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procedure MAP-ELITES ALGORITHM (SIMPLE, DEFAULT VERSION)
(P9, X <)
foriter =1 —-1do
if iter < G then
x" « random solution()
else
X « random selection(X)
x" « random variation(x)
b’ «feature descriptor(x’)
p’ «performance(x’)
if P(b") = @ or P(b’) < p’then
P(b") < p’
X(b")«x’
return feature-performance map (P and X )

1 Map-Elites 7/L3 ) XL [2]
Genotype
{4,6,7,1,6,3,2,4,1,3} Grammar
<S> 1= <s><op><s> | <var>
Dl <op> = 4+ |- *|/
var>:ii= x|y|z
Phenotype
+
* X
/"
y z

2 GEDBIHRBEA~DLM

RITDEDLEVRT =~ ADfREARET Z LS
STV,

Map-Elites (£ 1 DXL 512, —fMRZELGHHRD XL 912

TN IRT N TY AAT, BARERSCEENERE (X,
ZRSRIS L) | ISR E M T, RIS U2
Mz Bt & O EDESIC X 2R IRNIThN
B, WAFE L e Ry MAEMRINCBWT, BEiEE %
WIS, FEEE S, BER, HETZ R LX—L LEbok
ENRBHY | FHEZERICE O CTHW 2 Fic ik, AR
B9 2 b OMRILUCET A L ORB 2 b5,

2.2GE

GE(Grammatical Evolution) [7]i%, #{LEHED—>TH D

BT RS T I S (GP) L EREETIET, K20
X O THIE OBEIR T (Genotype) & . E & A& & FFo#
7 (Phenotype) |2 28 #2 9~ % 3% (Grammar) 2> 572 0 | FE%K
ETREINZAIEEOBB AL, FEKIRTL S - KT
e 2R HURA - BifAFEE S A5 72 5 BNF(Backus Naur Form) ©
KELSNOERANC LY REBUEBEND, T b
OHANTAEMITIIT D DNA MEEED L — IS T H
URTBERERTAZ EIHIZ DS,

GE (&, @73V XA EFRIERR FTIET, IED®E

IBFINTAEXRGEIRE R L OBABHIAEZ TV GP D
O ITHEEZFF ORI Z AT D Z EBHED FIETH

Copyright © 2021 by
The Institute of Electronics, Information and Communication Engineers and
Information Processing Society of Japan All rights reserved.



FIT2021 (55 20 ETERBIFRM T+ —3 L)

%, GE 1T, 7HWA v OAERLREME e LS ESE
RIBEIZRIH S, GP LRIFEDOMRENH D Z LRI
TW5,

. IREFE

AMFSETIiE GE IZ MAP-Elites % V2 FIEARRET 5,
SCHRLL, 21T, i R A 2 B 7 B M ZE R 2 VT B
3, ARBFFEI I T AR BB IR L 72\ GE @
BHThrEETE. FAIASNEEETIR., KOBESZ
iz, F72. CR[IICRW T REZREERDO % 134852
M EOF WL OFERTIT A<, FFRRE O BRI 5 fEik
MHAEREIND EWREINTWEZ Enb, U —7&RIC
X 2B EZH A LTz, GE X GP(Genetic Programming) T
X h—F A2 MBERBHWLOND Z ENREWR, U —T 5k
RCILT & AR U7 fEAEE I 31T D B EAR] O fF
MEMETOEBZHE L, TOHRNLMEERT LD
L35,

4. ERIRIE - $5R

R 1 R/ MERIE T H B String-match [ &
Vladislavleva4 & i\ T, GE O 35 A — & (1A ESH 500, i
X500, h—F AL b A X4 L, V—FEIRIZBITD
U= A X135 DREORE SO LAHFHICIE
HROTHD LB 2 BB, MAP-Elites [ XEAFEAMR % [F]
— DR EFOBEMTIT) Z&Ick v, ZoEREEM
HIT D2 ENENIED D TH B, RIFFETITZDOY
A X% 3 L L., AEEHOREZEMICB T 2L — 2
U REEEEZ VT, 3 BRI T2 5 2 FHICHEY
T2 2RERIRT 20 L, TORKIZIT GE (2B
LR, A SZEBETARE, KROBRXOBAED
TE MW,

3 1% String-match TO b —7F A o FEIROERZ R L
TEBY., PO G 13iEfsTR(genome length), U I35 &
N7 {575 E(used codons), DIZARDHE X (depth)yZ 3 L.
G&U IZ G & UM E LTHWLNTNAZ EEFLT
W5, BEFIEIL GE EHR L CRRERY, RBE
FHENOEEIZBWNTRY — 78 IRE0 E b—F A bk
ROF MBI FER L 2o T,

Vladislavleva4 Tid, b—F A > MNERIZEBIT D 2EED
BECIX GE ICHBFERER -T2, b—F A v MERIC
B2 3BERBINY —BIRTIIBGRER L -T2,

5. &8

AW TIE, GE 28T 2 H#E(LAYHEEL MAP-Elites T{T
) FEAEA L, EAMEICBT D RS ZER DR TTRER
TIHRICHEELZZ T 50, BAREORM CIZ/R< GE ®
B ZE WD Z & T, 16k GE L RIZLL OB BRA iR
EBWMTADZEER LT,

LSHOBMBEE LTE, thoME 0 R 5 EA~0mE A
BRI B 2 RN, REEZE R R IR T O R % I 2
B2 LT R VEERMREIZ ED X ) 1T R 52 D DO,
RIS N2 R D B B 725N 2 E3RIF B b,

9.5
9

8.5

7.5
! -

6.5 pe

5.5

1

B GE W G&U
3 String-match (Tournament)

D&U [l D&G [M D&U&G

SEXH

[1] A.Cully, J.Clune, D.Tarapore, and J-B.Mouret, "Robots that can adapt
like natural animals", arXiv, 1407.3501 (2015).

[2] Jean-Baptiste Mouret and Jeff Clune, "Illuminating search spaces by
mapping elites", arXiv, 1504.04909, (2015).

[3] J.Lehman and K.O.Stanley, "Evolving a diversity of virtual creatures
through novelty search and local competition", In Proceedings of the
13th annual conference on Genetic and evolutionary computation,
pp.211-218 (2011).

[4] J. Clune, J-B. Mouret, and H. Lipson. The evolutionary origins of
modularity. Proceedings of the Royal Society B, 280(20122863),2013.

[5] A.Nguyen, J.Yosinski, and J.Clune, "Innovation engines: Automated
creativity and improved stochastic optimization via deep learning", In
Proceedings of the Genetic and Evolutionary Computation Conference
(2015).

[6] S.Forrest, M.Mitchell, "Relative Building-Block Fitness and the
Building-Block Hypothesis", Foundations of Genetic Algorithms,
Vol.2, pp.109-126 (1993).

[7] O'Neill, Ryan, “Grammatical
Publishers (2003).

Evolution”, Kluwer Academic

1 06 Copyright © 2021 by
B4 I\ The Institute of Electronics, Information and Communication Engineers and
=5 1 7 ‘H:H' Information Processing Society of Japan All rights reserved.



