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1. Getting Started

This example is available as an IPython
notebook [http://nbviewer.ipython.org/github/opencobra/cobrapy/blob/master/documentation_builder/getting_started.ipynb].

To begin with, cobrapy comes with two bundled models for Salmonella
and E. coli. To load a test model, type

from __future__ import print_function
import cobra.test
model = cobra.test.create_test_model("salmonella")





The reactions, metabolites, and genes attributes of the cobrapy model
are are a special type of list called a DictList, and each one is made
up of Reaction, Metabolite and Gene objects respectively.

print(len(model.reactions))
print(len(model.metabolites))
print(len(model.genes))





2546
1802
1264





Just like a regular list, objects in the DictList can be retrived by
index. For example, to get the 30th reaction in the model (at index 29
because of
0-indexing [https://en.wikipedia.org/wiki/Z%20ero-based_numbering]):

model.reactions[29]





<Reaction 2AGPA180tipp at 0x7f227ada62d0>





Addictionally, items can be retrived by their id using the get_by_id()
function. For example, to get the cytosolic atp metabolite object (the
id is “atp_c”), we can do the following:

model.metabolites.get_by_id("atp_c")





<Metabolite atp_c at 0x7f227adf56d0>





As an added bonus, users with an interactive shell such as IPython will
be able to tab-complete to list elements inside a list. While this is
not recommended behavior for most code because of the possibility for
characters like “-” inside ids, this is very useful while in an
interactive prompt:

model.reactions.EX_glc__D_e.lower_bound





0.0






1.1. Reactions

We will consider the reaction glucose 6-phosphate isomerase, which
interconverts glucose 6-phosphate and fructose 6-phosphate. The reaction
id for this reaction in our test model is PGI.

pgi = model.reactions.get_by_id("PGI")
pgi





<Reaction PGI at 0x7f227a10b1d0>





We can view the full name and reaction catalyzed as strings

print(pgi.name)
print(pgi.reaction)





glucose 6 phosphate isomerase
g6p_c <=> f6p_c





We can also view reaction upper and lower bounds. Because the
pgi.lower_bound < 0, and pgi.upper_bound > 0, pgi is reversible

print(pgi.lower_bound, "< pgi <", pgi.upper_bound)
print(pgi.reversibility)





-1000.0 < pgi < 1000.0
True





We can also ensure the reaction is mass balanced. This function will
return elements which violate mass balance. If it comes back empty, then
the reaction is mass balanced.

pgi.check_mass_balance()





[]





In order to add a metabolite, we pass in a dict with the metabolite
object and its coefficient

pgi.add_metabolites({model.metabolites.get_by_id("h_c"): -1})
pgi.reaction





'g6p_c + h_c <=> f6p_c'





The reaction is no longer mass balanced

pgi.check_mass_balance()





['PGI', {'C': 0.0, 'H': -1.0, 'O': 0.0, 'P': 0.0}]





We can remove the metabolite, and the reaction will be balanced once
again.

pgi.pop(model.metabolites.get_by_id("h_c"))
print(pgi.reaction)
print(pgi.check_mass_balance())





g6p_c <=> f6p_c
[]





It is also possible to build the reaction from a string. However, care
must be taken when doing this to ensure reaction id’s match those in the
model. The direction of the arrow is also used to update the upper and
lower bounds.

pgi.reaction = "g6p_c --> f6p_c + h_c + green_eggs + ham"





unknown metabolite 'green_eggs' created
unknown metabolite 'ham' created





pgi.reaction





'g6p_c --> f6p_c + green_eggs + ham + h_c'








1.2. Metabolites

We will consider cytosolic atp as our metabolite, which has the id
atp_c in our test model.

atp = model.metabolites.get_by_id("atp_c")
atp





<Metabolite atp_c at 0x7f227adf56d0>





We can print out the metabolite name and compartment (cytosol in this
case).

print(atp.name)
print(atp.compartment)





ATP
c





We can see that ATP is a charged molecule in our model.

atp.charge





-4





We can see the chemical formula for the metabolite as well.

print(atp.formula)





C10H12N5O13P3





The reactions attribute gives a frozenset of all reactions using the
given metabolite. We can use this to count the number of reactions which
use atp.

len(atp.reactions)





348





A metabolite like glucose 6-phosphate will participate in fewer
reactions.

model.metabolites.get_by_id("g6p_c").reactions





frozenset({<Reaction AB6PGH at 0x7f2279de6a50>,
           <Reaction TRE6PH at 0x7f2279fdb110>,
           <Reaction TRE6PS at 0x7f2279fdb3d0>,
           <Reaction PGI at 0x7f227a10b1d0>,
           <Reaction PGMT at 0x7f227a10b750>,
           <Reaction HEX1 at 0x7f227a368a90>,
           <Reaction GLCptspp at 0x7f227a3d2710>,
           <Reaction G6PDH2r at 0x7f227a3fd850>,
           <Reaction G6PP at 0x7f227a3fda50>,
           <Reaction G6Pt6_2pp at 0x7f227a3fdb10>})








1.3. Genes

The gene_reaction_rule is a boolean representation of the gene
requirements for this reaction to be active as described in
Schellenberger et al 2011 Nature Protocols
6(9):1290-307 [http://dx.doi.org/doi:10.1038/nprot.2011.308].

The GPR is stored as the gene_reaction_rule for a Reaction object as a
string.

gpr = pgi.gene_reaction_rule
gpr





'STM4221'





Corresponding gene objects also exist. These objects are tracked by the
reactions itself, as well as by the model

pgi.genes





frozenset({<Gene STM4221 at 0x7f227a10b250>})





pgi_gene = model.genes.get_by_id("STM4221")
pgi_gene





<Gene STM4221 at 0x7f227a10b250>





Each gene keeps track of the reactions it catalyzes

pgi_gene.reactions





frozenset({<Reaction PGI at 0x7f227a10b1d0>})





Altering the gene_reaction_rule will create new gene objects if
necessary and update all relationships.

pgi.gene_reaction_rule = "(spam or eggs)"
pgi.genes





frozenset({<Gene eggs at 0x7f2279d7ec90>, <Gene spam at 0x7f2279d7edd0>})





pgi_gene.reactions





frozenset()





Newly created genes are also added to the model

model.genes.get_by_id("spam")





<Gene spam at 0x7f2279d7edd0>





The delete_model_genes function will evaluate the gpr and set the
upper and lower bounds to 0 if the reaction is knocked out. This
function can preserve existing deletions or reset them using the
cumulative_deletions flag.

cobra.manipulation.delete_model_genes(model, ["spam"], cumulative_deletions=True)
print(pgi.lower_bound, "< pgi <", pgi.upper_bound)
cobra.manipulation.delete_model_genes(model, ["eggs"], cumulative_deletions=True)
print(pgi.lower_bound, "< pgi <", pgi.upper_bound)





0 < pgi < 1000
0.0 < pgi < 0.0





The undelete_model_genes can be used to reset a gene deletion

cobra.manipulation.undelete_model_genes(model)
print(pgi.lower_bound, "< pgi <", pgi.upper_bound)





0 < pgi < 1000
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2. Building a Model

This simple example (available as an IPython
notebook [http://nbviewer.ipython.org/github/opencobra/cobrapy/blob/master/documentation_builder/building_model.ipynb])
demonstrates how to create a model, create a reaction, and then add the
reaction to the model.

We’ll use the ‘3OAS140’ reaction from the STM_1.0 model:

1.0 malACP[c] + 1.0 h[c] + 1.0 ddcaACP[c] \(\rightarrow\) 1.0 co2[c]
+ 1.0 ACP[c] + 1.0 3omrsACP[c]

First, create the model and reaction.

from cobra import Model, Reaction, Metabolite
# Best practise: SBML compliant IDs
cobra_model = Model('example_cobra_model')

reaction = Reaction('3OAS140')
reaction.name = '3 oxoacyl acyl carrier protein synthase n C140 '
reaction.subsystem = 'Cell Envelope Biosynthesis'
reaction.lower_bound = 0.  # This is the default
reaction.upper_bound = 1000.  # This is the default
reaction.objective_coefficient = 0. # this is the default





We need to create metabolites as well. If we were using an existing
model, we could use get_by_id to get the apporpriate Metabolite
objects instead.

ACP_c = Metabolite('ACP_c', formula='C11H21N2O7PRS',
    name='acyl-carrier-protein', compartment='c')
omrsACP_c = Metabolite('3omrsACP_c', formula='C25H45N2O9PRS',
    name='3-Oxotetradecanoyl-acyl-carrier-protein', compartment='c')
co2_c = Metabolite('co2_c', formula='CO2', name='CO2', compartment='c')
malACP_c = Metabolite('malACP_c', formula='C14H22N2O10PRS',
    name='Malonyl-acyl-carrier-protein', compartment='c')
h_c = Metabolite('h_c', formula='H', name='H', compartment='c')
ddcaACP_c = Metabolite('ddcaACP_c', formula='C23H43N2O8PRS',
    name='Dodecanoyl-ACP-n-C120ACP', compartment='c')





Adding metabolites to a reaction requires using a dictionary of the
metabolites and their stoichiometric coefficients. A group of
metabolites can be added all at once, or they can be added one at a
time.

reaction.add_metabolites({malACP_c: -1.0,
                          h_c: -1.0,
                          ddcaACP_c: -1.0,
                          co2_c: 1.0,
                          ACP_c: 1.0,
                          omrsACP_c: 1.0})


reaction.reaction  # This gives a string representation of the reaction





'malACP_c + h_c + ddcaACP_c --> co2_c + 3omrsACP_c + ACP_c'





The gene_reaction_rule is a boolean representation of the gene
requirements for this reaction to be active as described in
Schellenberger et al 2011 Nature Protocols
6(9):1290-307 [http://dx.doi.org/doi:10.1038/nprot.2011.308]. We will
assign the gene reaction rule string, which will automatically create
the corresponding gene objects.

reaction.gene_reaction_rule = '( STM2378  or STM1197 )'
reaction.genes





frozenset({<Gene STM2378 at 0x3739b10>, <Gene STM1197 at 0x3739b50>})





At this point in time, the model is still empty

print('%i reactions in initial model' % len(cobra_model.reactions))
print('%i metabolites in initial model' % len(cobra_model.metabolites))
print('%i genes in initial model' % len(cobra_model.genes))





0 reactions in initial model
0 metabolites in initial model
0 genes in initial model





We will add the reaction to the model, which will also add all
associated metabolites and genes

cobra_model.add_reaction(reaction)

# Now there are things in the model
print('%i reaction in model' % len(cobra_model.reactions))
print('%i metabolites in model' % len(cobra_model.metabolites))
print('%i genes in model' % len(cobra_model.genes))





1 reaction in model
6 metabolites in model
2 genes in model





We can iterate through the model objects to observe the contents

# Iterate through the the objects in the model
print("Reactions")
print("---------")
for x in cobra_model.reactions:
    print("%s : %s" % (repr(x), x.reaction))
print("Metabolites")
print("-----------")
for x in cobra_model.metabolites:
    print('%s : %s' % (repr(x), x.formula))
print("Genes")
print("-----")
for x in cobra_model.genes:
    reactions_list_str = ", ".join((repr(i) for i in x.reactions))
    print("%s is associated with reactions: %s" % (repr(x), reactions_list_str))





Reactions
---------
<Reaction 3OAS140 at 0x4a18b90> : malACP_c + h_c + ddcaACP_c --> co2_c + 3omrsACP_c + ACP_c
Metabolites
-----------
<Metabolite co2_c at 0x594ba10> : CO2
<Metabolite malACP_c at 0x594ba90> : C14H22N2O10PRS
<Metabolite h_c at 0x594bb10> : H
<Metabolite 3omrsACP_c at 0x594b950> : C25H45N2O9PRS
<Metabolite ACP_c at 0x594b990> : C11H21N2O7PRS
<Metabolite ddcaACP_c at 0x594bb90> : C23H43N2O8PRS
Genes
-----
<Gene STM2378 at 0x3739b10> is associated with reactions: <Reaction 3OAS140 at 0x4a18b90>
<Gene STM1197 at 0x3739b50> is associated with reactions: <Reaction 3OAS140 at 0x4a18b90>
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3. Reading and Writing Models

This example is available as an IPython
notebook [http://nbviewer.ipython.org/github/opencobra/cobrapy/blob/master/documentation_builder/io.ipynb].

Functions for reading and writing models to various formats are included
with cobrapy. The package also ships with models of E. coli and
Salmonella in various formats for testing purposes. In this example,
we will use these functions to read models from these test files in
various formats.

import cobra.test

print("E. coli test files: ")
print(", ".join([i for i in dir(cobra.test) if i.startswith("ecoli")]))
print("")
print("Salmonella test files: ")
print(", ".join([i for i in dir(cobra.test) if i.startswith("salmonella")]))

salmonella_model = cobra.test.create_test_model("salmonella")





E. coli test files:
ecoli_json, ecoli_mat, ecoli_pickle, ecoli_sbml

Salmonella test files:
salmonella_fbc_sbml, salmonella_pickle, salmonella_sbml






3.1. JSON

cobrapy has a JSON [https://en.wikipedia.org/wiki/JSON] (JavaScript
Object Notation) representation. This is the ideal format for storing a
cobra model on a computer, or for interoperability with
escher [https://escher.github.io]. Additional fields, however, will
not be saved.

cobra.io.load_json_model(cobra.test.ecoli_json)





<Model iJO1366 at 0x7f8d2fa20150>





cobra.io.write_sbml_model(salmonella_model, "test.json")








3.2. SBML

The Systems Biology Markup Language [http://sbml.org] is an
XML-based standard format for distributing models. Cobrapy can use
libsbml [http://sbml.org/Software/libSBML], which must be installed
separately (see installation instructions) to read and write SBML files.

Initially, the COBRA format for SBML files used the “notes” field in
SBML files. More recently, however, the FBC
extension [http://sbml.org/Documents/Specifications/SBML_Level_3/Packages/Flux_Balance_Constraints_%28flux%29]
to SBML has come into existence, which defines its own fields.

Cobrapy can handle both formats (assuming libsbml has been installed
correctly). When reading in a model, it will automatically detect
whether fbc was used or not. When writing a model, the use_fbc_package
can be used.

cobra.io.read_sbml_model(cobra.test.salmonella_sbml)





<Model Salmonella_consensus_build_1 at 0x7f8d480ad710>





cobra.io.read_sbml_model(cobra.test.salmonella_fbc_sbml)





<Model Salmonella_consensus_build_1 at 0x7f8d480ad5d0>





cobra.io.write_sbml_model(salmonella_model, "test.xml",
                          use_fbc_package=False)
cobra.io.write_sbml_model(salmonella_model, "test_fbc.xml",
                          use_fbc_package=True)








3.3. MATLAB

Often, models may be imported and exported soley for the purposes of
working with the same models in cobrapy and the MATLAB cobra
toolbox [http://opencobra.github.io/cobratoolbox/]. MATLAB has its
own ”.mat” format for storing variables. Reading and writing to these
mat files from python requires scipy, and is generally much faster than
using libsbml.

A mat file can contain multiple MATLAB variables. Therefore, the
variable name of the model in the MATLAB file can be passed into the
reading function:

cobra.io.load_matlab_model(cobra.test.ecoli_mat, variable_name="iJO1366")





<Model iJO1366 at 0x7f8d48090b50>





If the mat file contains only a single model, cobra can figure out which
variable to read from, and the variable_name paramter is unnecessary.

cobra.io.load_matlab_model(cobra.test.ecoli_mat)





<Model iJO1366 at 0x7f8d2d85af10>





Saving models to mat files is also relatively straightforward

cobra.io.save_matlab_model(ecoli_model, "test_ecoli_model.mat")





---------------------------------------------------------------------------
NameError                                 Traceback (most recent call last)

<ipython-input-9-899c9ca38882> in <module>()
----> 1 cobra.io.save_matlab_model(ecoli_model, "test_ecoli_model.mat")


NameError: name 'ecoli_model' is not defined








3.4. Pickle

Cobra models can be serialized using the python serialization format,
pickle [https://docs.python.org/2/library/pickle.html]. While this
will save any extra fields which may have been created, it does not work
with any other tools and can break between cobrapy major versions. JSON
is generally the preferred format.

from cPickle import load, dump

# read in the test models
with open(cobra.test.ecoli_pickle, "rb") as infile:
    ecoli_model = load(infile)
with open(cobra.test.salmonella_pickle, "rb") as infile:
    salmonella_model = load(infile)

# output to a file
with open("test_output.pickle", "wb") as outfile:
    dump(salmonella_model, outfile)
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4. Simulating with FBA

This example is available as an IPython
notebook [http://nbviewer.ipython.org/github/opencobra/cobrapy/blob/master/documentation_builder/simulating.ipynb].

Simulations using flux balance analysis can be solved using
Model.optimize(). This will maximize or minimize (maximizing is the
default) flux through the objective reactions.

import cobra.test
model = cobra.test.create_test_model()






4.1. Running FBA

model.optimize()





<Solution 0.38 at 0x660d990>





The Model.optimize() function will return a Solution object, which will
also be stored at model.solution. A solution object has several
attributes:


	f: the objective value

	status: the status from the linear programming solver

	x_dict: a dictionary of {reaction_id: flux_value} (also called
“primal”)

	x: a list for x_dict

	y_dict: a dictionary of {metabolite_id: dual_value}.

	y: a list for y_dict



For example, after the last call to model.optimize(), the status should
be ‘optimal’ if the solver returned no errors, and f should be the
objective value

model.solution.status





'optimal'





model.solution.f





0.38000797227551136








4.2. Changing the Objectives

The objective function is determined from the objective_coefficient
attribute of the objective reaction(s). Currently in the model, there is
only one objective reaction, with an objective coefficient of 1.

{reaction: reaction.objective_coefficient for reaction in model.reactions
        if reaction.objective_coefficient > 0}





{<Reaction biomass_iRR1083_metals at 0x660d350>: 1.0}





The objective function can be changed by using the function
Model.change_objective, which will take either a reaction object or
just its name.

# change the objective to ATPM
# the upper bound should be 1000 so we get the actual optimal value
model.reactions.get_by_id("ATPM").upper_bound = 1000.
model.change_objective("ATPM")
{reaction: reaction.objective_coefficient for reaction in model.reactions
        if reaction.objective_coefficient > 0}





{<Reaction ATPM at 0x52cb190>: 1.0}





model.optimize()





<Solution 119.67 at 0x4c93110>





The objective function can also be changed by setting
Reaction.objective_coefficient directly.

model.reactions.get_by_id("ATPM").objective_coefficient = 0.
model.reactions.get_by_id("biomass_iRR1083_metals").objective_coefficient = 1.
{reaction: reaction.objective_coefficient for reaction in model.reactions
        if reaction.objective_coefficient > 0}





{<Reaction biomass_iRR1083_metals at 0x660d350>: 1.0}
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5. Simulating Deletions

This example is available as an IPython
notebook [http://nbviewer.ipython.org/github/opencobra/cobrapy/blob/master/documentation_builder/deletions.ipynb].

from time import time


from cobra.test import create_test_model, salmonella_pickle, ecoli_pickle
from cobra.flux_analysis import single_deletion
from cobra.flux_analysis import double_deletion


cobra_model = create_test_model(salmonella_pickle)






5.1. Single Deletions

Perform all single gene deletions on a model

start = time()  # start timer()
growth_rates, statuses = single_deletion(cobra_model)
print("All single gene deletions completed in %.2f sec" % (time() - start))





All single gene deletions completed in 4.01 sec





These can also be done for only a subset of genes

single_deletion(cobra_model, element_list=cobra_model.genes[:100]);





Single deletions can also be run on reactions

start = time()  # start timer()
growth_rates, statuses = single_deletion(cobra_model, element_type="reaction")
print("All single reaction deletions completed in %.2f sec" % (time() - start))





All single reaction deletions completed in 7.41 sec








5.2. Double Deletions

Double deletions run in a similar way

start = time()  # start timer()
double_deletion(cobra_model, element_list_1=cobra_model.genes[:100])
print("Double gene deletions for 100 genes completed in %.2f sec" % (time() - start))





Double gene deletions for 100 genes completed in 4.94 sec





By default, the double deletion function will automatically use
multiprocessing, splitting the task over up to 4 cores if they are
available. The number of cores can be manually sepcified as well.
Setting use of a single core will disable use of the multiprocessing
library, which often aids debuggging.

start = time()  # start timer()
double_deletion(cobra_model, element_list_1=cobra_model.genes[:100],
                number_of_processes=2)
t1 = time() - start
print("Double gene deletions for 100 genes completed in %.2f sec with 2 cores" % t1)

start = time()  # start timer()
double_deletion(cobra_model, element_list_1=cobra_model.genes[:100],
                number_of_processes=1)
t2 = time() - start
print("Double gene deletions for 100 genes completed in %.2f sec with 1 core" % t2)

print("Speedup of %.2fx" % (t2/t1))





Double gene deletions for 100 genes completed in 4.02 sec with 2 cores
Double gene deletions for 100 genes completed in 6.77 sec with 1 core
Speedup of 1.69x





Double deletions can also be run for reactions

start = time()
double_deletion(cobra_model, element_list_1=cobra_model.reactions[:100],
                element_type="reaction")
t = time() - start
print("Double reaction deletions for 100 reactions completed in %.2f sec" % t)





Double reaction deletions for 100 reactions completed in 0.93 sec





If pandas is installed, the results can be returned formatted as a
pandas.DataFrame

frame = double_deletion(cobra_model, element_list_1=cobra_model.reactions[300:308],
                        element_type="reaction", return_frame=True)
frame[frame < 1e-9] = 0.  # round small values to 0
frame
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      	 0.380008
      	 0
      	 0
      	 0.380008
    

    
      	ARGAGMt7pp
      	 0.380008
      	 0.380008
      	 0.380008
      	 0.380008
      	 0.380008
      	 0
      	 0
      	 0.380008
    

    
      	ARGDC
      	 0.380008
      	 0.380008
      	 0.380008
      	 0.380008
      	 0.380008
      	 0
      	 0
      	 0.380008
    

    
      	ARGDCpp
      	 0.380008
      	 0.380008
      	 0.380008
      	 0.380008
      	 0.380008
      	 0
      	 0
      	 0.380008
    

    
      	ARGORNt7pp
      	 0.380008
      	 0.380008
      	 0.380008
      	 0.380008
      	 0.380008
      	 0
      	 0
      	 0.380008
    

    
      	ARGSL
      	 0.000000
      	 0.000000
      	 0.000000
      	 0.000000
      	 0.000000
      	 0
      	 0
      	 0.000000
    

    
      	ARGSS
      	 0.000000
      	 0.000000
      	 0.000000
      	 0.000000
      	 0.000000
      	 0
      	 0
      	 0.000000
    

    
      	ARGTRS
      	 0.380008
      	 0.380008
      	 0.380008
      	 0.380008
      	 0.380008
      	 0
      	 0
      	 0.380008
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6. Phenotype Phase Plane

This example is available as an IPython
notebook [http://nbviewer.ipython.org/github/opencobra/cobrapy/blob/master/documentation_builder/phenotype_phase_plane.ipynb].

Load iJO1366 as a test model and import cobra

from time import time

import cobra
from cobra.test import ecoli_pickle, create_test_model

from cobra.flux_analysis.phenotype_phase_plane import \
    calculate_phenotype_phase_plane

model = create_test_model(ecoli_pickle)
model





<Model iJO1366 at 0x5b0abd0>





We want to make a phenotype phase plane to evaluate uptakes of Glucose
and Oxygen.

With matplotlib [http://matplotlib.org] installed, this is as simple
as

data = calculate_phenotype_phase_plane(model, "EX_glc_e", "EX_o2_e")
data.plot_matplotlib();





[image: _images/phenotype_phase_plane_5_0.png]
If brewer2mpl [https://pypi.python.org/pypi/brewer2mpl/] is
installed, other color schemes can be used as well

data.plot_matplotlib("Pastel1")
data.plot_matplotlib("Dark2");





[image: _images/phenotype_phase_plane_7_0.png]
[image: _images/phenotype_phase_plane_7_1.png]
The number of points which are plotted in each dimension can also be
changed

calculate_phenotype_phase_plane(model, "EX_glc_e", "EX_o2_e",
                                reaction1_npoints=20,
                                reaction2_npoints=20).plot_matplotlib();





[image: _images/phenotype_phase_plane_9_0.png]
The code can also use multiple processes to speed up calculations

start_time = time()
calculate_phenotype_phase_plane(model, "EX_glc_e", "EX_o2_e", n_processes=1)
print("took %.2f seconds with 1 process" % (time() - start_time))
start_time = time()
calculate_phenotype_phase_plane(model, "EX_glc_e", "EX_o2_e", n_processes=4)
print("took %.2f seconds with 4 process" % (time() - start_time))





took 5.97 seconds with 1 process
took 2.97 seconds with 4 process
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7. Mixed-Integer Linear Programming

This example is available as an IPython
notebook [http://nbviewer.ipython.org/github/opencobra/cobrapy/blob/master/documentation_builder/milp.ipynb].


7.1. Ice Cream

This example was originally contributed by Joshua Lerman.

An ice cream stand sells cones and popsicles. It wants to maximize its
profit, but is subject to a budget.

We can write this problem as a linear program:


max cone \(\cdot\) cone_margin + popsicle \(\cdot\)
popsicle margin

subject to

cone \(\cdot\) cone_cost + popsicle \(\cdot\)
popsicle_cost \(\le\) budget




cone_selling_price = 7.
cone_production_cost = 3.
popsicle_selling_price = 2.
popsicle_production_cost = 1.
starting_budget = 100.





This problem can be written as a cobra.Model

from cobra import Model, Metabolite, Reaction

cone = Reaction("cone")
popsicle = Reaction("popsicle")

# constrainted to a budget
budget = Metabolite("budget")
budget._constraint_sense = "L"
budget._bound = starting_budget
cone.add_metabolites({budget: cone_production_cost})
popsicle.add_metabolites({budget: popsicle_production_cost})

# objective coefficient is the profit to be made from each unit
cone.objective_coefficient = cone_selling_price - cone_production_cost
popsicle.objective_coefficient = popsicle_selling_price - \
                                 popsicle_production_cost

m = Model("lerman_ice_cream_co")
m.add_reactions((cone, popsicle))

m.optimize().x_dict





{'cone': 33.333333333333336, 'popsicle': 0.0}





In reality, cones and popsicles can only be sold in integer amounts. We
can use the variable kind attribute of a cobra.Reaction to enforce this.

cone.variable_kind = "integer"
popsicle.variable_kind = "integer"
m.optimize().x_dict





{'cone': 33.0, 'popsicle': 1.0}





Now the model makes both popsicles and cones.




7.2. Restaurant Order

To tackle the less immediately obvious problem from the following XKCD
comic [http://xkcd.com/287/]:

from IPython.display import Image
Image(url=r"http://imgs.xkcd.com/comics/np_complete.png")





We want a solution satisfying the following constraints:

\(\left(\begin{matrix}2.15&2.75&3.35&3.55&4.20&5.80\end{matrix}\right) \cdot \vec v = 15.05\)

\(\vec v_i \ge 0\)

\(\vec v_i \in \mathbb{Z}\)

This problem can be written as a COBRA model as well.

total_cost = Metabolite("constraint")
total_cost._bound = 15.05

costs = {"mixed_fruit": 2.15, "french_fries": 2.75, "side_salad": 3.35,
         "hot_wings": 3.55, "mozarella_sticks": 4.20, "sampler_plate": 5.80}

m = Model("appetizers")

for item, cost in costs.items():
    r = Reaction(item)
    r.add_metabolites({total_cost: cost})
    r.variable_kind = "integer"
    m.add_reaction(r)

# To add to the problem, suppose we don't want to eat all mixed fruit.
m.reactions.mixed_fruit.objective_coefficient = 1

m.optimize(objective_sense="minimize").x_dict





{'french_fries': 0.0,
 'hot_wings': 2.0,
 'mixed_fruit': 1.0,
 'mozarella_sticks': 0.0,
 'sampler_plate': 1.0,
 'side_salad': 0.0}





There is another solution to this problem, which would have been
obtained if we had maximized for mixed fruit instead of minimizing.

m.optimize(objective_sense="maximize").x_dict





{'french_fries': 0.0,
 'hot_wings': 0.0,
 'mixed_fruit': 7.0,
 'mozarella_sticks': 0.0,
 'sampler_plate': 0.0,
 'side_salad': 0.0}








7.3. Boolean Indicators

To give a COBRA-related example, we can create boolean variables as
integers, which can serve as indicators for a reaction being active in a
model. For a reaction flux \(v\) with lower bound -1000 and upper
bound 1000, we can create a binary variable \(b\) with the following
constraints:

\(b \in \{0, 1\}\)

\(-1000 \cdot b \le v \le 1000 \cdot b\)

To introduce the above constraints into a cobra model, we can rewrite
them as follows

\(v \le b \cdot 1000 \Rightarrow v- 1000\cdot b \le 0\)

\(-1000 \cdot b \le v \Rightarrow v + 1000\cdot b \ge 0\)

import cobra.test
model = cobra.test.create_test_model(cobra.test.ecoli_pickle)

# an indicator for pgi
pgi = model.reactions.get_by_id("PGI")
# make a boolean variable
pgi_indicator = Reaction("indicator_PGI")
pgi_indicator.lower_bound = 0
pgi_indicator.upper_bound = 1
pgi_indicator.variable_kind = "integer"
# create constraint for v - 1000 b <= 0
pgi_plus = Metabolite("PGI_plus")
pgi_plus._constraint_sense = "L"
# create constraint for v + 1000 b >= 0
pgi_minus = Metabolite("PGI_minus")
pgi_minus._constraint_sense = "G"

pgi_indicator.add_metabolites({pgi_plus: -1000, pgi_minus: 1000})
pgi.add_metabolites({pgi_plus: 1, pgi_minus: 1})
model.add_reaction(pgi_indicator)


# an indicator for zwf
zwf = model.reactions.get_by_id("G6PDH2r")
zwf_indicator = Reaction("indicator_ZWF")
zwf_indicator.lower_bound = 0
zwf_indicator.upper_bound = 1
zwf_indicator.variable_kind = "integer"
# create constraint for v - 1000 b <= 0
zwf_plus = Metabolite("ZWF_plus")
zwf_plus._constraint_sense = "L"
# create constraint for v + 1000 b >= 0
zwf_minus = Metabolite("ZWF_minus")
zwf_minus._constraint_sense = "G"

zwf_indicator.add_metabolites({zwf_plus: -1000, zwf_minus: 1000})
zwf.add_metabolites({zwf_plus: 1, zwf_minus: 1})

# add the indicator reactions to the model
model.add_reaction(zwf_indicator)





In a model with both these reactions active, the indicators will also be
active

solution = model.optimize()
print("PGI indicator = %d" % solution.x_dict["indicator_PGI"])
print("ZWF indicator = %d" % solution.x_dict["indicator_ZWF"])
print("PGI flux = %.2f" % solution.x_dict["PGI"])
print("ZWF flux = %.2f" % solution.x_dict["G6PDH2r"])





PGI indicator = 1
ZWF indicator = 1
PGI flux = 5.92
ZWF flux = 4.08





Because these boolean indicators are in the model, additional
constraints can be applied on them. For example, we can prevent both
reactions from being active at the same time by adding the following
constraint:

\(b_\text{pgi} + b_\text{zwf} = 1\)

or_constraint = Metabolite("or")
or_constraint._bound = 1
zwf_indicator.add_metabolites({or_constraint: 1})
pgi_indicator.add_metabolites({or_constraint: 1})

solution = model.optimize()
print("PGI indicator = %d" % solution.x_dict["indicator_PGI"])
print("ZWF indicator = %d" % solution.x_dict["indicator_ZWF"])
print("PGI flux = %.2f" % solution.x_dict["PGI"])
print("ZWF flux = %.2f" % solution.x_dict["G6PDH2r"])





PGI indicator = 0
ZWF indicator = 1
PGI flux = 0.00
ZWF flux = 3.98
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8. Quadratic Programming

This example is available as an IPython
notebook [http://nbviewer.ipython.org/github/opencobra/cobrapy/blob/master/documentation_builder/qp.ipynb].

Suppose we want to minimize the Euclidean distance of the solution to
the origin while subject to linear constraints. This will require a
quadratic objective function. Consider this example problem:


min \(\frac{1}{2}\left(x^2 + y^2 \right)\)

subject to

\(x + y = 2\)

\(x \ge 0\)

\(y \ge 0\)




This problem can be visualized graphically:

from matplotlib.pyplot import figure, xlim, ylim
from mpl_toolkits.axes_grid.axislines import SubplotZero
from numpy import linspace, arange, sqrt, pi, sin, cos, sign
# axis style
def make_plot_ax():
    fig = figure(figsize=(6, 5));
    ax = SubplotZero(fig, 111); fig.add_subplot(ax)
    for direction in ["xzero", "yzero"]:
        ax.axis[direction].set_axisline_style("-|>")
        ax.axis[direction].set_visible(True)
    for direction in ["left", "right", "bottom", "top"]:
        ax.axis[direction].set_visible(False)
    xlim(-0.1, 2.1); ylim(xlim())
    ticks = [0.5 * i for i in range(1, 5)]
    labels = [str(i) if i == int(i) else "" for i in ticks]
    ax.set_xticks(ticks); ax.set_yticks(ticks)
    ax.set_xticklabels(labels); ax.set_yticklabels(labels)
    ax.axis["yzero"].set_axis_direction("left")
    return ax

ax = make_plot_ax()
ax.plot((0, 2), (2, 0), 'b')
ax.plot([1], [1], 'bo')

# circular grid
for r in sqrt(2.) + 0.125 * arange(-11, 6):
    t = linspace(0., pi/2., 100)
    ax.plot(r * cos(t), r * sin(t), '-.', color="gray")





[image: _images/qp_3_0.png]
The objective can be rewritten as
\(\frac{1}{2} v^T \cdot \mathbf Q \cdot v\), where
\(v = \left(\begin{matrix} x \\ y\end{matrix} \right)\) and
\(\mathbf Q = \left(\begin{matrix} 1 & 0\\ 0 & 1 \end{matrix}\right)\)

The matrix \(\mathbf Q\) can be passed into a cobra model as the
quadratic objective.

import scipy

from cobra import Reaction, Metabolite, Model, solvers





The quadratic objective \(\mathbf Q\) should be formatted as a scipy
sparse matrix.

Q = scipy.sparse.eye(2).todok()
Q





<2x2 sparse matrix of type '<type 'numpy.float64'>'
    with 2 stored elements in Dictionary Of Keys format>





In this case, the quadratic objective is simply the identity matrix

Q.todense()





matrix([[ 1.,  0.],
        [ 0.,  1.]])





We need to use a solver that supports quadratic programming, such as
gurobi or cplex. If a solver which supports quadratic programming is
installed, this function will return its name.

print(solvers.get_solver_name(qp=True))





gurobi





c = Metabolite("c")
c._bound = 2
x = Reaction("x")
y = Reaction("y")
x.add_metabolites({c: 1})
y.add_metabolites({c: 1})
m = Model()
m.add_reactions([x, y])
sol = m.optimize(quadratic_component=Q, objective_sense="minimize")
sol.x_dict





{'x': 1.0, 'y': 1.0}





Suppose we change the problem to have a mixed linear and quadratic
objective.


min \(\frac{1}{2}\left(x^2 + y^2 \right) - y\)

subject to

\(x + y = 2\)

\(x \ge 0\)

\(y \ge 0\)




Graphically, this would be

ax = make_plot_ax()
ax.plot((0, 2), (2, 0), 'b')
ax.plot([0.5], [1.5], 'bo')

yrange = linspace(1, 2, 11)
for r in (yrange ** 2 / 2. - yrange):
    t = linspace(-sqrt(2 * r + 1) + 0.000001, sqrt(2 * r + 1) - 0.000001, 1000)
    ax.plot(abs(t), 1 + sqrt(2 * r + 1 - t ** 2) * sign(t), '-.', color="gray")





[image: _images/qp_14_0.png]
QP solvers in cobrapy will combine linear and quadratic coefficients.
The linear portion will be obtained from the same objective_coefficient
attribute used with LP’s.

y.objective_coefficient = -1
sol = m.optimize(quadratic_component=Q, objective_sense="minimize")
sol.x_dict





{'x': 0.5, 'y': 1.5}
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9. Loopless FBA

This example is available as an IPython
notebook [http://nbviewer.ipython.org/github/opencobra/cobrapy/blob/master/documentation_builder/loopless.ipynb].

The goal of this procedure is identification of a thermodynamically
consistent flux state without loops, as implied by the name.

Usually, the model has the following constraints.


\[S \cdot v = 0\]


\[lb \le v \le ub\]

However, this will allow for thermodynamically infeasible loops
(referred to as type 3 loops) to occur, where flux flows around a cycle
without any net change of metabolites. For most cases, this is not a
major issue, as solutions with these loops can usually be converted to
equivalent solutions without them. However, if a flux state is desired
which does not exhibit any of these loops, loopless FBA can be used. The
formulation used here is modified from Schellenberger et
al. [http://dx.doi.org/10.1016/j.bpj.2010.12.3707]

We can make the model irreversible, so that all reactions will satisfy


\[0 \le lb \le v \le ub \le \max(ub)\]

We will add in boolean indicators as well, such that


\[\max(ub) i \ge v\]


\[i \in {0, 1}\]

We also want to ensure that an entry in the row space of S also exists
with negative values wherever v is nonzero. In this expression,
\(1-i\) acts as a not to indicate inactivity of a reaction.


\[S^\mathsf T x - (1 - i) (\max(ub) + 1) \le -1\]

We will construct an LP integrating both constraints.


\[\begin{split} \left(
\begin{matrix}
S & 0 & 0\\
-I & \max(ub)I & 0 \\
0 & (\max(ub) + 1)I & S^\mathsf T
\end{matrix}
\right)
\cdot
\left(
\begin{matrix}
v \\
i \\
x
\end{matrix}
\right)
\begin{matrix}
&=& 0 \\
&\ge& 0 \\
&\le& \max(ub)
\end{matrix}\end{split}\]

Note that these extra constraints are not applied to boundary reactions
which bring metabolites in and out of the system.

import cobra.test
from cobra import Reaction, Metabolite, Model
from cobra.flux_analysis.loopless import construct_loopless_model
from cobra.solvers import get_solver_name





We will demonstrate with a toy model which has a simple loop cycling A
-> B -> C -> A, with A allowed to enter the system and C allowed to
leave. A graphical view of the system is drawn below:

figure(figsize=(10.5, 4.5), frameon=False)
gca().axis("off")
xlim(0.5, 3.5)
ylim(0.7, 2.2)
arrow_params = {"head_length": 0.08, "head_width": 0.1, "ec": "k", "fc": "k"}
text_params = {"fontsize": 25, "horizontalalignment": "center", "verticalalignment": "center"}
arrow(0.5, 1, 0.85, 0, **arrow_params)  # EX_A
arrow(1.5, 1, 0.425, 0.736, **arrow_params)  # v1
arrow(2.04, 1.82, 0.42, -0.72, **arrow_params)  # v2
arrow(2.4, 1, -0.75, 0, **arrow_params)  # v3
arrow(2.6, 1, 0.75, 0, **arrow_params)
# reaction labels
text(0.9, 1.15, "EX_A", **text_params)
text(1.6, 1.5, r"v$_1$", **text_params)
text(2.4, 1.5, r"v$_2$", **text_params)
text(2, 0.85, r"v$_3$", **text_params)
text(2.9, 1.15, "DM_C", **text_params)
# metabolite labels
scatter(1.5, 1, s=250, color='#c994c7')
text(1.5, 0.9, "A", **text_params)
scatter(2, 1.84, s=250, color='#c994c7')
text(2, 1.95, "B", **text_params)
scatter(2.5, 1, s=250, color='#c994c7')
text(2.5, 0.9, "C", **text_params);





[image: _images/loopless_4_0.png]
test_model = Model()
test_model.add_metabolites(Metabolite("A"))
test_model.add_metabolites(Metabolite("B"))
test_model.add_metabolites(Metabolite("C"))
EX_A = Reaction("EX_A")
EX_A.add_metabolites({test_model.metabolites.A: 1})
DM_C = Reaction("DM_C")
DM_C.add_metabolites({test_model.metabolites.C: -1})
v1 = Reaction("v1")
v1.add_metabolites({test_model.metabolites.A: -1, test_model.metabolites.B: 1})
v2 = Reaction("v2")
v2.add_metabolites({test_model.metabolites.B: -1, test_model.metabolites.C: 1})
v3 = Reaction("v3")
v3.add_metabolites({test_model.metabolites.C: -1, test_model.metabolites.A: 1})
DM_C.objective_coefficient = 1
test_model.add_reactions([EX_A, DM_C, v1, v2, v3])





While this model contains a loop, a flux state exists which has no flux
through reaction v3, and is identified by loopless FBA.

construct_loopless_model(test_model).optimize()





<Solution 1000.00 at 0x62cd250>





However, if flux is forced through v3, then there is no longer a
feasible loopless solution.

v3.lower_bound = 1
construct_loopless_model(test_model).optimize()





<Solution 'infeasible' at 0x62cd5d0>





Loopless FBA is also possible on genome scale models, but it requires a
capable MILP solver.

salmonella = cobra.test.create_test_model()
construct_loopless_model(salmonella).optimize(solver=get_solver_name(mip=True))





<Solution 0.38 at 0x9e67650>





ecoli = cobra.test.create_test_model("ecoli")
construct_loopless_model(ecoli).optimize(solver=get_solver_name(mip=True))





<Solution 0.98 at 0x8e463d0>
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10. FAQ

This document will address frequently asked questions not addressed in
other pages of the documentation.


10.1. How do I install cobrapy?

Please see the
INSTALL.md [https://github.com/opencobra/cobrapy/blob/master/INSTALL.md]
file.




10.2. How do I cite cobrapy?

Please cite the 2013 publication:
10.1186/1752-0509-7-74 [http://dx.doi.org/doi:10.1186/1752-0509-7-74]




10.3. How do I rename reactions or metabolites?

TL;DR Use Model.repair afterwards

When renaming metabolites or reactions, there are issues because cobra
indexes based off of ID’s, which can cause errors. For example:

from __future__ import print_function
import cobra.test
model = cobra.test.create_test_model()

for metabolite in model.metabolites:
    metabolite.id = "test_" + metabolite.id

try:
    model.metabolites.get_by_id(model.metabolites[0].id)
except KeyError as e:
    print(repr(e))





KeyError('test_dcaACP_c',)





The Model.repair function will rebuild the necessary indexes

model.repair()
model.metabolites.get_by_id(model.metabolites[0].id)





<Metabolite test_dcaACP_c at 0x688b450>








10.4. How do I delete a gene?

That depends on what precisely you mean by delete a gene.

If you want to simulate the model with a gene knockout, use the
cobra.maniupulation.delete_model_genes function. The effects of this
function are reversed by cobra.manipulation.undelete_model_genes.

model = cobra.test.create_test_model()
PGI = model.reactions.get_by_id("PGI")
print("bounds before knockout:", (PGI.lower_bound, PGI.upper_bound))
cobra.manipulation.delete_model_genes(model, ["STM4221"])
print("bounds after knockouts", (PGI.lower_bound, PGI.upper_bound))





bounds before knockout: (-1000.0, 1000.0)
bounds after knockouts (0.0, 0.0)





If you want to actually remove all traces of a gene from a model, this
is more difficult because this will require changing all the
gene_reaction_rule strings for reactions involving the gene.




10.5. How do I change the reversibility of a Reaction?

Reaction.reversibility is a property in cobra which is computed when it
is requested from the lower and upper bounds.

model = cobra.test.create_test_model()
model.reactions.get_by_id("PGI").reversibility





True





Trying to set it directly will result in an error:

try:
    model.reactions.get_by_id("PGI").reversibility = False
except Exception as e:
    print(repr(e))





AttributeError("can't set attribute",)





The way to change the reversibility is to change the bounds to make the
reaction irreversible.

model.reactions.get_by_id("PGI").lower_bound = 10
model.reactions.get_by_id("PGI").reversibility





False








10.6. How do I generate an LP file from a COBRA model?

While the cobrapy does not include python code to support this feature
directly, many of the bundled solvers have this capability. Create the
problem with one of these solvers, and use its appropriate function.

Please note that unlike the LP file format, the MPS file format does not
specify objective direction and is always a minimzation. Some (but not
all) solvers will rewrite the maximization as a minimzation.

model = cobra.test.create_test_model()
# glpk through cglpk
glp = cobra.solvers.cglpk.create_problem(model)
glp.write("test.lp")
glp.write("test.mps")  # will not rewrite objective
# gurobi
gurobi_problem = cobra.solvers.gurobi_solver.create_problem(model)
gurobi_problem.write("test.lp")
gurobi_problem.write("test.mps")  # rewrites objective
# cplex
cplex_problem = cobra.solvers.cplex_solver.create_problem(model)
cplex_problem.write("test.lp")
cplex_problem.write("test.mps")  # rewrites objective








10.7. How do I visualize my flux solutions?

cobrapy works well with the escher [https://escher.github.io/]
package, which is well suited to this purpose. Consult the escher
documentation [https://escher.readthedocs.org/en/latest/] for
examples.
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11. cobra package


11.1. Subpackages



	11.1.1. cobra.core package
	11.1.1.1. Submodules

	11.1.1.2. cobra.core.ArrayBasedModel module

	11.1.1.3. cobra.core.DictList module

	11.1.1.4. cobra.core.Formula module

	11.1.1.5. cobra.core.Gene module

	11.1.1.6. cobra.core.Metabolite module

	11.1.1.7. cobra.core.Model module

	11.1.1.8. cobra.core.Object module

	11.1.1.9. cobra.core.Reaction module

	11.1.1.10. cobra.core.Solution module

	11.1.1.11. cobra.core.Species module

	11.1.1.12. Module contents





	11.1.2. cobra.flux_analysis package
	11.1.2.1. Submodules

	11.1.2.2. cobra.flux_analysis.deletion_worker module

	11.1.2.3. cobra.flux_analysis.double_deletion module

	11.1.2.4. cobra.flux_analysis.essentiality module

	11.1.2.5. cobra.flux_analysis.loopless module

	11.1.2.6. cobra.flux_analysis.moma module

	11.1.2.7. cobra.flux_analysis.objective module

	11.1.2.8. cobra.flux_analysis.parsimonious module

	11.1.2.9. cobra.flux_analysis.phenotype_phase_plane module

	11.1.2.10. cobra.flux_analysis.reaction module

	11.1.2.11. cobra.flux_analysis.single_deletion module

	11.1.2.12. cobra.flux_analysis.variability module

	11.1.2.13. Module contents





	11.1.3. cobra.io package
	11.1.3.1. Submodules

	11.1.3.2. cobra.io.json module

	11.1.3.3. cobra.io.mat module

	11.1.3.4. cobra.io.sbml module

	11.1.3.5. Module contents





	11.1.4. cobra.manipulation package
	11.1.4.1. Submodules

	11.1.4.2. cobra.manipulation.delete module

	11.1.4.3. cobra.manipulation.modify module

	11.1.4.4. Module contents





	11.1.5. cobra.mlab package
	11.1.5.1. Submodules

	11.1.5.2. cobra.mlab.mlab module

	11.1.5.3. Module contents





	11.1.6. cobra.solvers package
	11.1.6.1. Submodules

	11.1.6.2. cobra.solvers.cglpk module

	11.1.6.3. cobra.solvers.cplex_solver module

	11.1.6.4. cobra.solvers.glpk_solver module

	11.1.6.5. cobra.solvers.gurobi_solver module

	11.1.6.6. cobra.solvers.parameters module

	11.1.6.7. Module contents





	11.1.7. cobra.topology package
	11.1.7.1. Submodules

	11.1.7.2. cobra.topology.reporter_metabolites module

	11.1.7.3. Module contents












11.2. Module contents
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11.1.1. cobra.core package


11.1.1.1. Submodules




11.1.1.2. cobra.core.ArrayBasedModel module


	
class cobra.core.ArrayBasedModel.ArrayBasedModel(description=None, deepcopy_model=False, matrix_type='scipy.lil_matrix')[source]

	Bases: cobra.core.Model.Model

ArrayBasedModel is a class that adds arrays and vectors to
a cobra.Model to make it easier to perform linear algebra operations.


	
S

	Stoichiometric matrix of the model

This will be formatted as either lil_matrix [http://docs.scipy.org/doc/scipy/reference/generated/scipy.sparse.lil_matrix.html#scipy.sparse.lil_matrix]
or dok_matrix [http://docs.scipy.org/doc/scipy/reference/generated/scipy.sparse.dok_matrix.html#scipy.sparse.dok_matrix]






	
add_metabolites(metabolite_list, expand_stoichiometric_matrix=True)[source]

	Will add a list of metabolites to the the object, if they do not
exist and then expand the stochiometric matrix

metabolite_list: A list of Metabolite objects

expand_stoichimetric_matrix: Boolean.  If True and self.S is
not None then it will add rows to self.S.  self.S must be
created after adding reactions and metabolites to self before
it can be expanded.  Trying to expand self.S when self only
contains metabolites is ludacris.






	
add_reactions(reaction_list, update_matrices=True)[source]

	Will add a cobra.Reaction object to the model, if
reaction.id is not in self.reactions.

reaction_list: A Reaction object or a list of them

update_matrices:  Boolean.  If true populate / update matrices
S, lower_bounds, upper_bounds, .... Note this is slow to run
for very large models and using this option with repeated calls
will degrade performance.  Better to call self.update() after
adding all reactions.


If the stoichiometric matrix is initially empty then initialize a 1x1
sparse matrix and add more rows as needed in the self.add_metabolites
function







	
b

	bounds for metabolites as numpy.ndarray [http://docs.scipy.org/doc/numpy/reference/generated/numpy.ndarray.html#numpy.ndarray]






	
constraint_sense

	




	
copy()[source]

	Provides a partial ‘deepcopy’ of the Model.  All of the Metabolite,
Gene, and Reaction objects are created anew but in a faster fashion
than deepcopy






	
lower_bounds

	




	
objective_coefficients

	




	
remove_reactions(reactions, update_matrices=True, **kwargs)[source]

	remove reactions from teh model

See cobra.core.Model.Model.remove_reactions()


	update_matrices:  Boolean

	If true populate / update matrices S, lower_bounds, upper_bounds.
Note that this is slow to run for very large models, and using this
option with repeated calls will degrade performance.








	
update()[source]

	Regenerates the stoichiometric matrix and vectors






	
upper_bounds

	










11.1.1.3. cobra.core.DictList module


	
class cobra.core.DictList.DictList(*args)[source]

	Bases: list [http://docs.python.org/library/functions.html#list]

A combined dict and list

This object behaves like a list, but has the O(1) speed
benefits of a dict when looking up elements by their id.


	
append(object)[source]

	append object to end






	
extend(iterable)[source]

	extend list by appending elements from the iterable






	
get_by_id(id)[source]

	return the element with a matching id






	
has_id(id)[source]

	




	
index(id, *args)[source]

	Determine the position in the list

id: A string or a Object






	
insert(index, object)[source]

	insert object before index






	
list_attr(attribute)[source]

	return a list of the given attribute for every object






	
pop(*args)[source]

	remove and return item at index (default last).






	
query(search_function, attribute='id')[source]

	query the list


	search_function: used to select which objects to return

	
	a string, in which case any object.attribute containing
the string will be returned

	a compiled regular expression

	a function which takes one argument and returns True
for desired values





	attribute: the attribute to be searched for (default is ‘id’).

	If this is None, the object itself is used.



returns: a list of objects which match the query






	
remove(x)[source]

	
Warning

Internal use only








	
reverse()[source]

	reverse IN PLACE






	
sort(cmp=None, key=None, reverse=False)[source]

	stable sort IN PLACE

cmp(x, y) -> -1, 0, 1






	
union(iterable)[source]

	adds elements with id’s not already in the model












11.1.1.4. cobra.core.Formula module


	
class cobra.core.Formula.Formula(formula=None)[source]

	Bases: cobra.core.Object.Object

Describes a Chemical Formula

A legal formula string contains only letters and numbers.


	
parse_composition()[source]

	Breaks the chemical formula down by element.






	
weight

	Calculate the formula weight












11.1.1.5. cobra.core.Gene module


	
class cobra.core.Gene.Gene(id, formula=None, name=None, compartment=None, strand='+', locus_start=0, locus_end=0, functional=True)[source]

	Bases: cobra.core.Species.Species

A Gene is a special class of metabolite.

TODO: Make design decisions about TUs and such


	
remove_from_model(model=None, make_dependent_reactions_nonfunctional=True)[source]

	Removes the association

make_dependent_reactions_nonfunctional: Boolean.  If True then replace
the gene with ‘False’ in the gene association, else replace the gene
with ‘True’


Note

Simulating gene knockouts is much better handled by
cobra.manipulation.delete_model_genes














11.1.1.6. cobra.core.Metabolite module


	
class cobra.core.Metabolite.Metabolite(id=None, formula=None, name=None, compartment=None)[source]

	Bases: cobra.core.Species.Species

Metabolite is a class for holding information regarding
a metabolite in a cobra.Reaction object.


	
remove_from_model(method='subtractive', **kwargs)[source]

	Removes the association from self.model


	method: ‘subtractive’ or ‘destructive’.

	If ‘subtractive’ then the metabolite is removed from all
associated reactions.  If ‘destructive’ then all associated
reactions are removed from the Model.








	
y

	The shadow price for the metabolite in the most recent solution

Shadow prices are computed from the dual values of the bounds in
the solution.












11.1.1.7. cobra.core.Model module


	
class cobra.core.Model.Model(description=None)[source]

	Bases: cobra.core.Object.Object

Metabolic Model

Refers to Metabolite, Reaction, and Gene Objects.


	
add_metabolites(metabolite_list)[source]

	Will add a list of metabolites to the the object, if they do not
exist and then expand the stochiometric matrix

metabolite_list: A list of Metabolite objects






	
add_reaction(reaction)[source]

	Will add a cobra.Reaction object to the model, if
reaction.id is not in self.reactions.

reaction: A Reaction object






	
add_reactions(reaction_list)[source]

	Will add a cobra.Reaction object to the model, if
reaction.id is not in self.reactions.

reaction_list: A list of Reaction objects






	
change_objective(objectives)[source]

	Change the objective in the cobrapy model.

objectives: A list or a dictionary.  If a list then
a list of reactions for which the coefficient in the
linear objective is set as 1.  If a dictionary then the
key is the reaction and the value is the linear coefficient
for the respective reaction.






	
copy(print_time=False)[source]

	Provides a partial ‘deepcopy’ of the Model.  All of the Metabolite,
Gene, and Reaction objects are created anew but in a faster fashion
than deepcopy






	
guided_copy()[source]

	
Warning

deprecated








	
optimize(objective_sense='maximize', solver=None, quadratic_component=None, **kwargs)[source]

	Optimize model using flux balance analysis

objective_sense: ‘maximize’ or ‘minimize’

solver: ‘glpk’, ‘cglpk’, ‘gurobi’, ‘cplex’ or None


	quadratic_component: None or scipy.sparse.dok_matrix [http://docs.scipy.org/doc/scipy/reference/generated/scipy.sparse.dok_matrix.html#scipy.sparse.dok_matrix]

	The dimensions should be (n, n) where n is the number of reactions.

This sets the quadratic component (Q) of the objective coefficient,
adding \(\\frac{1}{2} v^T \cdot Q \cdot v\) to the objective.





tolerance_feasibility: Solver tolerance for feasibility.

tolerance_markowitz: Solver threshold during pivot

time_limit: Maximum solver time (in seconds)


Note

Only the most commonly used parameters are presented here.
Additional parameters for cobra.solvers may be available and
specified with the appropriate keyword argument.








	
remove_reactions(reactions, delete=True, remove_orphans=False)[source]

	remove reactions from the model


	reactions: [Reaction] or [str]

	The reactions (or their id’s) to remove

	delete: Boolean

	Whether or not the reactions should be deleted after removal.
If the reactions are not deleted, those objects will be
recreated with new metabolite and gene objects.

	remove_orphans: Boolean

	Remove orphaned genes and metabolites from the model as well








	
repair(rebuild_index=True, rebuild_relationships=True)[source]

	Update all indexes and pointers in a model






	
to_array_based_model(deepcopy_model=False, **kwargs)[source]

	Makes a ArrayBasedModel from a cobra.Model which
may be used to perform linear algebra operations with the
stoichiomatric matrix.

deepcopy_model: Boolean.  If False then the ArrayBasedModel points
to the Model






	
update()[source]

	
Warning

removed














11.1.1.8. cobra.core.Object module


	
class cobra.core.Object.Object(id=None, mnx_id=None)[source]

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

Defines common behavior of object in cobra.core


	
endswith(x)[source]

	




	
guided_copy()[source]

	
Deprecated since version 0.3: use copy direclty








	
startswith(x)[source]

	










11.1.1.9. cobra.core.Reaction module


	
class cobra.core.Reaction.Frozendict[source]

	Bases: dict [http://docs.python.org/library/stdtypes.html#dict]

Read-only dictionary view


	
pop(key, value)[source]

	




	
popitem()[source]

	








	
class cobra.core.Reaction.Reaction(name=None)[source]

	Bases: cobra.core.Object.Object

Reaction is a class for holding information regarding
a biochemical reaction in a cobra.Model object


	
add_gene(cobra_gene)[source]

	
Deprecated since version 0.3: update the gene_reaction_rule instead








	
add_gene_reaction_rule(the_rule)[source]

	
Deprecated since version 0.3: Set gene_reaction_rule directly








	
add_metabolites(metabolites, combine=True, add_to_container_model=True)[source]

	Add metabolites and stoichiometric coefficients to the reaction.
If the final coefficient for a metabolite is 0 then it is removed
from the reaction.


	metabolites: dict

	{Metabolite: coefficient}

	combine: Boolean.

	Describes behavior a metabolite already exists in the reaction.
True causes the coefficients to be added.
False causes the coefficient to be replaced.
True and a metabolite already exists in the

	add_to_container_model: Boolean.

	Add the metabolite to the Model
the reaction is associated with (i.e. self.model)








	
boundary

	




	
build_reaction_from_string(reaction_str, verbose=True, fwd_arrow=None, rev_arrow=None, reversible_arrow=None)[source]

	




	
build_reaction_string(use_metabolite_names=False)[source]

	Generate a human readable reaction string






	
check_mass_balance()[source]

	Makes sure that the reaction is elementally-balanced.






	
clear_metabolites()[source]

	Remove all metabolites from the reaction






	
copy()[source]

	When copying a reaction, it is necessary to deepcopy the
components so the list references aren’t carried over.

Additionally, a copy of a reaction is no longer in a cobra.Model.

This should be fixed with self.__deecopy__ if possible






	
delete(remove_orphans=False)[source]

	Completely delete a reaction

This removes all associations between a reaction the associated
model, metabolites and genes (unlike remove_from_model which only
dissociates the reaction from the model).


	remove_orphans: Boolean

	Remove orphaned genes and metabolites from the model as well








	
gene_reaction_rule

	




	
genes

	




	
get_coefficient(metabolite_id)[source]

	Return the stoichiometric coefficient for a metabolite in
the reaction.

metabolite_id: str or Metabolite






	
get_coefficients(metabolite_ids)[source]

	Return the stoichiometric coefficients for a list of
metabolites in the reaction.


	metabolite_ids: iterable

	Containing str or Metabolite








	
get_compartments()[source]

	




	
get_gene()[source]

	
Deprecated since version 0.3: use genes property instead








	
get_model()[source]

	
Deprecated since version 0.3.1: use model property instead








	
get_products()[source]

	
Deprecated since version 0.3: use products property instead








	
get_reactants()[source]

	
Deprecated since version 0.3: use reactants property instead








	
guided_copy(the_model, metabolite_dict, gene_dict=None)[source]

	
Deprecated since version 0.3: use copy directly








	
knock_out()[source]

	Change the upper and lower bounds of the reaction to 0.






	
metabolites

	




	
model

	returns the model the reaction is a part of






	
parse_gene_association(**kwargs)[source]

	
Deprecated since version 0.3: Set gene_reaction_rule directly








	
pop(metabolite_id)[source]

	Remove a metabolite from the reaction and return the
stoichiometric coefficient.

metabolite_id: str or Metabolite






	
print_values()[source]

	
Deprecated since version 0.3.








	
products

	Return a list of products for the reaction






	
reactants

	Return a list of reactants for the reaction.






	
reaction

	Human readable reaction string






	
remove_from_model(model=None, remove_orphans=False)[source]

	Removes the reaction from the model while keeping it intact


	remove_orphans: Boolean

	Remove orphaned genes and metabolites from the model as well



model: deprecated argument, must be None






	
remove_gene(cobra_gene)[source]

	
Deprecated since version 0.3: update the gene_reaction_rule instead








	
reversibility

	Whether the reaction can proceed in both directions (reversible)

This is computed from the current upper and lower bounds.






	
subtract_metabolites(metabolites)[source]

	This function will ‘subtract’ metabolites from a reaction, which
means add the metabolites with -1*coefficient. If the final coefficient
for a metabolite is 0 then the metabolite is removed from the reaction.


	metabolites: dict of {Metabolite: coefficient}

	These metabolites will be added to the reaction




Note

A final coefficient < 0 implies a reactant.








	
x

	The flux through the reaction in the most recent solution

Flux values are computed from the primal values of the variables in
the solution.












11.1.1.10. cobra.core.Solution module


	
class cobra.core.Solution.Solution(f, x=None, x_dict=None, y=None, y_dict=None, solver=None, the_time=0, status='NA')[source]

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

Stores the solution from optimizing a cobra.Model. This is
used to provide a single interface to results from different
solvers that store their values in different ways.

f: The objective value

solver: A string indicating which solver package was used.

x: List or Array of the values from the primal.

x_dict: A dictionary of reaction ids that maps to the primal values.

y: List or Array of the values from the dual.

y_dict: A dictionary of reaction ids that maps to the dual values.


	
dress_results(model)[source]

	
Warning

deprecated














11.1.1.11. cobra.core.Species module


	
class cobra.core.Species.Species(id=None, formula=None, name=None, compartment=None, mnx_id=None)[source]

	Bases: cobra.core.Object.Object

Species is a class for holding information regarding
a chemical Species


	
copy()[source]

	When copying a reaction, it is necessary to deepcopy the
components so the list references aren’t carried over.

Additionally, a copy of a reaction is no longer in a cobra.Model.

This should be fixed with self.__deecopy__ if possible






	
get_model()[source]

	Returns the Model object that contain this Object






	
get_reaction()[source]

	Returns a list of Reactions that contain this Species






	
guided_copy(the_model)[source]

	
Deprecated since version 0.3: Use copy directly








	
model

	




	
parse_composition()[source]

	Breaks the chemical formula down by element.
Useful for making sure Reactions are balanced.’






	
reactions

	










11.1.1.12. Module contents







          

      

      

    


    
         Copyright 2014, Daniel Robert Hyduke and Ali Ebrahim.
      Created using Sphinx 1.3.1.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	cobra 0.3.2 documentation 

          	11. cobra package 
 
      

    


    
      
          
            
  
11.1.2. cobra.flux_analysis package


11.1.2.1. Submodules




11.1.2.2. cobra.flux_analysis.deletion_worker module


	
class cobra.flux_analysis.deletion_worker.CobraDeletionMockPool(cobra_model, n_processes=1, solver=None, **kwargs)[source]

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

Mock pool solves LP’s in the same process


	
receive_all()[source]

	




	
receive_one()[source]

	




	
start()[source]

	




	
submit(indexes, label=None)[source]

	




	
terminate()[source]

	








	
class cobra.flux_analysis.deletion_worker.CobraDeletionPool(cobra_model, n_processes=None, solver=None, **kwargs)[source]

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

A pool of workers for solving deletions

submit jobs to the pool using submit and recieve results using receive_all


	
pids

	




	
receive_all()[source]

	




	
receive_one()[source]

	This function blocks






	
start()[source]

	




	
submit(indexes, label=None)[source]

	




	
terminate()[source]

	








	
cobra.flux_analysis.deletion_worker.compute_fba_deletion(lp, solver_object, model, indexes, **kwargs)[source]

	




	
cobra.flux_analysis.deletion_worker.compute_fba_deletion_worker(cobra_model, solver, job_queue, output_queue, **kwargs)[source]

	






11.1.2.3. cobra.flux_analysis.double_deletion module


	
cobra.flux_analysis.double_deletion.double_deletion(cobra_model, element_list_1=None, element_list_2=None, method='fba', single_deletion_growth_dict=None, element_type='gene', solver=None, number_of_processes=None, return_frame=False, zero_cutoff=1e-12, **kwargs)[source]

	Run double gene or reaction deletions

cobra_model: a cobra.Model object

element_list_1: None or a list of elements (genes or reactions)

element_list_2: None or a list of elements (genes or reactions)


	method: ‘fba’ or ‘moma’

	Whether to compute growth rates using flux balance analysis or
minimization of metabolic adjustments.

	number_of_processes: None or int

	The number of processor core to use. Setting 1 explicitly disables
use of the multiprocessing library. By default, up to 4 cores will be
used if available.



element_type: ‘gene’ or ‘reaction’


	zero_cutoff: float

	For single deletions which are assumed to be lethal, any double
deletion will also be assumed to be lethal. Additionally, removing only
reactions with no flux will assume the result is the same as wild-type.
This parameter sets the cutoff for the absolute value to determine if a
flux is 0. To disable this optimization, set this to a negative value.



solver: ‘glpk’, ‘cglpk’, ‘gurobi’, ‘cplex’ or None


	return_frame: bool

	If True, format data as a pandas Dataframe



Returns a dictionary of the elements in the x dimension (x), the y
dimension (y), and the growth simulation data (data).






	
cobra.flux_analysis.double_deletion.double_gene_deletion_fba(cobra_model, gene_list1=None, gene_list2=None, solver=None, number_of_processes=None, return_frame=False, zero_cutoff=1e-12, **kwargs)[source]

	




	
cobra.flux_analysis.double_deletion.double_gene_deletion_moma(cobra_model, gene_list_1=None, gene_list_2=None, method='moma', single_deletion_growth_dict=None, solver='glpk', growth_tolerance=1e-08, error_reporting=None)[source]

	This will disable reactions for all gene pairs from gene_list_1 and
gene_list_2 and then run simulations to optimize for the objective
function.  The contribution of each reaction to the objective function
is indicated in cobra_model.reactions[:].objective_coefficient vector.

NOTE:  We’ve assumed that there is no such thing as a synthetic rescue with
this modeling framework.

cobra_model: a cobra.Model object

gene_list_1: Is None or a list of genes.  If None then both gene_list_1
and gene_list_2 are assumed to correspond to cobra_model.genes.

gene_list_2: Is None or a list of genes.  If None then gene_list_2 is
assumed to correspond to gene_list_1.

method: ‘fba’ or ‘moma’ to run flux balance analysis or minimization
of metabolic adjustments.

single_deletion_growth_dict: A dictionary that provides the growth
rate information for single gene knock outs.  This can speed up
simulations because nonviable single deletion strains imply that all
double deletion strains will also be nonviable.

solver: ‘glpk’, ‘gurobi’, or ‘cplex’.

error_reporting: None or True

growth_tolerance: float.  The effective lower bound on the growth rate
for a single deletion that is still considered capable of growth.

Returns a dictionary of the gene ids in the x dimension (x) and the y
dimension (y), and the growth simulation data (data).






	
cobra.flux_analysis.double_deletion.double_reaction_deletion_fba(cobra_model, reaction_list1=None, reaction_list2=None, solver=None, number_of_processes=None, return_frame=False, zero_cutoff=1e-15, **kwargs)[source]

	setting n_processes=1 explicitly disables multiprocessing








11.1.2.4. cobra.flux_analysis.essentiality module


	
cobra.flux_analysis.essentiality.assess_medium_component_essentiality(cobra_model, the_components=None, the_medium=None, medium_compartment='e', solver='glpk', the_problem='return', the_condition=None, method='fba')[source]

	Determines which components in an in silico medium are essential for growth in the
context of the remaining components.

cobra_model: A Model object.

the_components: None or a list of external boundary reactions that will be sequentially
disabled.

the_medium: Is None, a string, or a dictionary.  If a string then the
initialize_growth_medium function expects that the_model has an
attribute dictionary called media_compositions, which is a dictionary of
dictionaries for various medium compositions.  Where a medium
composition is a dictionary of external boundary reaction ids for the medium
components and the external boundary fluxes for each medium component.

medium_compartment: the compartment in which the boundary reactions supplying the medium
components exist

NOTE: that these fluxes must be negative because the convention is backwards means something
is feed into the system.

solver: ‘glpk’, ‘gurobi’, or ‘cplex’

the_problem: Is None, ‘return’, or an LP model object for the solver.


	returns:

	essentiality_dict:  A dictionary providing the maximum growth rate accessible when
the respective component is removed from the medium.








	
cobra.flux_analysis.essentiality.deletion_analysis(cobra_model, the_medium=None, deletion_type='single', work_directory=None, growth_cutoff=0.001, the_problem='return', number_of_processes=6, element_type='gene', solver='glpk', error_reporting=None, method='fba', element_list=None)[source]

	Performs single and/or double deletion analysis on all the genes in the model.  Provides
an interface to parallelize the deletion studies.








11.1.2.5. cobra.flux_analysis.loopless module


	
cobra.flux_analysis.loopless.construct_loopless_model(cobra_model)[source]

	construct a loopless model

This adds MILP constraints to prevent flux from proceeding in a loop, as
done in http://dx.doi.org/10.1016/j.bpj.2010.12.3707
Please see the documentation for an explanation of the algorithm.

This must be solved with an MILP capable solver.








11.1.2.6. cobra.flux_analysis.moma module


	
cobra.flux_analysis.moma.construct_difference_model(model_1, model_2, norm_type='euclidean')[source]

	Combine two models into a larger model that is designed to calculate differences
between the models






	
cobra.flux_analysis.moma.moma(wt_model, mutant_model, objective_sense='maximize', solver=None, tolerance_optimality=1e-08, tolerance_feasibility=1e-08, minimize_norm=False, the_problem='return', lp_method=0, combined_model=None, norm_type='euclidean')[source]

	Runs the minimization of metabolic adjustment method described in
Segre et al 2002 PNAS 99(23): 15112-7.

wt_model: A cobra.Model object

mutant_model: A cobra.Model object with different reaction bounds vs wt_model.
To simulate deletions

objective_sense: ‘maximize’ or ‘minimize’

solver: ‘gurobi’, ‘cplex’, or ‘glpk’.  Note: glpk cannot be used with
norm_type ‘euclidean’

tolerance_optimality: Solver tolerance for optimality.

tolerance_feasibility: Solver tolerance for feasibility.

the_problem: None or a problem object for the specific solver that can be
used to hot start the next solution.

lp_method: The method to use for solving the problem.  Depends on the solver.  See
the cobra.flux_analysis.solvers.py file for more info.



	For norm_type == ‘euclidean’:

	the primal simplex works best for the test model (gurobi: lp_method=0, cplex: lp_method=1)






combined_model: an output from moma that represents the combined optimization
to be solved.  when this is not none.  only assume that bounds have changed
for the mutant or wild-type.  This saves 0.2 seconds in stacking matrices.

NOTE: Current function makes too many assumptions about the structures of the models








11.1.2.7. cobra.flux_analysis.objective module


	
cobra.flux_analysis.objective.assess_objective(model, objective=None, objective_cutoff=0.001, growth_medium=None)[source]

	DEPRECATED






	
cobra.flux_analysis.objective.update_objective(cobra_model, the_objectives)[source]

	Revised to take advantage of the new Reaction classes.

cobra_model:  A cobra.Model

the_objectives: A list or a dictionary.  If a list then
a list of reactions for which the coefficient in the
linear objective is set as 1.  If a dictionary then the
key is the reaction and the value is the linear coefficient
for the respective reaction.








11.1.2.8. cobra.flux_analysis.parsimonious module


	
cobra.flux_analysis.parsimonious.optimize_minimal_flux(model, already_irreversible=False, **optimize_kwargs)[source]

	Perform basic pFBA (parsimonius FBA) and minimize total flux.

The function attempts to act as a drop-in replacement for optimize. It
will make the reaction reversible and perform an optimization, then
force the objective value to remain the same and minimize the total
flux. Finally, it will convert the reaction back to the irreversible
form it was in before. See http://dx.doi.org/10.1038/msb.2010.47

model : Model object


	already_irreversible : bool, optional

	By default, the model is converted to an irreversible one.
However, if the model is already irreversible, this step can be
skipped.










11.1.2.9. cobra.flux_analysis.phenotype_phase_plane module


	
cobra.flux_analysis.phenotype_phase_plane.calculate_phenotype_phase_plane(model, reaction1_name, reaction2_name, reaction1_range_max=20, reaction2_range_max=20, reaction1_npoints=50, reaction2_npoints=50, solver=None, n_processes=1, tolerance=1e-06)[source]

	calculates the growth rates while varying the uptake rates for two
reactions.

returns: an object containing the growth rates for the uptake rates.
To plot the result, call the plot function of the returned object.

Example:
data = calculate_phenotype_phase_plane(my_model, “EX_foo”, “EX_bar”)
data.plot()






	
class cobra.flux_analysis.phenotype_phase_plane.phenotypePhasePlaneData(reaction1_name, reaction2_name, reaction1_range_max, reaction2_range_max, reaction1_npoints, reaction2_npoints)[source]

	class to hold results of a phenotype phase plane analysis


	
plot()[source]

	plot the phenotype phase plane in 3D using any available backend






	
plot_matplotlib(theme='Paired', scale_grid=False)[source]

	Use matplotlib to plot a phenotype phase plane in 3D.

theme: color theme to use (requires brewer2mpl)

returns: maptlotlib 3d subplot object






	
plot_mayavi()[source]

	Use mayavi to plot a phenotype phase plane in 3D.
The resulting figure will be quick to interact with in real time,
but might be difficult to save as a vector figure.
returns: mlab figure object






	
segment(threshold=0.01)[source]

	attempt to segment the data and identify the various phases












11.1.2.10. cobra.flux_analysis.reaction module


	
cobra.flux_analysis.reaction.assess(model, reaction, flux_coefficient_cutoff=0.001)[source]

	Assesses the capacity of the model to produce the precursors for the reaction
and absorb the production of the reaction while the reaction is operating at, or
above, the specified cutoff.

model: A Model object

reaction: A Reaction object

flux_coefficient_cutoff:  Float.  The minimum flux that reaction must carry to
be considered active.

returns: True if the model can produce the precursors and absorb the products
for the reaction operating at, or above, flux_coefficient_cutoff.  Otherwise,
a dictionary of {‘precursor’: Status, ‘product’: Status}.  Where Status is the
results from assess_precursors and assess_products,
respectively.






	
cobra.flux_analysis.reaction.assess_precursors(model, reaction, flux_coefficient_cutoff=0.001)[source]

	Assesses the ability of the model to provide sufficient precursors for
a reaction operating at, or beyond, the specified cutoff.

model: A Model object

reaction: A Reaction object

flux_coefficient_cutoff:  Float.  The minimum flux that reaction must carry to
be considered active.

returns: True if  the precursors can be simultaneously produced at the specified cutoff.  False, if the model has
the capacity to produce each individual precursor at the specified threshold  but not all precursors at the
required level simultaneously.   Otherwise a dictionary of the required and the produced
fluxes for each reactant that is not produced in sufficient quantities.






	
cobra.flux_analysis.reaction.assess_products(model, reaction, flux_coefficient_cutoff=0.001)[source]

	Assesses whether the model has the capacity to absorb the products of a reaction
at a given flux rate.  Useful for identifying which components might be blocking
a reaction from achieving a specific flux rate.

model: A Model object

reaction: A Reaction object

flux_coefficient_cutoff:  Float.  The minimum flux that reaction must carry to
be considered active.

returns: True if the model has the capacity to absorb all the reaction products being
simultaneously given the specified cutoff.   False, if the model has
the capacity to absorb each individual product but not all products at the
required level simultaneously.   Otherwise a dictionary of the required and the
capacity fluxes for each product that is not absorbed in sufficient quantities.








11.1.2.11. cobra.flux_analysis.single_deletion module


	
cobra.flux_analysis.single_deletion.single_deletion(cobra_model, element_list=None, method='fba', element_type='gene', solver=None)[source]

	Wrapper for single_gene_deletion and the single_reaction_deletion
functions

cobra_model: a cobra.Model object

element_list: Is None or a list of elements (genes or reactions) to
delete.

method: ‘fba’ or ‘moma’

the_problem: Is None, ‘return’, or an LP model object for the solver.

element_type: ‘gene’ or ‘reaction’

solver: ‘glpk’, ‘gurobi’, or ‘cplex’.

error_reporting: None or True to disable or enable printing errors encountered
when trying to find the optimal solution.

discard_problems: Boolean.  If True do not save problems.  This will
help with memory issues related to gurobi.
.. warning:: This is deprecated.

Returns a list of dictionaries: growth_rate_dict, solution_status_dict,
problem_dict where the key corresponds to each element in element_list.






	
cobra.flux_analysis.single_deletion.single_gene_deletion(cobra_model, element_list=None, method='fba', the_problem='reuse', solver=None, error_reporting=None)[source]

	Performs optimization simulations to realize the objective defined
from cobra_model.reactions[:].objective_coefficients after deleting each gene in
gene_list from the model.

cobra_model: a cobra.Model object

element_list: Is None or a list of genes to delete.  If None then
disable each reaction associated with each gene in cobra_model.genes.

method: ‘fba’ or ‘moma’

the_problem: Is None or ‘reuse’.

solver: ‘glpk’, ‘gurobi’, or ‘cplex’.

Returns a list of dictionaries: growth_rate_dict, solution_status_dict,
problem_dict where the key corresponds to each reaction in reaction_list.

TODO: Add in a section that allows copying and collection of problem for
debugging purposes.






	
cobra.flux_analysis.single_deletion.single_gene_deletion_fba(cobra_model, gene_list=None, solver=None)[source]

	




	
cobra.flux_analysis.single_deletion.single_reaction_deletion(cobra_model, element_list=None, method='fba', the_problem='return', solver=None, error_reporting=None, discard_problems=True)[source]

	Performs optimization simulations to realize the objective defined
from cobra_model.reactions[:].objective_coefficients after deleting each reaction
from the model.

cobra_model: a cobra.Model object

element_list: Is None or a list of cobra.Reactions in cobra_model to disable.
If None then disable each reaction in cobra_model.reactions and optimize for the
objective function defined from cobra_model.reactions[:].objective_coefficients.

method: ‘fba’ is the only option at the moment.

the_problem: Is None, ‘reuse’, or an LP model object for the solver.

solver: ‘glpk’, ‘gurobi’, or ‘cplex’.

discard_problems: Boolean.  If True do not save problems.  This will
help with memory issues related to gurobi.

Returns a list of dictionaries: growth_rate_dict, solution_status_dict,
problem_dict where the key corresponds to each reaction in reaction_list.






	
cobra.flux_analysis.single_deletion.single_reaction_deletion_fba(cobra_model, reaction_list=None, solver=None)[source]

	






11.1.2.12. cobra.flux_analysis.variability module


	
cobra.flux_analysis.variability.find_blocked_reactions(cobra_model, reaction_list=None, solver=None, zero_cutoff=1e-09, open_exchanges=False, **kwargs)[source]

	Finds reactions that cannot carry a flux with the current
exchange reaction settings for cobra_model, using flux variability
analysis.






	
cobra.flux_analysis.variability.flux_variability_analysis(cobra_model, reaction_list=None, fraction_of_optimum=1.0, solver=None, objective_sense='maximize', **solver_args)[source]

	Runs flux variability analysis to find max/min flux values

cobra_model : Model:


	reaction_list : list of Reaction: or their id’s

	The id’s for which FVA should be run. If this is None, the bounds
will be comptued for all reactions in the model.

	fraction_of_optimum : fraction of optimum which must be maintained.

	The original objective reaction is constrained to be greater than
maximal_value * fraction_of_optimum

	solver : string of solver name

	If None is given, the default solver will be used.










11.1.2.13. Module contents
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11.1.3. cobra.io package


11.1.3.1. Submodules




11.1.3.2. cobra.io.json module


	
cobra.io.json.from_json(jsons)[source]

	Load cobra model from a json string






	
cobra.io.json.load_json_model(file_name)[source]

	Load a cobra model stored as a json file

file_name : str or file-like object






	
cobra.io.json.save_json_model(model, file_name)[source]

	Save the cobra model as a json file.

model : Model object

file_name : str or file-like object






	
cobra.io.json.to_json(model)[source]

	Save the cobra model as a json string








11.1.3.3. cobra.io.mat module


	
cobra.io.mat.create_mat_dict(model)[source]

	create a dict mapping model attributes to arrays






	
cobra.io.mat.from_mat_struct(mat_struct, model_id=None)[source]

	create a model from the COBRA toolbox struct

The struct will be a dict read in by scipy.io.loadmat






	
cobra.io.mat.load_matlab_model(infile_path, variable_name=None)[source]

	Load a cobra model stored as a .mat file

infile_path : str


	variable_name : str, optional

	The variable name of the model in the .mat file. If this is not
specified, then the first MATLAB variable which looks like a COBRA
model will be used








	
cobra.io.mat.save_matlab_model(model, file_name)[source]

	Save the cobra model as a .mat file.

This .mat file can be used directly in the MATLAB version of COBRA.

model : Model object

file_name : str or file-like object








11.1.3.4. cobra.io.sbml module


	
cobra.io.sbml.add_sbml_species(sbml_model, cobra_metabolite, note_start_tag, note_end_tag, boundary_metabolite=False)[source]

	A helper function for adding cobra metabolites to an sbml model.

sbml_model: sbml_model object

cobra_metabolite: a cobra.Metabolite object

note_start_tag: the start tag for parsing cobra notes. this will eventually
be supplanted when COBRA is worked into sbml.

note_end_tag: the end tag for parsing cobra notes. this will eventually
be supplanted when COBRA is worked into sbml.






	
cobra.io.sbml.create_cobra_model_from_sbml_file(sbml_filename, old_sbml=False, legacy_metabolite=False, print_time=False, use_hyphens=False)[source]

	convert an SBML XML file into a cobra.Model object.  Supports
SBML Level 2 Versions 1 and 4.  The function will detect if the SBML fbc package is used in the file
and run the converter if the fbc package is used.

sbml_filename: String.

old_sbml:  Boolean. Set to True if the XML file has metabolite
formula appended to metabolite names.  This was a poorly designed
artifact that persists in some models.

legacy_metabolite: Boolean.  If True then assume that the metabolite id has
the compartment id appended after an underscore (e.g. _c for cytosol).  This
has not been implemented but will be soon.

print_time: deprecated

use_hyphens:   Boolean.  If True, double underscores (__) in an SBML ID will be converted to hyphens






	
cobra.io.sbml.fix_legacy_id(id, use_hyphens=False, fix_compartments=False)[source]

	




	
cobra.io.sbml.parse_legacy_id(the_id, the_compartment=None, the_type='metabolite', use_hyphens=False)[source]

	Deals with a bunch of problems due to bigg.ucsd.edu not following SBML standards

the_id: String.

the_compartment: String.

the_type: String.  Currently only ‘metabolite’ is supported

use_hyphens:   Boolean.  If True, double underscores (__) in an SBML ID will be converted to hyphens






	
cobra.io.sbml.parse_legacy_sbml_notes(note_string, note_delimiter=':')[source]

	Deal with legacy SBML format issues arising from the
COBRA Toolbox for MATLAB and BiGG.ucsd.edu developers.






	
cobra.io.sbml.read_legacy_sbml(filename, use_hyphens=False)[source]

	read in an sbml file and fix the sbml id’s






	
cobra.io.sbml.write_cobra_model_to_sbml_file(cobra_model, sbml_filename, sbml_level=2, sbml_version=1, print_time=False, use_fbc_package=True)[source]

	Write a cobra.Model object to an SBML XML file.

cobra_model:  Model object

sbml_filename:  The file to write the SBML XML to.

sbml_level:  2 is the only level supported at the moment.

sbml_version: 1 is the only version supported at the moment.


	use_fbc_package: Boolean.

	Convert the model to the FBC package format to improve portability.
http://sbml.org/Documents/Specifications/SBML_Level_3/Packages/Flux_Balance_Constraints_(flux)



TODO: Update the NOTES to match the SBML standard and provide support for
Level 2 Version 4








11.1.3.5. Module contents
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11.1.4. cobra.manipulation package


11.1.4.1. Submodules




11.1.4.2. cobra.manipulation.delete module


	
cobra.manipulation.delete.delete_model_genes(cobra_model, gene_list, cumulative_deletions=True, disable_orphans=False)[source]

	delete_model_genes will set the upper and lower bounds for reactions
catalysed by the genes in gene_list if deleting the genes means that
the reaction cannot proceed according to
cobra_model.reactions[:].gene_reaction_rule

cumulative_deletions: False or True.  If True then any previous
deletions will be maintained in the model.






	
cobra.manipulation.delete.find_gene_knockout_reactions(cobra_model, gene_list, compiled_gene_reaction_rules={})[source]

	identify reactions which will be disabled when the genes are knocked out

cobra_model: Model

gene_list: iterable of Gene


	compiled_gene_reaction_rules: dict of {reaction_id: compiled_string}

	If provided, this gives pre-compiled gene_reaction_rule strings.
The compiled rule strings can be evaluated much faster. If a rule
is not provided, the regular expression evaluation will be used.
Because not all gene_reaction_rule strings can be evaluated, this
dict must exclude any rules which can not be used with eval.








	
cobra.manipulation.delete.get_compiled_gene_reaction_rules(cobra_model)[source]

	Generates a dict of compiled gene_reaction_rules

Any gene_reaction_rule expressions which cannot be compiled or do not
evaluate after compiling will be excluded. The result can be used in the
find_gene_knockout_reactions function to speed up evaluation of these
rules.






	
cobra.manipulation.delete.prune_unused_metabolites(cobra_model)[source]

	Removes metabolites that aren’t involved in any reactions in the model

cobra_model: A Model object.






	
cobra.manipulation.delete.prune_unused_reactions(cobra_model)[source]

	Removes reactions from cobra_model.

cobra_model: A Model object.

reactions_to_prune: None, a string matching a reaction.id, a
cobra.Reaction, or as list of the ids / Reactions to remove from
cobra_model.  If None then the function will delete reactions that have no
active metabolites in the model.






	
cobra.manipulation.delete.undelete_model_genes(cobra_model)[source]

	Undoes the effects of a call to delete_model_genes in place.

cobra_model:  A cobra.Model which will be modified in place








11.1.4.3. cobra.manipulation.modify module


	
cobra.manipulation.modify.convert_to_irreversible(cobra_model)[source]

	Split reversible reactions into two irreversible reactions

These two reactions will proceed in opposite directions. This
guarentees that all reactions in the model will only allow
positive flux values, which is useful for some modeling problems.

cobra_model: A Model object which will be modified in place.






	
cobra.manipulation.modify.initialize_growth_medium(cobra_model, the_medium='MgM', external_boundary_compartment='e', external_boundary_reactions=None, reaction_lower_bound=0.0, reaction_upper_bound=1000.0, irreversible=False, reactions_to_disable=None)[source]

	Sets all of the input fluxes to the model to zero and then will
initialize the input fluxes to the values specified in the_medium if
it is a dict or will see if the model has a composition dict and use
that to do the initialization.

cobra_model: A cobra.Model object.

the_medium: A string, or a dictionary.
If a string then the initialize_growth_medium function expects that
the_model has an attribute dictionary called media_compositions, which is a
dictionary of dictionaries for various medium compositions.  Where a medium
composition is a dictionary of external boundary reaction ids for the
medium components and the external boundary fluxes for each medium
component.

external_boundary_compartment: None or a string.
If not None then it specifies the compartment in which to disable all of
the external systems boundaries.

external_boundary_reactions: None or a list of external_boundaries that are
to have their bounds reset.  This acts in conjunction with
external_boundary_compartment.

reaction_lower_bound: Float.  The default value to use for the lower
bound for the boundary reactions.

reaction_upper_bound: Float.  The default value to use for the upper
bound for the boundary.

irreversible: Boolean.  If the model is irreversible then the medium
composition is taken as the upper bound

reactions_to_disable: List of reactions for which the upper and lower
bounds are disabled.  This is superceded by the contents of
media_composition






	
cobra.manipulation.modify.revert_to_reversible(cobra_model, update_solution=True)[source]

	This function will convert a reversible model made by
convert_to_irreversible into a reversible model.

cobra_model: A cobra.Model which will be modified in place.








11.1.4.4. Module contents
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11.1.5. cobra.mlab package


11.1.5.1. Submodules




11.1.5.2. cobra.mlab.mlab module


	
cobra.mlab.mlab.cobra_model_object_to_cobra_matlab_struct(cobra_model)[source]

	This function converts all of the  object values to the
corresponding model fields to update the mlab model.






	
cobra.mlab.mlab.init_matlab_toolbox(matlab_cobra_path=None, discover_functions=True)[source]

	initialize the matlab cobra toolbox, and load its functions
into mlab’s namespace (very useful for ipython tab completion)

matlab_cobra_path: the path to the directory containing the MATLAB
cobra installation. Using the default None will attempt to find the
toolbox in the MATLAB path

discover_functions: Whether mlabwrap should autodiscover all cobra toolbox
functions in matlab. This is convenient for tab completion, but may take
some time.






	
cobra.mlab.mlab.matlab_cell_to_python_list(the_cell)[source]

	




	
cobra.mlab.mlab.matlab_cobra_struct_to_python_cobra_object(matlab_struct)[source]

	Converts a COBRA toolbox 2.0 struct into a cobra.Model object using the mlabwrap matlab proxy






	
cobra.mlab.mlab.matlab_logical_to_python_logical(the_logical)[source]

	




	
cobra.mlab.mlab.matlab_sparse_to_numpy_array(matlab_sparse_matrix)[source]

	




	
cobra.mlab.mlab.matlab_sparse_to_scipy_sparse(matlab_sparse_matrix)[source]

	




	
cobra.mlab.mlab.numpy_array_to_mlab_sparse(numpy_array)[source]

	A more efficient method is needed for when the
matrix is so big that making a dense version
is a waste of computer effort.






	
cobra.mlab.mlab.python_list_to_matlab_cell(the_list, transpose=False)[source]

	




	
cobra.mlab.mlab.scipy_sparse_to_mlab_sparse(scipy_sparse_matrix)[source]

	A more efficient method is needed for when the
matrix is so big that making a dense version
is a waste of computer effort.








11.1.5.3. Module contents

Provides python functions which are useful for interacting with MATLAB
by using the mlabwrap library.

To use MATLAB functions directly, see cobra.matlab
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11.1.6. cobra.solvers package


11.1.6.1. Submodules




11.1.6.2. cobra.solvers.cglpk module




11.1.6.3. cobra.solvers.cplex_solver module




11.1.6.4. cobra.solvers.glpk_solver module


	
cobra.solvers.glpk_solver.change_coefficient(lp, met_index, rxn_index, value)[source]

	




	
cobra.solvers.glpk_solver.change_variable_bounds(lp, index, lower_bound, upper_bound)[source]

	




	
cobra.solvers.glpk_solver.change_variable_objective(lp, index, objective)[source]

	




	
cobra.solvers.glpk_solver.create_problem(cobra_model, **kwargs)[source]

	Solver-specific method for constructing a solver problem from
a cobra.Model.  This can be tuned for performance using kwargs






	
cobra.solvers.glpk_solver.format_solution(lp, cobra_model, **kwargs)[source]

	




	
cobra.solvers.glpk_solver.get_objective_value(lp)[source]

	




	
cobra.solvers.glpk_solver.get_status(lp)[source]

	




	
cobra.solvers.glpk_solver.set_parameter(lp, parameter_name, parameter_value)[source]

	with pyglpk the parameters are set during the solve phase, with
the exception of objective sense.






	
cobra.solvers.glpk_solver.solve(cobra_model, **kwargs)[source]

	Smart interface to optimization solver functions that will convert
the cobra_model to a solver object, set the parameters, and try multiple
methods to get an optimal solution before returning the solver object and
a cobra.Solution (which is attached to cobra_model.solution)

cobra_model: a cobra.Model

returns a dict: {‘the_problem’: solver specific object, ‘the_solution’:
cobra.Solution for the optimization problem’}






	
cobra.solvers.glpk_solver.solve_problem(lp, **kwargs)[source]

	A performance tunable method for updating a model problem file

lp: a pyGLPK 0.3 problem

For pyGLPK it is necessary to provide the following parameters, if they
are not provided then the default settings will be used: tolerance_feasibility,
tolerance_integer, lp_method, and objective_sense






	
cobra.solvers.glpk_solver.update_problem(lp, cobra_model, **kwargs)[source]

	A performance tunable method for updating a model problem file

lp: A gurobi problem object

cobra_model: the cobra.Model corresponding to ‘lp’








11.1.6.5. cobra.solvers.gurobi_solver module


	
cobra.solvers.gurobi_solver.change_coefficient(lp, met_index, rxn_index, value)[source]

	




	
cobra.solvers.gurobi_solver.change_variable_bounds(lp, index, lower_bound, upper_bound)[source]

	




	
cobra.solvers.gurobi_solver.change_variable_objective(lp, index, objective)[source]

	




	
cobra.solvers.gurobi_solver.create_problem(cobra_model, quadratic_component=None, **kwargs)[source]

	Solver-specific method for constructing a solver problem from
a cobra.Model.  This can be tuned for performance using kwargs






	
cobra.solvers.gurobi_solver.format_solution(lp, cobra_model, **kwargs)[source]

	




	
cobra.solvers.gurobi_solver.get_objective_value(lp)[source]

	




	
cobra.solvers.gurobi_solver.get_status(lp)[source]

	




	
cobra.solvers.gurobi_solver.set_parameter(lp, parameter_name, parameter_value)[source]

	




	
cobra.solvers.gurobi_solver.set_quadratic_objective(lp, quadratic_objective)[source]

	




	
cobra.solvers.gurobi_solver.solve(cobra_model, **kwargs)[source]

	




	
cobra.solvers.gurobi_solver.solve_problem(lp, **kwargs)[source]

	A performance tunable method for updating a model problem file






	
cobra.solvers.gurobi_solver.update_problem(lp, cobra_model, **kwargs)[source]

	A performance tunable method for updating a model problem file

lp: A gurobi problem object

cobra_model: the cobra.Model corresponding to ‘lp’








11.1.6.6. cobra.solvers.parameters module




11.1.6.7. Module contents


	
exception cobra.solvers.SolverNotFound[source]

	Bases: exceptions.Exception [http://docs.python.org/library/exceptions.html#exceptions.Exception]






	
cobra.solvers.add_solver(solver_name, use_name=None)[source]

	add a solver module to the solvers






	
cobra.solvers.get_solver_name(mip=False, qp=False)[source]

	returns a solver name

raises SolverNotFound if a suitable solver is not found






	
cobra.solvers.optimize(cobra_model, solver=None, **kwargs)[source]

	Wrapper to optimization solvers


	solver : str

	Name of the LP solver from solver_dict to use. If None is given, the
default one will be used
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11.1.7. cobra.topology package


11.1.7.1. Submodules




11.1.7.2. cobra.topology.reporter_metabolites module


	
cobra.topology.reporter_metabolites.identify_reporter_metabolites(cobra_model, reaction_scores_dict, number_of_randomizations=1000, number_of_layers=1, scoring_metric='default', score_type='p', entire_network=False, background_correction=True, ignore_external_boundary_reactions=False)[source]

	Calculate the aggregate Z-score for the metabolites in the model.
Ignore reactions that are solely spontaneous or orphan. Allow the scores to
have multiple columns / experiments.   This will change the way the output
is represented.

cobra_model: A cobra.Model object

TODO: CHANGE TO USING DICTIONARIES for the_reactions: the_scores

reaction_scores_dict:  A dictionary where the keys are reactions in cobra_model.reactions
and the values are the scores.  Currently, only supports a single numeric value as
the value; however, this will be updated to allow for lists

number_of_randomizations: Integer.  Number of random shuffles of the
scores to assess which are significant.

number_of_layers: 1 is the only option supported

scoring_metric:  default means divide by k**0.5

score_type: ‘p’ Is the only option at the moment and indicates p-value.

entire_network: Boolean.  Currently, only compares scores calculated from the_reactions

background_correction: Boolean.  If True apply background correction to the aggreagate
Z-score

ignore_external_boundary_reactions: Not yet implemented. Boolean.  If True do not count exchange reactions when
calculating the score.






	
cobra.topology.reporter_metabolites.ppmap_identify_reporter_metabolites(keywords)[source]

	A function that receives a dict with all of the parameters for identify_reporter_metabolites
Serves to make it possible to call the reporter metabolites function from ppmap.
It only will be useful for parallel experiments not for breaking up a single experiment.








11.1.7.3. Module contents
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# Interface to gurobipy

from warnings import warn
from itertools import izip

from gurobipy import Model, LinExpr, GRB, QuadExpr


from ..core.Solution import Solution
from ..external.six import string_types

solver_name = 'gurobi'
_SUPPORTS_MILP = True


# set solver-specific parameters
parameter_defaults = {'objective_sense': 'maximize',
                      'tolerance_optimality': 1e-6,
                      'tolerance_feasibility': 1e-6,
                      'tolerance_integer': 1e-9,
                      # This is primal simplex, default is -1 (automatic)
                      'lp_method': 0,
                      'verbose': False,
                      'log_file': ''}
parameter_mappings = {'log_file': 'LogFile',
                      'lp_method': 'Method',
                      'threads': 'Threads',
                      'objective_sense': 'ModelSense',
                      'output_verbosity': 'OutputFlag',
                      'verbose': 'OutputFlag',
                      'quadratic_precision': 'Quad',
                      'time_limit': 'TimeLimit',
                      'tolerance_feasibility': 'FeasibilityTol',
                      'tolerance_markowitz': 'MarkowitzTol',
                      'tolerance_optimality': 'OptimalityTol',
                      'iteration_limit': 'IterationLimit',
                      'tolerance_barrier': 'BarConvTol',
                      'tolerance_integer': 'IntFeasTol',
                      'MIP_gap_abs': 'MIPGapAbs',
                      'MIP_gap': 'MIPGap'}
# http://www.gurobi.com/documentation/5./6/reference-manual/method
METHODS = {"auto": -1, "primal": 0, "dual": 1, "barrier": 2,
           "concurrent": 3, "deterministic concurrent": 4}
variable_kind_dict = {'continuous': GRB.CONTINUOUS, 'integer': GRB.INTEGER}
sense_dict = {'E': GRB.EQUAL, 'L': GRB.LESS_EQUAL, 'G': GRB.GREATER_EQUAL}
objective_senses = {'maximize': GRB.MAXIMIZE, 'minimize': GRB.MINIMIZE}
status_dict = {GRB.OPTIMAL: 'optimal', GRB.INFEASIBLE: 'infeasible',
               GRB.UNBOUNDED: 'unbounded', GRB.TIME_LIMIT: 'time_limit'}

[docs]def get_status(lp):
    status = lp.status
    if status in status_dict:
        status = status_dict[status]
    else:
        status = 'failed'
    return status


[docs]def get_objective_value(lp):
    return lp.ObjVal


[docs]def format_solution(lp, cobra_model, **kwargs):
    status = get_status(lp)
    if status not in ('optimal', 'time_limit'):
        the_solution = Solution(None, status=status)
    else:
        objective_value = lp.ObjVal
        x = [v.X for v in lp.getVars()]
        x_dict = {r.id: value for r, value in izip(cobra_model.reactions, x)}
        if lp.isMIP:
            y = y_dict = None  # MIP's don't have duals
        else:
            y = [c.Pi for c in lp.getConstrs()]
            y_dict = {m.id: value for m, value in izip(cobra_model.metabolites, y)}
        the_solution = Solution(objective_value, x=x, x_dict=x_dict, y=y,
                                y_dict=y_dict, status=status)
    return(the_solution)


[docs]def set_parameter(lp, parameter_name, parameter_value):
    if parameter_name == 'ModelSense' or parameter_name == "objective_sense":
        lp.setAttr('ModelSense', objective_senses[parameter_value])
    elif parameter_name == 'reuse_basis' and not parameter_value:
        lp.reset()
    else:
        parameter_name = parameter_mappings.get(parameter_name, parameter_name)
        if parameter_name == "Method" and isinstance(parameter_value,
                                                     string_types):
            parameter_value = METHODS[parameter_value]
        lp.setParam(parameter_name, parameter_value)


[docs]def change_variable_bounds(lp, index, lower_bound, upper_bound):
    variable = lp.getVarByName(str(index))
    variable.lb = lower_bound
    variable.ub = upper_bound



[docs]def change_variable_objective(lp, index, objective):
    variable = lp.getVarByName(str(index))
    variable.obj = objective



[docs]def change_coefficient(lp, met_index, rxn_index, value):
    met = lp.getConstrByName(str(met_index))
    rxn = lp.getVarByName(str(rxn_index))
    lp.chgCoeff(met, rxn, value)



[docs]def update_problem(lp, cobra_model, **kwargs):
    """A performance tunable method for updating a model problem file

    lp: A gurobi problem object

    cobra_model: the cobra.Model corresponding to 'lp'

    """
    #When reusing the basis only assume that the objective coefficients or bounds can change
    try:
        quadratic_component = kwargs['quadratic_component']
        if quadratic_component is not None:
            warn("update_problem does not yet take quadratic_component as a parameter")
    except:
        quadratic_component = None

    if 'copy_problem' in kwargs and kwargs['copy_problem']:
        lp = lp.copy()
    if 'reuse_basis' in kwargs and not kwargs['reuse_basis']:
        lp.reset()
    for the_variable, the_reaction in zip(lp.getVars(),
                                          cobra_model.reactions):
        the_variable.lb = float(the_reaction.lower_bound)
        the_variable.ub = float(the_reaction.upper_bound)
        the_variable.obj = float(the_reaction.objective_coefficient)



[docs]def create_problem(cobra_model, quadratic_component=None, **kwargs):
    """Solver-specific method for constructing a solver problem from
    a cobra.Model.  This can be tuned for performance using kwargs


    """
    lp = Model("")

    the_parameters = parameter_defaults
    if kwargs:
        the_parameters = parameter_defaults.copy()
        the_parameters.update(kwargs)

    for k, v in the_parameters.iteritems():
        set_parameter(lp, k, v)


    # Create variables
    #TODO:  Speed this up
    variable_list = [lp.addVar(float(x.lower_bound),
                               float(x.upper_bound),
                               float(x.objective_coefficient),
                               variable_kind_dict[x.variable_kind],
                               str(i))
                     for i, x in enumerate(cobra_model.reactions)]
    reaction_to_variable = dict(zip(cobra_model.reactions,
                                    variable_list))
    # Integrate new variables
    lp.update()

    #Constraints are based on mass balance
    #Construct the lin expression lists and then add
    #TODO: Speed this up as it takes about .18 seconds
    #HERE
    for i, the_metabolite in enumerate(cobra_model.metabolites):
        constraint_coefficients = []
        constraint_variables = []
        for the_reaction in the_metabolite._reaction:
            constraint_coefficients.append(the_reaction._metabolites[the_metabolite])
            constraint_variables.append(reaction_to_variable[the_reaction])
        #Add the metabolite to the problem
        lp.addConstr(LinExpr(constraint_coefficients, constraint_variables),
                     sense_dict[the_metabolite._constraint_sense.upper()],
                     the_metabolite._bound,
                     str(i))

    # Set objective to quadratic program
    if quadratic_component is not None:
        set_quadratic_objective(lp, quadratic_component)

    lp.update()
    return(lp)



[docs]def set_quadratic_objective(lp, quadratic_objective):
    if not hasattr(quadratic_objective, 'todok'):
        raise Exception('quadratic component must have method todok')
    variable_list = lp.getVars()
    linear_objective = lp.getObjective()
    # If there already was a quadratic expression set, this will be quadratic
    # and we need to extract the linear component
    if hasattr(linear_objective, "getLinExpr"):  # duck typing
        linear_objective = linear_objective.getLinExpr()
    gur_quadratic_objective = QuadExpr()
    for (index_0, index_1), the_value in quadratic_objective.todok().items():
        # gurobi does not multiply by 1/2 (only does v^T Q v)
        gur_quadratic_objective.addTerms(the_value * 0.5,
                                         variable_list[index_0],
                                         variable_list[index_1])
    # this adds to the existing quadratic objectives
    lp.setObjective(gur_quadratic_objective + linear_objective)


[docs]def solve_problem(lp, **kwargs):
    """A performance tunable method for updating a model problem file

    """
    #Update parameter settings if provided
    for k, v in kwargs.iteritems():
        set_parameter(lp, k, v)

    lp.update()
    lp.optimize()
    status = get_status(lp)
    return status

    

[docs]def solve(cobra_model, **kwargs):
    """

    """
    for i in ["new_objective", "update_problem", "the_problem"]:
        if i in kwargs:
            raise Exception("Option %s removed" % i)
    if 'error_reporting' in kwargs:
        warn("error_reporting deprecated")
        kwargs.pop('error_reporting')

    #Create a new problem
    lp = create_problem(cobra_model, **kwargs)

    ###Try to solve the problem using other methods if the first method doesn't work
    try:
        lp_method = kwargs['lp_method']
    except:
        lp_method = 0
    the_methods = [0, 2, 1]
    if lp_method in the_methods:
        the_methods.remove(lp_method)
    #Start with the user specified method
    the_methods.insert(0, lp_method)
    for the_method in the_methods:
        try:
            status = solve_problem(lp, lp_method=the_method)
        except:
            status = 'failed'
        if status == 'optimal':
            break

    return format_solution(lp, cobra_model)
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  Source code for cobra.solvers.glpk_solver

##cobra.solvers.glpk_solver
#This script provides wrappers for pyglpk 0.3
from warnings import warn
from copy import deepcopy
from itertools import izip

from glpk import LPX

from ..core.Solution import Solution

solver_name = 'glpk'
_SUPPORTS_MILP = True

# solver specific parameters
variable_kind_dict = {'continuous': float, 'integer': int}
status_dict = {'opt': 'optimal', 'nofeas': 'infeasible', 'unbnd': 'unbounded'}
parameter_defaults = {
    'tolerance_feasibility': 1e-6,
    'tolerance_integer': 1e-9,
    'lp_method': 1
}

METHOD_TYPES = {"auto": 2, "primal": 1, "dual": 3}

[docs]def get_status(lp):
    status = lp.status
    if status in status_dict:
        status = status_dict[status]
    else:
        status = 'failed'
    return status


[docs]def get_objective_value(lp):
    return lp.obj.value


[docs]def format_solution(lp, cobra_model, **kwargs):
    status = get_status(lp)
    if status == 'optimal':
        sol = Solution(lp.obj.value, status=status)
        sol.x = [float(c.primal) for c in lp.cols]
        sol.x_dict = {c.name: c.primal for c in lp.cols}

        # return the duals as well as the primals for LPs
        if lp.kind == float:
            sol.y = [float(c.dual) for c in lp.rows]
            sol.y_dict = {c.name: c.dual for c in lp.rows}
        return sol

    return Solution(None, status=status)


[docs]def set_parameter(lp, parameter_name, parameter_value):
    """with pyglpk the parameters are set during the solve phase, with
    the exception of objective sense.

    """
    if parameter_name == 'objective_sense':
        if parameter_value.lower() == 'maximize':
            lp.obj.maximize = True
        elif parameter_value.lower() == 'minimize':
            lp.obj.maximize = False
        else:
            raise ValueError("objective_sense should be "
                             "'maximize' or 'minimize'")
    else:
        # This will be made into an exception in the future
        warn("pyglpk parameters (other than objective_sense) are set "
             "during solve_problem")



[docs]def create_problem(cobra_model, **kwargs):
    """Solver-specific method for constructing a solver problem from
    a cobra.Model.  This can be tuned for performance using kwargs

    """
    metabolite_to_index = {r: i for i, r in enumerate(cobra_model.metabolites)}

    lp = LPX()        # Create empty problem instance
    lp.name = 'cobra'     # Assign symbolic name to problem
    lp.rows.add(len(cobra_model.metabolites))
    lp.cols.add(len(cobra_model.reactions))

    for r, the_metabolite in izip(lp.rows, cobra_model.metabolites):
        r.name = the_metabolite.id
        b = float(the_metabolite._bound)
        c = the_metabolite._constraint_sense
        if c == 'E':
            r.bounds = b, b     # Set metabolite to steady state levels
        elif c == 'L':
            r.bounds = None, b
        elif c == 'G':
            r.bounds = b, None
        else:
            raise ValueError("invalid constraint sense")

    objective_coefficients = []
    linear_constraints = []
    for c, the_reaction in izip(lp.cols, cobra_model.reactions):
        c.name = the_reaction.id
        c.kind = variable_kind_dict[the_reaction.variable_kind]
        c.bounds = the_reaction.lower_bound, the_reaction.upper_bound
        objective_coefficients.append(float(the_reaction.objective_coefficient))
        for metabolite, coefficient in the_reaction._metabolites.iteritems():
            metabolite_index = metabolite_to_index[metabolite]
            linear_constraints.append((metabolite_index, c.index, coefficient))

    #Add the new objective coefficients to the problem
    lp.obj[:] = objective_coefficients
    #Need to assign lp.matrix after constructing the whole list
    #linear_constraints.sort()  # if we wanted to be 100% deterministic
    lp.matrix = linear_constraints

    # make sure the objective sense is set in create_problem
    objective_sense = kwargs.get("objective_sense", "maximize")
    set_parameter(lp, "objective_sense", objective_sense)

    return lp



[docs]def change_variable_bounds(lp, index, lower_bound, upper_bound):
    lp.cols[index].bounds = (lower_bound, upper_bound)



[docs]def change_variable_objective(lp, index, objective):
    lp.obj[index] = objective



[docs]def update_problem(lp, cobra_model, **kwargs):
    """A performance tunable method for updating a model problem file

    lp: A gurobi problem object

    cobra_model: the cobra.Model corresponding to 'lp'

    """
    #When reusing the basis only assume that the objective coefficients or bounds can change
    #BUG with changing / unchanging the basis
    index_to_metabolite = dict(zip(range(len(cobra_model.metabolites)),
                                   cobra_model.metabolites))
    index_to_reaction = dict(zip(range(len(cobra_model.reactions)),
                                 cobra_model.reactions))
    reaction_to_index = dict(zip(index_to_reaction.values(),
                                 index_to_reaction.keys()))

    try:
        new_objective = kwargs['new_objective']
    except:
        new_objective = None
    if new_objective is not None:
        objective_coefficients = []
        for c in lp.cols:      # Iterate over all rows
            the_reaction = index_to_reaction[c.index]
            c.name = the_reaction.id
            c.bounds = the_reaction.lower_bound, the_reaction.upper_bound
            objective_coefficients.append(float(the_reaction.objective_coefficient))
            c.kind = variable_kind_dict[the_reaction.variable_kind]
        #Add the new objective coefficients to the problem
        lp.obj[:] = objective_coefficients
    else:
        for c in lp.cols:      # Iterate over all rows
            the_reaction = index_to_reaction[c.index]
            c.name = the_reaction.id
            c.bounds = the_reaction.lower_bound, the_reaction.upper_bound
            c.kind = variable_kind_dict[the_reaction.variable_kind]


[docs]def change_coefficient(lp, met_index, rxn_index, value):
    col = lp.cols[rxn_index]
    mat = col.matrix
    for i, entry in enumerate(mat):
        if entry[0] == met_index:
            mat[i] = (met_index, value)
            col.matrix = mat
            return
    # need to append
    mat.append((met_index, value))
    col.matrix = mat



[docs]def solve_problem(lp, **kwargs):
    """A performance tunable method for updating a model problem file

    lp: a pyGLPK 0.3 problem

    For pyGLPK it is necessary to provide the following parameters, if they
    are not provided then the default settings will be used: tolerance_feasibility,
    tolerance_integer, lp_method, and objective_sense

    """
    parameters = parameter_defaults.copy()
    parameters.update(kwargs)
    if "quadratic_component" in parameters:
        if parameters.pop('quadratic_component') is not None:
            raise Exception('glpk cannot solve QPs')
    lp_args = {}  # only for lp
    extra_args = {}  # added to both lp and milp
    lp_args["tol_bnd"] = parameters.pop("tolerance_feasibility")
    lp_args["tol_dj"] = lp_args["tol_bnd"]
    method = parameters.pop("lp_method")
    if isinstance(method, int):
        lp_args["meth"] = method
    else:
        lp_args["meth"] = METHOD_TYPES[method]
    if "time_limit" in parameters:
        extra_args["tm_lim"] = int(parameters.pop("time_limit") * 1000)
    if "iteration_limit" in parameters:
        extra_args["it_lim"] = parameters.pop("iteration_limit")
    if "objective_sense" in parameters:
        set_parameter(lp, "objective_sense", parameters.pop("objective_sense"))
    tol_int = parameters.pop("tolerance_integer")
    if len(parameters) > 0:
        raise ValueError("Unknown parameters: " + ", ".join(parameters))
    lp_args.update(extra_args)
    # solve the problem
    lp.simplex(**lp_args)
    if lp.kind == int:
        # For MILPs, it is faster to solve LP then move to MILP
        lp.integer(tol_int=tol_int, **extra_args)
    return get_status(lp)



[docs]def solve(cobra_model, **kwargs):
    """Smart interface to optimization solver functions that will convert
    the cobra_model to a solver object, set the parameters, and try multiple
    methods to get an optimal solution before returning the solver object and
    a cobra.Solution (which is attached to cobra_model.solution)

    cobra_model: a cobra.Model

    returns a dict: {'the_problem': solver specific object, 'the_solution':
    cobra.Solution for the optimization problem'}


    """
    #Start out with default parameters and then modify if
    #new onese are provided
    the_parameters = deepcopy(parameter_defaults)
    if kwargs:
        the_parameters.update(kwargs)

    for i in ["new_objective", "update_problem", "the_problem"]:
        if i in the_parameters:
            raise Exception("Option %s removed" % i)
    if 'error_reporting' in the_parameters:
        warn("error_reporting deprecated")

    #Create a new problem
    lp = create_problem(cobra_model, **the_parameters)

    ###Try to solve the problem using other methods if the first method doesn't work
    lp_method = the_parameters['lp_method']
    the_methods = [1, 2, 3]
    if lp_method in the_methods:
        the_methods.remove(lp_method)
    #Start with the user specified method
    the_methods.insert(0, lp_method)
    for the_method in the_methods:
        the_parameters['lp_method'] = the_method
        try:
            status = solve_problem(lp, **the_parameters)
        except Exception as e:
            status = 'failed'
        if status == 'optimal':
            break

    return format_solution(lp, cobra_model)
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from copy import deepcopy
from warnings import warn

from .. import Reaction


[docs]def initialize_growth_medium(cobra_model, the_medium='MgM',
                             external_boundary_compartment='e',
                             external_boundary_reactions=None,
                             reaction_lower_bound=0.,
                             reaction_upper_bound=1000.,
                             irreversible=False,
                             reactions_to_disable=None):
    """Sets all of the input fluxes to the model to zero and then will
    initialize the input fluxes to the values specified in the_medium if
    it is a dict or will see if the model has a composition dict and use
    that to do the initialization.

    cobra_model: A cobra.Model object.


    the_medium: A string, or a dictionary.
    If a string then the initialize_growth_medium function expects that
    the_model has an attribute dictionary called media_compositions, which is a
    dictionary of dictionaries for various medium compositions.  Where a medium
    composition is a dictionary of external boundary reaction ids for the
    medium components and the external boundary fluxes for each medium
    component.


    external_boundary_compartment: None or a string.
    If not None then it specifies the compartment in which to disable all of
    the external systems boundaries.

    external_boundary_reactions: None or a list of external_boundaries that are
    to have their bounds reset.  This acts in conjunction with
    external_boundary_compartment.


    reaction_lower_bound: Float.  The default value to use for the lower
    bound for the boundary reactions.

    reaction_upper_bound: Float.  The default value to use for the upper
    bound for the boundary.

    irreversible: Boolean.  If the model is irreversible then the medium
    composition is taken as the upper bound

    reactions_to_disable: List of reactions for which the upper and lower
    bounds are disabled.  This is superceded by the contents of
    media_composition

    """
    # Zero all of the inputs to the model
    if hasattr(the_medium, 'keys'):
        medium_composition = the_medium
    else:
        if hasattr(cobra_model, 'media_compositions'):
            if the_medium in cobra_model.media_compositions:
                medium_composition = cobra_model.media_compositions[the_medium]
            else:
                raise Exception("%s is not in the model's media list" %
                                the_medium)
        else:
            raise Exception("the model doesn't have attribute "
                            "media_compositions and the medium is not a dict")
    if external_boundary_reactions is not None:
        if isinstance(external_boundary_reactions[0], str):
            external_boundary_reactions = map(cobra_model.reactions.get_by_id,
                                              external_boundary_reactions)
    elif external_boundary_compartment is None:
            warn("We are initializing the medium without first adjusting all"
                 "external boundary reactions")

    # Select the system_boundary reactions to reset
    if external_boundary_compartment is not None:
        _system_boundaries = dict([(x, x.get_compartments())
                                   for x in cobra_model.reactions
                                   if x.boundary == 'system_boundary'])
        [_system_boundaries.pop(k) for k, v in list(_system_boundaries.items())
         if len(v) == 1 and external_boundary_compartment not in v]
        if external_boundary_reactions is None:
            external_boundary_reactions = _system_boundaries.keys()
        else:
            external_boundary_reactions += _system_boundaries.keys()

    for the_reaction in external_boundary_reactions:
        the_reaction.lower_bound = reaction_lower_bound
        if the_reaction.upper_bound == 0:
            the_reaction.upper_bound = reaction_upper_bound
    # Disable specified reactions
    if reactions_to_disable is not None:
        if isinstance(reactions_to_disable[0], str):
            reactions_to_disable = map(cobra_model.reactions.get_by_id,
                                       reactions_to_disable)
        for the_reaction in reactions_to_disable:
            the_reaction.lower_bound = the_reaction.upper_bound = 0.

    # Update the model inputs based on the_medium
    for the_component in medium_composition.keys():
        the_reaction = cobra_model.reactions.get_by_id(the_component)
        if irreversible:
            the_reaction.upper_bound = medium_composition[the_component]
        else:
            the_reaction.lower_bound = medium_composition[the_component]



[docs]def convert_to_irreversible(cobra_model):
    """Split reversible reactions into two irreversible reactions

    These two reactions will proceed in opposite directions. This
    guarentees that all reactions in the model will only allow
    positive flux values, which is useful for some modeling problems.

    cobra_model: A Model object which will be modified in place.

    """
    reactions_to_add = []
    for reaction in cobra_model.reactions:
        # If a reaction is reverse only, the forward reaction (which
        # will be constrained to 0) will be left in the model.
        if reaction.lower_bound < 0:
            reverse_reaction = Reaction(reaction.id + "_reverse")
            reverse_reaction.lower_bound = 0
            reverse_reaction.upper_bound = reaction.lower_bound * -1
            reverse_reaction.objective_coefficient = \
                reaction.objective_coefficient * -1
            reaction.lower_bound = 0
            # Make the directions aware of each other
            reaction.reflection = reverse_reaction
            reverse_reaction.reflection = reaction
            reaction_dict = dict([(k, v*-1)
                                  for k, v in reaction._metabolites.items()])
            reverse_reaction.add_metabolites(reaction_dict)
            reverse_reaction._model = reaction._model
            reverse_reaction._genes = reaction._genes
            for gene in reaction._genes:
                gene._reaction.add(reverse_reaction)
            reverse_reaction._gene_reaction_rule = reaction._gene_reaction_rule
            reactions_to_add.append(reverse_reaction)
    cobra_model.add_reactions(reactions_to_add)



[docs]def revert_to_reversible(cobra_model, update_solution=True):
    """This function will convert a reversible model made by
    convert_to_irreversible into a reversible model.

    cobra_model: A cobra.Model which will be modified in place.

    """
    reverse_reactions = [x for x in cobra_model.reactions
                         if x.reflection is not None and
                         x.id.endswith('_reverse')]

    # If there are no reverse reactions, then there is nothing to do
    if len(reverse_reactions) == 0:
        return

    for reverse in reverse_reactions:
        forward = reverse.reflection
        forward.lower_bound = -reverse.upper_bound
        forward.reflection = None
    # Since the metabolites and genes are all still in
    # use we can do this faster removal step.  We can
    # probably speed things up here.
    cobra_model.remove_reactions(reverse_reactions)
    # fix the solution
    if update_solution and cobra_model.solution is not None and \
            cobra_model.solution.status != "NA":
        x_dict = cobra_model.solution.x_dict
        # Check if the model was optimized while it was still reversible. If so
        # then the solution does not need to be fixed.
        if reverse_reactions[0].id not in x_dict:
            return
        # Update x and x_dict to correct for reverse flux.
        for reverse in reverse_reactions:
            forward = reverse.reflection
            x_dict[forward.id] -= x_dict.pop(reverse.id)
        cobra_model.solution.x = [x_dict[r.id] for r in cobra_model.reactions]
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  Source code for cobra.manipulation.delete

import re
from copy import deepcopy
from warnings import warn


# compile regular expressions now instead of in every function call
spontaneous_re = re.compile('(^|(?<=( |\()))s0001(?=( |\)|$))')
and_re = re.compile(r'\band\b')
or_re = re.compile(r'\bor\b')


[docs]def prune_unused_metabolites(cobra_model):
    """Removes metabolites that aren't involved in any reactions in the model

    cobra_model: A Model object.

    """
    inactive_metabolites = []
    active_metabolites = []
    for the_metabolite in cobra_model.metabolites:
        if len(the_metabolite._reaction) == 0:
            the_metabolite.remove_from_model(cobra_model)
            inactive_metabolites.append(the_metabolite)
        else:
            active_metabolites.append(the_metabolite)
    if inactive_metabolites:
        return inactive_metabolites
    else:
        warn('All metabolites used in at least 1 reaction')



[docs]def prune_unused_reactions(cobra_model):
    """Removes reactions from cobra_model.

    cobra_model: A Model object.

    reactions_to_prune: None, a string matching a reaction.id, a
    cobra.Reaction, or as list of the ids / Reactions to remove from
    cobra_model.  If None then the function will delete reactions that have no
    active metabolites in the model.

    """
    pruned_reactions = []
    reactions_to_prune = [x for x in cobra_model.reactions
                          if len(x._metabolites) == 0]
    for the_reaction in reactions_to_prune:
        try:
            the_reaction.remove_from_model(cobra_model)
            pruned_reactions.append(the_reaction)
        except:
            warn('%s not in %s' % (the_reaction.id, cobra_model.id))
    if not pruned_reactions:
        warn('All reactions have at least 1 metabolite')
        return



[docs]def undelete_model_genes(cobra_model):
    """Undoes the effects of a call to delete_model_genes in place.

    cobra_model:  A cobra.Model which will be modified in place

    """

    if cobra_model._trimmed_genes is not None:
        for x in cobra_model._trimmed_genes:
            x.functional = True

    if cobra_model._trimmed_reactions is not None:
        for the_reaction, (lower_bound, upper_bound) in \
                cobra_model._trimmed_reactions.items():
            the_reaction.lower_bound = lower_bound
            the_reaction.upper_bound = upper_bound

    cobra_model._trimmed_genes = []
    cobra_model._trimmed_reactions = {}
    cobra_model._trimmed = False



[docs]def get_compiled_gene_reaction_rules(cobra_model):
    """Generates a dict of compiled gene_reaction_rules

    Any gene_reaction_rule expressions which cannot be compiled or do not
    evaluate after compiling will be excluded. The result can be used in the
    find_gene_knockout_reactions function to speed up evaluation of these
    rules.

    """
    rules = {}
    # some gene names can not be put through eval
    bad_genes = {g for g in cobra_model.genes if g.id[0].isdigit() or
                 not g.id.isalnum()}
    for reaction in cobra_model.reactions:
        try:
            if len(bad_genes.intersection(reaction.genes)) > 0:
                continue
            rules[reaction.id] = compile(reaction.gene_reaction_rule,
                                         '<string>', 'eval')
        except SyntaxError:
            # This is necessary because some gene_reaction_rules do not
            # compile.
            None
    return rules



[docs]def find_gene_knockout_reactions(cobra_model, gene_list,
                                 compiled_gene_reaction_rules={}):
    """identify reactions which will be disabled when the genes are knocked out

    cobra_model: :class:`~cobra.core.Model.Model`

    gene_list: iterable of :class:`~cobra.core.Gene.Gene`

    compiled_gene_reaction_rules: dict of {reaction_id: compiled_string}
        If provided, this gives pre-compiled gene_reaction_rule strings.
        The compiled rule strings can be evaluated much faster. If a rule
        is not provided, the regular expression evaluation will be used.
        Because not all gene_reaction_rule strings can be evaluated, this
        dict must exclude any rules which can not be used with eval.

    """

    potential_reactions = set()
    for x in gene_list:
        potential_reactions.update(x._reaction)

    knocked_out_reactions = []
    for the_reaction in potential_reactions:
        # Attempt to use the compiled gene reaction rule if provided
        if the_reaction.id in compiled_gene_reaction_rules:
            gene_state = {i.id: False if i in gene_list else True
                          for i in the_reaction._genes}
            result = eval(compiled_gene_reaction_rules[the_reaction.id],
                          {}, gene_state)
            if result is False:
                knocked_out_reactions.append(the_reaction)
                continue
            elif result is True:
                continue

        # operates on a copy
        gene_reaction_rule = and_re.sub("*", the_reaction.gene_reaction_rule)
        gene_reaction_rule = or_re.sub("+", gene_reaction_rule)
        # To prevent shorter gene names from replacing substrings in
        # longer names, go in order from longest to shortest.
        reaction_genes = sorted(the_reaction._genes, reverse=True,
                                key=lambda x: len(x.id))
        # Replace each gene in the gpr string with 1 if it is still
        # active, or 0 if it is being knocked out.
        for gene in reaction_genes:
            if gene in gene_list:
                gene_reaction_rule = gene_reaction_rule.replace(gene.id, '0')
            else:
                gene_reaction_rule = gene_reaction_rule.replace(gene.id, '1')
        gene_reaction_rule = spontaneous_re.sub('1', gene_reaction_rule)
        if not eval(gene_reaction_rule):  # evaluates to 0 when gpr is false
            knocked_out_reactions.append(the_reaction)
    return knocked_out_reactions



[docs]def delete_model_genes(cobra_model, gene_list,
                       cumulative_deletions=True, disable_orphans=False):
    """delete_model_genes will set the upper and lower bounds for reactions
    catalysed by the genes in gene_list if deleting the genes means that
    the reaction cannot proceed according to
    cobra_model.reactions[:].gene_reaction_rule

    cumulative_deletions: False or True.  If True then any previous
    deletions will be maintained in the model.

    """
    if disable_orphans:
        raise NotImplementedError("disable_orphans not implemented")
    if not hasattr(cobra_model, '_trimmed'):
        cobra_model._trimmed = False
        cobra_model._trimmed_genes = []
        cobra_model._trimmed_reactions = {}  # Store the old bounds in here.
    # older models have this
    if cobra_model._trimmed_genes is None:
        cobra_model._trimmed_genes = []
    if cobra_model._trimmed_reactions is None:
        cobra_model._trimmed_reactions = {}
    # Allow a single gene to be fed in as a string instead of a list.
    if not hasattr(gene_list, '__iter__') or \
            hasattr(gene_list, 'id'):  # cobra.Gene has __iter__
        gene_list = [gene_list]

    if not hasattr(gene_list[0], 'id'):
        if gene_list[0] in cobra_model.genes:
                tmp_gene_dict = dict([(x.id, x) for x in cobra_model.genes])
        else:
            # assume we're dealing with names if no match to an id
            tmp_gene_dict = dict([(x.name, x) for x in cobra_model.genes])
        gene_list = [tmp_gene_dict[x] for x in gene_list]

    # Make the genes non-functional
    for x in gene_list:
        x.functional = False

    if cumulative_deletions:
        gene_list.extend(cobra_model._trimmed_genes)
    else:
        undelete_model_genes(cobra_model)

    for the_reaction in find_gene_knockout_reactions(cobra_model, gene_list):
        # Running this on an already deleted reaction will overwrite the
        # stored reaction bounds.
        if the_reaction in cobra_model._trimmed_reactions:
            continue
        old_lower_bound = the_reaction.lower_bound
        old_upper_bound = the_reaction.upper_bound
        cobra_model._trimmed_reactions[the_reaction] = (old_lower_bound,
                                                        old_upper_bound)
        the_reaction.lower_bound = 0.
        the_reaction.upper_bound = 0.
        cobra_model._trimmed = True

    cobra_model._trimmed_genes = list(set(cobra_model._trimmed_genes +
                                          gene_list))
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  Source code for cobra.solvers

# Solvers are expected to follow the following interface
# create_problem: makes a solver problem object from a cobra.model and
# sets parameters (if possible)

# format_solution: Returns a cobra.Solution object.  This is where one
# should dress the cobra.model with results if desired.

# get_status: converts a solver specific status flag to a cobra pie flag.

# set_parameter: takes solver specific parameter strings and sets them.

# solve: solves the optimization problem.  this is where one should put
# in logic on what to try if the problem
# isn't optimal

# solve_problem: dumb and fast which will set parameters, if provided

# update_problem: changes bounds and linear objective coefficient of the
# solver specific problem file, given the complementary cobra.model

# This attempts to import all working solvers in this directory

from __future__ import absolute_import
from warnings import warn
from os import listdir, path

solver_dict = {}
possible_solvers = set()


[docs]def add_solver(solver_name, use_name=None):
    """add a solver module to the solvers"""
    exec("from . import " + solver_name)
    solver = eval(solver_name)
    if use_name is None:
        if hasattr(solver, "solver_name"):
            use_name = solver.solver_name
        else:
            use_name = solver_name
    solver_dict[use_name] = eval(solver_name)


for i in listdir(path.dirname(path.abspath(__file__))):
    if i.startswith("_") or i.startswith(".") or i.startswith('legacy'):
        continue
    if i.startswith("parameters"):
        continue
    if i.endswith(".py") or i.endswith(".so") or i.endswith(".pyc") \
            or i.endswith(".pyd"):
        possible_solvers.add(i.split(".")[0])

if "wrappers" in possible_solvers:
    possible_solvers.remove("wrappers")

for solver in possible_solvers:
    try:
        add_solver(solver)
    except:
        pass
    del solver

if len(solver_dict) == 0:
    warn("No LP solvers found")

# clean up the namespace
del path, listdir, warn, i, possible_solvers


[docs]class SolverNotFound(Exception):
    None



[docs]def get_solver_name(mip=False, qp=False):
    """returns a solver name

    raises SolverNotFound if a suitable solver is not found
    """
    if len(solver_dict) == 0:
        raise SolverNotFound("no solvers installed")
    # glpk only does lp, not qp. Gurobi and cplex are better at mip
    mip_order = ["gurobi", "cplex", "cglpk", "glpk"]
    lp_order = ["cglpk", "cplex",  "glpk", "gurobi"]
    qp_order = ["gurobi", "cplex"]

    if mip is False and qp is False:
        for solver_name in lp_order:
            if solver_name in solver_dict:
                return solver_name
    elif qp:  # mip does not yet matter for this determination
        for solver_name in qp_order:
            if solver_name in solver_dict:
                return solver_name
        # see if any solver defines set_quadratic_objective
        for solver_name in solver_dict:
            if hasattr(solver_dict[solver_name], "set_quadratic_objective"):
                return solver_name
        raise SolverNotFound("no qp-capable solver found")
    else:
        for solver_name in mip_order:
            if solver_name in solver_dict:
                return solver_name
        for solver_name in solver_dict:
            if hasattr(solver_dict[solver_name], "_SUPPORTS_MIP"):
                return solver_name
    raise SolverNotFound("no mip-capable solver found")



[docs]def optimize(cobra_model, solver=None, **kwargs):
    """Wrapper to optimization solvers

    solver : str
        Name of the LP solver from solver_dict to use. If None is given, the
        default one will be used

    """
    # If the default solver is not installed then use one of the others
    if solver is None:
        qp = "quadratic_component" in kwargs and \
            kwargs["quadratic_component"] is not None
        solver = get_solver_name(qp=qp)

    return solver_dict[solver].solve(cobra_model, **kwargs)
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  Source code for cobra.topology.reporter_metabolites

#cobra.topology.reporter_metabolites.py: Module for topological analysis of cobra_models
#Based on Patil et al 2005 PNAS 102:2685-9
#TODO: Validate cobra.core compliance
from copy import deepcopy
from numpy import array, corrcoef, mean, std, tril, where, unique, zeros
from scipy.stats import norm, randint
from collections import defaultdict

[docs]def identify_reporter_metabolites(cobra_model, reaction_scores_dict,
                                  number_of_randomizations=1000, number_of_layers=1,
                                  scoring_metric='default', score_type='p',
                                  entire_network=False, background_correction=True,
                                  ignore_external_boundary_reactions=False):
    """Calculate the aggregate Z-score for the metabolites in the model.
    Ignore reactions that are solely spontaneous or orphan. Allow the scores to
    have multiple columns / experiments.   This will change the way the output
    is represented.

    cobra_model: A cobra.Model object

    TODO: CHANGE TO USING DICTIONARIES for the_reactions: the_scores

    reaction_scores_dict:  A dictionary where the keys are reactions in cobra_model.reactions
    and the values are the scores.  Currently, only supports a single numeric value as
    the value; however, this will be updated to allow for lists

    number_of_randomizations: Integer.  Number of random shuffles of the
    scores to assess which are significant.

    number_of_layers: 1 is the only option supported
    
    scoring_metric:  default means divide by k**0.5

    score_type: 'p' Is the only option at the moment and indicates p-value.

    entire_network: Boolean.  Currently, only compares scores calculated from the_reactions

    background_correction: Boolean.  If True apply background correction to the aggreagate
    Z-score

    ignore_external_boundary_reactions: Not yet implemented. Boolean.  If True do not count exchange reactions when
    calculating the score.

    

    
    """
    #Add in a function to calculate based on correlation coefficients and to
    #deal with other multidimensional data. 
    the_reactions = reaction_scores_dict.keys()
    the_scores = reaction_scores_dict.values()
    if score_type == 'p' and not hasattr(the_scores[0], '__iter__'):
        #minimum and maximum p-values are used to prevent numerical problems.
        #haven't decided whether an arbitrary min / max 1e-15 is preferred to
        #blunting the ends based on the values closest to 0 or 1.
        the_reactions = reaction_scores_dict.keys()
        the_scores = array(reaction_scores_dict.values())
        minimum_p = min(the_scores[the_scores.nonzero()[0]])
        maximum_p = max(the_scores[where(the_scores < 1)[0]])
        the_scores[where(the_scores < minimum_p)] = minimum_p
        the_scores[where(the_scores > maximum_p)] = maximum_p
        the_scores = -norm.ppf(the_scores)
        #update the dictionary with the new scores
        reaction_scores_dict = dict(zip(the_reactions, the_scores))
    elif hasattr(the_scores[0], '__iter__'):
        #In the case that the_scores is a list of lists, assume that each list is
        #the score for each reaction in the_reactions across all reactions.  Then
        #for each metabolite, calculate the invnorm(|Pearson Correlation
        #Coefficient| for each reaction pair that it links.
        raise Exception("This isn't implemented yet")
    
    #Get the connectivity for each metabolite
    the_metabolites = set()
    [the_metabolites.update(x._metabolites)
     for x in reaction_scores_dict];

    metabolite_scores = {}
    metabolite_connections = {}
    #Calculate the score for each metabolite
    for the_metabolite in the_metabolites:
        nonspontaneous_connections = [x for x in the_metabolite._reaction
                                      if x.gene_reaction_rule.lower() not in
                                      ['s0001', '']]
        tmp_score = 0
        number_of_connections = len(nonspontaneous_connections)
        for the_reaction in nonspontaneous_connections:
            if the_reaction not in reaction_scores_dict:
                if not entire_network:
                    number_of_connections -= 1
                continue
            else:
                tmp_score += reaction_scores_dict[the_reaction]
        metabolite_scores[the_metabolite] = tmp_score
        metabolite_connections[the_metabolite] = number_of_connections

    #NOTE: Doing the corrections based only on the significantly perturbed scores
    #is probably going to underestimate the significance.
    if background_correction:
        correction_dict = {}
        for i in set(metabolite_connections.values()):
            #if entire_network # add in a section to deal with the situation where
            #the entire network structure is considered by only have p-values for
            #a limited subset.
            #
            #Basically, what we're doing here is that for each i we select i
            #scores number_of_randomizations times
            the_random_indices = randint.rvs(0,len(the_scores), size=(number_of_randomizations, i))
            random_score_distribution = array([sum(the_scores[x]) for x in list(the_random_indices)]) /i**0.5
            correction_dict[i] = [mean(random_score_distribution),
                                      std(random_score_distribution,ddof=1)] 

    for the_metabolite, the_score in metabolite_scores.iteritems():
        number_of_connections = metabolite_connections[the_metabolite]
        if number_of_connections > 0:
            #Correct based on background distribution
            if background_correction:
                #if the list of scores is only for significant perturbations then the
                #background correction shouldn't be applied because the current sampling
                #method only takes into account the_scores not the entire network.
                #It'd be more accurate to assign unscored reactions a default score.
                the_score = ((the_score / number_of_connections**.5) -
                             correction_dict[number_of_connections][0]) / \
                             correction_dict[number_of_connections][1]
            else:
                the_score = the_score / number_of_connections**.5
            #Update the score
            metabolite_scores[the_metabolite] = the_score



    return_dictionary = {'scores': metabolite_scores,
                         'connections': metabolite_connections}
    if background_correction:
        return_dictionary['corrections'] = correction_dict

    return(return_dictionary)
    

[docs]def ppmap_identify_reporter_metabolites(keywords):
    """
    A function that receives a dict with all of the parameters for identify_reporter_metabolites
    Serves to make it possible to call the reporter metabolites function from ppmap.
    It only will be useful for parallel experiments not for breaking up a single experiment.
    
    """
    the_results = identify_reporter_metabolites(**keywords)
    return({'id': the_id, 'results': the_results })


if __name__ == '__main__':
    from cPickle import load
    from time import time
    solver = 'glpk'
    from cobra.test import salmonella_pickle, salmonella_reaction_p_values_pickle
    with open(salmonella_pickle) as in_file:
        cobra_model = load(in_file)
    with open(salmonella_reaction_p_values_pickle) as in_file:
        reaction_p = load(in_file)

    the_reactions = map(cobra_model.reactions.get_by_id, reaction_p.keys())
    the_scores = reaction_p.values()
    reaction_scores_dict = dict(zip(the_reactions, the_scores))
    
    tmp_reps = identify_reporter_metabolites(cobra_model, reaction_scores_dict,
                                             background_correction=True)

    print 'Need to add in validation for the test'
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  Source code for cobra.core.Reaction

from __future__ import print_function

from collections import defaultdict
import re
from copy import copy, deepcopy
from warnings import warn

from ..external.six import string_types, iteritems

from .Object import Object
from .Gene import Gene
from .Metabolite import Metabolite


[docs]class Frozendict(dict):
    """Read-only dictionary view"""

    def __setitem__(self, key, value):
        raise NotImplementedError("read-only")

    def __delitem__(self, key):
        raise NotImplementedError("read-only")

[docs]    def pop(self, key, value):
        raise NotImplementedError("read-only")


[docs]    def popitem(self):
        raise NotImplementedError("read-only")


# precompiled regular expressions
# Matches and/or in a gene reaction rule


and_or_search = re.compile(r'\(| and| or|\+|\)', re.IGNORECASE)
# This regular expression finds any single letter compartment enclosed in
# square brackets at the beginning of the string. For example [c] : foo --> bar
compartment_finder = re.compile("^\s*(\[[A-Za-z]\])\s*:*")
# Regular expressions to match the arrows
_reversible_arrow_finder = re.compile("<(-+|=+)>")
_forward_arrow_finder = re.compile("(-+|=+)>")
_reverse_arrow_finder = re.compile("<(-+|=+)")


[docs]class Reaction(Object):
    """Reaction is a class for holding information regarding
    a biochemical reaction in a cobra.Model object

    """

    def __init__(self, name=None):
        """An object for housing reactions and associated information
        for cobra modeling.

        """
        Object.__init__(self, name)
        self._gene_reaction_rule = ''
        self.subsystem = ''
        # The cobra.Genes that are used to catalyze the reaction
        self._genes = set()
        # A dictionary of metabolites and their stoichiometric coefficients in
        # this reaction.
        self._metabolites = {}
        self.name = name
        # self.model is None or refers to the cobra.Model that
        # contains self
        self._model = None

        self.objective_coefficient = self.lower_bound = 0.
        self.upper_bound = 1000.
        # Either None or if this reaction is irreversible then
        self.reflection = None
        # a reaction in the model that is essentially self * -1
        # Used during optimization.  Indicates whether the
        self.variable_kind = 'continuous'
        # variable is modeled as continuous, integer, binary, semicontinous, or
        # semiinteger.

    # read-only
    @property
    def metabolites(self):
        return Frozendict(self._metabolites)

    @property
    def genes(self):
        return frozenset(self._genes)

    @property
    def gene_reaction_rule(self):
        return self._gene_reaction_rule

    @gene_reaction_rule.setter
    def gene_reaction_rule(self, new_rule):
        self._gene_reaction_rule = new_rule
        gene_names = set((re.compile(' {2,}').sub(
            ' ', and_or_search.sub('', self._gene_reaction_rule))).split(' '))
        if '' in gene_names:
            gene_names.remove('')
        old_genes = self._genes
        if self._model is None:
            self._genes = {Gene(i) for i in gene_names}
        else:
            model_genes = self._model.genes
            self._genes = set()
            for id in gene_names:
                if model_genes.has_id(id):
                    self._genes.add(model_genes.get_by_id(id))
                else:
                    new_gene = Gene(id)
                    new_gene._model = self._model
                    self._genes.add(new_gene)
                    model_genes.append(new_gene)

        # Make the genes aware that it is involved in this reaction
        for g in self._genes:
            g._reaction.add(self)

        # make the old genes aware they are no longer involved in this reaction
        for g in old_genes:
            if g not in self._genes:  # if an old gene is not a new gene
                try:
                    g._reaction.remove(self)
                except:
                    warn("could not remove old gene %s from reaction %s" %
                         (g.id, self.id))

    @property
    def x(self):
        """The flux through the reaction in the most recent solution

        Flux values are computed from the primal values of the variables in
        the solution.

        """
        try:
            return self._model.solution.x_dict[self.id]
        except Exception as e:
            if self._model is None:
                raise Exception("not part of a model")
            if not hasattr(self._model, "solution") or \
                    self._model.solution is None or \
                    self._model.solution.status == "NA":
                raise Exception("model has not been solved")
            if self._model.solution.status != "optimal":
                raise Exception("model solution was not optimal")
            raise e  # Not sure what the exact problem was

    @property
    def reversibility(self):
        """Whether the reaction can proceed in both directions (reversible)

        This is computed from the current upper and lower bounds.

        """
        return self.lower_bound < 0 and self.upper_bound > 0

    @reversibility.setter
    def reversibility(self, value):
        warn("Setting reaction reversibility is ignored")

    @property
    def boundary(self):
        # single metabolite implies it must be a boundary
        if len(self._metabolites) == 1:
            return "system_boundary"
        # if there is more than one metabolite, if it ONLY produces or ONLY
        # consumes, it is also a boundary.
        all_stoichiometry = self._metabolites.values()
        if not min(all_stoichiometry) < 0 < max(all_stoichiometry):
            return "system_boundary"
        return None

    @property
    def model(self):
        """returns the model the reaction is a part of"""
        return self._model

    def _update_awareness(self):
        """Make sure all metabolites and genes that are associated with
        this reaction are aware of it.

        """
        for x in self._metabolites:
            x._reaction.add(self)
        for x in self._genes:
            x._reaction.add(self)

[docs]    def get_model(self):
        """.. deprecated :: 0.3.1 use model property instead"""
        warn("deprecated, use the model property instead")
        return self._model


[docs]    def remove_from_model(self, model=None, remove_orphans=False):
        """Removes the reaction from the model while keeping it intact

        remove_orphans: Boolean
            Remove orphaned genes and metabolites from the model as well

        model: deprecated argument, must be None

        """
        if model is not None:
            warn("model does not need to be passed into remove_from_model")
            if model != self._model:
                raise Exception("Can not remove from a different model")
        if self._model is None:
            raise Exception("Reaction %s not in a model" % self.id)
        # preserve the original attributes (but as copies)
        model = self._model
        new_metabolites = {copy(met): value
                           for met, value in iteritems(self._metabolites)}
        new_genes = {copy(i) for i in self._genes}
        # Begin removing from the model
        self._model = None
        model.reactions.remove(self)
        for x in self._metabolites:
            x._reaction.remove(self)
            if remove_orphans and len(x._reaction) == 0:
                model.metabolites.remove(x)
        for x in self._genes:
            x._reaction.remove(self)
            if remove_orphans and len(x._reaction) == 0:
                model.genes.remove(x)
        # Rebuild the model with the new independent genes/metabolites
        self._metabolites = {}
        self.add_metabolites(new_metabolites)
        self._genes = set()
        for k in new_genes:
            self._associate_gene(k)


[docs]    def delete(self, remove_orphans=False):
        """Completely delete a reaction

        This removes all associations between a reaction the associated
        model, metabolites and genes (unlike remove_from_model which only
        dissociates the reaction from the model).

        remove_orphans: Boolean
            Remove orphaned genes and metabolites from the model as well

        """
        model = self._model
        if model is not None:
            self._model.reactions.remove(self)
        elif remove_orphans:
            # can't remove orphans if not part of a model
            remove_orphans = False
        self._model = None
        for x in self._metabolites:
            if self in x._reaction:
                x._reaction.remove(self)
                if remove_orphans and len(x._reaction) == 0:
                    model.metabolites.remove(x)
        for x in self._genes:
            if self in x._reaction:
                x._reaction.remove(self)
                if remove_orphans and len(x._reaction) == 0:
                    model.genes.remove(x)
        self._metabolites = {}
        self._genes = set()


    def __setstate__(self, state):

        """Probably not necessary to set _model as the cobra.Model that
        contains self sets the _model attribute for all metabolites and genes
        in the reaction.

        However, to increase performance speed we do want to let the metabolite
        and gene know that they are employed in this reaction

        """
        # These are necessary for old pickles which store attributes
        # which have since been superceded by properties.
        if "reaction" in state:
            state.pop("reaction")
        if "gene_reaction_rule" in state:
            state["_gene_reaction_rule"] = state.pop("gene_reaction_rule")

        self.__dict__.update(state)
        for x in state['_metabolites']:
            setattr(x, '_model', self._model)
            x._reaction.add(self)
        for x in state['_genes']:
            setattr(x, '_model', self._model)
            x._reaction.add(self)

[docs]    def copy(self):
        """When copying a reaction, it is necessary to deepcopy the
        components so the list references aren't carried over.

        Additionally, a copy of a reaction is no longer in a cobra.Model.

        This should be fixed with self.__deecopy__ if possible
        """
        # the_model = self._model
        # self._model = None
        new_reaction = deepcopy(self)
        # self._model = the_model
        return new_reaction


[docs]    def guided_copy(self, the_model, metabolite_dict, gene_dict=None):
        """.. deprecated :: 0.3 use copy directly"""
        warn("deprecated")
        the_copy = Object.guided_copy(self)
        # Replace the complex items in a faster fashion
        the_copy._model = the_model
        if gene_dict:
            the_copy._genes = set([gene_dict[k.id]
                                   for k in self._genes])
        the_copy._metabolites = {metabolite_dict[k.id]: v
                                 for k, v in iteritems(self._metabolites)}

        # make the metabolites and genes aware of the reaction
        [k._reaction.add(the_copy)
         for k in the_copy._genes]
        [k._reaction.add(the_copy)
         for k in the_copy._metabolites.keys()]

        return(the_copy)


[docs]    def pop(self, metabolite_id):
        """Remove a metabolite from the reaction and return the
        stoichiometric coefficient.

        metabolite_id: str or :class:`~cobra.core.Metabolite.Metabolite`

        """
        the_metabolite = metabolite_id
        if isinstance(the_metabolite, string_types):
            found_match = None
            for possible_match in self._metabolites:
                if possible_match.id == the_metabolite:
                    found_match = possible_match
                    break
            if found_match is None:
                raise KeyError(
                    "No metabolite named %s in the reaction" % the_metabolite)
            else:
                the_metabolite = found_match
        the_coefficient = self._metabolites.pop(the_metabolite)
        the_metabolite._reaction.remove(self)
        return the_coefficient


    def __add__(self, other_reaction):
        """Adds two reactions to each other.  Default behavior is
        to combine the metabolites but only use the remaining parameters
        from the first object.

        TODO: Either clean up metabolite associations or remove function

        TODO: Deal with gene association logic from adding reactions.

        TODO: Simplify and add in an __iadd__

        """
        new_reaction = deepcopy(self)
        new_reaction.id = self.id + '_' + other_reaction.id
        new_reaction.add_metabolites(deepcopy(other_reaction._metabolites))
        new_reaction._genes.update(deepcopy(other_reaction._genes))
        # Make all the genes aware of this reaction
        [x._reaction.add(new_reaction) for x in new_reaction._genes]
        gpr_1 = new_reaction.gene_reaction_rule
        gpr_2 = other_reaction.gene_reaction_rule
        if gpr_1 != '' and gpr_2 != '':
            new_reaction.gene_reaction_rule = '%s and %s' % (gpr_1, gpr_2)
        elif gpr_2 != '':
            new_reaction.gene_reaction_rule = gpr_2
        return new_reaction

    def __sub__(self, other_reaction):
        """Subtracts two reactions.  Default behavior is
        to combine the metabolites but only use the remaining parameters
        from the first object.

        Note: This is equivalent to adding reactions after changing the sign
        of the metabolites in other_reaction

        """
        new_reaction = deepcopy(self)
        if self is other_reaction:
            other_reaction = deepcopy(other_reaction)
        new_reaction.id = self.id + '_' + other_reaction.id
        new_reaction.subtract_metabolites(
            deepcopy(other_reaction._metabolites))
        return new_reaction

    def __imul__(self, the_coefficient):
        """Allows the reaction coefficients to be rapidly scaled.

        """
        self._metabolites = {k: the_coefficient * v for k, v in
                             iteritems(self._metabolites)}
        return self

    def __mul__(self, the_coefficient):
        """Allows a reaction to be multiplied by a coefficient.

        TODO: this should return a new reaction.

        """
        self *= the_coefficient
        return self

[docs]    def parse_gene_association(self, **kwargs):
        """.. deprecated :: 0.3 Set gene_reaction_rule directly"""
        warn("deprecated function")
        # trigger the update if that was the desired behavior for some reason
        self.gene_reaction_rule = self._gene_reaction_rule


[docs]    def add_gene_reaction_rule(self, the_rule):
        """.. deprecated :: 0.3 Set gene_reaction_rule directly"""
        self.gene_reaction_rule = the_rule
        warn("deprecated, assign to gene_reaction_rule directly")


[docs]    def get_reactants(self):
        """.. deprecated :: 0.3 use reactants property instead"""
        warn("deprecated, use the reactants property instead")
        return self.reactants


    @property
    def reactants(self):
        """Return a list of reactants for the reaction."""
        return [k for k, v in self._metabolites.items() if v < 0]

[docs]    def get_products(self):
        """.. deprecated :: 0.3 use products property instead"""
        warn("depreacated, use the products property instead")
        return self.products


    @property
    def products(self):
        """Return a list of products for the reaction"""
        return [k for k, v in self._metabolites.items() if v > 0]

[docs]    def get_gene(self):
        """.. deprecated :: 0.3 use genes property instead"""
        warn("deprecated, use the genes property instead")
        return list(self._genes)


[docs]    def get_coefficient(self, metabolite_id):
        """Return the stoichiometric coefficient for a metabolite in
        the reaction.

        metabolite_id: str or :class:`~cobra.core.Metabolite.Metabolite`

        """
        _id_to_metabolites = dict([(x.id, x)
                                   for x in self._metabolites])

        if hasattr(metabolite_id, 'id'):
            metabolite_id = metabolite_id.id
        return self._metabolites[_id_to_metabolites[metabolite_id]]


[docs]    def get_coefficients(self, metabolite_ids):
        """Return the stoichiometric coefficients for a list of
        metabolites in the reaction.

        metabolite_ids: iterable
            Containing str or :class:`~cobra.core.Metabolite.Metabolite`

        """
        return map(self.get_coefficient, metabolite_ids)


[docs]    def add_metabolites(self, metabolites, combine=True,
                        add_to_container_model=True):
        """Add metabolites and stoichiometric coefficients to the reaction.
        If the final coefficient for a metabolite is 0 then it is removed
        from the reaction.

        metabolites: dict
            {:class:`~cobra.core.Metabolite.Metabolite`: coefficient}

        combine: Boolean.
            Describes behavior a metabolite already exists in the reaction.
            True causes the coefficients to be added.
            False causes the coefficient to be replaced.
            True and a metabolite already exists in the

        add_to_container_model: Boolean.
            Add the metabolite to the :class:`~cobra.core.Model.Model`
            the reaction is associated with (i.e. self.model)

        """
        _id_to_metabolites = {x.id: x for x in self._metabolites}
        new_metabolites = []
        for metabolite, coefficient in iteritems(metabolites):
            # If a metabolite already exists in the reaction then
            # just add them.
            if metabolite.id in _id_to_metabolites:
                reaction_metabolite = _id_to_metabolites[metabolite.id]
                if combine:
                    self._metabolites[reaction_metabolite] += coefficient
                else:
                    self._metabolites[reaction_metabolite] = coefficient
            else:
                # If the reaction is in a model, ensure we aren't using
                # a duplicate metabolite.
                try:
                    metabolite = \
                        self._model.metabolites.get_by_id(metabolite.id)
                except:
                    new_metabolites.append(metabolite)
                self._metabolites[metabolite] = coefficient
                # make the metabolite aware that it is involved in this
                # reaction
                metabolite._reaction.add(self)
        for metabolite, the_coefficient in list(self._metabolites.items()):
            if the_coefficient == 0:
                # make the metabolite aware that it no longer participates
                # in this reaction
                metabolite._reaction.remove(self)
                self._metabolites.pop(metabolite)
        if add_to_container_model and hasattr(self._model, 'add_metabolites'):
            self._model.add_metabolites(new_metabolites)


[docs]    def subtract_metabolites(self, metabolites):
        """This function will 'subtract' metabolites from a reaction, which
        means add the metabolites with -1*coefficient. If the final coefficient
        for a metabolite is 0 then the metabolite is removed from the reaction.

        metabolites: dict of {:class:`~cobra.core.Metabolite`: coefficient}
            These metabolites will be added to the reaction

        .. note:: A final coefficient < 0 implies a reactant.

        """
        self.add_metabolites({k: -v for k, v in iteritems(metabolites)})


[docs]    def clear_metabolites(self):
        """Remove all metabolites from the reaction"""
        for metabolite in list(self._metabolites.keys()):
            self.pop(metabolite)


    @property
    def reaction(self):
        """Human readable reaction string"""
        return self.build_reaction_string()

    @reaction.setter
    def reaction(self, value):
        return self.build_reaction_from_string(value)

[docs]    def build_reaction_string(self, use_metabolite_names=False):
        """Generate a human readable reaction string"""
        def format(number):
            return "" if number == 1 else str(number).rstrip(".") + " "
        reactant_dict = {}
        product_dict = {}
        id_type = 'id'
        if use_metabolite_names:
            id_type = 'name'
        reactant_bits = []
        product_bits = []
        for the_metabolite, coefficient in iteritems(self._metabolites):
            name = str(getattr(the_metabolite, id_type))
            if coefficient > 0:
                product_bits.append(format(coefficient) + name)
            else:
                reactant_bits.append(format(abs(coefficient)) + name)

        reaction_string = ' + '.join(reactant_bits)
        if not self.reversibility:
            if self.lower_bound < 0 and self.upper_bound <= 0:
                reaction_string += ' <-- '
            else:
                reaction_string += ' --> '
        else:
            reaction_string += ' <=> '
        reaction_string += ' + '.join(product_bits)
        return reaction_string


[docs]    def check_mass_balance(self):
        """Makes sure that the reaction is elementally-balanced."""
        reaction_element_dict = defaultdict(list)
        for the_metabolite, the_coefficient in self._metabolites.items():
            if the_metabolite.formula is not None:
                for k, v in the_metabolite.formula.elements.items():
                    reaction_element_dict[k].append(the_coefficient * v)
        reaction_element_dict = {k: sum(v) for k, v
                                 in reaction_element_dict.items()}
        if sum(map(abs, reaction_element_dict.values())) != 0:
            return [self.id, reaction_element_dict]
        else:
            return []


[docs]    def print_values(self):
        """.. deprecated :: 0.3"""
        warn("deprecated")
        print("reaction:", self.id)
        print("subsystem", self.subsystem)
        print(self.reaction)
        print("bounds: (%.2f, %.2f)" % (self.lower_bound, self.upper_bound))
        print("objective_coefficient", self.objective_coefficient)
        print("gene reaction rule:", self.gene_reaction_rule)


[docs]    def get_compartments(self):
        """
        """
        return(list(set([x.compartment for x in self._metabolites])))


[docs]    def remove_gene(self, cobra_gene):
        """.. deprecated :: 0.3 update the gene_reaction_rule instead"""
        warn("deprecated: update the gene_reaction_rule instead")
        try:
            self._genes.remove(cobra_gene)
            cobra_gene._reaction.remove(self)
        except Exception as e:
            try:
                if hasattr(self._genes, 'keys'):
                    self._genes = set(self._genes.keys())
                    self.remove_gene(cobra_gene)
            except:
                raise Exception('Unable to remove %s from %s: %s' %
                                (repr(cobra_gene), repr(self), e))


[docs]    def add_gene(self, cobra_gene):
        """.. deprecated :: 0.3 update the gene_reaction_rule instead"""
        warn("deprecated: update the gene_reaction_rule instead")
        try:
            self._genes.add(cobra_gene)
            cobra_gene._reaction.add(self)
            cobra_gene._model = self._model
        except Exception as e:
            try:
                if hasattr(self._genes, 'keys'):
                    self._genes = set(self._genes.keys())
                    self.add_gene(cobra_gene)
            except:
                raise Exception('Unable to add %s to %s: %s' %
                                (repr(cobra_gene), repr(self), e))


    def _associate_gene(self, cobra_gene):
        """Associates a cobra.Gene object with a cobra.Reaction.

        cobra_gene : :class:`~cobra.core.Gene.Gene`

        """
        self._genes.add(cobra_gene)
        cobra_gene._reaction.add(self)
        cobra_gene._model = self._model

    def _dissociate_gene(self, cobra_gene):
        """Dissociates a cobra.Gene object with a cobra.Reaction.

        cobra_gene : :class:`~cobra.core.Gene.Gene`

        """
        self._genes.remove(cobra_gene)
        cobra_gene._reaction.remove(self)

[docs]    def knock_out(self):
        """Change the upper and lower bounds of the reaction to 0."""
        self.lower_bound = 0
        self.upper_bound = 0


[docs]    def build_reaction_from_string(self, reaction_str, verbose=True,
                                   fwd_arrow=None, rev_arrow=None,
                                   reversible_arrow=None):
        # set the arrows
        forward_arrow_finder = _forward_arrow_finder if fwd_arrow is None \
            else re.compile(re.escape(fwd_arrow))
        reverse_arrow_finder = _reverse_arrow_finder if rev_arrow is None \
            else re.compile(re.escape(rev_arrow))
        reversible_arrow_finder = _reversible_arrow_finder \
            if reversible_arrow is None \
            else re.compile(re.escape(reversible_arrow))
        if self._model is None:
            warn("no model found")
            model = None
        else:
            model = self._model
        original_str = "" + reaction_str  # copy
        found_compartments = compartment_finder.findall(reaction_str)
        if len(found_compartments) == 1:
            compartment = found_compartments[0]
            reaction_str = compartment_finder.sub("", reaction_str)
        else:
            compartment = ""

        # reversible case
        arrow_match = reversible_arrow_finder.search(reaction_str)
        if arrow_match is not None:
            self.lower_bound = -1000
            self.upper_bound = 1000
        else:  # irreversible
            # try forward
            arrow_match = forward_arrow_finder.search(reaction_str)
            if arrow_match is not None:
                self.upper_bound = 1000
                self.lower_bound = 0
            else:
                # must be reverse
                arrow_match = reverse_arrow_finder.search(reaction_str)
                if arrow_match is None:
                    raise ValueError("no suitable arrow found in '%s'" %
                                     reaction_str)
                else:
                    self.upper_bound = 0
                    self.lower_bound = -1000
        reactant_str = reaction_str[:arrow_match.start()].strip()
        product_str = reaction_str[arrow_match.end():].strip()

        self.clear_metabolites()

        for substr, factor in ((reactant_str, -1), (product_str, 1)):
            if len(substr) == 0:
                continue
            for term in substr.split("+"):
                term = term.strip()
                if term.lower() == "nothing":
                    continue
                if " " in term:
                    num_str, met_id = term.split()
                    num = float(num_str.lstrip("(").rstrip(")")) * factor
                else:
                    met_id = term
                    num = factor
                met_id += compartment
                try:
                    met = model.metabolites.get_by_id(met_id)
                except KeyError:
                    if verbose:
                        print("unknown metabolite '%s' created" % met_id)
                    met = Metabolite(met_id)
                self.add_metabolites({met: num})







          

      

      

    


    
        © Copyright 2014, Daniel Robert Hyduke and Ali Ebrahim.
      Created using Sphinx 1.3.1.
    

  

_modules/cobra/core/Metabolite.html


    
      Navigation


      
        		
          index


        		
          modules |


        		cobra 0.3.2 documentation »


          		Module code »

 
      


    


    
      
          
            
  Source code for cobra.core.Metabolite

from warnings import warn

from .Species import Species


[docs]class Metabolite(Species):
    """Metabolite is a class for holding information regarding
    a metabolite in a cobra.Reaction object.

    """

    def __init__(self, id=None, formula=None,
                 name=None, compartment=None):
        """
        id: str

        formula: cobra.Formula or String  of a chemical formula.

        name: str
            A human readable name.

        compartment: None or a dictionary indicating the cellular location
        of the metabolite.  Used when in a cobra.Reaction or Model
        object

        """
        Species.__init__(self, id, formula, name, compartment)
        self._constraint_sense = 'E'
        self._bound = 0.

    @property
    def y(self):
        """The shadow price for the metabolite in the most recent solution

        Shadow prices are computed from the dual values of the bounds in
        the solution.

        """
        try:
            return self._model.solution.y_dict[self.id]
        except Exception as e:
            if self._model is None:
                raise Exception("not part of a model")
            if not hasattr(self._model, "solution") or \
                    self._model.solution is None or \
                    self._model.solution.status == "NA":
                raise Exception("model has not been solved")
            if self._model.solution.status != "optimal":
                raise Exception("model solution was not optimal")
            raise e  # Not sure what the exact problem was

[docs]    def remove_from_model(self, method='subtractive', **kwargs):
        """Removes the association from self.model

        method: 'subtractive' or 'destructive'.
            If 'subtractive' then the metabolite is removed from all
            associated reactions.  If 'destructive' then all associated
            reactions are removed from the Model.

        """
        # why is model being taken in as a parameter? This plays
        # back to the question of allowing a Metabolite to be associated
        # with multiple Models
        if "model" in kwargs:
            warn("model argument deprecated")

        self._model.metabolites.remove(self)
        self._model = None
        if method.lower() == 'subtractive':
            for the_reaction in list(self._reaction):
                the_coefficient = the_reaction._metabolites[self]
                the_reaction.subtract_metabolites({self: the_coefficient})
        elif method.lower() == 'destructive':
            for x in self._reaction():
                x.remove_from_model()
        else:
            raise Exception(method + " is not 'subtractive' or 'destructive'")
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  Source code for cobra.core.ArrayBasedModel

from sys import maxsize
from copy import deepcopy
from warnings import warn

from numpy import array, hstack, ndarray
from scipy.sparse import lil_matrix, dok_matrix

from .Model import Model
from ..external.six import iteritems


[docs]class ArrayBasedModel(Model):
    """ArrayBasedModel is a class that adds arrays and vectors to
    a cobra.Model to make it easier to perform linear algebra operations.

    """

    def __init__(self, description=None, deepcopy_model=False,
                 matrix_type='scipy.lil_matrix'):
        """
        description: None | String | cobra.Model

        deepcopy_model: Boolean.  If True and description is
        a cobra.Model then make a deepcopy of the Model before
        creating the ArrayBasedModel.

        matrix_type: 'scipy.lil_matrix' or 'scipy.dok_matrix'
            Specifies which type of backend matrix to use for S.

        """
        if deepcopy_model and isinstance(description, Model):
            description = description.copy()
        Model.__init__(self, description)
        self._S = None
        self.matrix_type = matrix_type
        self.update()

    # no setter for S at the moment
    @property
    def S(self):
        """Stoichiometric matrix of the model

        This will be formatted as either :class:`~scipy.sparse.lil_matrix`
        or :class:`~scipy.sparse.dok_matrix`

        """
        return self._S

    @property
    def lower_bounds(self):
        return self._lower_bounds

    @lower_bounds.setter
    def lower_bounds(self, vector):
        self._update_from_vector("lower_bounds", vector)

    @property
    def upper_bounds(self):
        return self._upper_bounds

    @upper_bounds.setter
    def upper_bounds(self, vector):
        self._update_from_vector("upper_bounds", vector)

    @property
    def objective_coefficients(self):
        return self._objective_coefficients

    @objective_coefficients.setter
    def objective_coefficients(self, vector):
        self._update_from_vector("objective_coefficients", vector)

    @property
    def b(self):
        """bounds for metabolites as :class:`numpy.ndarray`"""
        return self._b

    @b.setter
    def b(self, b):
        self._update_from_vector("b", vector)

    @property
    def constraint_sense(self):
        return self._constraint_sense

    @constraint_sense.setter
    def constraint_sense(self, vector):
        self._update_from_vector("_constraint_sense", vector)

[docs]    def copy(self):
        """Provides a partial 'deepcopy' of the Model.  All of the Metabolite,
        Gene, and Reaction objects are created anew but in a faster fashion
        than deepcopy

        """
        the_copy = Model.copy(self)
        the_copy.update()
        return the_copy


[docs]    def add_metabolites(self, metabolite_list,
                        expand_stoichiometric_matrix=True):
        """Will add a list of metabolites to the the object, if they do not
        exist and then expand the stochiometric matrix

        metabolite_list: A list of :class:`~cobra.core.Metabolite` objects

        expand_stoichimetric_matrix: Boolean.  If True and self.S is
        not None then it will add rows to self.S.  self.S must be
        created after adding reactions and metabolites to self before
        it can be expanded.  Trying to expand self.S when self only
        contains metabolites is ludacris.

        """
        Model.add_metabolites(self, metabolite_list)
        if self._S is not None and expand_stoichiometric_matrix:
            s_expansion = len(self.metabolites) - self._S.shape[0]
            if s_expansion > 0:
                self._S.resize((self._S.shape[0] + s_expansion,
                                self._S.shape[1]))
        self._update_metabolite_vectors()


    def _update_from_vector(self, attribute, vector):
        """convert from model.reactions = v to model.reactions[:] = v"""
        # this will fail if vector is the wrong length
        getattr(self, attribute)[:] = vector

    def _update_reaction(self, reaction):
        """Updates everything associated with the reaction.id of reaction.

        reaction: A cobra.Reaction object, or a list of these objects.

        WARNING: This function is only used after the Model has been
        converted to matrices.  It is typically faster to access the objects
        in the Model directly.  This function will eventually moved to another
        module for advanced users due to the potential for mistakes.


        """
        if not hasattr(reaction, '__iter__'):
            reaction = [reaction]
        Model._update_reaction(reaction)
        for the_reaction in reaction:
            try:
                reaction_index = self.reactions.index(the_reaction.id)
            except KeyError:
                warn(the_reaction.id + ' is not in the model')
                continue

            # zero reaction stoichiometry column
            the_column = self._S[:, reaction_index]
            for nonzero_index in the_column.nonzero()[0]:
                the_column[nonzero_index, 0] = 0
            self._lower_bounds[reaction_index] = the_reaction.lower_bound
            self._upper_bounds[reaction_index] = the_reaction.upper_bound
            self.objective_coefficients[
                reaction_index] = the_reaction.objective_coefficient
            self.add_metabolites(the_reaction._metabolites)
            # Make sure that the metabolites are the ones contained in the
            # model
            the_reaction._metabolites = [self.metabolite.get_by_id(x.id)
                                         for x in the_reaction._metabolites]
            # Update the stoichiometric matrix
            metabolite_indices = map(
                self.metabolites.index,
                the_reaction._metabolites)
            for (index, metabolite_index) in enumerate(metabolite_indices):
                self._S[metabolite_index, reaction_index] = \
                    the_reaction.stoichiometric_coefficients[index]

[docs]    def add_reactions(self, reaction_list, update_matrices=True):
        """Will add a cobra.Reaction object to the model, if
        reaction.id is not in self.reactions.

        reaction_list: A :class:`~cobra.core.Reaction` object or a list of them

        update_matrices:  Boolean.  If true populate / update matrices
        S, lower_bounds, upper_bounds, .... Note this is slow to run
        for very large models and using this option with repeated calls
        will degrade performance.  Better to call self.update() after
        adding all reactions.


         If the stoichiometric matrix is initially empty then initialize a 1x1
         sparse matrix and add more rows as needed in the self.add_metabolites
         function

        """
        Model.add_reactions(self, reaction_list)
        if update_matrices:
            self._update_matrices(reaction_list)


[docs]    def remove_reactions(self, reactions, update_matrices=True, **kwargs):
        """remove reactions from teh model

        See :func:`cobra.core.Model.Model.remove_reactions`

        update_matrices:  Boolean
            If true populate / update matrices S, lower_bounds, upper_bounds.
            Note that this is slow to run for very large models, and using this
            option with repeated calls will degrade performance.

        """
        Model.remove_reactions(self, reactions, **kwargs)
        if update_matrices:
            self._update_matrices()


    def _construct_matrices(self):
        """Large sparse matrices take time to construct and to read / write.
        This function allows one to let the model exists without cobra_model.S
        and then generate it at needed.

        """
        self._update_matrices()  # This does basic construction as well.

    def _update_reaction_vectors(self):
        """regenerates the lower_bounds, upper_bounds,
        and objective_coefficients vectors.

        WARNING: This function is only used after the Model has been
        converted to matrices.  It is typically faster to access the objects
        in the Model directly.  This function will eventually moved to another
        module for advanced users due to the potential for mistakes.


        """
        self._lower_bounds = LinkedArray(self.reactions, "lower_bound")
        self._upper_bounds = LinkedArray(self.reactions, "upper_bound")
        self._objective_coefficients = LinkedArray(self.reactions,
                                                   "objective_coefficient")

    def _update_metabolite_vectors(self):
        """regenerates _b and _constraint_sense

        WARNING: This function is only used after the Model has been
        converted to matrices.  It is typically faster to access the objects
        in the Model directly.  This function will eventually moved to another
        module for advanced users due to the potential for mistakes.

        """
        self._b = LinkedArray(self.metabolites, "_bound")
        self._constraint_sense = LinkedArray(
            self.metabolites,
            "_constraint_sense")

    def _update_matrices(self, reaction_list=None):
        """
        reaction_list: None or a list of cobra.Reaction objects that are in
        self.reactions.  If None then reconstruct the whole matrix.

        NOTE: reaction_list is assumed to be at the end of self.reactions.

        In the future, we'll be able to use reactions from anywhere in the
        list

        WARNING: This function is only used after the Model has been
        converted to matrices.  It is typically faster to access the objects
        in the Model directly.  This function will eventually moved to another
        module for advanced users due to the potential for mistakes.

        """
        # no need to create matrix if there are no reactions or metabolites
        if len(self.reactions) == 0 and len(self.metabolites) == 0:
            return
        elif len(self.metabolites) == 0:
            self._update_reaction_vectors()
            return
        elif len(self.reactions) == 0:
            self._update_metabolite_vectors()
            return
        # Pretty much all of these things are unnecessary to use the objects
        # and interact with the optimization solvers.  It might be best to move
        # them to linear algebra modules.  If no reactions are present in the
        # Model, initialize the arrays
        if self._S is None or reaction_list is None:
            reaction_list = self.reactions
            SMatrix = SMatrix_classes[self.matrix_type]
            self._S = SMatrix((len(self.metabolites),
                               len(self.reactions)), model=self)
            self._update_reaction_vectors()
        else:  # Expand the arrays to accomodate the new reaction
            self._S.resize((len(self.metabolites),
                            len(self.reactions)))
            lower_bounds = array([x.lower_bound
                                  for x in reaction_list])
            upper_bounds = array([x.upper_bound
                                  for x in reaction_list])
            objective_coefficients = array([x.objective_coefficient
                                            for x in reaction_list])
            self._lower_bounds._extend(lower_bounds)
            self._upper_bounds._extend(upper_bounds)
            self._objective_coefficients._extend(objective_coefficients)

        coefficient_dictionary = {}
        for the_reaction in reaction_list:
            reaction_index = self.reactions.index(the_reaction.id)
            for the_key, the_value in the_reaction._metabolites.items():
                coefficient_dictionary[(self.metabolites.index(the_key.id),
                                        reaction_index)] = the_value

        self._S.update(coefficient_dictionary)

[docs]    def update(self):
        """Regenerates the stoichiometric matrix and vectors"""
        self._update_matrices()
        self._update_metabolite_vectors()




class LinkedArray(ndarray):
    """A :class:`numpy.ndarray` which updates an attribute from a list"""
    def __new__(cls, list, attribute):
        # construct a new ndarray with the values from the list
        # For example, if the list if model.reactions and the attribute is
        # "lower_bound" create an array of [reaction.lower_bound for ... ]
        x = array([getattr(i, attribute) for i in list]).view(cls)
        return x.copy()

    def __init__(self, list, attribute):
        self._list = list
        self._attr = attribute

    def __setitem__(self, index, value):
        ndarray.__setitem__(self, index, value)
        if isinstance(index, slice):
            for i, entry in enumerate(self._list[index]):
                setattr(entry, self._attr, value)
        else:
            setattr(self._list[index], self._attr, value)

    def __setslice__(self, i, j, value):
        ndarray.__setitem__(self, slice(i, j), value)
        if j == maxsize:
            j = len(self)
        if hasattr(value, "__getitem__"):  # setting to a list
            for index in range(i, j):
                setattr(self._list[index], self._attr, value[index])
        else:
            for index in range(i, j):
                setattr(self._list[index], self._attr, value)

    def _extend(self, other):
        old_size = len(self)
        new_size = old_size + len(other)
        self.resize(new_size, refcheck=False)
        ndarray.__setitem__(self, slice(old_size, new_size), other)


class SMatrix_dok(dok_matrix):
    """A 2D sparse dok matrix which maintains links to a cobra Model"""

    def __init__(self, *args, **kwargs):
        dok_matrix.__init__(self, *args)
        self.format = "dok"
        self._model = kwargs["model"] if "model" in kwargs else None

    def __setitem__(self, index, value):
        dok_matrix.__setitem__(self, index, value)
        if isinstance(index[0], int) and isinstance(index[1], int):
            reaction = self._model.reactions[index[1]]
            if value != 0:
                reaction.add_metabolites(
                    {self._model.metabolites[index[0]]: value}, combine=False)
            else:  # setting 0 means metabolites should be removed
                metabolite = self._model.metabolites[index[0]]
                if metabolite in reaction._metabolites:
                    reaction.pop(metabolite)

    def tolil(self):
        new = SMatrix_lil(dok_matrix.tolil(self), model=self._model)
        return new


class SMatrix_lil(lil_matrix):
    """A 2D sparse lil matrix which maintains links to a cobra Model"""

    def __init__(self, *args, **kwargs):
        lil_matrix.__init__(self, *args)
        self.format = "lil"
        self._model = kwargs["model"] if "model" in kwargs else None

    def __setitem__(self, index, value):
        lil_matrix.__setitem__(self, index, value)
        if isinstance(index[0], int):
            metabolites = [self._model.metabolites[index[0]]]
        else:
            metabolites = self._model.metabolites[index[0]]

        if isinstance(index[1], int):
            reactions = [self._model.reactions[index[1]]]
        else:
            reactions = self._model.reactions[index[1]]

        if value == 0:  # remove_metabolites
            met_set = set(metabolites)
            for reaction in reactions:
                to_remove = met_set.intersection(reaction._metabolites)
                for i in to_remove:
                    reaction.pop(i)
        else:  # add metabolites
            met_dict = {met: value for met in metabolites}
            for reaction in reactions:
                reaction.add_metabolites(met_dict, combine=False)

    def update(self, value_dict):
        """update matrix without propagating to model"""
        if len(value_dict) < 100:  # TODO benchmark for heuristic
            for index, value in iteritems(value_dict):
                lil_matrix.__setitem__(self, index, value)
        else:
            matrix = lil_matrix.todok(self)
            matrix.update(value_dict)
            self = SMatrix_lil(matrix.tolil(), model=self._model)
            self._model._S = self

    def todok(self):
        new = SMatrix_dok(lil_matrix.todok(self), model=self._model)
        return new

    # TODO: check if implemented before using own function
    def resize(self, shape):
        matrix = lil_matrix.todok(self)
        matrix.resize(shape)
        self = SMatrix_lil(matrix.tolil(), model=self._model)
        self._model._S = self


SMatrix_classes = {"scipy.dok_matrix": SMatrix_dok,
                   "scipy.lil_matrix": SMatrix_lil}
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  Source code for cobra.core.Species

from warnings import warn
from copy import deepcopy
from .Formula import Formula
from .Object import Object


[docs]class Species(Object):
    """Species is a class for holding information regarding
    a chemical Species


    """

    def __init__(self, id=None, formula=None,
                 name=None, compartment=None, mnx_id=None):
        """
        id: A string.

        formula: cobra.Formula or str of a chemical formula.  Defaults to None
        to save time in pickling and such.

        name: String.  A human readable name.

        compartment: None or a dictionary indicating the cellular location
        of the metabolite.  Used when in a cobra.Reaction or Model
        object

        mnx_id: None or a String of the MetaNetX.org ID for the object.

        """
        Object.__init__(self, id, mnx_id=mnx_id)
        self.name = name
        if not name:
            self.name = self.id
        if isinstance(formula, str):
            formula = Formula(formula)

        self.formula = formula
        self.parse_composition()
        # because in a Model a metabolite may participate in multiple Reactions
        self.compartment = compartment
        # self.model is None or refers to the cobra.Model that
        # contains self
        self._model = self.charge = None
        # references to reactions that operate on this species
        self._reaction = set()

    @property
    def reactions(self):
        return frozenset(self._reaction)

[docs]    def parse_composition(self):
        """Breaks the chemical formula down by element.
        Useful for making sure Reactions are balanced.'

        """
        if isinstance(self.formula, Formula):
            self.formula.parse_composition()
        elif isinstance(self.formula, str):
            self.formula = Formula(self.formula)


    def __getstate__(self):
        """Remove the references to container reactions when serializing to
        avoid problems associated with recursion.

        """
        state = Object.__getstate__(self)
        state['_reaction'] = set()
        return state

[docs]    def copy(self):
        """When copying a reaction, it is necessary to deepcopy the
        components so the list references aren't carried over.

        Additionally, a copy of a reaction is no longer in a cobra.Model.

        This should be fixed with self.__deecopy__ if possible
        """
        return deepcopy(self)


[docs]    def guided_copy(self, the_model):
        """.. deprecated :: 0.3 Use copy directly"""
        warn("deprecated")
        the_copy = Object.guided_copy(self)
        # Copy the more complex objects in a faster fashion
        the_copy.formula = deepcopy(self.formula)
        the_copy._model = the_model
        the_copy._reaction = set()
        return(the_copy)


[docs]    def get_reaction(self):
        """Returns a list of Reactions that contain this Species"""
        warn("deprecated, used species.reactions instead")
        return list(self._reaction)


[docs]    def get_model(self):
        """Returns the Model object that contain this Object"""
        print("get_model is deprecated. used model property instead")
        return self._model


    @property
    def model(self):
        return(self._model)
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  Source code for cobra.core.Model

from warnings import warn
from copy import deepcopy, copy

from ..external.six import iteritems, string_types
from ..solvers import optimize
from .Object import Object
from .Solution import Solution
from .DictList import DictList


# Note, when a reaction is added to the Model it will no longer keep personal
# instances of its Metabolites, it will reference Model.metabolites to improve
# performance.  When doing this, take care to monitor metabolite coefficients.
# Do the same for Model.reactions[:].genes and Model.genes

[docs]class Model(Object):
    """Metabolic Model

    Refers to Metabolite, Reaction, and Gene Objects.
    """

    def __setstate__(self, state):
        """Make sure all cobra.Objects in the model point to the model"""
        self.__dict__.update(state)
        for y in ['reactions', 'genes', 'metabolites']:
            for x in getattr(self, y):
                x._model = self

    def __init__(self, description=None):
        if isinstance(description, Model):
            self.__dict__ = description.__dict__
        else:
            Object.__init__(self, description)
            self.description = self.id
            self._trimmed = False
            self._trimmed_genes = []
            self._trimmed_reactions = {}
            self.genes = DictList()
            self.reactions = DictList()  # A list of cobra.Reactions
            self.metabolites = DictList()  # A list of cobra.Metabolites
            # genes based on their ids {Gene.id: Gene}
            self.compartments = {}
            self.solution = Solution(None)

    def __add__(self, other_model):
        """Adds two models. +

        The issue of reactions being able to exists in multiple Models now
        arises, the same for metabolites and such.  This might be a little
        difficult as a reaction with the same name / id in two models might
        have different coefficients for their metabolites due to pH and whatnot
        making them different reactions.

        """
        new_model = self.copy()
        new_reactions = deepcopy(other_model.reactions)
        new_model.add_reactions(new_reactions)
        new_model.id = self.id + '_' + other_model.id
        return new_model

    def __iadd__(self, other_model):
        """Adds a Model to this model +=

        The issue of reactions being able to exists in multiple Models now
        arises, the same for metabolites and such.  This might be a little
        difficult as a reaction with the same name / id in two models might
        have different coefficients for their metabolites due to pH and whatnot
        making them different reactions.

        """
        new_reactions = deepcopy(other_model.reactions)
        self.add_reactions(new_reactions)
        self.id = self.id + '_' + other_model.id
        return self

[docs]    def guided_copy(self):
        """.. warning :: deprecated"""
        warn("deprecated")
        return self.copy()


[docs]    def copy(self, print_time=False):
        """Provides a partial 'deepcopy' of the Model.  All of the Metabolite,
        Gene, and Reaction objects are created anew but in a faster fashion
        than deepcopy
        """
        if print_time is not False:
            warn("print_time is a deprecated option")
        new = self.__class__()
        do_not_copy = {"metabolites", "reactions", "genes"}
        for attr in self.__dict__:
            if attr not in do_not_copy:
                new.__dict__[attr] = self.__dict__[attr]

        new.metabolites = DictList()
        do_not_copy = {"_reaction", "_model"}
        for metabolite in self.metabolites:
            new_met = metabolite.__class__()
            for attr, value in iteritems(metabolite.__dict__):
                if attr not in do_not_copy:
                    new_met.__dict__[attr] = copy(
                        value) if attr == "formula" else value
            new_met._model = new
            new.metabolites.append(new_met)

        new.genes = DictList()
        for gene in self.genes:
            new_gene = gene.__class__(None)
            for attr, value in iteritems(gene.__dict__):
                if attr not in do_not_copy:
                    new_gene.__dict__[attr] = copy(
                        value) if attr == "formula" else value
            new_gene._model = new
            new.genes.append(new_gene)

        new.reactions = DictList()
        do_not_copy = {"_model", "_metabolites", "_genes"}
        for reaction in self.reactions:
            new_reaction = reaction.__class__()
            for attr, value in iteritems(reaction.__dict__):
                if attr not in do_not_copy:
                    new_reaction.__dict__[attr] = value
            new_reaction._model = new
            new.reactions.append(new_reaction)
            # update awareness
            for metabolite, stoic in iteritems(reaction._metabolites):
                new_met = new.metabolites.get_by_id(metabolite.id)
                new_reaction._metabolites[new_met] = stoic
                new_met._reaction.add(new_reaction)
            for gene in reaction._genes:
                new_gene = new.genes.get_by_id(gene.id)
                new_reaction._genes.add(new_gene)
                new_gene._reaction.add(new_reaction)
        return new


[docs]    def add_metabolites(self, metabolite_list):
        """Will add a list of metabolites to the the object, if they do not
        exist and then expand the stochiometric matrix

        metabolite_list: A list of :class:`~cobra.core.Metabolite` objects

        """
        if not hasattr(metabolite_list, '__iter__'):
            metabolite_list = [metabolite_list]
        # First check whether the metabolites exist in the model
        metabolite_list = [x for x in metabolite_list
                           if x.id not in self.metabolites]
        for x in metabolite_list:
            x._model = self
        self.metabolites += metabolite_list


    def _update_reaction(self, reaction):
        """.. warning :: deprecated"""
        warn("deprecated function")
        if not hasattr(reaction, '__iter__'):
            reaction = [reaction]
        for the_reaction in reaction:
            if the_reaction.id not in self.reactions:
                warn(the_reaction.id + ' is not in the model')
                continue
            reaction_index = self.reactions.index(the_reaction.id)
            self.reactions[reaction_index] = the_reaction

[docs]    def update(self):
        """.. warning :: removed"""
        raise Exception("Model.update is moved to ArrayBasedModel.")


[docs]    def add_reaction(self, reaction):
        """Will add a cobra.Reaction object to the model, if
        reaction.id is not in self.reactions.

        reaction: A :class:`~cobra.core.Reaction` object

        """
        self.add_reactions([reaction])


[docs]    def add_reactions(self, reaction_list):
        """Will add a cobra.Reaction object to the model, if
        reaction.id is not in self.reactions.

        reaction_list: A list of :class:`~cobra.core.Reaction` objects

        """
        # Only add the reaction if one with the same ID is not already
        # present in the model.

        # This function really should not used for single reactions
        if not hasattr(reaction_list, "__len__"):
            reaction_list = [reaction_list]
            warn("Use add_reaction for single reactions")

        reaction_list = DictList(reaction_list)
        reactions_in_model = [
            i.id for i in reaction_list if self.reactions.has_id(
                i.id)]

        if len(reactions_in_model) > 0:
            raise Exception("Reactions already in the model: " +
                            ", ".join(reactions_in_model))

        # Add reactions. Also take care of genes and metabolites in the loop
        for reaction in reaction_list:
            reaction._model = self  # the reaction now points to the model
            # keys() is necessary because the dict will be modified during
            # the loop
            for metabolite in list(reaction._metabolites.keys()):
                # if the metabolite is not in the model, add it
                # should we be adding a copy instead.
                if not self.metabolites.has_id(metabolite.id):
                    self.metabolites.append(metabolite)
                    metabolite._model = self
                    # this should already be the case. Is it necessary?
                    metabolite._reaction = set([reaction])
                # A copy of the metabolite exists in the model, the reaction
                # needs to point to the metabolite in the model.
                else:
                    stoichiometry = reaction._metabolites.pop(metabolite)
                    model_metabolite = self.metabolites.get_by_id(
                        metabolite.id)
                    reaction._metabolites[model_metabolite] = stoichiometry
                    model_metabolite._reaction.add(reaction)

            for gene in list(reaction._genes):
                # If the gene is not in the model, add it
                if not self.genes.has_id(gene.id):
                    self.genes.append(gene)
                    gene._model = self
                    # this should already be the case. Is it necessary?
                    gene._reaction = set([reaction])
                # Otherwise, make the gene point to the one in the model
                else:
                    model_gene = self.genes.get_by_id(gene.id)
                    if model_gene is not gene:
                        reaction._dissociate_gene(gene)
                        reaction._associate_gene(model_gene)

        self.reactions += reaction_list


[docs]    def to_array_based_model(self, deepcopy_model=False, **kwargs):
        """Makes a :class:`~cobra.core.ArrayBasedModel` from a cobra.Model which
        may be used to perform linear algebra operations with the
        stoichiomatric matrix.

        deepcopy_model: Boolean.  If False then the ArrayBasedModel points
        to the Model

        """
        from .ArrayBasedModel import ArrayBasedModel
        return ArrayBasedModel(self, deepcopy_model=deepcopy_model, **kwargs)


[docs]    def optimize(self, objective_sense='maximize', solver=None,
                 quadratic_component=None,
                 **kwargs):
        r"""Optimize model using flux balance analysis

        objective_sense: 'maximize' or 'minimize'

        solver: 'glpk', 'cglpk', 'gurobi', 'cplex' or None

        quadratic_component: None or :class:`scipy.sparse.dok_matrix`
            The dimensions should be (n, n) where n is the number of reactions.

            This sets the quadratic component (Q) of the objective coefficient,
            adding :math:`\\frac{1}{2} v^T \cdot Q \cdot v` to the objective.

        tolerance_feasibility: Solver tolerance for feasibility.

        tolerance_markowitz: Solver threshold during pivot

        time_limit: Maximum solver time (in seconds)

        .. NOTE :: Only the most commonly used parameters are presented here.
                   Additional parameters for cobra.solvers may be available and
                   specified with the appropriate keyword argument.

        """
        if "new_objective" in kwargs:
            warn("new_objective is deprecated. Use Model.change_objective")
            self.change_objective(kwargs.pop("new_objective"))
        if "error_reporting" in kwargs:
            warn("error_reporting deprecated")
        if quadratic_component is not None:
            kwargs["quadratic_component"] = quadratic_component
        the_solution = optimize(self, solver=solver,
                                objective_sense=objective_sense,
                                **kwargs)
        self.solution = the_solution
        return the_solution


[docs]    def remove_reactions(self, reactions, delete=True,
                         remove_orphans=False):
        """remove reactions from the model

        reactions: [:class:`~cobra.core.Reaction.Reaction`] or [str]
            The reactions (or their id's) to remove

        delete: Boolean
            Whether or not the reactions should be deleted after removal.
            If the reactions are not deleted, those objects will be
            recreated with new metabolite and gene objects.

        remove_orphans: Boolean
            Remove orphaned genes and metabolites from the model as well

        """
        if isinstance(reactions, string_types) or hasattr(reactions, "id"):
            warn("need to pass in a list")
            reactions = [reactions]
        for reaction in reactions:
            try:
                reaction = self.reactions[self.reactions.index(reaction)]
            except ValueError:
                warn('%s not in %s' % (reaction, self))
            else:
                if delete:
                    reaction.delete(remove_orphans=remove_orphans)
                else:
                    reaction.remove_from_model(remove_orphans=remove_orphans)


[docs]    def repair(self, rebuild_index=True, rebuild_relationships=True):
        """Update all indexes and pointers in a model"""
        if rebuild_index:  # DictList indexes
            self.reactions._generate_index()
            self.metabolites._generate_index()
            self.genes._generate_index()
        if rebuild_relationships:
            for met in self.metabolites:
                met._reaction.clear()
            for gene in self.genes:
                gene._reaction.clear()
            for rxn in self.reactions:
                for met in rxn._metabolites:
                    met._reaction.add(rxn)
                for gene in rxn._genes:
                    gene._reaction.add(rxn)
        # point _model to self
        for l in (self.reactions, self.genes, self.metabolites):
            for e in l:
                e._model = self
        if self.solution is None:
            self.solution = Solution(None)
        return


[docs]    def change_objective(self, objectives):
        """Change the objective in the cobrapy model.

        objectives: A list or a dictionary.  If a list then
        a list of reactions for which the coefficient in the
        linear objective is set as 1.  If a dictionary then the
        key is the reaction and the value is the linear coefficient
        for the respective reaction.

        """
        # I did not want to refactor code just to rename the variable, but this
        # way the API uses the variable "objectives"
        the_objectives = objectives
        # set all objective coefficients to 0 initially
        for x in self.reactions:
            x.objective_coefficient = 0.
        # update the objective coefficients if a dict is passed in
        if hasattr(the_objectives, "items"):
            for the_reaction, the_coefficient in iteritems(the_objectives):
                if isinstance(the_reaction, int):
                    the_reaction = self.reactions[the_reaction]
                else:
                    if hasattr(the_reaction, 'id'):
                        the_reaction = the_reaction.id
                    the_reaction = self.reactions.get_by_id(the_reaction)
                the_reaction.objective_coefficient = the_coefficient
        # If a list (or a single reaction is passed in), each reaction gets
        # 1 for the objective coefficent.
        else:
            # Allow for objectives to be constructed from multiple reactions
            if not hasattr(the_objectives, "__iter__") or \
                    isinstance(the_objectives, string_types):
                the_objectives = [the_objectives]
            for the_reaction in the_objectives:
                if isinstance(the_reaction, int):
                    the_reaction = self.reactions[the_reaction]
                else:
                    if hasattr(the_reaction, 'id'):
                        the_reaction = the_reaction.id
                    the_reaction = self.reactions.get_by_id(the_reaction)
                the_reaction.objective_coefficient = 1.
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  Source code for cobra.core.DictList

from copy import copy, deepcopy
import re
from ..external.six import string_types, iteritems
from itertools import islice

try:
    from numpy import bool_
except:
    bool_ = bool


[docs]class DictList(list):
    """A combined dict and list

    This object behaves like a list, but has the O(1) speed
    benefits of a dict when looking up elements by their id.

    """

    def __init__(self, *args):
        if len(args) > 2:
            raise TypeError("takes at most 1 argument (%d given)" % len(args))
        list.__init__(self)
        self._dict = {}
        if len(args) == 1:
            other = args[0]
            if isinstance(other, DictList):
                list.extend(self, other)
                self._dict = other._dict.copy()
            else:
                self.extend(other)

[docs]    def has_id(self, id):
        return id in self._dict


    def _check(self, id):
        """make sure duplicate id's are not added.
        This function is called before adding in elements.

        """
        if id in self._dict:
            raise ValueError("id %s is already present in list" % str(id))

    def _generate_index(self):
        """rebuild the _dict index"""
        self._dict = {v.id: k for k, v in enumerate(self)}

[docs]    def get_by_id(self, id):
        """return the element with a matching id"""
        return self[self._dict[id]]


[docs]    def list_attr(self, attribute):
        """return a list of the given attribute for every object

        """
        return [getattr(i, attribute) for i in self]


[docs]    def query(self, search_function, attribute="id"):
        """query the list

        search_function: used to select which objects to return
            * a string, in which case any object.attribute containing
              the string will be returned

            * a compiled regular expression

            * a function which takes one argument and returns True
              for desired values

        attribute: the attribute to be searched for (default is 'id').
                   If this is None, the object itself is used.

        returns: a list of objects which match the query
        """
        if attribute is None:
            def select_attribute(x):
                return x
        else:
            def select_attribute(x):
                return getattr(x, attribute)

        # if the search_function is a regular expression
        if isinstance(search_function, str):
            search_function = re.compile(search_function)
        if hasattr(search_function, "findall"):
            matches = (i for i in self
                       if search_function.findall(select_attribute(i)) != [])
        else:
            matches = (i for i in self
                       if search_function(select_attribute(i)))
        results = self.__class__()
        results._extend_nocheck(matches)
        return results


    def _replace_on_id(self, new_object):
        """Replace an object by another with the same id."""
        the_id = new_object.id
        the_index = self._dict[the_id]
        list.__setitem__(self, the_index, new_object)

    # overriding default list functions with new ones
[docs]    def append(self, object):
        """append object to end"""
        the_id = object.id
        self._check(the_id)
        self._dict[the_id] = len(self)
        list.append(self, object)


[docs]    def union(self, iterable):
        """adds elements with id's not already in the model"""
        _dict = self._dict
        append = self.append
        for i in iterable:
            if i.id not in _dict:
                append(i)


[docs]    def extend(self, iterable):
        """extend list by appending elements from the iterable"""
        # Sometimes during initialization from an older pickle, _dict
        # will not have initialized yet, because the initialization class was
        # left unspecified. This is an issue because unpickling calls
        # DictList.extend, which requires the presence of _dict. Therefore,
        # the issue is caught and addressed here.
        if not hasattr(self, "_dict") or self._dict is None:
            self._dict = {}
        _dict = self._dict
        current_length = len(self)
        list.extend(self, iterable)
        for i, obj in enumerate(islice(self, current_length, None),
                                current_length):
            the_id = obj.id
            if the_id not in _dict:
                _dict[the_id] = i
            else:
                # undo the extend and raise an error
                self = self[:current_length]
                self._check(the_id)
                # if the above succeeded, then the id must be present
                # twice in the list being added
                raise ValueError("id '%s' at index %d is non-unique. "
                                 "Is it present twice?" % (str(the_id), i))


    def _extend_nocheck(self, iterable):
        """extends without checking for uniqueness

        This function should only be used internally by DictList when it
        can guarentee elements are already unique (as in when coming from
        self or other DictList). It will be faster because it skips these
        checks.

        """
        current_length = len(self)
        list.extend(self, iterable)
        _dict = self._dict
        if current_length is 0:
            self._generate_index()
            return
        for i, obj in enumerate(islice(self, current_length, None),
                                current_length):
            _dict[obj.id] = i

    def __add__(self, other):
        """x.__add__(y) <==> x + y

        other: iterable
            other must contain only unique id's which do not intersect
            with self

        """
        total = DictList()
        total.extend(self)
        total.extend(other)
        return total

    def __iadd__(self, other):
        """x.__iadd__(y) <==> x += y

        other: iterable
            other must contain only unique id's whcih do not intersect
            with self

        """
        self.extend(other)
        return self

    def __reduce__(self):
        return (self.__class__, (), self.__getstate__(), self.__iter__())

    def __getstate__(self):
        """gets internal state

        This is only provided for backwards compatibilty so older
        versions of cobrapy can load pickles generated with cobrapy. In
        reality, the "_dict" state is ignored when loading a pickle"""
        return {"_dict": self._dict}

    def __setstate__(self, state):
        """sets internal state

        Ignore the passed in state and recalculate it. This is only for
        compatibility with older pickles which did not correctly specify
        the initialization class"""
        self._generate_index()

[docs]    def index(self, id, *args):
        """Determine the position in the list

        id: A string or a :class:`~cobra.core.Object.Object`

        """
        # because values are unique, start and stop are not relevant
        if isinstance(id, string_types):
            try:
                return self._dict[id]
            except KeyError:
                raise ValueError("%s not found" % id)
        try:
            i = self._dict[id.id]
            if self[i] is not id:
                raise ValueError(
                    "Another object with the identical id (%s) found" % id.id)
            return i
        except KeyError:
            raise ValueError("%s not found" % str(id))


    def __contains__(self, object):
        """DictList.__contains__(object) <==> object in DictList

        object: str or :class:`~cobra.core.Object.Object`

        """
        if hasattr(object, "id"):
            the_id = object.id
        # allow to check with the object itself in addition to the id
        else:
            the_id = object
        return the_id in self._dict

    def __copy__(self):
        the_copy = DictList()
        list.extend(the_copy, self)
        the_copy._dict = self._dict.copy()
        return the_copy

[docs]    def insert(self, index, object):
        """insert object before index"""
        self._check(object.id)
        list.insert(self, index, object)
        # all subsequent entries now have been shifted up by 1
        _dict = self._dict
        for i, j in iteritems(_dict):
            if j >= index:
                _dict[i] = j + 1
        _dict[object.id] = index


[docs]    def pop(self, *args):
        """remove and return item at index (default last)."""
        value = list.pop(self, *args)
        index = self._dict.pop(value.id)
        # If the pop occured from a location other than the end of the list,
        # we will need to subtract 1 from every entry afterwards
        if len(args) == 0 or args == [-1]:  # removing from the end of the list
            return
        _dict = self._dict
        for i, j in iteritems(_dict):
            if j > index:
                _dict[i] = j - 1
        return value


[docs]    def remove(self, x):
        """.. warning :: Internal use only"""
        # Each item is unique in the list which allows this
        # It is much faster to do a dict lookup than n string comparisons
        self.pop(self.index(x))

    # these functions are slower because they rebuild the _dict every time

[docs]    def reverse(self):
        """reverse *IN PLACE*"""
        list.reverse(self)
        self._generate_index()


[docs]    def sort(self, cmp=None, key=None, reverse=False):
        """stable sort *IN PLACE*

        cmp(x, y) -> -1, 0, 1

        """
        if key is None:
            def key(i):
                return i.id
        list.sort(self, cmp=cmp, key=key, reverse=reverse)
        self._generate_index()


    def __getitem__(self, i):
        if isinstance(i, slice):
            selection = self.__class__()
            selection._extend_nocheck(list.__getitem__(self, i))
            return selection
        elif hasattr(i, "__len__"):
            if len(i) == len(self) and isinstance(i[0], (bool, bool_)):
                selection = self.__class__()
                result = (o for j, o in enumerate(self) if i[j])
                selection._extend_nocheck(result)
                return selection
            else:
                return self.__class__(list.__getitem__(self, i))
        else:
            return list.__getitem__(self, i)

    def __setitem__(self, i, y):
        if isinstance(i, slice):
            # In this case, y needs to be a list. We will ensure all
            # the id's are unique
            for obj in y:  # need to be setting to a list
                self._check(obj.id)
                # Insert a temporary placeholder so we catch the presence
                # of a duplicate in the items being added
                self._dict[obj.id] = None
            list.__setitem__(self, i, y)
            self._generate_index()
            return
        self._dict.pop(self[i].id)
        the_id = y.id
        self._check(the_id)
        list.__setitem__(self, i, y)
        self._dict[the_id] = i

    def __delitem__(self, index):
        removed = self[index]
        list.__delitem__(self, index)
        if isinstance(removed, list):
            self._generate_index()
            return
        _dict = self._dict
        _dict.pop(removed.id)
        for i, j in iteritems(_dict):
            if j > index:
                _dict[i] = j - 1

    def __getslice__(self, i, j):
        return self.__getitem__(slice(i, j))

    def __setslice__(self, i, j, y):
        self.__setitem__(slice(i, j), y)

    def __delslice__(self, i, j):
        self.__delitem__(slice(i, j))

    def __getattr__(self, attr):
        try:
            return DictList.get_by_id(self, attr)
        except KeyError:
            raise AttributeError("DictList has no attribute or entry %s" %
                                 (attr))

    def __dir__(self):
        # override this to allow tab complete of items by their id
        attributes = dir(self.__class__)
        attributes.append("_dict")
        attributes.extend(self._dict.keys())
        return attributes
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  Source code for cobra.core.Object

from ..external.six import iteritems


[docs]class Object(object):
    """Defines common behavior of object in cobra.core"""

    def __init__(self, id=None, mnx_id=None):
        """
        id: None or a string

        mnx_id: None or a String of the MetaNetX.org ID for the Object
        """
        self.id = id
        self.mnx_id = mnx_id
        # The following two fields will eventually
        # be objects that enforce basic rules about
        # formatting notes and annotation
        self.notes = {}
        self.annotation = {}

    def __getstate__(self):
        """To prevent excessive replication during deepcopy."""
        state = self.__dict__.copy()
        if '_model' in state:
            state['_model'] = None
        return state

[docs]    def guided_copy(self):
        """.. deprecated :: 0.3 use copy direclty"""
        the_copy = self.__class__(self.id)
        for k, v in iteritems(self.__dict__):
            # Don't try to set properties
            if not isinstance(getattr(type(self), k, None), property):
                setattr(the_copy, k, v)
        return(the_copy)


    def _copy_parent_attributes(self, gene_object):
        """Helper function for shallow copying attributes from a parent object
        into a new child object.

        """
        for k, v in iteritems(gene_object.__dict__):
            setattr(self, k, v)

[docs]    def startswith(self, x):
        return self.id.startswith(x)


[docs]    def endswith(self, x):
        return self.id.endswith(x)


    def __contains__(self, x):
        return self.id.__contains__(x)

    def __getitem__(self, index):
        return self.id[index]

    def __getslice__(self, i, j):
        return self.id[i:j]

    def __repr__(self):
        return "<%s %s at 0x%x>" % (self.__class__.__name__, self.id, id(self))

    def __str__(self):
        return str(self.id)
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  Source code for cobra.core.Gene

import re
from warnings import warn

from .Species import Species


[docs]class Gene(Species):

    """A Gene is a special class of metabolite.


    TODO: Make design decisions about TUs and such
    """

    def __init__(self, id, formula=None,
                 name=None, compartment=None, strand='+',
                 locus_start=0, locus_end=0, functional=True):
        """
        id: A string.

        formula: cobra.Formula or a chemical formula str.  Defaults to None
        to save time in pickling and such.

        name: String.  A human readable name.

        compartment: None or a dictionary indicating the cellular location
        of the metabolite.  Used when in a cobra.Reaction or Model
        object

        strand: '+' or '-' to indicate forward or reverse strand for DNA.

        locus_start: Int.  The index of the starting base for the gene.

        locus_end: Int. The index of the last base for the gene.

        functional: Boolean.  Indicate whether the gene is functional.  If it
        is not functional then it cannot be used in an enzyme complex nor
        can its products be used.

        """
        Species.__init__(self, id, formula=formula,
                         name=name, compartment=compartment)
        self.locus_start = locus_start
        self.locus_end = locus_end
        self.strand = strand
        self.functional = functional

[docs]    def remove_from_model(self, model=None,
                          make_dependent_reactions_nonfunctional=True):
        """Removes the association

        make_dependent_reactions_nonfunctional: Boolean.  If True then replace
        the gene with 'False' in the gene association, else replace the gene
        with 'True'

        .. note :: Simulating gene knockouts is much better handled by
                   cobra.manipulation.delete_model_genes

        """
        if model is not None:
            warn("passing the model in is unnecessary and deprecated")
            if model != self._model:
                raise Exception("%s is a member of %s, not %s" %
                                (repr(self), repr(self._model), repr(model)))
        if self._model is None:
            raise Exception('%s is not in a model' % repr(self))

        if make_dependent_reactions_nonfunctional:
            gene_state = 'False'
        else:
            gene_state = 'True'
        the_gene_re = re.compile('(^|(?<=( |\()))%s(?=( |\)|$))' %
                                 re.escape(self.id))

        self._model.genes.remove(self)
        self._model = None

        for the_reaction in list(self._reaction):
            the_reaction._gene_reaction_rule = the_gene_re.sub(
                gene_state, the_reaction.gene_reaction_rule)
            the_reaction._genes.remove(self)
            # Now, deactivate the reaction if its gene association evaluates
            # to False
            the_gene_reaction_relation = the_reaction.gene_reaction_rule
            for other_gene in the_reaction._genes:
                other_gene_re = re.compile('(^|(?<=( |\()))%s(?=( |\)|$))' %
                                           re.escape(other_gene.id))
                the_gene_reaction_relation = other_gene_re.sub(
                    'True',
                    the_gene_reaction_relation)

            if not eval(the_gene_reaction_relation):
                the_reaction.lower_bound = 0
                the_reaction.upper_bound = 0
        self._reaction.clear()
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  Source code for cobra.io.json

from __future__ import absolute_import

import json
from warnings import warn

from .. import Model, Metabolite, Reaction, Formula
from ..external.six import iteritems, string_types

# Detect numpy types to replace them.
try:
    from numpy import float_, bool_
except ImportError:
    class float_:
        pass

    class bool_:
        pass

_DEFAULT_REACTION_ATTRIBUTES = {
    'id', 'name', 'subsystem', 'lower_bound', 'upper_bound',
    'objective_coefficient', 'notes', 'gene_reaction_rule', 'variable_kind'}

_DEFAULT_METABOLITE_ATTRIBUTES = {
    'id', 'annotation', 'charge', 'compartment', 'formula', 'name', 'notes',
    '_bound', '_constraint_sense'}

_DEFAULT_GENE_ATTRIBUTES = {
    'id', 'name'}


def _fix_type(value):
    """convert possible types to str, float, and bool"""
    # Because numpy floats can not be pickled to json
    if isinstance(value, string_types):
        return str(value)
    if isinstance(value, float_):
        return float(value)
    if isinstance(value, bool_):
        return bool(value)
    if isinstance(value, Formula):
        return str(value)
    return value


def _from_dict(obj):
    """build a model from a dict"""
    if 'reactions' not in obj:
        raise Exception('JSON object has no reactions attribute. Cannot load.')
    model = Model()
    # add metabolites
    new_metabolites = []
    for metabolite in obj['metabolites']:
        new_metabolite = Metabolite()
        for k, v in iteritems(metabolite):
            setattr(new_metabolite, k, v)
        new_metabolite.formula = Formula(new_metabolite.formula)
        new_metabolites.append(new_metabolite)
    model.add_metabolites(new_metabolites)
    # add reactions
    new_reactions = []
    for reaction in obj['reactions']:
        new_reaction = Reaction()
        for k, v in iteritems(reaction):
            if k == 'reversibility' or k == "reaction":
                continue
            elif k == 'metabolites':
                new_reaction.add_metabolites(
                    {model.metabolites.get_by_id(str(met)): coeff
                     for met, coeff in iteritems(v)})
            else:
                setattr(new_reaction, k, _fix_type(v))
        new_reactions.append(new_reaction)
    model.add_reactions(new_reactions)
    # add gene attributes
    for gene in obj['genes']:
        if gene['id'] in model.genes:
            new_gene = model.genes.get_by_id(gene['id'])
            for k, v in iteritems(gene):
                # don't set the id
                if k == 'id':
                    continue
                setattr(new_gene, k, _fix_type(v))
    for k, v in iteritems(obj):
        if k in ['id', 'description', 'notes']:
            setattr(model, k, v)
    return model


def _to_dict(model):
    """convert the model to a dict"""
    reaction_attributes = _DEFAULT_REACTION_ATTRIBUTES
    metabolite_attributes = _DEFAULT_METABOLITE_ATTRIBUTES
    gene_attributes = _DEFAULT_GENE_ATTRIBUTES
    new_reactions = []
    new_metabolites = []
    new_genes = []
    for reaction in model.reactions:
        new_reaction = {key: _fix_type(getattr(reaction, key))
                        for key in reaction_attributes}
        # set metabolites
        mets = {str(met): coeff for met, coeff
                in iteritems(reaction._metabolites)}
        new_reaction['metabolites'] = mets
        new_reactions.append(new_reaction)
    for metabolite in model.metabolites:
        new_metabolite = {key: _fix_type(getattr(metabolite, key))
                          for key in metabolite_attributes}
        new_metabolites.append(new_metabolite)
    for gene in model.genes:
        new_gene = {key: str(getattr(gene, key))
                    for key in gene_attributes}
        new_genes.append(new_gene)
    obj = {'reactions': new_reactions,
           'metabolites': new_metabolites,
           'genes': new_genes,
           'id': model.id,
           'description': model.description,
           'notes': model.notes}
    return obj


[docs]def to_json(model):
    """Save the cobra model as a json string"""
    return json.dumps(_to_dict(model), allow_nan=False)



[docs]def from_json(jsons):
    """Load cobra model from a json string"""
    return _from_dict(json.loads(jsons))



[docs]def load_json_model(file_name):
    """Load a cobra model stored as a json file

    file_name : str or file-like object

    """
    # open the file
    should_close = False
    if isinstance(file_name, string_types):
        file_name = open(file_name, 'r')
        should_close = True

    model = _from_dict(json.load(file_name))

    if should_close:
        file_name.close()

    return model



[docs]def save_json_model(model, file_name):
    """Save the cobra model as a json file.

    model : :class:`~cobra.core.Model.Model` object

    file_name : str or file-like object

    """
    # open the file
    should_close = False
    if isinstance(file_name, string_types):
        file_name = open(file_name, 'w')
        should_close = True

    json.dump(_to_dict(model), file_name, allow_nan=False)

    if should_close:
        file_name.close()
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  Source code for cobra.core.Solution

[docs]class Solution(object):
    """Stores the solution from optimizing a cobra.Model. This is
    used to provide a single interface to results from different
    solvers that store their values in different ways.

    f: The objective value

    solver: A string indicating which solver package was used.

    x: List or Array of the values from the primal.

    x_dict: A dictionary of reaction ids that maps to the primal values.

    y: List or Array of the values from the dual.

    y_dict: A dictionary of reaction ids that maps to the dual values.

    """

    def __init__(self, f, x=None,
                 x_dict=None, y=None, y_dict=None,
                 solver=None, the_time=0, status='NA'):
        self.solver = solver
        self.f = f
        self.x = x
        self.x_dict = x_dict
        self.status = status
        self.y = y
        self.y_dict = y_dict

[docs]    def dress_results(self, model):
        """.. warning :: deprecated"""
        from warning import warn
        warn("unnecessary to call this deprecated function")


    def __repr__(self):
        if self.f is None:
            return "<Solution '%s' at 0x%x>" % (self.status, id(self))
        return "<Solution %.2f at 0x%x>" % (self.f, id(self))
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  Source code for cobra.core.Formula

import re
from warnings import warn
from copy import deepcopy
from .Object import Object

# Numbers are not required because of the |(?=[A-Z])? block. See the
# discussion in https://github.com/opencobra/cobrapy/issues/128 for
# more details.
element_re = re.compile("([A-Z][a-z]?)([0-9.]+[0-9.]?|(?=[A-Z])?)")


[docs]class Formula(Object):
    """Describes a Chemical Formula

    A legal formula string contains only letters and numbers.

    """
    def __init__(self, formula=None):
        Object.__init__(self, formula)
        self.formula = formula
        self.elements = {}
        if self.formula is not None:
            self.parse_composition()

    def __add__(self, other_formula):
        """Combine two molecular formulas.

        other_formula: cobra.Formula or str of a chemical Formula.

        """
        return Formula(self.formula + other_formula.formula)

[docs]    def parse_composition(self):
        """Breaks the chemical formula down by element."""
        tmp_formula = self.formula
        # commonly occuring characters in incorrectly constructed formulas
        if "*" in tmp_formula:
            warn("invalid character '*' found in formula '%s'" % self.formula)
            tmp_formula = self.formula.replace("*", "")
        if "(" in tmp_formula or ")" in tmp_formula:
            warn("parenthesis found in formula '%s'" % self.formula)
            return
        composition = {}
        parsed = element_re.findall(tmp_formula)
        for (element, count) in parsed:
            if count == '':
                count = 1
            else:
                try:
                    count = float(count)
                    int_count = int(count)
                    if count == int_count:
                        count = int_count
                    else:
                        warn("%s is not an integer (in formula %s)" %
                             (count, self.formula))
                except ValueError:
                    warn("failed to parse %s (in formula %s)" %
                         (count, self.formula))
                    self.elements = {}
                    return
            if element in composition:
                composition[element] += count
            else:
                composition[element] = count
        self.elements = composition


    @property
    def weight(self):
        """Calculate the formula weight"""
        weight_dict = elements_and_molecular_weights
        try:
            return sum([count * elements_and_molecular_weights[element]
                        for element, count in self.elements.items()])
        except KeyError as e:
            warn("The element %s does not appear in the peridic table" % e)



elements_and_molecular_weights = {
    'H':   1.007940,
    'He':  4.002602,
    'Li':  6.941000,
    'Be':  9.012182,
    'B':   10.811000,
    'C':   12.010700,
    'N':   14.006700,
    'O':   15.999400,
    'F':   18.998403,
    'Ne':  20.179700,
    'Na':  22.989770,
    'Mg':  24.305000,
    'Al':  26.981538,
    'Si':  28.085500,
    'P':   30.973761,
    'S':   32.065000,
    'Cl':  35.453000,
    'Ar':  39.948000,
    'K':   39.098300,
    'Ca':  40.078000,
    'Sc':  44.955910,
    'Ti':  47.867000,
    'V':   50.941500,
    'Cr':  51.996100,
    'Mn':  54.938049,
    'Fe':  55.845000,
    'Co':  58.933200,
    'Ni':  58.693400,
    'Cu':  63.546000,
    'Zn':  65.409000,
    'Ga':  69.723000,
    'Ge':  72.640000,
    'As':  74.921600,
    'Se':  78.960000,
    'Br':  79.904000,
    'Kr':  83.798000,
    'Rb':  85.467800,
    'Sr':  87.620000,
    'Y':   88.905850,
    'Zr':  91.224000,
    'Nb':  92.906380,
    'Mo':  95.940000,
    'Tc':  98.000000,
    'Ru':  101.070000,
    'Rh':  102.905500,
    'Pd':  106.420000,
    'Ag':  107.868200,
    'Cd':  112.411000,
    'In':  114.818000,
    'Sn':  118.710000,
    'Sb':  121.760000,
    'Te':  127.600000,
    'I':   126.904470,
    'Xe':  131.293000,
    'Cs':  132.905450,
    'Ba':  137.327000,
    'La':  138.905500,
    'Ce':  140.116000,
    'Pr':  140.907650,
    'Nd':  144.240000,
    'Pm':  145.000000,
    'Sm':  150.360000,
    'Eu':  151.964000,
    'Gd':  157.250000,
    'Tb':  158.925340,
    'Dy':  162.500000,
    'Ho':  164.930320,
    'Er':  167.259000,
    'Tm':  168.934210,
    'Yb':  173.040000,
    'Lu':  174.967000,
    'Hf':  178.490000,
    'Ta':  180.947900,
    'W':   183.840000,
    'Re':  186.207000,
    'Os':  190.230000,
    'Ir':  192.217000,
    'Pt':  195.078000,
    'Au':  196.966550,
    'Hg':  200.590000,
    'Tl':  204.383300,
    'Pb':  207.200000,
    'Bi':  208.980380,
    'Po':  209.000000,
    'At':  210.000000,
    'Rn':  222.000000,
    'Fr':  223.000000,
    'Ra':  226.000000,
    'Ac':  227.000000,
    'Th':  232.038100,
    'Pa':  231.035880,
    'U':   238.028910,
    'Np':  237.000000,
    'Pu':  244.000000,
    'Am':  243.000000,
    'Cm':  247.000000,
    'Bk':  247.000000,
    'Cf':  251.000000,
    'Es':  252.000000,
    'Fm':  257.000000,
    'Md':  258.000000,
    'No':  259.000000,
    'Lr':  262.000000,
    'Rf':  261.000000,
    'Db':  262.000000,
    'Sg':  266.000000,
    'Bh':  264.000000,
    'Hs':  277.000000,
    'Mt':  268.000000,
    'Ds':  281.000000,
    'Rg':  272.000000,
    'Cn':  285.000000,
    'Uuq': 289.000000,
    'Uuh': 292.000000
}
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  Source code for cobra.mlab.mlab

#cobra.mlab.py
#System modules
import cPickle, numpy, os, cobra, warnings
from copy import deepcopy
from scipy.sparse import dok_matrix
from .. import Model, Reaction, Metabolite, Formula, ArrayBasedModel

from mlabwrap import mlab as matlab

# give an interface to the mlab system through cobra.matlab
cobra.matlab = matlab
matlab.__doc__ = """
This is an mlabwrap connection to MATLAB which can be used to call
MATLAB functions. For example, if model is a python model, the following
can be used to optimize the model in MATLAB:
> matlab_model = cobra.mlab.cobra_model_object_to_cobra_matlab_struct(model)
> result = cobra.matlab.optimizeCbModel(matlab_model)

Any MATLAB function can be called this way"""

# add path with module's python scripts to the MATLAB path
mlab_path = os.path.join(cobra.__path__[0], 'mlab', 'matlab_scripts')
matlab.addpath(mlab_path)

_possible_cobra_locations = ["~/MATLAB/cobra", "~/cobra",
    "~/Documents/MATLAB/cobra", "~/Documents/opencobra/matlab/cobra"]

[docs]def init_matlab_toolbox(matlab_cobra_path=None, discover_functions=True):
    """initialize the matlab cobra toolbox, and load its functions
    into mlab's namespace (very useful for ipython tab completion)

    matlab_cobra_path: the path to the directory containing the MATLAB
    cobra installation. Using the default None will attempt to find the
    toolbox in the MATLAB path
    
    discover_functions: Whether mlabwrap should autodiscover all cobra toolbox
    functions in matlab. This is convenient for tab completion, but may take
    some time."""
    # find initCobraToolbox.m
    if matlab_cobra_path is None:
        matlab_cobra_path = os.path.split(
            cobra.matlab.which('initCobraToolbox'))[0]
        if matlab_cobra_path == "":
            for i in _possible_cobra_locations:
                poss_path = os.path.expanduser(i)
                if os.path.isfile(poss_path + "/initCobraToolbox.m"):
                    matlab_cobra_path = poss_path
                    break
    if not os.path.isfile(os.path.join(matlab_cobra_path,
                           "initCobraToolbox.m")):
        print "initCobraToolbox not found in given path"
        return
    # store the current directory so we can return to it
    curdir = os.path.abspath(os.curdir)
    os.chdir(matlab_cobra_path)
    matlab.initCobraToolbox()
    os.chdir(curdir)
    # discover MATLAB functions
    for matlab_func in ["plot", "figure", "hist", "load", "find"]:
        getattr(matlab, matlab_func)
    for filename in os.listdir(mlab_path):
        getattr(matlab, filename.replace(".m", ""))
    if not discover_functions:
        return  # done now, do not need to find matlab cobra functions
    with warnings.catch_warnings():
        warnings.simplefilter("ignore")
        walker = os.walk(matlab_cobra_path)
        # skip docs and external
        dirpath, dirnames, filenames = walker.next()
        dirnames.pop(dirnames.index("external"))
        dirnames.pop(dirnames.index("docs"))
        for root, dirs, files in walker:
            for filename in files:
                if filename.endswith(".m"):
                    try:
                        getattr(matlab, filename.replace(".m", ""))
                    except:
                        continue


#Project defined modules

[docs]def matlab_cell_to_python_list(the_cell):
    try:
        import mlabwrap
    except ImportError:
        print 'Could not import mlabwrap: ' + ImportError + '\n'
        return False
    #the_list = mlabwrap.mlab.cell_to_string(the_cell).rstrip('\t').split('\t')
    #Because the mlabwrap.mlab.cell_to_string function will end with a tab, it must
    #be removed.  Use indexing instead of rstrip because rstrip will mess up
    #when the last element in the string is empty.
    the_list = mlabwrap.mlab.cell_to_string(the_cell).split('\t')
    return the_list[:len(the_list) - 1]


[docs]def matlab_logical_to_python_logical(the_logical):
    try:
        import mlabwrap
    except ImportError:
        print 'Could not import mlabwrap: ' + ImportError + '\n'
        return False
    if mlabwrap.mlab.double(the_logical)[0][0] == 1:
        return True
    else:
        return False


[docs]def python_list_to_matlab_cell(the_list, transpose = False):
    try:
        import mlabwrap
    except ImportError:
        print 'Could not load mlabwrap ' + ImportError + '\n'
        return False
    if hasattr(the_list[0], 'id'):
        the_list = [x.id for x in the_list]
    #Remove the single apostrophes because matlab or mlabwrap has
    #problems with them.
    the_list = [x.replace(r"'",'') for x in the_list]
    the_string = '{' + str(the_list).lstrip('[').rstrip(']') + '}'
    if transpose:
        the_string = the_string.replace(',',';')
    return mlabwrap.mlab.eval(the_string)


[docs]def matlab_sparse_to_scipy_sparse(matlab_sparse_matrix):
    try:
        import mlabwrap
        import scipy.sparse
    except ImportError:
        print 'Could not load mlabwrap or scipy ' + ImportError + '\n'
        return False
    [row_indices, column_indices, the_values] = mlabwrap.mlab.find(matlab_sparse_matrix , nout = 3)
    #Change to 0-based indices
    row_indices = row_indices - 1
    column_indices = column_indices - 1
    the_shape = mlabwrap.mlab.size(matlab_sparse_matrix)
    the_shape =  tuple(map(int, the_shape[0,]))
    #This could be sped up by using a dok_matrix and zipping the indices and values
    #scipy_sparse_matrix = scipy.sparse_dok.matrix(the_shape)
    #scipy_sparse_matrix.update(zip(zip(row_indices, column_indices), the_values))
    #return scipy_sparse_matrix.tolil()
    scipy_sparse_matrix = scipy.sparse.lil_matrix(the_shape)
    for i in range(len(the_values)):
        scipy_sparse_matrix[int(row_indices[i][0]), int(column_indices[i][0])]  = the_values[i][0]
    return scipy_sparse_matrix


[docs]def scipy_sparse_to_mlab_sparse(scipy_sparse_matrix):
    """A more efficient method is needed for when the
    matrix is so big that making a dense version
    is a waste of computer effort."""
    try:
        import mlabwrap
    except ImportError:
        print 'Could not load mlabwrap ' + ImportError + '\n'
        return False
    return mlabwrap.mlab.sparse(scipy_sparse_matrix.todense())


[docs]def matlab_sparse_to_numpy_array(matlab_sparse_matrix):
    try:
        import mlabwrap
        import numpy
    except ImportError:
        print 'Could not load mlabwrap or numpy ' + ImportError + '\n'
        return False
    [row_indices, column_indices, the_values] = mlabwrap.mlab.find(matlab_sparse_matrix , nout = 3)
    #Change to 0-based indices
    row_indices = row_indices - 1
    column_indices = column_indices - 1
    the_shape = mlabwrap.mlab.size(matlab_sparse_matrix)
    numpy_array = numpy.zeros(the_shape[0,])
    for i in range(len(the_values)):
        numpy_array[int(row_indices[i][0]), int(column_indices[i][0])] = the_values[i][0]
    return numpy_array


[docs]def numpy_array_to_mlab_sparse(numpy_array):
    """A more efficient method is needed for when the
    matrix is so big that making a dense version
    is a waste of computer effort."""
    try:
        import mlabwrap
    except ImportError:
        print 'Could not load mlabwrap ' + ImportError + '\n'
        return False

    return mlabwrap.mlab.sparse(numpy_array)


[docs]def matlab_cobra_struct_to_python_cobra_object(matlab_struct):
    """Converts a COBRA toolbox 2.0 struct into a cobra.Model object using the mlabwrap matlab proxy

    """

    from cobra import Model
    try:
        from mlabwrap import mlab as matlab
    except:
        raise Exception('mlabwrap and MATLAB are required to use these functions. '+\
                        'They only function on Mac OS X and GNU/Linux')
    from copy import deepcopy
    from numpy import array
    from cobra.mlab import matlab_cell_to_python_list, matlab_sparse_to_scipy_sparse
    struct_fields = matlab_cell_to_python_list(matlab.fields(matlab_struct, nout=1))
    _S_dok = dok_matrix(matlab_sparse_to_scipy_sparse(matlab_struct.S))
    model_id = 'Matlab_Import'
    if 'description' in struct_fields:
        model_id = str(deepcopy(matlab_struct.description))
    the_model = Model(model_id)
    #Metabolite section
    #Deal with lack of compartment support in the COBRA Toolbox
    the_metabolites = matlab_cell_to_python_list(matlab_struct.mets)
    cobra_metabolites = []
    if the_metabolites[0].endswith(']'):
        [cobra_metabolites.append(Metabolite('%s_%s'%(x[:-3], x[-2]),
                                              compartment=x[-2]))
         for x in the_metabolites]
    elif the_metabolites[0][-2] == '_':
        [cobra_metabolites.append(Metabolite('%s_%s'%(x[:-2],x[-1]),
                                             compartment=x[-1]))
         for x in the_metabolites]
    else:
        raise Exception("Don't know how to extract compartment from %s"%the_metabolites[0])
    _b = deepcopy(matlab_struct.b).tolist()
    if 'metNames' in struct_fields:
        _metabolite_names = matlab_cell_to_python_list(matlab_struct.metNames)
    else:
        _metabolite_names = ['']*len(cobra_metabolites)
        
    if 'csense' in struct_fields:
        if isinstance(matlab_struct.csense, str):
            the_csense = matlab_struct.csense
            _constraint_sense = [the_csense[i] for i in range(len(the_csense))]
        else:
            _constraint_sense = matlab_cell_to_python_list(matlab_struct.csense)
    else:
        _constraint_sense = ['E']*len(cobra_metabolites)
    if 'metFormulas' in struct_fields:
        _metabolite_formulas = matlab_cell_to_python_list(matlab_struct.metFormulas)
    else:
        _metabolite_formulas = ['']*len(the_model.metabolites)
    if 'metCharge' in struct_fields:
        _metabolite_charges = matlab_struct.metCharge.flatten().tolist()
    else:
        _metabolite_charges = [None]*len(cobra_metabolites)
    if 'metCASID' in struct_fields:
        _metabolite_cas_id = matlab_cell_to_python_list(matlab_struct.metCASID)
    else:
        _metabolite_cas_id = [None]*len(cobra_metabolites)
    if 'metKeggID' in struct_fields:
        _metabolite_kegg_id = matlab_cell_to_python_list(matlab_struct.metKeggID)
    else:
        _metabolite_kegg_id = [None]*len(cobra_metabolites)
    the_compartments = {}
    for the_metabolite, b, n, c, f, ch, cas, kegg in zip(cobra_metabolites,
                                                         _b,
                                                         _metabolite_names,
                                                         _constraint_sense,
                                                         _metabolite_formulas,
                                                         _metabolite_charges,
                                                         _metabolite_cas_id,
                                                         _metabolite_kegg_id):
        the_metabolite._bound = b[0]
        the_metabolite.name = n
        the_metabolite._constraint_sense = c
        the_metabolite.formula = Formula(f)

        the_compartments[the_metabolite.compartment] = the_metabolite.compartment
        if ch is not None:
            the_metabolite.charge = the_metabolite.notes['CHARGE'] = int(ch)
        if cas is not None and cas != '':
            the_metabolite.notes['CASID'] = cas
        if kegg is not None and kegg != '':
            the_metabolite.notes['KEGGID'] = kegg
            
    metabolite_dict = dict([(x.id, x)
                            for x in cobra_metabolites])
    #Reaction section
    cobra_reactions = map(Reaction, matlab_cell_to_python_list(matlab_struct.rxns))
    _objective_coefficients = deepcopy(matlab_struct.c).tolist()
    _lower_bounds = deepcopy(matlab_struct.lb).tolist()
    _upper_bounds = deepcopy(matlab_struct.ub).tolist()
    _reversibility = deepcopy(matlab_struct.rev).tolist()
    if 'rxnNames' in struct_fields:
        _reaction_names = matlab_cell_to_python_list(matlab_struct.rxnNames)
    else:
        _reaction_names = ['']*len(the_model.reactions)
    if 'grRules' in struct_fields:
        _gene_reaction_rules = matlab_cell_to_python_list(matlab_struct.grRules)
    else:
        _gene_reaction_rules = ['']*len(the_model.reactions)
    if 'subSystems' in struct_fields:
        _subsystems = matlab_cell_to_python_list(matlab_struct.subSystems)
    else:
        _subsystems = ['']*len(the_model.reactions)
    for the_reaction, o, l, u, n, r, s, rev in zip(cobra_reactions,
                                              _objective_coefficients,
                                              _lower_bounds,
                                              _upper_bounds,
                                              _reaction_names,
                                              _gene_reaction_rules,
                                              _subsystems, _reversibility ):
        the_reaction.objective_coefficient = o[0]
        the_reaction.lower_bound = l[0]
        the_reaction.upper_bound = u[0]
        the_reaction.name = n
        the_reaction.gene_reaction_rule = r
        the_reaction.subsystem = s
        the_reaction.reversibility = rev[0]
        the_reaction.parse_gene_association()
    index_to_reaction = dict(zip(range(len(cobra_reactions)),
                                 cobra_reactions))
    index_to_metabolite = dict(zip(range(len(cobra_metabolites)),
                                 cobra_metabolites))
    for k, coefficient in _S_dok.items():
        the_reaction = index_to_reaction[k[1]]
        the_metabolite = index_to_metabolite[k[0]]
        the_reaction.add_metabolites({the_metabolite: coefficient})
    #solution needs to be redesigned from a matlab proxy.
    #Now populate all of the reactions
    #NOTE: Having a metabolite referenece here would be a good idea
    compartment_dict = {'e': 'extracellular',
                        'c': 'cytosol',
                        'p': 'periplasm'}
    for the_key in the_compartments:
        if the_key in compartment_dict:
            the_compartments[the_key] = compartment_dict[the_key]
    the_model.add_reactions(cobra_reactions)
    the_model.compartments = the_compartments
    the_model.solution = None
    return the_model



[docs]def cobra_model_object_to_cobra_matlab_struct(cobra_model):
    """This function converts all of the  object values to the
    corresponding model fields to update the mlab model.

    """
    try:
        from mlabwrap import mlab as matlab
    except:
        raise Exception('mlabwrap and MATLAB are required to use these functions. '+\
                        'They only function on Mac OS X and GNU/Linux')
    from cobra.mlab import python_list_to_matlab_cell, scipy_sparse_to_mlab_sparse
    if hasattr(cobra_model, 'to_array_based_model'):
        cobra_model = cobra_model.to_array_based_model()
    else:
        cobra_model.update()
    matlab_struct = matlab.struct()
    #Things that need a conversion:  S, rxnGeneMat,
    matlab_struct.mets = python_list_to_matlab_cell([x.id for x in cobra_model.metabolites],
                                                    transpose = True)
    matlab_struct.metNames =  python_list_to_matlab_cell([x.name for x in cobra_model.metabolites],
                                                         transpose = True)
    matlab_struct.metFormulas = python_list_to_matlab_cell([x.formula
                                                            for x in cobra_model.metabolites],
                                                           transpose = True)
    matlab_struct.genes = python_list_to_matlab_cell(cobra_model.genes, transpose = True)
    matlab_struct.grRules = python_list_to_matlab_cell([x.gene_reaction_rule
                                                        for x in cobra_model.reactions],
                                                       transpose = True)
    matlab_struct.rxns = python_list_to_matlab_cell([x.id for x in cobra_model.reactions],
                                                    transpose = True)
    matlab_struct.rxnNames = python_list_to_matlab_cell([x.name
                                                         for x in cobra_model.reactions],
                                                        transpose = True)
    matlab_struct.subSystems = python_list_to_matlab_cell([x.subsystem
                                                           for x in cobra_model.reactions],
                                                           transpose=True)

    if hasattr(cobra_model, 'constraint_sense'):
        matlab_struct.csense = reduce(lambda x,y: x+y, cobra_model.constraint_sense)
    #matlab_struct.csense = python_list_to_matlab_cell(['E']*len(cobra_model.metabolites), transpose = True)
    #TODO: inefficient conversion but who cares? matlab's on its way out
    matlab_struct.S = scipy_sparse_to_mlab_sparse(cobra_model.S)
    #Things that can be directly copied
    matlab_struct.b = cobra_model.b
    matlab_struct.c = cobra_model.objective_coefficients
    matlab_struct.lb = cobra_model.lower_bounds
    matlab_struct.ub = cobra_model.upper_bounds
    matlab_struct.rev = [x.reversibility for x in cobra_model.reactions]
    matlab_struct.description = cobra_model.description
    return(matlab_struct)




if __name__ == '__main__':
    from cPickle import load
    from time import time
    from numpy import round
    from cobra.manipulation import initialize_growth_medium
    try:
        matlab.changeCobraSolver('glpk','LP')
    except AttributeError:
        raise Exception('Could not run matlab function changeCobraSolver.  Is the ' +\
                        'COBRA Toolbox in your MATLAB path?')
    test_directory = '../test/data/'
    with open(test_directory + 'salmonella.pickle') as in_file:
        cobra_model = load(in_file)
    initialize_growth_medium(cobra_model, 'LPM')
    py_cobra_solution = repr(cobra_model.solution.f)
    matlab_struct = cobra_model_object_to_cobra_matlab_struct(cobra_model)

    matlab_result = matlab.optimizeCbModel(matlab_struct)
    matlab_solution = repr(float(matlab_result.f))
    if py_cobra_solution[:4] == matlab_solution[:4]:
        print 'SUCCESS: growth rate match between pyCOBRA and COBRA Toolbox: %s ~ %s'%(py_cobra_solution,
                                                                                       matlab_solution)
    else:
        print 'FAILURE: pyCOBRA and COBRA Toolbox do not match: %s !~ %s'%(py_cobra_solution,
                                                                                       matlab_solution)
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  Source code for cobra.flux_analysis.moma

from __future__ import print_function
#cobra.flux_analysis.moma.py: Runs the minimization of metabolic
#adjustment method described in Segre et al 2002 PNAS 99(23): 15112-7
from os import name as __name
from sys import modules as __modules
from warnings import warn
if __name == 'java':
    raise Exception("%s is not yet supported on jython"%__modules[__name__])
from copy import deepcopy
from time import time
from math import ceil, floor

#The next four imports need to be dealt with to obtain jython compatibilty
from numpy import array, hstack, vstack, matrix, sum
from scipy.sparse import eye, lil_matrix, dok_matrix
from scipy.sparse import hstack as s_hstack
from scipy.sparse import vstack as s_vstack

from ..core import Reaction, Metabolite
from ..manipulation import initialize_growth_medium, delete_model_genes
from ..manipulation.modify import convert_to_irreversible
from ..external.six import iteritems

from warnings import warn

[docs]def moma(wt_model, mutant_model, objective_sense='maximize', solver=None,
         tolerance_optimality=1e-8, tolerance_feasibility=1e-8,
         minimize_norm=False, the_problem='return', lp_method=0,
         combined_model=None, norm_type='euclidean'):
    """Runs the minimization of metabolic adjustment method described in
    Segre et al 2002 PNAS 99(23): 15112-7.

    wt_model: A cobra.Model object

    mutant_model: A cobra.Model object with different reaction bounds vs wt_model.
    To simulate deletions

    objective_sense: 'maximize' or 'minimize'

    solver: 'gurobi', 'cplex', or 'glpk'.  Note: glpk cannot be used with
    norm_type 'euclidean'

    tolerance_optimality: Solver tolerance for optimality.

    tolerance_feasibility: Solver tolerance for feasibility.

    the_problem: None or a problem object for the specific solver that can be
    used to hot start the next solution.

    lp_method: The method to use for solving the problem.  Depends on the solver.  See
    the cobra.flux_analysis.solvers.py file for more info.
        For norm_type == 'euclidean':
            the primal simplex works best for the test model (gurobi: lp_method=0, cplex: lp_method=1)
    
    combined_model: an output from moma that represents the combined optimization
    to be solved.  when this is not none.  only assume that bounds have changed
    for the mutant or wild-type.  This saves 0.2 seconds in stacking matrices.


    NOTE: Current function makes too many assumptions about the structures of the models


    """
    if solver is None:
        if norm_type == "euclidiean":
            solver = get_solver_name(qp=True)
        else:
            solver = get_solver_name()  # linear is not even implemented yet
    if combined_model is not None or the_problem not in ['return']:
        warn("moma currently does not support reusing models or problems. " +\
             "continuing without them")
        combined_model = None
        the_problem = 'return'
    if solver.lower() == 'cplex' and lp_method == 0:
        #print 'for moma, solver method 0 is very slow for cplex. changing to method 1'
        lp_method = 1
    if solver.lower() == 'glpk' and norm_type == 'euclidean':
        try:
            from gurobipy import Model
            solver = 'gurobi'
            warn("GLPK can't solve quadratic problems like MOMA.  Switched solver to %s"%solver)
        except:
            warn("GLPK can't solve quadratic problems like MOMA.  Switching to linear MOMA")

    if norm_type == 'euclidean':
        #Reusing the basis can get the solver stuck.
        reuse_basis = False
    if combined_model and combined_model.norm_type != norm_type:
        print('Cannot use combined_model.norm_type = %s with user-specified norm type'%(combined_model.norm_type,
                                                                                        norm_type))
        print('Defaulting to user-specified norm_type')
        combined_model = None



    number_of_reactions_in_common = len(set([x.id for x in wt_model.reactions]).intersection([x.id for x in mutant_model.reactions]))
    number_of_reactions = len(wt_model.reactions) + len(mutant_model.reactions)

    #Get the optimal wt objective value and adjust based on optimality tolerances
    wt_model.optimize(solver=solver)
    wt_optimal = deepcopy(wt_model.solution.f)
    if objective_sense == 'maximize':
        wt_optimal = floor(wt_optimal/tolerance_optimality)*tolerance_optimality
    else:
        wt_optimal = ceil(wt_optimal/tolerance_optimality)*tolerance_optimality
    if norm_type == 'linear':
        raise Exception('linear MOMA is not currently implmented')
        quadratic_component = None
    if minimize_norm:
        raise Exception('minimize_norm is not currently implemented')
        #just worry about the flux distribution and not the objective from the wt
        combined_model = mutant_model.copy()
        #implement this: combined_model.reactions[:].objective_coefficients = -wt_solution.x_dict
    else:
        #Construct a problem that attempts to maximize the objective in the WT model while
        #solving the quadratic problem.  This new problem is constructed to try to find
        #a solution for the WT model that lies close to the mutant model.  There are
        #often multiple equivalent solutions with M matrices and the one returned
        #by a simple cobra_model.optimize call may be too far from the mutant.
        #This only needs to be adjusted if we update mutant_model._S after deleting reactions
        if not combined_model:
            #Collect the set of wt reactions contributing to the objective.
            objective_reaction_coefficient_dict = dict([(x.id, x.objective_coefficient)
                                                        for x in wt_model.reactions
                                                        if x.objective_coefficient])
            
            
            combined_model = construct_difference_model(wt_model, mutant_model, norm_type)
            #Add in the virtual objective metabolite to constrain the wt_model to the space where
            #the objective was maximal
            objective_metabolite = Metabolite('wt_optimal')
            objective_metabolite._bound = wt_optimal
            if objective_sense == 'maximize':
                objective_metabolite._constraint_sense = 'G'
            else:
                objective_metabolite._constraint_sense = 'L'

            #TODO: this couples the wt_model objective reaction to the virtual metabolite
            #Currently, assumes a single objective reaction; however, this may be extended
            [combined_model.reactions.get_by_id(k).add_metabolites({objective_metabolite: v})
             for k, v in objective_reaction_coefficient_dict.items()]
                
            
            



        if norm_type == 'euclidean':
            #Makes assumptions about the structure of combined model
            quadratic_component = s_vstack((lil_matrix((number_of_reactions, number_of_reactions + number_of_reactions_in_common )),
                                            s_hstack((lil_matrix((number_of_reactions_in_common, number_of_reactions)),
                                                      eye(number_of_reactions_in_common,number_of_reactions_in_common)))))
    
        elif norm_type == 'linear':
            quadratic_component = None

    combined_model.norm_type = norm_type
    cobra_model = combined_model

    the_problem = combined_model.optimize(objective_sense='minimize',
                                         quadratic_component=quadratic_component,
                                         solver=solver,
                                         tolerance_optimality=tolerance_optimality,
                                         tolerance_feasibility=tolerance_feasibility,
                                         lp_method=lp_method, reuse_basis=reuse_basis)

    if combined_model.solution.status != 'optimal':
        warn('optimal moma solution not found: solver status %s'%combined_model.solution.status +\
             ' returning the problem, the_combined model, and the quadratic component for trouble shooting')
        return(the_problem, combined_model, quadratic_component)
             
    solution = combined_model.solution
    mutant_dict = {}
    #Might be faster to quey based on mutant_model.reactions with the 'mutant_' prefix added
    _reaction_list = [x for x in combined_model.reactions if x.id.startswith('mutant_')]
    mutant_f = sum([mutant_model.reactions.get_by_id(x.id[len('mutant_'):]).objective_coefficient *
                    x.x for x in _reaction_list])
    mutant_dict['objective_value'] = mutant_f
    wild_type_flux_total = sum([abs(solution.x_dict[x.id]) for x in wt_model.reactions])
    mutant_flux_total = sum(abs(x.x) for x in _reaction_list)
    #Need to use the new solution as there are multiple ways to achieve an optimal solution in
    #simulations with M matrices.
    mutant_dict['status'] = solution.status
    #TODO: Deal with maximize / minimize issues for a reversible model that's been converted to irreversible
    mutant_dict['flux_difference'] = flux_difference = sum([(solution.x_dict[x.id[len('mutant_'):]]
                                                             - x.x)**2 for x in _reaction_list])
    mutant_dict['the_problem'] = the_problem
    mutant_dict['combined_model'] = combined_model
    
    del wt_model, mutant_model, quadratic_component, solution
    return(mutant_dict)



[docs]def construct_difference_model(model_1, model_2, norm_type='euclidean'):
    """Combine two models into a larger model that is designed to calculate differences
    between the models

    """
    #Get index mappings
    common_dict = {}
    #Using copies of the models so things are modified above
    combined_model = model_1 = model_1.copy()
    model_2 = model_2.copy()
    for reaction_1 in model_1.reactions:
        try:
            reaction_2 = model_2.reactions.get_by_id(reaction_1.id)
            common_dict[reaction_1] = reaction_2
        except:
            continue
            
    #Add a prefix in front of the mutant_model metabolites and reactions to prevent
    #name collisions in DictList
    for the_dict_list in [model_2.metabolites,
                          model_2.reactions]:
        [setattr(x, 'id', 'mutant_%s'%x.id)
         for x in the_dict_list]
        the_dict_list._generate_index() #Update the DictList.dicts

    
    combined_model.add_reactions(model_2.reactions)
    [setattr(x, 'objective_coefficient', 0.)
     for x in combined_model.reactions]
    #Add in the difference reactions.  The mutant reactions and metabolites are already added.
    #This must be a list to maintain the correct order when adding the difference_metabolites
    difference_reactions = [] #Add the difference reactions at the end to speed things up
    difference_metabolites = []
    for reaction_1, reaction_2 in iteritems(common_dict):
        reaction_1._difference_partner = reaction_2
        reaction_2._difference_partner = reaction_1
        difference_reaction = Reaction('difference_%s'%reaction_1.id)
        difference_reactions.append(difference_reaction)
        difference_reaction.upper_bound = 100000
        difference_reaction.lower_bound = -1* difference_reaction.upper_bound
        difference_metabolite = Metabolite('difference_%s'%reaction_1.id)
        difference_metabolites.append(difference_metabolite)
        if norm_type == 'linear':
            difference_metabolite._constraint_sense = 'G'
        reaction_1.add_metabolites({difference_metabolite: -1.}, add_to_container_model=False)
        reaction_2.add_metabolites({difference_metabolite: 1.}, add_to_container_model=False)
        difference_reaction.add_metabolites({difference_metabolite: 1.}, add_to_container_model=False)

    combined_model.add_metabolites(difference_metabolites)
    combined_model.add_reactions(difference_reactions)
    return(combined_model)
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  Source code for cobra.io.mat

import re

from numpy import array, object as np_object
from scipy.io import loadmat, savemat
from scipy.sparse import coo_matrix

from .. import Model, Metabolite, Reaction, Formula

# try to use an ordered dict
try:
    from scipy.version import short_version
    scipy_version = int(short_version.split(".")[1])
    # if scipy version is earlier than 0.11, OrderedDict will not work, so use
    # a dict instead
    if scipy_version < 11:
        dicttype = dict
    else:
        from collections import OrderedDict as dicttype
    del short_version, scipy_version
except ImportError:
    dicttype = dict


# precompiled regular expressions
_bracket_re = re.compile("r\[[a-z]\]$")
_underscore_re = re.compile(r"_[a-z]$")


def _get_id_comparment(id):
    """extract the compartment from the id string"""
    bracket_search = _bracket_re.findall(id)
    if len(bracket_search) == 1:
        return bracket_search[0][1]
    underscore_search = _underscore_re.findall(id)
    if len(underscore_search) == 1:
        return underscore_search[0][1]
    return None


def _cell(x):
    """translate an array x into a MATLAB cell array"""
    return array(x, dtype=np_object)


[docs]def load_matlab_model(infile_path, variable_name=None):
    """Load a cobra model stored as a .mat file

    infile_path : str

    variable_name : str, optional
        The variable name of the model in the .mat file. If this is not
        specified, then the first MATLAB variable which looks like a COBRA
        model will be used

    """
    data = loadmat(infile_path)
    if variable_name is not None:
        return from_mat_struct(data[variable_name], model_id=variable_name)
    else:
        # will try all of the variables in the dict
        possible_names = {}
        for key in data.keys():
            possible_names[key] = None
        # skip meta variables
        to_remove = ["__globals__", "__header__", "__version__"]
        to_pop = []
        for name in possible_names:
            if name in to_remove:
                to_pop.append(name)
        for i in to_pop:
            possible_names.pop(i)
        possible_names = possible_names.keys()
    for possible_name in possible_names:
        try:
            return from_mat_struct(data[possible_name], model_id=possible_name)
        except ValueError:
            None
    # If code here is executed, then no model was found.
    raise Exception("no COBRA model found")



[docs]def save_matlab_model(model, file_name):
    """Save the cobra model as a .mat file.

    This .mat file can be used directly in the MATLAB version of COBRA.

    model : :class:`~cobra.core.Model.Model` object

    file_name : str or file-like object

    """
    mat = create_mat_dict(model)
    savemat(file_name, {str(model.description): mat},
            appendmat=True, oned_as="column")



[docs]def create_mat_dict(model):
    """create a dict mapping model attributes to arrays"""
    model = model.to_array_based_model()
    rxns = model.reactions
    mets = model.metabolites
    mat = dicttype()
    mat["mets"] = _cell(mets.list_attr("id"))
    mat["metNames"] = _cell(mets.list_attr("name"))
    mat["metFormulas"] = _cell([str(m.formula) for m in mets])
    mat["genes"] = _cell(model.genes.list_attr("id"))
    mat["grRules"] = _cell(rxns.list_attr("gene_reaction_rule"))
    mat["rxns"] = _cell(rxns.list_attr("id"))
    mat["rxnNames"] = _cell(rxns.list_attr("name"))
    mat["subSystems"] = _cell(rxns.list_attr("subsystem"))
    mat["csense"] = "".join(model._constraint_sense)
    mat["S"] = model.S
    # multiply by 1 to convert to float, working around scipy bug
    # https://github.com/scipy/scipy/issues/4537
    mat["lb"] = array(rxns.list_attr("lower_bound")) * 1.
    mat["ub"] = array(rxns.list_attr("upper_bound")) * 1.
    mat["b"] = array(mets.list_attr("_bound")) * 1.
    mat["c"] = array(rxns.list_attr("objective_coefficient")) * 1.
    mat["rev"] = array(rxns.list_attr("reversibility"))
    mat["description"] = str(model.description)
    return mat



[docs]def from_mat_struct(mat_struct, model_id=None):
    """create a model from the COBRA toolbox struct

    The struct will be a dict read in by scipy.io.loadmat

    """
    m = mat_struct
    if m.dtype.names is None:
        raise ValueError("not a valid mat struct")
    if not set(["rxns", "mets", "S", "lb", "ub"]) <= set(m.dtype.names):
        raise ValueError("not a valid mat struct")
    model = Model()
    if "description" in m:
        model.id = m["description"][0, 0][0]
    elif model_id is not None:
        model.id = model_id
    else:
        model.id = "imported_model"
    model.description = model.id
    for i, name in enumerate(m["mets"][0, 0]):
        new_metabolite = Metabolite()
        new_metabolite.id = str(name[0][0])
        new_metabolite.compartment = _get_id_comparment(new_metabolite.id)
        try:
            new_metabolite.name = str(m["metNames"][0, 0][i][0][0])
        except (IndexError, ValueError):
            pass
        try:
            new_metabolite.formula = \
                Formula(str(m["metFormulas"][0][0][i][0][0]))
        except (IndexError, ValueError):
            pass
        model.add_metabolites([new_metabolite])
    new_reactions = []
    for i, name in enumerate(m["rxns"][0, 0]):
        new_reaction = Reaction()
        new_reaction.id = str(name[0][0])
        new_reaction.lower_bound = float(m["lb"][0, 0][i][0])
        new_reaction.upper_bound = float(m["ub"][0, 0][i][0])
        new_reaction.objective_coefficient = float(m["c"][0, 0][i][0])
        try:
            new_reaction.gene_reaction_rule = str(m['grRules'][0, 0][i][0][0])
        except (IndexError, ValueError):
            pass
        try:
            new_reaction.name = str(m["rxnNames"][0, 0][i][0][0])
        except (IndexError, ValueError):
            pass
        try:
            new_reaction.subsystem = str(m['subSystems'][0, 0][i][0][0])
        except (IndexError, ValueError):
            pass
        new_reactions.append(new_reaction)
    model.add_reactions(new_reactions)
    coo = coo_matrix(m["S"][0, 0])
    for i, j, v in zip(coo.row, coo.col, coo.data):
        model.reactions[j].add_metabolites({model.metabolites[i]: v})
    return model
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  Source code for cobra.io.sbml

#cobra/sbml.py: Tools for reading / writing SBML now contained in
#this module
#System modules
from .. import Model, Reaction, Metabolite, Formula
from os.path import isfile
from os import name as __name
from warnings import warn
import re
from math import isnan, isinf

#
if __name == 'java':
    from org.sbml.jsbml import SBMLDocument, SpeciesReference, KineticLaw, Parameter
    from org.sbml.jsbml import SBMLReader, SBMLWriter
    __tmp_reader = SBMLReader()
    __tmp_writer = SBMLWriter()
    readSBML = __tmp_reader.readSBMLFromFile
    writeSBML = __tmp_writer.writeSBMLToFile
    from org.sbml.jsbml.Unit import Kind as __Kind
    UNIT_KIND_MOLE = __Kind.MOLE
    UNIT_KIND_GRAM = __Kind.GRAM
    UNIT_KIND_SECOND = __Kind.SECOND
    UNIT_KIND_DIMENSIONLESS = __Kind.DIMENSIONLESS
else:
    from libsbml import SBMLDocument, SpeciesReference, KineticLaw, Parameter
    from libsbml import readSBML, writeSBML
    from libsbml import UNIT_KIND_MOLE, UNIT_KIND_GRAM, UNIT_KIND_SECOND, UNIT_KIND_DIMENSIONLESS
[docs]def parse_legacy_id(the_id, the_compartment=None, the_type='metabolite',
                    use_hyphens=False):
    """Deals with a bunch of problems due to bigg.ucsd.edu not following SBML standards

    the_id: String.

    the_compartment: String.

    the_type: String.  Currently only 'metabolite' is supported

    use_hyphens:   Boolean.  If True, double underscores (__) in an SBML ID will be converted to hyphens
    
    """
    if use_hyphens:
        the_id = the_id.replace('__','-')
    if the_type == 'metabolite':
        if the_id.split('_')[-1] == the_compartment:
            #Reformat Ids to match convention in Palsson Lab.
            the_id = the_id[:-len(the_compartment)-1]
        the_id += '[%s]'%the_compartment
    return the_id

[docs]def create_cobra_model_from_sbml_file(sbml_filename, old_sbml=False, legacy_metabolite=False,
                                      print_time=False, use_hyphens=False):
    """convert an SBML XML file into a cobra.Model object.  Supports
    SBML Level 2 Versions 1 and 4.  The function will detect if the SBML fbc package is used in the file
    and run the converter if the fbc package is used.

    sbml_filename: String.

    old_sbml:  Boolean. Set to True if the XML file has metabolite
    formula appended to metabolite names.  This was a poorly designed
    artifact that persists in some models.

    legacy_metabolite: Boolean.  If True then assume that the metabolite id has
    the compartment id appended after an underscore (e.g. _c for cytosol).  This
    has not been implemented but will be soon.

    print_time: deprecated

    use_hyphens:   Boolean.  If True, double underscores (__) in an SBML ID will be converted to hyphens

    """
    __default_lower_bound = -1000
    __default_upper_bound = 1000
    __default_objective_coefficient = 0
     # Ensure that the file exists
    if not isfile(sbml_filename):
        raise IOError('Your SBML file is not found: %s'%sbml_filename)
    #Expressions to change SBML Ids to Palsson Lab Ids
    metabolite_re = re.compile('^M_')
    reaction_re = re.compile('^R_')
    compartment_re = re.compile('^C_')
    if print_time:
        warn("print_time is deprecated")
    model_doc = readSBML(sbml_filename)
    if (model_doc.getPlugin("fbc") != None):
        from libsbml import ConversionProperties, LIBSBML_OPERATION_SUCCESS
        conversion_properties = ConversionProperties()
        conversion_properties.addOption("convert fbc to cobra", True, "Convert FBC model to Cobra model")
        result = model_doc.convert(conversion_properties)
        if result != LIBSBML_OPERATION_SUCCESS:
            raise(Exception("Conversion of SBML+fbc to COBRA failed"))
    sbml_model = model_doc.getModel()
    sbml_model_id = sbml_model.getId()
    sbml_species = sbml_model.getListOfSpecies()
    sbml_reactions = sbml_model.getListOfReactions()
    sbml_compartments = sbml_model.getListOfCompartments()
    compartment_dict = dict([(compartment_re.split(x.getId())[-1], x.getName())
                             for x in sbml_compartments])
    if legacy_metabolite:
        #Deal with the palsson lab appending the compartment id to the metabolite id
        new_dict = {}
        for the_id, the_name in compartment_dict.items():
            if the_name == '':
                new_dict[the_id[0].lower()] = the_id
            else:
                new_dict[the_id] = the_name
        compartment_dict = new_dict
        legacy_compartment_converter = dict([(v,k)
                                             for k, v in compartment_dict.items()])

    cobra_model = Model(sbml_model_id)
    metabolites = []
    metabolite_dict = {}
    #Convert sbml_metabolites to cobra.Metabolites
    for sbml_metabolite in sbml_species:
        #Skip sbml boundary species
        if sbml_metabolite.getBoundaryCondition():
            continue

        if (old_sbml or legacy_metabolite) and \
               sbml_metabolite.getId().endswith('_b'):
            #Deal with incorrect sbml from bigg.ucsd.edu
            continue
        tmp_metabolite = Metabolite()
        metabolite_id = tmp_metabolite.id = sbml_metabolite.getId()
        tmp_metabolite.compartment = compartment_re.split(sbml_metabolite.getCompartment())[-1]
        if legacy_metabolite:
            if tmp_metabolite.compartment not in compartment_dict:
                tmp_metabolite.compartment = legacy_compartment_converter[tmp_metabolite.compartment]
            tmp_metabolite.id = parse_legacy_id(tmp_metabolite.id, tmp_metabolite.compartment,
                                                use_hyphens=use_hyphens)
        if use_hyphens:
            tmp_metabolite.id = metabolite_re.split(tmp_metabolite.id)[-1].replace('__','-')
        else:
            #Just in case the SBML ids are ill-formed and use -
            tmp_metabolite.id = metabolite_re.split(tmp_metabolite.id)[-1].replace('-','__')
        tmp_metabolite.name = sbml_metabolite.getName()
        tmp_formula = ''
        tmp_metabolite.notes = parse_legacy_sbml_notes(sbml_metabolite.getNotesString())
        tmp_metabolite.charge = sbml_metabolite.getCharge()
        if "CHARGE" in tmp_metabolite.notes:
            note_charge = tmp_metabolite.notes["CHARGE"][0]
            try:
                note_charge = float(note_charge)
                if note_charge == int(note_charge):
                    note_charge = int(note_charge)
            except:
                warn("charge of %s is not a number (%s)" % (tmp_metabolite.id, str(note_charge)))
            else:
                if tmp_metabolite.charge == 0 or tmp_metabolite.charge == note_charge:  # get_charge() when unspecified is 0
                    tmp_metabolite.charge = note_charge
                    tmp_metabolite.notes.pop("CHARGE")
                else:  # tmp_metabolite.charge != note_charge
                    msg = "different charges specified for %s (%d and %d)"
                    msg = msg % (tmp_metabolite.id, tmp_metabolite.charge, note_charge)
                    warn(msg)

        for the_key in tmp_metabolite.notes.keys():
            if the_key.lower() == 'formula':
                tmp_formula = tmp_metabolite.notes.pop(the_key)[0]
                break
        if tmp_formula == '' and old_sbml:
            tmp_formula = tmp_metabolite.name.split('_')[-1]
            tmp_metabolite.name = tmp_metabolite.name[:-len(tmp_formula)-1]
        tmp_metabolite.formula = Formula(tmp_formula)
        metabolite_dict.update({metabolite_id: tmp_metabolite})
        metabolites.append(tmp_metabolite)
    cobra_model.add_metabolites(metabolites)

    #Construct the vectors and matrices for holding connectivity and numerical info
    #to feed to the cobra toolbox.
    #Always assume steady state simulations so b is set to 0
    cobra_reaction_list = []
    for sbml_reaction in sbml_reactions:
        if use_hyphens:
            #Change the ids to match conventions used by the Palsson lab.
            reaction = Reaction(reaction_re.split(sbml_reaction.getId())[-1].replace('__','-'))
        else:
            #Just in case the SBML ids are ill-formed and use -
            reaction = Reaction(reaction_re.split(sbml_reaction.getId())[-1].replace('-','__'))
        cobra_reaction_list.append(reaction)
        #reaction.exchange_reaction = 0
        reaction.name = sbml_reaction.getName()
        cobra_metabolites = {}
        #Use the cobra.Metabolite class here
        for sbml_metabolite in sbml_reaction.getListOfReactants():
            tmp_metabolite_id = sbml_metabolite.getSpecies()
            #This deals with boundary metabolites
            if tmp_metabolite_id in metabolite_dict:
                tmp_metabolite = metabolite_dict[tmp_metabolite_id]
                cobra_metabolites[tmp_metabolite] = -sbml_metabolite.getStoichiometry()
        for sbml_metabolite in sbml_reaction.getListOfProducts():
            tmp_metabolite_id = sbml_metabolite.getSpecies()
            #This deals with boundary metabolites
            if tmp_metabolite_id in metabolite_dict:
                tmp_metabolite = metabolite_dict[tmp_metabolite_id]
                # Handle the case where the metabolite was specified both
                # as a reactant and as a product.
                if tmp_metabolite in cobra_metabolites:
                    warn("%s appears as a reactant and product %s" %
                         (tmp_metabolite_id, reaction.id))
                    cobra_metabolites[tmp_metabolite] += sbml_metabolite.getStoichiometry()
                    # if the combined stoichiometry is 0, remove the metabolite
                    if cobra_metabolites[tmp_metabolite] == 0:
                        cobra_metabolites.pop(tmp_metabolite)
                else:
                    cobra_metabolites[tmp_metabolite] = sbml_metabolite.getStoichiometry()
        reaction.add_metabolites(cobra_metabolites)
        #Parse the kinetic law info here.
        parameter_dict = {}
        #If lower and upper bounds are specified in the Kinetic Law then
        #they override the sbml reversible attribute.  If they are not
        #specified then the bounds are determined by getReversible.
        if not sbml_reaction.getKineticLaw():
            
            if sbml_reaction.getReversible():
                parameter_dict['lower_bound'] = __default_lower_bound
                parameter_dict['upper_bound'] = __default_upper_bound
            else:
                #Assume that irreversible reactions only proceed from left to right.
                parameter_dict['lower_bound'] = 0
                parameter_dict['upper_bound'] = __default_upper_bound
                
            parameter_dict['objective_coefficient'] = __default_objective_coefficient
        else:
            for sbml_parameter in sbml_reaction.getKineticLaw().getListOfParameters():
                parameter_dict[sbml_parameter.getId().lower()] = sbml_parameter.getValue()

        if 'lower_bound' in parameter_dict:
            reaction.lower_bound = parameter_dict['lower_bound']
        elif 'lower bound' in parameter_dict:
            reaction.lower_bound = parameter_dict['lower bound']
        elif sbml_reaction.getReversible():
            reaction.lower_bound = __default_lower_bound
        else:
            reaction.lower_bound = 0

        if 'upper_bound' in parameter_dict:
            reaction.upper_bound = parameter_dict['upper_bound']
        elif 'upper bound' in parameter_dict:
            reaction.upper_bound = parameter_dict['upper bound']
        else:
            reaction.upper_bound = __default_upper_bound

        if 'objective_coefficient' in parameter_dict:
            reaction.objective_coefficient = parameter_dict['objective_coefficient']
        elif 'objective coefficient' in parameter_dict:
            reaction.objective_coefficient = parameter_dict['objective coefficient']
        else:
            reaction.objective_coefficient = __default_objective_coefficient

        # ensure values are not set to nan or inf
        if isnan(reaction.lower_bound) or isinf(reaction.lower_bound):
            reaction.lower_bound = __default_lower_bound
        if isnan(reaction.upper_bound) or isinf(reaction.upper_bound):
            reaction.upper_bound = __default_upper_bound

        reaction_note_dict = parse_legacy_sbml_notes(sbml_reaction.getNotesString())
        #Parse the reaction notes.
        #POTENTIAL BUG: DEALING WITH LEGACY 'SBML' THAT IS NOT IN A
        #STANDARD FORMAT
        #TODO: READ IN OTHER NOTES AND GIVE THEM A reaction_ prefix.
        #TODO: Make sure genes get added as objects
        if 'GENE ASSOCIATION' in reaction_note_dict:
            try:
                rule = reaction_note_dict['GENE ASSOCIATION'][0].encode('ascii')
                if rule.startswith("&quot;") and rule.endswith("&quot;"):
                    rule = rule[6:-6]
                reaction.gene_reaction_rule = str(rule)
            except:
                warn("gene_reaction_rule is not ascii compliant")
            if 'GENE LIST' in reaction_note_dict:
                reaction.systematic_names = reaction_note_dict['GENE LIST'][0]
            elif 'GENES' in reaction_note_dict and \
                     reaction_note_dict['GENES'] != ['']:
                reaction.systematic_names = reaction_note_dict['GENES'][0]
            elif 'LOCUS' in reaction_note_dict:
                gene_id_to_object = dict([(x.id, x) for x in reaction._genes])
                for the_row in reaction_note_dict['LOCUS']:
                    tmp_row_dict = {}
                    the_row = 'LOCUS:' + the_row.lstrip('_').rstrip('#')
                    for the_item in the_row.split('#'):
                        k, v = the_item.split(':')
                        tmp_row_dict[k] = v
                    tmp_locus_id = tmp_row_dict['LOCUS']
                    if 'TRANSCRIPT' in tmp_row_dict:
                        tmp_locus_id = tmp_locus_id + '.' + tmp_row_dict['TRANSCRIPT']
                    
                    if 'ABBREVIATION' in tmp_row_dict:
                        gene_id_to_object[tmp_locus_id].name = tmp_row_dict['ABBREVIATION']

        if 'SUBSYSTEM' in reaction_note_dict:
            reaction.subsystem = reaction_note_dict['SUBSYSTEM'][0]   



    #Now, add all of the reactions to the model.
    cobra_model.description = sbml_model.getId()
    #Populate the compartment list - This will be done based on cobra.Metabolites
    #in cobra.Reactions in the future.
    cobra_model.compartments = compartment_dict

    cobra_model.add_reactions(cobra_reaction_list)
        #cobra_model.update_rules()
    return cobra_model



[docs]def parse_legacy_sbml_notes(note_string, note_delimiter = ':'):
    """Deal with legacy SBML format issues arising from the
    COBRA Toolbox for MATLAB and BiGG.ucsd.edu developers.

    """
    note_dict = {}
    start_tag = '<p>'
    end_tag = '</p>'
    if '<html:p>' in note_string:
        start_tag = '<html:p>'
        end_tag = '</html:p>'
    while start_tag in note_string and end_tag in note_string:
        note_start = note_string.index(start_tag)
        note_end = note_string.index(end_tag)
        the_note = note_string[(note_start + len(start_tag)):note_end].lstrip(' ').rstrip(' ')
        if note_delimiter in the_note:
            note_delimiter_index = the_note.index(note_delimiter)
            note_field = the_note[:note_delimiter_index].lstrip(' ').rstrip(' ').replace('_',' ').upper()
            note_value = the_note[(note_delimiter_index+1):].lstrip(' ').rstrip(' ')
            if note_field in note_dict:
                note_dict[note_field ].append(note_value)
            else:
                note_dict[note_field] = [note_value]
        note_string = note_string[(note_end+len(end_tag)): ]

    if 'CHARGE' in note_dict and note_dict['CHARGE'][0].lower() in ['none', 'na', 'nan']:
        note_dict.pop('CHARGE') #Remove non-numeric charges
        
    return(note_dict)



[docs]def write_cobra_model_to_sbml_file(cobra_model, sbml_filename,
                                   sbml_level=2, sbml_version=1,
                                   print_time=False,
                                   use_fbc_package=True):
    """Write a cobra.Model object to an SBML XML file.

    cobra_model:  :class:`~cobra.core.Model.Model` object

    sbml_filename:  The file to write the SBML XML to.

    sbml_level:  2 is the only level supported at the moment.

    sbml_version: 1 is the only version supported at the moment.

    use_fbc_package: Boolean.
        Convert the model to the FBC package format to improve portability.
        http://sbml.org/Documents/Specifications/SBML_Level_3/Packages/Flux_Balance_Constraints_(flux)


    TODO: Update the NOTES to match the SBML standard and provide support for
    Level 2 Version 4

    """
    note_start_tag, note_end_tag = '<p>', '</p>'
    if sbml_level > 2 or (sbml_level == 2 and sbml_version == 4):
        note_start_tag, note_end_tag = '<html:p>', '</html:p>'
        
    
    sbml_doc = SBMLDocument(sbml_level, sbml_version)
    sbml_model = sbml_doc.createModel(cobra_model.description.split('.')[0])
    #Note need to set units
    reaction_units = 'mmol_per_gDW_per_hr'
    model_units = sbml_model.createUnitDefinition()
    model_units.setId(reaction_units)
    sbml_unit = model_units.createUnit()
    sbml_unit.setKind(UNIT_KIND_MOLE)
    sbml_unit.setScale(-3)
    sbml_unit = model_units.createUnit()
    sbml_unit.setKind(UNIT_KIND_GRAM)
    sbml_unit.setExponent(-1)
    sbml_unit = model_units.createUnit()
    sbml_unit.setKind(UNIT_KIND_SECOND)
    sbml_unit.setMultiplier(1.0/60/60)
    sbml_unit.setExponent(-1)

    #Add in the common compartment abbreviations.  If there are additional compartments
    #they also need to be added.
    if not cobra_model.compartments:
        cobra_model.compartments = {'c': 'cytosol',
                                    'p': 'periplasm',
                                    'e': 'extracellular'}    
    for the_key in cobra_model.compartments.keys():
        sbml_comp = sbml_model.createCompartment()
        sbml_comp.setId(the_key)
        sbml_comp.setName(cobra_model.compartments[the_key])
        sbml_comp.setSize(1) #Just to get rid of warnings

    if print_time:
        warn("print_time is deprecated")
    #Use this dict to allow for fast look up of species id
    #for references created in the reaction section.
    metabolite_dict = {}

    for cobra_metabolite in cobra_model.metabolites:
        metabolite_dict[cobra_metabolite.id] =  add_sbml_species(sbml_model,
                                                                 cobra_metabolite,
                                                                 note_start_tag=note_start_tag,
                                                                 note_end_tag=note_end_tag)

    for the_reaction in cobra_model.reactions:
        #This is probably the culprit.  Including cobra.Reaction
        #objects explicitly in cobra.Model will speed this up.
        sbml_reaction = sbml_model.createReaction()
        #Need to remove - for proper SBML.  Replace with __
        the_reaction_id = 'R_' + the_reaction.id.replace('-','__' )
        sbml_reaction.setId(the_reaction_id)
        sbml_reaction.setReversible(the_reaction.reversibility)
        if the_reaction.name:
            sbml_reaction.setName(the_reaction.name)
        else:
            sbml_reaction.setName(the_reaction.id)
        #Add in the reactant/product references
        for the_metabolite, the_coefficient in the_reaction._metabolites.items():
            sbml_stoichiometry = the_coefficient
            metabolite_id = str(metabolite_dict[the_metabolite.id])
            #Each SpeciesReference must have a unique id
            if sbml_stoichiometry < 0:
                species_reference = sbml_reaction.createReactant()
            else:
                species_reference = sbml_reaction.createProduct()
            species_reference.setId(metabolite_id + '_' + the_reaction_id)
            species_reference.setSpecies(metabolite_id)
            species_reference.setStoichiometry(abs(sbml_stoichiometry))
        #Deal with the case where the reaction is a boundary reaction
        if len(the_reaction._metabolites) == 1:
            the_metabolite, the_coefficient = list(the_reaction._metabolites.items())[0]
            metabolite_id = add_sbml_species(sbml_model, the_metabolite,
                                             note_start_tag=note_start_tag,
                                             note_end_tag=note_end_tag,
                                             boundary_metabolite=True)
            sbml_stoichiometry = -the_coefficient
            #Each SpeciesReference must have a unique id
            if sbml_stoichiometry < 0:
                species_reference = sbml_reaction.createReactant()
            else:
                species_reference = sbml_reaction.createProduct()
            species_reference.setId(metabolite_id + '_' + the_reaction_id)
            species_reference.setSpecies(metabolite_id)
            species_reference.setStoichiometry(abs(sbml_stoichiometry))
            
        #Add in the kineticLaw
        sbml_law = KineticLaw(sbml_level, sbml_version)
        if hasattr(sbml_law, 'setId'):
            sbml_law.setId('FLUX_VALUE')
        sbml_law.setFormula('FLUX_VALUE')
        reaction_parameter_dict = {'LOWER_BOUND': [the_reaction.lower_bound, reaction_units],
                                   'UPPER_BOUND': [the_reaction.upper_bound, reaction_units],
                                   'FLUX_VALUE': [0, reaction_units],
                                   'OBJECTIVE_COEFFICIENT': [the_reaction.objective_coefficient,
                                                             'dimensionless']}
        for k, v in reaction_parameter_dict.items():
            sbml_parameter = Parameter(sbml_level, sbml_version)
            sbml_parameter.setId(k)
            if hasattr(v, '__iter__'):
                sbml_parameter.setValue(v[0])
                sbml_parameter.setUnits(v[1])
            else:
                sbml_parameter.setValue(v)
            sbml_law.addParameter(sbml_parameter)
        sbml_reaction.setKineticLaw(sbml_law)
        sbml_reaction.setNotes('<html xmlns="http://www.w3.org/1999/xhtml">%sGENE_ASSOCIATION: %s%s%sSUBSYSTEM: %s%s</html>'%(note_start_tag,
                                                                 the_reaction.gene_reaction_rule,
                                                                 note_end_tag,
                                                                 note_start_tag,
                                                                 the_reaction.subsystem,
                                                                 note_end_tag))


    if use_fbc_package:
        try:
            from libsbml import ConversionProperties, LIBSBML_OPERATION_SUCCESS
            conversion_properties = ConversionProperties()
            conversion_properties.addOption("convert cobra", True, "Convert Cobra model")
            result = sbml_doc.convert(conversion_properties)
            if result != LIBSBML_OPERATION_SUCCESS:
                raise Exception("Conversion of COBRA to SBML+fbc failed")
        except Exception as e:
            error_string = 'Error saving as SBML+fbc. %s'
            try:
                #Check whether the FbcExtension is there
                from libsbml import FbcExtension
                error_string = error_string%e
            except ImportError:
                error_string = error_string%'FbcExtension not available in libsbml. ' +\
                               'If use_fbc_package == True then libsbml must be compiled with ' +\
                               'the fbc extension. '
                from libsbml import getLibSBMLDottedVersion
                _sbml_version = getLibSBMLDottedVersion()
                _major, _minor, _patch = map(int, _sbml_version.split('.'))
                if _major < 5 or (_major == 5 and _minor < 8):
                    error_string += "You've got libsbml %s installed.   You need 5.8.0 or later with the fbc package"

            raise(Exception(error_string))
    writeSBML(sbml_doc, sbml_filename)


[docs]def add_sbml_species(sbml_model, cobra_metabolite, note_start_tag,
                     note_end_tag, boundary_metabolite=False):
    """A helper function for adding cobra metabolites to an sbml model.

    sbml_model: sbml_model object

    cobra_metabolite: a cobra.Metabolite object

    note_start_tag: the start tag for parsing cobra notes. this will eventually
    be supplanted when COBRA is worked into sbml.

    note_end_tag: the end tag for parsing cobra notes. this will eventually
    be supplanted when COBRA is worked into sbml.

    """
    sbml_species = sbml_model.createSpecies()
    the_id = 'M_' + cobra_metabolite.id.replace('-', '__')
    #Deal with legacy naming issues
    the_compartment = cobra_metabolite.compartment
    if the_id.endswith('[%s]'%the_compartment):
        the_id = the_id[:-len('[%s]'%the_compartment)]
    elif not the_id.endswith('_%s'%the_compartment):
        the_id += '_%s'%the_compartment
    if boundary_metabolite:
        the_id += '_boundary'
    sbml_species.setId(the_id)
    metabolite_id = the_id
    if boundary_metabolite:
        sbml_species.setBoundaryCondition(True)
    if cobra_metabolite.name:
        sbml_species.setName(cobra_metabolite.name)
    else:
        sbml_species.setName(cobra_metabolite.id)
    if the_compartment is not None:
        try:
            sbml_species.setCompartment(the_compartment)
        except:
            warn('metabolite failed: ' + the_id)
            return cobra_metabolite
    if cobra_metabolite.charge is not None:
        sbml_species.setCharge(cobra_metabolite.charge)
    if hasattr(cobra_metabolite.formula, 'id') or \
       hasattr(cobra_metabolite.notes, 'items'):
        tmp_note =  '<html xmlns="http://www.w3.org/1999/xhtml">'
        if hasattr(cobra_metabolite.formula, 'id'):
            tmp_note += '%sFORMULA: %s%s'%(note_start_tag,
                                              cobra_metabolite.formula.id,
                                              note_end_tag)
        if hasattr(cobra_metabolite.notes, 'items'):
            for the_id_type, the_id in cobra_metabolite.notes.items():
                if the_id_type.lower() == 'charge':
                    continue #Use of notes['CHARGE'] has been deprecated in favor of metabolite.charge
                if not isinstance(the_id_type, str):
                    the_id_type = str(the_id_type)
                if hasattr(the_id, '__iter__') and len(the_id) == 1:
                    the_id = the_id[0]
                if not isinstance(the_id, str):
                    the_id = str(the_id)
                tmp_note += '%s%s: %s%s'%(note_start_tag,
                                             the_id_type,
                                             the_id, note_end_tag)
        sbml_species.setNotes(tmp_note + '</html>')
    return metabolite_id



[docs]def fix_legacy_id(id, use_hyphens=False, fix_compartments=False):
    id = id.replace('_DASH_', '__')
    id = id.replace('_FSLASH_', '/')
    id = id.replace('_BSLASH_', "\\")
    id = id.replace('_LPAREN_', '(')
    id = id.replace('_LSQBKT_', '[')
    id = id.replace('_RSQBKT_', ']')
    id = id.replace('_RPAREN_', ')')
    id = id.replace('_COMMA_', ',')
    id = id.replace('_PERIOD_', '.')
    id = id.replace('_APOS_', "'")
    id = id.replace('&amp;', '&')
    id = id.replace('&lt;', '<')
    id = id.replace('&gt;', '>')
    id = id.replace('&quot;', '"')
    if use_hyphens:
        id = id.replace('__', '-')
    else:
        id = id.replace("-", "__")
    if fix_compartments:
        if len(id) > 2:
            if (id[-3] == "(" and id[-1] == ")") or \
               (id[-3] == "[" and id[-1] == "]"):
                id = id[:-3] + "_" + id[-2]
    return id



[docs]def read_legacy_sbml(filename, use_hyphens=False):
    """read in an sbml file and fix the sbml id's"""
    model = create_cobra_model_from_sbml_file(filename, old_sbml=True)
    for metabolite in model.metabolites:
        metabolite.id = fix_legacy_id(metabolite.id)
    model.metabolites._generate_index()
    for reaction in model.reactions:
        reaction.id = fix_legacy_id(reaction.id)
        if reaction.id.startswith("EX_") and reaction.id.endswith("(e)"):
            reaction.id = reaction.id[:-3] + "_e"
    model.reactions._generate_index()
    # remove boundary metabolites (end in _b and only present in exchanges)
    for metabolite in list(model.metabolites):
        if not metabolite.id.endswith("_b"):
            continue
        if len(metabolite._reaction) == 1:
            if list(metabolite._reaction)[0].id.startswith("EX_"):
                metabolite.remove_from_model()
    model.metabolites._generate_index()
    return model
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  Source code for cobra.flux_analysis.loopless

from ..core import Reaction, Metabolite
from ..manipulation.modify import convert_to_irreversible
from ..external.six import iteritems


[docs]def construct_loopless_model(cobra_model):
    """construct a loopless model

    This adds MILP constraints to prevent flux from proceeding in a loop, as
    done in http://dx.doi.org/10.1016/j.bpj.2010.12.3707
    Please see the documentation for an explanation of the algorithm.

    This must be solved with an MILP capable solver.

    """
    # copy the model and make it irreversible
    model = cobra_model.copy()
    convert_to_irreversible(model)
    max_ub = max(model.reactions.list_attr("upper_bound"))
    # a dict for storing S^T
    thermo_stoic = {"thermo_var_" + metabolite.id: {}
                    for metabolite in model.metabolites}
    # Slice operator is so that we don't get newly added metabolites
    original_metabolites = model.metabolites[:]
    for reaction in model.reactions[:]:
        # Boundary reactions are not subjected to these constraints
        if len(reaction._metabolites) == 1:
            continue
        # populate the S^T dict
        bound_id = "thermo_bound_" + reaction.id
        for met, stoic in iteritems(reaction._metabolites):
                thermo_stoic["thermo_var_" + met.id][bound_id] = stoic
        # I * 1000 > v --> I * 1000 - v > 0
        reaction_ind = Reaction(reaction.id + "_indicator")
        reaction_ind.variable_kind = "integer"
        reaction_ind.upper_bound = 1
        reaction_ub = Metabolite(reaction.id + "_ind_ub")
        reaction_ub._constraint_sense = "G"
        reaction.add_metabolites({reaction_ub: -1})
        reaction_ind.add_metabolites({reaction_ub: max_ub})
        # This adds a compensating term for 0 flux reactions, so we get
        # S^T x - (1 - I) * 1001 < -1 which becomes
        # S^T x < 1000 for 0 flux reactions and
        # S^T x < -1 for reactions with nonzero flux.
        reaction_bound = Metabolite(bound_id)
        reaction_bound._constraint_sense = "L"
        reaction_bound._bound = max_ub
        reaction_ind.add_metabolites({reaction_bound: max_ub + 1})
        model.add_reaction(reaction_ind)
    for metabolite in original_metabolites:
        metabolite_var = Reaction("thermo_var_" + metabolite.id)
        metabolite_var.lower_bound = -max_ub
        model.add_reaction(metabolite_var)
        metabolite_var.add_metabolites(
            {model.metabolites.get_by_id(k): v
             for k, v in iteritems(thermo_stoic[metabolite_var.id])})
    return model






          

      

      

    


    
        © Copyright 2014, Daniel Robert Hyduke and Ali Ebrahim.
      Created using Sphinx 1.3.1.
    

  

_modules/cobra/flux_analysis/variability.html


    
      Navigation


      
        		
          index


        		
          modules |


        		cobra 0.3.2 documentation »


          		Module code »

 
      


    


    
      
          
            
  Source code for cobra.flux_analysis.variability

from warnings import warn

from ..external.six import iteritems, string_types
from ..core.Metabolite import Metabolite
from ..solvers import solver_dict, get_solver_name


[docs]def flux_variability_analysis(cobra_model, reaction_list=None,
                              fraction_of_optimum=1.0, solver=None,
                              objective_sense="maximize", **solver_args):
    """Runs flux variability analysis to find max/min flux values

    cobra_model : :class:`~cobra.core.Model`:

    reaction_list : list of :class:`~cobra.core.Reaction`: or their id's
        The id's for which FVA should be run. If this is None, the bounds
        will be comptued for all reactions in the model.

    fraction_of_optimum : fraction of optimum which must be maintained.
        The original objective reaction is constrained to be greater than
        maximal_value * fraction_of_optimum

    solver : string of solver name
        If None is given, the default solver will be used.

    """
    if reaction_list is None and "the_reactions" in solver_args:
        reaction_list = solver_args.pop("the_reactions")
        from warnings import warn
        warn("the_reactions is deprecated. Please use reaction_list=")
    if reaction_list is None:
        reaction_list = cobra_model.reactions
    else:
        reaction_list = [cobra_model.reactions.get_by_id(i)
                         if isinstance(i, string_types) else i
                         for i in reaction_list]
    solver = solver_dict[get_solver_name() if solver is None else solver]
    lp = solver.create_problem(cobra_model)
    solver.solve_problem(lp, objective_sense=objective_sense)
    solution = solver.format_solution(lp, cobra_model)
    if solution.status != "optimal":
        raise ValueError("FVA requires the solution status to be optimal, not "
                         + solution.status)
    # set all objective coefficients to 0
    for i, r in enumerate(cobra_model.reactions):
        if r.objective_coefficient != 0:
            f = solution.x_dict[r.id]
            new_bounds = (f * fraction_of_optimum, f)
            solver.change_variable_bounds(lp, i,
                                          min(new_bounds), max(new_bounds))
            solver.change_variable_objective(lp, i, 0.)
    # perform fva
    fva_results = {}
    for r in reaction_list:
        i = cobra_model.reactions.index(r)
        fva_results[r.id] = {}
        solver.change_variable_objective(lp, i, 1.)
        solver.solve_problem(lp, objective_sense="maximize", **solver_args)
        fva_results[r.id]["maximum"] = solver.get_objective_value(lp)
        solver.solve_problem(lp, objective_sense="minimize", **solver_args)
        fva_results[r.id]["minimum"] = solver.get_objective_value(lp)
        # revert the problem to how it was before
        solver.change_variable_objective(lp, i, 0.)
    return fva_results



[docs]def find_blocked_reactions(cobra_model, reaction_list=None,
                           solver=None, zero_cutoff=1e-9,
                           open_exchanges=False, **kwargs):
    """Finds reactions that cannot carry a flux with the current
    exchange reaction settings for cobra_model, using flux variability
    analysis.

    """
    from warnings import warn
    if solver is None:
        solver = get_solver_name()
    blocked_reactions = []
    if reaction_list is None and "the_reactions" in solver_args:
        reaction_list = solver_args.pop("the_reactions")
        warn("the_reactions is deprecated. Please use reaction_list=")
    if open_exchanges:
        warn('DEPRECATED: Move to using the Reaction.boundary attribute')
        exchange_reactions = [x for x in cobra_model.reactions
                              if x.startswith('EX')]
        for the_reaction in exchange_reactions:
            if the_reaction.lower_bound >= 0:
                the_reaction.lower_bound = -1000
            if the_reaction.upper_bound >= 0:
                the_reaction.upper_bound = 1000
    flux_span_dict = flux_variability_analysis(
        cobra_model, fraction_of_optimum=0., reaction_list=reaction_list,
        solver=solver, **kwargs)
    blocked_reactions = [k for k, v in flux_span_dict.items()
                         if max(map(abs, v.values())) < zero_cutoff]
    return blocked_reactions
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  Source code for cobra.flux_analysis.double_deletion

from __future__ import with_statement, print_function
#cobra.flux_analysis.double_deletion.py
#runs flux variablity analysis on a Model object.
from copy import deepcopy
from warnings import warn
from os import name as __name
nan = float('nan')
from sys import modules as __modules

from itertools import chain, product
import numpy

from ..solvers import get_solver_name, solver_dict
from ..external.six import iteritems, string_types
from ..manipulation.delete import find_gene_knockout_reactions, \
    get_compiled_gene_reaction_rules
from .deletion_worker import CobraDeletionPool, CobraDeletionMockPool

try:
    from .moma import moma    
except:
    def moma(*args, **kwargs):
        raise Exception("moma dependencies missing")

try:
    from pandas import DataFrame
except:
    DataFrame = None

def double_reaction_deletion_fba(cobra_model, reaction_list1=None,
[docs]                                 reaction_list2=None, solver=None,
                                 number_of_processes=None,
                                 return_frame=False, zero_cutoff=1e-15,
                                 **kwargs):
    """setting n_processes=1 explicitly disables multiprocessing"""
    if solver is None:
        solver = get_solver_name()
    if reaction_list1 is None:
        reaction_indexes1 = range(len(cobra_model.reactions))
    else:
        reaction_indexes1 = [cobra_model.reactions.index(r) for r in reaction_list1]
    if reaction_list2 is None:
        reaction_indexes2 = reaction_indexes1
    else:
        reaction_indexes2 = [cobra_model.reactions.index(r) for r in reaction_list2]
    # results are stored in a matrix. reaction_to_result maps a reaction index
    # to the index in the results matrix
    reaction_indexes = list(set(chain(reaction_indexes1, reaction_indexes2)))
    reaction_to_result = {reaction_index: result_index
                          for result_index, reaction_index in enumerate(reaction_indexes)}
    row_indexes = [reaction_to_result[i] for i in reaction_indexes1]
    row_index_set = set(row_indexes)
    row_names = [cobra_model.reactions[i].id for i in reaction_indexes1]
    column_indexes = [reaction_to_result[i] for i in reaction_indexes2]
    column_index_set = set(column_indexes)
    column_names = [cobra_model.reactions[i].id for i in reaction_indexes2]

    n_results = len(reaction_to_result)
    results = numpy.empty((n_results, n_results))
    results.fill(numpy.nan)

    wt_solution = solver_dict[solver].solve(cobra_model)
    # Determine 0 flux reactions. If an optimal solution passes no flux
    # through the deleted reactions, then we know removing them will
    # not change the solution.
    wt_flux = wt_solution.f
    no_flux_reaction_indexes = {i for i, v in enumerate(wt_solution.x)
                                if abs(v) < zero_cutoff}

    if number_of_processes == 1:  # explicitly disable multiprocessing
        PoolClass = CobraDeletionMockPool
    else:
        PoolClass = CobraDeletionPool
    with PoolClass(cobra_model, n_processes=number_of_processes,
                   solver=solver, **kwargs) as pool:
        # submit jobs

        # precompute all single deletions in the pool and store them along
        # the diagonal
        for reaction_index, result_index in iteritems(reaction_to_result):
            pool.submit((reaction_index, ), label=result_index)
        for result_index, value in pool.receive_all():
            # if singly lethal, set everything in row and column to 0
            value = value if abs(value) > zero_cutoff else 0.
            if value == 0.:
                results[result_index, :] = 0.
                results[:, result_index] = 0.
            else:  # only the diagonal needs to be set
                results[result_index, result_index] = value

        for r1_index, r2_index in product(reaction_indexes1, reaction_indexes2):
            r1_result_index = reaction_to_result[r1_index]
            r2_result_index = reaction_to_result[r2_index]
            if r2_result_index > r1_result_index:  # upper triangle only
                if results[r1_result_index, r1_result_index] == 0 or \
                        results[r2_result_index, r2_result_index] == 0:
                    continue
                # reactions removed carry no flux
                if r1_index in no_flux_reaction_indexes and \
                        r2_index in no_flux_reaction_indexes:
                    results[r1_result_index, r2_result_index] = wt_flux
                    continue
                pool.submit((r1_index, r2_index),
                            label=(r1_result_index, r2_result_index))
            # if it's a point only in the lower triangle, compute it
            # and put it in the upper triangle
            elif r1_result_index not in column_index_set or \
                    r2_result_index not in row_index_set:
                pool.submit((r1_index, r2_index),
                            label=(r2_result_index, r1_result_index))

        # get results
        for result in pool.receive_all():
            results[result[0]] = result[1]


    # reflect results
    triu1, triu2 = numpy.triu_indices(n_results)
    results[triu2, triu1] = results[triu1, triu2]

    results = results[row_indexes, :][:, column_indexes]

    if return_frame and DataFrame:
        return DataFrame(data=results, index=row_names, columns=column_names)

    elif return_frame and not DataFrame:
        warn("could not import pandas.DataFrame")

    return {"x": [cobra_model.reactions.get_by_id(i) for i in row_names],
             "y": [cobra_model.reactions.get_by_id(i) for i in column_names],
             "data": results}

def double_gene_deletion_fba(cobra_model, gene_list1=None, gene_list2=None,

[docs]                             solver=None, number_of_processes=None,
                             return_frame=False, zero_cutoff=1e-12, **kwargs):
    if solver is None:
        solver = get_solver_name()
    if gene_list1 is None:
        gene_list1 = cobra_model.genes
    else:
        gene_list1 = [cobra_model.genes.get_by_id(i)
                      if isinstance(i, string_types) else i
                      for i in gene_list1]
    if gene_list2 is None:
        gene_list2 = gene_list1
    else:
        gene_list2 = [cobra_model.genes.get_by_id(i)
                      if isinstance(i, string_types) else i
                      for i in gene_list2]
    # Because each gene reaction rule will be evaluated multiple times
    # the reaction has multiple associated genes being deleted, compiling
    # the gene reaction rules ahead of time increases efficiency greatly.
    compiled_rules = get_compiled_gene_reaction_rules(cobra_model)
    # Store results in a matrix. The gene_id_to_result dict will map each
    # gene id to the index in the result matrix
    gene_ids1 = [i.id for i in gene_list1]
    gene_ids2 = [i.id for i in gene_list2]
    gene_id_to_result = {}
    n = 0
    for i in gene_ids1:
        if i not in gene_id_to_result:
            gene_id_to_result[i] = n
            n += 1
    for i in gene_ids2:
        if i not in gene_id_to_result:
            gene_id_to_result[i] = n
            n += 1

    row_indexes = [gene_id_to_result[id] for id in gene_ids1]
    row_index_set = set(row_indexes)
    column_indexes = [gene_id_to_result[id] for id in gene_ids2]
    column_index_set = set(column_indexes)

    n_results = len(gene_id_to_result)
    results = numpy.empty((n_results, n_results))
    results.fill(numpy.nan)

    wt_solution = solver_dict[solver].solve(cobra_model)
    # Determine 0 flux reactions. If an optimal solution passes no flux
    # through the deleted reactions, then we know removing them will
    # not change the solution.
    wt_flux = wt_solution.f
    no_flux_reaction_indexes = {i for i, v in enumerate(wt_solution.x)
                                if abs(v) < zero_cutoff}

    if number_of_processes == 1:  # explicitly disable multiprocessing
        PoolClass = CobraDeletionMockPool
    else:
        PoolClass = CobraDeletionPool
    with PoolClass(cobra_model, n_processes=number_of_processes,
                   solver=solver, **kwargs) as pool:
        # precompute all single deletions in the pool and store them along
        # the diagonal
        for gene_id, gene_result_index in iteritems(gene_id_to_result):
            ko_reactions = find_gene_knockout_reactions(
                cobra_model, (cobra_model.genes.get_by_id(gene_id),))
            ko_indexes = [cobra_model.reactions.index(i) for i in ko_reactions]
            pool.submit(ko_indexes, label=gene_result_index)
        for result_index, value in pool.receive_all():
            # if singly lethal, set everything in row and column to 0
            value = value if abs(value) > zero_cutoff else 0.
            if value == 0.:
                results[result_index, :] = 0.
                results[:, result_index] = 0.
            else:  # only the diagonal needs to be set
                results[result_index, result_index] = value
        # double deletions
        for gene1, gene2 in product(gene_list1, gene_list2):
            g1_result_index = gene_id_to_result[gene1.id]
            g2_result_index = gene_id_to_result[gene2.id]
            if g2_result_index > g1_result_index:  # upper triangle only
                # if singly lethal the results have already been set
                if results[g1_result_index, g1_result_index] == 0 or \
                        results[g2_result_index, g2_result_index] == 0:
                    continue
                ko_reactions = find_gene_knockout_reactions(
                    cobra_model, (gene1, gene2), compiled_rules)
                ko_indexes = [cobra_model.reactions.index(i)
                              for i in ko_reactions]
                # if all removed gene indexes carry no flux
                if len(set(ko_indexes) - no_flux_reaction_indexes) == 0:
                    results[g1_result_index, g2_result_index] = wt_flux
                    continue
                pool.submit(ko_indexes,
                            label=(g1_result_index, g2_result_index))
            # if it's a point only in the lower triangle, compute it
            # and put it in the upper triangle
            elif g1_result_index not in column_index_set or \
                    g2_result_index not in row_index_set:
                ko_reactions = find_gene_knockout_reactions(
                    cobra_model, (gene1, gene2), compiled_rules)
                ko_indexes = [cobra_model.reactions.index(i)
                              for i in ko_reactions]
                pool.submit(ko_indexes,
                            label=(g2_result_index, g1_result_index))

        for result in pool.receive_all():
            value = result[1]
            if value < zero_cutoff:
                value = 0
            results[result[0]] = value

    del pool

    # reflect results
    triu1, triu2 = numpy.triu_indices(n_results)
    results[triu2, triu1] = results[triu1, triu2]

    results = results[row_indexes, :][:, column_indexes]

    if return_frame and DataFrame:
        return DataFrame(data=results, index=gene_ids1, columns=gene_ids2)

    elif return_frame and not DataFrame:
        warn("could not import pandas.DataFrame")

    return {"x": [cobra_model.genes.get_by_id(i) for i in gene_ids1],
            "y": [cobra_model.genes.get_by_id(i) for i in gene_ids2],
            "data": results}


def double_deletion(cobra_model, element_list_1=None, element_list_2=None,

[docs]                    method='fba', single_deletion_growth_dict=None,
                    element_type='gene', solver=None,
                    number_of_processes=None,
                    return_frame=False, zero_cutoff=1e-12,
                    **kwargs):
    """Run double gene or reaction deletions

    cobra_model: a cobra.Model object

    element_list_1: None or a list of elements (genes or reactions)

    element_list_2: None or a list of elements (genes or reactions)

    method: 'fba' or 'moma'
        Whether to compute growth rates using flux balance analysis or
        minimization of metabolic adjustments.

    number_of_processes: None or int
        The number of processor core to use. Setting 1 explicitly disables
        use of the multiprocessing library. By default, up to 4 cores will be
        used if available.

    element_type: 'gene' or 'reaction'

    zero_cutoff: float
        For single deletions which are assumed to be lethal, any double
        deletion will also be assumed to be lethal. Additionally, removing only
        reactions with no flux will assume the result is the same as wild-type.
        This parameter sets the cutoff for the absolute value to determine if a
        flux is 0. To disable this optimization, set this to a negative value.

    solver: 'glpk', 'cglpk', 'gurobi', 'cplex' or None

    return_frame: bool
        If True, format data as a pandas Dataframe

    Returns a dictionary of the elements in the x dimension (x), the y
    dimension (y), and the growth simulation data (data).

    """

    if "error_reporting" in kwargs:
        warn("error_reporting option removed")
        kwargs.pop("error_reporting")
    if "single_deletion_growth_dict" in kwargs:
        warn("single_deletion_growth_dict option removed")
        kwargs.pop("single_deletion_growth_dict")

    if method == "fba":
        if element_type == "gene":
            return double_gene_deletion_fba(
                cobra_model,
                gene_list1=element_list_1,
                gene_list2=element_list_2,
                solver=solver,
                return_frame=return_frame,
                zero_cutoff=zero_cutoff,
                number_of_processes=number_of_processes,
                **kwargs)
        elif element_type == "reaction":
            return double_reaction_deletion_fba(
                cobra_model,
                reaction_list1=element_list_1,
                reaction_list2=element_list_2,
                solver=solver,
                zero_cutoff=zero_cutoff,
                return_frame=return_frame,
                number_of_processes=number_of_processes,
                **kwargs)
        else:
            raise ValueError("element_type %s not gene or reaction" %
                             element_type)

    if method != "moma":
        raise ValueError("method %s is not fba or moma" % method)

    if solver is None:
        solver = get_solver_name()

    if number_of_processes > 1:
        warn("parallel moma double deletion not implemented")

    if element_type == 'gene':
        return double_gene_deletion_moma(
            cobra_model, gene_list_1=element_list_1,
            gene_list_2=element_list_2, method=method,
            single_deletion_growth_dict=single_deletion_growth_dict,
            solver=solver,
            error_reporting=error_reporting)
    else:
        raise Exception("Double reaction deletion with moma not yet implemented")

def double_gene_deletion_moma(cobra_model, gene_list_1=None, gene_list_2=None,

[docs]                              method='moma', single_deletion_growth_dict=None,
                              solver='glpk', growth_tolerance=1e-8,
                              error_reporting=None):
    """This will disable reactions for all gene pairs from gene_list_1 and
    gene_list_2 and then run simulations to optimize for the objective
    function.  The contribution of each reaction to the objective function
    is indicated in cobra_model.reactions[:].objective_coefficient vector.

    NOTE:  We've assumed that there is no such thing as a synthetic rescue with
    this modeling framework.

    cobra_model: a cobra.Model object

    gene_list_1: Is None or a list of genes.  If None then both gene_list_1
    and gene_list_2 are assumed to correspond to cobra_model.genes.
    
    gene_list_2: Is None or a list of genes.  If None then gene_list_2 is
    assumed to correspond to gene_list_1.

    method: 'fba' or 'moma' to run flux balance analysis or minimization
    of metabolic adjustments.
    
    single_deletion_growth_dict: A dictionary that provides the growth
    rate information for single gene knock outs.  This can speed up
    simulations because nonviable single deletion strains imply that all
    double deletion strains will also be nonviable.

    solver: 'glpk', 'gurobi', or 'cplex'.

    error_reporting: None or True

    growth_tolerance: float.  The effective lower bound on the growth rate
    for a single deletion that is still considered capable of growth.  

    Returns a dictionary of the gene ids in the x dimension (x) and the y
    dimension (y), and the growth simulation data (data).
    
    """
    #BUG: Since this might be called from ppmap, the modules need to
    #be imported.  Modify ppmap to take depfuncs
    from numpy import zeros
    nan = float('nan')
    from cobra.flux_analysis.single_deletion import single_deletion
    from cobra.manipulation import delete_model_genes, undelete_model_genes
    ##TODO: Use keywords instead
    if isinstance(cobra_model, dict):
        tmp_dict = cobra_model
        cobra_model = tmp_dict['cobra_model']
        if 'gene_list_1' in tmp_dict:
            gene_list_1 = tmp_dict['gene_list_1']
        if 'gene_list_2' in tmp_dict:
            gene_list_2 = tmp_dict['gene_list_2']
        if 'method' in tmp_dict:
            method = tmp_dict['method']
        if 'single_deletion_growth_dict' in tmp_dict:
            single_deletion_growth_dict = tmp_dict['single_deletion_growth_dict']
        if 'solver' in tmp_dict:
            solver = tmp_dict['solver']
        if 'error_reporting' in tmp_dict:
            error_reporting = tmp_dict['error_reporting']
    else:
        cobra_model = cobra_model
    #this is a slow way to revert models.
    wt_model = cobra_model  #NOTE: It may no longer be necessary to use a wt_model
    #due to undelete_model_genes
    if gene_list_1 is None:
        gene_list_1 = cobra_model.genes
    elif not hasattr(gene_list_1[0], 'id'):
        gene_list_1 = map(cobra_model.genes.get_by_id, gene_list_1)
    #Get default values to use if the deletions do not alter any reactions
    cobra_model.optimize(solver=solver)
    basal_f = cobra_model.solution.f
    if method.lower() == 'moma':
        wt_model = cobra_model.copy()
        combined_model = None
    single_gene_set = set(gene_list_1)
    if gene_list_2 is not None:
        if not hasattr(gene_list_2[0], 'id'):
            gene_list_2 = map(cobra_model.genes.get_by_id, gene_list_2)
        single_gene_set.update(gene_list_2)
    #Run the single deletion analysis to account for double deletions that
    #target the same gene and lethal deletions.  We assume that there
    #aren't synthetic rescues.
    single_deletion_growth_dict = single_deletion(cobra_model,
                                                  list(single_gene_set),
                                                  method=method,
                                                  solver=solver)[0]
    if gene_list_2 is None or gene_list_1 == gene_list_2:
        number_of_genes = len(gene_list_1)
        gene_list_2 = gene_list_1
        deletion_array = zeros([number_of_genes, number_of_genes]) 
        ##TODO: Speed up this triangular process
        #For the case where the contents of the lists are the same cut the work in half.
        #There might be a faster way to do this by using a triangular array function
        #in numpy
        #Populate the diagonal from the single deletion lists
        for i, the_gene in enumerate(gene_list_1):
            deletion_array[i, i] = single_deletion_growth_dict[the_gene.id]
        for i, gene_1 in enumerate(gene_list_1[:-1]):
            #TODO: Since there cannot be synthetic rescues we can assume
            #that the whole row for a lethal deletion
            #will be equal to that deletion.
            if single_deletion_growth_dict[gene_1.id] < growth_tolerance:
                tmp_solution = single_deletion_growth_dict[gene_1.id]
                for j in range(i+1, number_of_genes):
                    deletion_array[j, i] = deletion_array[i, j] = tmp_solution
            else:
                for j, gene_2 in enumerate(gene_list_1[i+1:], i+1):
                    if single_deletion_growth_dict[gene_2.id] < growth_tolerance:
                        tmp_solution = single_deletion_growth_dict[gene_2.id]
                    else:
                        delete_model_genes(cobra_model, [gene_1, gene_2])
                        if cobra_model._trimmed:
                            if method.lower() == 'fba':
                                #Assumes that the majority of perturbations don't change
                                #reactions which is probably false
                                cobra_model.optimize(solver=solver, error_reporting=error_reporting)
                                the_status = cobra_model.solution.status
                                tmp_solution = cobra_model.solution.f
                            elif method.lower() == 'moma':
                                try:
                                    moma_solution = moma(wt_model, cobra_model,
                                                         combined_model=combined_model,
                                                         solver=solver)
                                    tmp_solution = float(moma_solution.pop('objective_value'))
                                    the_status = moma_solution.pop('status')
                                    combined_model = moma_solution.pop('combined_model')
                                    del moma_solution
                                except:
                                    tmp_solution = nan
                                    the_status = 'failed'
                            if the_status not in ['opt', 'optimal']  and \
                                   error_reporting:
                                print('%s / %s: %s status: %s'%(gene_1, gene_2, solver,
                                                                the_status))
                            #Reset the model to orginial form.
                            undelete_model_genes(cobra_model)
                        else:
                            tmp_solution = basal_f
                    deletion_array[j, i] = deletion_array[i, j] = tmp_solution

    else:
        deletion_array = zeros([len(gene_list_1), len(gene_list_2)])
        #Now deal with the case where the gene lists are different
        for i, gene_1 in enumerate(gene_list_1):
            if single_deletion_growth_dict[gene_1.id] <= 0:
                for j in range(len(gene_list_2)):
                    deletion_array[i, j] = 0.
            else:
                for j, gene_2 in enumerate(gene_list_2):
                    #Assume no such thing as a synthetic rescue
                    if single_deletion_growth_dict[gene_2.id] <= growth_tolerance:
                        tmp_solution = single_deletion_growth_dict[gene_2.id]
                    else:
                        delete_model_genes(cobra_model, [gene_1, gene_2])
                        if cobra_model._trimmed:
                            if method.lower() == 'fba':
                                cobra_model.optimize(solver=solver)
                                tmp_solution = cobra_model.solution.f
                                the_status = cobra_model.solution.status
                            elif method.lower() == 'moma':
                                try:
                                    moma_solution = moma(wt_model, cobra_model,
                                                         combined_model=combined_model,
                                                         solver=solver)
                                    tmp_solution = float(moma_solution.pop('objective_value'))
                                    the_status = moma_solution.pop('status')
                                    combined_model = moma_solution.pop('combined_model')
                                    del moma_solution
                                except:
                                    tmp_solution = nan
                                    the_status = 'failed'
                            if the_status not in ['opt', 'optimal']  and \
                                   error_reporting:
                                print('%s / %s: %s status: %s'%(repr(gene_1), repr(gene_2), solver,
                                                            cobra_model.solution.status))
                            #Reset the model to wt form
                            undelete_model_genes(cobra_model)
                        else:
                            tmp_solution = basal_f
                    deletion_array[i, j] = tmp_solution
    if hasattr(gene_list_1, 'id'):
        gene_list_1 = [x.id for x in gene_list_1]
    if hasattr(gene_list_2, 'id'):
        gene_list_2 = [x.id for x in gene_list_2]
        
    return({'x': gene_list_1, 'y': gene_list_2, 'data': deletion_array})
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  Source code for cobra.flux_analysis.essentiality

from __future__ import with_statement
#cobra.flux_analysis.essentiality.py
#runs flux variablity analysis on a Model object.
from os import name as __name
from warnings import warn
if __name == 'java':
    warn("moma is not supported on %s"%__name)
    warn("flux_analysis.double_deletion is not supported on %s"%__name)
    def moma(a, **kwargs):
        raise Exception("moma is not supported on %s"%__name)

    def double_deletion(a, **kwargs):
        raise Exception("flux_analysis.double_deletion is not supported on %s"%__name)
else:
    try:
        from cobra.flux_analysis.moma import moma
    except:
        warn("moma does not appear to be functional on your system")
from cobra.manipulation import initialize_growth_medium
[docs]def assess_medium_component_essentiality(cobra_model, the_components=None,
                                         the_medium=None, medium_compartment='e', solver='glpk',
                                         the_problem='return',
                                         the_condition=None, method='fba'):
    """Determines which components in an in silico medium are essential for growth in the
    context of the remaining components.

    cobra_model: A Model object.

    the_components: None or a list of external boundary reactions that will be sequentially
    disabled.

    the_medium: Is None, a string, or a dictionary.  If a string then the
    initialize_growth_medium function expects that the_model has an
    attribute dictionary called media_compositions, which is a dictionary of
    dictionaries for various medium compositions.  Where a medium
    composition is a dictionary of external boundary reaction ids for the medium
    components and the external boundary fluxes for each medium component.

    medium_compartment: the compartment in which the boundary reactions supplying the medium
    components exist

    NOTE: that these fluxes must be negative because the convention is backwards means something
    is feed into the system.

    solver: 'glpk', 'gurobi', or 'cplex'

    the_problem: Is None, 'return', or an LP model object for the solver.

    returns:
     essentiality_dict:  A dictionary providing the maximum growth rate accessible when
     the respective component is removed from the medium.

    """
    if method.lower() == 'moma':
        wt_model = cobra_model.copy()
    cobra_model = cobra_model.copy()

    if isinstance(the_medium, str):
        try:
            the_medium = cobra_model.media_compositions[the_medium]
        except:
            raise Exception(the_medium + " is not in cobra_model.media_compositions")
    if the_medium is not None:
        initialize_growth_medium(cobra_model, the_medium, medium_compartment)
        if the_components is None:
            the_components = the_medium.keys()
    if not the_components:
            raise Exception("You need to specify the_components or the_medium")
    essentiality_dict = {}
    for the_component in the_components:
        the_reaction = cobra_model.reactions.get_by_id(the_component)
        original_lower_bound = float(the_reaction.lower_bound)
        the_reaction.lower_bound = 0.
        if method.lower() == 'fba':
            cobra_model.optimize(solver=solver, the_problem=the_problem)
            objective_value = cobra_model.solution.f
        elif method.lower() == 'moma':
           objective_value = moma(wt_model, cobra_model, solver=solver)['objective_value'] 
        essentiality_dict[the_component] = objective_value
        the_reaction.lower_bound = original_lower_bound

    return(essentiality_dict)


[docs]def deletion_analysis(cobra_model, the_medium=None, deletion_type='single',
                      work_directory=None, growth_cutoff=0.001,
                      the_problem='return', number_of_processes=6, element_type='gene',
                      solver='glpk', error_reporting=None, method='fba', element_list=None):
    """Performs single and/or double deletion analysis on all the genes in the model.  Provides
    an interface to parallelize the deletion studies.

    """
    raise Exception("Deletion analysis has been dropped in favor of the single_deletion and double_deletion modules")
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  Source code for cobra.flux_analysis.reaction

#cobra.flux_analysis.reaction.py
#functions for analyzing / creating objective functions
from ..core.Reaction import Reaction

[docs]def assess(model, reaction, flux_coefficient_cutoff=0.001):
    """Assesses the capacity of the model to produce the precursors for the reaction
    and absorb the production of the reaction while the reaction is operating at, or
    above, the specified cutoff.

    model: A :class:`~cobra.core.Model` object

    reaction: A :class:`~cobra.core.Reaction` object


    flux_coefficient_cutoff:  Float.  The minimum flux that reaction must carry to
    be considered active.

    returns: True if the model can produce the precursors and absorb the products
    for the reaction operating at, or above, flux_coefficient_cutoff.  Otherwise,
    a dictionary of {'precursor': Status, 'product': Status}.  Where Status is the
    results from assess_precursors and assess_products,
    respectively.

    """
    reaction = model.reactions.get_by_id(reaction.id)
    model.optimize(new_objective={reaction: 1})
    if model.solution.f >= flux_coefficient_cutoff:
        return(True)
    else:
        results = {}
        results['precursors'] = assess_precursors(model, reaction, flux_coefficient_cutoff)
        results['products'] = assess_products(model, reaction, flux_coefficient_cutoff)
        return(results)


[docs]def assess_precursors(model, reaction,  flux_coefficient_cutoff=0.001):
    """Assesses the ability of the model to provide sufficient precursors for
    a reaction operating at, or beyond, the specified cutoff.

    model: A :class:`~cobra.core.Model` object

    reaction: A :class:`~cobra.core.Reaction` object


    flux_coefficient_cutoff:  Float.  The minimum flux that reaction must carry to
    be considered active.

    returns: True if  the precursors can be simultaneously produced at the specified cutoff.  False, if the model has
    the capacity to produce each individual precursor at the specified threshold  but not all precursors at the
    required level simultaneously.   Otherwise a dictionary of the required and the produced
    fluxes for each reactant that is not produced in sufficient quantities.
    
    """
    model = model.copy()
    reaction = model.reactions.get_by_id(reaction.id)
    model.optimize(new_objective={reaction: 1})
    if model.solution.f >= flux_coefficient_cutoff:
        return(True)
    #
    simulation_results = {}
    #build the sink reactions and add all at once
    sink_reactions = {}
    for the_component in reaction.get_reactants():
        #add in a sink reaction for each component
        sink_reaction = Reaction('test_sink_%s'%the_component.id)
        #then simulate production ability
        #then check it can exceed objective cutoff * component stoichiometric
        #coefficient.
        coefficient = reaction.get_coefficient(the_component) 
        sink_reaction.add_metabolites({the_component: coefficient})
        sink_reaction.upper_bound = 1000
        sink_reactions[sink_reaction] = (the_component, coefficient)
    #First assess whether all precursors can pbe produced simultaneously
    super_sink = Reaction("super_sink")
    for reaction in sink_reactions:
        super_sink += reaction
    super_sink.id = 'super_sink'
    model.add_reactions(sink_reactions.keys() + [super_sink])
    model.optimize(new_objective=super_sink)
    if flux_coefficient_cutoff <= model.solution.f:
        return(True)

    #Otherwise assess the ability of the model to produce each precursor individually.
    #Now assess the ability of the model to produce each reactant for a reaction
    for sink_reaction, (component, coefficient) in sink_reactions.iteritems():
        model.optimize(new_objective=sink_reaction) #Calculate the maximum amount of the
        #metabolite that can be produced.
        if flux_coefficient_cutoff > model.solution.f:
            #Scale the results to a single unit
            simulation_results.update({component:{'required':flux_coefficient_cutoff/abs(coefficient),
                                                  'produced':model.solution.f/abs(coefficient)}})
    if len(simulation_results) == 0:
        simulation_results = False
    return(simulation_results)


[docs]def assess_products(model, reaction, flux_coefficient_cutoff=0.001):
    """Assesses whether the model has the capacity to absorb the products of a reaction
    at a given flux rate.  Useful for identifying which components might be blocking
    a reaction from achieving a specific flux rate.

    model: A :class:`~cobra.core.Model` object

    reaction: A :class:`~cobra.core.Reaction` object

    flux_coefficient_cutoff:  Float.  The minimum flux that reaction must carry to
    be considered active.

    returns: True if the model has the capacity to absorb all the reaction products being
    simultaneously given the specified cutoff.   False, if the model has
    the capacity to absorb each individual product but not all products at the
    required level simultaneously.   Otherwise a dictionary of the required and the
    capacity fluxes for each product that is not absorbed in sufficient quantities.

    
    """
    model = model.copy()
    reaction = model.reactions.get_by_id(reaction.id)
    model.optimize(new_objective={reaction: 1})
    if model.solution.f >= flux_coefficient_cutoff:
        return(True)
    #
    simulation_results = {}
    #build the sink reactions and add all at once
    source_reactions = {}
    for the_component in reaction.get_products():
        #add in a sink reaction for each component
        source_reaction = Reaction('test_source_%s'%the_component.id)
        #then simulate production ability
        #then check it can exceed objective cutoff * component stoichiometric
        #coefficient.
        coefficient = reaction.get_coefficient(the_component) 
        source_reaction.add_metabolites({the_component: coefficient})
        source_reaction.upper_bound = 1000
        source_reactions[source_reaction] = (the_component, coefficient)
    #
    super_source = Reaction('super_source')
    for reaction in source_reactions:
            super_source += reaction
    super_source.id = 'super_source'
    model.add_reactions(source_reactions.keys() + [super_source])
    model.optimize(new_objective=super_source)
    if flux_coefficient_cutoff <= model.solution.f:
        return(True)

    #Now assess the ability of the model to produce each reactant for a reaction
    for source_reaction, (component, coefficient) in source_reactions.iteritems():
        model.optimize(new_objective=source_reaction) #Calculate the maximum amount of the
        #metabolite that can be produced.
        if flux_coefficient_cutoff > model.solution.f:
            #Scale the results to a single unit
            simulation_results.update({component:{'required':flux_coefficient_cutoff/abs(coefficient),
                                                  'capacity':model.solution.f/abs(coefficient)}})
    if len(simulation_results) == 0:
        simulation_results = False
    return(simulation_results)
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  Source code for cobra.flux_analysis.phenotype_phase_plane

from numpy import linspace, zeros, array, meshgrid, abs, empty, arange, \
    int32, unravel_index
from multiprocessing import Pool

from ..solvers import solver_dict, get_solver_name

# attempt to import plotting libraries
try:
    from matplotlib import pyplot
    from mpl_toolkits.mplot3d import axes3d
except ImportError:
    pyplot = None
    axes3d = None
mlab = None  # mayavi may crash python
try:  # for prettier colors
    from brewer2mpl import get_map
except:
    get_map = None


[docs]class phenotypePhasePlaneData:
    """class to hold results of a phenotype phase plane analysis"""
    def __init__(self,
                 reaction1_name, reaction2_name,
                 reaction1_range_max, reaction2_range_max,
                 reaction1_npoints, reaction2_npoints):
        self.reaction1_name = reaction1_name
        self.reaction2_name = reaction2_name
        self.reaction1_range_max = reaction1_range_max
        self.reaction2_range_max = reaction2_range_max
        self.reaction1_npoints = reaction1_npoints
        self.reaction2_npoints = reaction2_npoints
        self.reaction1_fluxes = linspace(0, reaction1_range_max,
                                         reaction1_npoints)
        self.reaction2_fluxes = linspace(0, reaction2_range_max,
                                         reaction2_npoints)
        self.growth_rates = zeros((reaction1_npoints, reaction2_npoints))
        self.shadow_prices1 = zeros((reaction1_npoints, reaction2_npoints))
        self.shadow_prices2 = zeros((reaction1_npoints, reaction2_npoints))
        self.segments = zeros(self.growth_rates.shape, dtype=int32)
        self.phases = []

[docs]    def plot(self):
        """plot the phenotype phase plane in 3D using any available backend"""
        if pyplot is not None:
            self.plot_matplotlib()
        elif mlab is not None:
            self.plot_mayavi()
        else:
            raise ImportError("No suitable 3D plotting package found")


[docs]    def plot_matplotlib(self, theme="Paired", scale_grid=False):
        """Use matplotlib to plot a phenotype phase plane in 3D.

        theme: color theme to use (requires brewer2mpl)

        returns: maptlotlib 3d subplot object"""
        if pyplot is None:
            raise ImportError("Error importing matplotlib 3D plotting")
        colors = empty(self.growth_rates.shape, dtype="|S7")
        n_segments = self.segments.max()
        # pick colors
        if get_map is None:
            color_list = ['#A6CEE3', '#1F78B4', '#B2DF8A', '#33A02C',
                          '#FB9A99', '#E31A1C', '#FDBF6F', '#FF7F00',
                          '#CAB2D6', '#6A3D9A', '#FFFF99', '#B15928']
        else:
            color_list = get_map(theme, 'Qualitative', n_segments).hex_colors
        if n_segments > len(color_list):
            from warnings import warn
            warn("not enough colors to color all detected phases")
        if n_segments > 0 and n_segments <= len(color_list):
            for i in range(n_segments):
                colors[self.segments == (i + 1)] = color_list[i]
        else:
            colors[:, :] = 'b'
        if scale_grid:
            # grid wires should not have more than ~20 points
            xgrid_scale = int(self.reaction1_npoints / 20)
            ygrid_scale = int(self.reaction2_npoints / 20)
        else:
            xgrid_scale, ygrid_scale = (1, 1)
        figure = pyplot.figure()
        xgrid, ygrid = meshgrid(self.reaction1_fluxes, self.reaction2_fluxes)
        axes = figure.add_subplot(111, projection="3d")
        xgrid = xgrid.transpose()
        ygrid = ygrid.transpose()
        axes.plot_surface(xgrid, ygrid, self.growth_rates, rstride=1,
                          cstride=1, facecolors=colors, linewidth=0,
                          antialiased=False)
        axes.plot_wireframe(xgrid, ygrid, self.growth_rates, color="black",
                            rstride=xgrid_scale, cstride=ygrid_scale)
        axes.set_xlabel(self.reaction1_name)
        axes.set_ylabel(self.reaction2_name)
        axes.set_zlabel("Growth rate")
        axes.view_init(elev=30, azim=-135)
        return axes


[docs]    def plot_mayavi(self):
        """Use mayavi to plot a phenotype phase plane in 3D.
        The resulting figure will be quick to interact with in real time,
        but might be difficult to save as a vector figure.
        returns: mlab figure object"""
        from mayavi import mlab
        figure = mlab.figure(bgcolor=(1, 1, 1), fgcolor=(0, 0, 0))
        figure.name = "Phenotype Phase Plane"
        max = 10.0
        xmax = self.reaction1_fluxes.max()
        ymax = self.reaction2_fluxes.max()
        zmax = self.growth_rates.max()
        xgrid, ygrid = meshgrid(self.reaction1_fluxes, self.reaction2_fluxes)
        xgrid = xgrid.transpose()
        ygrid = ygrid.transpose()
        xscale = max / xmax
        yscale = max / ymax
        zscale = max / zmax
        mlab.surf(xgrid * xscale, ygrid * yscale, self.growth_rates * zscale,
                  representation="wireframe", color=(0, 0, 0), figure=figure)
        mlab.mesh(xgrid * xscale, ygrid * yscale, self.growth_rates * zscale,
                  scalars=self.shadow_prices1 + self.shadow_prices2,
                  resolution=1, representation="surface", opacity=0.75,
                  figure=figure)
        # draw axes
        mlab.outline(extent=(0, max, 0, max, 0, max))
        mlab.axes(opacity=0, ranges=[0, xmax, 0, ymax, 0, zmax])
        mlab.xlabel(self.reaction1_name)
        mlab.ylabel(self.reaction2_name)
        mlab.zlabel("Growth rates")
        return figure


[docs]    def segment(self, threshold=0.01):
        """attempt to segment the data and identify the various phases"""
        self.segments *= 0
        # each entry in phases will consist of the following tuple
        # ((x, y), shadow_price1, shadow_price2)
        self.phases = []
        # initialize the area to be all False
        covered_area = (self.growth_rates * 0 == 1)
        # as long as part of the area has not been covered
        segment_id = 0
        while self.segments.min() == 0:
            segment_id += 1
            # i and j are indices for a current point which has not been
            # assigned a segment yet

            i, j = unravel_index(self.segments.argmin(), self.segments.shape)
            # update the segment id for any point with a similar shadow price
            # to the current point
            self.segments[
                (abs(self.shadow_prices1 - self.shadow_prices1[i, j])
                    < threshold) *
                (abs(self.shadow_prices2 - self.shadow_prices2[i, j])
                    < threshold)] += segment_id
            # add the current point as one of the phases
            self.phases.append((
                (self.reaction1_fluxes[i], self.reaction2_fluxes[j]),
                self.shadow_prices1[i, j], self.shadow_prices2[i, j]))




def _calculate_subset(arguments):
    """Calculate a subset of the phenotype phase plane data.
    Store each result tuple as:
    (i, j, growth_rate, shadow_price1, shadow_price2)"""

    model = arguments["model"]
    reaction1_fluxes = arguments["reaction1_fluxes"]
    reaction2_fluxes = arguments["reaction2_fluxes"]
    metabolite1_name = arguments["metabolite1_name"]
    metabolite2_name = arguments["metabolite2_name"]
    index1 = arguments["index1"]
    index2 = arguments["index2"]
    i_list = arguments["i_list"]
    j_list = arguments["j_list"]
    tolerance = arguments["tolerance"]
    solver = solver_dict[arguments["solver"]]

    results = []
    reaction1 = model.reactions[index1]
    reaction2 = model.reactions[index2]
    problem = solver.create_problem(model)
    solver.solve_problem(problem)
    for a, flux1 in enumerate(reaction1_fluxes):
        i = i_list[a]
        # flux is actually negative for uptake. Also some solvers require
        # float instead of numpy.float64
        flux1 = float(-1 * flux1)
        # change bounds on reaction 1
        solver.change_variable_bounds(problem, index1, flux1 - tolerance, flux1
                                      + tolerance)
        for b, flux2 in enumerate(reaction2_fluxes):
            j = j_list[b]
            flux2 = float(-1 * flux2)  # same story as flux1
            # change bounds on reaction 2
            solver.change_variable_bounds(problem, index2, flux2 - tolerance,
                                          flux2 + tolerance)
            # solve the problem and save results
            solver.solve_problem(problem)
            solution = solver.format_solution(problem, model)
            if solution is not None and solution.status == "optimal":
                results.append((i, j, solution.f,
                                solution.y_dict[metabolite1_name],
                                solution.y_dict[metabolite2_name]))
            else:
                results.append((i, j, 0, 0, 0))
            # reset reaction 2 bounds
            solver.change_variable_bounds(problem, index2,
                                          float(reaction2.lower_bound),
                                          float(reaction2.upper_bound))
        # reset reaction 1 bounds
        solver.change_variable_bounds(problem, index1,
                                      float(reaction1.lower_bound),
                                      float(reaction1.upper_bound))
    return results


[docs]def calculate_phenotype_phase_plane(
        model, reaction1_name, reaction2_name,
        reaction1_range_max=20, reaction2_range_max=20,
        reaction1_npoints=50, reaction2_npoints=50,
        solver=None, n_processes=1, tolerance=1e-6):
    """calculates the growth rates while varying the uptake rates for two
    reactions.

    returns: an object containing the growth rates for the uptake rates.
    To plot the result, call the plot function of the returned object.

    Example:
    data = calculate_phenotype_phase_plane(my_model, "EX_foo", "EX_bar")
    data.plot()
    """
    if solver is None:
        solver = get_solver_name()
    data = phenotypePhasePlaneData(
        str(reaction1_name), str(reaction2_name),
        reaction1_range_max, reaction2_range_max,
        reaction1_npoints, reaction2_npoints)
    # find the objects for the reactions and metabolites
    index1 = model.reactions.index(
        model.reactions.get_by_id(data.reaction1_name))
    index2 = model.reactions.index(
        model.reactions.get_by_id(data.reaction2_name))
    metabolite1_name = \
        str(model.reactions.get_by_id(reaction1_name)._metabolites.keys()[0])
    metabolite2_name = \
        str(model.reactions.get_by_id(reaction2_name)._metabolites.keys()[0])
    if n_processes > reaction1_npoints:  # limit the number of processes
        n_processes = reaction1_npoints
    range_add = reaction1_npoints / n_processes
    # prepare the list of arguments for each _calculate_subset call
    arguments_list = []
    i = arange(reaction1_npoints)
    j = arange(reaction2_npoints)
    for n in range(n_processes):
        start = n * range_add
        if n != n_processes - 1:
            r1_range = data.reaction1_fluxes[start:start + range_add]
            i_list = i[start:start + range_add]
        else:
            r1_range = data.reaction1_fluxes[start:]
            i_list = i[start:]
        arguments_list.append({
            "model": model,
            "index1": index1, "index2": index2,
            "metabolite1_name": metabolite1_name,
            "metabolite2_name": metabolite2_name,
            "reaction1_fluxes": r1_range,
            "reaction2_fluxes": data.reaction2_fluxes.copy(),
            "i_list": i_list, "j_list": j.copy(),
            "tolerance": tolerance, "solver": solver})
    if n_processes > 1:
        p = Pool(n_processes)
        results = list(p.map(_calculate_subset, arguments_list))
    else:
        results = [_calculate_subset(arguments_list[0])]
    for result_list in results:
        for result in result_list:
            i = result[0]
            j = result[1]
            data.growth_rates[i, j] = result[2]
            data.shadow_prices1[i, j] = result[3]
            data.shadow_prices2[i, j] = result[4]
    data.segment()
    return data
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  Source code for cobra.flux_analysis.parsimonious

from ..manipulation import modify


[docs]def optimize_minimal_flux(model, already_irreversible=False,
                          **optimize_kwargs):
    """Perform basic pFBA (parsimonius FBA) and minimize total flux.

    The function attempts to act as a drop-in replacement for optimize. It
    will make the reaction reversible and perform an optimization, then
    force the objective value to remain the same and minimize the total
    flux. Finally, it will convert the reaction back to the irreversible
    form it was in before. See http://dx.doi.org/10.1038/msb.2010.47

    model : :class:`~cobra.core.Model` object

    already_irreversible : bool, optional
        By default, the model is converted to an irreversible one.
        However, if the model is already irreversible, this step can be
        skipped.

    """
    if "new_objective" in optimize_kwargs:
        raise ValueError("Use objective coefficients, not new_objective")
    if not already_irreversible:
        modify.convert_to_irreversible(model)
    model.optimize(**optimize_kwargs)
    # if the problem is infeasible
    if model.solution.f is None:
        raise Exception("model could not be solved")
    old_f = model.solution.f
    old_objective_coefficients = {}
    old_lower_bounds = {}
    old_upper_bounds = {}
    for reaction in model.reactions:
        # if the reaction has a nonzero objective coefficient, then
        # the same flux should be maintained through that reaction
        if reaction.objective_coefficient != 0:
            old_objective_coefficients[reaction] = \
                reaction.objective_coefficient
            old_lower_bounds[reaction] = reaction.lower_bound
            old_upper_bounds[reaction] = reaction.upper_bound
            x = model.solution.x_dict[reaction.id]
            reaction.lower_bound = x
            reaction.upper_bound = x
            reaction.objective_coefficient = 0
        else:
            reaction.objective_coefficient = 1
    # set to minimize flux
    optimize_kwargs["objective_sense"] = "minimize"
    model.optimize(**optimize_kwargs)
    # make the model back the way it was
    for reaction in model.reactions:
        if reaction in old_objective_coefficients:
            reaction.objective_coefficient = \
                old_objective_coefficients[reaction]
            reaction.lower_bound = old_lower_bounds[reaction]
            reaction.upper_bound = old_upper_bounds[reaction]
        else:
            reaction.objective_coefficient = 0
    # if the minimization problem was successful
    if model.solution.f is not None:
        model.solution.f = old_f
    if not already_irreversible:
        modify.revert_to_reversible(model)
    return model.solution






          

      

      

    


    
        © Copyright 2014, Daniel Robert Hyduke and Ali Ebrahim.
      Created using Sphinx 1.3.1.
    

  

_modules/cobra/flux_analysis/objective.html


    
      Navigation


      
        		
          index


        		
          modules |


        		cobra 0.3.2 documentation »


          		Module code »

 
      


    


    
      
          
            
  Source code for cobra.flux_analysis.objective

from warnings import warn
warn("cobra.flux_analysis.objective is deprecated.")

#cobra.flux_analysis.objective.py
#functions for analyzing / creating objective functions
from ..core.Reaction import Reaction
from ..manipulation import initialize_growth_medium
import sys
if hasattr(sys, 'maxsize') and sys.maxsize > 2**32:
    try:
        from numpy import int64, int32
    except:
        int32 = int64 = int
else:
    int32 = int
    int64 = int


    
[docs]def assess_objective(model, objective=None,
                      objective_cutoff=0.001, growth_medium=None):
    """DEPRECATED
    """
    from warnings import warn
    warn("cobra.flux_analysis.objective.assess_objective is deprecated.  " +\
         "Please use cobra.flux_analysis.reaction.assess instead")
    return(False)
    
    
 


[docs]def update_objective(cobra_model, the_objectives):
    """Revised to take advantage of the new Reaction classes.

    cobra_model:  A cobra.Model

    the_objectives: A list or a dictionary.  If a list then
    a list of reactions for which the coefficient in the
    linear objective is set as 1.  If a dictionary then the
    key is the reaction and the value is the linear coefficient
    for the respective reaction.

    """
    return cobra_model.change_objective(the_objectives)
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  Source code for cobra.flux_analysis.deletion_worker

from multiprocessing import Queue, Process, cpu_count

from ..solvers import get_solver_name, solver_dict
from ..external.six import iteritems


[docs]def compute_fba_deletion_worker(cobra_model, solver, job_queue, output_queue,
                                **kwargs):
    solver = solver_dict[get_solver_name() if solver is None else solver]
    lp = solver.create_problem(cobra_model)
    solver_args = kwargs
    solver.solve_problem(lp)
    while True:
        indexes, label = job_queue.get()
        label = indexes if label is None else label
        result = compute_fba_deletion(lp, solver, cobra_model, indexes,
                                      **solver_args)
        output_queue.put((label, result))



[docs]def compute_fba_deletion(lp, solver_object, model, indexes, **kwargs):
    s = solver_object
    old_bounds = {}
    for i in indexes:
        reaction = model.reactions[i]
        old_bounds[i] = (reaction.lower_bound, reaction.upper_bound)
        s.change_variable_bounds(lp, i, 0., 0.)
    try:
        s.solve_problem(lp, **kwargs)
    except Exception as e:
        return RuntimeError("solver failure when deleting %s: %s" %
                                (str(indexes), repr(e)))
    status = s.get_status(lp)
    objective = s.get_objective_value(lp) if status == "optimal" else 0.

    # reset the problem, which must be done after reading the solution
    for index, bounds in iteritems(old_bounds):
        s.change_variable_bounds(lp, index, bounds[0], bounds[1])

    if status == "infeasible" or status == "optimal":
        return objective
    else:
        return RuntimeError("solver failure (status %s) for when deleting %s" %
                            (status, str(indexes)))



[docs]class CobraDeletionPool(object):
    """A pool of workers for solving deletions

    submit jobs to the pool using submit and recieve results using receive_all
    """
    # Having an existing basis makes solving an existing LP much faster. The
    # most efficient approach is to have a worker function which modifies an LP
    # object and reverts it back after each calculation. Each lp object stores
    # the basis so subsequent LP's are solved more quickely, and memory does
    # not need to be re-allocated each time to create a new problem. Because
    # state is being saved, the workers in the deletion pool are careful about
    # reverting the object after simulating a deletion, and are written to be
    # flexible enough so they can be used in most applications instead of
    # writing a custom worker each time.
    def __init__(self, cobra_model, n_processes=None, solver=None, **kwargs):
        if n_processes is None:
            n_processes = min(cpu_count(), 4)
        # start queues
        self.job_queue = Queue()  # format is (indexes, job_label)
        self.n_submitted = 0
        self.n_complete = 0
        self.output_queue = Queue()  # format is (job_label, growth_rate)
        # start processes
        self.processes = []
        for i in range(n_processes):
            p = Process(target=compute_fba_deletion_worker,
                        args=[cobra_model, solver,
                              self.job_queue, self.output_queue],
                        kwargs=kwargs)
            self.processes.append(p)

[docs]    def start(self):
        for p in self.processes:
            p.start()


[docs]    def terminate(self):
        for p in self.processes:
            p.terminate()


    def __enter__(self):
        self.start()
        return self

    def __exit__(self, exc_type, exc_val, exc_tb):
        self.terminate()

[docs]    def submit(self, indexes, label=None):
        self.job_queue.put((indexes, label))
        self.n_submitted += 1


[docs]    def receive_one(self):
        """This function blocks"""
        self.n_complete += 1
        result = self.output_queue.get()
        if isinstance(result[1], Exception):
            raise result[1]
        return result


[docs]    def receive_all(self):
        while self.n_complete < self.n_submitted:
            self.n_complete += 1
            result = self.output_queue.get()
            if isinstance(result[1], Exception):
                raise result[1]
            yield result


    @property
    def pids(self):
        return [p.pid for p in self.processes]

    def __del__(self):
        for process in self.processes:
            process.terminate()
            process.join()



[docs]class CobraDeletionMockPool(object):
    """Mock pool solves LP's in the same process"""
    def __init__(self, cobra_model, n_processes=1, solver=None, **kwargs):
        if n_processes != 1:
            from warnings import warn
            warn("Mock Pool does not do multiprocessing")
        self.job_queue = []
        self.solver_args = kwargs
        solver_name = get_solver_name() if solver is None else solver
        self.solver = solver_dict[solver_name]
        self.lp = self.solver.create_problem(cobra_model)
        self.solver.solve_problem(self.lp)
        self.model = cobra_model

[docs]    def submit(self, indexes, label=None):
        self.job_queue.append((indexes, label))


[docs]    def receive_one(self):
        indexes, label = self.job_queue.pop()
        result = compute_fba_deletion(self.lp, self.solver, self.model,
                                      indexes, **self.solver_args)
        if isinstance(result, Exception):
            raise result
        return (label, result)


[docs]    def receive_all(self):
        for i in range(len(self.job_queue)):
            indexes, label = self.job_queue.pop()
            result = compute_fba_deletion(self.lp, self.solver, self.model,
                                          indexes, **self.solver_args)
            if isinstance(result, Exception):
                raise result
            yield (label, result)


[docs]    def start(self):
        None


[docs]    def terminate(self):
        None


    def __enter__(self):
        return self

    def __exit__(self, exc_type, exc_val, exc_tb):
        None
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  Source code for cobra.flux_analysis.single_deletion

from time import time
from warnings import warn
from copy import deepcopy

from ..external.six import string_types, iteritems

from ..manipulation import delete_model_genes, undelete_model_genes
from ..manipulation.delete import find_gene_knockout_reactions
from ..solvers import solver_dict, get_solver_name


nan = float('nan')


try:
    from .moma import moma
except Exception as e:
    def moma(**kwargs):
        warn("moma is currently not functional")


[docs]def single_deletion(cobra_model, element_list=None,
                    method='fba', element_type='gene', solver=None):
    """Wrapper for single_gene_deletion and the single_reaction_deletion
    functions

    
    cobra_model: a cobra.Model object

    element_list: Is None or a list of elements (genes or reactions) to
    delete.

    method: 'fba' or 'moma'

    the_problem: Is None, 'return', or an LP model object for the solver.

    element_type: 'gene' or 'reaction'

    solver: 'glpk', 'gurobi', or 'cplex'.

    error_reporting: None or True to disable or enable printing errors encountered
    when trying to find the optimal solution.

    discard_problems: Boolean.  If True do not save problems.  This will
    help with memory issues related to gurobi.
    .. warning:: This is deprecated.

    Returns a list of dictionaries: growth_rate_dict, solution_status_dict,
    problem_dict where the key corresponds to each element in element_list.

    """
    if solver is None:
        solver = get_solver_name() if method == "fba" else get_solver_name(qp=True)
    # fast versions of functions
    if method == "fba":
        if element_type == "gene":
            return single_gene_deletion_fba(cobra_model, element_list,
                                             solver=solver)
        elif element_type == "reaction":
            return single_reaction_deletion_fba(cobra_model, element_list,
                                                 solver=solver)
    if element_type == 'gene':
        the_solution = single_gene_deletion(cobra_model, element_list,
                                    method=method, solver=solver)

    else:
        the_solution = single_reaction_deletion(cobra_model, element_list,
                                        method=method, solver=solver)
    return the_solution



[docs]def single_reaction_deletion_fba(cobra_model, reaction_list=None, solver=None):
    solver = solver_dict[get_solver_name() if solver is None else solver]
    lp = solver.create_problem(cobra_model)
    growth_rate_dict = {}
    status_dict = {}
    if reaction_list is None:
        reaction_list = cobra_model.reactions
    else:
        reaction_list = [cobra_model.reactions.get_by_id(i) \
                         if isinstance(i, string_types) else i \
                         for i in reaction_list]
    for reaction in reaction_list:
        old_bounds = (reaction.lower_bound, reaction.upper_bound)
        index = cobra_model.reactions.index(reaction)
        solver.change_variable_bounds(lp, index, 0., 0.)
        solver.solve_problem(lp)
        status = solver.get_status(lp)
        status_dict[reaction.id] = status
        growth_rate_dict[reaction.id] = solver.get_objective_value(lp) if status == "optimal" else 0.
        # reset the problem
        solver.change_variable_bounds(lp, index, old_bounds[0], old_bounds[1])
    return(growth_rate_dict, status_dict)


[docs]def single_gene_deletion_fba(cobra_model, gene_list=None, solver=None):
    solver = solver_dict[get_solver_name() if solver is None else solver]
    lp = solver.create_problem(cobra_model)
    growth_rate_dict = {}
    status_dict = {}
    if gene_list is None:
        gene_list = cobra_model.genes
    else:
        gene_list = [cobra_model.genes.get_by_id(i) \
                     if isinstance(i, string_types) else i for i in gene_list]
    for gene in gene_list:
        old_bounds = {}
        for reaction in find_gene_knockout_reactions(cobra_model, [gene]):
            index = cobra_model.reactions.index(reaction)
            old_bounds[index] = (reaction.lower_bound, reaction.upper_bound)
            solver.change_variable_bounds(lp, index, 0., 0.)
        solver.solve_problem(lp)
        status = solver.get_status(lp)
        status_dict[gene.id] = status
        growth_rate_dict[gene.id] = solver.get_objective_value(lp)# if status == "optimal" else 0.
        # reset the problem
        for index, bounds in iteritems(old_bounds):
            solver.change_variable_bounds(lp, index, bounds[0], bounds[1])
    return(growth_rate_dict, status_dict)


[docs]def single_reaction_deletion(cobra_model, element_list=None,
                             method='fba', the_problem='return',
                             solver=None, error_reporting=None,
                             discard_problems=True):
    """Performs optimization simulations to realize the objective defined
    from cobra_model.reactions[:].objective_coefficients after deleting each reaction
    from the model.
    
    cobra_model: a cobra.Model object

    element_list: Is None or a list of cobra.Reactions in cobra_model to disable.
    If None then disable each reaction in cobra_model.reactions and optimize for the
    objective function defined from cobra_model.reactions[:].objective_coefficients.

    method: 'fba' is the only option at the moment.

    the_problem: Is None, 'reuse', or an LP model object for the solver.

    solver: 'glpk', 'gurobi', or 'cplex'.

    discard_problems: Boolean.  If True do not save problems.  This will
    help with memory issues related to gurobi.
    
    Returns a list of dictionaries: growth_rate_dict, solution_status_dict,
    problem_dict where the key corresponds to each reaction in reaction_list.

    """
    if solver is None:
        solver = get_solver_name() if method == "fba" else get_solver_name(qp=True)
    #element_list so we can merge single_reaction_deletion and single_gene_deletion

    wt_model = cobra_model.copy() #Original wild-type (wt) model.
    wt_model.id = 'Wild-Type'
    #MOMA constructs combined quadratic models thus we cannot reuse a model
    #generated by the cobra_model.optimize call
    if method.lower() == 'moma':
        the_problem = 'return'
        mutant_model = wt_model.copy() #Need a second model for moma
    else:
        mutant_model = cobra_model
    discard_problems = False
    if the_problem:
        the_problem = 'return'
        discard_problems = True
    the_problem = wt_model.optimize(the_problem=the_problem, solver=solver,
                                       error_reporting=error_reporting)
    wt_f = wt_model.solution.f
    wt_status = wt_model.solution.status
    wt_x = deepcopy(wt_model.solution.x)
    wt_x_dict = deepcopy(wt_model.solution.x_dict)

    wt_problem = the_problem
    if element_list is None:
        element_list = mutant_model.reactions
    elif not hasattr(element_list[0], 'id'):
        element_list = map(mutant_model.reactions.get_by_id, element_list)
    else:
        if mutant_model is not cobra_model:
            element_list = [x.id for x in element_list]
            element_list = map(mutant_model.genes.get_by_id, element_list)

    growth_rate_dict = {}
    solution_status_dict = {}
    problem_dict = {}
    combined_model = None
    for the_element in element_list:
        #delete the gene
        #if the deletion alters the bounds then run simulation
        old_lower_bound, old_upper_bound = map(float, [the_element.lower_bound,
                                                       the_element.upper_bound])
        mutant_model.id = the_element.id
        if old_lower_bound != 0 or old_upper_bound != 0:
            the_element.lower_bound = 0
            the_element.upper_bound = 0
            if method.lower() == 'fba':
                the_problem = mutant_model.optimize(the_problem=wt_problem,
                                                    solver=solver,
                                                    error_reporting=error_reporting)
                growth_rate_dict[the_element] = mutant_model.solution.f
                solution_status_dict[the_element] = mutant_model.solution.status
            elif method.lower() == 'moma':
                try:
                    #TODO: Need to figure out why reusing the problem and the combined_model do not
                    #speed things up here.
                    moma_solution = moma(wt_model, mutant_model, solver=solver, the_problem=the_problem,
                                         combined_model=combined_model)
                    the_problem = moma_solution.pop('the_problem')
                    growth_rate_dict[the_element] = float(moma_solution.pop('objective_value'))
                    solution_status_dict[the_element] = moma_solution.pop('status')
                    combined_model = moma_solution.pop('combined_model')
                except:
                    growth_rate_dict[the_element] = nan
                    the_problem = None
                    solution_status_dict[the_element] = 'failed'

            if discard_problems:
                problem_dict[the_element] = 'discarded'
            else:
                problem_dict[the_element] = the_problem
            if not the_problem:
                the_problem = wt_problem
            #reset the model
            the_element.lower_bound = old_lower_bound
            the_element.upper_bound = old_upper_bound
        #else just use the wt_f and x
        else:
            if discard_problems:
                problem_dict[the_element] = 'discarded'
            else:
                problem_dict[the_element] = wt_problem
            growth_rate_dict[the_element] = wt_f
            solution_status_dict[the_element] = wt_status
    
    
    return(growth_rate_dict, solution_status_dict, problem_dict)


[docs]def single_gene_deletion(cobra_model, element_list=None,
                         method='fba', the_problem='reuse', solver=None,
                         error_reporting=None):
    """Performs optimization simulations to realize the objective defined
    from cobra_model.reactions[:].objective_coefficients after deleting each gene in
    gene_list from the model.
    
    cobra_model: a cobra.Model object

    element_list: Is None or a list of genes to delete.  If None then
    disable each reaction associated with each gene in cobra_model.genes.

    method: 'fba' or 'moma'

    the_problem: Is None or 'reuse'.

    solver: 'glpk', 'gurobi', or 'cplex'.

    Returns a list of dictionaries: growth_rate_dict, solution_status_dict,
    problem_dict where the key corresponds to each reaction in reaction_list.

    TODO: Add in a section that allows copying and collection of problem for
    debugging purposes.

    """
    if solver is None:
        solver = get_solver_name() if method == "fba" else get_solver_name(qp=True)
    wt_model = cobra_model.copy() #Original wild-type (wt) model.
    wt_model.id = 'Wild-Type'
    #MOMA constructs combined quadratic models thus we cannot reuse a model
    #generated by the cobra_model.optimize call
    if method.lower() == 'moma':
        the_problem = 'return'
        mutant_model = wt_model.copy() #Need a second model for moma
    else:
        mutant_model = cobra_model
    discard_problems = False
    if the_problem:
        the_problem = 'return'
        discard_problems = True

    solver_object = solver_dict[solver]
    the_problem = solver_object.create_problem(wt_model)
    solver_object.solve_problem(the_problem)
    solution = solver_object.format_solution(the_problem, wt_model)
    wt_f = solution.f
    wt_status = solution.status
    wt_x = deepcopy(solution.x)
    wt_x_dict = deepcopy(solution.x_dict)

    if element_list is None:
        element_list = mutant_model.genes
    elif not hasattr(element_list[0], 'id'):
        element_list = map(mutant_model.genes.get_by_id, element_list)
    else:
        if mutant_model is not cobra_model:
            element_list = [x.id for x in element_list]
            element_list = map(mutant_model.genes.get_by_id, element_list)
    wt_problem = the_problem

    growth_rate_dict = {}
    solution_status_dict = {}
    problem_dict = {}
    combined_model = None

    for the_element in element_list:
        #delete the gene
        #if the deletion alters the bounds then run simulation
        delete_model_genes(mutant_model, the_element)
        mutant_model.id = the_element.id
        if mutant_model._trimmed:
            if method.lower() == 'fba':
                the_problem = mutant_model.optimize(the_problem=wt_problem,
                                                    solver=solver,
                                                    error_reporting=error_reporting)
                growth_rate_dict[the_element.id] = mutant_model.solution.f
                solution_status_dict[the_element.id] = mutant_model.solution.status
            elif method.lower() == 'moma':
                try:
                    #TODO: Need to figure out why reusing the problem and the combined_model do not
                    #speed things up here.
                    moma_solution = moma(wt_model, mutant_model, solver=solver, the_problem=the_problem,
                                         combined_model=combined_model)
                    the_problem = moma_solution.pop('the_problem')
                    growth_rate_dict[the_element.id] = float(moma_solution.pop('objective_value'))
                    solution_status_dict[the_element.id] = moma_solution.pop('status')
                    combined_model = moma_solution.pop('combined_model')
                except:
                    growth_rate_dict[the_element.id] = nan
                    the_problem = None
                    solution_status_dict[the_element.id] = 'failed'

            if discard_problems:
                problem_dict[the_element.id] = 'discarded'
            else:
                problem_dict[the_element.id] = the_problem
            if not the_problem:
                the_problem = wt_problem
            #reset the model
            undelete_model_genes(mutant_model)
        #else just use the wt_f and x
        else:
            if discard_problems:
                problem_dict[the_element.id] = 'discarded'
            else:
                problem_dict[the_element.id] = wt_problem
            growth_rate_dict[the_element.id] = wt_f
            solution_status_dict[the_element.id] = wt_status
    
    
    return(growth_rate_dict, solution_status_dict, problem_dict)
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