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The dynamics of Chaos Cellular automaton

Neti SRIHANU*, Masahiro NAKAGAWA*

Abstract : In this study, a Chaos Cellular Automaton (CCA) is proposed as a generalized model of the Life Game with a
nonmonotonous map. The spatio—temporal pattern is generated based on CCA, and the dynamical properties will be analyzed in
terms of the Lyapunov spectra and the fractal dimensions of spatial pattern. The results from numerical calculations show that,
as the slope of non—monotonous map is varied from infinity to a small value, the dynamics of cells is changed from a periodic
state to a weakly chaotic state, and then to a deeply chaotic state, will be returned to a weakly chaotic state, and finally to a
periodic state again. The fractal dimension indicates the complexity of spatial patterns. The generation of the chaotic
spatio-temporal pattern is found to be realized by this model. Moreover, a weakly chaotic state is considered to be fascinating in

analogy to the artificial life model.
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DOYIIIREEE, O~10EEE WL, AM4), 6), (9), @0,
Wty iab—va vEiTok, T, &%
5 4 — Z i3 Table. 2iCF%E L, HITRREIZO B 1%
256%453 L, Fig.3D 7 LA A —nZE) ¥ TERT S,
#HE EP FigdTiE o4 75— L1 E > TR
Xhi x-SR ENK, () IkwiRETH D,
(D) ~O I EEHOE T 2 —VE2RT, 74 75—
LTI O DL ADEEA GRS, BEDERD AT v
TEL, BOOerORENS, RDOAT v T
DREE{0, 11 A DD, M, 1 OREEEYHEX
THEY, 0ERFEALRELTA4b, B CE» D
WERLL, BVWETITAMNL—Y a VTHATLE
5DTH D,
Fig.5—8Tik, CCAIC L W B I hic /& — Vs
&R, CCAW, Fig.2m/T A— 2 ¢ #B{LE &
Brrickbh, BEEEOEZSERA,»DL 0ITEZ
HrEpafEE Y, WRTRELIZESIE, DX
A1F 32 2% 3DOOREBICENTEZENTENR, Z
T, e AVPNEWEE, Figs SlItm&hic Lok, +
MEHE Lieah, EE g -y, TR 2 —v
WIE L, DFh, %L/ LOREBIE7 v &L RE»D
29REE (0, 1) 1272 b LRI NI, ZOLED
BAYT 7 7HEBIIFig 9@ Icm L X5 ic, BA
D77 7RI AOES L > TWAzD, EAEh
F ATV EMRERE W, 728, CCADEREL
Lak 0OICHETBEE, ZOETNMIRBET LD
FA T RMCRETAZENTRETH S, ZIT
Hxik, ZOLAORERFIREEERET S,
Wi, e k&E<{T5&, wADREZONLLE

|ll"llll]lllll‘l’lr

24— —
- 4
/}‘ - -4
Q - B
V - -
1.9+ -
- _
PNV DR S ST B U A A S }

0.1 0.2 0.3

Fig.12 The average of fractal dimension of CCA,
starting with a random initial pattem. Pattem size is
set to 256 X 256 cells.

TOREL L2 2 ENTREE 72D, ZOHRITFig.6
—8ITRERND, EHK, Fig.9b) () »bR/RAY
T IR TOMERE E - T0ABEDT, Thbhék
BTk, 2L OREBIEHIAANTHA T ENHEHRAS I
7zo ¥7z, Fig.6&Fig. 7Iom Lz L9108, H/vid 2k
HREEAIED, BE LTV, ZORREIRSH A AR
RELEFm I N, ZOIRAEITX C.Langton iz LW HR &
N ATARBCHIEL TR EELZ bR S,

LT, &bice®R&ELT5&, Fig.8TxrL
L5k, wAOREZIERIAR 22 B AR
Ly, e BEEITEETA XA SRDS, ZO
REEZ I A ARBEEERE NS, 2%, AL A
B2 REETIE, MR L ERRE Ehs,

Xhiz, erxKELFTBE, D2 — VR
FEAE—VIChD, 2F 0, ZORETERET
»B, i, BAVT T TIERIRAOHAE L ADT,
hoA ATV Z AR S iz,

~F, EADRENAR -V DT 5T 2 NKRITIE,
Fig. 10CR LI &SI, e V& WL E, Hhb/ 38—
VORI BMTH LD, 757 FARICIEED,
FLT, eBNKREL LD E, RN a—vESITEMC:
0T, 737 2ARTEEL 2L, REK, EER
RE— VIR, 757 ZANAVKRIGIE—EICRDT &n
MR I Nz,

V7T 7RI, R EMES RbTRET
B0, —F, HBEKTRERNZE#RSE EHTRIE
Thb, Fig. 112 Fig. 125 1, FHEVIZIEOHBMNE
Bhh, KEFAICBWTH A AMZEFZER A2 — v
DAERDPTHER SR, FORZEEEERH TR
EMEHI R,

TS #2155 (1999) — 61 —



VANR=RT A

4. F & &

KRBT TH, 2&KTEENAF— b= bV (CAYDT A
T —nETRERE LA AN A - b T bV
(CCAYDhAATA 77— LR DNTHBIL, CCA
Dh A ARG E BT B 70D 77 T T
BTV, Elo, MM AEMSERT T 77 2V RE
&SI B 7z, 7R &2 — v OMBIK TN A 1T o
770

CCAXM &M L & bICli ki ¥4 F 3 0 AT,
REFEENTH D, &I, RETEFIEAFAT
AEFAHN, Table. Lic R LA &5 ICCALCMLD
FRIICB L WA Z MR Sh, /72, CCAD A
SA=ABTERZ LI LT, 14775 —4IC
REENS, KBNTERLD, LEVEILD T 4 —
EANKEL A E, Fig. 13ILRTLOIChAATA 7
= A OWRERE, BE»G, 88hARICAD, £LT,
BAEMER A AREE 0D, EEMCEER R
el A Z EMAHE R

SHOMEL LTIE, hA AT A4 77— LB Da,
b, ckdx BHEMICHIB Lz 3SKILEET AL DVTH
FA 75 ANEREBTTAZENBTFLRS,

Fig.13 Class of a Chaos Cellular Automaton

2 £ XK

1) T.A.Witten and L.M.Sander, Phys. Rev. Lett. 47,
1400(1981) .

2) S.Wolfram, “Universality and complexity in cellular
automata”,Physica 10D (1984) 1—35.

3) C.G.Langton, "Life at Edge of Chaos”. In C.
Langton et al.(eds.) Artificial Life 11, Adision-Wesl
ey(1992) .

4) K.Kaneko, "Period—doubling of kink-antikink pattern,
quasi-periodicity in antiferrolike structures and
spatial intermittency in coupled map lattices-Toward
a perlude to a “field theory of chaos”—", Prog.
Theor. Phys. 72, 480(1984b) .

5) P. Bak, K. Chan and M. Creutz, Self-organized
criticality in the *Game of Life’ , Nature Vol. 342,

780—782(1989) .

< Il ERL

6) BE—RE, “HtA—NARABROEBEEFOLH
A TV A$1997.

7) P. Grassberger "Chaos and diffusion in deterministic
cellular automata”, Physica 10D (1984) 52—58.

8) MRIpEE, “ATHEGOMA" A+ — 44 1994,

9) ALAEMWES, “ATAG—EREAEGLCCOTER
AT HIRBE A &4 1994.

10) FHSER, TEBEE, FESE, “AL46o 5K HAe
T ERA S 1995.

11) B Ti%, “GALEGOEEREL” | HILHRERESH
1996.

12) 8- -%H{E, ‘=2 —FA AT LCBFE A AT K
BB A HIRS1993.

13) M. Nakagawa, K. Kobayashi, M. Hori, M.Okabe
and Y. Hori: "On the Fractal Distribution of Embryos
at Nematic-Isotropic Critical Point”, Mol. Cryst.
Lig. Cryst., 1991, Vol. 195, 15—26.

14) FJIELD, FRIOFELREBEERICLIS 70 Y 27 b
KRS E.

15) M.Nakagawa: “A Chaos Cellular Automaton”,
J.Phys.Soc. Jpn. (1999, in press).

5% A

A3, KD ¥ 2 e 7FIDF% LI TiCRd,

DF(x(t))
[ o, (t+1) Oon(i+1) 9o u({+1)]
90 u(t) doult) B w(t)
do . (t+1) 0o (t+1) 0o ,(t+1)
=| doul) doull) 9 ()
00 w(t+1) B0+ Bamlt+1)
dou)  donlt) 90 (1)
(A.1)

ZZT, NiZtbnd a4 XThHb, KIC, ¥aefrso
FZRERIIDTOL > IZRKDOLR 5,

1) L, troREe,;(+1) iR EELHEEIC
A B BIE,

Ao ,(1+1 9 S
S0 lHD s 6t Tw 2
00 (1) m 00
o (A.2)
6:{1 (=5
Tlo o G#Ep

NRDHLN D,
2) L, tAOREs (1D ITRETEDOHEEK
AR BIE,

0o ;(1+1) 1 (G, 0=0,0)
—_—= s A.3
90 (1) { 0 Wprpmey Y
NRDLND,
R



A AL — TPy DI, F IR

Fig.4 Snapshot patterns for the Life Game and starting with a random initial condition.
(a)initial pattern (b)at time step 100 (c)at time step 200
(d)at time step 300 (e)at time step 400 (f)at time step 500
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Fig. 5 Snapshot patterns for the Chaos Life Game with ¢ =0.03,
and starting with a random initial condition.
(a)initial pattern (b)at time step 5 (c)at time step 10
(d) at time step 15 (e)at time step 20 (f)at time step 25
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Fig. 6 Snapshot patterns for the Chaos Life Game with ¢ =0.07,
and starting with a random initial condition.
(a)initial pattern (b)at time step 50 (c)at time step 100
(d)at time step 200 (e)at time step 300 (f)at time step 500
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Fig. 7 Snapshot patterns for the Chaos Life Game with ¢ =0.09,
and starting with a random initial condition.
(a)initial pattern (b)at time step 100 (c)at time step 200
(d)at time step 300 (e)at time step 400 (f) at time step 500
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Fig. 8 Snapshot patterns for the Chaos Life Game with ¢ =0.41,
and starting with a random initial condition.
(a)initial pattern (b)at time step 5 (c)at time step 10
(d)at time step 15 (e)at time step 20 (f)at time step 25
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Fig. 9 Lyaounov spectrum of CCA model,starting with a random initial condition.Patten size is 32 X 32 cells
(a) ¢ =0.03 (b) e =0.07 (c)e¢=0.09 (d)e=0.35

2T T T T
L 4 1.92
1.9F - 1.91
S - S
- 1 1.9
1.8+ 1
r | 1.89
L .
C 1 | 2 | i P B ]
0 2001‘ 400
(a)
T 1 T T T T 2
1.75 b ] 1.98
SHENS - ]
= — 1.96
1.7 —
[ S SN S R 194 0y o o,
0 200 400 0 200 400
t t
(c) (@

Fig.10 Fractal dimensions of CCA model,starting with a random initial condition. Pattern size is 32 X 32 cells
() e =0.03 (b) e=0.07 (c)e=0.09 (d)e=0.35

— 68 — Bl I N



