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On Discreteness at the Edge of Chaos

KOSAKU INAGAKIt

The edge of chaos is a well-known concept in the field of complex adaptive systems (CASs).
As far as the author knows; the edge of chaos is observed in systems which have some discrete
characteristics, and has not been discovered in purely continuous systems. In this paper,
based on the cellular automaton model proposed by S. Wolfram, it is proved that the oc-
currence probability of the edge of chaos asymptotically approaches 0 with the increase of
either the number of states or the neighborhood size. CAS researchers who pay attention to
information aspects of biological life, suppose that the edge of chaos has some close relation
to self-organizing processes in living organisms. The proof presented here would contribute
to such a theory that biological life utilizes digital phenomena. The proof shows that growth
termination, rather than self-reproduction, is an essential property at the edge of chaos.

Feb. 1999

1. ¥ 25 &

BHES R (complex adaptive system, CAS) @
SEICIE, WhW BB+ ADH (edge of chaos) &IF
EN B BRECIEED D 5. Wolfram'?) 45 V5 —
F— b= b YORETERL, Packard® 2% L7c#E
£TH%. Kauffman® ©0F ¥ ¥aky b7 —2EFN
ZBWTH ZOEESFEDLIS.

HAADREBMSTDOW, T TS H TR
I L 2B TH> T, Langton® HIN% A%
(emergence) & IFAEIFEEVZ . EI% L iITHVHER
TOHCHBILEL TLALTOVFLIVEEZ LN,
HAADFE LB, BECHFNERDF 2 INTVS
BaTidiwn, 7272, FERIMBRHIOT CEAT M
(elemental universality) O~ gk BA LT,
Wolfram® ¥4 L 7% 4+ ADFICFEH I
CERFERALL.

T ORERAER AR e R

Graduate School of Informatics, Kyoto University

76

K&HIL T, Wolfram & BV T—F— <>
EFNVERLYT, A AOBOWEEFRICERLT, &
OEEE L VBBEIIL T L 2lAab, EZOMS
RY Tit, 74 AOKREMOL > OWHNEHEL b
BREAHELTWT, MEcERRTEBRIA TV
v, Wolfram!® & ZHICOWTER LWL, 2T
EAFADHBDT 4 V¥ NMECET B —2oDEHRE S 2
513).

ZZTOFEBETIE, BIVOREED 5 VILEEY 1 X
DOWTFNLAETICON, Wolfram DWW 75 A 3D
HEBATEGERY, 7IAL, 7TA2, BLOAS
ADBREIEENL 7 5 A 4 OHIBHERIIENENIC 0 138
SLEWIFERE S, TOFBHICE T, I FADMK
B4 VI NVEERELEENH L EEXONS,

BT R OB T, EHOBTHBIBSR L /4
ADFRE OFHLBREEN SN LS, EED
RIS B L CHRm8 L2t i) o s v
T, DFADHFEDT4 VZNVEEZERL TS, AIFRK
BB TS ETRHETH LY, FHETREMEL L
WA OMELEATAI LI, EROFEELEL



Vol.40 No.SIG2(TOM 1)

KRR 2 BERERIOBE ZHM L T3, RRXT
B, COBRPLOEPOEREMRS.

2. HkeERit

dRFTHENVI—F— r< b v (d-CA) M ki,
(K, Z* X, F) 2% 4 FMTREND. ZTRVERE
EKFRETVIT Ry FTHE. dRTEOEERKT
D&k Z4 0, BROdFEI ORI BEOELSTD
. ZPOBEFEZ eV EETN, BEYZO&FET
5., X = (21, -, z) EBEETHY, Lzl
TN@E) =G +z1, -, i+z,) F1OEFEE S,

FTRTCOLNVEF—OFRF -+ THL, KL
VEIK OBEZ#RELLTES. F: K™ — K I3k
BBEETHS. ol eV i 1B BIER L OREL
ToE, RADXI 2, BROWKLL -1 0REFSD
BRIl TRESNSD.

G,,Et) — F(a(t—l) . (t 1)) (1)

i+ac1’ Ty z+zn
A3 T Wolfram® @€ 7V % #H v, 1-CA
ENRLTL BREBERLr LAV K =
{0,"~,k—1},X:(—1",—’7‘+1,"‘,0,"‘,7"—1,7')
Eta. ELVORERIRETHY, EHEORLVEIR

2r+1Thsb,
ok E, REERRAUOR ORI,
o) = ﬂ}j%f;9 (2)
j=—r
Thb, ZZTo IEBEHTHS. Wolfram £7

WMZBWTR (1)1, a;=k""7 B EiEy, &
TR WEALET I EPTHTH S

Z 2 TiE4F I Wolfram 737 o 72 & 9 12, &&EH
HI (totalistic rule) %A L, T XTD a;=1 & F
%, E7o@% O CA CREWREso 2D, F(so, - -,
s0)=s0 £ T AN, TITIHIREEO B EIREEL L C,
f0)=0 & ¥5, FHLCTREREFECER LN
PHBEPRZ DL, TbABEHtIIBTEEL
DREER —FELTEL 2D EE, FNEHLIES,
CA@%%WiEmﬁ%T%%ﬁ —#%12 o 1mER

B2 0, el kv (et + 1) oL
@Uw\ KT 5. BB OBITE LD ICEOHBNTRA
b, BREEEZRE TR, FREHEBEEIT—RICER
BTHY, B0 BTN 5 8BRS
KTAHIEBTERV, ZOOFENIILWVEFIVTH
5.

= F C=(ch-1)(2r+1), Cl=1)(2r+1)—1s " Ca)
2, BB f Ce=f@F) tv) HATHIEEE S, &

HAADBEDT 4 P I NEIZDONT 77

o mree age mes sems — e - 1 wmag o e

N fge—

(a) Code (110000)

(b) Code (011000)

(c) Code (101010)
1 BVS—F—rTbro445
Fig. 1 Four classes of cellular automata.
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Fig. 2 Examples divergent or not.
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Fig. 3 (2, 3)-CA with code (00010100).
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