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NEAT

KeHHeT CTeHnu (Kenneth Stanley)
http://www.cs.ucf.edu/~kstanley/

NEAT — NeuroEvolution of Augmenting Topologies

= CtpaHuua anroputma:
http://www.cs.ucf.edu/~kstanley/neat.html

= [lnckyccuoHHagq rpynna
http://groups.yahoo.com/group/neat/




OcobOemuocT

OgHoBpeMeHHas HacTpoKKa BECOB N CTPYKTYPbI
NHC.

CeTn npsaAMoro pacnpocTpaHeHUsa N ¢
obpaTHbLIMU CBA3AMMN.

AOanTmBHbLIE OnepaTopbl CKpeLnBaHUA U
MyTauunun.
«cTtopndeckmne metkn» («Historical markings»)

asontouna HadnHaeTtcs ¢ MIHC 6e3 cKpbITbIX
HEWNPOHOB U UOET B HanpaBfiEHUN YCINOXHEHUS

CTPYKTYpPHbI.



‘ Koamnposanue MHC

Genome (Genotype)

Node |wode 1 |wede 2 [wede 3 [veode 2 |wode s
Geﬂes Senszor |Sensor |Sensor |Cutput |Hidden

Connect., | I 1 In 2 In 3 In 2 In 5 In 1 In 4

Genes Cut 4 DOut 4 Out 4 Cut 5 Out 4 out & Cut 5
Weight 0.7 |Weight=0.5|Weight 0.5 |Weight 0.2 |Weight 0.4 | Weight 0.68| Weight 0.8
Enabled DISABLED Enabled Enabled Enabled Enabled Enabled
Innov 1 Innov 2 Innowv 3 Innov 4 Innov 5 Innov 6 Innov 11

A

Network (Phenotype) 4

3aecb u ganee: Kenneth O. Stanley and Risto Miikkulainen (2002). "Evolving
Neural Networks Through Augmenting Topologies". Evolutionary
Computation 10 (2): 99-127.




MyTamus

1 2 |3 4 5 6 1 2 |3 4 5
|1—>4 P—>4 |3—>4|2—>55—=4{1—=>5| [[—4 p—>=4|3—>4|2—>55—>4
DIS DIS

Mutate Add Connection

I 2 3 | 2 3
1 2 |3 4 S| 6 1 2 13 4 S
|—=4 P—>4|3—>4[2—=>5|5—>4|1-—>5| [[—>4 R—=>4|3—>4|2—>5[5—>4
DIS DIS | DIS

Mutate Add Node




CkpemmuBanue

Parentl Parent2
4 5 ] 9 10
2-—>5| 5=>4| 1->=5 3-—=5| 1—=6

disjoint
8
Parentl Sk
il 7 9 1
Parent) S5—=6| 6—>d4 3—=5| 1-=6
disjointdisjoint EXCESS eXcess
; 1 3 4 5 6 7 8 9 10
Offspnng 1—=4 | 224 | 3—>4| 225 | 524 | 5>6 | 6-—>=4| 1-=5| 3—=5| I-=6

4




Huymmmar

HuwmHr (niching) — npnem, ncnonb3yembln 4nd nogaepXaHnug
pasHoobpasuns B nonynaumu.

Ocobu B nonynsiymMn pasgensitoTcs no BMaamMm B COOTBETCTBUM C
METPUKOMN:
N N
E — konnyecTtBO AONOSTHUTENBbHbIX (eXCeSS) reHoB, D — Konm4yecTBo
Henepecekatowmxcs (disjoint) reHos, W — cpeaHas pasHuLLa BECOB

coBnagatoLnx reHoB.
KoHTponb uncrneHHocTn Buga vepes fitness sharing:
R |
© X j=1sh((4, 7))
3HameHaTenb (NPMbNMXeHHO) paBeH Yncny ocoben Toro e Buaa, Yto
N i-1 0cobb.




‘ Cucrema nmpeAyIrpeskACHUM AAA
ABTOMOOMAA

Obstacle car B

-

Stanley K.O. Efficient Evolution of Neural Networks Through Complexification.
PhD Thesis, Department of Computer Sciences, The University of Texas at
Austin, 2004.




‘ Cucrema nmpeAyIrpeskACHUM AAA

ABTOMOOMAS

[MpucnocobneHHoCTb
S =2d—b.

d — npongeHHas
OVUCTaHLUUS

b — wTpad 3a
paccTosiHue,
nponaeHHoe 3a
npegenamu Tpacchi.

Driver Lap Time
Apex8 1:39
SmoothB2 133
NEAT 1:31
Felix16 1:22
(a) Early Evolution (b) Late Evolution Bulle2 1:18




‘ IIporuo3 croAkHOBeHUA

relatively low danger Increasing warning level Imminent danger!
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MpucnocobneHHOCTb = CyMMapHOe BO3HarpaXkaeHue 3a BepHbI MPOrHo3

72,25~ |q — I

OueHka nporHosa R = o




‘ IIporuo3 croAkHOBeHUA

(a) Direct Crash




N.E.R.O. — NeuroEvolution of Robotic
Operatives

Stanley K.O., Bryant B.D., Miikkulainen R. Real-time neuroevolution in the
NERO videogame // IEEE Transactions on Evolutionary Computation Special
Issue on Evolutionary and Games, 2005, vol. 9, no. 6, pp. 653-668.

Scenario 1@ Enemy Turret Scenario 2: 2 Enemy Turrets Scenario 3: Mobile Turrets & Walls Barle
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cnonb3oBaH pucyHOK 13 ctatek Yong, Stanley, Miikkulainen, Karpov
“Incorporating advice into neuroevolution of adaptive agents” (2006)
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HyperNEAT

HyperNEAT — Hypercube-based NEAT.
Compositional pattern producing networks (CPPNSs).
KocBeHHOe kogmpoBaHue (indirect encoding).

[ eomeTpnyecKme 3aKkOHOMEPHOCTM.

Kenneth O. Stanley. Compositional pattern producing networks: A
novel abstraction of development. Genetic Programming and
Evolvable Machines Special Issue on Developmental Systems,
8(2):131-162, 2007.

Jason Gauci and Kenneth O. Stanley. A case study on the critical role
of geometric regularity in machine learning. In Proceedings of the

Twenty-Third AAAI Conference on Atrtificial Intelligence (AAAI-
2008), Menlo Park, CA, 2008. AAAI Press.



‘ HyperNEAT. O6mmit mpuHOUIIT

1) Query each substrate connection 3) Set connection weight
O ouftput

X1 4 Y1 Xzf}’z bias

2) Feed coordinate pair to CPPN
ANN Substrate CPPN

Verbancsics P., Stanley K.O. Evolving Static Representations for Task Transfer //
Journal of Machine Learning Research 11 (2010) 1737-1769.




'HyperNEAT

Weight X,

O

@) 4\
1&

0 0 X, Y bias

2 N o

(a) CPPN (b) ANN (Substrate)

Gauci J., Stanley K.O. Autonomous Evolution of Topographic Regularities in
Artificial Neural Networks // Neural Computation Journal, Cambridge, MA:
MIT Press, 2010.
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HyperNEAT. I'eomerpusa?

Y4yeT OTHOCUTENbHOIO
PACMNONOXEeHNUA CEHCOPOB

ObHapyxeHune un
Mcnonb3oBaHue
(ac)cummeTpum

i |

(a) Symmetry (b) Imperfect Sym. (c) Repetition  (d) Rep. with Var.

Stanley K.O., D’Ambrosio D., Gauci J. A Hypercube-Based Indirect Encoding
for Evolving Large-Scale Neural Networks // Artificial Life journal 15(2),
Cambridge, MA: MIT Press, 2009.



‘ HyperNEAT. I'eomerpus!

Average Number of Ticks
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Average Number of Ticks

‘ HyperNEAT. I'eomerpus!
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‘ HyperNEAT. Hlarmmkn

OueHka no3vumnm

C - }~ 64
4 Connections

~ 4096
Connections

Gauci J., Stanley K.O. Autonomous Evolution of Topographic Regularities in
Artificial Neural Networks // Neural Computation Journal, Cambridge, MA: MIT
Press, 2010.
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Galactic Arms Race (GAR)

http://gar.eecs.ucf.edu/

hidden nodes
(topology evolved by cgNEAT)

P, P, d. | |bias

Hastings E.J., Guha R.K., Stanley K.O.
Automatic Content Generation in the
Galactic Arms Race Video Game School of
Electrical Engineering and Computer
Science, University of Central Florida // In
IEEE Transactions on Computational
Intelligence and Al in Games, volume 4,
number 1, New York: IEEE Press, 2009
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Galactic Arms Race (GAR)
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‘ Apyrre mpoeKThI

= Dance evolution
(http://eplex.cs.ucf.edu/dance evolution/)

= Picbreeder (http://picbreeder.org/)

pJ cbreeder

napired By how arganisms evelve and complexify in

= Novelty search




IIporpamMMHBIE€ peasn3anuu

C++ (Linux & Windows)
Java

C#

Python

Delphi

Matlab

OTKPbITbIN NCXOAHbLIN KO/
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Cracmu0o0 32 sguMmanue!

http://gai.narod.ru/TomskWorkshop/neat hneat 06 2011.pdf




