficially - a minpivot size)
##print '\tStoichiometric precision = ', stoich_zero_valM

[docs]class StructMatrix:
    """
    This class is specifically designed to store structural matrix information
    give it an array and row/col index permutations it can generate its own
    row/col labels given the label src.
    """

    array = None
    ridx = None
    cidx = None
    row = None
    col = None
    shape = None

    def __init__(self, array, ridx, cidx, row=None, col=None):
        """
        Instantiate with array and matching row/col index arrays, optional label arrays
        """
        self.array = array
        self.ridx = ridx
        self.cidx = cidx
        self.row = row
        self.col = col
        self.shape = array.shape

    def __call__(self):
        return self.array

[docs]    def getRowsByIdx(self, *args):
        """Return the rows referenced by index (1,3,5)"""
        return self.array.take(args, axis=0)


[docs]    def getColsByIdx(self, *args):
        """Return the columns referenced by index (1,3,5)"""
        return self.array.take(args, axis=1)


[docs]    def setRow(self, src):
        """
        Assuming that the row index array is a permutation (full/subset)
        of a source label array by supplying that source to setRow it
        maps the row labels to ridx and creates self.row (row label list)
        """
        self.row = [src[r] for r in self.ridx]


[docs]    def setCol(self, src):
        """
        Assuming that the col index array is a permutation (full/subset)
        of a source label array by supplying that src to setCol
        maps the row labels to cidx and creates self.col (col label list)
        """

        self.col = [src[c] for c in self.cidx]


[docs]    def getRowsByName(self, *args):
        """Return the rows referenced by label ('s','x','d')"""
        assert self.row != None, "\nI need row labels"
        try:
            return self.array.take([self.row.index(l) for l in args], axis=0)
        except Exception as ex:
            print(ex)
            print("\nValid row labels are: %s" % self.row)
            return None


[docs]    def getColsByName(self, *args):
        """Return the columns referenced by label ('s','x','d')"""
        assert self.col != None, "\nI need column labels"
        try:
            return self.array.take([self.col.index(l) for l in args], axis=1)
        except Exception as ex:
            print(ex)
            print("Valid column labels are: %s" % self.col)
            return None


[docs]    def getLabels(self, axis='all'):
        """Return the matrix labels ([rows],[cols]) where axis='row'/'col'/'all'"""
        if axis == 'row': return self.row
        elif axis == 'col': return self.col
        else: return self.row, self.col


[docs]    def getIndexes(self, axis='all'):
        """Return the matrix indexes ([rows],[cols]) where axis='row'/'col'/'all'"""
        if axis == 'row': return self.ridx
        elif axis == 'col': return self.cidx
        else: return self.ridx, self.cidx


    def getByIdx(self, row, col):
        assert row in self.ridx, '\n%s is an invalid index' % row
        assert col in self.cidx, '\n%s is an invalid index' % col
        return self.array[row, col]

    def getByName(self, row, col):
        assert row in self.row, '\n%s is an invalid name' % row
        assert col in self.col, '\n%s is an invalid name' % col
        return self.array[self.row.index(row), self.col.index(col)]

    def setByIdx(self, row, col, val):
        assert row in self.ridx, '\n%s is an invalid index' % row
        assert col in self.cidx, '\n%s is an invalid index' % col
        self.array[row, col] = val

    def setByName(self, row, col, val):
        assert row in self.row, '\n%s is an invalid name' % row
        assert col in self.col, '\n%s is an invalid name' % col
        self.array[self.row.index(row), self.col.index(col)] = val


[docs]class MathArrayFunc(object):
    """A class of basic array functions some LAPACK based"""

    __doc__ = '''PySCeS array functions - used by Stoich'''

    array_kind = {'i':0, 'l': 0, 'f': 0, 'd': 0, 'F': 1, 'D': 1}
    array_precision = {'i': 1, 'l': 1, 'f': 0, 'd': 1, 'F': 0, 'D': 1}
    array_type = [['f', 'd'], ['F', 'D']]
    LinAlgError = 'LinearAlgebraError'

[docs]    def commonType(self,*arrays):
        """
        commonType(\*arrays)

        Numeric detect and set array precision (will be replaced with new scipy.core compatible code when ready)

        Arguments:

        \*arrays: input arrays

        """
        kind = 0
    #    precision = 0
    #   force higher precision in lite version
        precision = 1
        for a in arrays:
            t = a.dtype.char
            kind = max(kind, self.array_kind[t])
            precision = max(precision, self.array_precision[t])

        return self.array_type[kind][precision]


[docs]    def castCopyAndTranspose(self,type, *arrays):
        """
        castCopyAndTranspose(type, \*arrays)

        Cast numeric arrays to required type and transpose

        Arguments:

        type: the required type to cast to
        \*arrays: the arrays to be processed

        """
        cast_arrays = ()
        for a in arrays:
            if a.typecode() == type:
                cast_arrays = cast_arrays + (copy.copy(scipy.transpose(a)),)
            else:
                cast_arrays = cast_arrays + (copy.copy(scipy.transpose(a).astype(type)),)
        if len(cast_arrays) == 1:
                return cast_arrays[0]
        else:
            return cast_arrays


[docs]    def assertRank2(self,*arrays):
        """
        assertRank2(\*arrays)

        Check that we are using a 2D array

        Arguments:

        \*arrays: input array(s)

        """
        for a in arrays:
            if len(a.shape) != 2:
                raise LinAlgError('Array must be two-dimensional')



[docs]    def SwapCol(self,res_a,r1,r2):
        """
        SwapCol(res_a,r1,r2)

        Swap two columns using BLAS swap, arrays can be (or are upcast to) type double (d) or double complex (D).
        Returns the colswapped array

        Arguments:

        res_a: the input array
        r1: the first column to be swapped
        r2: the second column to be swapped

        """
        if self.array_kind[self.commonType(res_a)] == 1:      # brett 20041226 added complex support to swap
            res_a = res_a.astype('D')
            return self.SwapColz(res_a,r1,r2)
        else:
            res_a = res_a.astype('d')
            return self.SwapCold(res_a,r1,r2)



[docs]    def SwapRow(self,res_a,r1,r2):
        """
        SwapRow(res_a,r1,r2)

        Swaps two rows using BLAS swap, arrays can be (or are upcast to) type double (d) or double complex (D).
        Returns the rowswapped array.

        Arguments:

        res_a: the input array
        r1: the first row index to be swapped
        r2:  the second row index to be swapped

        """
        if self.array_kind[self.commonType(res_a)] == 1:      # brett 20041226 added complex support to swap
            res_a = res_a.astype('D')
            return self.SwapRowz(res_a,r1,r2)
        else:
            res_a = res_a.astype('d')
            return self.SwapRowd(res_a,r1,r2)


[docs]    def SwapElem(self,res_a,r1,r2):
        """
        SwapElem(res_a,r1,r2)

        Swaps two elements in a 1D vector

        Arguments:

        res_a: the input vector
        r1: index 1
        r2: index 2

        """
        res_a[r1],res_a[r2] = res_a[r2],res_a[r1]
        return (res_a)


[docs]    def SwapCold(self,res_a,c1,c2):
        """
        SwapCold(res_a,c1,c2)

        Swaps two double (d) columns in an array using BLAS DSWAP. Returns the colswapped array.

        Arguments:

        res_a: input array
        c1: column index 1
        c2: column index 2

        """
        res_a = res_a.astype('d')
        res_a[:,c1],res_a[:,c2] = myfblas.dswap(res_a[:,c1],res_a[:,c2])
        return (res_a)


[docs]    def SwapRowd(self,res_a,r1,r2):
        """
        SwapRowd(res_a,c1,c2)

        Swaps two double (d) rows in an array using BLAS DSWAP. Returns the rowswapped array.

        Arguments:

        res_a: input array
        c1: row index 1
        c2: row index 2

        """
        res_a = res_a.astype('d')
        res_a[r1,:],res_a[r2,:] = myfblas.dswap(res_a[r1,:],res_a[r2,:])
        return (res_a)


[docs]    def SwapColz(self,res_a,c1,c2):
        """
        SwapColz(res_a,c1,c2)

        Swaps two double complex (D) columns in an array using BLAS ZSWAP. Returns the colswapped array.

        Arguments:

        res_a: input array
        c1: column index 1
        c2: column index 2

        """
        res_a = res_a.astype('D')
        res_a[:,c1],res_a[:,c2] = myfblas.zswap(res_a[:,c1],res_a[:,c2])
        return (res_a)


[docs]    def SwapRowz(self,res_a,r1,r2):
        """
        SwapRowz(res_a,c1,c2)

        Swaps two double complex (D) rows in an array using BLAS ZSWAP. Returns the rowswapped array.

        Arguments:

        res_a: input array
        c1: row index 1
        c2: row index 2

        """
        res_a = res_a.astype('D')
        res_a[r1,:],res_a[r2,:] = myfblas.zswap(res_a[r1,:],res_a[r2,:])
        return (res_a)


[docs]    def MatrixFloatFix(self,mat,val=1.e-15):
        """
        MatrixFloatFix(mat,val=1.e-15)

        Clean an array removing any floating point artifacts defined as being smaller than a specified value.
        Processes an array inplace

        Arguments:

        mat: the input 2D array
        val [default=1.e-15]: the threshold value (effective zero)

        """
        zero_vals = (abs(mat) < val)

        for x in range(mat.shape[0]):
            for y in range(mat.shape[1]):
                if zero_vals[x,y]:
                    mat[x,y] = 0.0
                ##  if abs(mat[x,y]) != 0.0 and abs(mat[x,y]) < val:
                    ##  mat[x,y] = round(mat[x,y])
                    ##  if abs(mat[x,y]) < val:
                        ##  #mat[x,y] = round(mat[x,y])
                        ##  mat[x,y] = 0.0
        del zero_vals


[docs]    def MatrixValueCompare(self,matrix):
        """
        MatrixValueCompare(matrix)

        Finds the largest/smallest abs(value) > 0.0 in a matrix.
        Returns a tuple containing (smallest,largest) values

        Arguments:

        matrix: the input 2D array

        """
        val_B = 0.0
        val_S = 1.0e30
        for x in range(matrix.shape[0]):
            for y in range(matrix.shape[1]):
                if abs(matrix[x,y]) > abs(val_B) and abs(matrix[x,y]) != 0.0:
                    val_B = matrix[x,y]
                if abs(matrix[x,y]) < abs(val_S) and abs(matrix[x,y]) != 0.0:
                    val_S = matrix[x,y]
        return (val_S,val_B)




[docs]class Stoich(MathArrayFunc):
    '''PySCeS stoichiometric analysis class: initialized with a stoichiometric matrix N (input)'''
    __stoichdiagmode__ = 0
    __version__ = __version__
    __TimeFormat = "%H:%M:%S"
    USE_QR = False
    info_moiety_conserve = False

    def __init__(self,input):
        """Initialize class variables"""

        self.nmatrix = input
        row,col = self.nmatrix.shape
        self.nmatrix_col = tuple(scipy.array(range(col)))
        self.nmatrix_row = tuple(scipy.array(range(row)))

        #Create a machine specific instance
        from scipy import MachAr
        mach_spec = MachAr()

        self.stoichiometric_analysis_fp_zero = mach_spec.eps*2.0e4
        self.stoichiometric_analysis_lu_precision = self.stoichiometric_analysis_fp_zero
        self.stoichiometric_analysis_gj_precision = self.stoichiometric_analysis_lu_precision*10.0

        self.species = None
        self.reactions = None

[docs]    def AnalyseK(self):
        """
        AnalyseK()

        Evaluate the stoichiometric matrix and calculate the nullspace using LU decomposition and backsubstitution .
        Generates the MCA K and Ko arrays and associated row and column vectors

        Arguments:
        None

        """
        print('Calculating K matrix .',)

        self.info_flux_conserve = 0  #added 20020416 for conservation detection

        if self.__stoichdiagmode__:
            print('\nKMATRIX\nGetUpperMatrix: ' + time.strftime(self.__TimeFormat))

        p,u,row_vector,column_vector = self.GetUpperMatrix(self.nmatrix)
        #p,u,row_vector,column_vector = self.GetUpperMatrixUsingQR(self.nmatrix)
        if self.__stoichdiagmode__:
            print('\nKMATRIX\nScalePivots: ' + time.strftime(self.__TimeFormat))

        unipiv_a = self.ScalePivots(u)
        if self.__stoichdiagmode__:
            print('\nKMATRIX\nBackSubstitution: ' + time.strftime(self.__TimeFormat))

        R_a,row_vector,column_vector = self.BackSubstitution(unipiv_a,row_vector,column_vector)
        if self.__stoichdiagmode__:
            print('\nKMATRIX\nK_split_R: ' + time.strftime(self.__TimeFormat))

        r_ipart,r_fpart,row_vector,column_vector,nullspace,r_fcolumns,self.info_flux_conserve = self.K_split_R(R_a,row_vector,column_vector)
        # Don't need anymore ... I think - brett 20051013
##        try:
##            self.MatrixFloatFix(nullspace,val=self.stoichiometric_analysis_lu_precision)
##        except Exception as e:
##            if self.__stoichdiagmode__:
##                print('Ignored (no K)',e) # brett 20050801


        if self.__stoichdiagmode__:
            print('\nKMATRIX\n' + time.strftime(self.__TimeFormat))

        self.kmatrix = nullspace
        self.kmatrix_row = tuple(row_vector)
        self.kmatrix_col = tuple(column_vector)

        self.kzeromatrix = r_fpart
        self.kzeromatrix_row = tuple(r_fcolumns)
        self.kzeromatrix_col = tuple(column_vector)
        print(' done.')


[docs]    def AnalyseL(self):
        """
        AnalyseL()

        Evaluate the stoichiometric matrix and calculate the left nullspace using LU factorization and backsubstitution.
        Generates the MCA L, Lo, Nr and Conservation matrix and associated row and column vectors

        Arguments:
        None

        """
        print('Calculating L matrix .',)

        a = scipy.transpose(self.nmatrix)
        self.info_moiety_conserve = False #added 20020416 for conservation detection

        if self.__stoichdiagmode__:
            print('\nLMATRIX\nGetUpperMatrix: ' + time.strftime(self.__TimeFormat))


        if not self.USE_QR:
            p,u,row_vector,column_vector = self.GetUpperMatrix(a)
        else:
            p,u,row_vector,column_vector = self.GetUpperMatrixUsingQR(a)
        if self.__stoichdiagmode__:
            print('\nLMATRIX\nScalePivots: ' + time.strftime(self.__TimeFormat))
        unipiv_a = self.ScalePivots(u)
        if self.__stoichdiagmode__:
            print('\nLMATRIX\nBackSubstitution: ' + time.strftime(self.__TimeFormat))

        R_a,row_vector,column_vector = self.BackSubstitution(unipiv_a,row_vector,column_vector)
        if self.__stoichdiagmode__:
            print('\nLMATRIX\nK_split_R: ' + time.strftime(self.__TimeFormat))

        r_ipart,consmatrix,cons_row_vector,cons_col_vector,lmatrix,lmatrix_row_vector,\
        lmatrix_col_vector,lomatrix,lomatrix_row_vector,lomatrix_col_vector,nrmatrix,Nred_vector,\
        Nred_vector_col,self.info_moiety_conserve = self.L_split_R(a,R_a,row_vector,column_vector)
        # Don't need anymore ... i think - brett 20051013
 ##       try:
 ##           self.MatrixFloatFix(consmatrix,val=self.stoichiometric_analysis_lu_precision)
 ##       except Exception as e:
 ##           if self.__stoichdiagmode__:
 ##               print('Ignored (no L)',e) # brett 20050801

        if self.__stoichdiagmode__:
            print('\nLMATRIX\n' + time.strftime(self.__TimeFormat))

        self.lmatrix = lmatrix
        self.lmatrix_row = tuple(lmatrix_row_vector)
        self.lmatrix_col = tuple(lmatrix_col_vector)

        self.lzeromatrix = lomatrix
        self.lzeromatrix_row = tuple(lomatrix_row_vector)
        self.lzeromatrix_col = tuple(lomatrix_col_vector)

        self.conservation_matrix = consmatrix
        self.conservation_matrix_row = tuple(cons_row_vector)
        self.conservation_matrix_col = tuple(cons_col_vector)

        self.nrmatrix = nrmatrix
        self.nrmatrix_row = tuple(Nred_vector)
        self.nrmatrix_col = tuple(scipy.copy(self.nmatrix_col))
        print(' done.')



[docs]    def PivotSort(self,a,row_vector,column_vector):
        """
        PivotSort(a,row_vector,column_vector)

        This is a sorting routine that accepts a matrix and row/colum vectors
        and then sorts them so that: there are no zero rows (by swapping with first
        non-zero row) The abs(largest) pivots are moved onto the diagonal to maintain
        numerical stability. Row and column swaps are recorded in the tracking vectors.

        Arguments:

        a: the input array
        row_vector: row tracking vector
        column_vector: column tracking vector

        """
        t = self.commonType(a)
        row,col = a.shape

        for z in range(0,min(row,col)):
            if abs(a[z,z]) < self.stoichiometric_analysis_lu_precision:
                maxV = self.stoichiometric_analysis_lu_precision
                maxP = (None,None)
                zeroP = (None,None)

                mList = []
                for x in range(z,min(row,col)):
                    mList.append((x,max(abs(a[x,x:]))))
                mVal = 0.0
                mRow = None
                #print(mList)
                for el in mList:
                    if el[1] > mVal:
                        mVal = el[1]
                        mRow = el[0]
                if self.__stoichdiagmode__:
                    print('\tmVal', mVal, mRow)

                if mRow != None:
                    for y in range(z,col):
                        if abs(a[mRow,y]) > abs(maxV) and abs(a[mRow,y]) > self.stoichiometric_analysis_lu_precision:
                            maxV = a[mRow,y]
                            maxP = (mRow,y)

                if zeroP != (None,None) and zeroP != (z,z) and mRow != None:
                    if self.__stoichdiagmode__:
                        print('  Swapping: ', (z,z), (zeroP[0],zeroP[1]), 1.0)
                    a = self.SwapRowd(a,z,zeroP[0])
                    a = self.SwapCold(a,z,zeroP[1])
                    row_vector = self.SwapElem(row_vector,z,zeroP[0])
                    column_vector = self.SwapElem(column_vector,z,zeroP[1])
                elif maxP != (None,None) and maxP != (min(row,col),min(row,col)) and mRow != None:
                    if self.__stoichdiagmode__:
                        print('  Swapping: ', (z,z), (maxP[0],maxP[1]), a[z,z], maxV)
                    a = self.SwapRowd(a,z,maxP[0])
                    a = self.SwapCold(a,z,maxP[1])
                    row_vector = self.SwapElem(row_vector,z,maxP[0])
                    column_vector = self.SwapElem(column_vector,z,maxP[1])

        return(a,row_vector,column_vector)


[docs]    def PivotSort_initial(self,a,row_vector,column_vector):
        """
        PivotSort_initial(a,row_vector,column_vector)

        This is a sorting routine that accepts a matrix and row/colum vectors
        and then sorts them so that: the abs(largest) pivots are moved onto the diagonal to maintain
        numerical stability i.e. the matrix diagonal is in descending max(abs(value)).
        Row and column swaps are recorded in the tracking vectors.

        Arguments:

        a: the input array
        row_vector: row tracking vector
        column_vector: column tracking vector

        """

        # SAME AS THE ABOVE JUST DOES ALL VALUES NOT ONLY NON_ZERO ONES
        # brett 200500802

        t = self.commonType(a)
        row,col = a.shape

        for z in range(0,min(row,col)):
            if z == 0 or abs(a[z,z]) < abs(a[z-1,z-1]):
                maxV = self.stoichiometric_analysis_lu_precision
                maxP = (None,None)
                zeroP = (None,None)
                mList = []
                for x in range(z,min(row,col)):
                    mList.append((x,max(abs(a[x,x:]))))
                mVal = 0.0
                mRow = None
                for el in mList:
                    if el[1] > mVal:
                        mVal = el[1]
                        mRow = el[0]
                if self.__stoichdiagmode__:
                    print('\tmVal', mVal, mRow)

                if mRow != None:
                    for y in range(z,col):
                        if abs(a[x,y]) > abs(maxV) and abs(a[x,y]) > self.stoichiometric_analysis_lu_precision:
                            maxV = a[x,y]
                            maxP = (x,y)

                if maxP != (None,None) and maxP != (min(row,col),min(row,col)) and maxP != (z,z):
                    if self.__stoichdiagmode__:
                        print('  Swapping: ', (z,z), (maxP[0],maxP[1]), a[z,z], maxV)
                    a = self.SwapRowd(a,z,maxP[0])
                    a = self.SwapCold(a,z,maxP[1])
                    row_vector = self.SwapElem(row_vector,z,maxP[0])
                    column_vector = self.SwapElem(column_vector,z,maxP[1])

        return(a,row_vector,column_vector)



[docs]    def PLUfactorize(self,a_in):
        """
        PLUfactorize(a_in)

        Performs an LU factorization using LAPACK D/ZGetrf. Now optimized for FLAPACK interface.
        Returns LU - combined factorization, IP - rowswap information and info - Getrf error control.

        Arguments:

        a_in: the matrix to be factorized

        """
        print('.',)

        self.assertRank2(a_in)
        t = self.commonType(a_in)
        if a_in.dtype.char == 'D':
            #print('Complex matrix ' + a_in.typecode())
            ##  a = copy.copy(scipy.transpose(a_in))
            # brett 201106 flapack optimize
            a = a_in.copy()
        elif a_in.dtype.char == 'd':
            #print('Float matrix ' + a_in.typecode())
            ##  a = copy.copy(scipy.transpose(a_in))
            # brett 201106 flapack optimize
            a = a_in.copy()
        else:
            #print('Other matrix casting to double, was: ' + a_in.typecode())
            ##  a = copy.copy(scipy.transpose(a_in).astype('d'))
            # brett 201106 flapack optimize
            a = a_in.copy().astype('d')
        Using_FLAPACK = 1
        # brett 20110620 - clapack support is being removed from scipy going exclusively flapack now
        # brett 20041226 - protecting ourselves against flapack
        ##  try:
            ##  scipy.linalg.clapack.empty_module()
            ##  Using_FLAPACK = 1
            ##  print("Using FLAPACK")
        ##  except:
            ##  print("Using CLAPACK")

        if Using_FLAPACK == 1:
            try:
                if self.array_kind[t] == 1:
                    getrf = myflapack.zgetrf #scipy flapack 20041226
                else:
                    getrf = myflapack.dgetrf #scipy flapack 20041226
            except Exception as e:
                print("FLAPACK error", e)
        ##  else:
            ##  try:
                ##  if self.array_kind[t] == 1:
                    ##  getrf = scipy.linalg.clapack.zgetrf #scipy clapack (ATLAS) 20030605
                ##  else:
                    ##  getrf = scipy.linalg.clapack.dgetrf #scipy clapack (ATLAS) 20030605
            ##  except Exception as e:
                ##  print("CLAPACK error", e)

        if Using_FLAPACK == 1:
            ##  results = getrf(scipy.transpose(a)) # brett 20041226
            results = getrf(a) # brett 201106
        ##  else:
            ##  # This is a $%^&*( ... suddenly with latest cvs f2py getrf only accepts arrays
            ##  # not vectors so this song and dance is necessary to fix this 'behaviour'
            ##  # as idiotic as it seems, we pad the vector with a zero row (no difference numerically)
            ##  # run it through getrf and then strip it afterwards !@#$%^&*() - brett 20050707
            ##  if a.shape[0] == 1:
                ##  tarr = scipy.zeros((a.shape[0]+1,a.shape[1]),'d')
                ##  tarr[0] = a[0]

                ##  results = getrf(tarr) #scipy cblas (ATLAS) 20030506 -- this is normal

                ##  results = list(results)
                ##  results[0] = scipy.array([results[0][0]])
                ##  results[1] = scipy.array([results[1][0]],'i')
                ##  results[2] = results[2]
                ##  results = tuple(results)
            ##  else:
                ##  results = getrf(a) #scipy cblas (ATLAS) 20030506 -- this is normal

        results = list(results)

        if results[2] < 0:
            print('Argument ', results['info'], ' had an illegal value')
            raise LinAlgError
        elif results[2] > 0:
            pass

        if Using_FLAPACK == 1:
            result = results[0] # brett 20041226
        ##  else:
            ##  result = scipy.transpose(results[0]) # -- this is normal

        badlist = []
        for x in range(result.shape[0]):
            for y in range(result.shape[1]):
                if abs(result[x,y]) != 0.0 and abs(result[x,y]) < self.stoichiometric_analysis_lu_precision:
                    result[x,y] = 0.0        # gets rid of the -0.0 irritation
                    if len(badlist) == 0 and (x,y) == (x,x): # catch 1st float on a pivot
                        badlist.append(x)
        if len(badlist) != 0:
            results[2] = badlist[0]-1 # 20040423 if float was on a pivot - refactorize

        return(result,results[1],results[2]) #scipy cblas (ATLAS?) 20030506


    ##  def PLUfactorizeOLD(self,a_in):
        ##  """
        ##  PLUfactorize(a_in) OLD PRE SCIPY 0.10 uses clapack

        ##  Performs an LU factorization using LAPACK D/ZGetrf.
        ##  Returns LU - combined factorization, IP - rowswap information and info - Getrf error control.

        ##  Arguments:

        ##  a_in: the matrix to be factorized

        ##  """
        ##  print('.',)

        ##  self.assertRank2(a_in)
        ##  t = self.commonType(a_in)
        ##  if a_in.dtype.char == 'D':
            ##  #print 'Complex matrix ' + a_in.typecode()
            ##  a = copy.copy(scipy.transpose(a_in))
        ##  elif a_in.dtype.char == 'd':
            ##  #print 'Float matrix ' + a_in.typecode()
            ##  a = copy.copy(scipy.transpose(a_in))
        ##  else:
            ##  #print 'Other matrix casting to double, was: ' + a_in.typecode()
            ##  a = copy.copy(scipy.transpose(a_in).astype('d'))
        ##  Using_FLAPACK = 0
        ##  # brett 20041226 - protecting ourselves against flapack
        ##  try:
            ##  scipy.linalg.clapack.empty_module()
            ##  Using_FLAPACK = 1
            ##  print "Using FLAPACK"
        ##  except:
            ##  print "Using CLAPACK"

        ##  if Using_FLAPACK == 1:
            ##  try:
                ##  if self.array_kind[t] == 1:
                    ##  getrf = myflapack.zgetrf #scipy flapack 20041226
                ##  else:
                    ##  getrf = myflapack.dgetrf #scipy flapack 20041226
            ##  except Exception as e:
                ##  print "FLAPACK error", e
        ##  else:
            ##  try:
                ##  if self.array_kind[t] == 1:
                    ##  getrf = scipy.linalg.clapack.zgetrf #scipy clapack (ATLAS) 20030605
                ##  else:
                    ##  getrf = scipy.linalg.clapack.dgetrf #scipy clapack (ATLAS) 20030605
            ##  except Exception as e:
                ##  print "CLAPACK error", e

        ##  if Using_FLAPACK == 1:
            ##  results = getrf(scipy.transpose(a)) # brett 20041226
        ##  else:
            ##  # This is a $%^&*( ... suddenly with latest cvs f2py getrf only accepts arrays
            ##  # not vectors so this song and dance is necessary to fix this 'behaviour'
            ##  # as idiotic as it seems, we pad the vector with a zero row (no difference numerically)
            ##  # run it through getrf and then strip it afterwards !@#$%^&*() - brett 20050707
            ##  if a.shape[0] == 1:
                ##  tarr = scipy.zeros((a.shape[0]+1,a.shape[1]),'d')
                ##  tarr[0] = a[0]

                ##  results = getrf(tarr) #scipy cblas (ATLAS) 20030506 -- this is normal

                ##  results = list(results)
                ##  results[0] = scipy.array([results[0][0]])
                ##  results[1] = scipy.array([results[1][0]],'i')
                ##  results[2] = results[2]
                ##  results = tuple(results)
            ##  else:
                ##  results = getrf(a) #scipy cblas (ATLAS) 20030506 -- this is normal

        ##  results = list(results)

        ##  if results[2] < 0:
            ##  print('Argument ', results['info'], ' had an illegal value')
            ##  raise LinAlgError
        ##  elif results[2] > 0:
            ##  pass

        ##  if Using_FLAPACK == 1:
            ##  result = results[0] # brett 20041226
        ##  else:
            ##  result = scipy.transpose(results[0]) # -- this is normal


        ##  badlist = []
        ##  for x in range(result.shape[0]):
            ##  for y in range(result.shape[1]):
                ##  if abs(result[x,y]) != 0.0 and abs(result[x,y]) < self.stoichiometric_analysis_lu_precision:
                    ##  result[x,y] = 0.0        # gets rid of the -0.0 irritation
                    ##  if len(badlist) == 0 and (x,y) == (x,x): # catch 1st float on a pivot
                        ##  badlist.append(x)
        ##  if len(badlist) != 0:
            ##  results[2] = badlist[0]-1 # 20040423 if float was on a pivot - refactorize

        ##  return(result,results[1],results[2]) #scipy cblas (ATLAS?) 20030506


[docs]    def SplitLU(self,plu,row,col,t=None):
        """
        SplitLU(plu,row,col,t)

        PLU takes the combined LU factorization computed by PLUfactorize and extracts the upper matrix.
        Returns U.

        Arguments:

        plu: LU factorization
        row: row tracking vector
        col: column tracking vector
        t [default=None)]: typecode argument (currently not used)

        """
        print('.',)

        if self.__stoichdiagmode__:
            print('\n',row,col)
        for cl in range(0,min(row,col)):
            plu[cl+1:,cl] = 0.0
        return plu


[docs]    def GetUpperMatrix(self,a):
        """
        GetUpperMatrix(a)

        Core analysis algorithm; an input is preconditioned using PivotSort_initial and then cycles of PLUfactorize and
        PivotSort are run until the factorization is completed. During this process the matrix is reordered by
        column swaps which emulates a full pivoting LU factorization. Returns the pivot matrix P, upper factorization U
        as well as the row/col tracking vectors.

        Arguments:

        a: a stoichiometric matrix

        """
        print('.',)

        t = self.commonType(a)
        row,col = a.shape

        # this is a test brett 20050802
        row_vector = scipy.array((range(row)))
        column_vector = scipy.array((range(col)))
        a,row_vector,column_vector = self.PivotSort_initial(a,row_vector,column_vector)

        #18/09/2000 PLUfactorize included in self.GetUpperMatrix
        a,ip,info = self.PLUfactorize(a)

        # get U from getrf's PLU
        if self.__stoichdiagmode__:
            print(info)
        upper_out = self.SplitLU(a,row,col,t)

        p_out = scipy.identity(row)
        for x in range(0,min(row,col)):
            if x + 1 != ip[x]:
                p_out = self.SwapRowd(p_out,x,(ip[x]-1))
                row_vector = self.SwapElem(row_vector,x,(ip[x]-1))

        '''31/08/2000 Added to try to make sure that pivots exist only on the upper left side of the matrix
        max(abs(upper_out[x,:])) used instead of abs(max(upper_out[x,:])) otherwise for rows where
        all elements < 0 zero is maximum, this way the max of positive values is used'''

        upper_out,row_vector,column_vector = self.PivotSort(upper_out,row_vector,column_vector)


        '''20/09/2000 This bit sorts out the echelon matrix by running (if needed) cycles of
        self.PLUfactorize, self.GetUpperMatrix, and pivsort until only a staircase matrix remains. It uses both the error
        generated by self.PLUfactorize(info) and go_flag to control itself'''

        if info > 0:
            #Here we check to see if the error is not in the last or reduced-last column if it is - exit
    #        go_flag = 'yes' # 2001/04/26 changed for Python21 and future compatibility
            go_flag = 1
            for x in range (0,min(row,col)):
                if abs(upper_out[x,x]) > self.stoichiometric_analysis_lu_precision:
                    pos_holder = x
            if pos_holder + 1 < info and pos_holder + 1 < row:
                if max(abs(upper_out[pos_holder + 1,:])) < self.stoichiometric_analysis_lu_precision:
    #                go_flag = 'no' # 2001/04/26 changed for Python21 and future compatibility
                    go_flag = 0
            elif pos_holder + 1 == info and pos_holder + 1 == min(row,col):
    #            go_flag = 'no' # 2001/04/26 changed for Python21 and future compatibility
                go_flag = 0
    #        while info > 0 and go_flag == 'yes': # 2001/04/26 changed for Python21 and future compatibility
            while info > 0 and go_flag == 1:
                #sort
                #upper_out,row_vector,column_vector = pivot_sort2k5(upper_out,row_vector,column_vector)
                upper_out,row_vector,column_vector = self.PivotSort(upper_out,row_vector,column_vector)
                #PLUfactorize
                if self.__stoichdiagmode__:
                    print(' Echelon: ' + time.strftime(self.__TimeFormat), '(', info,')')
                upper_out,ip,info = self.PLUfactorize(upper_out)

                # get U from getrf's PLU
                if self.__stoichdiagmode__:
                    print(info)
                upper_out = self.SplitLU(upper_out,row,col,t)

                #realign row vector and permutation matrix if necessary
                for x in range(0,min(row,col)):
                    if x + 1 != ip[x]:
                        p_out = self.SwapRowd(p_out,x,(ip[x]-1))
                        row_vector = self.SwapElem(row_vector,x,(ip[x]-1))
                #test if we can exit -- same criteria as before
                for x in range (0,min(row,col)):
                    if abs(upper_out[x,x]) > self.stoichiometric_analysis_lu_precision:
                        pos_holder = x
                if pos_holder + 1 < info and pos_holder + 1 < row:
                    if max(abs(upper_out[pos_holder + 1,:])) < self.stoichiometric_analysis_lu_precision:
    #                    go_flag = 'no' # 2001/04/26 changed for Python21 and future compatibility
                        go_flag = 0
                elif pos_holder + 1 == info and pos_holder + 1 == min(row,col):
    #                go_flag = 'no' # 2001/04/26 changed for Python21 and future compatibility
                    go_flag = 0

        '''This bit will get rid of any zero rows so that we will hopefully only have to work with a
        reduced matrix after this, for completeness the row_vector will also be sliced'''

        for x in range (0,min(row,col)):
            if abs(upper_out[x,x]) > self.stoichiometric_analysis_lu_precision:
                pos_holder = x

        upper_out_r = scipy.zeros((pos_holder + 1,col)).astype(t)
        upper_out_r = upper_out[:pos_holder + 1,:]
        row_vector_r = row_vector[:pos_holder + 1]

        return(p_out,upper_out_r,row_vector_r,column_vector)



[docs]    def GetUpperMatrixUsingQR(self,a):
        """
        GetUpperMatrix(a)

        Core analysis algorithm; an input is preconditioned using PivotSort_initial and then cycles of PLUfactorize and
        PivotSort are run until the factorization is completed. During this process the matrix is reordered by
        column swaps which emulates a full pivoting LU factorization. Returns the pivot matrix P, upper factorization U
        as well as the row/col tracking vectors.

        Arguments:

        a: a stoichiometric matrix

        """
        print('.',)

        t = self.commonType(a)
        row,col = a.shape

        # this is a test brett 20050802
        row_vector = scipy.array((range(row)))
        column_vector = scipy.array((range(col)))
        ##  a,row_vector,column_vector = self.PivotSort(a,row_vector,column_vector)
        a,row_vector,column_vector = self.PivotSort_initial(a,row_vector,column_vector)


        Q,upper_out = scipy.linalg.qr(a)
        self.MatrixFloatFix(upper_out,val=self.stoichiometric_analysis_lu_precision*10.0)


        '''This bit will get rid of any zero rows so that we will hopefully only have to work with a
        reduced matrix after this, for completeness the row_vector will also be sliced'''

        for x in range (0,min(row,col)):
            if abs(upper_out[x,x]) > self.stoichiometric_analysis_lu_precision:
                pos_holder = x


        upper_out_r = scipy.zeros((pos_holder + 1,col)).astype(t)
        p_out = scipy.diag(upper_out.shape[1]*[1.0])
        upper_out_r = upper_out[:pos_holder + 1,:]
        row_vector_r = row_vector[:pos_holder + 1]

        return(p_out,upper_out_r,row_vector_r,column_vector)


[docs]    def ScalePivots(self,a_one):
        """
        ScalePivots(a_one)

        Given an upper triangular matrix U, this method scales the diagonal (pivot values) to one.

        Arguments:

        a_one: an upper triangular matrix U

        """
        print('.',)

        t = self.commonType(a_one)
        row,col = a_one.shape

        '''13/09/2000 We now assume that the matrix has the correct shape ie. the pivots are in a
        perfect staircase'''

        for x in range (0,row):
            if abs(a_one[x,x]) == 0.0: # ths is to prevent NAN's when FixFloat zeros a supersmall pivot
                pass
            elif abs(a_one[x,x]) != 1.0:
                a_one[x,:] = a_one[x,:]/abs(a_one[x,x])
            if a_one[x,x] < 0.0:
                a_one[x,:] = -(a_one[x,:])
        return(a_one)



[docs]    def BackSubstitution(self,res_a,row_vector,column_vector):
        """
        BackSubstitution(res_a,row_vector,column_vector)

        Jordan reduction of a scaled upper triangular matrix. The returned array is now in the form [I R] and can
        be used for nullspace determination. Modified row and column tracking vetors are also returned.

        Arguments:

        res_a: unitary pivot upper triangular matrix
        row_vector: row tracking vector
        column_vector: column tracking vector

        """
        print('.',)

        t = self.commonType(res_a)
        row,col = res_a.shape

        '''13/09/2000 removed the copy thing, and eliminated the divnumb variable. Because we
        are now working with a row reduced matrix upward elimination only works on the pivot cols'''

        # old back substitution circa 2000! brett - 20050801
        ##  bigF = 0
        ##  if max(res_a.shape) > 500:
            ##  bigF = 1
        ##  for y in range (min(row,col)-1,-1,-1):
            ##  if bigF and self.__stoichdiagmode__:
                ##  print('.',)
            ##  for x in range (min(row,col)-2,-1,-1):
                ##  z = x + 1
                ##  while z < min(row,col):
                    ##  if abs(res_a[x,y]) > self.stoichiometric_analysis_gj_precision and abs(res_a[z,y]) > self.stoichiometric_analysis_gj_precision:
                        ##  res_a[x,:] = res_a[x,:] - res_a[z,:]*(res_a[x,y]/res_a[z,y])
                        ##  z = z + 1
                        ##  continue
                    ##  else:
                        ##  z = z + 1

        # new back substitution
        # right looking algorithm that uses array slicing speeds up as it moves down the pivots
        # this algorithm is at least 3X as fast as the old one for a large system - brett 20050805
        bigF = 0
        if max(res_a.shape) > 500:
            bigF = 1
        for x in range(min(row,col)):
            if bigF and self.__stoichdiagmode__:
                print('.',)
            for y in range(x+1,min(row,col)):
                if abs(res_a[x,y]) > self.stoichiometric_analysis_lu_precision:
                    res_a[x,y:] = res_a[x,y:]-(res_a[x,y]*res_a[y,y:])

        # $%^&* wtf is this for??? brett - 20050801 (besides cleaning fp wierdness ... nothing ;-)
        self.MatrixFloatFix(res_a,val=self.stoichiometric_analysis_gj_precision)
        res_a,row_vector,column_vector = self.PivotSort(res_a,row_vector,column_vector)

        return (res_a,row_vector,column_vector)



[docs]    def K_split_R(self,R_a,row_vector,column_vector):
        """
        K_split_R(R_a,row_vector,column_vector)

        Using the R factorized form of the stoichiometric matrix we now form the K and Ko matrices. Returns
        the r_ipart,Komatrix,Krow,Kcolumn,Kmatrix,Korow,info

        Arguments:

        R_a: the Gauss-Jordan reduced stoichiometric matrix
        row_vector: row tracking vector
        column_vector: column tracking vector

        """
        print('.',)

        t = self.commonType(R_a)
        row,col = R_a.shape

        '''14/09/2000 Seeing as we now should have a perfect staircase in a reduced matrix we do
        not have to search for the last pivot it will exist at min(row,col)-1 so the pos_holder
        finding code has been removed (actually moved into self.GetUpperMatrix)'''

        pos_holder = min(row,col) - 1

        '''This bit extracts the identity part from R (future note this could be replaced by an I matrix formed by min(row,col))'''

        r_ipart = scipy.zeros((pos_holder + 1,pos_holder + 1)).astype(t)
        r_ipart = R_a[:pos_holder+1,:pos_holder+1]

        row_i,col_i = r_ipart.shape

        '''If there are free variables, then this bit will extract them and form the row/col vectors'''

        empty_rf = 0
        K_switch = 0 #added 20020416 class attribute for conservation detection 0 = none, 1 = exists

        if col - col_i > self.stoichiometric_analysis_fp_zero:
            r_fpart = scipy.zeros((pos_holder + 1,col - (pos_holder + 1))).astype(t)
            r_fpart = R_a[:pos_holder+1,pos_holder+1:]

            row_vector_dependent = column_vector[:pos_holder + 1]
            row_vector_independent = column_vector[pos_holder + 1:]

            row_vector = scipy.concatenate((row_vector_independent,row_vector_dependent),1)
            column_vector = column_vector[pos_holder + 1:]
            K_switch = 1
        else:
            print('no flux conservation')
            r_fpart = 'no flux conservation'
            empty_rf = 1
            K_switch = 0

    #    if r_fpart == 'F is empty, R = I': # 2001/04/26 changed for Python21 compatibility
        if empty_rf == 1:
            return(r_ipart,r_ipart,column_vector,column_vector,r_ipart,column_vector,K_switch)
        else:
            row,col = r_fpart.shape
            id = scipy.identity(col).astype(t)
            nullspace = scipy.concatenate((id,-r_fpart),0).astype(t)

        #brett 05/11/2002 changed r_fpart to -r_fpart
        return(r_ipart,-r_fpart,row_vector,column_vector,nullspace,row_vector_dependent,K_switch)



[docs]    def L_split_R(self,Nfull,R_a,row_vector,column_vector):
        """
        L_split_R(Nfull,R_a,row_vector,column_vector)

        Takes the Gauss-Jordan factorized N^T and extract the L, Lo, conservation (I -Lo) and reduced stoichiometric matrices. Returns: lmatrix_col_vector, lomatrix, lomatrix_row, lomatrix_co, nrmatrix, Nred_vector_row, Nred_vector_col, info

        Arguments:

        Nfull: the original stoichiometric matrix N
        R_a: gauss-jordan factorized form of N^T
        row_vector: row tracking vector
        column_vector: column tracking vector

        """
        print('.',)

        #print '\nR_a'
        #print str(R_a)
        t = self.commonType(R_a)
        row,col = R_a.shape

        '''14/09/2000 Seeing as we now should have a perfect staircase in a reduced matrix we do
        not have to search for the last pivot it will exist at min(row,col)-1 so the pos_holder
        finding code has been removed (actually moved into self.GetUpperMatrix)'''

        pos_holder = min(row,col) - 1

        '''Here we extract the identity matrix from R (future note this could be replaced by an I matrix formed by min(row,col))'''

        r_ipart = scipy.zeros((pos_holder + 1,pos_holder + 1)).astype(t)
        r_ipart = R_a[:pos_holder+1,:pos_holder+1]

        row_i,col_i = r_ipart.shape

    #    exit1 = 'no' # 2001/04/26 changed for Python21 and future compatibility
        exit1 = 0
        L_switch = False #added 20020416 class attribute for conservation detection 0 = none, 1 = exists

        '''If there are free variable then they are extracted and packaged, row/col vectors are formed'''

        if col - col_i > self.stoichiometric_analysis_fp_zero:
            r_fpart = scipy.zeros((pos_holder + 1,col - (pos_holder + 1))).astype(t)
            r_fpart = R_a[:pos_holder+1,pos_holder+1:]

            col_vector_dependent = column_vector[pos_holder + 1:]
            col_vector_independent = column_vector[:pos_holder + 1]
            cons_col_vector = scipy.concatenate((col_vector_independent,col_vector_dependent),1)
            cons_row_vector = col_vector_dependent
            lmatrix_row_vector = scipy.concatenate((col_vector_independent,col_vector_dependent),1)
            lmatrix_col_vector = col_vector_independent
            lomatrix_row_vector = col_vector_dependent
            lomatrix_col_vector = col_vector_independent
            Nred_vector = col_vector_independent
            L_switch = True
        else:
            lomatrix_row_vector = column_vector[:pos_holder + 1]
            lomatrix_col_vector = column_vector[:pos_holder + 1]
            Nred_vector = column_vector[:pos_holder + 1]
            #print('F is empty, R = I, no conservation matrix, L is Lo')
            r_fpart = r_ipart
    #        exit1 = 'yes' # 2001/04/26 changed for Python21 and future compatibility
            exit1 = 1
            L_switch = False

    #    if exit1 == 'yes': # 2001/04/26 changed for Python21 and future compatibility
        if exit1 == 1:
            r_fpart = scipy.transpose(r_fpart)
            lmatrix = r_fpart
            #02/10/2000 removed so that the thing returns the Lo matrix as L
            #r_fpart = 'no conservation Lo = L = I'
            # my factorization routines now swap things around for numeric stability, so that Nr might be a row/column swapped
            # this simply synchronizes Nr with its labels - brett 20050805
            Nfull = scipy.transpose(Nfull)
            row,col = Nfull.shape
            Nred = scipy.zeros((row_i,col)).astype(t)
            for x in range (0,row_i):
                Nred[x,:] = Nfull[Nred_vector[x],:]
            # return the right stuff - brett 20050805
            return(r_ipart,'no conservation','no conservation','no conservation',lmatrix,lomatrix_row_vector,lomatrix_col_vector,lmatrix,lomatrix_row_vector,lomatrix_col_vector,Nred,Nred_vector,row_vector,L_switch)
            #return(r_ipart,'no conservation','no conservation','no conservation',lmatrix,lomatrix_row_vector,lomatrix_col_vector,lmatrix,lomatrix_row_vector,lomatrix_col_vector,scipy.transpose(Nfull),Nred_vector,row_vector,L_switch)
        else:
            r_fpart = scipy.transpose(r_fpart)
            row,col = r_fpart.shape

            id = scipy.identity(row).astype(t)
            consmatrix = scipy.concatenate((-r_fpart,id),1).astype(t)

            id = scipy.identity(col).astype(t)
            lmatrix = scipy.concatenate((id,r_fpart),0).astype(t)

            '''This bit creates Nr. The transpose is only necessary if Nfull is already transposed in the input function'''

            Nfull = scipy.transpose(Nfull)
            row,col = Nfull.shape
            Nred = scipy.zeros((row_i,col)).astype(t)
            for x in range (0,row_i):
                Nred[x,:] = Nfull[Nred_vector[x],:]

            return(r_ipart,consmatrix,cons_row_vector,cons_col_vector,lmatrix,lmatrix_row_vector,lmatrix_col_vector,r_fpart,lomatrix_row_vector,lomatrix_col_vector,Nred,Nred_vector,row_vector,L_switch)



[docs]    def SVD_Rank_Check(self,matrix=None,factor=1.0e4,resultback=0):
        """
        SVD_Rank_Check(matrix=None,factor=1.0e4,resultback=0)

        Calculates the dimensions of L/L0/K/K) by way of SVD and compares them to the Guass-Jordan results. Please note that for LARGE ill conditioned matrices the SVD can become numerically unstable when used for nullspace determinations

        Arguments:

        matrix [default=None]: the stoichiometric matrix default is self.Nmatrix
        factor [default=1.0e4]: factor used to calculate the 'zero pivot' mask = mach_eps*factor
        resultback [default=0]: return the SVD results, U, S, vh

        """
        if matrix == None:
            matrix = self.nmatrix

        nrow,ncol = matrix.shape
        TrMat = 0
        if ncol > nrow:
            # 'INFO: SVD is more accurate for tall matrices using (N)T\n'
            matrix = scipy.transpose(matrix)
            TrMat = 1

        u,s,vh = scipy.linalg.svd(matrix)
        maskF = scipy.machar.machar_double.eps*factor

        if TrMat == 0:
            print('SVD zero mask:', maskF)
            print('LU factorization effective zero:', self.stoichiometric_analysis_lu_precision)

            rank = len([el for el in (abs(s) > maskF) if el > 0.0])
##            null_mask = (abs(s) > maskF)
##            vhnull = scipy.compress(null_mask,vh,axis=0)
##            unull = scipy.compress(null_mask,u,axis=0)
##            assert vhnull.shape[0] == unull.shape[0], 'This should be true or I\'m very confused'
##            rank = vhnull.shape[0]


            print('\nNmatrix has ' + str(nrow) + ' rows and ' + str(ncol) + ' columns')

            print('\nSVD \"considers\" the rank to be:        ' + str(rank))
            print('LU (Kmatrix) considers the rank to be: ' + str(self.kzeromatrix.shape[0]))
            print('LU (Lmatrix) considers the rank to be: ' + str(self.lzeromatrix.shape[1]))

            print('\nComparing lzeromatrix dimensions')
            print('SVD lzeromatrix.shape =', (u.shape[0]-rank,rank))
            print('LU  lzeromatrix.shape =', self.lzeromatrix.shape)

            print('\nComparing lmatrix dimensions')
            print('SVD lmatrix.shape =',     (u.shape[0],rank))
            print('LU  lmatrix.shape =', self.lmatrix.shape)

            print('\nComparing kzeromatrix dimensions')
            print('SVD kzeromatrix.shape =', (rank,vh.shape[0]-rank))
            print('LU  kzeromatrix.shape =',    self.kzeromatrix.shape)

            print('\nComparing kmatrix dimensions')
            print('SVD kmatrix.shape =',     (vh.shape[0],vh.shape[0]-rank))
            print('LU  kmatrix.shape =', self.kmatrix.shape)
        else:
            print('SVD zero mask:', maskF)
            print('LU factorization effective zero:', self.stoichiometric_analysis_lu_precision)

            rank = len([el for el in (abs(s) > maskF) if el > 0.0])
##            null_mask = (abs(s) > maskF)
##            vhnull = scipy.compress(null_mask,vh,axis=0)
##            unull = scipy.compress(null_mask,u,axis=0)
##            assert vhnull.shape[0] == unull.shape[0], 'This should be true or I\'m very confused'
##            rank = vhnull.shape[0]


            print('\nNmatrix has ' + str(nrow) + ' rows and ' + str(ncol) + ' columns')

            print('\nSVD considers the rank to be:          ' + str(rank))
            print('LU (Kmatrix) considers the rank to be: ' + str(self.kzeromatrix.shape[0]))
            print('LU (Lmatrix) considers the rank to be: ' + str(self.lzeromatrix.shape[1]))

            print('\nComparing lzeromatrix dimensions')
            print('SVD lzeromatrix.shape =', (vh.shape[0]-rank,rank))
            print('LU  lzeromatrix.shape =', self.lzeromatrix.shape)

            print('\nComparing lmatrix dimensions')
            print('SVD lmatrix.shape =',     (vh.shape[0],rank))
            print('LU  lmatrix.shape =', self.lmatrix.shape)

            print('\nComparing kzeromatrix dimensions')
            print('SVD kzeromatrix.shape =', (rank,u.shape[0]-rank))
            print('LU  kzeromatrix.shape =',    self.kzeromatrix.shape)

            print('\nComparing kmatrix dimensions')
            print('SVD kmatrix.shape =',     (u.shape[0],u.shape[0]-rank))
            print('LU  kmatrix.shape =', self.kmatrix.shape)

        print('\nMatrix value check\n******************')

        print('\nKzeromatrix:')
        sm,bg = self.MatrixValueCompare(self.kzeromatrix)
        print('Smallest value:  ', abs(sm))
        print('Largest value:   ', abs(bg))
        print('Ratio abs(bg/sm):', abs(bg/sm))

        print('\nLzeromatrix:')
        sm,bg = self.MatrixValueCompare(self.lzeromatrix)
        print('Smallest value:  ', abs(sm))
        print('Largest value:   ', abs(bg))
        print('Ratio abs(bg/sm):', abs(bg/sm))

        print('\nPlease note: I\'ve found that for larger models the rank calculated by SVD in this test can become unstable and give incorrect results.')
        print(' ')

        if resultback:
            return u,s,vh




if __psyco_active__:
    psyco.bind(MathArrayFunc)
    psyco.bind(Stoich)
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