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BHE—MEAUERNGCG=(x1:x25say) Bl <2, <z, < < xyv.Hit5 P(G) TaME G IR
WA Em (G) =min{x, a0 a0y} TR x, TIER/NE LG TR m (G) FEALE G IR —
Bl 1 < BG) < PGIIIES S(G) = D) o, RAMEG H% B

QD HE—D n AS SRR — M E G X G MHEREE ¢ (G Fm) B0.n —1] hily—
ANEK BRI T SE S H BRI L BN, e e Pl A E GO R IR ¢ (G) = B AT
P AR,

GO T IERE o0 = 10 S ¢ =10 ¢ BALATBEF R W(17.2.3.6) 5(1.1.2.3.3.3.6) F5 il —
MEE TS G > G FREHE—DEEBRD B EG BEBIAME G IR G &G — W4
WA E 6" =1 sxsssx DR L2 <z <o <2y o= (1,20 say) R 1< 2, <
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Tl g(G) =0 Y HMNY G=C BEMFIEG H—PEEG 15 g(G) =n—1;

G2 g(G) =i € {1.2,n —2) BHCHWN FEE - MEEGC c OGO A —1<gGH <
n—2 IFHAEE—TEE G € OG) {#ifs ¢(G) =i —1;

T3 g(G) =n— 1 BHAUKIHEEM LS G € OWG) #6F ¢ (G =n — 2.

511 XNFEREERBN=1Ma =237 ¢g(1Y) =N mod .
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Bah 1B, B EEEOR > 1. 2800 ¢ MIA L ARFIGA B 17 a4 Po M E 1 TR s sa e P
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BAEUL, MR 0 > N+ 184 G MIEIRMES G I ik 2 B 55 B ¢ (G) = P (G).
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W SG0) =D oy =N oy =1V 131 18 g (o) = NI g (o) =N M Foy BIEMT
P8 x MOT.on = (2 sassrsxy) WEEBIZENE R o0 TR ANFED,1<i <xy. PTG .

BDWHR i =2y BAG > G, = (x a5, san). B P(G) =N —1 <N, i IH94E& 7T H
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ZEAMREN . (DR g(G) = min{g(G)+1.g(G)H)+1|1<i<zxy}= min{N,N+1}= N.
UE e,

SEHL TR M 0 > N+ 1E.G RS T E G BHEECN A g U, Py X G FF IR 138, &
BB R Py X SRR R/N o, B AR =N+ 1, T B 2 R0 .G 01 25 1 BB A0 1 T o /)N o
FIIE m (G, KT /N HETE G BRI EL B(G).

EE2 MNP E G=(r 1z, ) R T <2, <z, < <x . WMEr=N+1=32
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g(G) =min{g(Gy) +1.gG ) +1,gGH+1|1<i<zx, —1}=
min{N,N —1,N} =N —1=P(G) — 1.
(C.2)ay —x:1 =1.G WEEBDEMN xn TR ANEM,1 < < xy. 708 368
C2.DWME i =2y BAG —> Gy = (1 x5, sxy )M PG =N—1,HEH 1 A[55g(G,) =
N—1HWH~Nn=N+1>P(G, +1.
C2.DMWB i =2y —1BAG =G, =(x 12, sxn 1 DI P(G)=N.,m(G)=1,8(G,) =1
(B) 7]f8 g (G,) =P(G,) —1—B(G,) =N —2.
C23)MWMHB1<i <2y —1MAGC—>G, =(x 12,5 xn1xn — ). W G, G T8 H
P(G)H)=N,xy—i=x,+1—i <z, ,m(G)=xy—1i > L.HAPNEXTE g(G)= P(G)—1= N—1.
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g(G)=min{g(Gy) +1,gG))+1,gGH+1|1<i<<ay—1)=
min{N,N —1,N} =N —1=P(G) — 1.
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C3HWMPET1<i<azy—a, WMAG—>G, =(x, x5, sxy1sxy — DM G BGHTAEH
P(G)=N,xy —i>x,»m(G) =z, > LAHPMEITHE ¢(G)=P(G,) —1=N—1.
L Fk A MBS (DR AE ¢(G) =min{g(Gy) +1,g(G)+1,gGH+H1 | 1<i<<axy—1}=
min{N,N —1,N} =N —1=P(G) — 1. IEtE.
TUE P E 3 SRR n=N (RO R R .G By 1R B A T /D HE U m (G, XK
B/NHELE G LB R B B(G).
T3 MNFEMMNEG=(~(r, 2, ) BRI <2, <, << <ay,WMHEn=N=>3, B4
0, W% BGH)=N Hm(G) =1,
g(G)=<P(G)—1—BWG) . WE BG) € (1,2, .N—2,N—1}, ¢))
P(G)— 1, WH B(G) =N Hm(G) > 1.
ER e B 3 X T G AR A B B R E B 3 X T G .
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m (G =1, HEH 27 g (G =N —1LFUHOD XHBF ¢(G) =min{g(G) + 1} =o0.
(BWHEBWG) € {1,2,3,+ . N =1} BAa1<m(G) =z, << xy. i FHEHEFEL m(G) =1 Fl
m(G) > 1;
(B.1DDm(G)=1.
BLDWMEBG) =N —1F4AG=0",2y) Hay > 1.6>G,=1"' H5[ B 1M g(GH)=N—1=
n—1.HaH1H.g(G)=0=P(G) —1—RB(G).
(B.1.2) 1 < B(G) < N —2.H1 G =(1¥? 256,10 axy) H1<apon < <y, =<zy.GHEE
Bl R MR RIHE oy TRER DEMS .1 < < xy. 207 3 FTHE:
M =2y MAG— G, =17 JXprin st XN )T P(Gy) =N —1,m(Gy) =m(G) =1,8(G,) =
B(G) IER 2 AILIEH g(G) =P(G,) —1—B(G,) =N —2—p(G).



% 2 x| X%, % . % A Large Nim 1§ 38 #9 % £ R % 5

MPi=xy — 1WA G —> G, =" Jxp6 0 ana - DB G B G HTFAEHPG) =N,
m(G,) =1,5(G ) =B(G) + 1.HAPBRE AT LR g (G) =P(G) —1—p(G) =N —2—3(G).

mMPE1<i<<ayv—1F4G—>G, =% ST st s Ty — 1) Hay—i > 1.LE G, &G T
MEH P(G)=N.m(G,)=m(G)=1.8(G,) =p(G). AR EE ¢ (G)=P(G,)—1—B(G,)=N —
1—pRG).

L LR 3 AL, B (1) = AT 7

g(G) =min{g(Gy) +1,g(G)H)+1,gGH+1|1<i<<xry—1)=min{N—1—
B(G),N —1—B(G),N—B(G)} =N —1—B(G)=P(G) —1—p(G).

(B.2) m(G) > LiHEMAMIEMN f(G) =N —1 f B(G) € {1,2,3,+-,N — 2},

(B.2.D) BG) =N —1LUHI 1<z =x,= =2y, <oy, HG=G&"'2).G>G =7 a) B
PG )=N,m(G" )=z, >1,8(G")=p(G) +1=N.HEM3AH g(G )=P(G")—1=N—1=n—
LifiZ#r 1 i3 g(G) =0=P(G) —1—B(G).

(B.2.2) B(G) € {1.2,3,++,N =2} . BT G = (2P 2 pr1 s s n s n).G BB RN 2y T
B ANER, 1 <i < axy. 08 R 5 Fhalfg

M i =2y PAG \9(10—(76'9(” Tt
ER 2 AT IEF g(G) =P(G,) —1=N — 2.

Wi i =2y — 1A G—>G =)z, ey DR PG =Nm (G =1,8(G,) = 1.
(B.1.2)Efﬁ%g(Gl):P(Gl)fl—ﬁ((n)— N —2.

WR oy —a, <i<ay—1HAG—>G, =(a e Ny — D) HL <oy — i << S
G EGWTFMNEHPG)=N.m(G,)=xy —i > 1 /3((;,) =1.HHEMNBREITE ¢(G)H)=P(G,) —1—
B(G,) =N — 2.

M=oy — 2 BAG > G =G ey ) N GG TR HP (G =N,
m(G") =z, >LB(G’):ﬂ<G)+1.EEE@~]1B<RT?§;,(G’):P(G/)—l—B(G’):N—Z—ﬁ(G).

WA L<i<azy -2, BAG>G = x, vy oy — DU GREG WTRER
P(G)=N,xy—i>x,.m(G) =z, >1,8(G,) =BG . HHPAMKETE ¢(G,)=P(G,)—1—p(G,) =
N —1—pBG).

ZiE LR 5 FE L, i (D AT 75

g(G)=min{g(Gy) +1,g(G)+1.g(GH+1,g(GH+1|1<i<<xy—azx B
oy —x <i<<xy—1}=min{N—1,N—1,N—1—8(G).N —B(G),.N —1} =
N—1—B(G)=P(G)—1—BG).

(OWMERG)=NHmG) > 1WA xry=2y 1= =2, =2, > 1, 0G=2V.GHEEEIZEMNx,
FERR B < < &, W FIE 3 FhAEE

(CDWHR i =2, WA G —>G, =2V "W P(G)=N—1,m(G,) =z, >1Hn=N=P(G,) +1.
hER 2 AT IS F] g(G) =P(G,) —1=N —2.

C2OomMmPi=2,—1MWAG—>G, =V DE BG) =1, H®B Al g(G)=PG,) —1—
B(G,) =N — 2.

COHMPBI1<i<2,—1WAG—>G, =Y v, — DM G, EGHTFMNERPG) =N,1<
m(G) =r, —i <ax,,8(G)=1HMDB AJ# g(G,)=P(G,)—1—p(G,)=N —2.

AR 3MENR . (DORATH ¢(G) =min{g(G) +1,g(GD+1.gGH+H1[1<i<x, —1}=
min{N —1,N—1,N—1} =N —1=P(G) — 1. iE¥.

v ) BB PG =N—1,m(Gy) =2, =m(G) >1.1

,9((;)
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BUA A2 R B Y T 0, BV S IR 2 B SR 1) SR L AR s D, B AR B G = (s say) EH
<z <a, <+ <zxy:YHn>N-+10EH TR G WHIHMES T ZMEB N, K5 R8HER KD 2, K
Hn=N+18n=N W, EM25EHM3UEH 1 G i EIE B T o/ NAE 2 59 BUE SRR T d5c /N E o
£ G IR ELBG).
Y on << N — 1 058 R 00 B TSR DR 2 20 IR B n =N — 1 =3 S EEMLE G = (212,
zia) R 1 <2, <a, <axy, < a,, TLEESHTHTESR
2,1 <2, <zay=x5=x,,
g(G) =0 MP1< 2, <a,=a; <2, BEFE 1<z, =zx,=x; < x4, (5)
Linl=xr=x =0, <x, B&H1<x1= 2, <a, <x, HH 1<z, <a, <<ax; <a,.
M ATLAFE TR g (G MR T 1 s sxs sy ZEBY KR/ R AR T e /NE 2 72 G
MBI R BCG) . AT LIS, — AL n =N — d (d = 1) ¥£FiE d 78 K 5 m 4 2%,
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Optimal strategies of multi-player Large Nim games

Liu Wenan, Xiao Ya
(College of Mathematics and Information Science, Henan Normal University, Xinxiang 453007, China)

Abstract: This paper is devoted to the game "Multi-player Large Nim Games" which is the generalization of the classic
Large Nim games from two players to arbitrarily many players. Assuming that the standard alliance matrix be adopted, by u-
sing a recursive function, the game values are completely determined for three kinds of relation between the numbers of players

and piles. These game values are capable of determining which of the players has a winning optimal strategy.

Keywords: multi-player impartial combinatorial game; Large Nim; alliance matrix; game value
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