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Abstract

HEROERA — b2 VIZEBERITOVTEEL, YUYy A—-r2 b richBEEN
BUMHICOWTHRTS. hick), MERLLETHEL2ETSL— b v, REKE
XERERE L GECHBNICEIE T3 2 LOSREL & B, RRIC, REH 3 o {0,1} XFFI L
DERA—F=rrds, ERERER 2 0HFERDUMC2200Y )V Py A —bo b vdBonD
ZLERT.

§1. RUBK

EifE - EEORER L 2 OEMENL —LIC X BHRR (1, 2] 13, HEEBAIESRORD
HEEANLRETLVO—2ThHY, WMEFSROBHEOAL ST, HETHE LIRS 28D
LRI NTER [3, 4], BADHRICBWTDH, A— I HOBRAEZEATLILT
Lamplighter B & DBIfR%Z EBS@ERINT W3 [5]. A TIX, RICHEROEREIR
PERA—Fe b vickotEBRTESLZ EICEFERL, VUMY oA -2 b ichEE
ENBEBIZOVTERTS. 61T, TITOFEREAVIZLET, B - HEOEE
FLILETIMELZEFET LA - bV E2ERET S,

§2. AEROA—-—FTNVERR

BBRA—FL2brO—2THSI—Y A — <} (mealy automaton) ZEAL,
RMERDA—be b REEEZ S,

EFE2.1. =V -A—r2bY ARUTD4°8(Q,S,¢,9) THEZoN 5,
L4 ﬁlﬁ@‘[ﬁﬁﬁ%é Q = {a(), iy, .. ,ag_l}
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A& G
o ANNBLUNHAXFES S={0,1,...,d—-1}
o REEREM 6: Qx5 > Q

o B v : QxS —= S

ZDLE, QL ShroBonsI—1) - A—re o M q TEYT, Iy &
FaA— b b R ()Y TER6ND,

F—te by AL, REEBRIEFEENE FRANERFE S 7 72HWTERT L
BTES, ZOF\NWNEFEMT 7 71F, BREZER[ICHIGSE, REqreQ EA
NXF i § EDRIT glg.i) = r BHD T & F, RHE g 25 IRME r 2 AT BN
TR, OB AT £ | 9(q,0) %5 ~AHIF5C & TBEN,

Bl 2.2 QRREA— L= L A= (Q,S,¢,v) DHI).
Q = {ag,a1}, S={0,1} £ L, REBEREE ¢ L HHHBIB ¢ 2 ZN TN T TERT 5.

¢(a07 0) = ao, ¢(a07 1) = ai, ¢(al>0) = ao, ¢(a’1) 1) =ai,
1/1(00,0) = 07 1/1(007 1) = Oa 7/’(01,0) = la w(al, 1) =1.

ZDEE, WETIREEBERIIK LI TS50,

1|0
oo L)Y o
o[
1. 22D 2 REEA — + = b v 4 DIREEERK

CITERLA— b= b VICHIREBZ I 5 2 & T, XFIIANDIRHER 2 F
FZEDD ZENTEL, XFEASPOERINDIXFINOES Xs &

Xs = {(30,81,82,~.) :s, € S}

TEHRL, SIKIZEROEIDOXFINEEH%E S* TRITI LTS, ZDOLE, £ED
qgEQ & 5= (s0,51,82,...) €E Xg KNLT, Xg EDEH

Aq:Xs—>XS

z
s; = 7/’(‘127 sz)’ Q1 = ¢(qz33i) (qO = Q)
LT, Ag5) = (shs,...) LEDS, LD, (EBD @ = (,...,¢0) € QI+

o, REFEFERD
qu :Aq] 0---0Aqo : Xs — Xs.
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t:lﬁfﬁi% ul‘l%, X?§U§=(80,51,82,...)%‘303152"' ki%?ﬂ?"%:k@:‘?‘%
Bl22 DA =2t A, 1< & BERHFEEDH

A4, (0001110010110000- - - ) = 00001110010110000 - - -
A2 (0001110010110000- - - ) = 00000111001011000 - - -
A2 (0001110010110000- - - ) = 00000011100101100 - -

D5, TOX—be U ETBEZET I EOMETES, HERDEBELRTH S
EREAR £ OFERE BBS(k) TRTE, #2204 — b= M VIGEREAR 1 O
£F BBS(1) iKiEh k6w, EREAR £ OFER BBS(k) DA — b2 F YRR
WThH, M22ilLoTEZLNE I EDBEBICHEEIOONS,

1|o 1|o 1|0 1|o
0|1 0|1 o[ 0|1
2. BBS(k) % R T IREERK

ZIT, Al BEOAERIGERBEASRICHROME: BBS(co) ICXIGL, HARRED
T=Y - F—bebrTidil, BRREDI-Y) - F—t2btrdbividryradyy
VeA—bR PR EoTRINBILEEZERLTEL.

§3. YUKy -A—KIhVOBRER

AEiTIE, FERODLOEOLOUWEICHEHL, TORELREEAQ LXFE
BSPoRBoNEI—Y - A= b VOEE Mg 5| PHP»S, FERLILET 2%
HxbO4— b b YEBERRICRLELTOL, H204— b~ by BBS(k) X, M58
ST 7, TRTFBGRE , TRREINERRE , TRAHEER), "YU Pt kY
Wk e BEERWEZ o T30, ARMTIIBFYE - £HEY: - BFMEEEROME ICHE
H¥3ZLicd3, UT, XFEEEZ S={0,1} KBREL, XD 3I>OHHEEZRO>A—
P by ZLBPA— v b LS,

1. BT (particle preserving). REIFRRE CXF 1 DEBIFE,
2. ZHGME (bijective). (1,¢) : Q x § = S x Q VIEHE,

3. RATMEEEHM (local interaction). AREIDA — F = F Y OEHIZE VT, E£BDH
MORIDOXFIuB LWL v B+ HAEIOLFTHNTH UL v & v DREICH
HEMBLEU B, $4bb, XFH u DRE length(u) B LVOXFFID 17 b



it
o:Xs— Xs;508182+ > 8182+ ZAviug,
olensth(WHr( 4 (u0muoN)) = A, (w0N)  (Yu,v € §%)

AMETS r e NOHFEAT S,

F Miy12(k=0,1,2,.. ) IGEMEER L OBFERVIBL T3 Z L2 ERIC VN,
KRG TIIFRHC My 2, Moo, M3 2D LV, LEORERLLETIHEEZR >4~
FUERBTILICT S, 22T, Mgz i0iE (2k+2)% 2 fHOA— b2 b UHEL TW
3, ZOREESXDIEERE GEERE A — P2 Fy) 0B&IR & D REBOD LA —
P b OBETELR LY, BRIRNEL - OBRERDL ZENTE S,

EE 3.1, EEO 5 X, KHLT A (5) = AL(5) DR IOW, AL 13 A, L%
flisA—Fe by Evd,

KRETHOPH)I—Y - A—ro b rEIBREEA—Fo b THD, FEffiIRED
HEIZL > TRDDODREROE ML A — et rPBEONS, ZOFEEZHAL, FED
5€ Xs WL THERS ¢;,q, € Q1 Ay, (5) = Ag, (5) ZWi7 THE, Q55 g ZEUD R
& EROMBLIRME ¢ € QINLTA,(G) # Ay (5) £% 25 SPHET 2%
THeT 5., COFRETRONIRPIRERDOA - b BN EL - b LW
B F, REBEAQBIUNTELSSDENFNICBLTEBRTEYHIA -2
VEFABOA - P EMERZ EIZT B,

i 3.2. Q= {ap,a1,a2} BLT' S = {0,1} » 685N 280 >BKI 7% LBP
A—b= bz, BTFTowshpoAd—t< by EABICRS, 22T, BBS-V(2) &
BBS-S(2) 3 ZNZNRI3BIUVR4IC k> TEE2A— Lo bra&T,

o {HEE R BBS(0) € M-
o 178 BBS(1) € M2
e BBS(2), BBS-V(2), BBS-S(2) € M;»

X 3. BBS-V(2) DIREEEREK X 4. BBS-S(2) DiREEEBK

Z ZCHN 3 BBS(0) 8 X U'BBS(1) 0 & HHHKEIZAHL LD TH 55, BBS(2)
GERERBE2ORERELRLY I PV RTHD, HELIOY) P EHEE2DVY by
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OOV LMEFERZIET 5. X512, BBS-V(2) 8 XU BBS-S(2) 371G - HEEE
DRER BT 2MEEZFEOA— 2 b ThHY, BIE  BERECXIBEL—LEDL
EFHLIEUTOL) RFEERBEL NS,

BBS-S(2) : —DRIFLIL—ILOFEER

RE1OEREEE 2, EiftEL ime o HEZE, UTOV—VICRWELSHIC
BEIXES, ERECEEZBRYTCELT, EREOLHBICES A>TV AN R ok
FET, —RIORHERZKZSIEICT S,

1. ZOEBEICOVTE, EOASTVLAROMNEBEE THIZ—ITOBHIE S, £D
ASTOVABEEDOFTE CHEIL 7-Ff, E2EREICERNANROFRE 21/ .

2. EZHE TV EEMREICOWTIE, BELICEEBRONBZ ET, —oMIE L CEk
HOMBZBE XT3, BBAVPEHOBEICELZHFICBAL, FhE1IIRS.

FEHEOL NI FEFERE T—ORZ UL —NVOFER, LS, FE1520H501L L
72—2RUT LV — VOB ERIC X 2R REFREBOH 2 RICEE T3,

[0000000000010001000001111000010000000000000000000000000000000000000000]
[0000000000000100010000111100000100000000000000000000000000000000000000]
[0000000000000001000100011110000001000000000000000000000000000000000000]
[0000000000000000010001001111000000010000000000000000000000000000000000]
[0000000000000000000100010111100000000100000000000000000000000000000000]
[0000000000000000000001000111110000000001000000000000000000000000000000]
[0000000000000000000000010011110100000000010000000000000000000000000000]
[0000000000000000000000000101111001000000000100000000000000000000000000]
[0000000000000000000000000001111100010000000001000000000000000000000000]
[0000000000000000000000000000111101000100000000010000000000000000000000]
[0000000000000000000000000000011110010001000000000100000000000000000000]
{0000000000000000000000000000001111000100010000000001000000000000000000]
[0000000000000000000000000000000111100001000100000000010000000000000000]
[0000000000000000000000000000000011110000010001000000000100000000000000]
[0000000000000000000000000000000001111000000100010000000001000000000000]
[0000000000000000000000000000000000111100000001000100000000010000000000]

CDFRIT, HE 2 TBEIT 3 XF «.010..” EHE 1 TBET 5 XFF] ©.0(11)"0... D
MEFERZIERTEY ) by A—be b Thh, HAFADHETZOBEEZ B
TERRTIEMNTES 6.

BBS-V(2) : 2 HEEZM/IL—ILOFEER
BBS-S(2) DA — BT, K2 T2 EREISHE) FHE 2 2UTOHDIC
BEWZIV—NVIHIFERZ 2HEEHERLV-NLVOREER) WS,

2. EEWETWLAEREICOVTIE, E2E AL OHEH AP T2HEHDOERD
MEE CERE»BEXE S, BERIIEEHELZEAL, FRZ1KRE5.
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BLIIZEAGIE L 2 BRERNL - VORERIC K 2RERRBOHI 2 XICHET 5,

[000010001110000001100000001000001000000000000000000000000]
[000000100110100000101000000010000010000000000000000000000]
[000000001010110000001100000000100000100000000000000000000]
[000000000011010100000101000000001000001000000000000000000]
[000000000001011001000001100000000010000010000000000000000]
[000000000000011100010000101000000000100000100000000000000]
[000000000000001101000100001100000000001000001000000000000]
[000000000000000101100001000101000000000010000010000000000]
[000000000000000001110000010001100000000000100000100000000]
[000000000000000000110100000100101000000000001000001000000]
[000000000000000000010110000001001100000000000010000010000]
[000000000000000000000111000000010101000000000000100000100]
[000000000000000000000011010000000110010000000000001000001]
[000000000000000000000001011000000010100100000000000010000]
[000000000000000000000000011100000000110001000000000000100]

CDFRTIE, XFF “.0170.7 (T TFIGEE (n+ 1)/n TEEL, HlZIEn =23 DR,
— 1110000 — 0110100 — 0010110 — 0000111 —

LR AY 3 TROXTFIBHTBEL T2 2 tdber s, &6, HAEERD
Mk CTZOWEEZ RV LARTILNTE, BBS-V(2) bV by e A—Fe by
%%, 2T, HEBIRKBY =7 vy vl - F— e b ViT X BHTHE 7] 235 b,
BBS-V(2) &% ifi7 5% & #RERL Lotka-Volterra /23 & OMIGRIRIH & H Iz ¥ T
I ERERLTEL.

DEody, XFHEAES={0,1} DREBHIDI—Y - A— = b ricEd 28D
DB 7 LBP 4 — k2 13 BBS(2), BBS-S(2), BBS-V(2) DA THH, ZDETHY
Jbhy - A—b2brTHBIEDTES, REEAYU LGS, B2 LBP A— <
FYBHTLBIVY PV oA —bo b i3 EIZBS R0, ZOREVEZFARL L
TYV Y = b2 bV DERHERZA - b2 ROETIENTES, MR,
HEHLAVEZET

o My iZ 72DV Y by« A—b2 b VOBREMPEFELET S
o Ms2 214 DYV by « A== by OBFMIFEET S
o Mg2IZ 15DV Y by « A— b2t VOBRPELET S

LEDBREN, BREOEODIIVY by o F— b= b3l EBBICHEIPOSNTY
5, CITHHEINAZYY MY - A — o bV OBEICN LTS, BESETRES S L OBR
bEDRRL LEEL S OFNMBHETHD, SHBROFBEE LV,
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