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WECE FE, ABESIHL (Cellular Automata, fAIFR CA) J&—FpINfia], 2% A RHIRAE
BN ) R GE . WEICR, AN R, 40 A S LT AR R 2T 1B )
FAT R Lo, W BRI 110 HAT G ST e, o H A I e 1 B P R
R [FFE, MM AL, Conway KB LMK (Game of Life) JEf'iIfIMY
BT A BEARUE I 1K) — A BAT S 3G S D RE IR, A nT LAV B R s I3 2 %,
FIPL (Glider). MWHHAR (Glider gun). filffi (Collision). F KM (Spaceship) %5. Kk,
A0 E ZHL AT ARV 2 IS BN A R GE, e, A, N DRSS,

AL FEBAETF 520 RGO AU e — 440 F S0 AL 110 R 440 i B 3L
B B2/S7 (Diffusion Rule) F B3/S23 (Game of Life) (K46 j2tE . A4
TH M ADIHURER L FERIENR. 28 BRI E BRI, B F e T
PRI A BhHL 110 5T AHLE, did B T e A RWUR i — AL 7 RS, W T
FEFRGE LINBh 24, % TE a2k B, mieid. miNES . IEm i RsE,
IS R)EATR Li-Yorke Al Devaney i SRR 5 =% A4 T 4400 B 3h DA 5350 )
2RI, 3RS T ERTE R 4k Moore 4838 Outer Totalistic 4 B SIHLALN
BEAT T 432, JF Bl W L e 7 4R 40 5 2 HLRLN B2/ST (Diffusion Rule) F1B3/S23
(Game of Life) MIFF52) 1%, 2| THNML R, &5, HIUTHEE T B4 RE.

KEEIR: AWABPL, F53h0%, WL mIMER, nIthE, R
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ABSTRACT

Cellular Automata (CA) are dynamical systems in which time, space and state are discrete
from the viewpoint of mathematics. The past decades have witnessed that cellular automata can
exhibit complex dynamical behaviors by designing different local mappings. For example,
elementary cellular automaton rule 110 has universal computing power, which has been is the
simplest Turing system until now. Meanwhile, the universal cellular automata, the Game of life
introduced by Conway is one of the most famous two-dimensional cellular automata and the first
rule to be proved universal by analysis, and its evolution can exhibit rich dynamics phenomena,
such as gliders, glider guns, spacecraft and so on. Therefore, cellular automata can be used to
simulate realistic dynamical system, such as transportation, population and ecological model.

In this thesis, dynamical properties of one-dimensional cellular automata rule 110 and
two-dimensional cellular automata rules B2/S7 (Diffusion Rule) and B3/S23 (Game of Life) are
discussed from the viewpoint of symbolic dynamics. In chapter one, a brief history of the
development of cellular automata, basic knowledge and experience of classification are introduced
and then, the main structure and content are described. In chapter two, the glider E* of elementary
cellular automata rule 110 is discussed and an invariant subsystem and its dynamic properties are
studied, such as topological transitivity, topological mixing and positive topological entropy. It is,
therefore, chaotic in the sense of both Li-Yorke and Devaney. In chapter three the basic knowledge
of two-dimensional symbolic dynamics of cellular automata, and two-dimensional outer totalistic
cellular automata rules with Moore neighborhood are introduced and classified via the tool of
topological conjugate. Then, this chapter analyzes the symbolic dynamics of the Diffusion Rule and
Game of Life based on gilders, and obtains some corresponding results. Finally, chapter four makes

a brief summary on this thesis, presents some prospects for future studies.

Keywords: cellular automata, symbolic dynamics, gilder, topological transitivity, topological

conjugate, chaos
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1.1 M E N BARE = LIIK

20 22 40-50 4EAR, 40U EBHHL (Cellular Automata, fAIFK CA) A A — b ik i 4 BRAR
ML John Von Neumann 1Ex0#2 M, 1969 4 Hedlund 15 26 B A FEHE 41 E BIHLAG 1R XL
JATCTI 5 50 A% 6] RS AL WG 1) B RIS, 0 T A 3l R R T 1) — 4 40 i E B LI — 28
AT A, FFET A B SHLI R BRI, 4k Neumann Z 5, A.W. Burks JF46 T 4
FEIHLIMES TS, (E A (gl i B ShH L T E 4%, AR BRI T 4 B sipLI R A . 20
2l 70 AR, SEEECFE K Conway $H T —FPREBS AT G V1) 2 RS Moore RBI1) — 4E
A1 A SHVE AR (Game of life), {EAETFEMNIELE. WL, WM. GHF%¥. K
ML PPEREEATUR T I T TR . 80 4EAR Wolfram ‘5% CA BEATMIfL, Alre K& fH5EHl
BEREE T, Gl TEEH T R Al240) (A new kind of science). BfiJF, L.O0.Chua %%
NG5 ONN IR R S AR 1 JEAERT Wol fram [RITHEEHUBSASE A T T — R 5IHEE E %) m
71,30 256 AN RIFBELINIZY A 88 25080, Hirb, 110 5 P8y HAT W& (5L RE 1132 8 TR K (K%
FEPL, XS T AERCR IS T AT CA s ot 12

TR0 BB HLEIBE T, 440 B BBl A AR B A . N4 Game of Life
TR UBABIFIT T R I “WFIHL” (Glider) F1 “WHIME” (Glider gun), RFHEAMfH «“5
WKM7 (Spaceship) ZEATMRMBLSR P, BAE 1970 4, AEdriiakbmt &L T AN
A G, T FIAL (Glider). 4L KM (Lightweight spaceship). HEg KA

(Middleweight spaceship). HEZK KM (Heavyweight spaceship). ZE¥E 20 4R K &
H, NATTERAE H G BRIAE T /2 [Wdr 44 4 tagalongs IR “F WM” Fo FL 3 1989 4F,
Dean Hickerson ifiJH] 7 —ANKE-F I B 0056 [RIIAT A B3 RIG L, AR T —S8 % N
c/3, c/4, 2c¢/5 M KM (Orthogonal spaceships), LA ER—f LA c/4 (Rx K
FAML (Big glider). Hickerson [HIFfE AT VELS G IF OGS QG T —/NMERER c/12 (X
M, BT 4% Charles Corderman, {88 KM 444 Corderships. & FKAE 1996 4, Tim
Coe JE T—N" BEAR G RIE L, RILT — AN /6 1 “Wi2E” (snail) CMf. BJS,
David Bell F Hickerson MR EE, KIL T —NLE/NMHEE S ¢/5 1) “Wk” (spider)
. 1998 4F 3 H, David Eppstein il T4 gfind F/F, 2000 FERIL T —ANHE
N 2¢/7 [ Weekender &MY, BlJ5 Paul Tooke RILTHSE N c/6 [f) “JHIE” (dragon) K,

1
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Jason Summers KIL T E—ANHIER c/5 XM M. 2004 4, Gabriel Nivasch £ Jason
Summers Al David Bell MI#BIT, Mg T —AN@EEN 17c/45 WEMIE “BEBR”
(Caterpillar) &fff. HFHIBEIEHIZE4E 2010 4 5 H, Andrew]. Wade @it 7 —ANJE N
(5120, 1024) ¢/33699586 [¥] “XL T8 (Gemini) &M, XA RATHIIT A2 RHA CME,
It AR PR IE I VE RAT S IETE, 455 R I CAE R TAR KIMER . 950 Wi o 28—t ik T
RS J7 Il AN E AR

5% Conway $&H (A firiiEak (Game of Life) [MIJEK, VFZ MUK A MRk 1 4k CA HI
AR, ALGE M iRk ic & B3/S23 (B /& Born ISRk, S /& Survival (HSF
BE, AR MR AR A A PRI, T B6/S16 #iFK A Life-1ike 41 HBIHL, A
WA LAPE B R F AR Highlife ™ dl i B ZhHL, brich B36/S23. i I —ILf
2%=262144 4 Life-like HUIUU®, fHE AL PRI IO SOE L. SHAMENTRINEZ
MG FURA TN R, A4 CA MECH R ZImE Lh A/ b W, Ik, H
FXH AR5 30 1 RGE M T ESR b % — 4t CA PRI 1) )y 2 e A+
FE, P AKX AU 5 | T P AR 1) 2 AR TR (9 7 T A T e T,

1.2 CAMEXREERELR

7E 20 42 50 4E4L, J.Von Neumann 1 Stan Ulam!" 38 T CA MIAES. &5 J. Von
Neumann $&H T —ANHAMIE TR ST 29 IRAH =4k CA. AT, T4 CA I TR 4%,
HREAENL LS. FESE TSRS L, BRI (25 3 T U1 55 B 5 0 fij 2 i s
RN, Hrb, Conway F1 wolfram fEH T AR MITIRR. 1970 4F, %i2%5 Conway $EHE 4
(A AriiE Rk (Game of Life) , —ANRH Moore 4k 2 AMIRZ M EA & T B8 1 4k
CA, FULSECT Wi, ek, 320 IR SRR SR AT B Fredkin's gamel'™,

1971 4F, Fredkin ¥t T —ANEH K AEE A H CA JiFxk, KH Von Neumann €54,
HRTIAT I =4k CA BEUEAT Golly HZAUINIC A B13/S13, IZHUI AR s ST 45 4]

Mt IY, el 2" Cn HOBCTHIGI L) UGB, BB 4 DNHIFATiat 4.
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4 1. 1 Fredkin's game &M% 4 1AL &

1. 80 FEAAIIM, wolfram RLEHEFT T MWL AZIHL (ECAY, K B BIM &) B K
WO AT B AL 2R (R8N 3 24T h o L, 110 5 T S B H i P LI IR R 3 1) T SRR T
e N ONIIPSE
CA 1] LA HH B Rz %,
[ CA AR F)— 2 2 1 41
I AN R A A RASIRAS
T 40 R 25 B I ] ) 25 402 5
IV BRI UE o 2 e A 1 R — 2500
VA DR A S5O ST R I 48 )87
R, TESERRIFTT, ARSI . i, M CA.

1997 4F, Kutrib et al $2HH7T CA —ANIERIf e X2, 4 B shiplAL — AU S

(d.S,N,f), Hrpad ORI, S R A RREE, Z AR TR N RoR 48,
f:8Y = 8RR EEE RN . A3 0 S 7T HLKICE o BRI . 41 N2 o e
H1 ¢ I ZI IR T @ PRSE o RTINS AR 2+ 1RV ER i AN ARSI FR IR 221 ¢ (00565 £ 4440 S HG
I T 4k ) 4 L R IR S BT g 1) T 22 25 okt 2
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EDVSEEZE AR

G:s? > g”
G(a)(z) = f(a(z+ v, a(z+v,))

;H\:EF" ZEZd, N:{Vl’---vk}o

RSB S YR A LA A SRR, R TR

Von Neumann Moore first neighbors one way

K] 1.2 HAYE CA 4RI
1.3 CA 9%

Wolfram £ RITHEN RIS LA L, 5t T LORs e 405540 i A Sh LI 30 ) 2
AT h VG A DY 122,
[ 2Ry 2. 3 B2 a) P RSB FR AR — A ool T A R RRES
I T R B ] FL R e 25 F B I 45
T I H R AR 30474 5
IV LR 2SR A R, B Bl SR vk (TR, LA AT L S AN R A 4 o

R IIIGEAT ARG RECRUL, 1 =47 AN RGeS R G H LI AB Rl A
WPPANIRNE, 102 PUSAT N W AT B AR dy RTS8 R G (0 B UGS A LU, B gy
TR DU Fof 5 SR DY A AR (14 B 71 «
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K| 1.3 ECA HUI 164 34L&l Kl 1.4 ECA ML 133 fisi b Kl

K| 1.5 ECA ¥ 105 34L&l Kl 1.6 ECA KL 110 (AL IE]

BRICZ AL, EAVFE 2 NP P RO AR R Wolfram (115328, KR AR T
BRI 2R BOE RS ZE) X AP I C s R ML, ARSI ANATER,
DR BAT AT PLH S A I RE b ¢ I IOER 5 ¢+ LI BER 2 TR R, R o

k2 r+l -1

Pa= D, ¢, (X)p (1-p)"
j=0

Horb, o, FORBRY, X RORAREH AT IR e S, o AR TR AL v AR R
&1 HBIEL  p RS “17 LR .

BT e SR ML R R, 48 Wolfram K43 28X M43 A DY K

I R, HEA e AExs M,

I 7KPARDT, AHABENU fy A AL s

T BATARDD, 2 2 X 2k
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lLaf T T T T —F 10 . 7]

S «-f;:,l‘ 4
L e F
08} B 0.8 : - =7 "
[ ,_’,f E i 2 e
0.6 —Z A —
0.4 e 04 A
r | : >
0.2 Pit] 02 i
[ ] [
00 / : J 0.0 ke ]
0.0 0.2 0.4 0.4 0.3 10 0.0 0.2 0.4 0.4 0.3 10
Kl 1.7 ECA ¥UIU 164 ff1-T-353716 it 2k %] 1.8 ECA #UIU 133 [I°F 34371 th 4
Lo - — T ——n Lofp— : —— —
3 o 3 ].-""'
.x".,’(/'ff 3 i
s Al " na -~
L 4 ;:__;-' -~ r ’#‘f’_ -
0.6 s 0.6 Lnme—,
L /’ L ",_,-"J‘. f_,-’”’ ‘“"\\
4 f g 4 f —— e e
s L ’_f - s L ; -~ xx,_x.
I T s got len smed] g nad wih# o alie s s lon s s o
0.0 0.2 0.4 0.4 0.3 1.0 0.0 0.2 0.4 0.4 0.3 1.0
K 1.9 ECA FEM) 105 {1 F33718 i £k K 1. 10 ECA BRI 110 #F¥yizie ihek

b5, L.0. Chua & AARZVES) I IOMEEDIIT T ECA, BIWIRFERE. W57 I
WAL, WS IR, ST, 4 256 S BCA 20 T 88 2%, MR B T AT
LI
[ 25 AN 1R, 13 AN 2 AR 2 A JE 39 3 A
Il 30 4 Bernoulli-Shift N,

I 10 N Z% Bernoul li-Shift HLN;
IV 8 4N Bernoulli-Shift FN.

1.4 FSENhARGEMERXER

P78 )1 RGN SERERIATIR 22 SCHRPE S, AT 10 32 BN ORYR - 3Chk [25-27]
X 141 (X, ) WEHRGE, fREIMEER, MANESIEETRu,yvc X, f#1E

n>01 ffwymnv2D ;s fREWRIMNEST, WERMMERNAETHEu, v X, fFEN>0, 1Hi15

f"uynv+3d, Yn=N .
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EX 1.4.2 WX, ) REHRS, d2X MR ®X, c XA WRAAE

AATEES S X, WE
i) limsupd(f"(x), /" (1) >0, Vx,y € S,x %y
i) liminf d(f"(x), () =0, Vx,y €S,
WAL £ 7E X, LA Li — Yorke 7 X R IR .
SEN 14,3 W TR =N RAFAFEH AL,
1) fRIBIMEEEN
i) f IS X WAL, B P(f) =X ;
i) £ M BUB A
MIFR f 1E Devaney & 3L N I -

R 1. 4.1 AT BRI PR AR S —A 2 A7 IR T4 B 4n 4 L4 .
EX 1. 4.4 %

L 43, j)< Al
a.. =
y oo, HeEMN,

W ke xk B 0, 1=J7 B A= (a,)" " MIEASTHB o, : A > AR T KXW, @) ES LK
2741,

SEX 145 WM TAERFEMO0<i, j<k, fF{En>0, fGa >0, WH 4 LAY
WA En >0, 34" >0, VO<i, j<k, BEMML, 4">0, WP 42BN,

g1 1.4.1

() (A, o) EhiMEB RN G 1, 2 HACAE BRI 4 2 AT 28 dR 1,

@) FHRERERE R — AT RS R A 1, WAREREREAN 2 (i IR AL R A7 ——
X RV R 5

(3) o, WHAME RS HNE 4 W10 B RN
(D (A, ) REAFIMERLI 2 FLCH AT R 1 17 G ( 4) ST

EX 1.4.6 W (X, ) F(Y,g) #E BB ARG, WRAEM EWFERMY X >y i



I TRAIL i 5 S NG ] I B 3 DA
hof=goh, WF [ Flg#tifhILhi.

EX 147 WX, N)MY,g) MEBHARY, MWRAEELWH X >Y, {15
hof=goh, WFRWFK £ F g #idhFILh.
W 1.4.2 WX, N, ) WRBHASR, Hh:X >Y B fF 3 g dnshdtsm,

ent(f)=ent(g).

AN e, A YR58 S R IR R AR R R R B 7R

oibRE
- e
/"f T
x"‘rf H‘*x
Devaneyie ifl fathiEiE
T L
" mww%(
e -~

Li-Vorke:R il

B 111 EORPEFRARZ TR AR R

1.5 ARXBEFEABREEW

S, EEAMHTT ECA BN 110 MHEINL B RS 3 i, LIRSl iE TR, S
HINLE® Y8 RGBT Ik IBUEA 00T, RS T 7 RE IR N TR0, 2
MU T & Li-Yorke & SCNRMERT. AT 10 B RIER M UE Y] T2 R G2 fMEIS 1), 2k
UE T AR £ AR T RS LR RUE B, A€ U FEIER T F REAE Devaney
BTN ARG, A EREHPLNRGE RGN LR H T — M.

B, HAENE T CHERFS A RIS . AN IEREI B T 4E Moore 4RI
Outer Totalistic 4RI HEAT 702K, MIMIfIAL TGN S 5 FRAEEIHE 74100 A 3hil
B2/S7 (Diffusion Rule) A1 B3/S23 (Game of Life) WHMNLAIFT S5 112, 4 BIHHHTN K
YR TG T 7 RGNS HBIUE, MeXE TR SRS,
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EZE MMM 110 BEHN B SRREELRTFRSE

2.1 } M0 RS =

110 “SHI5F 41 B shALR D H & vk SRe s, sz 2 7RISR . Herp, wolfram 71
At 2002 4= H I BT 1 € A New Kind of Science ) W, % 110 54T T R0, KILT 110

T RATVFZ PR FINLK R 2N R LA Jaok, MlKIB) T Mathew Cook 7% Santa Fe #F5¢
P2 AT (2 W BB ATIUN 110 BAT 5@ (K F SR8 01250, 2 H i A I e 7 R 1) P R AR 4

2.1 R 110 FIRENLAIEG 25T T AL

Lind 55—/ 110 51 13 AN FIBLEEAT 743 25PY, BifS, Lindgren I Nordahl 7™,
FHGEVH (706X 13 AN AL WAT AT T 20 0T. [, McIntosh 7ErpU™, HlAhaG R
45 (tiling systems) AT [ B 5 2000 7 A 110 38 FIAHL. A 2004 4ELISK, Genarol' 127
ML) AAVEZ RN 38T T 110 S RH FIAL SR . PN, DL IR AR 5

RFAEITE SRR, AT TR 110 W AIHL £ 80 125447 K. AR LTI L E
HFN— AL T RG, UEH TR 110 (K4 R WU (EIX AT & 46 St Li-Yorke Hl Devaney &
SR VR o

22 HSHMAFIEEE

22.1 HSFFEE

LafkS={01} LW NS, I=[ijla LB —DEBEKXNE, WA



1WA 5 AN o2 1 e 2 AT 908
ay =, a) May  =(a,a,,) WRAFAEXI T ZEfFb=a,, WIS b HI
fEah, Hb<a®ir.
AT S BB Y, =8 ={(-, X, X, X, | X, € S,ie Z} T, € X500 I #E B

A
J’l
d(x,y)= Z , X yez
WAR, Y fESLRER N REEIN. E R ANEEM SRR g LB o, MR

Wo, WF: [0,0] =%, M[op®)], =x, xed, » ieZ, Hh[ox)] s o(x) i MY

5, o liBEA B
2.2.2 MW 110 HEER

Hedlund UFM]T—Ambt 03, >3, & MM AP, 4 EAY Fo2E8 B
foo=cof L., B, XHMEMAMAZIIL S, &, 0 2N h&R%E. DT
XcX, & f-AZW, MR (X)X Feallt, WRA f£(X)=X KL, WX 258 f— A
ARI . WR X R E - AR, WK X, OB 2 C,, N =T RED,

RN A SR T LA R R BOR AR, TR RS H TR 110 JR70 ek
(K2 HAHAR

2 2.1 H 110 frEfE %

(xi—l > Xis Xi ) Jrio(Xips X5 X,40)

(0,0,0) 0
(0,0, 1) 1
0,1,0) 1
0,1,1) 1
(1,0,0) 0
(1,0, 1) 1
(1,1,0) 1
(1,1,1) 0
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2.2.3 SFT #AG @ E

WA RS2 X, WK n M55 T 548ES,
A, ={xeX, [ X, €AVieZ},

WA, 0) & (Z,,0) =T RE, BMANARETHA (SFD, ARA, M0 RE. Bik—5,
A, WATUMAT W G, = {4, E} KAk, Horh A s m BTN, ERong mE L. s
T s a=(ay, ,a, ) M b=(by, b, ) ¥ — 514 (a,,--a, ) > by, b)) EH, HHNY
() =(by,+b,,) o BRI, A 1) BRI FRATIAE P LA @ AR R R BB T M. M = (M) 0 »
M, =15 HACA T 60 B bV A — 5530, Hhm=| M | FortE& M PIouRIANE, 18 4R
TM POCEMALERY, =12, m

2, AT DLNFERL AR M RS R L FRAT I 3h Fh 1 5.
2.3 ;3N EFnEPRE FIB4L
2.3.1 #0110 958 B

T FIBL A BE IS R AR R IR G54, e — LB i B P L AR 6 BB AR DR
RSB 1T s W FIRLRT DLUE A RUA RS B 25 I, AN 2 ] dh i
LR ATIIE S

ARPTES, FU 110 (T EIAL E° (IR /& —4 /15, Setbfabid 19, A4 25 A8 i g i)
LLRECH 2y 3 F 1M RS W R, B 110 g BLR B
a=(,1111,0,0,0,1,0,0,1,1,0) , FL W 110 ¥ M HL E> M KL T — g B 7
b=(1,0,0,1,1,1,1,1,1,1,0,1,0,1,1,1,0,0,1,1,0) , /& i, 7E CA JiA&==imdr, F) 110 FILLKKE
% 2 Orb, (a)={a',f,(@), i)~ » W M Bl E R W o P o
Orb, (X)=(X,f,,0(®), fi5,(X),--) »  Ho v a’ =(aaa,) 2 — DR H W IE,
X =(,a,a,a,b,a,a,a, ) o WHHLE FIRIESE—4/15, W2 UL PR 15 YOEAR 0 228 3)
AR, AL £D (X)) =or (K)o B 2.2 45 H T LUK SR ML E IvE L I
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2.2 U 110 19 UK SFE L E’
2.3.2 #1110 B9F &%

B, AXHET A 31 REMPINES B={qg|lq=%,,5,VicZ} , HF
x=(-,a,a,ab,a,aa--), LKKTHa=(@111110,0,0,1,0,01,10), #HHLE ¥ HHT
b=(1,0,0,1,1,1,1,1,1,1,0,1,0,1,1,1,0,0,1,1,0)

B =

{1111100010011011111000100110111, 1111000100110111110001001101111, 1110001001101111100010011011 111,
1100010011011 111000100110111110, 1000100110111 110001001101111100, 0001001101111 100010011011111000,
0010011011111 000100110111110001, 0100110111110001001101111100010, 1001101111100010011011111000100,
0011011111000100110111110001001, 0110111110001 001101111100010011, 1101111100010011011111000100110,
1011111000100110111110001001101, 0111110001001 101111100010011010, 0111110001001101111100010011010,
1111100010011011111000100110100, 1111000100110111110001001101001, 1110001001100111100010011010011,
1100010011011 111000100110100111, 1000100110111110001001101001111, 0001001101111 100010011010011111,
0010011011111 000100110100111111, 0100110111110001001101001111111, 1001101111100010011010011111110,
0011011111000100110100111111101, 0110111110001001101001111111010, 1101111100010011010011111110101,
1011111000100110100111111101011, 0111110001001 101001111111010111, 1111100010011010011111110101110,
1111000100110100111111101011100, 1110001001101001111111010111001, 1100010011010011111110101110011,
1000100110100111111101011100110, 0001001101001 111111010111001101, 0010011010011111110101110011011,
0100110100111111101011100110111, 1001101001111111010111001101111, 0011010011111 110101110011011111,
0110100111111 101011100110111110, 1101001111111010111001101111100, 1010011111110101110011011111000,
0100111111101011100110111110001, 1001111111010111001101111100010, 0011111110101 110011011111000100,
0111111101011100110111110001001, 1111111010111001101111100010011, 1111110101110011011111000100110,
1111101011100110111110001001101, 1111010111001 101111100010011011, 1110101110011011111000100110111,
1101011100110111110001001101111, 1010111001101111100010011011111, O101110011011111000100110111110,
1011100110111 110001001101111100, 0111001101111100010011011111000, 1110011011111000100110111110001,
1100110111110001001101111100010}

W Ag=Ay={xeX, |x, s €Bi€Z}. J7 ¥ i ¥ £, W0 15 Wk AR R me g
ﬂllf):Sm_)S ° ‘E[K m: ’ f111f)(Q):qi+49vq:(qi_159"'9qi9"'9qi+15)eB ’ m Elj ﬁﬁ /%

fill?)(x) = O-z(x)a X e A() o Ei&_‘ﬁi /Q‘\
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A= gﬁao(Ao)

Rl 2.1 AR, - AT, Hie f,(x)=0; , xeA.
2.2 Ao, —MHWRETRAL(SFT) .
WARANPRERS, TRAA=A L, L AZ—NFHKER 31 WES,

595 Noua. A R, ASHE A (3R D(A) BAEM T .
2.3.3 #0110 RYIR R

EIX /N1, BATE S 110 76 A, BRI R
fRR 2.3

(1) o, 6 A FRRRIMEBI;

(2) [0 fEA LRARIMEBI.

W (1D sl AFTEE T G, R, FLURIE G, M R R
M =(M,)) s EARTIL0, FiLh 0, 26 A IR IMERLIGEST,

@ KWKo, f£EALERIBIMEET, Jrll3xeA, 4 O, (X)=A, BRFH

Orb

(F)EACA. Bh £ () =0 (x), xeA. B, X .5 €4, VieZ. HHWIEAR

R f = RAE( . BTLL 34, {15 A=A, , B £, A LREIBIMER K. 55

Vaed, 3ieZ, X, 5.g-a> HFlacAMACA, TRAN, A A=A, LS,

75 A BRI ME R,
WER 2.4 f MR SES P(NH={yeA|Tn>0, " (y)=y} £ A ERFHM, il

P(f)=A.

W] : VxeA Bl ve>0, FIEHH MG EE Y 1/2<eg/2, I A X
(A>3 ) = Xy, <XEN S H (A s05 5y )5 (A a)) EA o W o #EA A
LI, BTLAIC D = (ayyy_s0s > @y Byt By s g+ ag) H1 LRI — 4034, FTLLb LIMAERS 31
KERFIET A. 2y=c =(c.c.e) WG, Hohe=(ay, - ay,,by,,b, ) o IR,
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1WA 5 AN o2 1 e 2 AT 908
yeA ft a"(¥)=y , m=c| B cWKE. BIUAH F"»)=c"(y)=y F

Vo) = Xewrary » WH Y 2 £ BRI H d(vy)<e o BUL, fi M S
P()={yeA|Tn>0, f"(y)=y  1E A L RFZH

WAL 2.5 f,, MM IR,

WER: £ |, BOFRAMEL N T CT
ent(f,,,) = ent(f,1,) =%ent(JL 1) =% =log(p(M))~0.0179>0, I p(M) &R 5 M
BRI S

TR, E M2 S Li-Yorke 5 SCF IR, 314 5388 R 8 0 25 B 25 26 & Devaney
BXCRIRECTS, mril, A REILL R4 R

EIE 2.1 f,,,7EA LR Li-Yorke il Devaney 5 X iR

RFRRJG, VEFESET KRB S 2 R 110 E 2R AINLOE R MSCRE—A
i pi

B 2.1 CAMEE R LA Z, Wi E E? BB, oneZT o ARG
A A, cA, A -, neZ RAML, A ieZt RRX R FHNLE K E &R

S
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F=ZE SWRKBTSHAE

3.1 ZH{FSHNF

TR B SRR 1 2 SO RO R, AR AT S A L [

BS={0,1,2,--k-1} Dk MFFGHRAMRES, |S|R-EESPTIURERRNM . W TH
o xeSTL HmST &

WK F < 2°, s W 7, ST —— ST, w7, (x)=x

INIEAS YR 5 e A AR ]
S% ={x=(xl.’j):xl.)j eS,(i,j)eZz}

W S 7 TR P LR, S * 0% (0,0) BT,

LR S o
xl 1 xl,O xl 1
S
X :(xz,j) - Xo-1  X00  Xp,
X 1,-1 x—l,O x—ll

7687 th U B

1
x,y)= max X # Y,
'0( y) (i,j)ezz{max{i,j}+1 J y]}
RO WAFAF IR e T, ZiﬁiﬁTE%?EfﬂAgzzf%%%EﬁE@\ SEA% AN 5 A ANE V) Hausdorff 4%

.
1ES% 52 B R Wt

o, 18" —8*

Xi —)xi+k,j+l

l,]

Horb, (kD) RRBALIA
WRRE | k<1, 11, W43 2] 9 A ] IR A7 e -

0_1.150_100_11-00-10¢05001>01-1-019-01,
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DI s N T e DA 98
e, 0 o MIEAEMST . IF AKX 9 B Z A7 R AR R, L N 5) 7%

PEFOREGI . A 0, | ARSI

EX 3.1 AR X R — A R T BAL(SFT) , i RAFAE— NG BRFREM < Z° i
M P A

X=X, :{xeSZ2 T X, eP,‘v’anz}

ATCRRWG LA P ARERGE, X, 2l P YSERAZ T,

A, 5 e R TR R (SFT) AREE R IO [k G, = {P,E} . 3ieh P oty 1 FEl 1
T, ERopnAmERL. mESFHANTE a=@G,, -d, ) b= (by, b, ) —4TELHiH
(g, ++d, ) > (byr--b, ) EHe, 2 H ALY (@,,+-d,,) =By, b,,) » 51-=(a,-o,a,-n~-a,-(m4)) ’
by =(bysby b)) s 0<i<n—1, WIFRAF BT 1f B T 1 28 B AT 10 B o n SR 9 A T
a=(Gy,,d, ) M b=(by, b, ) #— %KVl @, ad, ) by, -b, ) EH, 4 HMNH
@y )= BBy s =(agayag ) B =(bbyby) s 0<i<m-1, WA
B T B AR W . TR a,b e P& mxn [RIFEFE

X 32 AKVPREAFEBIEET =(T,),,.,,» T, =125 LOCHHIBRIH o AT PO 5
PO —%0, Hhm=P|RREAPTTENANE, (8 REPPTRENNE,
i,j=1,2,-m

sEH 3110

(1) o,,:5% — 87 NEELEM;

Q) o, (AL ST A b s

(3) o, A IMEILT;

(4) o RIBIREK

(5) (Szz,al,_l) #& Devaney 2 X TR

(6) (SZZ,JL_I) & Li-Yorke 2 SRR o
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3.2 T4 Outer totalistic FMFAFMEEHE 3L

ARICHFFEN Outer totalistic RUNISRHIMIAE Moore 4Isk, HhCag IR AR (b 4k s 48 45k
QMRS Z AL, BN, ELNAEMIERHE A Outer totalistic MU, 4RSS
CHAET R CBETIT PR, ASCH TR “ELET, 0 “sErT, PR
L “HEAE” (i, W RS B AN T2 Ay, TR —Z1) “AEr
2 YA AN, SRR 2 AN 3 AN, W) “AAE
3 AT MM, WRFABEAZ T 3 AR, WR—Z%] “FET
4 “FETZT AN, SRR A 3 AN, N %) AR

Golly fif Mirek HICSHEIXFHRINIIE A B3/S23, Hr B J2& Birth MHE5EE, S &2
Survival (E 7Bk FR, FATATLMRE K dd 5 & 2 e A RER T . Brel, &
W FE Outer totalistic MUNIHLARH (MAZH0 ., ARG, Wolfram theT H CIid )y
AU, H—4E L, RS . THEE I

N =Y f[a’n].kkn+a

Hrh, ae {01} RV, n RRBBISHMBANE, £ RN, & FRREN L A
SCHIE A AT 2 A il R i+ BERACHE O -
N = f[0,3]-2% + f[1,2]-2° + f[1,3]-27 =224
U3 1 AL B 94811 Outer totalistic KZIT3x10° A, FHFLATRA A 4

LIRS BEAT — A A 702, AR AN AN T 7 ) 2 - B

3.1 e ISR CA AN

Rule type 5-neighbor square 9-neighbor square Hexagonal
General 274 %10’ 2°?~10"" 2'%~3%10%
Rotationally symmetric 2'7=4096 20 10% 2%~2x10"
Reflection symmetric 2%22 X 10’ 2785 10% 2¥=10*
Completely symmetric 22224096 29725 10% 2%~3% 10"
Outer totalistic 2'°=1024 293X 10° 2'%=16384
Totalistic 2°=32 2°=512 2’=128

AT AT LB 308 F 0 20 250 R IR, IF HIRATTIR 245 55758 Outer totalistic
FI LN R 3. 1 AR
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BUMN LR K220 22 i S
B3 T T, THRAMT? UAERSd, 7% T M TP 4ER Outer totalistic

KU JE AR, BT AT IS4 2000 B0 4 o (R ) o
DU H LK) 23 S R RS S B -

T: 8§ —5587 TP: 8% — 8%
x=(x;) —>(x;) x=(x;)—>(x;)
[T ()], =%,V j)eZ’ [T (x)], =X,,V(i,j)eZ’
TH .  §7 — 587 T . 8% — 8%
x=(x;)—>(x_;) x=(x;) —>(x_p;)
[T ()], =%, Y, ) € Z? [T (%)), =%y, VG, ) € Z?

ME SCERIE T, T, TP =AWt R A8 AR e R AL B, ASCRA It £ 2 Al FrLd,
TR, TP, TP = A ER Outer totalistic FRNIJGAAR,
WK, XFT Moore 4Bk, FATIA 2° Mot 70, ASCH B,ie[0,5111%Kw, MR

WT, BAH T

[ﬂ09ﬂ19"'ﬂ5109ﬂ511]—T_)[5511955109'UDBIDBO]

2% 3.2 4k Moore AR, CA XF NV [ EAHZ

xzil,jfl xit—l,j x;—l,jﬂ xit,j—l x;,j xit,jH X;Jrl,j—l xit+1,j xit+1,j+1 x;;l
0 0 0 0 0 0 0 0 0 0 B,
1 0 0 0 0 0 0 0 0 1 B,
2 0 0 0 0 0 0 0 1 0 B,
3 0 0 0 0 0 0 0 1 1 By
508 1 1 1 1 1 1 1 0 0 Pios
509 1 1 1 1 1 1 1 0 1 Bioo
510 1 1 1 1 1 1 1 1 0 Bsio
511 1 1 1 1 1 1 1 1 1 B
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ARCHILVER 7, gafil e (L SR IV) X5 DL — 4 Moore 43K [7) Outer totalistic KM
AT T ALK 2028, 3k 3.3 i
o TAE TR, ASCgn BT rEE DR,
F—: SHANKEER B, B, By, .» BRI LIS B 1 ik, wdohES

o, WSRO 0 R 1 i, e84 o, s

B WAtk e=n,na,, f=o,-nNa>

A

7Z'=€Uf;

SFEVUHR: AR 7 MBI EE, 5 2 R 2

RIS ay,a BUME, B p,=511-al, i=0,1,-|a,|, FEAES

% 3.3 4 L Moore 2RI, Outer totalistic FUMFHFM B4

B4 S JEHE Golly 15 | B Wolfram i | XHEF Golly idS | XEMN Wolframid 5
Game of life B3/S23 224 B0123478/501234678 254975
High life B36/S23 4320 B0123478/S0134678 254943
3-4 life B34/S34 960 B0123678/S0123678 258303
Diffusion Rule B2/S7 32784 B02345678/501234578 253947
Long life B345/S5 3392 B01245678/S012678 259391
Replicator B1357/S1357 52428 B02468/502468 209715
Morley B368/S245 72288 B012578/S134678 255645
Plow world B378/S012345678 256746 5234678 172704
Diamoeba B35678/S5678 261184 B45678/54678 259840
Day and Night B3678/534678 258752 B3678/534678 258752
Seeds B2 16 B012345678/S01234578 253951
Persian Rug B234 336 B012345678/S012378 251391
Fredkin B1357/502468 157286 B1357/502468 157286
Life without Death B3/5012345678 174826 501234678 172714

BATC G, WA RGE, AR ) 247 27, B L 2 5y 28l B
RKTRAFRATT IR ST o
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IR LEES i s S B R VA0S
3.3 MM SHNF

1970 4F, Conway KW T 3% M0 ik bl ik £Rm, LRI T MK, 4
MEEATIE A G . AR IR 2 40 il ) A, i B I TR 5 5 o —
Fofr ] s AR Ao A Al R 26— RO 23 7 T AN S 220 S A 32 1) 1 AR W 1) A i 1 £
FRIUA e A G i AT T R R vk, A a2 P38 37 0 M 2 10 A A7 B I BT T
AL Ak A Diffusion Rule {5 )2k 145400,

Lop— — - = Lo
0.8 W 0.8 -
[ .-___‘,.-" [ -
! e !
0.4 Posi 0.4 -
: N - ~ ’fr—\\
02 - i 02 e - X
.- J:;x 's\_\x [ L T B '.\
0.0 L St ] o '-,-«/ ; ; ]
0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0.8 10
Kl 3. 1 Ak -3 18 th 26 K] 3.2 Diffusion Rule *F3¥J37i Mk

PEAirdif AR Diffusion Rule IRRPRAEAF #7350 0, 0.1925, 0.3702 10, 0.0518,
0.2369. sk, 7T LA 2P AL R AR PR A= 4 A7 A BRI S A AT -

} e
= ot 8

[ 1]
=

]

[

(9]

K 3.3 ARk i Wah S
Conway [AEMHFRY I, —47 3 AN (A 5 —%1 3 AN (B Fpl 7 M —4R3]
AR A T AP AR BN EAT 7. LA 3 AN A (C) S CAE E R 2X 2
Atk (D). TR 4 N4 (BE) ik 9 MUBRIARML, SIBR—4l BRI 7. 54
AMTE R “HW B (P REREVUAIEXT B a)—2 . B RIR) “WHHR” (G) Rk
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SEREL RS A WL (F).

= : FEEE
" oL = ® oo
e s - i
=100 Ei
Ee
= e
s e e8! H
=} e maan e H B
z =500
. o= il
i ]
s £=1000 ="
L
2 ’”—EE:: B = R
£ i i
" = H . 2

Bl 3. 4 A il AR A BEA LIS AL &
FATRT LU SIAEAT RID B DL T, S 25 A7 12— L e PR o i . O 1
A HER L, BATT R R 2 iy A ) P AL o

PE AR N LI R T 1 s

[ |
|
|
- o
Kl 3.5 AariiEak s e pL
IR, FATEINZH AEERVIR A RS . FENTIXAN M FINLS) 122 6, FeAl]
Sl N R o
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IR L R s N A R A8
3.3.1 Diffusion Rule B9i88Izh =

(RS — TR LR BN LA AR (R3S 468 P . Lo Genaro 11 B2/STH)
(Diffusion Rule), id F,, A B2/ST, RILMIERMI I AN T

K 3.6 Diffusion Rule HRIEFHAL
ST LA 2], BoRHEFRAE K5 1) ERREAC— R A s — 4. RALT—4ER) 0%, ]
e X JTEAR R TR TR — DAZTRGE. KRG, o0 iz e 7T 245 L
B . 4 CA M TS — B OCRE AR  ARSCIOE T T SR D A
T REDNT ARG
3.2 XTHMNE,,, e MEETHEA 87, il

F2,7 |Al =0y, |Al

_ _ z? 2
Hor, AI—AA—{xeS | Xy, o €A VaEZ }

000 000, 000 0o 0, 00 0, 0o o0, 000 000,

A:{ 000 0 o0 000 0o 000 0 oo 000 000
ooo("fooo|" (o000 |"|000|"|o01|"|o1o|"|100|"|100)|
w0 0 0 V001 0 1 0 V1 0 0 0 0 0 I | I w0 1 0 V1 0 0
000 000, 000 0 oo 001 0o 1, 001 0o 1,
001 010 100 100 000 0 oo 001 010
ooo|"|oo1|"f(o1o|"(1200|"|000|" 000" |jO0o10|"|000)|
0 0 0 oo 1 0 1 0 o0 o0 0 0 0 oo 1 0 0 0 000
010 010 010 010 100 100 100
000 001 010 100 000 010 10 l]}
ooo|" oo 1|" (1200|000 |"|000|"|01o|" 000l
000 010 000 0o 000 100 000

e M, FoRM & 447 3 JIRRERE
WEB]: CAIVxeA,, fix, €d4. X TRBYSEFE, {01}, —>{0,1}, ,

Xoo  Xor Yoz

A X X X X

10 1 12 10

! 2.7 = ( }
xzo le x22

X30 X3 Xy
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IR LS 5 N 2 e 2 VA8
BRI, (x)]; =% o TTEL VxeA, #AF,,(x)=0,_,(x)eA, . Zil,

Fyy (M) Ay Byl =00y

HUESCAT S, Fy L (A) DA o FTELA R F,, AT, HILF,, |, =0, |, -
FE: {01} RAR—AadT b HIM 0-1 K.

SEH 3.2 B2/ST MTEHEBHE 4, RK VB 4, ZIER N .

WEM: VAL N, Wn>40, nRME 48084, MITE CEBRTE. the
X145 A, IR AR, 4, 4, WV .

S8 3.1 W TAEREEANEA 4x 4455 C, D #AT KT 42358, P C,DeA, .

iEM: W C=(C.,C,), D=(D,D,), ¥ C,D ed,i=1,2. HTKFEBHIEZAEM
WA, BTCh— A AR TR C, > D, .

W 3.3 o, AEAETIEA, LR AMER O,

WM EiF o, A i, HBIENEEWIF Eu,y, In>0,
oy ()N W) =D RIAT . B A, ERRAERIFAE R LU GE RS A T ISR AE R R R . I
HRHIBEE], F[F],., - BEARERE S, QTR TERHA M x M (M 25 B
FERE AT — 2% KT (AT Tl AR B AT o T A 0 ] i A

SR TAE R A SxSFEME E,F e A, WA KV i . W E=(E,E;EE,)

F=(F,FiFF), WHEF e, i=1234. E! =(ELE, ) At E, /K T-FE BE M b
E6, BE L T

oy (E) o, (E) %D
B A HIE N By, WIS NBTI0 Sx S MR G, = (E,, By B, By, ), #5G =F ., N
UERSEEE . AN, gREEEE BpP s, HAIG =F,i>1 5B, SRR, AR M -1
R A A K P BRI B, WX TAE RIS M x M, M >SEFERE, #E KFBATEERE .
W [E],, #or N BEE, HSEAEEN[E],, 4.

T AL B _ERIRERT, N EE AR R BT
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5515519523 —>514—>18—>22

N 2 A
9-516>20>21-5>5—> 15->19

— B RGP R AR, P RERAEIUE RE T TR E
E =(5,15;9,16) , F =(18,22;15,19) /&2 WA~ Sx S HilE, Mo,  (16)=20, W E, =19,
WG, =(15,19;16,20), ERIZIESH G, =(19,23;20,21), G, =(23,14;21,5),
G,=(14,18,5,15), G,=(18,22;15,19). MT G, =F, WUKV¥IEA(E.G,,G,,G,,G,,F) -
A TETFIE, ARSCEASCERI36] P IR 45 e HE) 5 = 42 (m) vh
SIE 3.2 fHE MM xeA, [if3Veed, e<5, MIaeZ?, 3%, ., =e-
UEW: o, FETREEA, RIHMEREYERT S0, A2 MR R e A, E S orb,  ()=A,
Hrlvorb, (§)={% 0,,(x).00 (X)) MVeed, HIE[e]&TRIEA NI T4, B
dacZ?, %, ., =eo
SI# 33 #A A HRE, MHAAETE, WTREA WRERGENA, W

=0, |~ , Ac 4

Far A

UEAH: 45802 AR, DLAb AN .

il 3.4 F, (EAZ TN ERIIMEER .

WM oo, fE A, AR AN AERE T AT, 3Fe A M A orb, (H=A,, JE I
orb, (¥)={%,0, ,(x), 00 ,(x), -} o XA 2orb, (F), W F,, £ A RHIEEI . FIE

A=A B8R, AGEAERILE,(A)=A cA,, (Al,ao,,l);%(szz,ao,,l)E@ﬁfﬁazﬂ%%ﬁ,

1

(Ao ) R (87 B | AT R GE. 4 AR, IMPRERG, WA 5l Aveed, 3aez’,
ﬁﬁ%w=aﬂhwio%u,Agi,mg&o?%ﬁAsﬁéaﬁjﬁ,Mﬁﬁﬁﬂﬂﬁ
A, BREMEBT.

NHASCHAN IR 75, KA F, A FAEA, B

PR NS S IR TIPS S
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1WA 5 AN o2 1 e 2 AT 908
2
h: S — 587

(x;) —>(xp,)

AT RS KA T 3R R GE R Hh 44
MSCEREPVRIE , Ay w) LU SR S 40 I 1 S L S5 005 A0 1 B AL TR g 4 b G
A, WHRER A

gl F oo

ﬂ f “

B 3.5 APE DT THRA,, 3 (fuo &) FI (A ) AT LIS, LA
Jss |y =0y
o, A=A, ={xeS8” x4 Viez}, 4={(0,0,0),(0,0,1),(0,1,0),(1,0,0)} .
A 28 Sy I, WSt By RS, A Ry o f = F oy ot
VAR A I R SR

—_—0 O =
—_—0 O =
oS O = O
S = O O

A ent(fis 1, )=log((M)) = 0.3822, It p(M) SEHAEFERE M ¥ 35142

AT 1. 4.2 S, R (F,,, A, ) KM N T 0. 3822,

\\ o

13,7 88 SHIAEANM A AL A L BERLEL R R
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3.3.2 EfiEkeiEis hE

WA B3/S23 4 Fy,y o FRBNT-RHUN B2/S7, ASCATLAR dindljear. (RN RGR 5 L4y
TAT,
G 3.6 X TN F,, . it MERTHRA, C S© . (148
F3‘,‘23 ‘Azz O ‘Az’
sob, A, =A, ={xes” |x, ., B YaeZ}, duAsB IR,

WEW]: CAIVxeA,, X, €BXTRIBYH L {01, —{o1} , #

I TE (x)], = X0 FTEL. VxeA,. #4 Fi(x)=0, ,(x)eA, . T,
Fos(Ay) S Ay Fiosly, =01y,

HSESUATHL Fy (Ay) DA, o FTLLA, & Fy A TAE, HIL Fh =01 |y, -

SEHE 3.3 F,,, (WEEHHEBME B, HAKCT AR B, 2411,

WEHT: AR SEHL RS, B > 20 RIRI{E B, 58 B, T G2 H RN T % HE
X145 AT, ISR R S AR F Y

37 o, TEARETIEA, LR IMEL,

WEB: B o, AEARAETAE A, BARAMEIBI, SUTER AR A M x M (M > 9) B

B E TN F #8047 A 25 3 ELIOAT [l AR 2R A1 10T T B A

FH b, HM =9I, WmFACEIE A A AR RN, MUE RSB IR
PN 9 x O B AR BB A7 AE — 45 T LI 1) B AR AN — 4K IR I A%, I LR AR I T LT
LR N B P AU R 2 A FFEEE) . T2 nl A RgnE (2% ami 3.3 098] 198
FERPIAN M xM (M > 9 B A E AR TR B AKP A 10 AE . Z A B [ETM[F], BT

BRI IMEB M CH I MER TR, W o BEAETREA, LRI IMEER.
il 3.8 F, (EAZTIEA, LRRIGHMEILI
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WEHT: RLT Al 3.4, IAL .
LE 3. THAE W TR BB AN M < M BV E R F AR T, W33 o, RIE,, 76 A, A
W E e, TR mRAAR):
34 ()0, fE A, ELi-YorkedRiif1:
(2) F, ,, 1 A, L& Devaney Tt .
ARSI IR TR, KAl Fy o FEATEE A, BRI
I BA XIS A P HH B D0 2 50T, FRATIAELR (R S AR >

0 010 1 0 1 0 01 1 00
0—— 0|, 1—0 0 1|, 2—>|0 I 1|, 3——|1 0 1|, 4—>|0 1 1
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7,11,13,14,35,37,38,41,42,44,67,69,70,73,74,76,97,98,100,104,

131,133,134,137,138,140,161,162,164,168,193,194,196,200,224,2

59,261,262,265,266,268,289,290,292,296,321,322,324,328,352,38
5,386,388,392,416,448

15,39,43,45,46,71,75,77,78,99,101,102,105,106,108,135,139, 141
,142,163,165,166,169,170,172,195,197,198,201,202,204,225,226,
228,232,263,267,269,270,291,293,294,297,298,300,323,325,326,3
29,330,332,353,354,356,360,387,389,390,393,394,396,417,418,42
0,424,449,450,452,456,480

47,79,103,107,109,110,143,167,171,173,174,199,203,205,206,227

,229,230,233,234,236,271,295,299,301,302,327,331,333,334,355,

357,358,361,362,364,391,395,397,398,419,421,422,425,426,428,4
51,453,454,457,458,460,481,482,484,488

111,175,207,231,235,237,238,303,335,359,363,365,366,399,423,4
27,429,430,455,459,461,462,483,485,486,489,490,492

239,367,431,463,487,491,493,494

495
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Bk

Survival B

0 16

1 17,18,20,24,48,80,144,272

5 19,21,22,25,26,28,49,50,52,56,81,82,84,88,112,145,146,148,1

52,176,208,273,274,276,280,304,336,400

23,27,29,30,51,53,54,57,58,060,83,85,86,89,90,92,113,114,116

3 ,120,147,149,150,153,154,15¢6,177,178,180,184,209,210,212,21
6,240,275,277,278,281,282,284,305,3006,308,312,337,338,340,3

44,368,401,402,404,408,432,4064

31,55,59,61,62,87,91,93,94,115,117,118,121,122,124,151,155,
157,158,179,181,182,185,186,188,211,213,214,217,218,220,241

4 ,242,244,248,279,283,285,286,307,309,310,313,314,316,339, 34
1,342,345,346,348,369,370,372,376,403,405,406,409,410,412,4

33,434,436,440,465,466,468,472,496

63,95,119,123,125,126,159,183,187,189,190,215,219,221,222,2

i 43,245,246,249,250,252,287,311,315,317,318,343,347,349, 350,
371,373,374,377,378,380,407,411,413,414,435,437,438,441,442

,444,467,469,470,473,474,476,497,498,500,504
6 127,191,223,247,251,253,254,319,351,375,379,381,382,415,439
,443,445,44¢6,471,475,477,478,499,501,502,505,506,508
7 255,383,447,479,503,507,509,510
8 511
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BRIV

4 Moore 4B Outer totalistic MM, ZF KRN Mathematica F& ALY .

B = {}; (+HiAHNERFEPEIHHATER. 2B R R

5= {1 (HRAHRIERESIHAITE, ZE R R
w={3};n= {2, 3};: (+HALE, E0E SRR, HiARTEERZ, 39
MO = Sum[2*(21i), {1, m}] ;

MO0 = Sum[2~0(21i+ 1), {i, n}]:

NO+ Moo (-FEHMTo ] £ rand 3 {40 -

al = Table[Take [B[[i+1]]], {i, m}]:

a2 = Table[Take [S[[1i+1]1]], {i, n}]:

L0 = Flatten[Union[al, az]]:

L=Tnion[LO]:

a=Tnion[Table[511 -1, {i, L}]]:

b =Table[i-1, {i, 512}];

C = Complement[h, L]:

d=Table[51l -1, {i, c}];

e = Intersectionfc, d]:

f = Intersection[L, a]:

h = Conplement[L, £]:

g =Mnionfe, hl:

® =Table[If[Intersection[g, BE[[1i]]] ==E[[i]], 1i-1, Fal=se], {i, 9}]:
¥ =Table[If[Intersection[g, S[[1]]] = 3[[1]], 1-1, False], {i, 91]:
tl = Delete[x, Position[x, False]] (+FHEHNEEINMERE

tZ = Delete[¥, Position[y, False]] (++HBHNsEA9HIR+

WMl =>3um[2*(21), fi, cl}]: W2 =Sum[2~(21+ 1), {1, £21]:
Nl + N2 (~FHBHMIT0 L ramf )+ FEH AR «)

Al R T A R

224

fo,1,2,3, 4,1, 8}
f0,1,2,3,4,6, 7, 81{~H{EBN

254 975 {4 {518

40
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B 5% VI

AR P E R A B 21 394 N 94T 9 I 0-1 JEFELL . A7 W, A H 45
THEAFEICE AN 1 bR, Bln, (5, (9,7), (9,9)) R 5 ANHFER 94T 7 FIF1 9 4T

9 FIILEA 1, HEHN 0o KK, A2 () o 9X9 1 0 FiFES

B ={(),(2,(9,9)),(3,(9,8)), (4,(9,7)),(5,(9,7),(9,9)), (6,(9,6)), (7, (9,6), (9,8
), (8,(9,5)),(9,(9,5),(9,7)), (10, (9,4)), (11, (9,4),(9,6)),(12,(9,3)), (13, (9,3
), (9,5)),(14,(9,2)),(15,(9,2),(9,4)), (16, (9,1)), (17, (9,1), (9,3)), (18, (9,1), (
9,2)),(19,(8,9)),(20,(8,9),(9,7),(9,9)),(21,(8,8),(9,9)), (22, (8,8),(9,6), (9,
8)),(23,(8,7),(9,8)),(24,(8,7),(9,8),(9,9)),(25,(8,7),(9,5),(9,7)), (26, (8,7)
, (8,9),(9,8),(9,9)),(27,(8,6),(9,7)), (28, (8,6),(9,7),(9,8)), (29, (8,6), (9,4),
(9,6)),(30,(8,6),(8,8),(9,7),(9,8)),(31,(8,5),(9,6)),(32,(8,5),(9,6),(9,7)),
(33, (8,5),(9,3),(9,5)), (34, (8,5),(8,7),(9,6),(9,7)), (35,(8,4),(9,5)), (36, (8,
4),(9,5),(9,6)),(37,(8,4),(9,2),(9,4)),(38,(8,4),(8,6),(9,5),(9,6)),(39,(8,3
), (9,4)), (40, (8,3),(9,4),(9,5)), (41, (8,3),(9,1),(9,3)), (42, (8,3), (8,5), (9,4)
»(9,5)),(43,(8,2),(9,3)), (44, (8,2),(9,3),(9,4)), (45, (8,2),(9,2)), (46, (8,2), (
9,1),(9,2)),(47,(8,2),(8,4),(9,3),(9,4)), (48, (8,1)), (49, (8,1), (9,2)), (50, (8,
1),(9,2),(9,3)),(51,(8,1),(9,1)), (52, (8,1), (8,3),(9,2),(9,3)), (53, (8,1), (8,2
), (9,1)), (54, (7,9)), (55, (7,9),(9,9)), (56, (7,9),(9,8),(9,9)), (57, (7,9),(8,7),
(8,9),(9,8),(9,9)),(58,(7,8),(8,9)),(59,(7,8),(8,9),(9,9)), (60, (7,8),(8,9), (
9,8),(9,9)),(61,(7,8), 9),(9,7),(9,8),(9,9)), (62,(7,8),(8,6),(8,8),(9,7), (

)),(63 7),(8,8), 6),(9,7),(9,8)),(64,(7,7),(8,8),(8,9),(9,7),(9,8)),
, (8,7), 6), (9, 7)),(66,(7,7), 7,9),(8,8),(8,9), (9, 8)),(67,(7

) ) (
) (

(
(
( (
( (
, (9,6 ), (68, (7,6),(8,7),(8,8),(9,6),(9,7)), (6 6), (8
(
(

(7
( , (8
1 0), , (9
(9
(9

(
(9,
r (7,7) (9
(8,7) (9
r4),(8,0),
(9,5)
(9 )

—~ o~ o~~~

),(
7,5),

v ( r (7

, (9,6 , (7,8),(8,7),(8,8), (9, 7)),(71,(7 5), (8 , (9

’ ), (72, ( (8,6),(8,7),(9,5),(9,6)), (7 5),(8,3),(8 r (9

),( y (7,5), (7,7),(8,6),(8,7),(9,6)), (75, (7,4 (9,3), (9 r (9

7,4),(8,5),(8,06),(9,4), (9, 5)),(77,(7,4),(8 2 » (9,3), (9 ) (

7,6),(8,5),(8,6),(9,5)), (7 r (9, 4)),( 0, (7,
( (

(

5)
5)
5) 7,6),
1 4) 6)
1 4)
r9)) (
78, (7,4),

3),(8,4),

r (7

), (8

), (8

7,3),(8,4),(9,2), (9

8,1),(8,3),(9,2), (9
) )

6)
5)
5), 4)
4) 4)
3)
8,5),(9,3),(9,4)), (81, (7,3), )),( r (7,3), (7,
5),(8,4),(8,5),(9,4)),(83,(7,2),(8,3),(9,1),(9,2), (9,3
4),(9,2),(9,3)), (85, (7,2),(8,2),(9,1),(9,2)), (86, (7,2),(8,1),(8,2),(9,1)), (8
T, (1,2),(7,4),(8,3),(8,4),(9,3)),(88,(7,1)),(89,(7,1),(8,2),(9,1),(9,2)), (90
P (7,1),(8,2),(8,3),(9,1), (9, 2)),(91,(7,1),(8,1)),(92,(7,1),(8,1),(9,1)),(93
(7,1),(7,3),(8,2),(8,3),(9,2)), (94, (7,1),(7,2),(8,1)), (95, (6,9)), (96, (6,9), (
9)),(97,(6,9),(8,8),(8,9)),(98,(6,9),(7,7),(7,9),(8,8),(8,9)), (99, (6,8), (7
,9)), (100, (6,8), (7,9),(8,9)), (101, (6,8),(7,9), (8,8),(8,9)), (102, (6,8), (7,9),
(8,7),(8,8),(8,9)), (103, (6,8),(7,6),(7,8),(8,7),(8,8)), (104, (6,7),(7,8), (8,6
), (8,7),(8,8)), (105, (6,7),(7,8),(7,9),(8,7),(8,8)), (106, (6,7), (7,5), (7,7), (8
,06),(8,7)), (107, (6,7),(6,9),(7,8),(7,9),(8,8)), (108, (6,6),(7,7), (8,5), (8,6),
(8,7)), (109, (6,06), (7,7),(7,8),(8,6),(8,7)), (110, (6,6),(7,4),(7,6),(8,5), (8,6

)), (111, (6,06),(6,8),(7,7),(7,8),(8,7)), (112, (6,5), (7,6), (8,4),(8,5), (8,6)), (
42
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(
(
(

r
( '
( )y ( » (7,2),(8,3), (8,
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113, (¢,5),(7,6),(7,7),(8,5),(8,6)), (114, (6,5),(7,3),(7,5),(8,4),(8,5)), (115,
(6,5),(6,7),(7,6),(7,7),(8,6)), (116, (6,4),(7,5),(8,3),(8,4),(8,5)), (117, (6,4
), (7,5),(7,6),(8,4),(8,5)), (118, (6,4),(7,2),(7,4),(8,3),(8,4)), (119, (6,4), (6
,6),(7,5),(1,6),(8,5)), (120, (6,3),(7,4),(8,2),(8,3),(8,4)), (121, (6,3), (7,4),
(7,5),(8,3),(8,4)), (122, (6,3),(7,1),(7,3),(8,2),(8,3)), (123, (6,3), (6,5), (7,4
), (7,5),(8,4)), (124, (6,2),(7,3),(8,1),(8,2),(8,3)), (125, (6,2),(7,3),(7,4), (8
2),(8,3)), (126, (6,2),(7,2),(8,1),(8,2)), (127,(6,2),(7,1),(7,2),(8,1)), (128,
(6,2),(6,4),(7,3),(7,4),(8,3)), (129, (6,1)), (130, (6,1),(7,2),(8,1),(8,2)), (13
1,(6,1),(7,2),(7,3),(8,1),(8,2)), (132, (6,1),(7,1)), (133,(6,1),(7,1),(8,1)), (
134, (6,1),(6,3),(7,2),(7,3),(8,2)), (135, (6,1), (6,2),(7,1)), (136, (5,9)), (137,
(5,9),(7,9)), (138, (5,9),(7,8),(7,9)), (139, (5,9), (6,7),(6,9),(7,8),(7,9)), (14
0,(5,8),(6,9)), (141, (5,8),(6,9),(7,9)), (142, (5,8), (6,9),(7,8), (7,9)), (143, (5
,8),(6,9),(7,7),(7,8),(7,9)), (144, (5,8), (6,6), (6,8),(7,7),(7,8)), (145, (5,7),
(6,8),(7,6),(7,7),(7,8)), (146, (5,7), (6,8),(6,9),(7,7),(7,8)), (147, (5,7), (6,5
), (6,7),(7,6),(7,7)), (148, (5,7), (5,9),(6,8),(6,9),(7,8)), (149, (5,6),(6,7), (7
,5),(71,6),(7,7)), (150, (5,6), (6,7),(6,8),(7,6),(7,7)), (151, (5,6), (6,4), (6,6),
(7,5),(7,6)), (152, (5,6), (5,8),(6,7),(6,8),(7,7)), (153, (5,5),(6,6),(7,4), (7,5
), (7,6)), (154, (5,5),(6,6),(6,7),(7,5), (7,6)), (155, (5,5),(6,3),(6,5),(7,4), (7
,5)), (156, (5,5), (5,7),(6,6),(6,7),(7,6)), (157, (5,4),(6,5),(7,3),(7,4),(7,5))
, (158, (5,4),(6,5), (6,06),(7,4),(7,5)), (159, (5,4),(6,2),(6,4),(7,3),(7,4)), (16
0,(5,4),(5,6),(6,5),(6,6),(7,5)), (161, (5,3),(6,4),(7,2),(7,3),(7,4)), (162, (5
,3),(6,4),(6,5),(7,3),(7,4)), (163, (5,3),(6,1),(6,3),(7,2),(7,3)), (164, (5,3),
(5,5),(6,4),(6,5),(7,4)), (165, (5,2),(6,3),(7,1),(7,2),(7,3)), (166, (5,2), (6,3
), (6,4),(7,2),(7,3)),(167,(5,2),(6,2),(7,1),(7,2)), (168, (5,2), (6,1),(6,2), (7
1)), (169, (5,2), (5,4),(6,3),(6,4),(7,3)), (L70, (5,1)), (171, (5,1),(6,2), (7,1),
(7,2)), (172, (5,1), (6,2), (6,3),(7,1),(7,2)), (173, (5,1),(6,1)), (174, (5,1), (6,1
), (7,1)), (175, (5,1),(5,3),(6,2),(6,3),(7,2)), (176, (5,1),(5,2), (6,1)), (177, (4
,9)), (178, (4,9), (6,9)), (179, (4,9), (6,8),(6,9)), (180, (4,9),(5,7), (5,9), (6,8),
(6,9)), (181, (4,8), (5,9)), (182, (4,8), (5,9),(6,9)), (183, (4,8),(5,9),(6,8), (6,9
)), (184, (4,8),(5,9),(6,7),(6,8),(6,9)), (185, (4,8), (5,6),(5,8),(6,7),(6,8)),(
186, (4,7),(5,8),(6,6),(6,7),(6,8)),(187,(4,7), (5,8),(5,9),(6,7),(6,8)), (188,
(4,7),(5,5),(5,7),(6,6),(6,7)), (189, (4,7),(4,9),(5,8),(5,9),(6,8)), (190, (4,6
), (5,7),(6,5),(6,6),(6,7)), (191, (4,6), (5,7),(5,8),(6,6),(6,7)), (192, (4,6), (5
,4),(5,6),(6,5),(6,6)), (193, (4,6),(4,8),(5,7),(5,8),(6,7)), (194, (4,5), (5,6),
(6,4), (6,5), (6,06)), (195, (4,5),(5,6),(5,7),(6,5),(6,6)), (196, (4,5),(5,3), (5,5
), (6,4),(6,5)),(197,(4,5),(4,7),(5,6),(5,7), (6,6)), (198, (4,4), (5,5),(6,3), (6
,4),(6,5)), (199, (4,4),(5,5),(5,6),(6,4),(6,5)), (200, (4,4),(5,2),(5,4), (6,3),
(6,4)), (201, (4,4), (4,6), (5,5),(5,6),(6,5)), (202, (4,3),(5,4),(6,2),(6,3), (6,4
)), (203, (4,3), (5,4), (5,5),(6,3),(6,4)), (204, (4,3), (5,1),(5,3),(6,2),(6,3)),(
205, (4,3),(4,5),(5,4),(5,5),(6,4)), (206, (4,2), (5,3),(6,1),(6,2),(6,3)), (207,
(4,2),(5,3),(5,4),(6,2),(6,3)), (208, (4,2),(5,2),(6,1),(6,2)), (209, (4,2), (5,1
), (5,2),(6,1)), (210, (4,2), (4,4),(5,3), (5,4),(6,3)), (211, (4,1)), (212, (4,1), (5
,2),(6,1),(6,2)), (213, (4,1),(5,2),(5,3),(6,1),(6,2)), (214, (4,1), (5,1)), (215,
(4,1), (5,1),(6,1)), (216, (4,1), (4,3),(5,2),(5,3),(6,2)), (217, (4,1),(4,2), (5,1
)), (218, (3,9)), (219, (3,9), (5,9)), (220, (3,9), (5,8), (5,9)), (221, (3,9), (4,7), (4
;9),(5,8),(5,9)), (222, (3,8),(4,9)), (223, (3,8),(4,9),(5,9)), (224, (3,8), (4,9),
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(5,8),(5,9)), (225, (3,8),(4,9),(5,7),(5,8),(5,9)), (226, (3,8), (4,6), (4,8), (5,7
), (5,8)), (227, (3,7),(4,8),(5,6),(5,7),(5,8)), (228, (3,7), (4,8), (4,9), (5,7), (5
,8)), (229, (3,7), (4,5),(4,7),(5,6),(5,7)), (230, (3,7),(3,9),(4,8), (4,9), (5,8))
, (231, (3,6),(4,7), (5,5),(5,6),(5,7)), (232,(3,6),(4,7),(4,8),(5,6),(5,7)), (23
3,(3,6),(4,4),(4,6), (5,5),(5,6)), (234, (3,6),(3,8),(4,7),(4,8),(5,7)), (235, (3
,5),(4,6),(5,4),(5,5),(5,6)), (236, (3,5),(4,6),(4,7),(5,5),(5,6)), (237, (3,5),
(4,3),(4,5),(5,4),(5,5)), (238, (3,5),(3,7),(4,6),(4,7),(5,6)),(239,(3,4), (4,5
), (5,3),(5,4),(5,5)), (240, (3,4), (4,5), (4,6), (5,4), (5,5)), (241, (3,4), (4,2), (4
,4),(5,3),(5,4)), (242, (3,4),(3,6),(4,5),(4,6),(5,5)),(243,(3,3), (4,4), (5,2),
(5,3),(5,4)), (244, (3,3),(4,4),(4,5),(5,3),(5,4)), (245, (3,3),(4,1),(4,3), (5,2
), (5,3)), (246, (3,3),(3,5),(4,4),(4,5), (5,4)), (247, (3,2),(4,3),(5,1),(5,2), (5
;3)), (248, (3,2),(4,3),(4,4),(5,2),(5,3)),(249,(3,2),(4,2),(5,1),(5,2)), (250,
(3,2),(4,1),(4,2),(5,1)), (251, (3,2),(3,4),(4,3),(4,4),(5,3)),(252,(3,1)), (25
3,(3,1),(4,2),(5,1),(5,2)), (254, (3,1),(4,2),(4,3),(5,1),(5,2)), (255, (3,1), (4
1)), (256, (3,1), (4,1), (5,1)), (257, (3,1),(3,3), (4,2), (4,3),(5,2)), (258, (3,1),
(3,2),(4,1)), (259, (2,9)), (260, (2,9), (4,9)), (261, (2,9), (4,8),(4,9)), (262, (2,9
), (3,7),(3,9),(4,8),(4,9)), (263, (2,8), (3,9)), (264, (2,8),(3,9), (4,9)), (265, (2
,8),(3,9),(4,8),(4,9)), (266, (2,8),(3,9),(4,7),(4,8),(4,9)), (267, (2,8), (3,6),
(3,8),(4,7),(4,8)), (268, (2,8),(2,9)), (269,(2,7),(3,8),(4,6),(4,7),(4,8)), (27
0,(2,7),(3,8),(3,9),(4,7),(4,8)), (271, (2,7),(3,5),(3,7),(4,6),(4,7)), (272, (2
;7)) ,(2,9),(3,8),(3,9),(4,8)),(273,(2,6),(3,7),(4,5),(4,6),(4,7)),(274, (2,6),
(3,7),(3,8),(4,06),(4,7)), (275, (2,6),(3,4),(3,6),(4,5),(4,6)), (276, (2,6), (2,8
), (3,7),(3,8),(4,7)),((277,(2,5),(3,6), (4,4),(4,5), (4,6)),(278,(2,5),(3,6), (3
,7),(4,5),(4,6)),(279,(2,5),(3,3),(3,5),(4,4), (4,5)), (280, (2,5),(2,7), (3,6),
(3,7),(4,6)), (281, (2,4),(3,5),(4,3),(4,4),(4,5)),(282,(2,4),(3,5),(3,6), (4,4
), (4,5)),(283,(2,4),(3,2),(3,4),(4,3),(4,4)), (284, (2,4),(2,6),(3,5),(3,6), (4
,5)), (285, (2,3),(3,4),(4,2),(4,3),(4,4)),(286,(2,3),(3,4),(3,5),(4,3),(4,4))
, (287,(2,3),(3,1),(3,3),(4,2),(4,3)),(288,(2,3),(2,5),(3,4),(3,5),(4,4)), (28
9,(2,2),(3,3),(4,1),(4,2),(4,3)), (290, (2,2), (3,3),(3,4),(4,2),(4,3)), (291, (2
2),(3,2),(4,1),(4,2)),(292,(2,2),(3,1),(3,2),(4,1)),(293,(2,2),(2,4), (3,3),
(3,4),(4,3)), (294, (2,1)), (295, (2,1), (3,2),(4,1),(4,2)), (296, (2,1),(3,2), (3,3
), (4,1),(4,2)),(297,(2,1),(3,1)), (298, (2,1), (3,1), (4,1)), (299, (2,1),(2,3), (3
,2),(3,3),4,2)), (300, (2,1),(2,2),(3,1)), (301, (1,9)), (302, (1,9), (3,9)), (303,
(1,9),(3,8),(3,9)), (304, (1,9),(2,9)), (305,(1,9),(2,8),(2,9)), (306, (1,9), (2,7
), (2,9),(3,8),(3,9)),((307,(1,9),(2,7),(2,8),(2,9)), (308, (1,8)), (309, (1,8), (2
,9)), (310, (1,8), (2,9), (3,9)), (311, (1,8),(2,9),(3,8),(3,9)), (312, (1,8), (2,9),
(3,7),(3,8),(3,9)),(313,(1,8),(2,6),(2,8),(3,7),(3,8)),(314,(1,8),(2,6), (2,7
), (2,8)), (315, (1,8),(1,9)), (316, (1,8), (1,9), (2,8)), (317, (1,8),(1,9),(2,7), (2
,8)), (318, (1,7)), (319, (1,7),(2,8),(3,6),(3,7),(3,8)),(320,(1,7), (2,8),(2,9),
(3,7),(3,8)),(321,(1,7),(2,5),(2,7),(3,6),(3,7)),(322,(1,7),(2,5),(2,6), (2,7
)), (323, (1,7),(1,9),(2,8),(2,9)), (324, (1,7),(1,9), (2,8),(2,9), (3,8)), (325, (1
,7),(1,8)), (326, (1,7),(1,8),(2,7)),(327,(1,7),(1,8),(2,6),(2,7)), (328, (1,7),
(1,8),(1,9)), (329, (1,6)), (330, (1,6), (2,7),(3,5),(3,6),(3,7)), (331, (1,6), (2,7
), (2,8),(3,6),(3,7)),(332,(1,6),(2,4), (2,6),(3,5),(3,6)),(333,(1,6),(2,4), (2
,5),(2,06)),(334,(1,6),(1,8),(2,7),(2,8)),(335,(1,6),(1,8),(2,7),(2,8),(3,7))
, (336, (1,6),(1,7)),(337,(1,6),(1,7),(2,6)),(338,(1,6),(1,7),(2,5),(2,6)), (33
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9,(1,6),(1,7),(1,8)), (340, (1,5)), (341, (1,5), (2,6),(3,4), (3,5),(3,6)), (342, (1
,5),(2,6),(2,7),(3,5),(3,6)),(343,(1,5),(2,3),(2,5),(3,4),(3,5)), (344, (1,5),
(2,3),(2,4),(2,5)), (345, (1,5),(1,7),(2,6),(2,7)), (346, (1,5),(1,7),(2,6), (2,7
), (3,6)),(347,(1,5),(1,6)), (348, (1,5), (1,6),(2,5)), (349, (1,5),(1,6),(2,4), (2
;9)), (350, (1,5),(1,06),(1,7)), (351, (1,4)), (352, (1,4),(2,5),(3,3),(3,4),(3,5))
, (353, (1,4),(2,5),(2,6),(3,4),(3,5)),(354,(1,4),(2,2),(2,4),(3,3),(3,4)), (35
5,(1,4),(2,2),(2,3),(2,4)), (356, (1,4),(1,6),(2,5),(2,6)),(357,(1,4), (1,6), (2
,5),(2,6),(3,5)), (358, (1,4),(1,5)), (359, (1,4),(1,5),(2,4)), (360, (1,4),(1,5),
(2,3),(2,4)),(361,(1,4),(1,5),(1,6)), (362, (1,3)),(363,(1,3),(2,4),(3,2),(3,3
), (3,4)),(364,(1,3),(2,4),(2,5),(3,3),(3,4)),(365,(1,3),(2,1),(2,3),(3,2), (3
,3)), (366, (1,3),(2,1),(2,2),(2,3)),(367,(1,3),(1,5),(2,4),(2,5)), (368, (1,3),
(1,5),(2,4),(2,5),(3,4)),(369,(1,3),(1,4)), (370, (1,3),(1,4),(2,3)), (371, (1,3
)y, (1,4),(2,2),(2,3)),(372,(1,3),(1,4),(1,5)),(373,(1,2)),(374,(1,2),(2,3), (3
/1), (3,2),(3,3)),(375,(1,2),(2,3),(2,4),(3,2),(3,3)), (376, (1,2), (2,2), (3,1),
(3,2)),((377,(1,2),(2,1),(2,2)),(378,(1,2),(2,1),(2,2),(3,1)),(379,(1,2), (1,4
), (2,3),(2,4)),(380,(1,2),(1,4),(2,3),(2,4),(3,3)),(381,(1,2),(1,3)), (382, (1
,2),(1,3),(2,2)),(383,(1,2),(1,3),(2,1),(2,2)), (384, (1,2),(1,3),(1,4)), (385,
(1,1)), (386, (1,1), (2,2),(3,1),(3,2)),(387,(1,1),(2,2),(2,3),(3,1),(3,2)), (38
8,(1,1),(2,1)),(389,(1,1), (2,1), (3,1)), (3%, (1,1),(1,3),(2,2),(2,3)), (391, (1
,1),(1,3),(2,2),(2,3),(3,2)),(3%92,(1,1),(1,2)), (393, (1,1),(1,2),(2,1)), (394,
(1,1),(1,2),(1,3))}.
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