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Testing Connectivity for Verifying
Winning Strategies in Hex

KeN MisaiMA, ! HIDETOSHI SAKURAL !
AxIHIRO YosHmMoTo!! and Konrr NosHiTaf!

In the game of Hex several mathematical techniques have been proposed for
constructing explicit winning strategies. If we try to construct them for rela-
tively large boards of 8 X 8, 9 X 9 or more, it is necessary to implement a system
which enables human-computer cooperation based on those techniques. This
paper presents two programs A and B for testing whether, for a given position,
a desired union-connection can be attained. Program A is based on AND-
OR searching with a transposition table, which is enhanced by Hex-dependent
move-selection algorithms. Program B is further improved by incorporating,
among others, virtual semi-connections. We evaluate the efficiency of those

programs in terms of the running time as well as the number of searched nodes.
For the set of benchmark problems, we have selected about forty hard posi-
tions from Noshita’s winning strategies for 7 X 7 and 8 x 8. Our computing
experiment shows that the correctness of those positions has been verified very
quickly in that our programs can be used for practical purposes. The quality of
the move-selection (ordering and preclusion) can be evaluated to be as accurate
as human expert players. Our results show that our programs can be used as
the most basic tool for building an interactive system to verify/find winning
strategies for 8 X 8 or more.
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Fig.1 The first player wins.
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Fig.2 Examples of virtual connection.
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Fig.3 An example of union-connection.
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Fig.4 A position of the second player’s turn.
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Fig.5 A winning position (1).
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Fig.6 A winning position (2).
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Fig.7 The second player’s surviving moves.
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Fig.9 A virtual connection (2).
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Fig.10 A virtual connection (3).
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Fig.11 Testing connectivity by virtual semi-connection.

34 0000
gobooooboooooboooooooboooobobooboOoobooOoosboonbo
) OD00OO0oUoOoOoUooUoOoooUOoOO
gobobooooooooooobooooooboobooooooooobooooboooon
20000000000000D0OC000DDOODAO
gooooooooboooooboo
gooooooooooboobooooboooboo s0o0obo0oOoboOoOonon 2000
gopoooooooboboooooo
goobooooooooboooooboobooooooooobooooooooDoo
goooooboooboo

1
2
3
4
5

o~ o~ o~ o~ —~

)
)
)
)

4. JOoogoooooo

O0000AODBOOUOUOOOUOOOHexOOOOOOOOOOOUOHexODOOOODO
gobodooooobooooobooooooooboooon

e JO0UOLOOOODOOLUDLOOOLUDOOOOOO

e JO0O0OOOOIOOODLOOOODOOOO
HexOOOOODODOOOOOOOOOOOOOOOOOOOOOOOOOODODODOO
gobooooood

o JO0O0OOOOODOOODODOO

o JO0O0OOOOODOOODOOOOOOO

Noshita OO OO 7x700000000COCO0 12000000000000000
gooOvroooboooooooboobOoobOoobOOoO0o vyooooooOooooDOOooDo
gbobo4L|iboooooooboooboobbo 8uooooboooooooooooDo

000oooooog Vol 49 No. 12 4007-4015 (Dec. 2008)

44

G27(a) O'36(b) F47(c) O 46(d) O 37(e) D 35(f) O 45(g)

55 55 36 36 26

45 35

37(p) 027(q) T36(r) ©43(s) 53(1) P52(u) D61(v) O51W)  T61(p) OB2(q) Ta1(r) O42(s) O51(t) O 43(u) 0 27(v)
56 53 53 53 33 33 33 62 33 33 52 52 52 @53 25

0 12 NoshitaOOO 7)0000 7x700000
7)

Fig.12 Noshita’s winning strategy for 7 x 7
do04800 4100000000000 0O00O0ODOO0ODOOODODOO0ODOOOOODOOOOO
gdoodoooobooboooboooooooooooon

goddooboooooooobooooobooooobooooboooooooooog
gddodobooodooooboooooboouooooooouoooooooooa
oooodoooooooo

goddobooooooboooooboooobooooooooooooooooooobog
goobooobobuooobobuooobboobobboobobboobobbogbobooo
gobooboobooobobooboboobobobboboboobDbobobooobg
gooboooobuooonboo

gogbooboobobbooobuoobobobooboobooboobobnooo
gobooooooboobooboobooboboboboboboobboboboboboobog
goooooobobobooobobooooboboooboooDbobobDooooboboo

5. 0oOOooOao

0000000000000000000000000000000000000 CPU
0 Intel(R) Pentium(R) 4 0 3.06 GHzO 0 000 512Mbytes 000 O

(© 2008 Information Processing Society of Japan



4012 000 HxOOOOOOOOOOOOOOOO

5.1 00000 AOOOOO 000000000000 0O00D0000O0OOnodesO 0OOOOOOOOOODOOOO
200500 NoshitaDOOO 7x7000007 000000000000 ADOOOO oboodobooooooooobooooooooooo
gobooooooooono 12000 20000000 23000000000000000 goooodsoboooooooooooooobobooooooooooobooOobboOoa
gooad U14ddils0000oooooooooooooooboooobooooooooooon
gobobotoouooobobcoooooooloooboooooOooOooobooOooooDoooon ooooooooooooooooooooObOb0 400 150001 000000000
gboodooooboooooo11gbooobooobouobooo0oooooooobooDo uobbodoobbodotbodobo 3oooooooooobooboooboooooo

goboooooboooooooo
0000000000000000000000timed000000OnodesDO0O 10

00o0oo0oo0oUoo0U0oUo0oO0oLD nH"oUoooOooOoooUoUOOooooooo

goooobobooooooooboooooobobooooboooooooocooooooDooboo

01 7x700000
Table 1 Verifying the positions for 7 x 7.

oooooo oooo time (sec) nodes
F.igure 9 e L 0 0 13 Figure 29 7
Figure 10 20 L 0 Fig.13 Figure 29 7.
Figure 14 12 1 0
Figure 15 22 1 57
Figure 22-1*! 18 1 7,755
Figure 22-2 18 1 7,100
Figure 23 8 1 90
Figure 24 19 1 924
Figure 11 22 1 186
Figure 12 22 1 3,293
Figure 13-L *? 18 1 133
Figure 13-R 8 1 9
Figure 17 24 1 9,149 U 14 Figure 29-1
Figure 18 16 1 15,006 Fig.14 Figure 29-1.
Figure 19 24 1 85
Figure 20 18 1 0
Figure 21 10 1 10
Figure 26 25 16 182,448
Figure 27 24 8 119,246
Figure 28-L 14 1 609
Figure 28-R 14 1 649
Figure 29-L 19 1 919
Figure 29-R 25 1 279
x100000000-10-2000000000000000000000000O0O0DDOO 0 15 Figure 29-2
x200000000-LO-RO0ODOOOOOOOOODOOOOOOOOOOOOODODOO Fig.15 Figure 29-2.
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Table 2 Verifying the union-connections for 8 x 8.

ooooo A goooo B
oooooo oooo time (sec) nodes time (sec) nodes
Figure 32 32 20 38,383 158 27,284
Figure 33 35 56,685 *3 38,002,570 303 47,698
Figure 34 26 4 13,225 4 103
Figure 36-L 22 21 22,582 6 264
Figure 36-R 23 401 435,543 8 3,871
Figure 38-L-A ** 26 4 4,217 8 103
Figure 38-R-A 10 1 595 0 3 017 0OOO0OO0OOOOO0O0
Figure 38-L-B 26 3 3,143 1 127 Fig.17 The remaining moves after the precluding analysis.
Figure 38-L-X 20 10 51,181 0 1
Figure 38-R-X 12 1 26 0 3
Figure 39-L-A 25 2 796 2 413
Figure 39-R-A 20 175 679,145 0 25
Figure 39-L-B 25 1 295 2 413
Figure 39-R-B 18 84 471,356 0 3
Figure 39-L-C 25 3 1,688 2 373
Figure 40 34 194 388,078 38 708
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0000 A0D00000000000D000000D00d Fig.18 A position in the descendent of Fig. 16.
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Fig.19 The precluding analysis for Program B.
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