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An Analysis of Word Chain Games

TAkKASHI [TO,"o TETSURO TANAKA,'t ZHENJIANG HuUt
and MASATO TAKEICHI

The word-chain game (SHIRITORI in Japanese) in which two players are assumed to know
all the words can be modeled as a game on graph. When given a set of words with a word to
start, it is theoretically possible to decide whether the first player can win the game or not
because it is a game with perfect information, but it is practically difficult to find the solution
because of the huge searching space. In this paper, we propose a mathematical approach to
finding a solution to the word-chain game. We show how to simplify the game by means of
mathematical analysis, and give a more efficient searching algorithm. In addition, we examine
the possibility for the first player to win the game. Our experimental results show that our
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approach is quite promising.
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Fig.1 The game graph representing the word set in
example 1

000000000000000000000000
0000 “000000000000000”0000
000000000000000000000000
0000000000000000000000000
n: 00000000000
c1,¢2,..,cn 0000000
Cij:¢; 0000 ¢ 00000000000
wi;j:¢; 0000 ¢; 00000000000
oooo
X:0000000000

000-,000000000000000000O0
000000000000000000000000
0000000000000 mO000000000
0<wi; <mOO00O

3. JO0OoDpooo

000000000000000000000000
000000000000000000000000
DOoO0O00O00OoDooooooooo oo oo
0000000 0000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000 O(r) 000
00000000 O@me?) 000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000

gooooooooobog 3

(1) 0000000000
(2) 0DOOOO
(3) 0DO0O0O0.,O00000000000000
000000000000000

3.1 0000000000
000000000000000000000000
0000000000000000000

001 000000000000000000 4,5
000 wij,w;; 01000000000000000
0oooo
oo
000000000000000000000000
00000000000000000 C,C; 000
0000000000 “000” Cy,C; 000000
000000000000000000000000
00000C;,C;; 000000000000000
000000000000000000000000
0oooo0o0ooood C;,C,; 000000000
000000000000000000000000
000000000000 O
00000000000000000000000
000000000000000” 000000000
00000000000000000000

01 000000000000000000 4,5
000 wij,w;; 01000000000000000
0oooo O
000000000000000000000000
,j 0000 wy,w;; 000000000000 00
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000 w; 000000000000O00OOOOOO
00000000 w;; 00<w; <mOO00000
000000000000000000000000
000000 1/30000000000000000
00ooooooon

02 01000000000000000000
020000 O
3.2 00000

3.2.1 000000O0O0D00OO00OOO
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000 n0000000000000
0000000000000000000000



4 goooooooo

|
@—»

02 00000
Fig.2 An example of simplification
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Fig.3 Original game graph

04 03000000
Fig.4 A subgraph in Fig. 3
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Table 2 Winning percentage of player with the first move

oo ooooooo
n=6 (k=2.0) | 0.618 1579/2450=0.644
n=8 (k=2.8) | 0.672  2058/3103=0.663
n=10 (k=3.6) | 0.709  1763/2449=0.720

goooobooooooooooobouoooooboo
ooo0100000000 “bobob0b00o0oooo
0’00000000000O00oogoooooog
gboooboooboooooboooboooboooobogon
gboooboooboooooboooboooboooobogon
gboobooobooooobooboooboooboobogo
goboogooboooooboooboboooooboboo
gooooooooooooocooooobOoobo
oooooooocoooooooboooo
gooooooooooooOoOoOoOO0ob0ob0o0oOooo
gooooooobooooooOoOoooooooobooo
gooooosobO000on0 pooooboOooooboo
OO0 k0000000O000ODOO0OOooOOooooo
goooooooooooooOoOoOoOoOoO “0oO
0”0000000000000D000D p* 00D
gobooooooooooooboboooobobo pgoo
gboobooooooooon

1-p=p'

00000000000000000000000
000000000000000000000 200
0000000000 k000000000m =40
0000000 00000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000

6. 0 O O

goooooooooooooooooooobo
gooooobooooooooooboboooooooboo
gooooobooooooooooboboooooooboo
gbooooobooooobooboboobooboogon
OO0 n<30000000000000000O0O0OO
oo00oooboOe.>400000000000000
gbooobooooo

"O0lcal 00000000000 OOOOOOOODDOD
ooooooo

" 00000000000 000b000O0000000000
goo0000O000000000000O00000G000O0



Vol. 43 No. 10

gboobooboobooobooobooboobooooboo
00000000 0000000000000 “0
gooooooooOoooooOoooOoOo”oooOO
gboooooooboooobooboooooobooogon
ooooo0oo0o “oo”ooobb0oo0o00o0oooo
gooooooooooooooooboooooooboo
ooooo

o 0o o o

1) Elwyn R. Berlekamp, John H. Conway,
Richard K. Guy: Winning Ways (second edi-
tion), A K Peters (2001).

2) 00 0:00000000000000 (1968).

3) Knuth D. E., Moore R. W.: An Analysis
of Alpha-Beta Pruning, Artificial Intelligence,
Vol. 6, No. 4, pp. 293-326 (1975).

4) 00 0000 U0 0O:0000b0O0ODOoOo
oooo (1997).

(0o ?0?0°?000)
(0o ?0?0°?000)

od O

9reopo2e000000000
goboooooogz200200000
goooooocooooooooo
ooooooooooobooooooo

gooooooooobog 9

o0 0OoDbooog

19650001987 0000000
oooo00o00oo199200000
goooooooooboooooo
gobooooocooooooooboo
goboooO0ooooooono1999d
gooooobooooooooooooboboooooooo
gboooooboooboooobooooobooboooboooo
ACMOOOOOOOOOOOOOOOO

O ooooooo

1966 0001988 0000000
ooooO0O0o0ooooo199s 000
goooooocooooooooboo
goooooocooooooooboo

goboooooooo199roooa
goboocoooocooooooooooOoOono 100
goooooz2e00C0000ob0O0o00O200100000
goboooobOoooooooboobobO0 1200000
gobooooooOoobo 2100000000000
0000000000 000U0oU00o0D0ooUOACM
oooo

oo oOooooodod

1948 00019720000000
gooooorrooooooo
gooocoo8rooooooo
o000 1993000000000
ooooOooo 2001000000

gbooobooobooooooboooboooboooboogon

goboboboooooobooooobooooboboooo

O000o0ooOoACMOOOO




