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Master dynamic modeling of biochemical reactions using deterministic (ODE) and stochastic
(SDE) formalisms. This module covers reaction system formulation, mass-action and Hill
kinetics, numerical solvers, stability and bifurcation analysis, noise-driven systems, and
simulation workflows using Python (SciPy), R (deSolve), COPASI, and Tellurium/RoadRunner.
By the end, you will generate reproducible simulation notebooks, visualize trajectory behavior,
and interpret dynamical signatures (steady states, oscillations, switching).
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S e s s i o n  I n d e x

Session 1 — Reaction Systems, Kinetics & ODE Setup Session 2 — Numerical Solvers, Stiffness &

Stability Session 3 — Stochastic Modeling (SDE) & Noise Session 4 — Mini Capstone: Full

Dynamical Model Build
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Reaction Systems, Kinetics & ODE Setup

Reaction networks & kinetic laws

m a s s - a c t i o n  M i c h a e l i s – M e n t e n  H i l l  k i n e t i c s

Converting reactions to ODEs

s t o i c h i o m e t r y  m a t r i c e s  s t a t e  v a r i a b l e s  r a t e  l a w s

Dynamic Modeling of Biochemical Systems (ODE/SDE) —
Hands-on
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Toolchain overview

P y t h o n  S c i P y  R  d e S o l v e  C O P A S I  /  T e l l u r i u m
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Numerical Solvers, Stiffness & Stability

Solvers & integration methods

E u l e r  /  R K 4  L S O D A  /  C V O D E  a d a p t i v e  s o l v e r s

Stiffness & model behavior

t i m e s c a l e  s e p a r a t i o n  n u m e r i c a l  i n s t a b i l i t y  s o l v e r

t r o u b l e s h o o t i n g

Stability & phase-plane analysis

J a c o b i a n  &  e i g e n v a l u e s  s t e a d y  s t a t e s  o s c i l l a t i o n s

S e s s i o n  3
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Stochastic Modeling (SDE) & Noise

Sources & types of stochasticity

i n t r i n s i c  n o i s e  e x t r i n s i c  n o i s e  b i o l o g i c a l  v a r i a b i l i t y

SDE models & simulation

L a n g e v i n  e q u a t i o n s  E u l e r – M a r u y a m a  n o i s e  t e r m s  &

v a r i a n c e

Tools for stochastic simulation

T e l l u r i u m  S t o c h P y  P y t h o n  S D E  l i b r a r i e s  C O P A S I

s t o c h a s t i c  m o d e
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Mini Capstone: Full Dynamical Model Build

Build a complete ODE/SDE model for a biological pathway

T h e o r y  +  P r a c t i c a l

Simulation, visualization & interpretation

t r a j e c t o r i e s  &  p h a s e - p l o t s  s t e a d y  s t a t e s  &

o s c i l l a t i o n s  n o i s e  c o m p a r i s o n

Deliverables

P D F / H T M L  r e p o r t  P y t h o n / R  n o t e b o o k

e n v i r o n m e n t . y m l  /  r e q u i r e m e n t s . t x t
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