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Efficient Stochastic Model Simulation by Using Zassenhaus For-
mula Approximation and Kronecker Product Analysis MEHMET UMUT
CAGLAR, RANADIP PAL, Texas Tech University — Biological systems are inher-
ently stochastic such that they require the use of probabilistic models to understand
and simulate their behaviors. However, stochastic models are extremely complex and
computationally expensive which restricts their application to smaller order systems.
Probabilistic modeling of larger systems can help to recognize the underlying mech-
anisms of complex diseases, including cancer. The fine-scale stochastic behavior of
genetic regulatory networks is often modeled using stochastic master equations. The
inherently high computational complexity of the stochastic master equation simula-
tion presents a challenge in its application to biological system modeling even when
the model parameters can be properly estimated. In this article, we present a new
approach to stochastic model simulation based on Kronecker product analysis and
approximation of Zassenhaus formula for matrix exponentials. Simulation results
illustrate the comparative performance of our modeling approach to stochastic mas-
ter equations with significantly lower computational complexity. We also provide
a stochastic upper bound on the deviation of the steady state distribution of our
model from the steady state distribution of the stochastic master equation.
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