
OBJECTIVE AND PLAN

Improve ESS performance, by parallelizing Gillespie’s algorithms 
based on parallel discrete event simulation techniques. 

Treat the systems as a stochastic process with discrete variables 
that represent the populations, not concentrations, of chemical 
species.

Identify performance bottlenecks and areas for improvements

Show a significant performance improvement over a sequential 
simulation
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ABSTRACT
The applicability of computer modeling to whole-cell and multi-cell 
biochemical models is limited by the accuracy and efficiency of the 
simulation tools used to model gene regulatory networks. It is widely 
accepted that exact stochastic simulation algorithms, originally
developed by Gillespie, accurately depict the time-evolution of a spatially 
homogeneous biochemical model, but these algorithms are often 
abandoned by modelers because their execution time can be on the
order of days to months. This work improves the performance of exact 
stochastic simulation algorithms by developing parallel implementations 
and measuring their performance for a wide variety of models and
emerging computer architectures such as SGI Altix and Cray X1.
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Implementing the concepts proposed in the above 
document will hopefully show a significant 
performance improvement over using a sequential 
simulation algorithm. This work will also hopefully 
serve as another major step in increasing the 
applicability of exact stochastic simulation to 
biochemical system modeling. 

CONCLUSION:

Gillespie’s First Reaction Algorithm

1. Initialize M chemical reactions and kinetic 
constants

2. Initialize current time
3. Calculate propensity for each reaction
4. Generate time for each reaction
5. Select reaction with minimal time
6. Execute the selected reaction
7. Update concentrations of molecular species
8. Update time and go to Step 4

Adaptive vs. Direct Method Performance And Next

Direct Next Adaptive


