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Learn how to represent cells, pathogens, immune players and other biological entities as agents
that interact in space and time. This module introduces agent based modeling concepts, rule
design, spatial environments and analysis of emergent behaviors, with practical workflows using
accessible agent based modeling toolchains.
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Session 3 — Implementing & Analyzing ABM Simulations Session 4 — Mini Capstone: Biological

Agent-Based Scenario
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Agent-Based Modeling Foundations

What is agent based modeling and when to use it in biology

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

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

d y n a m i c s

ABM building blocks and basic terminology

a g e n t s ,  s t a t e s  a n d  a t t r i b u t e s  t i m e  s t e p s  a n d

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

Toolchain overview for agent based modeling workflows
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c o n c e p t s  f r o m  v i s u a l  m o d e l  b u i l d e r s  P y t h o n  b a s e d

A B M  f r a m e w o r k s  p r e v i e w  n o t e b o o k  d r i v e n  s i m u l a t i o n

r u n s
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Agents, Rules & Micro-Environments

Designing biological agents and state variables

c e l l s ,  p a t h o g e n s  a n d  i m m u n e  p l a y e r s  h e a l t h ,

a c t i v a t i o n  a n d  p h e n o t y p e  s t a t e s  l i f e c y c l e s  a n d  f a t e

r u l e s

Interaction rules and local update logic

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

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

Spatial micro environments and fields (concept level)

2  D  a n d  3  D  g r i d  l a y o u t s  d i f f u s i v e  f i e l d s  a n d

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

S e s s i o n  3
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Implementing & Analyzing ABM Simulations

Implementing agent based models in a code framework

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

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

Collecting outputs and summary measures from simulations

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

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

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

Visualisation and analysis of emergent behavior patterns

http://www.nthrys.com
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R  /  P y t h o n  p l o t s  f o r  A B M  o u t p u t s  s i m p l e  d a s h b o a r d s

o r  a n i m a t i o n  e x p o r t s  i n t e r p r e t i n g  q u a l i t a t i v e  a n d

q u a n t i t a t i v e  p a t t e r n s
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Mini Capstone: Biological Agent-Based Scenario

Design an agent based model for a chosen biological scenario

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

Run experiments and explore parameter and rule changes

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

q u a l i t a t i v e  b e h a v i o r  c l a s s i f i c a t i o n

Deliverables: simulation notebook, figures & short ABM report

R  o r  P y t h o n  b a s e d  A B M  n o t e b o o k  p l o t s  o r  a n i m a t i o n s

o f  s y s t e m  b e h a v i o r  P D F / H T M L  s u m m a r y  o f  d e s i g n  a n d

f i n d i n g s

http://www.nthrys.com

