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Explore how control theory concepts such as feedback, stability and robustness apply to
biological pathways and regulatory circuits. This module develops intuition for negative and
positive feedback, homeostasis, disturbance rejection and simple control strategies, with
applications to signaling, metabolism and physiological regulation.
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S e s s i o n  I n d e x

Session 1 — Feedback, Homeostasis & Control Intuition Session 2 — Stability, Gain & Dynamic

Responses Session 3 — Control Strategies in Biological Circuits Session 4 — Mini Capstone:

Control Aware Pathway Analysis

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

Feedback, Homeostasis & Control Intuition

Feedback loops in biology and engineering analogy

n e g a t i v e  v s  p o s i t i v e  f e e d b a c k  s e t  p o i n t s  a n d

c o n t r o l l e d  v a r i a b l e s  e x a m p l e s  f r o m  p h y s i o l o g y  a n d

p a t h w a y s

Homeostasis and disturbance handling

i n p u t ,  o u t p u t  a n d  d i s t u r b a n c e  v i e w  b u f f e r i n g  a n d

a d a p t a t i o n  i d e a s  r o b u s t n e s s  v s  f r a g i l i t y  i n t u i t i o n

Block diagrams and simple loop sketches
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c o n t r o l l e r ,  p l a n t  a n d  s e n s o r  c o n c e p t s  f e e d b a c k  b l o c k

d i a g r a m s  m a p p i n g  b i o l o g i c a l  c i r c u i t s  t o  b l o c k s

S e s s i o n  2
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Stability, Gain & Dynamic Responses

Stability concepts for feedback systems

s t e a d y  s t a t e s  a n d  b a s i n s  i d e a  o v e r s h o o t ,

o s c i l l a t i o n s ,  d i v e r g e n c e  b i o l o g i c a l  e x a m p l e s  o f

s t a b l e  v s  u n s t a b l e  l o o p s

Gain, sensitivity and response speed (intuitive)

h i g h  v s  l o w  g a i n  t r a d e  o f f s  r e s p o n s e  t i m e  a n d

s e t t l i n g  t i m e  i d e a s  s e n s i t i v i t y  o f  o u t p u t  t o

p a r a m e t e r s

Step, pulse and sinusoidal like inputs

h o w  p a t h w a y s  r e s p o n d  t o  j u m p s  a n d  p u l s e s

a d a p t a t i o n  a n d  p e r f e c t  a d a p t a t i o n  i d e a s  f r e q u e n c y

r e s p o n s e  i n t u i t i o n  ( h i g h  l e v e l )

S e s s i o n  3
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Control Strategies in Biological Circuits

Proportional, integral and derivative like motifs

P ,  I ,  D  i d e a s  w i t h o u t  h e a v y  m a t h  i n t e g r a l  f e e d b a c k

a n d  p e r f e c t  a d a p t a t i o n  d e r i v a t i v e  s e n s i n g  a n d

a n t i c i p a t i o n

Feedforward, cascade and nested control

d e c o u p l i n g  d i s t u r b a n c e s  c o n c e p t  h i e r a r c h i e s  o f

r e g u l a t i o n  e x a m p l e s  i n  s i g n a l i n g  a n d  m e t a b o l i s m
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Control design mindset for pathway engineering

c h o o s i n g  f e e d b a c k  p l a c e m e n t  t a r g e t i n g  g a i n  a n d

r e s p o n s e  s h a p e  s t a b i l i t y  a n d  r o b u s t n e s s  c h e c k s

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

Mini Capstone: Control Aware Pathway Analysis

Select a pathway and identify control features

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

Sketch a feedback block diagram and explore scenarios

i d e n t i f y  i n p u t s ,  o u t p u t s  a n d  d i s t u r b a n c e s  q u a l i t a t i v e

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

p e r t u r b e d  l o o p s

Deliverables: notebook, pathway sketch and short note

P y t h o n  o r  R  n o t e b o o k  o r  s l i d e s  b l o c k  d i a g r a m  a n d

l o o p  a n n o t a t i o n s  P D F  o r  H T M L  s u m m a r y
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