EvoFlock:
evolved Inverse design
of multi-agent motion

Optimizing multi-agent motion models with
procedural objectives and genetic algorithms
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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 R
scientific simulations \lf"
O



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 | used gradient-free evolutionary optimization.



Early boids
1986-1987
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Three components of flocking

Seemed necessary, but were they sufficient?

AN e
@( 1Sy 4\3& J

Separation Alignment Cohesion



S-GEOMETRY / DYNAMICS

Camera: 10bject Display: Utilities: : Output:

Parameters Visibility. Rename : “File
Modes Backfacing 3 Setq J 41  .Hardcopy.
Niews. Silhouetting || .Print Data. .Render.

DOOOOOOOOOOON
AAA L ALL L L LLAL L

.Align. 1 Hard Edging |] Add Attachment .Shade.
Points ; .Number. ;
Substitute Boxes Kill.

DOOOOOOOOOOO0
ALA AL L 44 a4

O OOOOOOOOOOOOOOON
OO OO
SALAAAA LA AALAAMALLALALA LA ARALALLARES

[JCommand: (setq splayback-alug tv:alu-ior)
?
Command: §

N

A N 7. * B g Z: B
zoom + translate #1 3d Live Hindow 1

P P P

side camera

absolute time (seconds)

(Thu 14 Aug 11:18:18] cwr DYNA: User Input




S-GEOMETRY / DYNAMICS

i {Object [A)Ai‘splay:Afé —__Utilities: Output:
#4  Parameters ||  .Visibility. Rename ; “File B2

-----
-----

Modes 4  Backfacing : Setq S 1  .Hardcopy. 1

Views. 1 Silhouetting | .Print Data. .Render. i

.....
-----

.Align. 1 Hard Edging ] Add Attachment .Shade. S

.....

OO
OO
DOOOOOOOOOO0
AAAL AL A2 Al

Aim Points .Number. Paint e

-----
.....

Level {1 Substitute Boxes |: Kill. ; i

.....
-----
.....
.....
.....
...
......

OO0
OO
OO0

A AALLA AL LA LL

[JCommand: (setq splayback-alug tv:alu-ior) ?ﬁ?

-----

7 R

-----

Command: § 2

- W~ ing d :
ry NeW V= xeer o
_yeloct ain ocity 1 )
in) old-V o . constr a3 sted’Ve\_ j-ac e elerat 0“)))))
i - - 2 i f'\-:"g t—m-\- . end S ub neW’a 'tud new 'F m g -\_erot-"on
@] S—Dynamics Script Editor . gkeerl Vexocxty Vector’s e_mggn1 end se 9 C x
i ethod C: d'usted‘ 10N (3d- (truncat 1-steer 1 veloct Y
(def“{ ot* ((new’ad% accelef'atlcce\er‘at © ocity ¢ tud the new Loca
V ’O - . - —Ve
C (new= "~ creerind _add old Locity)) ign with

r pt i

.....
.....

T e I —————— L

Animate sc

(Thu 14 Aug 11:18:18] cwr DYNA: User Input







Craig
Symboljcs Gra

W. Reynolgs

phics Division
Wood Boulevgrg
fornia 90024
(Electronje mail: c\vr@Symboh'cs.C OM)

1401 Weg,
Los Angeles. Cali

individya| animals,
local Perception of

One aregy
SCription a

he wo

Progra
gate motjq

intcraction

e animation). It is not im
U a better approach jg Needed
and belicvable animatj

r
IMatiop of flocks and rejg;
This

» S¢hool, bjrg.
> Actor, flighe behay-

ra charming é
An Erullali(m of Larks. [16)
*This Paper referg 0 these simululed hird-likc. *
ECnerically 54 « ids™ even when they fepresen
© 1987 . :
Creatures sycp as schoohng fish,

/\CM-O-89791-227-6/87/(1)7/(1)25




Inverse design of flocks
2023-2026



Multi-objective optimization



Multi-objective optimization — normalized fithess space.
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(0, 0)

Pareto front for two
mutually conflicting
objectives.

(0, 0)

Pareto front for two
“mostly compatible”
objectives.

(1, 1)
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hypervolume:
0.76
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Scalarization (area)
for two objectives.



Hypervolume of three objectives

speed
score

product of
I three scores




Score weighting functions: separation, speed, avoid
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Evolutionary optimization



Single step of steady-state genetic algorithm (SSGA)

3 way tournament, negative selection, preserves diversity
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EvoFlock fithess (and multiple objectives)
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EvoFlock fithess (and multiple objectives)
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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:
e speed within range
e separation within range
* avoid (almost all) obstacles
® |ncrease 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

T -

bird shaped murmuration on YouTlube



https://www.youtube.com/watch?v=L_u4IcRy2dw

Thank you!

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

these slides preprint paper
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