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ABSTRACT

Majority problem and synchronization problem on cellular automata(CA) are hard to solve, since they are global problems while CA

operate on local information. This paper proposes a way to find state transition rules of these problems. The rules of CA are represented

as CMR(conditionally matching rules) and evolutionary algorithms are applied to find rules. We find many solution rules to these problems,

compared the results with the previous studies, and demonstrated the effectiveness of CMR on one-dimensional cellular automata.
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Fig. 1. An lllustration of Majority Problem
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Fig. 2. An lllustration of Synchronization Problem
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Fig. 3. An lllustration of State Change (N=8, r=2)
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Fig. 4. How to Encode a Rule in CMR
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Table 1. Result of 20 Runs by IC Sets

IC set N@ber of runs Performance of best
max fitness reached CMR
A 20 51.79%
B 0 n. a.
C 11 73.35%
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Table 2. Result of 20 Runs by CMR Sizes
Number of Average number of
CMR size runs max Performance | steps until majority
fitness of best CMR is obtained
reached (Best CMR)
CMR 30 11 73.35% 121
CMR 40 12 75.83% 74
CMR 50 12 75.13% 82
Mitchell n. a. 76.90% n a.
GKL n. a. 81.60% n. a.
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Table 3. How Fast Synchronization is Reached

Number of Average number of
CMR size runs max | Performance steps until
fitness of best CMR synchronization
reached (Best CMR)
CMR 30 13 95.59% 133
CMR 40 19 96.32% 25
CMR 50 12 99.38% 59
Mitchell n a. 100% 87

2) Zroldl 129 CA H3 Az

Fig. 8& CMR 113 9] ol & 3} s Ao
Zrolll Aol 7b4 £ /WA S Mitchelld] 73S 5U3
ICE CAE A3 A& Aztgt & Aotk CAT 2N=298
SATE FFPoy, NeHA ool on] F7|3} AdEe] =
o] AR
:":

CA steps

o Cell Position 148 o

Cell Position 148

o Cell Position 148 0

Fig. 8. Progression of Configurations Depending on Rules

v
2

B ATlM= CA dollA ol dysa 2
wAe 5718 £l CMRE 485t WA
s o

C

2
2
Mo ob H

lo & lo ¥ 2 ¥ %

2 A3 Ay} ks FA 9
AZ Zrolflo] CMR¥} 213} ¢
o

(X oop i &y
4
s
e
9
(o



192 SEMESte=2X/2ZEA0 3L HI0IH S Mg Hb5z=(2019. 5)

Jsp Gag] s Aol Zrepdl CA= 7I1E A9 CARY
w2 718t FHE e HlEo] =3
Fuk EAlCAE 71E Ate] Adwn o wEA dgk

@eh=A AN S ISl

Agoz olFe] Ay Agwel muse H5st kel 9
FL Frhe ANS 9 5 Qo Ask BaeFAA 1CF
AASE P CMRE A58 2dskn A8 LaeZ
A 945 F7AAE B AT Rold CA ®Th B
459 CAZ Fohdl 5 9€ Ao A7ed

4YE F5E Aste] CAY 45 EY & A4S Ao
2 sl A7E W4 Folth EF CMRS o7 e
CART tel el A s cAel #He mdst 4
oz g JUE e s BAsh 718 #A

References

[1] S. Wolfram, “A new kind of science: A 15-year view,”
Complex Syst., Vol.26 No.5, pp.197-224, 2017.

[2] R. Das, J. P. Crutchfield, M. Mitchell and J. E. Hanson,
“Evolving globally synchronized cellular automata,” in
Proceedings of the 6th International Conference on Genetic
Algorithms, 1995, pp.336-343.

[3] J. Von Neumann, “Theory of Self-Reproducing Automata,’
A. W. Burks, Ed. Urbana, IL, USA: Univ. Illinois Press, 1966.

[4] C. G. Langton, “Studying artificial life with cellular automata,”
Phys D Nonlinear Phenom, Vol.22, No.(1-3), pp.120-149,
1986.

[5] T. Ostoma and M. Trushyk, “Cellular automata theory and
physics,” Arxiv Preprint physics/9907013, 1999.

[6] P. Gacs, G. L. Kurdyumov, and L. A. Levin, “One-dimensional
uniform arrays that wash out finite islands,” Problemy
Peredachi Informatsii, Vol.14, No.3, pp.92-96, 1978.

[7] M. Mitchell, “An Introduction to Genetic Algorithms,” MIT
press, 1998.

[8] M. Bidlo, “On routine evolution of complex cellular automata,”
IEEE Transactions on Evolutionary Computation, Vol.20
No.5, pp.742-754, 2016.

[9] M. Bidlo, “Evolving multiplication as emergent behavior in
cellular automata using conditionally matching rules,” in
IEEE Congress on Evolutionary Computation (CEC), 2014,
pp.2732-2739.

[10] M. Bidlo and Z. Vasicek, “Evolution of cellular automata with

conditionally matching rules,” in IEEE Congress on
Evolutionary Computation (CEC), 2013, pp.1178-1185.

H} = ©
—f?‘s—r

https://orcid.org/0000-0001-9793-9978
e-mail : jwmtp2@ajou.ac.kr
20179 sA WS 7 3FE (A}

2019 of o skl 27 E 5 oA (A A

& M 3
https://orcid.org/0000-0001-9192-2411
e-mail : wsh0509@ajou.ac.kr
20159 o}Feheka 4B FE TR
20159 ~@ A opF st e T}
A VS

el 7 -
https://orcid.org/0000-0003-1379-6995
e-mail : kbwee@ajou.ac.kr
1978 Mg df3tal 423t 3H(3HAL)
19851 University of Wisconsin #4+&}a}
(AAh
199214 Indiana University 2Fshab(8FA})
19939 ~8 A obFtfstal AZE o3t}

B R AT B



