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Evolutionary Design of One-dimensional Rule Changing Cellular Automata
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In this paper we propose a new method to obtain transition rules of one-dimensional two-state cellular automata (CAs)
using genetic algorithms. CAs have the advantages of producing complex systems from the interaction of simple elements,
and have attracted increased research interest. However, the difficulty of designing CAs’ transition rules to perform a
particular task has severely limited their applications. We consider a pair of rules and the number of rule iterations as a
chromosome, whereas a conventional study considers a rule as a chromosome. The present method is meant to reduce the
complexity of a given problem by dividing the problem into smaller ones and assigning a distinct rule to each one.
Experimental results using density classification problems prove that our method is more efficient than a conventional

method.

1. [XL®HIZ

B —bh= b (CA) X B2 — VISR 2T B
ERTELILNBIESERSE THEEZED TND [Nk
98]. LML, BREHEH TS CA 2Rt THIENRETHDHL
VOB, CA DIEHNREHIRESIL TS, 2072,
BPEASSEMBER R T, CA OWREEER L — L A2 LEIC
I B ZEN T TV B[ Mitchell 97]. 7z, Fuks 13iT#%
FAZXHR 1 THD DD CA DIL—IVEHDEDEAILITE
o CH Sy D SE iR % 15 7-[Fuks 97]. LaL, iEfEyA
A3 2 LU EOBEITHLT, oL — 2z CAUL—
NVIEAEFL CA L) OMEHIATHIL TR,

ARGTIE, AN 3 THD CAITHLT, FEHOLIE
RUT-HIELS 021&4953EL, TL—L &L — L oJE s aI%
OMEGERET D HIEEIRET D, Eio, Langton D ) /37 A
— 2% A WTARFEORBERREE N DN TELET 5.

2. HRISHFOME

21 EILA—FTR2(CA)

ZITIEROT 2 RHE CA Bl %, BV OALEERE
i, VA% N, AT Y7 % 1, RV OREEE 5, £T°5.
—RRICE IR B R S 5= BAUET DL, OREHIAT

T DRNORIEL, WEE r HOR/VOREEZELIRETD.

JL—)LF

EEEL: 111 110 101 100 011 010 001 000

HAEe vk 1 1 1 0 1 0 0 0

X1 WpEEEE T DREER L — L OF]
ZZTHIELT, BLOREEE 0/1 LU, =1 OBEEEZD.

WREA 12T AUV OARRELIREZ] t+1 (2B 1T A e

REE(H e ) OBMRIZN 1 O — VR TERILEND.

WG B &, KRBV AT AE®R TEMIEE, T 305~
8573 OITHKRES 1-1-1 HEKFETFIHR TR
Mok v AT AW %8 =, Tel: 029-853-6909,
bregude@kslab.is.tsukuba.ac.jp

22 AINTA—4

—WRTERNA— IR DN — VE GRS DT, AT
1% Langton[Langton 90] D A /NTA—Z%E ALT=. B/LNRED
9% k FAOREOIBEE DO —IRBE HRRI 5. &
=BT, ng HOEBRZOFRIEICRDEE, TA 3T
A=Z TR ) DIDTERSN TN L.

2r+l
/1 kr+_nq

e 0

2.3 HRMEE

ARFZE I3 By HEREE VT, GA I2X5 CA Ditvx
Watlic. 22T DIREE S 1T ¢ I2BIT D — 2DV Off,
TERELS, X T X TCOELVDEEZS BT DI HND. AF
TIE, PIIERE S, 2300.0, 1.01Zb7=5— N M OGE4%2%5 2
%.

BESEIELT, 520N SgDhd 1 &0 DEDELD
NEVDEHETD CA ZRATHRETHS. T7bb, o
OO 1 OBELLT, 0005 2biE M ATy 7 LUK
IZ CA T T 1 OFREEERBIZIURT 5. 0 <0.5 72561,
M ATy 7 LINIZ CA T _T 0 DRESTEREIZIN A T 5.

3. REI DAL

3.1 REFZEDI—FE

&l (& || | ] o

Lol fofifofofo]
— _/
~
JL—1

B2 #RERFEOYARE

ARFIEL, PERFE[Mitchell 97, & 2] DY kait B,
2 DINTLIEZLDTHS (=1 DEFAEHIELTWD). R, I

-1-



The 17th Annual Conference of the Japanese Society for Artificial Intelligence, 2003

n HFEHONL—IV, M, 1% R, Dl EIEERT. KRFIED, B
B —VENBRICHE T80 E-> T, *IBREE X i
NI B TRES T KT DI L2 -7 b DO TH D,

3.2 WHE

G 127 AR R 2 EARR T D, DY, ELVR
ez =B R LT IIEHE S, DEIA ThS.

33 7YX L

Stepl : MBI EL T K BOEEE AT 5.

Step2 : FEARIZH L CHEISEZFHRLT, #INE T 7%
1, EAL E @& EIER L TUR R ﬁfff

Step3: 550D K-E fHOMERIZ = oDF N7\ TAERT
%. OE 1lﬁl®1lﬁlﬁii /1/~—I//l\%'ﬁkﬁﬁfaﬁﬁ%1§§ﬁbf7<
IREBIZFIZIVAER TS, @FY O MKIZ=) —MA
&L —L oy NI CIRR L= AT XL SR E BT
T 5. Tz, M—/LOBEIGEIEL M, (kT D5ERE
HLLT050ERTKEA, MO E FEXT5.

4. XE

4.1 EEBAZE

I RS SRR SR U CTHESRFE (1 v— V) ERFIED L
EBRAE1ToT-. ::m:t, G ARX =3, #F AR N=149,
N—VE n=2, ZALAT T D FIRIL M=2*N &%, $EHY
AR K=100, FIHEEE =100, =V —ME K% E=20, %D
ERRIZ 100 &L7=.

4.2 EBREER

FeEAERIC BT DEM T O i BiEISE I, 10 BEOFEEE
(FEHEAF L) T, TERTFIED 90% (13%), ANFIEIL 97% (2%)
ThoT-. KFEEDIFOINEMERNEL, BEL TN,

43 EX®

2 DD —LERATHELIZE ST CA ORBEMEIREE S
[ I 2B EE DD, L NTA—ZEHNT, L—LD
AN OWTHRE LT,
. 1 L— L DA

RO —MERK 20 O A EEZFHRELEZ. Z0ERE

GLEB DV —REZEZ T 20 BTV, SOl 400 f@IZo0
TEAN T LEAERLTZ (X 3).

70
60
50
Bao |
| 30
220 |

18 - nnn""” Mﬂ" o Jol HHﬂnnﬂ L

03 034 038 042 046 0.5 (.54 0.58 0.62|0.66 0.7
A
A B C D E

X3 AEICKTHL— L DEANF L (1 L—)L)

B 3 TIAEIK A:0<1<0.35, B:0.35< 1 <0.46, C:0.46< A<
0.53, D:0.53<1<0.64 & E:0.64<1<1 &F5%. X 3 hbbord
IO — L DRI Ay IIAEEL B & D IS LT\, £7-, L
— L DHIT 1 =042 £ 1=0.57 T —2&732%. DLTF T, fEI5
B, D i AN — NV EFEEEI O BWEMER N — L, fEIK

A, EIZARd B —a BRI —)b, i C 2T 5
=BT F R — )V EARE T D.
o  2L— LA

1 V=V DGA LRIERREREITWV, 1 BT Or— LA
F)D—)L 1 E—)b 2 O AEEZFEL, USG5
—IVERDEANTT LA LT (K 4) . K 4 05D
3 KO — IV DOFEPHNIAL 72D, BAFL G W Embis.

50

oiL—i1

01 015 02 025 03 035 04 045 05 055 06 065 07 075 08 085

A
X4 AEICKETDN—/VDEANTA(2 L—)L)

503 1R D 2 v— LD A EOHEBITHD. 4 5 )
HOMDIINTKEB G ORAED 2 DD/—HDIE 1D, &
DOEEFEE B, D X0 T A ML — L ThD. Ly
L, T REZEIE, AEEE A, B 203 A8 A10972
N— VAT OMBEDLELIFET S, T72bb, L —
IVORMABEDETHRBAEWIZHRAL CEfET 22 L12d > TR
JEFRRBE I 3 M LT B RREMERHDHENZD.

0 e % i
o W %

ﬁg//f %ﬁ/ o
O'; A ,;é';’;?:f ., B

L—=—NL10 A fE
K5 /L—/L1En—1 2D EORHE

5. BHYIC

B SRR S R LT, L— LBk I CA DIREEE
Bl — LA LA T2 AR R LT, @R D CA I
He TR RE 1) 230 LT 5 e 2 EBR TR L. S%IEA
FIERMOREICE AT 5T ETh5.

SE XM

[Fuk$ 97] Fuks$, H. :Solution of the density classification
problem with two cellular automata rules. Physical Review
E, 55(3) :R2081-2084, (1997).

DIniE 98] MNfk: wA—b~hoik, FRACHIR, (1998).

[Langton 90] Langton, C. G. : Computation at the edge of
chaos: Phase transitions and emergent computation. Physica
D, 42:pp. 12-37, (1990).

[Mitchell 97] Mitchell, M 3, {FEEFERR:
ALDFTIE, AR HRRR, (1997).

[5 02] Sz, FrErs): REBEBHRAN LT 5 KT
CA OEESEME~OES, HRURYs, HHET
IALERTERR IR 724, 2002-MPS-42, pp. 81-84, (2002).

BARK T =AY



