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Automatic Construction of Pattern-based Evaluation Functions
for Game Programming

ToMOYUKI KANEKO," KAZUNORI YAMAGUCHI' and SATORU KAWATIf

In this paper, we describe a method that automatically constructs evaluation functions
without any assistance by expert players of a target game. Such automated construction of
evaluation functions is crucial to developing a general game player that can learn to play an
arbitrary game. As for the automatic generation, features written in logic programs (called
logical features) are useful, because they can be generated from the rules of a game. As
for the evaluation, conjunctive formulas (called patterns) can be evaluated more efficiently
than logical features, and the accuracy of the evaluation functions of patterns can be better,
because they can employ a larger number of patterns, which means a larger number of ad-
justable parameters in the linear combination. Our approach is to generate logical features
and then extract patterns from the logical features. By this two step process, we can get the
generality of the logical features and the practicality of patterns. Experiments on Othello
and Hasami-Shogi showed significant improvements on efficiency and accuracy of evaluation
functions, which are now approaching to that of the strongest program in Othello.
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owns(x, d5). owns(x, e4). owns(x, c4), owns(x, d4).

owns(o, d4). owns(o, eb). owns(x, d5). owns(x, e4).

owns(o, €5).

blank(al). blank(a2). ... blank(al). blank(a2). ...

01 00000000000000 100000000000

Fig.1 Othello initial position (left) and a position after
black played c4 (right). Facts under each board de-
fine the position.
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Jrules
legal move(Square, Player):-
square(Square), bs(Square, FlipEnd,Player).
bs(S1,83,P) :-blank(S1), opponent(P,0Opp),
neighbor(S1,Dir,S2), span(S2,S83,Dir,0Opp),
neighbor(S3,Dir,S4), owns(P,S4).
span(S1,S2,Dir,Owner) :-square(S1), square(S2),
player(Owner), owns(Owner, S1),
neighbor(S1,Dir,S3), span(S3,52,Dir,0Owner).
span(S,S,Dir,Owner) : -
square(S), player(Owner), owns(Owner,S),
direction(Dir).
line(S,S,Dir) :-square(S) ,direction(Dir) .
line(From,To,Dir) : -
neighbor (From, Dir, Next), line(Next,To,Dir).
/board topology
opponent (x, o). opponent(o, x).
direction(n) .direction(ne).direction(e).
direction(se) .direction(s).direction(sw) .
direction(w) .direction(aw).
square(al). square(a2). square(a3). square(ad).
oooo
square(dl) . square(d2). square(d3). square(d4).
neighbor(al, s, a2). neighbor(a2, n, al).
neighbor(a2, s, a3). neighbor(a3, n, a2).
oooo
neighbor(c4, ne, d3). neighbor(d3, sw, c4).
02 000000004 x40
Fig.2 A sample domain theory of Othello (4 x 4).
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ic1(S) :- blank(S), owns(_Player,S).
ic2(S) :- owns(x,S), owns(o,S).
03 0Ooooooooo
Fig.3 Integrity constraints of Othello.

legal move(al,o):-blank(al),owns(x,a2),owns(0,a3).
legal move(al,o):-blank(al),owns(x,bl),owns(o,cl).
legal move(al,o):-blank(al),owns(x,b2),owns(o,c3).

04 legalmove 1O OO OOOOOO
Fig.4 Partial result of unfolding legal_move.
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e blank(al) A owns(x,a2) A owns(0,a3)
e blank(al) A owns(x,bl) A owns(o,cl)
e blank(al) A owns(x,b2) A owns(o,c3)

05 legalmove O OOOOOOOODODOCODO
Fig.5 Sample patterns extracted from legal move(al,o).
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Fig.6 A Hasse diagram of sample patterns.
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W — {ps}. //p; 00000000000
while W £ 0 do // WO DDODODOODDOO
Pick g e W.
W =W —{q}.
for each r € upd(q) do
cur(r) — cur(r)—1//¢O00000000
if cur(r) < dep(r) //000000000O
We—Wu{r}//r0000000
W {p}. //p, 00000000000
while W £ 0 do // WO DDOODOODDO
Pick g e W.
W —W —{q}.
for each r € upd(q) do
cur(r) — cur(r)+1// 00000000
if cur(r) =dep(r) // 000000000
We—Wu{r}//r0000000

07 DODO0DOO0O0OO0OOO0O0OO0DDO
Fig.7 The cover propagation algorithm.
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Table 1 Cover lists of sample patterns.
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Fig.8 Predictions by evaluation functions vs. real values (Othello, 60 discs).
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Table 2 Accuracy of evaluation functions.

A B C
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12.9 8.17  5.77

0.74 0.81  0.89
12.5 10.7 8.39
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60

55
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VVe
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03 0O00O00b000oooo0o0oooooooooon eon
Table 3 Accuracy of move selection (Othello, 60 discs).

A B C
0.75 0.84 0.89
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Fig.9 Number of terms in unfolded features (Othello).
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Fig.10 Time required for unfolding (Othello).
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Fig.12 Time required for unfolding (Hasami-Shogi).
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Fig.13 Efficiency of evaluation functions (Hasami-Shogi).

gboooooooboboo coboooboooooad
gooooo

7. 0 0O O

ooooooooboooobooooooooo
gobooooooooooooboooboobooooo
goboooooooboooobooooooooooo
goboooooooooooooboobooooooo
gobooboooooooooobooobobobooonDo



Vol. 43 No. 10 gboboobooooooooooooooobooooobooboo 3047

gooooocobooooooooooooooooao
gooboooooooboooobooooboooooon
gboobooobooboooooooooooooooon
gbooooooboon
goboOooOooooooboooooooooooo
gobooooooooooooobooooooooo
goboooooo0ooobooboooboobbooo
goboobobooboooooooooooobooooon
gbooooooobobooobooooooooooao
ooooboobooooboooooobooobod
gboooooooooobooooooobooboooooobo
gooooooobobooobooOOooOobOOooObooo

ical Analogy and its Application to the Game
of Go, Proc. 15th International Joint Confer-
ence on Artificial Intelligence, Nagoya, Japan
(1997).

10) Levinson, R. and Weber, R.: Chess Neigh-
borhoods, Function Combination, and Rein-
forcement Learning, Computer and Games,
Marsland, T.A. and Frank, I. (Eds.), LNCS,
No.2063, pp.133-150, Springer-Verlag (2001).

11) Nagai, A. and Imai, H.: Application of df-
pn+ to Othello Endgames, Game Programming
Workshop in Japan ’99, pp.16-23 (1999).

12) Pell, B.D.: Strategy Generation and Evalua-
tion for Meta-Game Playing, Ph.D.Thesis, Uni-
versity of Cambridge (1993).

13) Tesauro, G.: Practical issues in temporal
difference learning, Machine Learning, Vol.8,
pp.257-278 (1992).

g 0 0 0O

1) Bossi, A., Cocco, N. and Dulli, S.: A Method
for Specializing Logic Programs, ACM Trans.
Programming Languages and Systems, Vol.12,

No.2, pp.253-302 (1990).

(00 140 20 22000)
(0014090 5000)

2) Buro, M.:
search by supervised learning, Artificial Intel-
ligence, Vol.134, No.1-2, pp.85-99 (2002).

3) Fawcett, T.E. and Utgoff, P.E.: Automatic
Feature Generation for Problem Solving Sys-
tems, Proc. 9th International Conference on
Machine Learning, pp.144-153, Morgan Kauf-
mann (1992).

4) Fawcett, T.E.: Feature Discovery for Prob-
lem Solving Systems, Ph.D. Thesis, Depart-
ment of Computer Science, University of Mas-
sachusetts, Amherst (1993).

5) Gries, D. and Schneider, F.B.: A Logical Ap-
proach to Discrete Math, Springer-Verlag, New
York (1993).

6) Jain, A., Duin, P. and Mao, J.: Statistical pat-
tern recognition: a review, IFEE Trans. Pat-
tern Analysis and Machine Intelligence, Vol.22,
No.1, pp.4-37 (2000).

7) Kaneko, T., Yamaguchi, K. and Kawai,
S.: Compiling Logical Features into Special-
ized State-Evaluators by Partial Evaluation,
Boolean Tables and Incremental Calculation,
PRICAI 2000 Topics in Artificial Intelligence,
Melbourne, Australia, pp.72-82 (2000).

8) Kaneko, T., Yamaguchi, K. and Kawai, S.:
Automatic Feature Construction and Opti-
mization for General Game Player, The 6th
Game Programming Workshop, IPSJ Sympo-
sium Series 2001, No.14, pp.25-32 (2001).

9) Kojima, T., Ueda, K. and Nagano, S.: An
Evolutionary Algorithm Extended by Ecolog-

Improving heuristic mini-max

o0 Oo0Oooooo

1997 DO0O0ooooooooo
200200000000000000
ooooooooooooom20020
goooooocooooobooooo
gboboooooooooooooo

o0 ooodgooo

1978 00 0OO00DOO0OO0OOO
go1981 oouooooooooo
1985 00000019890 0000
oboooooooooe20o00
obooooooooo999noon
gobooooooooobooooooooooooooD
O0ODO0OACMOIEEE CSOOOO

oo gooogao
967000000000000O0
goegioooooooooooo
ooOoooms4booooooood
gooooooooolessooon
gooooooolseooooon
gooooooooooooooooboocoooooo
gobobooboboboooooooooooooooo
00o0o0oooOoOooooooACMOOOO




