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Abstract 

We show tha.t the ga.me of Ama.zons pla.yed on a. 
5 x 5 boa.rd with four playing pieces each is a 貧国
player win. The proof uses a sも叩dard minimax 
ga.me tree search wi凶 several enhancements that 
reduce 出e depth and もhe widぬ of the required 
search tree. We develop divide-a.nd-conquer techｭ
niques which are inspired by combinatorial game 
theory, but use only inもeger-valued bounds on the 
value of subgames. After pa.rtitioning a.n Amazons 
board into independent subgames, upper and lower 
bounds on the game value are computed for are鎚
which conta.in amazons of both players. 

Key words: Ama.zons, ga.me tree search, perfect 
play 

1 The Game of Amazons 
A 11 C 1) E 

Figure 1: Starting Position in 5 x 5 Am錨ons

The game of Amazons is played on a square 
board by two players, Black and White. Each 
player controls four playing pieces, called amazons, 
which move like a chess queen. After each move 組
a.ma.zon 8hoot8 an arrow , which tra.vels in the sa.me 
wayas 乱 chess queen moves. The point where a.n arｭ
row lands is bumed ofJ the playing board, reducing 

the effective playing area. Neither amazons 110r arｭ
rows can travel across a burned off square or over 
anoぬer a.mazon. The last player able to make a 
move wins the game. In もhis paper, we consider 
pla.y on a 5 x 5 board, with the starting position 
shown in Figure 1. We assume th抗 Black moves 
firsι 

1.1 Partitioning the Board 

The a.im of partitioning a board is to separate a 
position into smaller pieces which can be analyzed 
independently, or nearly independently from each 
other. A basic board partition is given by the 8・
connected components of all points on the board 
which ha.ve not been burned off by arrows. In Figｭ
ure 2, partitioning the position shown on the left 
results in the areas a, b and c in the picture in the 
middle. An improved board partitioning can be 
achieved with the help of blockers， ωnazons もha.t
1・11 1' 1 ， 11 .，1' clivid ., a eompol1ent into two 01' more reｭ
giol1s such that some of these regiol1s a1'e only adｭ
Jan:ul ， I，()刷刷lIO出 of目 oue c;olor [2] , The pictu閃 011

t.he right. in Figure 2 shows the resulting five a.reas 
a. ..e. 
Regions on ぬe board can be classified into four 

categories, depending on the amazons of that reｭ
glOn. 

1. A region th抗 contains at least one emp句
square, and cont乱ins or is blocked by am錨ons
of both colors is called 阻 active area or active 
reglon. 

2. A region th抗 conta.ins 叫 least one empty 
square, and conta.ins or is blocked by amazons 
of a single color is a territory for もhat player. 
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Figl山:2: Boarcl po叫(， 1υ11 a.llcl 1川Il'巾じompositioll ， from [2] 

:3. A ne-utml regio71 じolltallls no am品zons.

4. A dead 'regio71 contains only amazons , 
empty squares. 

for Bl以;k ， and if the upper bound is below zero it 

is a win for White. Likewise , a lower bound of exｭ

no actly ze1'o is a win fo1' Black if it is White's turn to 
play, and an upper bound of zero means a win for 

White if it is Black's turn to play. 
The neutral and dead regions are irrelevant since 

there are no possible moves there. 1n territorie丸山e
maill questioll is how many moves the じonもrollillg

player can make there. 1ll active regions , both playｭ
e1's compete fo1' the right. to make as many moves 
as possible 

2 An Evaluation Function for 

an Alnazons Solver 

.41'1'01/1- 。吋 i市川市peri a.lizecl progr日11l for 行。 Ivillg Allla 一

山川 I~ l'・ 1;-.111'111 九 1 ・ 111' IJI'(I~rjllll 1'I';o;ul 、 ('S ')lIly ¥¥'illS '1.lId 
losses. i t, cloes not, try t,o clete1'mi 日 e by how many 

(~X t.ra. 1II 0V何a. playel' (.1.11 wi n. USill詰 thisδolvel・

!) X :, .¥ IIlaZull:-; \V êlゐ P I' ()V('II 1.0 1)(> a 11r~(， playel' Will 

The sea1'ch spa.ce of this ga.me i凶 about 9.92 x 101" 

positions. As the expe1'iments ill Secもion 4 incliｭ

cate , a brute force sea1'ch of this game takes a long 

time. Therefo1'e this paper clescribes rules to recｭ

ognize wins and losses earlier in the game, as well 
as an exact method もo p1'une some types of moves. 

2.1 Estimating the Game Value 

1n the I'ollowing , we will assume that positiv巴 111-

tegers rep1'esent a numbe1' of moves for Black, and 
negattve int巴ge1's 1'epresent moves for White. The 

p1'og1'am じompute昌也11 upper and 札 lowe1' bOLlncl 

Oll the dif!'er田ence (black moves -wh山 moves) fo1' 

each ,t1'ea. on th巴 bomd. Sometimes , 1'01' exa.mple ill 

"imple t.eITi t.o1'ies , t.bese bonncls f.'OillCicle and thereｭ
I'on品 give the exact. value of a region. Bounds 011 
t,he overall ga.me value a.re comput,ed by summillg 
up (， Iwbolllld，づけf Pauli lTg1011 If tllrovmalllower 

IJUlll1d i単品re叫叫(，1!"11 込l' ru. L !J "ιgaUl t:' 1;-;; ". :j lln~- WlJJ 

Fi民Llre :3: Whit.e t.o play, Black wins 

Exa.mple: White is t.o play ill Figure :3. 1n this 
po削 l.i(lIJ. 1.11<' pl'ogl'a.rn Ca.11 prove a win for Black 

by it:; static evaluation. The black ter1'ito1'Y at the 
1)0[,[,0111 i話 WO l' th 巴xactly :) 1ll0ves , while Whit.e can 

11I,.dü' a.1. 11108t !) l110veδat. t.he top. White hël.~ to 

move fi 1'st , 80 Black is guaranteed to get the last 

move and the1'efo1'e wins. 

2.2 Counting 恥I[oves in Territories 

The number of empty squares is an obvious upper 

bound on もhe number of moves in a もerritory， and 

often it coincides with the precise value. . However , 
defective territories exist, which cannot be comｭ
pletely filled in [2]. The1'e a1'e several ways 0ぱfc∞om

p凹u七“m珂g t凶he size of a territory 0ωr a“七 le巴aおsも 自白fin吋凶din珂l喝g a 
lower bound on its size , including exhausもive sea1'ch 
ancl using a database of defective areas [2]. Within 

our 80lver, we currently use the simplest and fastest 
methocl , a plodding walk without any backtracking, 
t.o compute a lowe1' bound on the number ofmoves a 
l山yer can make ill a t.errito1'Y. A plod [1] is a move 
seqllenじe whe1'e an amazon moves to an adjacellt 

ポlu a.n> a.llcl fi 1'日出 b,u:k at. it,s o1'igin sqlla1'e. Suιh � 
plud i ぉ very l[llick {,u illlplellleuL by jll::;t 111 とtrking t,he 
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SC( llare凶 visﾎI.ed :>0 fβr. 111 the case w hell there are 

two or more nonmarked adjacent empty squares, a 

simple heuristic determines which of these squares 

an amazon should visit next. This method is good 

enough to completely fill most of the small nondeｭ

fective terriもories th前 occur on small board sizes, 
such as 5 x 5 01' 6 X 6. 1n this cωe ， the lower bound 
coincides with the upper boundωld the exact value 

of anω:ea has been determined. 

|I I 閃 1
0xocゆ|

Figure 4: SlIre Illove for目 Black going 自rst

[ 
にJX()・01

Figure 5: Sure moves for Black going second , 3 AES 

[ 
〔》φ<0.，

|I I I I I 
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Figure 7: No safe move for Black going second 

円開
U 

Figure 8: Safe moves f，品r away from opponent 

仁use 81ack get:s all t.he moves. These bOllllds call 
b,. I.ightellt'd ill I.wu way芯:

1. By fincling 結晶.fe rnove:ヲ for a player t:ha.t the opｭ

pouent. l.'a.lInot elimill品te even if the opponent. 

llloves first. 

2. By finding a move for the player who goes first. 

1n each cωe a bound is improved by 2, since the 
difference in the number of mov回 changes from n : 
0=π もo (n -1) : 1 = n -2. However, the second 
rule can only be used in the case where the player 
moves first in a region 

Figlll'e (i: Sure move for 81ack going second, 2 AES 2.3.1 Finding safe moves f01" an 泊nazon go・
ing fi1"st. 

Each a.m悩on that has an adjacent empty square 

2.3 Counting Moves in Regions In- (AES) can make at least one move by moving もhere
volving both Players and shooting back. For example, the black amazon 

ill Figure 4 hωone AES. 
COllsider a.n act.ive I'egion which involve:; am乱ZO!1S

of both players. When playing out such a region, 
2.3.2 Fillding safe moves f'01'・泊五 amazon go・

1:111' ullly l'esuH t.h乱L 1uatt.ers fol' the overall outcome 
il1g sp.eol1d. 

1:> l.he dlirerell<:e 山 Lhe l1ullluer of目 black nωves 1111-

I111S t. hc、 II l1 mber ()f whitc" 1110VC-'S made in t.his 1'1'- Wil:h each move , the oppollent can take 乱.way at 
gioll. 1' hc.' 古川 I i:> 1.0 id刊 II.il'y仰sy t.o "Ol1lpllt;c' lIP- lllosl: t.wo AES of an amazon, olle by moving an 
per aud lower bUlIuds ou 1.lmL vallle aucl 1I総括Uじh 鶚lllaWll there and 品.nothel' by shooting. SO an 品m品，

bOllllds to estimat巴 t.he overall outcome. The basic zon with three or more AES can always make a 

lowel' bound for the value of a region withπempty move, even if the opponent goes first. 1n Figure 5, 
squares is -11 , for the case where White c叩 malte the black amazon h舗もhree AES. An amazon wi出

品.u the moves there , and the upper bound is n in only one 01' two AES might still h乱.ve a safe move in 

-66-



-101 ・|
Figure ()・ Olle �.11l�.ZOll can block two opponents 

FigllrC> 10: 1)"pc>nc¥C>llcy Iwtween safe moves 

[.he case~ wltt'、いふ [.he Op POllt'll 1. eith巴1・ call1lO[. [仇Lじh

all 九 Eおり1'. ill 1.11<-' p l'O C('、おおり1" l' <'c\.('I Ji n呂I. h<:'Lll ， 11<1.'; 

1.0 LL10V ぞ one 01" 山 ä.nla.~Oll 話 �.wa.y 1仕'1'(ω0111 ä.ω叫l且l 也叫E叫ωljaぽl川lt.

芯剖qll凶ζa川1叫re民， t.he創reb巧y じcreaωもt. 1Il巴 ζa new AES. For example , 

in Figure 6 t.he black amazon has only t.wo AES 

but the ollly oppollent amazon that can block both 
squares is adjacellt to the bl�.ck amazon and cannot 
control all three squares including its origin square. 
However , in Figure 7 the white amazon in the midｭ
dle of the board can completely block Black. In 
Figure 8 each amazon has a safe move because the 
opponent お too far �.way to bloじk it 

2.3.3 COlllbining safe mov日s for s巴veral

aUl之lZOUS

lf t.here are several am品目ons in the same region , 
their moves c日 11 eaぉily int.erω 1.， as the followillg t.wo 
ca.~出 illus l. rζ1I: e

Depeudencies betw白巴U sevenùω且azons The 
もvhil.e clLLJ<I.WLL iu Fi巴LLrc 日 hζ凶札 safe LTIove 

eveLL (.ltough each 01" il.:; AES is easily blockable 

by t.he opponent , t.hey cannot. bot.h be blockecl 
LLL one L1love. Howev削\[.his argument. canL1ol. 

beωl11 biuecl for several aUHl.zons, �.S ShOWll iu 

a move , e.g. the f�st and forth amazon of the 
same color, but not the second and third one. 
Whell amazons are noも m もhe same area, every 
other amazon can move 目

We coulcl noも自ncl a good way to statically check 

t.hese clependencies , 80 in our Cllrrent implementaｭ
tion only one �.m�.ZOll per are�. of each player is usecl 
to improve t.he bouncl. 

2.4 Territories and Active Areas 

with a Common Blocker 

己ー
Figure 11: Territories with a common blocker, and 
active region with value 0 

In the case where a blocker blocks off two or more 
territories at. once ，もhe blocker in general canno七五日

in more than one territory. For example in Figure 
11 on the left , the white amazon blocks off three 
吊eparate t.erl'itories but will b巴 able to f�l only one 
01' t.hern. Likewi印， t.he blockel' C�.nnot move into 品n

acljacent act.ive a.rea withollt giving up its moves 
in all t.he tel'l'it.ories. We lIse the following simple 
greedy heurist.ic: First , all non-blocking am�.zons 

will ploc¥ to Ll1�.ke as many moves as possible. Then 
blockers are �.lIowed t.o plocl in the remaining areas 
of each t.erritory or are LLsecl in an �.cljaceut äじtlve
area, �.ucl I'or e�.ch bloじker its single most. valll�.ble 

actioll is じhosen fol' improving the bOlluc¥ of that 
reglOLl • 

Figure 10. E制:h whit.e amazon t.akell by it.self 
has a 8a.fe move , but they are clepenclent , ancl OJ 

if Black moves 自rst もhen Whi旬 cannot m�.ke 

The Search Process 

もwo s�.fe moves in this �.rea. 

Move going first If two amazons are in the same 
area, one opponent might be able to block 
both , as shown in Figure 9. If there are sevｭ
eral 乱mazon8 that cal1 make a move going fìrst , 
onlv one in three amazol1s じ乱11 be ,:mre to make 

A 5 x 5 Am�.zons board with 4 amazons each iniｭ
tially has 17 empty squares, 80 the maximum game 
length is 17 ply. The branching factor is 262 for the 

f�st move, and typically abouも 80 after 5 moves. 
Initial 巴xperim阻むs indic�.ted that the search space 
wωtoo large to complete a bru七巴-force search in a 

reason�.ble time. Ther田efore ， �. specializecl Am�.zons 
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出olver A-I''/'01II・S was built 品long the lines clesc1'ibed 
品bove by ext.ending and modifying the heu1'istic 
Amazons-playi時 p1'og1'am A7TO'W [2]. The rules 
to compute bounds we1'e added ωa 自1'st step to 
~h世話t.ct[.ic eval uat.iul1 !'Ul1じ t.ioll. 11' a poぉitioll じ<t1l be 

statiじally p1'oven t;o be <t Will 01' a. loss , it obta.in自品

川lue of 土∞ (ill pra.ctice , a la時e illLeger is l帥cl). 
POI' otlwl' posit.iol1s. t.1H品 110 1' 111 1\. 1 helll'ist.jc. eva.luat.ion 

fllnd.ion of .4.,..,.,)"/11 i話lIsed 1.0 ac:h ieve 札 good 1110ve 

orcleril1g ill (じ.'011.μ111じ t.ioll with a.n itemtive cleepeni山1Ig
持刷:-w a.n仁什，11. 'l'lll' :;('u.n:lJ l'lJIII 目 i IlLl ~S ".t. illlTeCl剖Ilg deptJl ぉ

Lllll.11 a. WIIl lJl' d.lu出 is rUlllld 

1 /,{'()I/:-S illlplclll l' ll t.信也 pr Ll llillg l'llk t.hal. l'elllUVes 
pl'Ova.hly i 1・1'f' 1 ，'vall t. 1l1 0V刊日・O !l1 the s料品l・dl. 1、h骨

hellri活 Lic prognulI A-rl'Ow llse話 III弘lly 1Il0re prulllllg 
rules , illclucling heuristiωthat we think are almost 
always sound. Howeve1', all these heu1'istic rules 
are disabled ill A lTOω-s to ensure co1'1'ectness. In 
this paper we desc1'ibe only the exact 1'ule used in 
A7TO官1・S.

In regions where uppe1' and lower bounds coinｭ
cicle, the ¥ocal sco1'e is exactly known and it is an 
illt.ege1'. Most of these regions a1'e te1'1'itories , whe1'e 
ol1ly �le pl乱ye l' can 1110ve. But. some other region邑

叫11 be recognizedωhaving a constant value, such 
as the position of value 0 shown in Figu1'e 11 on 
the right.. FOI' 8uch regions, 1110ve generation c:a.n be 

great.ly l'ωt.rict.ed. H iぉ sufficiellt 1.0 generate a. sinｭ
gle move for目印u:h pla.yer globally for such regiolls. 
111 t,erl1lS of ιombin品torial game theory, moves in a 

t.er・ rit.ory lmve.t.emperature -1. There a1'e/only two 
l"C-:'ë'凶0118 t.o gellerate olle suc:h 1110ve: These may be 
t.lw lll1ly rnove:> left 1'01・孔 pl礼yer・， 01' other 1110V制 exist

1>111 ;"'('川 ρ11 ¥¥�l":'¥f' hP'";.ll1i-�C' nr・;，つり:'1/・fl7l.rJ 汚 1111 ・， t.IOII

[2] 

4 Result: Solving 5 x 5 Anlaｭ

zons 

We have established thω5 x 5 Amazons is a firstｭ

player win, and have found four differenも winning

moves. Among the winning moves, the two moves 
l. Bl・B3xD3 and l.BI-D3xB3 , as well a.'3 the symｭ
met1'ic 1.DI-B3xD3 and l.DI-D3xB3, were found 
t.o be wius with a sea1'ch depth 01' ol1ly � ply. For 

both 01' these 1l10ves , a simple blockil1g st1'ategy 
proved t.o be SlI飴ιient to win the game. Figure 12 
shows 1. 11 骨 prll 1<.'・ ipal varial.ioll after 1. Bl・B:3xD3.

For the other e鎚y openil1g, our p1'il1cipal variaｭ
tion is 1. BI-D3xB:3 2. A4-A3xCl 3. D1-D2xB2 
4. B5-C4xB4 5. D2-C3xE56. E4-E3xE4 7. E2-
D2xE2. The play is simila1' to the 1. BI-B3xD3 
opelling. Black ends up wiもh a five point area at 

the bOttOlll, which is sufficient to win agaillst the 
five empty pOillts left. at the top. 

B杷sicles t.hese t.wo “easy" wins 品Ild t.hei1' sym・

rnel;ri(' ('(1品es ， t.wo 1l10re winuillg 口lOves wel'e fOllllcl 

at se乱rch clept.hs of 出品llcl LO ply, L. Bl・B4xB2

之U1 d J. D I-D4x132. '[、he::;e are l.he startillg lUoves 
ill I.he gallle対 ]'1 alld ]'i al1aly:ted below. We are 
Cll1'l'ellt.ly workillg with Tholllas Lillcke to allalyze 
ot.her目 opening moves and create a complete openil1g 
book [01' 5 X !j All1azons. 

Compared to ou1' previous program A門刀ω， the 
specialized solver Arro切-s 1'ecognizes wins and 
losses seve1'al ply ea1'lier , which leads もo a huge reｭ
duction in the tr官 size. For example, variations folｭ
lowing a bad moveωe now disproven very quickly 

by creatil1g a large ter1'ito1'Y fo1' the opponent , and 
using bounds to prove a loss. 

4_1 The Effect of Improved Bounds 

on Search E血clency

As a. test set, positiol1s were takell froll1 three real 

ga.mes , two 5 x 5 肝mes ， }l allcl)珍， as well 飆S Ol1e 6 x 6 

game, 13. These games were email games played 
at. t.he rate of one move pe1' clay by ou1' heuristic 
pl'Ogram A 7'ro'W again叫 all exper目 t amazons player, 
Tholl1w:; Lillcke. Gall1es that ellclecl ill resignatioll 
W削 e 自 11ishecl b.Y .4門'()W self pla.y 

'1 ‘Ill' 1.，汚 1・均尚I.a.r l. wil.h I九.1.-;)' po話iI.ioll:> lIea.r t.he ellcl 
01' t.he ga.l1l es，乱nd move forwa.rcl in the g品me 饅S 

long a,'J t.he computation time is withill aboLiも 10

hUlI1'::;. 1'0 è凶総出 the impact of 0111' new methocls , 

four versions of the solver a1'e compared: 

A Full evaluation: in addition to computing local 
bounds, use a global combination of possible 
single local moves to improve the bounds on 

the overall position , 

B Use bOUl1ds on territories (see method C below) 
ωwell ωlocal bounds on active a1'eas by findｭ
ing safe moves Oll 以ljac阻む empty squares. 

C BOllllds on moves ill te1' riもo1'ies only. A playe1' 
wins if the surpllls ill territory is g1'eater than 
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U 1  1 [】け人1 1 け ~íj fl > t!j flj 
||汁+111 ・\IXII 1 ・ tlXl1 1 ・~)く|ノ 1
・ i 1 ・・\・1 ・ 111 ・1 ・ 11/.
| •• 1 111.¥1 1 1 い・XI 11. 1河

川日以湖 1 1 1 [ト 1 '[J ・〉くi
|・bく以[] 1 \1)く|刈XU [J以I~XけはXI~XU
.IIX・， .\IIX・1 ・以い×・1 ・)<J D>く・
|I.IXI 11 剛 I~ 11. IXI 11. 1刈

Figure 12: l.B1-B3xD3 2.B5-B4xE1 3.D1-C1xC3 4.E4-E3xD2 5.B3-C4xB3 6.A4-A3xB2 7.C4-D4xE4 

I.he 1l1ll11ber of Ill�es 011 the rest. of the board , 
or eqllal if it. i対 t.he opponent's t.urll to play 

D Brute forぽ淀川'じh. No bounds are calculated. 

A phL)噌r 10δe出 if t.here a.re 110 leg品1 11l0ves. 

Table::; 1 to :3 show t.he Ilumber of nodes , solutioll 
t.ime in secollcls 011 a. Ma.cilltoぬ G4/400 a.lld ぉearιh

clept.h (ill the last. four columlls) for each posit.ion 

ill the test set. alld for 巴乱ch type of test. Figures 

13 1.0 I~ plot t.hp 山t.a for t.hp number of Jlocles (Oll 
" 1 ，.色川 illlllli ，' "";..1(.) <llId S(';LI"!.1i d('pl:h. C ，・avh，; f(}l 

SOlllt.ioll t.imp 制下 ol11 i t. I. p-cI since t.hey a.re very 幻milar

1.0 t.hose for 1111mb門 of nocle出

'1' 111、I"!百 III Lsぉ 1 ，川、 big dirre l'('I Il'('巧 b ，"I.II'(:'('1I [J robー

lems , indicat.illg the large variety of positiolls that 
come IIp even on small boards in this game. Some 

positions , maillly c!ose games with little territory, 
are hard for any kind of search. Games are much 

easier for bounds-based methods if they are lopｭ

sided, or if they are eωY to evaluate because both 
players have large territories and/or many safe 

moves in active areω. 1n game 11 ， もhe position 
a.ft.er move 2 is ll111ch easier 1.0 prove for the strong 

algorit.hms than the positioll aft.er move :3 目

5 SunUllary and Outlook 

We clescribecl 語0ll1 e t.echniques t.ha.t reduce t.he 

dept.h and t.he wiclt.h of the search tree for solving 
Al11azons Oll sma.1l boar田cls. 'l'he 11108t. import.allt. 
t.echnique is t.he comput.a.tiOll of upper alld lower 
l 、()lI nrl討 for 1-.111' vilhw of 101'<1.1 a.rpas on I.hp boarcl 

II' hi , 'h "'<11\，、円 il 1" 府、ibl ，、 1" j)1 川(' overa.1I lI'i IIS ancl 

losseδearly ill the game. {]Sillg these techniques 

we ha.ve shown that 5 x 5 Amazons is a first-player 

win. A relatecl question posed by Elwyn Berlekamp 

is to try to deterl11ine the tel11 peratur巴 of the start 

ing position. A first step would be to determille 

whether t. he 伽st. player call Will by an extra move. 

We suspect. that the allSW巴l' IS “110η 

An opeu problem iδ 自nding safe lIloves 1'01' sevｭ

eral a.ma.zons in the same I'egion at once. We could 
110t.自ncl a goocl solu t.ion 可 excep t. for the brute-force 

叩proa.ch of c!oing a.:当p p-cia.l ized local se�.rch. While 

there is c!early 1'00111 1'01' furt.her I'efinements of our 

current. t.echniqll巴出， we clo not believe t.hat. they 品re

s¥'.rollg enough [.0 solve t.he () x ()じωelll 札l'easo l1-

a.ble 鎰mount 01' time. A conservative extrapolation 

of the clata for game f3 would put the effort of solvｭ

ing the game at over 100.000 hours of computing 

time. Therefore, as future work we want to investiｭ
gate the use of databases of defective territories and 

especially of combinatorial game values for acもlve

areas , in order to further enhance the solver. 
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g.;::;1. l)� Nud~語 A Nùd~舗 H Nudl;'おじ Nudt!'舗 D sピcA S'=ピ B S~c l 5ゼcD A B C D 
L: mov.:-15 3 3 3 0.1 U.l U.l 0.1 。 1 1 l 
:! IInWI:-1.:.1 11 12 日 l 11.1 n.1 n.l 11 。 2 2 
:l' n、 ù\....I:1 :l 乃 27 28 111 日J 。 l n.1 I 1 3 3 
.'l. IIIUV~ l~ li) L5 107 1115 0.1 11.1 0.2 U.:! 3 .・l 4 4 
汚. lIlüV ,=, 11 '~2 -12 :!47 41)1 0.2 0.2 0.2 U.2 3 3 ~ 5 
11: IIWVt;' LlI (ifi 1); 767 1,184 0.2 11.2 。 .2 。目3 4 4 6 6 
7. 111 (1\,0.' ~I 1. 11品。 l.L51l 4.~J7九 6.~177 II.:~ (J.:l 0.5 0.6 5 5 7 7 
S IIlu\'，:品 :1 ,iJ ll :i.:S(i:l 。，5a~ L6 ,4fl:! 11.4 11.5 11.8 1.1 6 6 a 8 
t.l: IIlu¥'o: 7 :~I ,212 :i4,7137 134 ， ~32 1157,U01 2.6 3.1 7.8 9.1 7 7 9 9 
lll: 1l10Vピ白 25'1 ,:1 U5 260 ,247 781 ,168 1,105,037 19.5 20.4 47.6 61 9 9 11 11 
11: move 5 1 ,484 ,466 1,828 ,324 4 ,082 ,533 7,194,864 106 133 239 378 10 10 12 12 
12: Il1 O\'ゼ 4 1O,49!1 ,200 9 ,289 ,780 33,998,550 47,807,133 899 801 2454 :3244 11 11 13 13 
13: move 3 65 ,214,371 72 ,813 ,193 191 ,746 ,197 268 ,676 ,881 5596 6230 13350 19034 12 12 14 14 
14 ・ lnove 2 2,121 ,307 21 ,514 ,907 236 ,930 ,885 340 3043 23303 7 9 11 
15: move 1 427,586 ,440 50722 10 

Table 1: Results for 5 x 5 test game f1 

T，プsl P・0，"， Nc,d.;-s A Nùd.?吋臼 Node. C Nod~s D s守cA S~C B S~c C Sec D A B C D 
1: mov "=, 1 内 1 3 日。 1 0.1 0.1 0.1 。 。 。 l 
2: move 15 1 l 6 0.1 0.1 0.1 0.1 。 。 。 2 
::1: mavt;' 14 1 1 31 0.1 0.1 0.1 0.1 。 。 。 3 
4: movゼ 13 I 1 61 0.1 0.1 0.1 0.2 。 。 。 4 

1I1(1¥'.;- I:! i 3叫} 日 1 。 l 日 l 11.2 。 。 。 5 
自: movt' 11 i i 4515 n.l 。 l 0.1 0.2 。 日 u 6 
�: Il1O\'ぜ 1 日 l 2,1413 11.1 0.1 0.1 0.3 。 。 。 7 
8: n、ovピ。 3.05:~ 0.1 。 i 日 1 0.3 。 。 。 8 
!.' IIIU¥'..::; 九 九 lì ,fifH .1 11.1 。 l 0.1 11.5 11 l 9 
111 111. 内 7 :W.'ミ :m!J :¥7:; :?'1.1�2fi (1 :! n :! 日 2 1.:l 4 4 III 
11: l1love 白 :-151) :1$5 :l.1I12 :!5n,614 0.2 0.2 0.5 15.5 3 3 5 11 
12 1111 1\'・;・!) .1.!I:!fI ::-1. 1 fl:! 1!l.l�81 !i '15 ，:l:~7 。再 11.8 2 25.:3 4 4 6 12 
1 :1・l1love "1 HJ ,5UJ "15.1:-1; 27!5, t:J75 24 ,157,502 :~.3 6.2 2fJ.8 1502 5 5 7 13 
1.' IlIu¥' • .';l :lI1'1.7:lS .laIUjli~1 L o':l.filì~I.8R!l 78 ,540.(148 47.:~ 56.8 1267 5582 6 時 10 14 
L5. IIIﾙVo:':! 1,4;-ItI,(i L4 1,'184 ,517 248,7:19,14U 257 262 26070 7 7 11 
LG: move 1 54 ,371 ,895 55 ,256 ,131; 6822 6947 8 8 

Table 2: Results fol' 5 X 5 test game f2 

T，匂st p08. Nodes A Nodes B Nodes C Nodes 0 s匂cA Sec B Sec C Sec 0 A B C D 
1, II It)V.~' 19 317 858 0.1 0.1 1I.1 0.2 。 。 4 6 
2: m�o: L8 11 11 1,772 4,881 。 1 0.1 0.3 0.5 1 l 5 7 
3: 1ll0Vゼ 17 4fiO 584 5,638 26 ,784 0.2 0.2 0.5 1.4 4 4 8 10 
4.: move 16 2,497 5 ， 1::きO 32,480 95 ,831 日 .4 0.7 2.4 5.6 5 5 8 11 
5: mov~ 15 16 ,329 33,847 151 ,798 618,549 1.6 3.4 10.4 31.3 6 6 10 12 
1>: llluVピ 14 78 ,6'17 177,482 [1:36 ,268 :~， 6:38 ，219 7.9 17.6 64.5 220 7 7 11 13 
7: m�.:- l:i 1,418 ,83(1 I ， D:~D ，837 1; ,ll70 ,508 19,857,550 132 175 520 1379 8 10 12 14 
8: move 12 3 ， 1 1;7 ， 1 日2 4,563 ,832 58,760 ,4Il7 193,826 ,984 :333 468 5105 16303 9 9 13 15 
9: move 11 17,310,435 22 ,78:l,667 141 ,756 ,738 1823 2399 12605 10 10 14 

T乱ble ;~: ResulωfOl' () x (j test, game f.'J 
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Figure 14: 5 x 5 game f2 nodes 1ヨearched and search depth 

' 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 

戸』

-----
戸~

-----------/ ,/' /_;:::::.-
.-K / 

----戸-11' --/ 
戸J

白

2
4
9
3

1

1

1

1

 

10000 

;000 

"判

10 

10回。000

白 000000

100000 

1000000000 

l 1J(λ陥以j副J

Figlll'c I G ・ (i x (j gallw j:'J 110 c!(、，.; ,.;ea.rcltecl ancl search dept.h 

-71-


