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Abstract

A number of researchers in the field of evolutionary computation have been trying

to improve the performance of artificial evolution on traditional problems by incorporating redun-
dancy in genotype to phenotype mappings in recent years. However, it is still not clear what kind
of redundant mapping is useful for what class of problems. In this work, we conducted a series of
computer simulations with GAs with redundant mappings from genotype to phenotype in order
to investigate what kind of redundant mapping is useful for rugged fitness landscapes.
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2.3 Standard Voting Mapping: SVM

000 1000000ooooooooooooogd
0TVvMOOOOODOODOO000 210000 L, =640
000 10o00oooobbooooooo 490000
2.4 Cellular Automaton Mapping: CA
000oooooooooooooooooooog
00000000000 0ooooooooooo (20
0)0ooO0ooOooocAOODDUOOODOOoOoUoOoO
00000000000o0o0o0 2J0ooooUoo
00000)0000000000ooooooooo
(CADi)OOUOO0OOUOOO0OO0OOOOOOO (CA2)0
L, = 256(CA1)0 L, = 288(CA2) 0000

2.5 Random Boolean Network Mapping: RBN
RBNO CAOODOOOOOOOOOOOODOOO
Oo0o0oOoocAOD0OO0DODOOOOoDOooOOooOg
0000000000000 0Uy)0ooooooo
00 (RBN1)Oi)0ODOO0OO0OOOO0OO0OOOOOOO
(RBN2)OOOOOL, = 736(RBN1)0L, = 768(RBN2)
ooono

2.6 Operon GA: OGA
OGAUOUU0OO0OO0OUDUOOOO0OODO [6)Ustring =
{operon; | i =1,...,m}, operon; = {gene; | j € O;},
gene; = {x1,22,...,26}. 0000O0; O operon;, 00
goodooobooooooooouooedooonog
U0operon 000000000 Ogened 00000 d
0000000000000 00O0o0oOoO poooo
goooooooobuooooooobudg zp000
OO0L,=1920000



3 0OOoOdg

02000000000000-000000000
GAODODODODOODOOOOODOO ruggedenss O
0000D000D00D0OO0O00000OruggednessO 000
O00o00ooO00obODOOO0o0obOooOoNKOODOOO
O[fJ00000ruggedness 000000000000
0 K={0,4,16}000000 400000 GAOO
ODoOoOoooso000000000000 L, =320
0000oooooooooooooooooooog
00¢=1/L, 000 (0D0OODO0OOGAOUOOOOOD
¢=1/L,000)00 GAOOODODOOOOOO0OOO
goboooO0ooOOodooooobooobboooboobooo
000000 s=2,6000000000000000
00300000.0 KOOoODOODOs00000O0O
oo0o0obOobo0oOoooDboo

0100 GAODODODOoOoOooooooooog
000 sO000000(0O0D0D00D0-2,60 sO000)O
K=000OOOTVM,OGASGAODOOOOOOOO
000000 (O 1(a))000 TVM OO OO One-Max
00000000000 3)o00000K=40000
OGASSGAOODOOODOODODODOOOO TVMO
CAl2,SvMOO0O0O0O0OO0O0O0OOOOOUOOOO (O
1) OK =1600000GA,SGAODOOOOOOO
00o00000o0DO0 Koooooooooooog
RBNOOOOOUOOOOOODOOOO0O0O0O (O 1(e)0
O000Oruggedness 10000000 OGAODDOODO
O00O0DDDOO0OO0O0000SGAD s=2000000
00000000000 0D0000SGADOGAOCA1L
00000000 sOoooooooooooooog
OO000DDO0O GADD sOOooooooooooooo

4 0O0O0OO

gooooNKOODOOObOooooooooboo

Oo000000dopoooo-00opoooooo GA
O0000000000O00000o0 GAODOoOoo
goboboboboboobobooooooooooo
gboogobgooboobooo

gooo

[1] M. Kimura: The Neutral Theory of Molecular Evolu-
tion; Cambridge University Press (1983)

[2] M. Shackleton, R. Shipman and M. Ebner: An Investi-
gation of Redundant Genotype-Phenotype Mappings
and Their Role in Evolutionary Search; Proc. of the
2000 IEEE Congress on Evolutionary Computation:
CEC2000, pp. 493-500, IEEE Press, (2000)

[3] F. Rothlauf and D. Goldberg: Redundant Represen-
tations in Evolutionary Computation, Evolutionary
Computation, Vol. 11, No. 4, pp. 381-415, (2003)

[4]

[5]

[6]

0.70

065 F .

0.60 L

1 1 1 1
0 500 1000 1500 2000 2500 3000
Generation
sga-2 — svm-2 rbnl-2 -~
oga-6 -—- cal-2 —— rbn2-2 -
tvm-6 ---- ca2-6 ---
(a) K=0
0.80
0.75 /’ S EIETIEILTESTITITITSTITS =
0.70 |
065 i 1 1 1 1 1
0 500 1000 1500 2000 2500 3000
Generation
sga-2 — svm-2 - rbnl-6 ----
oga-6 -— cal-2 — rbon2-2 -
tvm-2 ---- caz-2 -
(b) K =4

0.65 ‘ 1 1 1 1 1

0 500 1000 1500 2000 2500 3000
Generation
sga-2 — svm-2 - rbnl-2 ---
oga-6 - cal-2 —— rbn2-6 -
tvm-2 ---- caz2-6 ---
(¢) K=16

U 1:0GAO0O000ODOODO0DODOOOOoOoOO

J. D. Knowles and R. A. Watson: On the Utility of
Redundant Encodings in Mutation-based Evolution-
ary Search; Proc. of Parallel Problem Solving from
Nature - PPSN VII, LNCS 2439, pp. 88-98, (2002)

I. Harvey and A. Thompson: Through the Labyrinth
Evolution Finds a Way: A Silicon Ridge, Proc. of the
first International Conference on Evolvable Systems:
From Biology to Hardware, pp. 406-422, (1996)

00000: 0000000 GAODOOOOOOOOO
0;00000000000, Vol. 32, No. 10, pp. 1461-
1469, (1996)

S. Kauffman: The origins of order; Oxford University
Press, (1993)



