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Recursive algorithm for NoGo based on value evaluation

GUO Qian-yu, CHEN You-guang

(Computing Center, East China Normal University, Shanghai 200062, China)

Abstract: First, this paper introduces the rules of the game NoGo. Next, we review

current methods of artificial intelligence and their respective shortcomings. Then, the

article shows an analysis of the game theory characteristics of NoGo and proposes a value

evaluation function. Based on this function, a multi-layer recursive algorithm to the

artificial intelligence of NoGo can be constructed, which addresses the problem of high

complexity in time and space in the present algorithm. Finally, the paper demonstrates the

capability of this algorithm and provides results that the program against with the famous

open source software OASE-NoGo, which achieved a winning rate of more than 90%. In a

typical situation, it demonstrates that the algorithm is better than existing algorithms in

computing, and proves the feasibility and effectiveness of this method.
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k�
�q�VgX“í”!“ú”�, ���Ú´±��V�¤���:ê5�äÑI��Ø

Ó. 3Ø�Ú¥, XJ��JK,���f½ö´ÀJ�ïáf, K��K. Ïd, Ø�Ú3

ÑIüÑþÒk
��ØÓ�g��ª, 
Ø�Ú<ó�U��Ú<ó�U�g´�Òk

¤ØÓ.

�é±þ¯K, �©JÑ
¦^Äud�µ��48�{5¢yØ�Ú<ó�U. ÏL

|^d�µ��.Ú¼ê5é�cÛ¡ÀÑÿÀ:, ��¦^485(½�`). �©3�

e5�|�(�´: 1 1 !0�Ø�Ú9Ù5K; 1 2 !0�8c'uØ�Ú<ó�U�¢

y�{ÚÌ�":; 1 3 !�Ñ�©�Ì�ó�, �)éØ�ÚÆ��g�!d�µ�¼ê

��ï, ±9Äud�µ��48�{�äNg´ÚÚ½�; 1 4 !�Ñ¢�(J, �)�

m
^� OASE-NoGo �é�ãÚ�DÚ�{3§SO�þ�é'; 1 5 !é�©?1o(.

1 Ø�Ú9Ù5K

Ø�Ú¦^ 9×9 Ú�, çÚk1, ��çx�Oáf, é�¥B�gà, XJ��¯K

,���f½ö´ÀJ Pass K��K. ¯f5K��Ú�Ó, Ò´�,«ôÚ���f½

ö�GÚf3Ú�þ, �§��;����:�§�“í”, e¤k�íÑ�,�«ôÚÓâ,

K�¯K.

2011 cå, ISO�Åc����mO\
Ø�Ú�8; 2012 cå, d¥I<ó�UÆ

¬Þ���IÅìÆ��m¥�rØ�Ú�\¿m�8. dd, Ø�Ú<ó�Um©��[

¤ïÄ.

2 Ø�Ú<ó�UïÄyG

2.1 ïÄ{§

O�ÅÆ�, Ò´F"O�Å�<a��, ÆS¿¢yÆ�õU. {
ó�, Ò´F"O

�ÅPkaq<��O(�g�!�äÚínûüUå. 1996 c, dA¶ISA?��Ú>

M;|¤�“�7”IS�Ú�|ïÄmuÑ�“Deeper Blue”[2], ± 3.5B2.5 Â}
­.)�

kdøâÅ. 
�Ú�8, K�� 2016 câ��yúi^�ÝÆSÚä|¢�(Ü�{ô

�. 3ùÏm, �Akâg�� UCT(Upper Confidence Bound Apply to Tree)�{Q�Ý3

�Ú<ó�U+�Ì�
C�c��m. ©z [3-5] �Ñ´lØÓg´`z UCT �{, 5J

pÆ�ä�|¢�Ý.

Ø�Ú, ���«d�ÚuÐ
5�Ú«, Ù<ó�U�ïÄ, 3�c�ó�¥, ý

�Ü©Ñ´æ^��Úaq��Akâä|¢(The Monte-Carlo Search Tree, MCTS)�{

5)û. �@'uØ�Ú<ó�U�ïÄÑyu 2011 c[6], ÏLé'�Ú, uy¯�µ

�!MCTS ��{Ó�·^uØ�Ú. ��aq�©z [7] Ú©z [8], Ñ´|^ MCTS 5)

ûØ�Ú¯K, Ù¥©z [7] 3À:L§¥¦^
Ú�Ú�q��ª���ª, �½§Ýþ

`z
¦^ MCTS E¤�ã��|¢�m�¯K; ©z [8] K3éÄ MCTS �{�, `ké

µ©�p�Û¡?1�[, ÏLù«�{5¦�U~��[gê.

2.2 MCTS �{9ÙØv�?

MCTS ´�«Ä�µ��{, �õ�´|^êÆÚO¥VÇ�g�. äN5`, Ò´é

¯K+�S�¤k�À�¹, ÏLØä�E/?1�þÄ�, �ª¤�(J¬3)�mþ/

¤��©Ù, 
ù�©Ù´�Cý¢�, ?
ÒU
��¤I��`)½Cq��`).

MCTS �{Ì��)±e 4 ��¡�SN.
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(1) |¢: lÆ�ä��!:(=ªÛG�)�e|¢���c��f(:(=�cÛ¡).

(2) *Ð: é�c�Æ�ä�f(:?1*Ð.

(3) �[: l�c�Æ�ä�f(:m©?1�AkâVÇ�[¿�Ñ���AkâV

ÇÚOê�.

(4) �#: r�Akâ�[�(J�#�|¢L§¥Æ�ä�z��!:þ.

��, ­#l(1)m©, Øä�E/?1S�, ¦�V\�Û¡�5�õ, KéuÆ�ä

¥¤k�f!:��|Ç��5�O. ��, ÀJ�|Ç�p�À:. Ïd, N�é�Akâ

¥Æ�ä?1}{ÚXÛJøO(ûÀ:¤�JK, 3ù«�¹e, |^�ª����ª¤

�Ì6[9], ½IPÑØUáf�:5 �|¢��[10], �±þ��{�ÎØUUC�Akâ

g�I��þ�Å�[�¯¢, Ã{�Ñ�Akâg�����m!�mE,Ýp�¯K.

¤± MCTS �{¢y�§SÒ¬éM�Y²!�m�JÑ�p�¦, Ø·^uM�Y²�

$½�A�Ý�¦�¯�^�¥.

�)û±þ¯K, �©vkÀJÌ6� MCTS �{, 
´|^Ø�ÚÆ����A:,

�ï
d�µ��.Ú¼ê, ÏL48��{5¢yØ�Ú<ó�U, ¿��
��cïÄ

�Ó�Úå�J, �Ñ
 MCTS O�E,�¯K.

3 Äud�µ��48�{

3.1 Ø�Ú1Úg´9d�µ�¼ê��ï

�
;��Akâg����6à, �©ÀJ^d�µ��.5¢yØ�Ú<ó�U,

Ì�´lØ�Ú���Æ�g´5�Ä. �
��ØÑK'm�8�, Ò´ãåØ¯KéÃ

�f, @o, Ò¬kü«1Úg´: 1�, ¦gC�“í”'éÃ��; 1�, ¦gC�“ú”'é

Ã�õ.

Äu±þü:, �©ò�é��¯�fê�C�“ú”��ê5½��|ê, ±d5�E

Ø�Ú�d�µ��.Ú¼ê. w
´�, 3��, V�Ñ3�ÑgC��|, 
�|êõ

���ò���|, Ïd, Ø�Ú1Ú�Ì�8��±£ã��EC��|½´»�é��

|. �©¥ò�|��EÚ»�¡��|5K, ù�5KN´����{´r�«Ú/{Ñ

5, 'X��¯!“ú”��. �3¢SÛ¡¥, /¤�|�Ú/ZÛz%, �Ø´U
���

Þ�. XJ^�ª¥��ª, KJ±;�Ó^�m�õ�¯K. ¤±, �©|^“í”ù�Vg

5g�, /¤�|��I�Ò´¬3Úf±��:¥/¤��½õ�éÃÃ{áf���

:, =ù���:´C��ü�ú ½C�3d?k�=k����í(Xã 1 Úã 2 ¥I

P?), Kù���:Ò´gC��|.

dd, 3Ø�Ú 9×9 Ú�¥, P�I:�(1, 1)�(9, 9), l(1, 1)å, éu1 j ���

:(16 j 681), Ù�I�(m, n)(16 m 69, 16 n 69), b½éu1 i Ã(16 i 681)1ÚôÚ�

ç, 3�I(m, n)?x�ÑyÃ{áf��¹, =(m, n)�ç�ú ½(m, n)?�ç�Úf½

ÚG�����í, KP� Nw(ØUáfP� 1, �±áfP� 0). Ùd�ç��|� Bi �

±µ��

Bi =

81∑

j=1

N
j
w. (1)

Ón, �1 i Ã�x�, ç�Ã{áfP�Nb(ØUáfP� 1, �±áfP� 0), Kd�
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x��|�Wi�±µ��

Wi =

81∑

j=1

N
j
b . (2)

ã 1 �|«¿ 1

Fig. 1 Right schematic 1

ã 2 �|«¿ 2

Fig. 2 Right schematic 2

éuA½Û¡�d�µ��.�±�ï, �?1�1 i Ã�òÛ¡o�|�P� Pi, K

Pi = Bi + Wi. (3)

3Ø�Ú1ÚL§¥, çxôÚ�ØÓ¿Ø¬K��cÛ¡�d�, �Ò´`, ,�À

:�`�Ø¬Ï�c1ÚôÚØÓ
ØÓ. Ïd, ÃØçx=�3?1�1 i Ã(16 i 681)�,

��ÀJ Pi ���:áf=�. Ïd, ��Ñ,�:(p, q)�d� V �µ�¼ê�

V (p, q) =

81∑

j=1

N
j
w +

81∑

j=1

N
j
b . (4)

�âª(4), �±é�cÛ¡e¤k�e:O�d�, Ùµ�¼ê���èXe.
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Valuepoint(À:, Ãêi)

{

òdÀ:�[�çÚ;

While(81 �:þ�H{)

{

uÿ�c¤kxÚØ�áf�/�, P� a;

KçÚ�|�Pb←a–i ;

}

òdÀ:�[�xÚ;

While(81�:þ�H{)

{

uÿ�c¤kçÚØ�áf�/�, P� b;

KxÚ��|� Pw←b–i ;

}

d:µ�d�� P = Pb + Pw;

Return P ;

}

3.2 Äud�µ��48�{

d1 3.1 !¥���µ�¼ê�±µd?¿Û¡¥?���:�d�, �dd���c

1Ú�ôÚÃ', e�k���pd��:, Kd:��ZÀ:. �3�1L§¥, duÛ¡

�E,5, ²~¬����¯K, Ò´3,�Û¡e¬ÑyØ���¦ª(4)¥ V ���:.

Ïd, �
)ûù�¯K, ��
é��`), �©æ^48��{5�õd�µ�g´. A

O/, �¤k:�d�348(��À^n�)��, O�(JEþ� 0, �©òæ^�Ñ5K

5?n.

3.2.1 �Ñ5K

3Ø�Ú¥, k�¬Ñy48n��d�µ����Ñ�Ó��¹. ;.�~fÒ´m

Û�ã, ²~¬ÑyÀ:vk`��©��¹. 3ù«�¹¥, �±ÀJ�Åáf5)û¯

K, ù¿Ø¬Lõ/K�<ó�U��NY². �3�©¥, ÄuéØ�Ú��þ¢�ÚÆ

�A:�g�, ÀJ¦^�Ñ5K5�O�Åáf, ��éØ�ÚmÛ��«`z, ��Ú

����, �{¥ÀJ�¥%, =U�:��mÛ.

3�Ñ5K¥ÀJùMîål d(i, j), �

d(i, j) = |X1 −X2|+ |Y1 − Y2|, (5)

=ü�:3IO�IXþ�ýé¶åoÚ5?1�Ñ, ¦1Ú�Ñ§Ý��z.

�ÑõU¼êäNÚ½Xe.

1�Ú: ÀÑ¤k�e:, GØ®kf���:ÚC�ØU1Ú�:, Xé�ú ½¬

¯Ké�Úf?.

1�Ú: O�¤k�e:�Ú�®kf�ùMîål����.

1nÚ: éÑ1�Ú¥¤��������, IP�A�:, e��, K(½d:��Ñ

5K¥��`), ekõ�, K�ÅÀJ.
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3.2.2 48�{Ú½

�Ñy��µ�d��¹õ���:�, �©òù
��:��ÿÀ:, ��|^48

�g�éù
ÿÀ:?1õg�d�µ�, �ªÀ�õgd�µ��Ñy����ÿÀ:

��`). Ù48�{Ú½�Xe.

1�Ú: ÏéÑ�cÛ¡¥d�µ�����¤kÿÀ:.

1�Ú: �gò¤kÿÀ:����c1Ú�Úf(çf½xf).

1nÚ: �#1�Ú¤�Ú�, O�µ��, e� 0, KaÑ48�{, �1�Ñ5K; e

� 0, KUY.

1oÚ: é¤kÿÀ:���Û¡?1õgd�µ�, ��k�=k��ÿÀ:�d�

��.

1ÊÚ: Ñyd�����¹, K�£�ÐÀJ�ÿÀ:.

4 ¢�(J

4.1 õUÐ«

�âþã�{, �©¢y
��Ø�Ú<ó�U^�, 3ÊÏ��(4 GP S�, VØ)�

)P�þz�Ã��A�m3 2 s �S. ã 3 Úã 4 �d^��$1(Jã, Ù¥ã 3 ´�m


^� OASE-NoGo �é�(J.

ã 3 ¢y(Jã«

Fig. 3 Example of implementation results

ã 4 � OASE-NoGo p?�é�ã«

Fig. 4 A game with OASE-NoGo
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Ó�, d�{¢y�§S��±3ÊÏSRÃÅþ$1, ÿÁÃÅ�S� 3 GB, 8 Ø, �

A�m3 2 s �S. (JXã 5 ¤«.

ã 5 ÃÅ�$1«¿ã

Fig. 5 Illustration on Android

4.2 �Jé'

L 1 ´�©XÚ� OASE-NoGo ^��é�(J9�ÇÚO, �©��Çþ�� 90%

±þ. �éã 6 ùé�¥��~�Û¡, ��{�DÚ�Akâ�{�E,5é'�±Ny

Ñ�©�{��15Úp�5.

LLL 1 ééé���(((JJJÚÚÚOOO

Tab. 1 Statistics of gaming results

ÿÁXÚ éÃ ÿÁ�ê �|�ê �Ç/%

�©XÚ OASE-NoGo V1.1 Ð? 100 95 95

�©XÚ OASE-NoGo V1.1 p? 200 185 92.5

©z [8] ¥¤¢y�§S� OASE-NoGo V1.1 Ð?�é��Ç� 90%, �u�©¥§S�

�Ç.

E,5é'�¡, ã 6 �é�¥�,�Û¡, UìnØ, MCTS �{3v
���m¥âU

�ÑIP:(J, 
�©�{3 1 s S=�Ñ� MCTS �{�Ó(J, =��:��ZÀ:. 


� MCTS �{vkv
�m�[�, ò�UØU��d(J, äN©ÛXe.

MCTS �{O�L§: �cáfôÚ�ç, �e:� 65 �. ÏL�ª��!¯��O��

ªéÑ 3 � 4 �ÿÀ:, Ù¥�)IP:. ��35½�mSé¤kÿÀ:?1¦�Uõ��A

kâ�[, �g�[��ª�æ^ç�Ã!x�Ã��Oáf�ªòÚ�ªÛ, eç�, K�d

ÿÀ:\A½©ê, eçK, K~�A½©ê, 3���m^��'�A�ÿÀ:�©ê, ÀJ

©ê�p�:��Z. w
´�, d�{ò�Ñ�þ��m�m, �e�mØ¿©, �[gêØ
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, Kµ©Ø�½O(, ØU�y�Ñ�Z(J.

ã 6 ~�Û¡«¿ã

Fig. 6 A typical scenario

�©XÚ�{O�L§: �e:� 65 �, é¤k:?1�gd�µ�O�, =?1 130 g

çx´ÄU
áf��ä; ��?1 65 g\{$�, ���IP?ÚIPÑ�>���:d�

�p, � 1, Ù¦:þ� 0; �éùü�ÿÀ:?11�gO�, ©OòO� 128 g´Äáf��

äÚ 64 g\{$�, ���IPÑ1�gO��d�� 1, 
IPÑ�>���:1�gO�

�d�� 0. Ïd�Ñ�Z(J, $1�m� 1 s �S.

5 ( Ø

�é�cØ�Ú<ó�U¥¦^�Akâg��5�Øv�?, (ÜØ�Ú���Æ�A

:, �©�Ñ
�#�Äud�µ�¼ê�48�)û�{; �[0�
d�µ��.��ïÚ

d�¼ê�O�L§; �é3d�µ�¥¬Ñy�õÿÀ:¯K, JÑ
�Ñ5KÚ¦^48ù

�g�, ¦ù�J:�±)û. ±þã�{�Ø%�^�3¢�(J¥��
�Ð��J, y²


�©�{��15Úk�5.
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