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Finding a good move in Shogi endg国盟国 is 回凶，idered to be a hard problem. MovI国 such 歯
師ロifice mav<国 often b配偶neimpぽt由時 in Shogi endg副n田， but 色hey could no色 be recognized 
to be a good move wi色hsimple evaluation functio国. In this paper, we wi11 introdu叩 acon四pt
ca11ed p個sible p回8 ∞unt , which 泊 av凶ue c10田ly rela旬d to threatmat個個d brinkmat田.
Th四 we will propO!陪血a1gorithm to ca1culate p個sible p掴S ∞，unt. Fina1ly, we will show the 
perfoロE副.ce r田ults of 0町a1gorithm 岨dshow 也前抑制ble p踊S 叩，unt could be calcu1ated 
in reasonable time for m岨y Shogi p田iti田苗.

1. Introduction 

The' introduction of Dιpn 田釘ch alg町比hm6)
h槌 enabled Shogi progra皿sto 鴎釘chωmpli
ca胞d checlanate sequenc倍. The ability of∞Im
puもers 七0 回lve checkm叫e 田qu四回 problems
(or Tsume-shogi problems) has surp幽sed hu・
man grand ch創n同ons.

However, finding a good mo刊 in Shogi 
阻d伊血朗 is s凶I ∞nsidered 七o be a hard probｭ
lem. In色he endga皿e， moves to peel off 出e
pieces around the defender's King is required. 
Mosも topl例el Shogi programs use h姐d-tunl吋
evaluation functions もo find good mov四 in the 
end伊皿.e， which is bo也 hardto understand組d
もo main総nanω. Hand-tuned evaluaもおn funcｭ
tion are al船田七回 reliable in もhe sense 也前
七hey cannot handle positions they were n叫 de
sig田:d for. Some mo刊B 泊色he endg阻.e involve 
田沼Hìce of pieces. The effect of these kind of 
mov田 become evident only after when a few 
moves has been played. Thus a simple evaluaｭ
tion wi出 d偶Pぽ鴎ar也 is pre島町ed.
Thr朗色mates 阻d brinkmates m仰es by 七he

叫tacker ， which if noも defended properly by 也e
deゐnder， leads 加 a checkmate sequence by もhe
a悦acker. The 釘ebo出∞n田pts 出品 play 組
impor色叩色 role in 位。gi 阻d伊皿.es.
Brinkm叫倒紅e moves by 色he att飢ker 出叫

oft佃 leads 加 awin by もhe 叫tacker. Some alg<ト
rithms もose町ch brinkma旬sh舗 b田n 戸。p倒ed
組 alg町i出m3)1). It is still slow 姐d only few 
programs use brinkma旬開arch.
Threaもmates 紅e mo明s by 出.e aもtacker if 

仰'erlooked by曲edeおnderle吋s 加 a也氏永ma旬
sequen田. Finding 也reatma品es 0批en leads も0
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finding checlanaもes4).
In this paper, we will i叫roduceanew ∞R偲pt

called possible pass cQunt in shogi endg:阻.es，
and will show 七hat 出ey are closely rel叫ed もo
threatmates 姐dbrinkmates. Then we w出 pr<ト
pose 組 algorithm もo calc叫ate po鑓ible p:錨S
count . Finally, we w出品ow the perform組ce
results of our algoriもhm.

2. Related Work 

Inもhis section, we will make a brief in七roduc
もion to 回me related works. 
2.1 Shogi 
Shogi midgames is a successful research area, 

wi白色he recentproposition of realization probｭ
ability searchur. ﾒne re蹄on of their 8Ucce鎚
is 出.e u田 of simple evaluation function with 
deeper se釘ch.
However，出.ey 抗ill have diff�ulties in finding 

a gl∞d move in the mid-to-叩dgames in Shogi. 
2.2 Endgam倒 in Other Games 
Shogi endga皿伺・釘'e diffi.c叫t compared to 

endgames in.o出er g，創nes. Endgames in Ch部S9)
組d Checkers 7) 釘e 釦，lved using a endg紅ne
d叫abase. However 剖 pieces in Shogi does noも
decrease, it is impossible to create a endgame 
d叫abase for Shogi. 

In Go, the endgame ∞叫d be divided in旬
some small independent subgame，出us making 
iも e朗:y to 組alyie2). Shogi d1vides 旬叫 m倒t
two subgames, and it is rare that each subg創ne
is ever independent. 
2.3 Pass-count A ware Methods 
One basic concept of our method is counting 

the number of passes the defender c組m叫(e b令
おrehe is mated. This conce肺 is well 舵eninGo
programs，伽 example the ∞n偲pt of Possible 
0m188ion Number8): 
Ano出町 example isλ 節目ch10) , which is 

almost eq凶valenも wi也 brinkma旬鴎arch in 
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Shogi. Our algori出m i8 very close もoλsearch，
but we foucus on a place between 色hrea品maもe
search and brinkmate 鉛arch.

3. Possible Pass Count 

In this section, we will define a value called 
possible pass count. Then we will define threatｭ
mate(n) and brinkmate(n) using 出8 possible 
pa8s ωunt. Finally, we will explain 0町 alg.か
rithm to calc叫a旬出.ese values. 
Wewill use 出，e word attacker to refer もothe

player who is 色町ing もo find a 出re抗 move， and 
defender もo refer もo 出，e player who is もrying
to avoid 七he thre叫 move.
3.1 Possible Pass Count 
We will first define a value called possible 

p箇s count, which is a value defined for each 
posi色ion in the g叩le.
There are no real p朗自国 in Shogi, but 回me

move8 by the defender will noも help its dか
おnse. For example m伺も叫ぬ.ck mov.田 by 七he
defender. We will call 出.ese mo刊s a p舗s.

Deftnition 1 Pass 
A move by the defender th叫 does no色 give any 
influen.回初出.e defense of 出.e King owned by 
the defender. 
We will assume 出叫 a pass 位is悩 for every 

defender's turn. Al卸， wea鈎ume も.haも there
釘'e no no zugzwang p佃itions in Shogi 1:. 
Possible p幽s count is a value representing 

the 色o凶 number of ~闘飽也前出，e defender 
C組 makebe伽e the a悦郎ker 伺.n find a checkｭ
ma旬 sequence. When we calc叫ate po鎚ible
p槌S ∞unt , we willlimi色出，emoves也叫出e dEト
fender can generaぬもo DEFENSEMOVES. 
This me阻B 也前 ap叩sible p回8 count of a 
given p伺ition i8 defined for each 飴色 of DEｭ
FENSE..MOVES. 
We will define 抑制ble p個目∞四も舗 fol】ows:

Deftnition 2 : Possible p幽s count 
.τ'he p佃sible p個s count for a posiもion in a 

checkma七e 関quen伺 is O. 
• The possible p槌S ∞lunt for a position in 

出，e a悦acker'sturn is 出，e minimum po舗ible
p槌S ∞.untof 也，e po副ion reachable by 組y
legal move. 

• Thep倒sible p錨8COun色 forapo品ionin 出e
defender's after a check i8 出，e maximum 
po関ible pal掲∞.unt of 也，e position reach-

合 τ'h包岨sumption do個 not always stl姐d

able by any escape mov.田.
• The p佃畠ible p田8 count for a posiもion in 
出.e defender'8 色町n after a non-check move 
i8 也e maximum of the ゐllowing:
一 (P卿ible p踊 coun七 after a p:踊) +1. 
-M拡imum p倒8ible p剖8 count of 出e

position reachable by DEFENSE..MOVES 
仕om the posi色ion.

3.2 Threatmate(n) 佃d Brinkmate(n) 
Given 出.ede:街批ion ofpo飽ible p掴B ∞m色 we

will define threa凶&もe(n) 組d bri出m叫e(n) 槌
follow8: 

Definition 3 : Threatmate(n) 
Apωition with po関ible p.腿S ∞unt of n , where 
DEFENSE..MOVESi8empも.y.

Deftnition 4 : Brinkmate(n) 
Ap佃i色ion wi出 po88ible p:踊8coun色 ofn， where 
DEFENSE..MOVES i8 any legal move. 
The definition of bo出色.hr曲tmate(n) 姐d

bri出maもe(n) i8 illusもra旬d in fi別問1.
3.3 Algorithm to calculate po88ible 

pa88 count 
Theb槌icidea of calculating the po鑓iblep槌S

cou凶 ofagivenp佃ition i8 組 e出血C吋 ver8ion
of Df-pn algorithm. For each position in 8earch, 
we will 位yωproo明 it8 po鑓ible p槌S ∞un色
合om a smaller number. That i8，鴨 will 缶百も
もry to pr.∞.ve i色 i8 h個 ap伺sible pal認∞unt of 
0, then 1 ... until 出.e proofsuα:eeds. 
Note も.hat for each p佃ition kep色 in the table, 

we keep a proof number and disproof number 
鈎:para旬Iy ゐ，r each p佃邑ible p槌8 coun色 we are 
going to proove. 

• In 也e s色町色 p伺ition ， fir8色色ry 色o prove iも
h踊 apo凶ible p掴8 count of O. If i七 f剖ls，
trya酔in wi白色.he number increased, until 
出.e proof succeeds. 

. For each po耐ion in 鴎arch， firs色色ry 色0
prove 出.e position h闘 ap08siblep細∞unt
of N -1 if N ~ 1. This is done recursively, 
即 for 組~p佃ition，也，e se町也曲o叫ds同色
合'omprooV'ing it is has a possible p紬∞m色
of O. If出，e proof 閲cc田ds， reもurn SUCce88. 
If the search limi色 is reached while searchｭ
ing in N -1 or if the proof for N -1 fail8, 
k田tp on wi由也，e proof of N. 

. For a悦郎k po8itions 色町ing もo prove もh品
也，e possible p細 count i8 N , cho欄 the
child pωition wi由也e smalles七 proofnum
ber for proving i色 h踊 apossible p踊S ∞unt
of N. If the proof suc偲eds， return 回C偲88.
If all the children are disproofed, or if也ere
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ー四一診ADefw:nder's Move 

ーラPass by De伽伽

.. .. 
〈コN-O

QN ・ 1

QN ・ 2

*King Taking Moves actually do nol appear in real shog� games, 
as moves lead匤g 10 肋is node is an iIIeagal move. 

Fig.l Definition of threatmate(n) and brin伽ate(n)

are no attack moves, return fail. 
• For defense posiもions trying to prove that 

七he possible p掛s count is N , f�st P回S 組d
see if the following posiもion has the posｭ
sible pass count of N -1. If it succeeds, 
try to prove that 七he other children of the 
posiもions has a possible pass counも of less 
than N. If組y proof for the p出s move 
fails, return fail. If all the children generｭ
ated succeeds, return success. 

Generally, a proof wi七h a larger set of DEｭ
FENSKMOVES is harder th姐 a proof with 
a smaller set of DEFENSEふWVES. On the 
o出.er h組d ， a proof wiもh a larger set of DEｭ
FENSKMOVES more accurate th姐 a proof 
wi出 asmallerseも ofDEFENSKMOVES ， in the 
sense that they are harder to defend. 

4. Experiments 

We conducted 姐 experiment to me槌ure the 
performance of our algorithm. We have imｭ
plemented our algori出m with a simple Dιpn ， 
wi出out any enhancements. Our program still 
does not detect Pawn drop checl四lates ， and 
GID problems5). 
We have chosen 37 brinkmate problems 

企om Shogi world 2001 April. We comｭ
pared もhe results with the following set of DEｭ
FENSE..MOVES: 

• ALL (genera旬 all defense moves, briru• 
ma七e search) 

• TAKEBACK (generate moves 七hat take 
back もhe 1槌t attack piece mo刊d)

• NO阻 (generate no defense moves，伽eat
m抗e search) 

We have limited the size of the tr姐sposition
table to 400,000 nodes，組d try to find possible 
p儲s count with one. For most problems, the 
calculation ended in less th組 a second. The 
results for the experiment is shown in table1. 
We could see from the resul色s that searching 

for brinkmates (ALL) is still diff�ult even with 
our algorithm. However, searching for possible 
p槌s count with TACKBACK w槌 successful for 
most problems, and 七ook no more もhan もhr伺
もime longer to finish the search compared with 
NONE. 

5. Conclusion 

We have introduced a new concept called posｭ
sible pass count , and showed 出at they are reｭ
lated to threatmates 叩d bri叫anates. We have 
proposed an eff�ient algorithm to calculate posｭ
sible p回s count , and showed that it could 回lve
most problems in less th姐 a second. 
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