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Optimizing multi-agent motion models with 
procedural objectives and genetic algorithms

these slides:

EvoFlock: 
evolved inverse design  
of multi-agent motion



Inspired by Susan Stepney’s framing,

this is an “engineering” talk:


make an ALIFE model do what we want.



Multi-agent motion models are used to represent: 
bird flocks 

mammal herds 
fish schools 

human crowds 
robotic swarms 

scientific simulations 
…

“flo
cks”



They can be difficult to work with 
The goal is to control group behavior but 

the parameters control individuals.

Parameters interact and  
have non-linear effect.


Changing one usually requires 
changing other to compensate.



These problems can be  
addressed with inverse design



We can tune flocks using an  
objective function and optimization

Create a objective function  
to “score” a flock simulation.


Optimize parameters toward the 
design goal expressed in objective.



Why tune or adjust flocks?

Biological simulation:  birds versus fish.

Animation storytelling:  happy versus sad.



Collaborators

University of Washington  
Gilbert Bernstein 

Dianlun (Jennifer) Luo 
Ryan Zambrotta 
Matthew Shang


University of California San Diego 
Tzu-Mao Li



My teammates are building a differentiable simulation

to allow using gradient descent.


In parallel I used gradient-free evolutionary optimization.



Early boids 
1986-1987



A childhood 
fascination 
with natural 
complexity



model one bird



Separation Alignment Cohesion

Three components of flocking
Seemed necessary, but were they sufficient?











Inverse design of flocks 
2023-2026



Multi-objective optimization
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Multi-objective optimization — normalized fitness space.

Pareto front for two 
mutually conflicting 
objectives.

Pareto front for two 
“mostly compatible”
objectives.

Scalarization (area) 
for two objectives.



obstacle avoidance score
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product of 
three scores



Score weighting functions: separation, speed, avoid



Evolutionary optimization



Single step of steady-state genetic algorithm (SSGA)
3 way tournament, negative selection, preserves diversity



EvoFlock fitness (and multiple objectives)



EvoFlock fitness (and multiple objectives)



Video 1: basic flocking 
• Three objectives:

• speed within range

• separation within range

• avoid (almost all) obstacles
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https://www.youtube.com/watch?v=XkwJXPJwxIc


Adding an objective: curvature



Video 2: more curvy 
• Four objectives:

• speed within range

• separation within range

• avoid (almost all) obstacles

• increase curvature
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https://www.youtube.com/watch?v=p8RE0ApsPuw


Ongoing experiments 
Unsuccessful tests using genetic programming


Simulating murmurations



Early work: model of murmurations 

Without goals or obstacles, sub-flocks form 
and head off on non-life-like straight line paths


New steering behaviors


New objective functions


Still very “work in progress”
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https://www.youtube.com/watch?v=ZcwHk9aEPFU
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https://www.youtube.com/watch?v=L_u4IcRy2dw


Thank you! 
contact: 

cwr@red3d.com 
https://www.red3d.com/cwr/

preprint paperthese slides

mailto:cwr@red3d.com
https://www.red3d.com/cwr/
https://arxiv.org/abs/2606.25280
https://www.red3d.com/cwr/presentations/20260820_ALIFE_EvoFlock.pdf

