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M E SIS —FETRE I RS, BEE T 4 ST IR S S B A
FAE ARG LR Zd . HEEEZE T e — D om B TUR
LFA—MERITH— ML GERAEZE P T — MR, e BTAMERR
ERTR RS, SCZ IR, TGRS, FrAATERER. R A A RETE
TR RS AT AT T ? RS o 2R, R,
HERE—A A B, WERERRR o 22—, ZET Sutnel?) 5]
ANHIBEE RS — o), JEHE Peled 200 BR A7 £XTTRIL

AR ot 22— E 28 ZHIHFEE, WIC Sutner[30, 31], Barua £l Ramakrish-
nan[2] AKX Dodis Hl Winkler[13]. FIZRMAREAFEL, SutnerT UER] o+ 42— [RIEIHY)
FERMEATIEL SRR, FF4H T noxon BRI AR — 2R R, Erikisson
ST AR ERRIERT (191 3T, Chen 1 Gul® 41 T —MRETTHI AR
RSB — R L. 5 ot 2—EAE, o 2—REEREZE LR
(Biln Cs A1 Ps). JTH,  Chang M Qian FE3C [40] FRZRH T WU RS- S75 MRS LAY o
BT — BN A% TU=ME. 28 (MidE) fisil
TE R FH = Fs B — S B o S=—TRBUGHR 7oA .
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Abstract

A cellular automaton is discrete dynamical system that consist of an arrangement of
basic components called cells together with a transition rule. This system can be mathe-
matically modeled as the following problem: Consider an undirected graph equipped with
an indicator light and a button in each of its vertices. If a button is pressed, then the light
of all its edge-adjacent vertices will change from off to on, and vice versa. Initially all lights
are off. The problem is: is it possible to press a sequence of buttons in such a way that in
the end all lights are on? This problem is called the ¢ all-ones problem. In particular, if
there is a self-loop at each vertex then it is also referred to as the o+ all-ones problem which

29 for chessboard. An equivalent version of this problem

was firstly introduced by Sutne
was proposed by Peled 20 and is called lamp lighting problem.
In this thesis, a sufficient-necessary condition to o all-ones problem for full binary

trees and the triangular grids bounded on the triangular, tetragon and hexagon to have no

soulution are given, respectively .

Keywords: ¢ all-ones problem, even parity cover, odd set, triangular grids, full bianary

trees.
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MM E SLRAYE B BRSO, HISH Neumann fEHIHY. 41NEE
WL MRS RS BEE T A EASTRARESH R RG] S AR FITERLD
il AR, & ¢ = (v, B) B— AR R FaEEE. B ERE— T
HATUEE4INR B S0 Eay— Pl seoe, AT FARSHEEFZ o 82
L A TS A IRAEDIR SR — MG, 40 Sk Rl s s e e,
BITHUS (ZHMERATT) v 7E ¢+ 1 ISZIRPARS U B RYAERETUR. (AIMIERTT) o 7E ¢ I Z]
HPRZSDERE .

[E¥%1] 1948 4F, Neumann T~ 1948 4F 9 HAYFE Hix Symposium H A EBIA
H BB S BY. bt H SRS AR A K E AL B3 2N
% 23 J BARF T A SWIEERIL SHES. ARIBANE A SWUE Rk A S A
SERTE A B Neumann(3%) 5. 3XAMFAIE A 48T AT LA [ B30 3 RLg e
FAYIRGEE BY JBisk. IELIRE S E BN AR f BT R 12 BT
5%, HMTETEARWHRR A RAFAE R 1217, 5. 381 3R 1oAY
AR A4l B il =& B A PR TC [ Fh i i a 4ni B il JEHAF
FEAEARIIT R SN A AT IR o RLAT o FEN T BARDL. X PRI A ZE R
IWLEAEABITAESC (36, 37, 32) FFE. FESRAEEHAIHFFTILIC (22, 26]. FE3C [19]
i, o BTN EIRET H oL E 28I, o BN o BENIFESC [36] 185 BFRA
150 FEIUAT 90 KL, A FRANM B ZhALE)— B EEN ] BV AR R H AL A HEL %
i, RT RN B ZiMLAERE R G F B AN L SC (5], ERHIAR e,
BN Hh ) — BB AU B AR 90/150 BYATHE B SRS 5K
VUM SSIRAESC (1] FRIH, FEETESC [25] FPRI T — MK, IZHENH T
GF(2) LRy Lanczos =X AZALTIERILA.  A0M H SIHLEY A0 A R IR 4R
BRNZERANE G Sl XL E SR T7E Holland™ FYZEIEZIMRASZ
RIE. EHIEOUIA AERRSE R, ENEGH MG, X148
PEAIML E B, RSEEER AN — N 22 R 2, IRESEAHIAINE E 3h
Bl HAEEOZLL m WAERER, SRR m CBIRABITE 18, FEl KR4
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BCEBEE ST, XMEREE (0,1}, PINTCREIE. 48 00A 20 BRBCHLE 1,
BRGSO TR 1. TR SCE A, AT FZEH ISR B To i B B LT of
FUUA o BB PR AT E ShL.

HATPZ RSB RN o B—NEEF R AENER: RETR ar2) £
TR HIUR (FIMEETE) o T—IREESHAHSH U JIFIT) fBRESZ
. SRPARY, X ot B, 4+ 1 IR TR o BIERIHAR A ¢« IZIRIEZ I (B
2), T v A EHMEABE—FE. & X 02 ¢ BZIM—NEH], v BE— TS
ot B o HUNIT ¢+ 1 BFZIAECH], AR v & X BJR4E (rRIET o 2o AU .
A, X 2 Y B9RTE.  BFERCHI AR — AR [ R A — 45 E AT
R AR, XA EGRRRTIRAEAERIE (PEP)20. XA Je
ERILERZS I (28, 39). ARG E N 6, FHRIEK IS H 5 HIFTIK, XA
WUPR 9 5 HTSRAFTEIRIE (BPEP). IEANSC [28] AR PEP EXHHFRAIME A Zhl7E
NP _ERYZIE. 3T [26) FRRATAHE PEP XT o Fl o MU TREAELL GF(2) LAY
ZIAfERRGE. 73 [26) 1, TEHBLIEAT BPEP fI—MEIERIE NP-hard
BIZLRATIKACH] AP ZR S 09 40 B e H e

XFT ot R, BHTEARCHIZ o 17 HARELG]E 1, 5Z AR REHEAR N ot 42
— el 29 ST I7E, —A EARECH G ATIR AR — M. X B TR
HIE B, W 27 RHARES S 30K, Peled 7E3C [20] HH& A AT THIRUE ot 42
— [ —NENER. ot 2 —RETHIC 28 2 AT, TL3C Sutner[30, 31],
Barua ] Ramakishnan[2] 55 Dodis Fl Winker1[13]. 57 FIZRMARE0HIH Sutner 27 JERH
THE ot BT THER RS AT LRSS AT, HAmKET noxon SR
BB —EE25 . Losserl) R FIZRMARELA X —MEREAITER.  Brikisson %5
Sy BRI RAGIERT 19, R (R 8 ot e —IBRR e E
(B2 7. DASC [15] g RO, DS EIRSIE, XSkt
TR RZ TR T O(nl). Galvin!10) 45 HSRARMH) — N RS
BEERSE.  Chen fI Gul® XEFMA RIS H T — MEFIAIEIRSIE, Ftkh
O(n?). HARIA T ELRAEZARZS 09 40 HBCH fe/ AR RTIKAFAE [ B AR
BN ot LA, AE3C [26) HY,  Sutner JERH T E/DN of A2 NP- 58
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M. JTHEE, Broersma Al Li JEA] T —#REIR NP- SELRIE B PR o+ £
—[AERAETAFE,  Chen SFFESC [7) Il T INME o —TIAIHER, 45 HifF
HUAFAEZImE, FFEHZ WA o &—TERREARH . [FIRhE Y A R/ (f#) A
WERTRESY, AT TRIRD o 2RI 2R ER L. 15X
Hefifi I, Chen SENAESC (6] HHHE T BAAEFREI DG EAE 0 i/ N — TR A 2k
SRR ERRSTE.

T o- BN, BRECHDE o 1 HARECHDE 1 BROPRAENAEDY o 42—
[ BEoh, S BARRCHPEAEE —MECH] 1-b, MSCHIRIEIRR N H AL o 22—,
BErS b RAEEECH]. S5EIWM o 2B S ELMERRH vITh, 2—h
HOTERAIRE. o —TBUEH M o 22— b 0y o BPATHRG], XH o &—
s, RIBrARISOREN 0. ART o B, XTF o & nEIFARITA
KA TR B, XEF o 80P, — =Mk 5 R, H LR o &R
fiit. 5356, ARSI, RAIGIERLE o AN T BARECH 1§ BPEP {1
Fr NP- SEVERE ¢ R THREL Li SEFESC [10] HHRE] T H AL o 217
B ZEERA RIS, BAESRET, SHHEREH R ALK
MBI A SR 50k, HA AT AS H e/ MECH RYERARAS R A B
Hf/]s o E— AR FE3C [21] 98— EEL e, B ¢ Liy o 2—EAH
L HACEBA T REMEFE AL, ST Chang Ml Qian FEMCELAR FAESC [(40] FP4 H
VORISR o 2 —[RIRUTCH — 1 TSR

AT RIINZHAE B AL ARBEAL AL, AT o+ M o FUNIRTATR AT
TR B ShALE IR 25 SO ER, R o 22— fRR AT TR B IR,
B, Wl E A& T o 2[RRI AEERE, 2763C [24) H
[11] B TR T EREATE 7 T R MBI R o 22— RS [H: H—1 nxn
B, TR BAEE IR LR MR TR R L. AR R RS TR
EREL, TSR BT AR5, I TRAR. RBTTIR T Y
FIRER. BOTEHFEHEUS: REA RS F— RN R E Ira
HIATERSERA 27 WIRAFAEX AT, Wnfe[ 4R 2 LA_LR e Tl AR AT 1]
PR, XEPLL T ERIIGE BT R . JREdEE ) S5 ERIA]. o
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& — R — MEH A SR S AR TR R A ST, 2R Y
LR ot & RET o &0, o 2—REHREA—EfF
T AROCE EBEFR =AM KXW B o 22— REHRI A TE R

HEEREARES, o - SN T2 — B fRL T A FiRE: %El G = (V.E),
vV E AR G B RIS X 2V TR, AR veeq 1E X 5 v M
SRET BRI o B X RS, R4 x h— A E%haEs 14 5
%, X HAKE G H ot &SRR FI, o &R LITT RE0H Ik
W G = (V. E), BREATE V H— & X, RN VeV - X, 7E X 1.5 o /720
AT BN ATRL, X Vo e X, 76 X W5 o MISRRYTR S SO AT 2504, o
P T2 — A LT A T RRR: ’E ¢ = (V.E), V 1 E 351& G HIS
MR X &V ITE, WERX Ve 7 X i o AHBR TS BN AL,
WFRF4E X H—EEE 1. 58, X BINE ¢ 1o &g FHik, o
LA AT RER MR #ZE G = (V. B), BTG V l— T4 X, [#1§
XtV oe X, 75 X F15 o AHABH TS ECH S0

TR A 4 — TR Ay A - AR, S — IR B ST TR AR IBTEAL,
HAEMIBEA. MR, S F4ed T 3 88, sl RixEraE&l
AT, BATUE EAE AL SRR TS LA, M S
ZARRRHI BRI THIRES. (RN A LT emE ), RS E AR T —4&
IR S A L ERAT. R BRI BT A AT, Bt
AL IR T R AL, AR 5 22 AR TR R AT HIRES.
TRINIFF IR AT RS, SRR /] AR T — R R e A TV A
KT, Juihlag: BRE SN B SRR AR AR T A
Hl, NSRS 2 AHARAE ERATRPIRES. BRI ITE TR, RS ES
AU N —RA AL SR IR 1 ERIAT. G AR AT DA Al 2RI
S T
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H_w =k R o E—E

§2.1 HaIrBFIEARER

A noxon B, EBUE DRYRE— IR L2 R — %L
R TIRETTHR L], %I S R8T B BRI PR ARERISE, [ 2R
R BBIHAITARIITRICERY. BOTEFHMEUR: A rREH% F—RI09H%
HIE AR e A R AR SEER 27 X Suntner HIETIAK o 2—[A[EL H
Peled $&H B AT IRBUR R — S0 Hid. 5 Lo as baYy o 22— A,
AR MR S E R AR AT T e RTINS A2 B o7 ERYET, 1Eh
MFRA o B, FEMCHLN T AU IR DY o &—.  of f—r] LA
T EMEE RN, RER ESAATRZE — D — A — MR
5 EATIARRBREAHR AE AL I i SARAE. RIS, FERE LR o #L
WISETAERE LR TN L B 3MESL T o B TR, 72 i
FAWGTIE o BTHIEER, BUAGHE o 22—

TESCHTHISCR T o RO 2RSS, AR AR,
Suntner®”!, Losser2U I Erisson % 15 SpIHERA T SHE(—ME— AN TUA H 2R
BT RARER ER R — AT XTI, chen SFFE3C [7] HARHIAY oF 22—
IR — N FCEA . ART of 2, REE LK o &2—BA—EH
figt, BIEERXTT O3 20 ps, Bl— =M 5 RBEXHE— S AR RA K. ir
#, Chang #l Qian 7E3C [40] 4 H T AR S5 LR o —TBUC#E—
PFEBARME. FEASCHBRATPEHE LA RIS T B = Ak Sl — Sy o 22—
[RBUCR Y FEEE 2

EX 21127 G jg—AME, TR v, 38N B X—TFE PCv,
X v o eV, P o TURARSIHRAECE B ERCr, B | Np(o) | ARG IR
P 7% G B— MBS B

T 21120 B 6 o 2B RY EICY ¢ A AEEMESNE R
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FEX 21204 FE G = (v,E), TEEN V, 8N B M—PTFHE XV, Il
Xt voev, H X 5 o AT S AR, B | Nx(v) | HAEG IFR X &
G WS

FIE 2.1.2 04 % ¢ B—ANE, &SR v, iR B X v Ri—P T4
X CV, X &G H o B — M HALY X Ea8Es.

BIEE 2.1.1 [40] & G(X,Y) B—PM%E, X . Y &EGHENES, PG
PEENEDS, W PnX M Py #E G(X.Y) MBS EE.

538 2.1.21400 & p RIUMAKE R, BESNER, WHR m= 0 P @
ﬁﬁ}%u (Clacl ﬂP)(ﬁ (Cnacn ﬂP) E& (R17R1 mP) ﬁ (RmuRm ﬂp)) H&/—Té i&ﬁﬁa
zij € P YA HAYY 2 € P, XIFRAY 25 € P24 HANY 20 ji10—iv1 € P

538 2.1.3 10 % p RINMARK R, BEFNER, GRn<n W CnP=0

FIE 2.1.3 400 UKL R, b o £—NIBIHE <
(Wn=km+1)—1,ke{1,2,---}, m, k &5 B
(2)m =4k +1, n=4h+1,k,h e {0,1,2,---}.

5138 2.1.4 40 & p RSNt B SN, & LML 200 B B
LNP=0F1;NnP =0 5 —ZMRE—ZHTEZE; W i=4k+2ke{0,1,2,---},
j=2m+2;8i=1Hj=4k+3,ke{0,1,2,---}. FFM, TR i =4k+2,k € {0,1,2,---},
j=2n+2(8i=1,j=4k+3,ke{0,1,2,---}) M 1, € P(EL [; € P). FAMIFF (5L 1)
P HEIGIZ.

T 21440 Ntk H, o TR <

(1)n =4k + 1, BL

(2)ym=4k—1, Hn>2"2 1 X B k= 2040 1297 ¢4 92924 4 ¢124co,c; €

0a1a16071a2770—1_&5%1%’7%01750%%4\% i.
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§2.2 A=A A0 =A%

— MU= AAFH=/E T(n) B—A=AEREr, e 1 PR

XFALT R KR = A& G SOV = A A A = s T =
falz, WEFTRE N TERERF A FICN (L1, Lo, -+ L)

TR E SR, BIXS AT Rl —7K 2 TR R S & SO LA =fE i
FHI= Mt T- TRz, Y= e = e 7- TR n+r1 R,
ME PR ETERENRIREITTFACH {112 lsa ). XITUZAIENBA B =
Far%, Ly N Gog) PLE ERYTIOR, 38 Lo N5 ( JRRITIRAE. B L 5 1<) <.

EIE 221 U=MIBNAFHI =M T(n) 1Y o 2—TBEH <
(1) n=4(k +1), B¢
(2) n=4k+1, B
(3)n=4k+2 ke {0,1,2,--}.

UEBH: Hi@ s 2.1.1, B G #) o —TIA RS HOCUBOA S AR B 5.
HWERUY o 2—BUTCHRY HOUY A a MBI B .

R EBEEAY R E R SRS R T RSN B S P SRS
(i) X IR

FATHTFEN T(n) AEEFEFEME RS HACE (1) 22) 2 6) 8oL &
ITPEHRUERI n = 4(k + 1) Bn = 4k + 1 B T(n) AETBCEMEFBIR. FF92 1
n=4(k+1), T(n) BITEEH 1+2+ +n+(n+1) =4k +4+1)dk+4+2)/2 =

(4k +5)2k +3). 24 n =4k + 10, Tn) BHTTIEEN 142+ - +n+(n+1) =
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(4k +1+1)(4k+1+2)/2 = (2k+1)(4k +3). FHI T(n)(n =4(k+1) B n =4k + 1) #Y
BURECNERL  T(n) PRIy 2 214 506, Bl 7 (n) FREE— TR
BB TUSAERE, RAERAE 7(n) B R — A MBS B .

B, ATERAY n = 4k + 2 I T(n) FIFEAHEEESFIEE. 2 ¢ VB
B, TUSRMAE 2 s BsE i gias P Gt 1Pl = 14243+ +n/2+ (n/2+1) =
(n/2+1)(n/2 +2)/2 = (2k + 2)(2k + 3)/2 = (k + 1)(2k + 3) N&EL, Bl P B— 475K
PR BLE.

(@) (n=2) (b) (n=10)
Kl 2
2k AEEES, A1V =FHEH L.
B k=6m+1,m=012,-

Yr=6m+1Bln=3xBm+2)+0=3x8m+6lf, T(n) FFE—PRLITE
b) WIFEIMESE N E T P FRATATLLH IEGERNZ5 R

VAVAVAVAN

3(a) (n = 6)
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OVAVENEVEVAYES
IOV
ANV
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K 3(b)(n = 30)

B, Hm=08 k=180 n=06, —MHFEFRFIER P WK 3(a) Bir
e | Pol=9=4+5 HIK, Y4 m=180k =780 n=230=3x8+6 1}, —MErEH(H%
s P Al 3(0) Fs. BATATLIBERIERIER] 3(e) 2R BN E 8 M=) T—
A BINE=EN T- =—AR, ERENERTER LT A. s 2R,
W TR SRR EME R, [P = A4+5)+7T+9+11+13+15+17+19+21 = 121
SRR M2, m B L SN 8 N=U2, BIZE@S 3 25 R g
TR, RS VE = 6m+1,n=3x8m+6,me {0,1,2--} Bf T(n) HATEHAMFI B
Py H |Pn| = (4+5)+7+9+ 11413+ 4+ [n/3+ (n/3+1)] = 9+8m(7+16m+5)/2 =
9+ 4m(16m + 12) H7E%L.

M 2 k=6m+3,m=0,1,2, -

Y Ek=6m+3Hln=3xBm+4)+2=3x8m+14 8}, T(n) FHE—ILEMT
Bl 4(a) HBTECAEEN B P FRATATLAH I EZIZR.
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