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Abstract 

Most s切除0此he-ar色 Shogi progr.叩18 adopt vari岨tsof the fixed-depもh alpha-beta search algori伽n. Ho鴨ver，

there 釘'enumerous醐rchex蜘sions that叙plore"in防関伽g; lines of play more deeply. Most関町chex蜘si叩S

make もhedecision to 田tend aω，rtain line of play dynatnically. We propose a staticωlpological frequency bωed 

舘釘chex旬nsion. That is，色he decision ぬ exもend 民archingof a ce凶ainmove is dependant on ぬ，e frequency もhe

relev間色 squarew鉛 playedinm総tergames. A自由ismethod wぉ inspiredby and akin to Realiz叫ion Probabil比y

Se紅ch[IJ we named iも Topological Frequency Biω(TFB). The prop卿d TFB has been incorporatedωour 

computer Shogi program, TACOS，組d も.wo experimen色sproved its effectiveness. 

1 Introduction 

The alpha-beta algori出m is 出e most popular 

mぬ吋 for 悌arching 伊me-tree in adversary board 

game 舗 Shogi. Over the 抑留s， this algorithm has 

been improved wiむh various methods and more effiｭ

cient variants have been introduced. The mosも bωic

algorithm se釘ch>ωωsome fixed depth. However 

pure fixed depぬ is rarely used in g問時play prcト

grams. In m側 of ぬ.e s切除of-も.he-art Shogi proｭ

grams， ωmepro凶singmove sequences are ex凶ored

beyond the fixed depth limiιIn TACOS, our ∞，m­

puter Shogi program, we fir冒も adopted Reallzation 

Probability Searぬ[IJ. However, infrequent 副s旬h喝

in色roduced by ぬ，e algori色hmhave lead us to look for 

alぬrnatives.

As ぬ.ese fi制sshow，関町chex旬，nsionof promising 

mo鴨sis a very effective method. Many related ideω 

of i色 have been proposed 凶dmo前 of them c阻 be

cate酔血ed 凶 dynatnic meぬods. That is, the exｭ
b組sion is depend阻色 only on iruorma色ion g晶ぬe陀d

during the ∞.urse of 色heg鉱ne.

Esse凶ially， i色 is consid，ぽed もhat each game h鉛乱

sta品istical bi鍋. Namely, bes色 moves occupy cer凶n

squar国 more frequently ぬ阻 0色hers. It is hypotheｭ

sized that using むhedom凶n's sta色i前i伺1bias may al・

low for more effec色ive 飽ぽchimplementations. These 

ide槌 in contras色 to dynatnic 関arch extensions, make 
use of precalculaωd 抗抗ic 釘i旬ria.

This paper is organized 銅色Hows; Section 2 suト

veys related work. Section 3 pre騎nts our me出od

of obtai凶ng 色he statistical information 企om game 

records of professional Shogi players. Section 4 deｭ

scribes ぬe implementation and i凶egration of ぬe

calculaωdsもati叫ic温ぬ our compu色町 Shogi program, 
Tacos. Section 5 prωents the results of 2 experiｭ

ments supporting ぬe effectivene回 ofTFB. Finally, 
Section 6 回mm紅izes and su回estsdirections for fuｭ

ture work. 

2 Related Work 

Mosも compu旬r Shogi programs explore promising 

moves more deeply 阻d numerous ide鍋 were prcト

po田d.

IS Shogi explores sequential patぬrns of good 

moves (i.e. ..陥uji" in Jap阻e同 more deeplyμJ. 

Suchapa伽:rn (ω凶B出gofa 関quenωofmoves) is 

池田∞nsidered 舗 amove. 

K組銘晶.waShogi 位旬，nds2 ply 前色hem阻imumon

問cap七ures. In addition, when a move is considered 
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色heb剖 responseω 阻 opponent'自由児島t(i.e. ch駅北

or a:悦叫泊ga畑山 formation) 岨砿旬nsionof 1 ply 

is 細ign吋.

YSS adop句 "half 位旬凶on algoriも凶."[3]. This 

me色hod allows 姐 ex旬nsion a∞ording ぬ色he quality 

of the moves Iω必ng f旨'Om もhe roo色 ωthe current 

position. In pa:rticul釘， Iむ adds 0.5 ply of s伺.rch ex.・

旬，nsion 伽組\y b制 move (錨剛 decided by iωra­

tivedωp偲ing) found in もhe vari凶ion lead泊gto 色he

curren色 move.

GEKISAS皿 adop色s Realization-Probability 

Se釘ch[l] 色hat 砿P回ds nodes 舗 long 鎚 the r関且za­

tion probab出ty is grea'旬r 色h且 a gi\'回もh哩自hold.

Therefore，も spends little ∞mputational r'偲ource

on unrealistic moves. TACOS developed by UB also 

adop色 i色.

3 Search Extention Using 

Statistics 

Es民国ially， i色 is ∞田idered that each g阻1e h鎚 a

s色atistical bi鎚・ N創出，Iy best moves occupyωr凶n

squa.r濁 more 仕eque凶Iy 白血 O色hers. Figure 2 sh，何s

the 位ampleof Shogi. This example shows the numｭ

ber of Silver's moves in the endgame. In ぬis figｭ

ure, own king is on 10'隅，r I鍋組d opponent's king 

is on upper right 組d boぬ rooks a.re in the op戸ト

nent's camp. 1色 is cr叫ed from abou色 1∞∞ g阻e

re∞，rds of もhe professional Shogi players. 1も sh側B

Silver is 合opped 釘'ound the opponent's king. This 

facも describes ths品 Sil\'eris often usedω 凶ぬckc閣­

tle form前ions. We expect 也前， by using ぬis kind 

of statistical bi舗， game屯'ee s朗.rch effectivenessω且

beimprowd. 

In practi，ω， for every pieω 阻d 側ry squa:re in 

aω削n situation 鴨 re静岡 how often 也前 pi側

wωplayed onω 色hat specific squ釘e in professional 

games. Then, the le碍ぬ of the 鉛arch 叙tension is 

d蜘rminedby もheprec必叫a恰dfrequency. Sin白血e

E凶istical information is prepa:red in advan関，もhe

overhead in real-time of using i色 is slight. This in 

turn, allows the prOl雰細事o find good moves more 
effectively. 

987 6 543 2 1 

9 10 18 9 2 2 4 
1 3 4 1 1 
7 6 8 7 3 1 
5 3 10 2 1 1 1 
1 2 1 6 4 
1 1 3 1 4 
1 2 3 1 2 1 
1 3 1 
3 
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Figure 1: The number of Silver's moves in end伊me

of Shogi(extrac旬d 金'om 10∞o professional Shogi 

players' game 問∞，rds)

4 Application for Computer 

Shogi 

This section describes how ωapply TFB to a ∞，m­

puter Shogi program. We implement it in TACOS, 
which is a ∞mpu旬r Shogi program developed. 

4.1 Creation of Statistics 

This statistics is extracted 仕om 畠，bout 10飢)()game 

records of some pro島ssional Shogi players. Game 

positions a.re cla国ified inぬ 24 kinds by ぬ.e i回国

of Table 1. In addition，鴨 use symmetry bet鴨佃

命前 player's (Jap阻e田"飽nte") 岨d 飽∞ndplayer's 

(Japa:ne飴 "go旬つ movesωwellωleft righも四ymme­

tryof もhebω.rd. Thωe symmetries improve 色he bi錨

of もhe fl閃quencies.

Thepωition of kings is reÍ<町ed to because Shogi 

is ag創ne aiming 凶 makingkings checkma:旬d. It is 

clea.r th前 thepωitionof kings introduωsa 色opolog­

ical deviation of a pωition's 金町uencies.

In 也is 臨調B釘ch， after pぽforming ぬe aboveｭ

m回tioned squ釘悶∞n\'ersion ， i色 d凶sifies 泊to 回。
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Table 1: Category of Statistics 

King Rook SもageofGame 

Vertical both own camp ope凶nggame 

Slanting both opponent'sωmp middle 酔me

others early-end伊me

laぬ-endgame

kinds, "Vertical" 叩d "Slanting". "Ve比ical" is the 

case where both kings are on the left side. "Slantｭ

ing" is むhe c錨ewhere Bla.ck's king is on もheleft side 

ofぬebo紅d，回d Whi旬、 kingis on the right side of 

bo釘d.

We have conceived of the cl鉛sific叫ionby the rook 

to be effective, because 鴨池ink it indica旬s もhe

principal a悦acking zone. In this research, the pcト
si七ionofaRβok was made in句もwo kinds: one c加e

when a Rook is in the ownωmp，組d another case 

when the Rook is ei色herin the opponent's camp or in 

one'sh叩d(Japanese"mochigoma"). Then, Rβokde­

pend佃色 position's classification w舗 madeinto three 

kinds: "both in own camp" , "bo色h in opponent's 
ωmp" 叩d "others". 

The third cl舗sifiωもion is a.ccording to 4 phases 

of stage of a game. In も悩自 implementation we have 

used: "ope凶nピ， "middlegame" , "early-endg剖neヘ
回d "laもe-endgame". The importance of a piece 

cha且ges wi白色he stage of a g.創ne. The value of a 

piece is import銅色抗 opening 阻dmiddlegame. Howｭ

ever, the speed of approaching むhe king is more imｭ

Pぽt釦t th阻 piecevalue at 阻d-g創ne. Th釘efore，隅

thoughももha"ももhe cl鎚凶貧叫ion by もhestage of a g.姐e

is also required. 

4.2 Implementation 

The length of search ex旬nsion is determined by 

s回目stics made by もhe method shown ln section 4.1. 

Ho"鴨ver，鴨 do not 叩肉ぬis method in opening 

g姐e， beωu鴎 we often play st岨dard sequences in 

ope凶nggame. Therefore we ∞>llsider it is irrelev岨色

to use 剖叫istiω.

The propωed meぬod h鋪 bωn implemented in 

our Shogi program called TACOS. Sinω 鴨晶.pply

Realization Probability Search[l)ωTACOS，鴨 in・

cre飽erealization probability to 民arch more deeply. 

First, based on statisti叫鴨 calculated the probｭ

ability P 出前乱 pieωmoved to む.he squ釘e. The 

probability P is calc叫atedωfollows.

一一

P=す

Di.; means もhenumber of the moves on i rank and 

j file in もhepresent situ叫ion. D represents もhe もotal

of mov，偲 in it. Furthermore, P is mul色iplied by も.he

suitable 明ight W. Therefore, modified Realization 
Probability isωlc凶ated 鑓 follows.

RP' =RP ホ (l+P*W)

RPmω.ns the Realization Probability by 色he ∞>ll­

ventional method. RP' is 色he modified Realization 

Probability by our proposed method. When 出isforｭ

mula is applied, the 1町ger the frequency the more 

deeply we search. 

5 Experiment 

In orderωev百luaもe our method we prepared two 

different versions of TACOS. The first, TACOS-RPS, 
utilizes the original version of RPS. The second prか

gram, TACOS-TFB, is using our modified version; 
namely, TFB. 

5.1 Solving Problem Test 

Ma切ub釘品卸d Iida(1998) pro吋ded a s色姐d釘d

旬民 s凶te for computer Shogi programs. This 民st

suite consists of 48(mainly middle 姐dendgame) po・

副ions 臨むra.cωdfrom 伊me re∞，rds pla;戸d by prか

fessional Shogi pl乱戸rs. A此erimplementlng TFB, we 
儲perimented wiぬ 30different inst阻旬 ofぬ.eW paｭ
rame"句rand in order ωfind 色hemost appropri乱もe pa­

rame"ぬ，r se"悦ingfor TACOS-TFB. Table 2 shows 色.he

悶ults. The number of ∞rrect 岨S鴨悶 increωedby 

two questions relatively to the base version TACOSｭ

RPS. 
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τ'ablほ 2: P釘fc町m阻ce in Solving Problemτ'est 

Program Correct 

T'ACOS-RPS 19 

TACOS-TFB 21 

5.2 SelιPlay Experiment 

In a.ddition to the test suite experiments we ha.ve 

performed a. self-pla.y experiment using TACOS-RPS 

a.nd TACOS-TFB. 314 ma.tches were played using 

same time controls (both progra.ms were given 10 

seconds for ea.ch move).τbp陀vent the progra.ms 

from pla.ying the same game repea.'旬dly， 1路57 0叩pe飢n­

i泊ng positions wo釘eu鴎鴎Iι〈

op戸e凶n碍g もtwice句; 0叩nω a鉛s もhe 宣命rs“tpがl晶匂.ye町r tωo move, a.nd 
once 飴色he se∞nd player to move. Ta.ble 3 shows 

もhe results of the match. TACOS-TFB shows slight 

improvement over TACOS-RPS. 

τ'able 3: Win percen北昭e of TACOS-TFB a.酔insも

TACQS:且.es.
wins draws losses win p釘centa.ge

174 139 1 O. 554 

6 Conclusion and Future Work 

In this paper, we proposed a modif�d variation 
of Realization Probability Search[ll. Our method, 
TFB, is b舗ed on 色opological frequency of master 

level moves. Ex戸山leD'凶 results show our prか

posed method achieves effective search wiもhas凶か

able p町ameteぜ set up. Using precalculated stati島

色ics ， promising mov明 are explo問d more deeply. 

We believe further improvements of ωme 鎚:pects

of our currenも implemen凶，tion c阻 enh阻白色heo'四F

all effectiver蹴s of this method. Among thωe 釘唱

もhe formulas of search e:対ension， the classif�ation 

meぬ.od 岨d the p館館田飽rs tuning. The formula 

we used for search ex旬nsion w鎚 simplified 泊 order

to save calculation time. It may be better to calｭ

c叫a旬 more effective values. if calculation r偲ources

pぽmit. About a se旬pofasuiもable p町ameぬr，鴨

experimented using two kinds of parameters( drop or 

move). In a.ddition, it is considered thaも parameωrs
紅e likely to change in the stage of a 伊me. There is 

stiII scope for improvement through further classif�

cation of st瓜istics. Lastly, we think th叫 using the 

obtained s凶isticsto pruning bad moves is a promi酔

ing directlon. 
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