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What is COBRA?

• COBRA - COnstraint-based Reconstruction and Analysis

• Widely used approach for 

§ modelling genome-scale biochemical networks 

§ performing integrative analysis of omics data in a 

network context. 

• COBRA has developed rapidly in recent years
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Representation of a stoichiometric matrix 

with 2785 metabolites and 3820 reactions
(Human model Recon 1)



http://vmh.life
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The stoichiometric matrix

• Generally, a chemical equation is written as:
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• are stoichiometric coefficients

• is the reaction rate or metabolic flux (generally unknown)

• Steady-state mass balance:                , with being the stoichiometric matrix with

metabolites and      reactions:

productsreactants

a, b, c, d

v

S

• In this case,     is a            matrix (4 metabolites participate in 1 biochemical reaction)S



Why COBRA?

• We do not possess sufficiently detailed parameter data to precisely model an 

organism at genome-scale (in the biophysical sense) 

• COBRA methods may not provide a unique solution, but provide a reduced set 

guide biological hypothesis development
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• All COBRA predictions are derived from optimization problems of the form:



Flux balance analysis (FBA)
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Goal: determine a steady-state reaction rate of one biochemical reaction

based on mass balance (input = output)

Steady-state: choosing a coefficient vector and letting and         .

FBA is equivalent to solving the linear program (LP):

which yields a unique objective         , but multiple alternate optimal solutions      may exist. 



Determine the extremes for each reaction rate by: 

• choosing a coefficient vector

with 1 non-zero entry

• minimizing/maximizing

s.t. the additional constraint

Flux variability analysis (FVA)
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Exploration of the set of steady states relies on running FBA for many

• linear optimization problems

• embarrassingly parallel problem

E.coli core model (95 reactions, 75 metabolites)

Challenge: the biologically correct coefficient vector is usually not known.
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COBRA & Julia: large- and huge-scale modelling (1/2)
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DistributedFBA.jl

DistributedFBA.jl + HPC

fastFVA MEX - C



COBRA & Julia: large- and huge-scale modelling (2/2)
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• For kilo-scale models (n ~ 1000), FVA can be 
performed efficiently using existing methods:
§ FVA (The COBRA Toolbox)
§ fastFVA (The COBRA Toolbox)
§ COBRApy implementation

• Existing implementations perform best when 
using only 1 computing node with a few cores 

temporal limiting factor when 
exploring the steady state solution 
space of large- or huge-scale models.

MEX - C



DistributedFBA.jl – Features and implementation
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github.com/opencobra/COBRA.jl

✓ High-level, high-performance code 

✓ High-memory multi-nodal analysis 

✓ Registered package

✓ Well documented, maintained and tested package

✓ High coverage

✓ Tutorials (interactive notebooks)



DistributedFBA.jl - Overview
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Input: a .mat (HDF5) file with data of a COBRA model (.     structure)

Output: Minimum/maximum reaction rates for each reaction and corresponding flux vectors



DistributedFBA.jl – Distribution Mechanism
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Distribution of blocks of reactions to threads (workers):
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DistributedFBA.jl – Distribution strategies
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• Static distribution strategies:
§ : Blind splitting: default random distribution

§ : Extremal dense-and-sparse splitting

§ : Central dense-and-sparse splitting

• Dynamic distribution strategies may also be implemented



• Performance comparisons:
§ relative speedup to fastFVA [1]
§ distribution strategies
§ theoretical predictions – Amdahl’s Law

DistributedFBA.jl – Performance and Benchmarks
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DistributedFBA.jl – Benchmarks
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Uninodal speedup factor relative to fastFVA as a
function of threads and distribution strategy . s



Multi-nodal speedup in latency and Amdahl’s law (s = 0)

DistributedFBA.jl – Scalability

• Theoretical speedup factor given by Amdahl’s law , with threads.
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• The larger the model, the higher the parallelizable fraction 



Short how-to guide (1/4)

• Changing the COBRA solver
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• Load an existing COBRA model (using MAT.jl)



Short how-to guide (2/4)

• Perform flux balance analysis (FBA)
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Short how-to guide (3/4)

Perform flux variability analysis (FVA)

• Initialize the workers
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• Run flux variability analysis



Short how-to guide (4/4)
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• Flux balance analysis of distinct reactions

• Save results



Conclusions & Outlook (1/2)

• DistributedFBA.jl outperforms other implementations for large-scale models:
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✓ Scalability matches theoretical predictions

✓ Resources are optimally used

✓ Open-source

✓ Platform independent

✓ No node/thread limitations

• Timely analysis of large and huge-scale biochemical networks 

• Analysis possibilities in the COBRA community lifted to another level



Conclusions & Outlook (2/2)
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• Run distributedFBA.jl on COBRA models with >1 million reactions (HPC)

• Development of new solvers in Julia, especially for large and multi-scale models

• Increased functionality of COBRA.jl

• Collaborations welcome!

OptSys project
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