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Gain a solid foundations level understanding of systems biology as a discipline that connects
genes, pathways and phenotypes through explicit models. Learn how to move from verbal
mechanisms to mathematical formalisms and simulatable models that support decision making in
research and development.

Systems Biology Foundations and
Formalisms
Help Desk · WhatsApp

S e s s i o n  I n d e x

Session 1 — Systems Thinking and Modeling Paradigms Session 2 — Mathematical Formulations

and Dynamics Session 3 — Network Structure, Feedback and Behavior Session 4 — Mini Capstone:

Build a Simple Systems Model
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Systems Thinking and Modeling Paradigms

What is systems biology and why modeling is needed

g e n e s  t o  p a t h w a y s  t o  p h e n o t y p e s  t o p  d o w n  v s

b o t t o m  u p  m e c h a n i s t i c  v s  d a t a  d r i v e n

Modeling paradigms in systems biology

l o g i c a l  a n d  r u l e  b a s e d  c o n s t r a i n t  b a s e d  d y n a m i c

k i n e t i c  m o d e l s
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Conceptual model building

s t o r y b o a r d s  a n d  c a u s a l  d i a g r a m s  s t a t e s  a n d  f l o w s

b o u n d a r y  a n d  s c o p e

S e s s i o n  2
F e e :  R s  1 1 8 0 0   Apply Now

Mathematical Formulations and Dynamics

From reactions to equations

m a s s  a c t i o n  k i n e t i c s  H i l l  a n d  M i c h a e l i s  M e n t e n  f o r m s

s t a t e  v a r i a b l e s  a n d  p a r a m e t e r s

Deterministic and stochastic formalisms

o r d i n a r y  d i f f e r e n t i a l  e q u a t i o n s  O D E  s t o c h a s t i c

d i f f e r e n t i a l  e q u a t i o n s  S D E  w h e n  n o i s e  m a t t e r s

Simulation ready formulations

i n i t i a l  c o n d i t i o n s  t i m e  s c a l e s  a n d  u n i t s  n u m e r i c a l

s o l v e r s  o v e r v i e w

S e s s i o n  3
F e e :  R s  1 4 8 0 0   Apply Now

Network Structure, Feedback and Behavior

From pathways to interaction networks

n o d e s  a n d  e d g e s  m o t i f s  a n d  m o d u l e s  f e e d b a c k  a n d

f e e d f o r w a r d  l o o p s

Qualitative system behavior

s t e a d y  s t a t e s  a n d  t r a n s i e n t s  s w i t c h e s  a n d

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

Introduction to model standards

S B M L  b a s i c s  S B G N  a n d  v i s u a l  m a p s  m o d e l
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r e p o s i t o r i e s  B i o M o d e l s
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Mini Capstone: Build a Simple Systems Model

Case study selection and problem framing

T h e o r y  p l u s  g u i d e d  p r a c t i c a l

Implement a small SBML model and run simulations

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

b a s i c  s e n s i t i v i t y  c h e c k s

Deliverables: model file, notebook and brief report

S B M L  m o d e l  P y t h o n  o r  R  n o t e b o o k  P D F  o r  H T M L

s u m m a r y
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