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Abstract

On analysing capturing races, or semeais, we have been focusing on the method to find which
player wins the race so far, because whether to win or to lose the capturing race largely affects
the territory score and it somtimes can decide the outcome of the game. But in order to
evaluate the state of the game properly, we usually have to count the territory score precisely
regardless of which player wins the race. Sometimes the loser of a capturing race has good
moves although the moves don’t affect the status of winning or losing the race. In this paper,
we propose a method for evaluating territory score in each decomposed subgame of a capturing
race considering the status of the winner of the race.

1

-100-

HKameko
Rectangle



1 à áãâ äåmæ�ç5è;é*ê@ëmì
[1] íCîJï*ðòñ#ómôöõ@÷0øúù@û#ü;ý*ómôQñ#þ ÿOý �������	��
�*è5é*êñ ��� ÿ�� ���������������������� í�! 
�"�# û#ü*ý�$Qñ&% "`èmé]ê��('*) î,+-�. � ÿ�î/(021 ñ�354 ñ5627 ) ñ ��� [2] î982: ��;�< 3=4`ó;ôòñ&> ë�?A@	B [3] î(CADòñ �2� [4] ÿE*FHG î /JI � íCîJK æL" ñ�M(N � > ë�? ÿ �	���L� 62O [5] ñ�P(QÃõSR(T*U�- G "V�� !+ � í`î&W2XZY ���\[�] ñ�6J> �J^ 8S_�Y ���Zå*æ;ç�è;é*ê Y*ù G K æ`"���a F � +�Y`ÿ �) î@ómô � ümý�b2còÿOý	d ù�î5emü0ý]ó*ôQñ �J�(fJg ñ h þJiZYmù G ï]ðòñ�K æL" ñ�M�N �3&4�Y5j&k �5l	m ÿ ��# G=nJo ù G ",�p� +-¬ÿ �9) îSK æ`" ómô*ï]ð ��q	r,��� ñ�ÿ�s,tG î q	r�u`� �,v¬ÿHwSx �L� +2Y ��y�z ÿÃù G "V��ù�{¬ùcîH|�} � î �� ñ�M�N¬í�~�Ymù G ñ ^ 8S_�ÿ�`� " GS� . � ñ � î /	0 ? ÿYí�K æ" ñ�M	N ����� ù�û�� � ñ�~Qñ @�B`�����L
��	� õ 'V�p� K æ`" ÿ�M��J{H��� � {mí�~�Y*ùG ñ ^ 8S_�ñ���� ÿ�� �����(�9��� F � õCîA|A� ? ÿYíCî&K æ`" ñ�M	NÛõ	��{ # û	��� � í/	0 ?�� ~Qõ����Cÿ ��� {mí ��� ùJ�\� o ù ��"&� K æ�" ÿ�M��&�A�,��� � ��îSe��#ñ��	� 	¡ ÿ,Y # G îSK æ`" ñ�M	Nöí5¢,�`£ �¥¤ G �¦~�Y*ù G ñ ^ 8S_ ��§ x*U çL�¦¨2©��&ª 6Ãõ«	¬,����mæ õ '�� ñ ��'��p�=®*ì�¯V� íCî�ümý*ó*ôòÿ%ý2dLU�- û&K æ`" ómôòÿW ù G î=6>öñ @AB Y°~Qñ @AB`� j�±�ÿ ���," î�ï*ó ?��&q	r9�5��� +�Y �¥¤ K æ`" ñ�M	N ����� ù�û~ ñ @AB������Z
 6	O ��²,�=�

2 ³ ´ µ ¶ · ¸ ¹ º » ¼ ½ ¾ ¿ ´ ½ À Á Â
2.1 ÃÅÄÇÆ¥È�ÉËÊËÈÍÌÏÎÐ2Ñ�Ò�Ó

1 ÔSÕ�Ö [5] ×�Ø�Ù�Ú,Û�ÜVÝ\Þ(ß�Ü�à&á Ò�â †1 ãVäZåçæ Ó 2 è2é Ò�ê�ë	ì2í�Ò�îï�ð	ñ9ò�ó�ô9õ ÛVÜVÝö

Ó
1: ÷�ø2ù�ú°û2üþý Ó

2: ÿ�ø������������
	��(ù�����
†1 �����������������! �"$#%�'&(�*),+$����-�.%/10 (essential block) ��2'314�&658789�:�+;����-�.%/10<6=�>�?�@,A #!BDC�E!5
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ê�ëAì	íGF�Ò,HJI
†2
òGK
L�MON	õ,P,Q ßSRSTSUWV	Ô æ%X
Y è {4 | 0} æ�ZJY è {6 | {4 | 0}} æÑ è −7 ã�ä*å æ é=Ú\[ ò 2 ] Ò,^ ] ã�_G`ba Ý Ndc TSUGV Ò _G`Ge Ô æDX
Y è 2∗ æfZJY è

4↑ æ Ñ è −7
N,g ÝpöihpÚj[ ò ßlk a Ý N −1↑∗

N,g Ý�è æ hÚVÔ −1
N�mGn
oJp ã�ä Ý ÒãJærq Ô�sGt õ Û e ò 0 ×�u å�Ywv ÝGh N è æyx P æOz Ô�srt õ Û e ò −2 ×�u å Ñ v ÝrhN è ãS{ Ýö õ�P èy|�Û æ h Ò�ì�í Ô q}z�~ ×,sGt a Ú��f�y�Oh N è ãS{ Ý [5] öq s ã Ôf� H ãfXSY Ò a ×S�
��� a Ý Ò èr�J� Ò,�	î
H ã�ærq a, z b, q c

Ò,� Ô ærq 8H æbz 7
H ã�ä Ý Ò ã�q Ò 1

H �w� N,g Ýpö z s Ò�� ß�Ô æ � H a ã}� b ã}� Þ	ß`Ü	×AÔ,�Û`Ýö z a
Nd� | P�� ß æ�� ÜHÛ q b

Nd�yP Ú,Û �Wz Ò 2
H ��� ã,ä Ýpöl�G� æOz b

Nd� |Pf� ß�Ô æ a
N

c
Ò��b� è��(ß�Ü�× g Ý P
� æyz Ò 3

H ��� Nfg |�Û æ Þ�ß�Ü Ò�HrI�N Üw�� ��� [��w�J� æ�z a Ô 1
Hl�9ò�õ ÛVÜVÝGh N × g Ýö N hr 5è æ h Ò,� Ô æ HrI}¡S¢ ×f£x [%¤ æJ¥�¦ ×JÔf§l¨O© gOª%I xHã�« g |�Û¬�Ý Ò ãVä Ýö

2.2 ® ¯±°S² È´³¶µj·Ó
3 Ô æOz Þ2ßLÜ���� ÒJÓ ã�äZå §l¨y©V×JÔ q Ò 13 ¸�è � � Ywv [Ú*Ý�ö z � Ô æ�X¹Yè 6
ª æGZGY × 1

ª æ é õ Û æ
q 13 ¸ ò�� � älv Û ã¹{ Ý 26
ª=Ò

3 ºd» ã,ä Ý�ö x P æ hÒ�Ó ã Ô æ Ñ ��Ô a
¼ ÛO½
¾ ã�ä Ý Ò ã�q �`Ò ãS{ Ýd¿ � Ô g Ü�ö õfP è}|�Û æ h\Ú�[ ò ß
k a Ý N æWÀlÁ N�õ Û z � Ô 6 + 1 + 26 = 33

ª
N�g ÝöÂh�Ú9×DÃ õ Û æ Ó 4 ã Ô æyz 1
Ò

� × æ Ù�[5× æ¹z b æJq c
ò�ÄWÅ a Ú�� Ó 3

N�Æ�Ç × g |�Û z � 33
ª ã,ä Ý&è æ�z 1 × � ÜÛ q b

Nd� � H è¶ÈlÉ�ÊJË�ÌJÍ¹ÎJÏbÐWÑ�Ò�Ó
ÔSÕfÖ�×GØ�ÙWÚlÛ × g Ý�ö q b
Nd� | P��9Òz � Ô æ�ÀrÁ N�õ Û 6 + 26 = 32

ª ã,äZå æJÜ�Ý ×�t HZõ Û�§r¨O©�×DÞß[�Ú*ÝH× � �
�Jô [
¤ z b

Nd�yP Ú*Ý Ò × m ¼ Û 1
ª=Ò,à × g |&Û,ÜVÝ †3 öx P æ Ó 4 ã=æ�� õ z 1

ÒD� × æ�z b, z c
N�á��ZõDPD� ß�Ô æ$ÀWÁ Ò z � Ô æ 6+1+10+18 =

35
ª ×�âw�,ÝGh N × g Ýpö�Þ	ß`Ü Ò ¦ ×Sh Ò�ã � g,�jN	õ Û ÒrKbLfM2Ò�ä Ü ò � P [ a�å
æÔ æ �WçO©V× è Þ � Þ å�é N,ê �=Ú,ÛVÜ,Ý�ö

Ó
3: ë8ìWí�÷�øfî	ü�ïfð (1)

Ó
4: ë8ìWí�÷�ø,î�ü8ïfð (2)

†2 ñ��$ò�ó�+�ô��$ódõ�ö8�$ò�ó�+!÷��;ó�:!BDC�E!5
†3 ø�4�+ùE' 8C�ú$õ'û 3

<�ü%ý #�þ 1 ÿ ��� <  �"$#��'&65
3
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h Ò�ã ��× æ Þ	ß`Ü Ò �w��� ¢2Ò����9ò��Og | P,� æ Þ	ß`Ü ì	í ÀGÁ ×�Ã õ Û
	 pOg �w�H���ò�����}� ÝGh N × ã |�Û�§r¨�© g,�`ò���� a ÝGh N è ãS{ Ý&è æ éSÚ ã Ô æ Q ßSR ÒI è����9× g |�Û õ x � Ò ã
��� © ã g Ü�ö2é}h ãAæ�����ã Ô æ Þ�ß`Ü Ò �w��� ¢ æ Þ � Þå Ò� �!}g#" �%$�& õfP Y�ã ê�ë	ì	í�Ò��`ò é=Ú('HÚ�)+* õ æ é Ò�ðJñ9ò�, Ü=Û ÀGÁ ì	í�Ò� ß Ò )-* ò��yg � H�.9ò Ø a ö

3 ¿ ´ ½ À / 0 » 1 2 3 ¾ 4 5 6 7 À 8 À 9 : ;
À ì © g�<�=9ò a ÝGh N,g ¬ Þ	ß`Ü Ò ��>�×@?BA(Ü P���N	õ Û Ò )+* ò��Og � Pl� × æ êë�ì�í ×DÃ õ Û æ Ð�Ñ ×�Ø a 3 � Ò « g Ý,TbUlV ò $ �VÝö

Glc : Ã æDC�EGFIH ÒfHrI (liberty count; lc)
òrK¹L�MyN a Ý,TbUrV

Gwin : JLKNM�O�P�Q�R(SBT#U%V�WbÑ�ÈlÉ�Ê
X NZY�� õfP,� ß Òê2ë © gf��òlK¹L�MyN a ÝfTbUrV
Glose : JLKNM�O�P�Q�R(SBT#U%V�WbÑ�ÈlÉ�ÊWË NZY�� õfP,� ß Òê2ë © gf��òlK¹L�MyN a ÝfTbUrV

é õ Û æ Glc

ò�, ÜAÛSÞ�ßLÜ Ò ��> Ò����`ò��}g Ü æ é Ò ����� ¢ ×\[ Ç Û Gwin ] ã
^
Glose

Ò&ê2ë TbUrV ò )-* a ÝöQ ß�R�T�U
VI_�` ã Ô æ ê,ë T�UlV�Ô2é�Ú�'JÚ�a(b ã�ä#c h N è�dfehg�i c
j�kfl�mhn
]#o+pGq kDr+s#t#u�n�k�v�wDn q a(b q�x(y{z}|�~
� s��������D���N�BtBu y��L�L������ o
� r+s#t#u y �������D���N���L�G�������G����u��f�#�D��� p��L�� D¡ �f�(���(�L�
(Conditional Combinatorial Game; CCG) [6] j
¢�£ g�i pGo c �

3.1 ¤{¥§¦©¨«ª�¬§¯®±°³²
���� ´¡ ���(�(�f��� (CCG) G qIµ�¶ s�t�u�n�·�¸ g�iº¹ �

G
def

=
{

L1
C1

, L2
C2

, L3
C3

, . . .
∣

∣

∣ R1
D1

, R2
D2

, R3
D3

, . . .
}

r�r x k Li q G n\»«� p Left j
¼�½h� p�xL¡ ¹ �f��� ����x k Ri q Right j�¼L½³� p
x(¡ ¹ ����xG¾ ¹ �B¿�À k+Á Ci Â t
Ã Di q kGÄ iGÅ�i s�¼�½�j
��Æ �
ÇB� ��ÈGÉ�Ê ¹ ÀË s ��� ��·�Ì�Ê-Í�Î xf¾³Ï k�r i n q w ��Ð�y�Ñ(Ò n\Ó´Ô o�p�Õ�Ö�× j
ØNÙ ~ iº¹ �
�L����� s�Ú�s�Û-Üºn CCG ��Ý o ¹ßÞ � q k ��� Í�Î«��� p Glc

s�È�à�á�âN��Ý o+p k
Gwin Â t�Ã Glose

� CCG ��� p�ã Í³� p�ä i�å t o��

3.2 æ§çéè©ê§ë«ìíë�î{ïð+ñ
[5] nóò�ô g@i pfo ¹öõ � o�÷�ø s-ù�s o³z � � s ���-�-� n�� o�p k%ÁG���-��s × �· 1 n%úLÊ � r�r x kZÚBs�ÛIÜ × �-� p�q kZû-ü#ý�s\»�þ´ÿ������I��� z ��� s\Ú�j	��
�� i

pfo ¹ �� Ù å k B s ���+��� n Â�o�p�� j õ � o�����x�¾ ¹ Þ ��sI���-�-s × j {−4 | −6}� y���p(o ¹ j-k�r i q�� s�t�u�n������ iº¹ �
4
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�������
�������! #"%$�& '(���! #"%$�&

)#*	+
Glc ( ,.-0/ ) Gwin Glose ( ,.-./ )

A: 3 | 0 1 1

2
0 | −5 −4 | −5 −4 1

2
−6

B: 4 | 0 2∗ 0 | −6 −4 | −6 −5∗ −7

C: 6‖4 | 0 4↑ 0‖−1 | −9 −8‖−9 | −11 −9↑ −13

D: −7 −7 0 0 0 7

E: −5 | −9 −7∗ 8 | 0 8 | 6 7∗ 14

F: −5 | −8 −6 1

2
5 | 0 5 | 4 4 1

2
11

G: 8 ||| 4 ‖ 2 | 0 2⇓∗ 0 ||| −6 ‖ −9 | −12 −8 ||| −10 ‖ −11 | −12 −11⇓∗ −13

H: 6 | 3‖1 2 3

4
0 | −1‖−2 | −8 ||| −15 −13 | −14‖−15 −14 1

4
−17

I: 6 ‖ 4 | 2 ||| 1 2 3

4
−7↑ ||| −10 −9 | −10∗‖−11 −10 1

4
−13

· 1: ������� n\»GÊ ¹ ½21«�ZÚNs
Û�Ü
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3 j54�6���7 Ï98 � å û�üNý�s 3 Ú q 6 6+n y ¹ �45:Lk � j#4;6I��<5=?> å k 3 q õ � o n�@#� À Ë n�A�B Ð nfr�s\û�üBýn 4 ½�¼�½�Ê ¹%CED j�F�G ¹ s x k 3 Ú q »�þ�ÿE�?�����5� o�À�H ��IKJs 2 6L�MLON HQP s 3 Ú 2 6 x �K� 4 6�� y ¹ �
R Ó?S ×�T s�U q k ��� û�ü#j õ � oIxLq�yéz kBrIs ¿�¿ »Lþ�ÿ2�V�#�+s�W�½K:#s�Ú xf¾¹ �!X�àh� À Þ �Bs ×�xf¾ ¹ � r�s�ÓYS × ��Ý oIp k õ Ë�Z Ï n Â(oIp »Lþ�ÿ��V�#�+s�[�jõ � o��\� � y ¹ �f��� Glose

s�]�^ × j �?_(x ��� x(¡ ¹ †4 �

Cool(Glose, 1) = ÓYS × + Cool(Glc, 2) (1)

rIs _ (1) jO`«� o r�� q k � s�tGu�nG� p�acb�xL¡ ¹ �
õ � o n�@#�	[BsVd�eOf�g q#h A�B Ð n q W�½�:#s@»�þ�ÿ��K���+sYiKj
�w ��k Ë p�lnm�o > ¹%C�D(p ¾ ¹�p h	qKr R õ Ë�Z ÏsT s Þ � h Ä�s�¼�½
q(t�u ( tó� s�Ú ) n\»«� p�v#y ÌMw ¹ � Ä´� pEh ÄLs tOu ¼L½Bs�x�1 q5hÄfs�ûLüNý�s�WL½K:Bs�»fþDÿ?�Y����s�½K1�n�4�y � h�¿�À5h;t#u ¼�½ q5h
1 ½ ¾-À«Ï 1 6�s�zNn y ¹ s xMh ÓVS ×#�N~ rIs�z´�	{«��| o�p�ä ¹}C�Dp ¾ ¹ � õ � o @ m s�[�n(� ��p s t#u�q Glose

s ��� û�ü xf¾³Ï~h rIsû�üNn Â?� ¹ ½�1 Glc q#h W�½�:#s�»�þNÿ��?���+s�½�1 xf¾ ¹ s xO�2� p��� � pfo ¹ � � À p ��pMh ÓKS ×#�´~ ½�1´��{«��| z�À Ë n h��E� s������w åE� o��
r�w���Ý o�p�h õ � o s�@K�N�	�K
«� À ÚNs
Û-Ü q#� s�t�u�n vBy u�r�� p x(¡ ¹ �
�

1 s õ � o+q · 1 s B, C, D s ��� p ��Ì(� ��À õ � o\����xf¾ ¹ � r�r xMh 3��c� �Ê ¹ � 3 q õ � o n�@ p ¹ s xMh w��Ns�Ú´s
Û+Ü q B, C s Glose
� D s Gwin

s��h� y�Ï�hÄfs�]�^ ×´q
−5∗ + −9↑ + 0 = −14↑∗

� y ¹ �G¾ � q�h r�w#n	� o s�»�þDÿ��V�#�+s���1 ( � 9 � h 3 6 � ) ���2
h� pEh A�B Ð�y6�1«��� p
−14↑∗ − 18 = −32↑∗

p �n� xf¡ ¹ �
4E: h�� � s Þ � q�Ñ�� p���� xf¾ ¹ ��������� ��� p�q�h B, C s Gwin

� D s Glose
s

��� y ¹ � r�r x�h B, C s�û�üc�Gs 3 �N~ s
¼�½ qMh�� s�»fþºÿ2�Y�M��n�»GÊ ¹��2� y õ
†4 �!����� Cool(G, t) � G   t ¡�¢%£¥¤�¦M§�¨ª©}«!¬% ��®ª¯±°

6
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² ½³� y�Ï�h õ � o w��´s�@ �(� s ��� p#³�´ ��w ¹�µ�¶�·�p ¾ ¹ � Ä�s Þ � h 3 s�¼�½ Ât�Ã � s�¸f½´s � ÇBq Gwin
s��f���(n Â�� ¹�¹Kº � ��x � ¹ s xfq�y z»h CCG s ��� �

y\��pGo ¹ Glc
s�á�â p A2¼ � x �K
��	w y�z pLq�yN~�yfo�� ÄLs�á�â h � 1 n ÂGoIpM� as�½ ,

3
b p�õ � o s�@��Nn���� p � ½³� y ¹ s xMh#�GqO¾\m n c �!¸VG ¹%C�D(p F�¿ pMh Cs Gwin q {0 | {−1 | −9}} s��L��� p −1 n ³�À �	w ¹ � ÄB� pMh á�â«��� pEh�� � s Þ �s�A2B Ð�y ÚNs�Û-Ü q −1 � y ¹ �

4 Á Â Ã Ä
õ � o s�@��N���K
h� À Ú´s
Û+ÜN� v�y u ½�Æh��� pMh Á ������� n@» � pMh »LþDÿ��Y���s�½�1N��ÅVÆ H �@Ê ¹ �f��� Glc h »Lþ�ÿ2�Y����[Bs�d2e#f�g p
õ � o @«�!X�à«� À Þ �s ����ÐLy Ú���ÅcÆ H ��Ê ¹ �G��� Gwin h »(þDÿK�Y����[´s�dKe�f2g p
õ � o�� �%Xfà«�
À Þ �Ns �L��Ðfy Ú��KÅYÆ H ��Ê ¹ �(��� Glose

s 3 Ç?È s��(���(���K
�� p�h Glc
� ����L� pEh Gwin Â t
Ã Glose

��Û�Ü�Ê ¹ rf�+nGt ��pEh wK��s�ÚDs
Û�Üº� v´y u�½�Æ���ØºÙ
À�� Ä#� pMh õ � o��\� s Þ �´s õ Ë�Z Ï n+�IÊ ¹ Û+Ü p h ½�1´s�]�^ ×B�´~}É � xL¡ ¹ r����úh� ÀI�»�þ�ÿ��?�#��[Ns õ � o @Bs ��� û�üBs
Û+Ü qOÊ � zsh Ä�w ~ p ���I��Ì(� ��À Þ �Nn õ� o @Bs ��� ��Ë m ����¼�½´s�Ì�ÍN� v�y uIr�� p�Î ½Bs�Ï ø � y ¹ �
Ð Ñ
Ò2ÓKÔ(Õ h ùVÖ�×2Ø2Ù2Ú�Û?Ü ð�Ý�ÞnßKà�á ¹}â2ã ( ä�ã 17 å�æ A-7) ç�è ��À�é
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