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1. FF

S=1{0,1} & S®h5 S~DEH g LOM (S,9) ¥#EAEENA— < b (Elementary Cellular
Automata, ECA) &FES. 28 =256 B ® ECA (S,9) BHFEL, ZFhZHhd ECA (S, g) IKRBKRO &
51 LTEEBN—LVES RN(S,g) 5L SN THAS.

RN(S,g) = 3 g(a,b,c)2°7 2%,

a,b,c
ECA (S,g) 5Abhic et &, ROLIIILTg: 5%+ 5% £ERTSHC ENTEB.
vx € SZ, Vie Z, (g(x))i = 9(zi-1, Ti, Tit1)

SZ DEH % configuration & FE.
ECA (S,9) ® g % local rule, g "5EE 5 g: 5% — SZ % global rule &PELF, D bold face g
THEETEICTS. gid, 5% EO dynamics 2 EDH 5.

x€ 8%, gtli(x)=g(&'x), t>0,

g’(x) =x.

x € SZ % initial configuration & L7z & &, dynamics g PRED BB Y — &, {(t,g8(x)),t > 0}
D ETHB. —RIICERLDEEICT 3 DIE, ECA (S,9) XEDS SZ EOD dynamics g D R
By — 2 {(t,g(x)),t >0}, x€SZ DHHUTHS.

S.Wolfram(1983) i3, HMAHERY I V-V a itk TEERENA—-PT D vESBRLLD, £
NoRBTFLLEELLOTIHAL. ZHiTH LT G.Braga, G.Cattaneo, P.Flocchni and C.Quaranta
Vogliotti(1995) &, ARG HIEHEREIC L 553 8%ETL, 0-quiescent local rule (BEHIIZDO®RTRRT
%) AEoEAEELA— < bV EUTOKIE C, Co Cs =207 FAIHALI. &, T
FRDOENA—FT b UREDI SAKBTENQOUERITI TN ) XLNEFRERRLTOS.

C, Vx € F, tlhm l(gt(x)) =0,
C2 Vx € ]:a sup l(gt(x)) < 00,
teN

Cs Ix e F, supl(g(x)) = .
teN
A THEEICTADIR Cs 7 5 AIKBT S local rule g Ik > TEE S F LD dynamics g ¥ED K
5 #5 growth of time-space pattern 2R ETNICDNTHRTHILTH 3.
S Bt RMEAENRERINTNT, £OEBAEN SZ LICERIN TS LTS, Fhop: 5% >
SZ op:S%2 5 SZ ZRDLIICEHTS ;xeSZ2ITHLT

(U'L(x))i =Tit1, (O'R(X))i =z;i_1, X€EZL.
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ECA (S,g) i3, 9(0,0,0) =0 T3 3 & % 0-quiescent Th 3 EHiTh 3.
F={xeS5%|3i€z, 3j€2, i<j x=(.,0,0,a,..,2;,0,0,..)}

L&, ¥ OER% 0-finite configuration &3¢ Hic (.,0,0,0,..) EF THEEL¥RT 3.
9 A% O-quiescent THI, g(F) CF THB. &->Tgit, F LTOD dynamics £EH 3.
xEF LT

x=(.0,0,1,..,1,0,0..)

THBLE,
Ix)=j7-i+1
EED, x D length of pattern & PE.3<.
VBT, V-NVESEWURTILENHEHE, L—ILEE n 2 OENLA— b2 F 2O local rule
LENDSRE S global rule 22N EN g, BU g, 8L

Notations 10 block &1, 14¢2 M EFANSDT, M (1,1)® (1,1,1) REEHL, &
Sn®1Dblock &id, n @D 1 BEAKSDTHY, 1,=(1,---,1) L8 ABECEZI nD 0D

n 8
block &1, 0, =(0,---,0) TH3. BB &% 0% (..,0,0), (0,0,..), (..,0,0,0,..) ££%

n {8
THDELTESY, WThEERTIDRAEHBEDOSBRICHEAEZENTES. 110K LTH
RkTH3.
a;=(a},..,a, ) €S™, i=1,. niLT

(a,---,a,) = (al, ...,a,lnl,...,a;‘,...,a:'n'_),
(0,a;) = (...,0,0,0,a], ...,a,lm),
(a1,0) = (a{,...,a,lm,0,0,0,...),
(0,a2;,0) = (...,0,0,0,ai,...,a,l,,,0,0,0,...)

EHRTE. 0 DROVIZ 1 EANBIBALRARTHS.
CCUn»15" DCUp> S" DEE, k>0 IHLT

C®D = {(c,0x,d)|c€eC,deD},
k< 1
cep = |JcoD

I>k

EHIRT B, F72 A C U S™ ISHLT
A={(0,a,0)|ac4}

o
oI x=(..,2-1,%0,21,..) €ESZ IZHLT

Xij = (ziy -"1zj)7 15 ja X—-00,i = ("'7zi—l7zi)r Xi,00 = (zirzi+la‘")
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UFTDO&LHE—FDNRY— Vi Tuy /) OBREEEHELTHS.

B = {1,|n>2}
U = {(1,0m,,1,0m,,1,..,1,0p,_,,1) | m1 >2,..,mp1 >2, n2>1} |
YV = {((0,1)i,,0m,,(0,1)is,0mz, -, 0oy, (0,1)i,) [ 41> 1, my 21, ,mu1 21, 4n > 1, n 21}
2< 1 2<
w = UsplJs x = venB|Js X, = (V& B)| B,
0< 0< 0< 0< 0<

¥ = J@up) e snut) | mut) 6 suX) eV,

= e -2 )

1 1 1
wB = | JWeBs---8B,
n>0 n

22T (0,1, =(0,1,0,1,..,0,1) THB. WEHMKRDZ EVRILT 5.
—_————
K #D (0,1)

VuxX= F, VnX=¢
Definition 1.1 #EA+&/LA— k=< b 2D local rules g, h RNROEMHEM T EE, g & b TR

g & h INHTHS LM
gla,b,c) = h(c,b,a), a,b,c€S

ROLSICERSNS s: F - F AAHEREE x = (..,0,0,2;, Tit1, - Tj-1,%;,0,0,..) € F
LT
< Z
s(x) = (...,0,0,z;,zj-1,..., Ti+1, i, 0,0, ) EF.
Proposition 1.2 #E& /LA — b2 b 2D local rules g,k HEWIHRZ ST,
VteN, gt =sohfos

Thb.
STHIARTHIDOEKTS.

g, h BEWCHRTHNIII, g HERT S time-space pattern iE, h YT 5 time-space pattern
OELAEANBZI DD S, #->T, —HD time-space pattern DR EMBATHIL, MG D time-
space pattern bRFFICBEH IO/ LITNH5.

2.C3 9352

Cs KERT 3 — etk MHEHOBEIrSBELLONUTORTHS. FIHIE 6, B
ABIETE BE5HESSBRIEVICHETHS. 4%, FKH 1,2, 3,4, 5 BOIL—IVIONTE
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LB Eom

111 110 101 100 011 010 001 000 RN |[111 110 101 100 011 010 001 000 RN

0 1 0 1 1 0 1 0 901 O 0 0 1 0 0 1 0 18
0 1 0 1 1 1 1 0 94 0 0 0 1 0 1 1 0 22
0 1 1 1 1 0 1 0 122 0 0 1 1 0 0 1 0 50
0 1 1 1 1 1 1 0 126 o0 0 1 1 0 1 1 0 54
1 1 0 1 1 0 1 0 218 1 0 0 1 0 0 1 0 146
1 1 0 1 1 1 1 0 222 1 0 0 1 0 1 1 0 150
1 1 1 1 1 0 1 0 250 1 0 1 1 0 0 1 0 178
1 1 1 1 1 1 1 0 254 1 0 1 1 0 1 1 0 182
BIE B

111 110 101 100 011 010 001 000 RN | 111 110 101 100 011 010 001 000 RN

0 0 0 1 1 0 1 0 26 O 1 0 1 0 0 1 0 82
0 0 0 1 1 1 1 0 30(f 0 1 0 1 0 1 1 0 86
0 0 1 1 1 0 1 0 58 O 1 1 1 0 0 1 0 114
0 0 1 1 1 1 1 0 62 0 1 1 1 0 1 1 0 118
1 0 0 1 1 0 1 0 1541 1 1 0 1 0 0 1 0 210
1 0 0 1 1 1 1 0 158 1 1 0 1 0 1 1 0 214
1 0 1 1 1 0 1 0 186 1 1 1 1 0 0 1 0 242
1 0 1 1 1 1 1 0 190§ 1 1 1 1 0 1 1 0 246
Bam BmTHE

111 110 101 100 011 010 001 000 RN [ 111 110 101 100 011 010 001 000 RN
0 1 0 0 0 1 1 0 700 0 0 0 1 1 1 0 0 28
0 1 1 0 0 1 1 0 102( o 0 1 1 1 1 0 0 60
1 1 0 0 0 1 1 0 1984 1 0 0 1 1 1 0 0 156
1 1 1 0 0 1 1 0 230 1 0 1 1 1 1 0 0 188

E5H L X R

111 110 101 100 011 010 001 000 RN |{111 110 101 100 011 010 001 000 RN

0 1 0 0 1 1 1 0 781 O 1 0 1 1 1 0 0 92

0 1 1 0 1 0 1 0 106f O 1 1 1 1 0 0 0 120
0 1 1 0 1 1 1 0 110 O 1 1 1 1 1 0 0 124
1 1 0 0 1 0 1 0 202 1 1 0 1 1 0 0 0 216
1 1 0 0 1 1 1 0 206 1 1 0 1 1 1 0 0 220
1 1 1 0 1 0 1 0 23| 1 1 1 1 1 0 0 0 248
1 1 1 0 1 1 1 0 238 1 1 1 1 1 1 0 0 252

Proposition 2.3 Vg € C5\{106,202, 234,120, 216,248}, Vx € F\{o0},
. t —_
Jim 1! (x)) = o0

ThHs. LhEMIIT



g 78 12,36 BOoLThhETHE
l(gh(x)) = I(x) +2t, V¥x e F\{0},
g DV 45,78 BHOLWTFOOKRTHIE
(g'(x)) = I(x) +t, Vxe€F\{0},

Th3s.
Proof: g »% 1,236 BoLFhhicEThid

4(0,0,1) = 1, 9(1,0,0) =1
THY, 4578 BOLTONICETHIE
| 4(0,0,1) =1, g(1,0,0) =0, g(x,1,0) =1
THB o EicikETHIE, Proposition RBASHTHS. g(*,1,0) =11 x I 0, 1 DLWTHHIRASE
NTHHRITEEAXEKRT 5. : :

3. Jb—Jb 202 & 216

JV—I 202 & 216 REWICHBRTH 5. ZDE 3 HTII—IV 202 AEZB. W—IEE 202D
local rule go02 ¥, ROEXRD LI ILEZ SN S.

@bo LWL LoD ](1,0,0]011)](0,10](0,01) (00,0
gzoz(a,b,c) 1 1 0 O 1 0 1 0

D% 3 HITIE goop AFEBLUIC g LB EITL, x€ SZ =% LT dynamics {g’(x)}e»0 B3ED &
HITILBDIIDODNWTIRANRS. '

3.1. Jb—JV 202 ® F ET®D dynamics

Proposition 3.1.1

i 2
x = (0,1,,0) = (..,0,0,0, 1,1,..,1,1,0,0,0,..) € B
' N

LT

-1
~

t(x) = (0, 1,4¢,0) = (...,0, ,o,l ,1,...,1,&,0,0,0,... B, t>0.
g'(x) = (0, 1n4:,0)=(-,0,0,0, 1 1 ) € >
n+t
5% xcBDg KEARMRER RORD LS T, HHHIELITONT configuration HD 1D
70y 7 OEENR—SOEITNL,. RE 1i1E, B TRASOLTNS.

i i

x = 00 0 0 0 m m m W00
g(x) = 00 0 0 WM m o mE OO
g%(x) = 00 0 m m m ® E E 0O
g3(x) 0 0 m m m m H mE OO
gl(x) = WM @ E E E N W00
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Proof: RO Z &icE®EThIT LU .

9(0,0,1) =1, ¢(0,1,1) =1, ¢(1,1,1) =1, ¢(1,1,0) =1, 9(1,0,0) =0, ¢(0,0,0) = 0.

Proposition 3.1.2 (1) Vxei, Vt>0, gi(x)= ot (x) €U
(2) gV)CUThHbh, #-T

| VeV, g(x)ed, gi(x)=odi"(g(x)), V>2.
L hEMIZIE, RoBHTHS.

i,m my izﬂ ma Ma-1 inﬁ
L A A —A— A P S ~
x=(00 010---010---0010---010---0---0---0010---010) € V

Rt LT
g(x)= (0 0100---000---0100---000---0---0---0100- --000) € &.

2i; -1 m; 2i2-1 ma Mp-) 2i,—1

Proof: (1) x€U D O0DT Oy /DRINIULTHEIEERD I EicikEThIL L.
9(0,0,1) =1, ¢(0,1,0) = 0, ¢(1,0,0) = 0.
(2) M>1THEILERDI EiCEBRTHITLL.

y(0’01 1) = 17 g(O,l,O) = 0) 9(11011) = 0) g(l,0,0) =0.

Example 3.1.3 x=(0,0,1,0,1,0,1,0,0,1,0,1,0) Z## configuration & L7z& % ® time-space
pattern BROBD L5205, RE 11T @ TEREINOTWH3.

X = 0 0 0 0 0 m 0W 0 m O 0 m 0 ® 0O

g(x) = 0 0 0O 0oO®m 000 O O O ®mM O0O0UOTUO0O

gi(x) = 0 0 0O ®m 0 00O 0 0 m 0 0 O0O0 OO
g3(x) = 0 0O ®m 0 0 000 0O ®m 0 0 0O0O0TO0UO
gix) = 0O® 0 0 0 0OOO M O OO O0UOTG OTU OO

Proposition 3.1.4
a ] in —
x=(0,1,0,,,,1,0p,,, - 10mayy1,0m,,1;,0) EW, n>0

i LT,

ip=1 ig—1 in—1

g(x) = (05 T ,Oml, T 10m9,"' )Om,._l; T :Om")1l+l’0) EW
THD. m>2, m>2 ., m>2 I>2THBILIIHELL Thn=00t%, xcBT
H35.
Proof U(@:g‘:l:ﬁiﬁ?n‘i&b\.
9(0,0,0) =0, ¢(0,0,1) =1, g(0,1,0) =0, g(0,1,1) = 1,
9(1,0,0) =0, ¢(1,1,0) =1, ¢(1,1,1) = 1.
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Example 3.1.5 x = (0,1,0,0,1,0,0,0,1,1,0) %% configuration & L7c& Z D time-space pat-
tern BROKDEHIZEE. KE 13X W TERINTWAS.

X = 0 0 0O m 0 0O ®m 0 0 0 m m O
g(x) = 0 0O ®m 0 0 ® 0 0 0O m m H O
gZ(x) = 0 @ 0 0 W 0 0 0 WM m B B O
g(x) = m 0 0 W 0 0 0 W N E®NBNOPO

Proposition 3.1.6 (1) X, DERIIODVTRDOIENEZ 3.

k
0,0,1,..,0,1,0,..,0,.., 0,...,0,0,1,...,0,1,0,0,...,0,1,...,1,0) € X, n>0
N ! e e’ N N G

X =
Gl>; M2l maa2l 8, ma22 122
LT
\b —
g(x)=(0,1,0,..,0,0,0,..,0,..,0,..,0,1,0,..,0,0,0,..,0,1,1, ..., 1,0) e W,

2i,-1 m;>1 Mp121 2p—1 my—1 141

IZTn=00K, xcB Th5.
(2) X OERIZOVWTROIEHNELS.

k

x=(0,0,1,..,0,1,0,..,0,..,,0,..,0,0,1,..,0,1,0,1,...,1,0) € 23, n>1

N e e e R A

idl> mi21 mac12l ;M) 1>2

LT v

k
g(x) = (o,1,0,..,0,0,0,..,0,.., 0,..,0,1,0,..,0,0,0,1,...,1,0) € W.
N e N’ N e’ N e’ N
2i;—-1 my>1 Mp-121 2ip,—1 ]

Proof: ¢(0,0,1) =1, ¢(1,0,1) =0 TH 3 I LiIEEITIIE, (1) (2) WTFNLEBIIFNS.

Proposition 3.1.7 xe X &795%. 2%

4 iz in
X = (Oaalyom“aZ;Om;:"'70m,,,-1yaﬂa0)7

i iz in

J
or (07a1:0m13a210m2;"'vomn_lyanaomn)v:OL
a; €EXjor Xy, VEV,
m; >0, my>0, ..., mp_1 >0, m, >0.

ST & ar DLEICBINTVS i 12, ap DRBEOEREN x PFILLDIBROEREBESERT. j
CELTHORETHS. ZOLHL x ITHLT,

i1 in

i in
vt 2 07 gt(x) = (gt(olalyﬂ)-—oo,iuo) gt(oaa2)0)i1+2,i2:0) "‘)OJgt(O;an;O)in_1+2,in)0))

Foid

i in

a iz in <A
vt 2 0, gt(x) = (gt(()’al’ 0)—00,%'1 ’ Oagt (0xa2’ 0)i1+2,i2’ 07 ooy Owgt(ov An, O)in—1+2,i'n:0,gt(0) v70)in+2,°°)
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Thsb. £1-

2<Vj<n, 3T;, Vt > Tj, gt(or;‘iro)i,‘-ﬁ?,i:‘ = Lliji;-1,
3T, vt > T, g‘(o,%,o);ﬁz,oo =0
THHH90
vt > max{zrsnjjasxﬂTj, T}, g'(x)= (g‘(O,zfi,O)_oo,,-l,O, 1i,-i,-1,0,..,0,1; _; _,_1,0),
g'(0,a;,0) € w

83,
Proof: ¢(1,0,x) =0, ¢(0,1,0) =0, ¢(0,1,1) = 1 i &EL, Propositions 3.1.4 and 3.1.6 % AL>
k.

Example 3.1.8 x = (0,1,0,1,0,1,1,0,0,1,0,1,0,0,1,1,0) #1388 configuration &Ltc‘:%@
time-space pattern ZRORD & H 2753, RE 12 M TEREIhTWH3.

x = 0 0 0 m 0 W 0 W W 0O N O MM 0 0 N WO
g(x) = 0 0 ®m 0 ®m 0 0 W WM 0NN 0 MM 0 0 W N M 0
g?(x) = 0O M 0 W 0 0 m W W 00 N 0 0 W N N ® 0
g3(x) = m 0 ® 0 0B N NNONSOONSES®EH RO
gi(x) = 0 M 0 0 m W B W M 00 0 WM S NNMN RO
g5(x) ® 0 0 M EEEENNSO)ONNNSENNR RO
gb(x) = 0 0 ®m " @ BN EEN(OENNEENENRNRNG®SOY
g’(x) = 0 @ B E EEEN(ONSENESENENNGBNOY

U LD Propositions 5K D Theorem 3.1.9 2 EKILT 3.

I
<
c
2

Theorem 3.1.9 J/V—JV 202 ® F LD dynamics KB L TRD Z ENKILTS. F
VNX =¢ BBRILTW - EicERE &,

VeV, vt>1, gl(x)=0t"Y(g(x)) el

—

Vxe€ X, 3T, Vi > T, g'(x) € WB.

U iZA>THSDEI% 1L, Proposition 3.1.2(1) TERXSHTHT, WBIZA->THSDRIEIE, Propo-
sition 3.1.4 TAR~NSN T 5. HLET V—/VES 202 £ D/ A — b < b 2% 0-finite configurations
LURDEETHS F LTED LI dynamics ZH L MOV THELICHRATE S Sicky, £
72% @ time-space pattern bHSMNI I &LITAS. F LTI} 0 UARE AL EPS bEEET,
U LT o CA%THY, WB LTHRD 321 HTEXSN TS fips OEOFRBIAIINE LT
W{. ROKEBETSZ L.



Dynamics of Rule 202 on F
f

T -

i i WB
" dll

JV—IVEE 202 @ length of pattern IZ 2 TIRRD Corollary I ATA

Corollary to Theorem 3.1.9
vxeV, vt >2, lg'(x) = (&),

vxe X, a7, V> T, I(g'(x) =1E"(x)+(~T).

3.2. Jb—JL 202 & 216 @ S? LTD dynamics

JL—IL 202 & 216 IZWBRTHB. ATV —I 202 %X 5. Theorem 3.1.9 XO—Iv202 i3
F iz o UAARBI S S RAMELRET, £FEIT S time-space pattern BRI Ticl~iBh THS.

x € SP\{0} i, X_cos =0, Tk € Z THIUIL, APATHRBATHUAL. Z D& 57 configuration
%7 O-finite TH 5 EME3. F#EIC LTH O-finite configuration bEHTES.

3.2.1. F¥H=R

ABEOBIKROBY THS.

frtl (-0, 1m_,0,Lm_yys 50, 1my 1, 0,1m,, 0, ), mi > 2, —00 < i< 00,
Fot2 ¢ (1,0,1my,0,Lmgy s 0,1y, ), mi 22, 1< i< 00, '
3 ¢ (0 Lm0, L yyrs 0, 1m_y,0,1), > 2, —00 < i< -1,

td 0 (00,1 0y 0,1y, 0), My >2, —0<i< -1,

fots : (1,0,14,,0,1m,,...,0,1m,,0,1), m; > 2, 1<i<k, k>0,

fpté6 : (1,0,1p,,0,1m,,...,0,1,,0), m; > 2, 1<i<k, k>0,

5% h, BX2UED 1 DT Oy I7H—20D 0 2FSATED A > T35 &K% configuration Tk
0-finite THENEI L HSOPABETHS.
x€e SN
EX2UtED 1 o7 uy s 2ARAICEER D,
Ik€ZL, Xpoo=1
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RI2ULD 1070y 7 %P1 Eb—2KBA (-finite TH 3,
DLThITHNH gi(x) 12, EROVTHODRBEICNR LT . DI &4k Proposition 3.1.7
ZBRTHIEIASHTHB.

%72, Proposition 3.1.2 DIEAICEETHIL, x€ SZ BEBX 2LULD 1 DT 0w 7 2E-LiFhiL,
Vt>2, g'(x) =o' (g(x))

LUBBILEDRID. DEDIDLIN x L, opog DABETHZ. =T, oprogldop & gdD
BRBEETHS.

3.2.2. A=

(1) RS 2LULED 1 OT0u Y E]ELOEE. 1 HFUMILTHT, 1 &1 EOMD 0 OEMH
2UETHB LS configuration DHFIZAMSHELE LB B, & 0-finite R finite configuration
i, RSO/, #>TRDL S SED configuration 2 # X 5.

X=(s0m_y, 1,0m_yt1, 1,00, 1,0y, 1,0m,,1,..), mi > 2, —00 < i< oo (3.2.1)
Proposition 3.1.2 (1) DFMHICHEETHIE, TDLS5U xiTHLT
vt >0, gf(x)=o%(x) : (3.2.2)

CHE. HoT, COZEMD, ROEENET B,

Proposition 3.2.2.1

(32.1) DED x e SZ ¥ p AMAIR B DOBEFIREIR, ROZBEETLETHS ;

FeZ 3k>1, mp+l+-+mig+1l=p,

CEMi_k =M =My SMigk =Mipox = ---,
SEMio2k—1 = Mik—1 =Miy = Migp ] = Migop_1 = -,
CCEMy_2k-2 = Mi_k_9 = m;_o =Mipk-2 = Mipok—2="---,
T M3kl T My_2k41 = My_kp =My = Mypgpy = -0,

Proof: +4#iI3ASHTHS. HEHERT.

,".'_:’_1 1'.;_,;. J'.‘_\5+| J'a:n i Jig1
X = ("'1 1 ;Om.-_“ 1 10m,'_'.+1) 1 3 ey 1 lom.') 130m.'+1) 1 3y
Jigk—1 itk Jigk41

EXE, IO xHp BETHELETE. (322) 5 of(x) = x THEHS,
FHeZ 3k>1, jiyk-p=13i

8B, O EMSVmeZ, Ji4k—m — P =1ti_m &M D, Proposition HEKILT 3.
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A 3 U EOEEDRAMANFET S I LGN,

(- 0,,1,0,,1,,..,1,0,,1,0,,1,...)

B—20D p+1 APRTH 5.

(2 BT 2L 1070y %8THE. RI2UED1DOT0y7DEN5HKS R RAY
configuration TRMIZIZ A DL, fptl, fpt?, fpt3. fipd, fptb DLFTHHORTHD, Thoik
ABITHS. '

EXNEDT Oy EWI LI 1 EHNRIET S configuration DFE, HBZEIAMhoEMICRS
2P EDT a2 A, ARICEEBEOMI LT 1 BRZOUELD 0 2RI ALHNSHEELTTNERMR
DB, EITROL D SED configuration %X %

(...,0,1m_,.,0,1,,,_,,+1,...,0,1m_1,0n1,f,..., 1,0n_,, 1,00,1,.), (3.2.3)
m; >2 —c0<i<—-1, n1>1n2>2 2<:1<0

j1 Ji-2 Ji—1 Ji
< <

(1,0,1m_,0,1m_,,1s 0, 1m_y, 0y 1yeesy 1,00y, 1,0.,1,..), (3.24)
mi>2 1<i<l,1>0, nmy>1,1n>2 2<i<00

Z D& 37 configurations BABNTIZENE I DX, ny, no, ... OHMOMFKETHRES. ¢(1,0,1) =
0, 9(0,1,0) =0 TH B LITHEET 5 &, KD Proposition FFHICHONS.

Proposition 3.2.2.2 (2.4.3) 713 (2.4.4) DED configuration 7% p > 3 AHKITIL B 7DD
B+o%#R, ROFKGERITILETHS

Yiez, 3k>1, i<k,
ni+ne+14+---+n+1<p,
nig1+ 1+ +ne+1=p,

Ni4l = Nitk4+1 = Nig2k41 = "0,

Ni42 = Ni4k4+2 = Nip2k42
ny— 1< Nppy = Ngkgr =N3k41 =0,

na = Ngg2 = N2k41 = N3k42

ng = Ni4k = Ni42k = Ni43k = "7

=)L 202 DA 3 U EOABAR, (3.2.1), (3.23) it (3.24) OBRPMTEELTL. T,
B 2 ORPARAEELZL. Thid ¢(1,0,1) =0, ¢(0,1,0) =0 THBEI ENHFEXBD, TOIL
HS5RD Corollary bEKILT 5.

Corollary (1) 3 RA#isII,
(.,1,0,0,1,0,0,1,0,0,1,...),
(...,O,lm_,.,O,lm_,._'_l,‘..,O,Im_l,Om,l,0,0,1,0,0,1,0,0,1,...),
m;>2, —c0<i<-1, 1<n; <3
(1,0, lm_,,O,lm_,+1,...,0,1m_1,0m,1,0,0,1,0,0,1,0,0,1,...),
mi>2 1<i<l,1>0, 1<n; <3
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DHRIZRB.
(2) 4 AYIAR,
(--1,0,0,0,1,0,0,0,1,0,0,0,1,...),
(-, 0, 1m_;,0,1m_,,,,-,0; 1n_,,0,,,1,0,0,0,1,0,0,0,1,0,0,0,1,...),
m; >2, —c0<i<-1, 1<n; <4
(11 01 lm..nox 1m-1+1)"'7 O) lm_;,0n11110) 0; 0) 1)0101 0) 170101 01 17 "')l
m>2, 1<i<!,1>0, 1<n; <4
DRIHS.

3.23 /=i 202 DAL LEDLH> - X

V= 20248, YINTSLDHBUCLBEZ S RIICKL, configuration DR B WFhEE
LIBZIcmaLahT03. LALEYDS, UEOERMSROMTRINS LS RS2 T3 £Y))
DHFEL, YVISLOERBSTUGEILENWEFEINES.

RD & 578 configuration x %X 5. O configuration DHEMITIE, V< &b "> ED 0%
BEARLMILLI: 1| N EEELET 3.

x=(1,0m,,1,0m,,1,..,1,0m,,1,..), m; >2, 1<i< o0

S D& 7% configuration DRMRERIL, RITKOBDLS LS. RE1iX W TEINTHE.

Ewmﬁ51®7nw9ﬁ£@;5uﬂb.EM#B#L§%1<61ﬁg®T&~?%ﬁ?m1£
BLOSIBRIFMRREEITHBRICE LB LItN 3. T2 THEEEEEFPOD BB#EO IO
PHSRICR2ZEMP>TL B STRYI7DESTIREVD. 1& 1 OHMD 0 DEENRS ¥ Ll
ZohThiE, TOXIBBIREELTHBEREZIZLL, bLAARPMTREVL, FBIA
ICHPOR LA,

VTS LOSRIE, —BICIRERIIET, 8 configuration Itk - T, HHh3 RFZERg/ N5 — ot
RESRULBTHAI T ENTFHRINES.

7

4. Jb—Jb 234 & 248



J—JU 234 & 248 B3R THS. F 4 HTIV—IV 234 NEKT S BB/ Ny — ZDNWTIRRB.
JV—IVBE 234 @ local rule gosq 13, ROERDLIICHEA S0,

(a,b, c) (1,1,1) | (1,1,0) | (1,0,1) | (1,0,0) | (0,1,1) | (0,1,0) (0,0,1) | (0,0,0)
g234(a, b, c) 1 1 1 0 1 0 1 0

CDE 4 BT gons BB g EBLTEIKL, x € 5% 1T LT dynamics {g"(x)}e>0 IED K
AL BMNTONTIRANSD. g0z EDENIL, gzgz(lOl) =01zl T 9234(101) =1THBILTH
D, ZOMOMICHERIIALTHS I LITHEET S.

4.1. Jv—JV 234 ® F LT®D dynamics

9(0,0,1) =1, g(0,1,1) =1, g(1,1,1) =1, ¢(1,1,0) = L, ¢(1,0,0) =0, ¢(0,0,0) =0
cEETHE,

n>2
LT | ‘
vt >0, g'(x)=(0, 1n4t,0)=¢(.,0,0,0, 1,1,..,1,1 ,0,0,0,..) € B,
n+t
THb. DD,

Vx € g, g202(x) = g234(x)

THD, B LTI gz & gosa &AL dynamics ZHi<.
%7, K o B
9(0,0,1) =1, ¢(0,1,0) =0, ¢(1,0,1) =1, ¢(1,0,0) =0
TH5 I LITERTHE,
Vx eV, vt >0, gi(x)=oL(x)

L153. V—VES 202 BRI,

Vx €U, VE >0, ghoy(x) =0 (x),
g202(i; \1,7) Cﬁ

THoteht, V—IBEE 234 DBEAL, V ETgum =0, £155.
PLEZ EDSRD Proposition 4.1.1 MG S50 5.

Proposition 4.1.1

q

p A ~ ~ ‘
x=(0,0,1,..,0,1,0,...,0, ., 0,...,0,0,1,..,0, 1,0,0,..,0,1,..., 1,0) € X1 U Xy, n>0
N e N et NS N e i )

i1ﬁ_>_1 my>1 mp_12>1 in*!E.Zl ma>1 >2

T LT

47
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THB. n=0 0Ok x=(0,1,,0)€ BTHh, TTIRB~ELIIZVE>0, gh(x) = (0,114:,0) € B
ThH5.

9234(1,0,1) =1 THBH LITHET 5 &, F ED gy3, D dynamics 1893 %KD Theorem 4.1.2 At
Bohs.
Theorem 4.1.2
VxeV, vt >0, g'(x)=o0i(x)eV,
VXeX, 3T, > T, g(x)eX Ui,
TH3.
X UX, LTO—IL 234 OB S 13, Propbsition 411 TRARSHATNS. V=L 202 D F +TOD

B & I ANEMIZE > TOB T ERDDBH, SHE g234(1,0,1) = 1 & ga3(1,0,1) = 0 DB &
BHbDTHE. RONEEEE L.

Dynamics of Rule 234 on F

e

WV—IVES 234 O length of pattern 22\ TIiZRD Corollary 288531 d 3.

Corollary to Theorem 4.1.2
VX eV, ¥t >0, I(g'(x)) =I(x),
Vx€X, 3T, Vi > T, I(g'(x)) = (g7 (x)) + (t - T)
4.2. Jb—Jb 234 & 248 D SZ ETD dynamics

V=V 234 O §Z +T®D dynamics i3 simple T, Vx € SZ\{0} iz LT

lim t(x) _ (17 0), x i34 O-finite TEX 2 Utk 1070y TP & t)‘_“oﬁ‘?,
=e & 0 (1), x {3% O-finite THS R 2ULED 1 DT 0w 75 U E b—oK,
Floik

Vi>0, g'(x)=oi(x), xBES2HUED 1 Ty s A&
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LB, (0) BRABATHAH S, —Ib 234 KBTI, REIADOER (0), (1,0), (1) BUHIHFE
#9, FEDO xc SZREIYULDTOws524uED 1 2HTUE, AHAd LREBHABAT
H5. Zhid, V—IL 202 EOKEIENTHD, TDIED g34(1,0,1) =1 & g202(1,0,1) =0 &
DENIEL->TDAHFIESEIINTVBR I LIRERTNETHS.
ARSI, A O-finite ThZ O-finite TH7LL, 1 WAJEEFEET 5 X 57 configuration TN
E5F, KOS BETEFREEST.
x=(.,0m_,,1,0 1,.,1,0m,_,,1,0m,,1,..), mi>1 —00<i< o0 (4.2.1)

yIM gy Ly

Proposition 3.2.2.1 DFERA & F#kIC L TKR®D Proposition AEKILT 5.

Proposition 4.2.1 x € SZ % p > 2 AMEITL 2D OBBE+SEER, x 2% (4.21) OBTH
DD OROFRGEEMITIETHS

FeZ, 3k>1, miy1+ 1+ +mipe+1=p,

=Mk =My =Y =Mipk =Mig2k =",
Tt = Mya2k-1 = Mi—k—1 = M1 =Migk—1 = Mi42k—1 = ",
= My 2k—2 = Mi—g—2 = M2 = Mipk-2 = Mi42k-2 = """,
ST M3kl = My—2k41 = Mkl = Migl = Mgkl = 0,

Corollary to Proposition 4.2.1 (1) 2 B#&IL, (..,1,0,1,0,1,0,1,...) DRBSHIFELG L.
(2) 3 RAMAIR (.,1,0,0,1,0,0,1,0,0,1,...) BSHTHEE L.

V=)V 234 Tit, @ TORPENEETS. BHSICMETZIV—IL 204 EORNWIZ, 2 AMSANEE
TENEINTH 3.
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