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Abstract 

Patωms are widely usedωmake e四luation ぬnctio田，
however, the iden岨凶，tionofsui帥le 卵，tternsin a gameｭ
泊dependent manner is di館cult. Our approach is (1)ω 
generate 卵胞msby 同国lation of such features wri陶n

in logic 伽tc個 be gene則:ed wi也out蹴istance by exｭ
pert players of a ぬrget game. 姐d (2) to select a suitｭ
able patterns 鉱nonggenera鈎dones. The problem is 也at
we have 旬 examine a large number of patぬrns 泊 the

selection，泊 order ωgenerateωcurate eval鳩山In func・
tions. We propose a lightweight selection method based 
on 蜘出.tics 組d 舗叩dmization 伽bniql田 on pattl釘n
matching 也atreduces the cost of selection. Experimen飽
on Othello showed significant improvements on accuracy 
of evaluation functions made of pattems selected by the 
pr叩osedmethod. 

1 Introduction 

1.1 General game players 

Oneofthem倒tambitious goals of artificial 泊.telligence
research is the development of a general game player也at

伺01伺m阻dplay釦 arbitrary ins匂nceoface瑚包 class

ofgames. S回ng 酔meprograms must have 組 accurate

個de鑓cienteval回，tion 釦nction伽t estima蜘 theresult 
of a match of a pω'ttion. Since 佃町'al回tion 釦nc泊on
is specificωa 卸get g館te. the development of general 
game players reql凶resthe 剖ぬ，maticcons釘uctionof eval・
国tion functions without assistance by human experts. 

1.2 Learning of evaluation func鎚ons

Apop叫釘 wayωco田町民t 組前aluation ぬnction is to 
make it a (Iinear) combination of evaluation primitives 
伺11ωμtures. 組dadjust the p，制meters of the combiｭ
nation [2]. 

There is a general method 白紙 genera飽sfea知reswrit
ten in logic programs (we call them logicalfeatures) [4], 
however, logical features are not practical due to slow 
evaluation of logic programs. On 恥 other hand, practiｭ
cal evaluation functions are cons加C旬dby using a large 
numberofpa伽rns鎚色刷res [3, 2]. However, mechani・
cal identification of suitable patterns is di箇cult，組dthere

isfew g佃te-specific techniques (e.g. [12]). 

1.3 Our approach 

Our goal is to co即位uct effi.cient 組dωcurateevaluation 
functions by the combination of general methods: 

1. generation of pattems by the two steps; (a) generｭ
ation of logical features, and (b) ex蜘ction ofpat・
ten凶 from曲em，

2. selection of suitable pa悦rns，

3. composi凶on of a diagram so as to perform increｭ
men飽lpa恥mm蹴hing in position e四luation.

Thisp叩er is org阻ized 槌 follows. The next section 
revicws related researches and problems. After 血.ein加
duction ofbasic de白首位。凶 inS舵t. 3, metho也 ofpatぬm
generation and position evaluation are briefty explained 
in Sect. 4 加dS郎t. 5. Then, Sect. 6 proposes a method 
of selecting pa御rns. Sect. 7 shows the experimen凶 re
sults in Othello and Sect. 8 concludes 由isp叩er.

2 Related Work and Problems 

Fawcett developed a general method 白紙 cons佐ucts feaｭ
ωres written in logic programs by 位制lSfonnation of the 
spec凶cation of a target gatne [4]. It is general and acｭ
tua11y applied ωmany games; 0曲e11o， a single-agent 
search problem[4, 5], symme剖c chess like games [15] 
and a variant of Shogi [10). However, logical 島atures
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a1) . 
a2) . 

legaLmove (Square , Player):-
square(Square) , bs (Square , _End , Player) . 

bs(Sl ,S3 , P) :-blank(Sl) , opponent(P ,Opp) , 
neighbor(Sl ,D,S2) , span(S2 ,S3 , D,Opp) , 
neighbor(83 ,D,S4) , own目 (P ， S4) . 

span(Sl , 82 ,D,Owner) :ー
square(Sl) , square(82) , 
player(Owner) , owns(Owner , 81) , 
neighbor(Sl ,D, 83) , span(S3 ,S2 ,D,Owner) . 

span(S , S , D,Owner) :ー
square(8) ,player(Owner) ,owns(Owner , 8) , 
direction(D) . 

line(S , S , D) :-square(S) ,direction(D). 
line(From ,To , D) :ー

neighbor(From ,D,Next) , line(Next ,To , D). 
opponent(x , 0). opponent(o , x). 
direction(n) .direction(ne) .direction(e) . 
direction(se) .direction(s) . direction(sw) . 
direction(w) .direction(nw) . 
square(al). square(a2). square(a3). 
(. . .) 

square(d2). square(d3). square(d4). 
neighbor(a1 , s , a2). neighbor(a2 , n , 
neighbor(a2 , s , a3). neighbor(a3 , n , 
(. . .) 

neighbor(c4 ,ne , d3). neighbor(d3 , sw ,c4). 
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棚田(c4， x)， owns(d4, X). 
0明田{必， x). 。咽s(叫， x)

owns(e5,o). 
bl皿k(al). bl町1k(a2). .. 

棚田(d5，X). ownS(e4, X). 
棚田(d4， 0).0明田(e5 ， o)

blank(al). blar虫(a2). ... 

Figure 1: Othello initial position (left) 組da抑制on 必

ter black played c4 (均ht). Facts below each board def�e 

aposltlOn. 

Figure 2: A sample dornain theory ofOthello (4 x 4) 

without body. In Othello, owns and blank represent 
a position. For example, the facts defined in the initia1 
position in Othello and the position after black played c4 

are shown in Figure 1. Here, we use x for black, and 
use 0 for white. In the initial position. owns (d5 , x) , 
owns (e4 , x) , owns (d4 , 0) , owns (e5 , 0) are deｭ
f�ed for squares with a disc. Also blank is defined for 

each empty squares. 

A domain theory is a rnain part of the specification of 

a game that specitY the ruIes of the game 剖d the goal 

conditions. It is described by a set of Hom Cla田es. As 
an example in Othello, we use a dornain theory shown in 

Figure 2. 

prohibitively cost on position evaluation. In spite of reｭ

cent improvements achieved by a combination of optiｭ

mization techniques [11 , 8], the e節ciencydoes not reach 
to that of evaluation functions rnade of pattems [9]. 

As for the evaluation, pattems can be evaluated much 
more e飴ciently than logical features. Buro developed 

efficient and accurate evaluation functions in Othello, 
rnade of a large number ofpattems in f�ed shapes [3, 2]. 
The use of f�ed shapes con佐ibutesωbothaccuracy and 

e飴ciency， However, it is di節cultfor general game playｭ
ers to automatically identi今 such shapes. 

Recently, we developed a method to generate pat・

tems 企om logical features [9]. The accuracy of generｭ

ated evaluation functions is much improved con司pared to 

those oflogical features, but, does reach to that ofBuro's 
evaluation functions. The di能rence is in the number of 

pa悦ms used in evaluation functions where Buro used 

more than 270,000 pa悦ems while we used only about 

8，∞o pattems at that time. Since it is not difficult to genｭ
erate a large number of patters in our scheme, the rnain 
problem is 也.e selection of patterns. The main con佐ibu・

tion of this paper is a sel舵tion methods applicable to a 

large number of candidates andimprovements on pa悦m

rnatching by using cube ex佐actJon.

Logical features 3.2 

A logical feature is def�ed as such a Hom Clause in the 
predicate logic that predicates in their body are def�ed 

in a domain theory or a position. The following clause is 

an example of a logical feature.1 

Specification of a Game 

This section in住oduceshow to write the specifì伺tionofa

game in logic, on which the generation method depends. 

3 

f (A) :ωowns (x , A). % pieces for black 

llt is writt血拙 f2 (Num) : -count ([A] , (0明1自 (x ， A)) ，
Num) in the work by [4). In 也is pa戸罰r， we 剖sume ∞U且出畠踊也e
defa凶t 揖manticsof1ogica1 tì伺加resandomit也e prediω句“ω，tmt'，
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Positions and domain theory 

A posttion, which is an intermediate status of a rnatch, 
is described by a set of special facts. A fact is a clause 
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The value of a logical f国.ture upon a state is de命led as 
白enumber of solutions, where solutions are the bindings 
of such constants to variables that make the clause true. 
In the above feature, A is a variable, and the solutions in 
the initial position shown in Figure 1 (1倒的 {d5 ， e4}
and the value is two, which is the number of squares curｭ
rently owned by black. 

3.3 Patterns 

Apa悦mis defined as a conjunction of facts describing 
a伊rtof position. The value of a pattem is 0 or 1 accordｭ
ing to i飽 Boolean value, where we consider the Boolean 
value of a fact 1 (0) if the fact is defined (undefined) in 
a given position respectively. The following conjunction 
is 佃 exarnple of a pattem. 

b凶k(al) 八 owr凶(x， a2) ̂  0'削鴎(0， a3) 

legaLmove (al , 0) ・

blank(al) , owns(x , a2) , owns(o , a3). 
legaLmove (al ， o) ー

blank(al) , owns(x , bl) , owns(o , cl). 
legal_move(al ,o) :-

blank(al) , owns(x , b2) , owns(o , c3). 

Figure 3: Partial result ofunfolding of 
f (A) ぃ legaLmove (A , 0) 

• blank(al) 八 owns(x， a2)八 owns(o， a3) 

• blank(al) 八 owns(x， bl) ̂  owns(o, cl) 

・ bla曲(al) 八 owns(x， b2) 八 owns(o， c3) 

Figure4: Ex回ctedpa'旬開18

unfolded features shown in Figure 3. We 伺n see that 
This pattem sugge拘 white can play at a s脚e al if it each pattem加 acorresponding clause whose body (the 
match a position. right hand of a clause) is' equivalent ωthe pattem. 

4 Pattern Generation 

Pattems are generated by the following steps: 

1. genera討on of logical features by using a method of 
Fawcett [4], 

2. 位制18lation into the equivalent set in propositional 
logic by unfolding，組d

3. ex住都tion ofpatterns. 

Fi路弘 logical features are generated by using Fawcett's 
method [4]. It generates features by means of syn匂c即

位anslationof Hom Clauses which are ex回cted 合omthe
domain theory ofa target game. For example, a mobiIity 
feature is written by using predicate legaLmove, as 
follows. 

f (A) :・ legaLmove (A, 0). % mobiIity forwhite 

Complex features can be generated by ぬking precondiｭ
tions of existing features. See Fawcett [4] for more deｭ
tails about automated construction. 

In the next step, generated features are 回nslated into 
the propositionallogic by u彬"oldingwhich is a technique 
inp紅伽1 e四luation of logic programming [1]. Figure 
3 shows ap釘t of the results of unfolding the feature in 
theabove example f (A) : -legaLmove (A , 0). After 
the 釘加slation， fea旬res are represented in the form of 
co吋阻ctio田 anddisjunctions offaω. Detailed methods 
ofthe 同国lation is described in [9]. 

Finall}ら pa臨msare ex回C旬d 企omthe translated 免a

ωres by simply 匂king conjunctive part of their propo・
sitional formulae. Figure 4 lists pa伽msex回.cted from 

5 Pattern Matching 

This section propose an efficient method to compute 
matching of a large numbei' of pattems. Pattem matching 
is required 泊 position evaluation and also in selection of 
pa憎ms. The basic ideas are (1) to perform incremen匂l

calcul副onand (2) to utilize pa同al order on patterns. 

5.1 Hasse diagrams 

For example, let回.chof a, b, and c is such a fact that used 
to describe a position, and consider that there a路 sixpat，・

terns listed in Table 1. Here, ab means a conjunction of 
αand b, and so on. A naive way to perform incremental 
pa悦mmatching is to cons回ct such an index about deｭ
pendency of pa憎mson 白出，部 sketched in Figure 5. A 
Sql田renode denotes a pattem, and a c国le denotes a fact. 
Using this index, when a fact “α" changed, we c組 deter
mine that matching of only a, ab 姐d abc are req凶red

because the values of other pattems 釘e independent to 
the factα. 

By using 組 optimized index (we call it a diagram) 
as sketched in Figure 6, we can reduce matching further 
because it is clear that matching of a pattem 'abc' is reｭ
quired only when the value of the pa伽m 'ab' changed. 

Elble 1: Six sample pat町田

pa恥ml abc ab bc a b c 
dep I {ab ,bc} {α ， b} {b ， c} α b c 
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Figure 5: A naive index of鈍mplepatぬrns

Figure 6: A Hasse diagram of sample pa伽rns

Actually, the diagram is a Hasse diagram [6] on the 戸r
tial order on制nplepa憎ms. In the diagram, a node repｭ
resents a pattern，姐d 姐 edge 企ompattem p to q repreｭ
sents a relation 白紙 thepatぬ:mp is covered by q. De也ils

釘'e discussed in [9]. 

5.2 Counters for matching 

In order to speedup 泊di'羽d田1 matching of a pattern，姐
integer cou脚r cur(p) is 齢socia凶 with eachpa伽mp

such 伽t the matching is determined by integer corn;開
ison ins陶d of naively computing a logical co吋unction

of each facts in 出epat旬m.

Let dep(P) (ψ'd(P)) be children (paren総)ofpattemp 
in a d時ram， resp回tivelぁ We define a counterωr(p) 
as the number of children of p whose current value is 
刷e. Then, as long 踊 ωrω) is properly main飽ined， the 
Bool棚 value of cur(p) = ldep(p)I coincides with the 
value of the p甜emp.

5.3 Incremental matching 

Our algorithm, named cover propagation is listed in Figｭ
ure 7, which updates the truth values ofpattems by adｭ
justing counters of pattems. In the figure, the algorithm 
forthe 伺se thata 危ctbecomes 佐ue is shown. The algoｭ
rithm for the 伺se 也ata fact becomes false can be stated 
similarly, and is omit旬d for the sake of simplicity. It is 
shown伽tcurω) 包 pro戸rly managed by the algorithm 
[lO]. 

5.4 E飽.ciency and optimiza錨on

The computational cost ofthe algori由mcanbees伽lated
by the number of adjustments of the counters. Beca田e
也e algorithm will go along at most once for each edge, 
the worst cost is propositional to the number of edges. 
Cube 位協ction is performed here in order to reduce 
edges，鎚 well as other optimizations. 

11 Let p be the input variable which becomes 住ue
W • {p}. 
while W =F 0 do 11 W keeps戸陶mω叩it

Pickqε W. //pickapat飽mωvisit
W • W -{q}. 
for 伺chrε upd(q) do 
ωr(r) ← ωr(r) + 1 

1/ if all the covered patterns become回e

// then the pa御mr itselfbecomes 釘ue
if cur(r) = dep(r) then 

W • WU{r} 

Figure 7: The cover pro卵酔，tionalgorithm 

Figure 8: Diagram before cube extraction 

5.4.1 Cube extraction 

Cube ex'闘はion is a classic method in the ar国 oflogic

circuit op白叫zation [16], which reduces 血，e nw曲er
of edges by the identifi伺tion 加d creation of comrnon 
subexpressions. The method c叩 direct1y be appliedω 
伽 diagrams for 抑ttem matching. For example, Figure 
8 的IWS a diag蜘 for two 抑伽'rns {abcd, bcde} which 
has eight edges. In Figure 9，加 op伽ùzed diagram is 
shown. The diagram has j田t seven edges because edges 
合om a set ofnodes ({b， c， d}) ω 叩oth釘 set of nodes 
( { abcd, bcde}) in Figure 8 are replaced 也0総合'om the 
set of nodes to a comrnon subexpression bcd and 也個e
企omthe subexpression to the other set ofnodes. The reｭ
duction of edges also con位ibute sto 血e reduction of白e

cost of construction of diagrams. 

5.4.2 Elimination of redundant edgω 

Sometimes, we c釦錨fely elimina飽 an edge in a dia・
gram. The condition is 白紙 ifupd(q) is cons蹴ted 回

白紙 (UqEP，PEUpd(q)base(q)) = base(p) holds for every 
p. A typical eXiunple is a 伺se 伽，t if there are fo町 pat
terns {abc, ab, bc， ω} 岨d 伽ee edges 伽mab， αbcand
bc ωαbαthen姐 edgefrom伺 toabc can be eliminated. 
This is because if the bo也 pa悦rns ab and bc are 回e，

α 

Figure 9: Oiagrama伽rcube ex回ction
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The second idea is to apply a selection method of ex・
plana刷yvariables in regression [7], by 館館白Igapa'憎m

as an explanatory variable. We found 白紙 an approxｭ
ima旬d sequen由1 forward selection is suitable for 0町
purpo鈎. It is 組 e館cientselection method 白紙 approx
imates multi羽riate regression by 郁cum凶ation of uniｭ
variate regressions. This method had been mainly used 
泊 order to pe由rm comp胸tion by hand, before com，・

puters 加伺mewidely available [14). 
The outline of the a1gori也mis Iisted in Figure 12. A 

旬口凶nationcriterion at 也，efour曲 lineis usually the numｭ
ber of selected variables. Priority ぬnction at the 貧他
line is 国国lIythe correlation with Yi ,2 h側ever， we 国ed
covariance wi也鈎凶回d in the hope that pa憎rns of 
moderate 企equency will 匂keprecedence. What 釦nction
shouldbe 国ed踊 apriority function iS not deeply examｭ
ined yet and is one of our future work. 
A prel凶linary expe由nent is perゐrmed 加 order ω 

confirm suÎ'帥i1ity of the m抽od for pa憎m selection. 
Figure 11 shows the s伽dard 町'or ofe'咽1国，tion 釦nc
tions made of pa伽ms that are selec旬d by the me也，od
佃long about 4，刈)() patぬms. From the observation 白紙
偽e error is decr伺S泊，g (aωu蹴y is 町m由同創出e
number of patterns increases, we can conclude that 也e
method selects 田efulpa伽rns.

2In tbat caøe，蝿，leetedvariables by 世田 met勘dare known to be也s
闘me 掴 V富加:bl偶蹄1回旬dby normal 師伊国語al fo"岨d 叫即tion if 
and only if 偲抑制。'ry variabl錨 do not bave ∞lnela依mw首ha曲
。也er [14]. 

Figure 11: Accuracy of evaluation 伽lCtiOns wi血 pat
terns selected by approximated sequen伽1 fo開釘d関lec

tion 

also shows the result of measurement as to our pa伽rns.

Wec叩 see 伽.t m卸Y卵胞rnscan be dropped by the freｭ
quency. 

2000 

Approximated forward selection 
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Now. our goal isωimprove accuracy of e'鴨luation func・

tions by increasing the number of pattemsωthose 国ed
泊 practical evaluation functio国. In order to 鎚lectsuch
a large number ofpattems，鑓lection me也odsmusthan・
d1e a very Iarge number of candidates and also positions. 
Popular selection me曲odssuch 部下test in statistics are 
not applic油le here. For example, the number of candiｭ
伽蜘 weprepared in OtheIIo is about 8，0∞，0∞阻dwe
伺nnotstore covariances of them 泊 normalcomputers. 
Our idea is to solve the problem by the combination 

oftwocompl瑚，tionallyinexpensive methods. Of course, 
也，eydonotg凶rantee 由eop白nality ofres叫ts. It should 
benoted 伽.tthe cost of iden雌cationof the op白nalpat
tem subset is known to be exponen出1ωthenumber of 
伺ndi伽tepatterns [7]，組d it is not acceptable in 0町 sit
uation. 

Selection by frequency 

The fir百t idea isωselect patterns by their frequencies. 
There are two backgrounds: (1) if pa伽rns of low freｭ
quencies are used, the efficiency of p倒ition ev叫u副on

byusing 也e method explained Sect. 5 will improve, and 
(2) it ﾍs said that the use ofpattems ofextremely low 企'e
quency causes over-fi制ng [2]. Th略 it seems naωral to 
針。'ppa伽msofhigh or ex回melylow frequency. 
In order to de旬rmine appropriate 也resholds，合equen

cies .of part of Buro's horiz閣制 pa悦ms [2] 眠 m曲

sured and shω/'In in Figure 10. The result sugge拘 that

good evaluation 釦即位ons 伺n be genera旬d only 田ing

pa悦:ems whose 企equencies are below 0.075. Figure 10 

Figure 10: Hisωg富masωthe frequency of matching 
p凶itïons

facts a, b and c are 佐ue，岨d也epattem abc must be true. 
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/I1et Yo be a 飽rget variable, 
// X = {xo , Xlo" Xp} be explanatory variables 
i • 0 
while (termination criterion is not satisfied) 

pickx向。，fthe highest priority 
compute a向， bQó by univariate regression 

s.t. α向XQ‘ +b向 predicts Yi 
Yi+ l ←鈎一 (α向XQó + bQ ,) /1 residuals 
i • i+l 

Figure 12: Approximated forward selection algorithm 

/Ilet Yb be a target variable, 
/1 Xo ,X 1 ,.. .X.. be sets ofvariables 
d• 0 
while (X is not empty) 

select v閉めlesamongXiωpredict y~ 
by approximated forw紅dselection 

Y~+1 ← residuals after the selection 
t • i + 1 

Figure 13: lterative selection algori也m

For each i絡ration， the priority of each pa悦:mcan be 
updated without position evaluation if a飽bleofthe n切除
ber of cooccurrences of pattems is a'羽ilable. It becomes 
di缶cult to keep such a 勉Ible 泊 memory if 也e numｭ
ber ofpat旬ms becom悶加ge. We 伺n still avoid freｭ
quent position e四luationby iteratively applying approx・
imated forward selection，踊 listed in Figure 13. Patterns 
should be split into sets of moderate number of pa伽rns
(Xo,Xlo • ..X..) in a伽，nce. The order of p蜘rns is 
important be伺use the result differs according to the orｭ
der. Also, a termination criterion 泊 each approximated 
forw釘dselection should be modified because we c叩not
use the number of sel，民俗dvariables. We propose to 凶e
a伽twhether也epriority of a selected pa悦::m is beyond 
a given threshold. 

7 E玄perimentalResults 

In 切derωshow 也，e proposed method 伺a 伊nerate 邸
curate e羽luati佃白血C伽08，侃periments on 0血ello are 
per伽med. For 也蹴慌perimen眠 a cor昭U御 with
A也lon MP 21ω+ CPU running Linux is 凶ed 組d 也e
program is implem佃tedin GNU C++. 

Posi録。回 ofωdiscs55 discs are used in the selection 
血d 回ining， which are 阻岡cted from ma帥es played 
betwe阻 LOGISTELl.0 and KlTTY. 3 About 50，∞o 

3They areav国lableatftp: Ilexternal.吋.田C.C棚Ipubl
19ord/los/m1ac/. 
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τ油1e 3: Accuracy ofeval岡山on functio国

6o discs error I 55 discs 釘ror
(c) 6.07 I G) 8.38 
(d) 6.31 I 依) 8.54 
(e) 6.58 I (1) 9.65 
(g) 7.39 I (m) 10.18 
(h) 7.81 

positions are selected by eliminating dl司plicate positio国

co08idering s:戸nmetry of geoffii出y and players. Then, 
we genera凶 two di司oint sets of positio田 exp組曲g
symm紺ic ones a静也 One 側 is about 8∞，∞Op凶i・
tio凶 for 回泊ing 佃d the 0也er is about 6 ， 0∞ positio国
for test. 

7.1 Pattem generadon and selecdon 

First, we generated 11,079 logi，伺1 f1伺旬res 組d then 
8,502,664 u凶que patωrns are eXl臨lCted 企'om 血，e logi・
cal features. Tbe frequency of the pa憎rnsare shown in 
Figure 10 in the previous section. 

Then, we 匂司plied selection by 企'equency described 泊
Sect. 6.1，佃d 鈴l郎総d 540,724 pa伽rns. Thresholds 
U鈎dare [1.25 ・ 10-5 ， 0.075]. They are 80由dby their freｭ
quency. Finally, we 叩Iplied itera'伽es句uentialselection 
described in Sect. 6.2 wi曲四rio国也resholds. The reｭ
s叫ts are listed 泊 T油，le2. We 伺nsee that targer n間世ber
ofpatterns 釘e selected 鎚 lower 也reshold are used. In 
the 旬bles，“match" m伺凶也e nurr記berofpa'憎rnswhose
values are 釘ue in a position on average. It a1so increase 
as 白resholdbecomes lower. The compu匂，tion of whole 
selection 匂kesabout two hOUIS on average. 

ーおー



uble4: Acαnacy of other evaluation ぬnctions

type 伽蜘ns error ma凶

60 55 
Buro 2721ω2 5.77 8.39 38 
Basic 3952 8.17 10.7 97.0 

7 

e 

s 

。

. . 

固

回・

1000 ゆ卿 慨糊 加関

で;2い制ems +'1 小 f
Figure 14: Accumcy ofevaluation 向nctions

7.2 Accuracy of evaluation functions 

E羽lua討on 負mctionsmade ofthe patterns selccted by 也e
proposedme由odare gene則ed. They use linear combiｭ
nation and their weigb怨 are adjusted by means of le踊t
m曲n叫凶resso 白紙 theypredict the final score (the difｭ
fer，阻.ce between the number of black discs and that of 
white ones at the end of the match after both players 
played in the best way). 
The 邸curacy of evalua泊on ぬ即位ons are listed in Taｭ

ble3. In the 匂ble，“eπ'or"is sql国間 r∞tofm伺nsquared
errors. Table 4 li拘 the results of experiments performed 
泊 [9) about the 郎curacy ofBuro's function {Buro} 組d
也at of our previo国 work 担制ic) [9).4 Figure 14 ill田・
岡飽s the 錫me 伽ta. We 伺ns関也at the accumcy is 
improved by using larger number of patterns, bet飽rtban
tbat of our previo国 work and appro郎副ng to those of 
Buro's. 

7.3 Efliclency of evaluation functions 

We ga也ered a sequence of about 3 ， 000， 0∞ positions 
伽tdιpn+ se，蹴h [13) 地ited whose root positio凶 are
of 49 discs which are 位協C旬d 合'om23 matches 泊 IOS
records. S The e鑑ciencyofe噛luation functio田 become
worse as the number of pa恥rns increase, as shown in 

100 

t 
tぽlO

間百110掛川個1岡崎n C601
jlrojx闘d回凶lon(55)

ー・ . 

T似lOO 1(旭000

#pa蜘市

1e+伺

Figure 15: E飽ciencyof evah均値on 白血ctions

200000 

248e00mm∞ ∞mm o m. 
t ' 
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ま t側別

40000 

m仰い
似lOO 200∞ 300∞ 40000 邸加∞ 800∞ 70000 

#凶geswlth cube a幼'8ction

Figure 16: Edge reduction by cube 位協ction

Figure 15. The improvements on e飴ciency is our future 
work. 

7.4 Improvements by cube extraction 

In order to me踊町e improvements by cube ex'回.ction，
the number of edges and e錨.ciency of such pair of diaｭ
gmms are compared 白紙 are constructed with or without 
cube ex回叫onmade of the 鈎mepa'悦ms. Pattems are 
randomly picked up from automatically genemted patｭ
terns，阻dfive sets of pattems are pre戸red for each size. 
The results are shown in Fig町e 16 and Figure 17. It 
is observed that cube ex回ction reduced 蜘 number of 
edges about a half, consequently improved the e鐙ciency
ofpattem matching about two to four times. 

8 Concluding Remarks 
4No加由atditferalt posi岨ODSwere used for 智凶且血畠・
5They aæ脚紬leatftp:Ilexternal.nj .nec.com/p曲I In this 伊per， a method of cons同州ng accumte eval凶・

igord/othello/ios/. tion functio田 without assis加lce by 侃:pe此 players ofa 

-34-



i 詰
抑
制
蜘
"‘ 

潔 ... 

Figure 17: Improvments on e鑑ciencyby cube 侃回ction

game is described, which is crucial to cons佐uct a genｭ
eral g創ne player. We showed 也at accurate evaluation 
functions in Othello are constructed by selecting pattems 
釘nong a 1釘ge number of candidates. The accuracy is 
be枕er than that of our previous work and approaching to 
that ofBuro's. On the other hand, still there is a room for 
improvements as to the e伍ciency of position evaluation 
and it is our future work. 
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