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Acquisition of Move Sequence Patterns from Game
Record Database Using n-gram Statistics

Teigo NAKAMURA
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Move sequence patterns such as Joseki or Tesuji can be used to reduce a lot of

search space and speed up the search. To acquire these patterns, we propose a new

method based on n-gram statistics, where we encode each move into a character and

consider a game record, that is Kifu, as a string. This method can acquire a lot of move

sequences of variable length and extent from a game record database. We describe

the result of acquisition from “Kifu Database 96” which contains about 34,000 games

and seven million moves.
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Fig. 1: Sample Game
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Fig. 2: SFP (substring length = 8)
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.

5���6�$3�.�6�#�3�6�! 3. 5�"�.�5�%�3�.5�� 3 3.

..�. 7'�)3�.3�.�3�.�.�3�.3�3�. 3 3�3.�8�% 3�3�37'$. 8'�+7'!)8'"+.8'�)7'#

.�.�3�. 3 ..�3 3�3�.�..�3�3�3 3�..�3�. 9;:=<>9?:=@>.3�.�.�.�A;B=C>A?B=D3�.3�3�A;B=E>9?:=F>9;G=H>9?G=I
•

A?B=J>A;K=L .

39;M I 3�.
•

A;N DOA;K JP9?G F 3�.3�A;N LO.�A?K EO9;M HP.�39;G <PA?K C .�3.

3
•A?Q L9?R HPA;N J.�9;M FA?N EP9;R @OA;Q DPA?Q EA?Q CP3�9;R I9;R <9?R F

Fig. 4: Sequence patterns extracted from SFP(n=6)

S�T
NF E SFP NF+E

H HR n = 4 n = 6 n = 8 H ≥ 1 H ≥ 2 HR ≥ 1 HR ≥ 2

1000 19.1 1.2 5.8 23.1 29.6 22.8 27.5 24.6 25.6 24.6

2000 25.8 3.6 9.7 26.7 35.9 26.5 34.1 30.2 32.1 31.9

3000 30.2 6.5 11.4 28.9 38.6 28.6 38.6 33.6 36.0 35.0

4000 33.6 11.6 14.0 31.3 39.6 31.3 41.5 35.0 39.9 38.2

5000 35.7 13.3 15.5 33.0 42.2 32.0 43.0 36.2 41.3 39.1

6000 37.9 15.0 17.6 36.2 42.5 32.3 43.5 37.2 43.5 41.5

7000 39.4 16.4 21.3 37.9 43.2 — 45.7 38.4 44.0 42.8

8000 41.1 17.6 22.7 39.1 44.2 — 47.3 39.4 44.2 43.5

9000 42.0 19.1 24.6 40.8 45.1 — 48.8 39.9 46.6 44.4

10000 43.2 19.6 25.8 41.5 45.4 — 48.8 39.9 47.1 45.2

15000 45.9 23.2 31.4 45.9 48.1 — 51.7 42.3 51.0 47.3

20000 49.5 26.3 35.0 46.8 49.5 — 52.9 42.8 53.4 48.8

25000 52.4 29.5 38.4 48.5 — — 55.3 43.7 54.8 49.5

30000 54.6 32.1 40.6 48.8 — — 56.3 44.4 56.8 49.8

35000 56.3 33.3 42.3 49.0 — — 57.0 44.9 57.5 50.5

40000 57.0 35.7 42.8 50.0 — — 58.2 44.9 58.0 51.4

45000 58.0 37.9 44.2 51.7 — — 59.4 45.4 58.7 51.7

50000 58.2 39.4 45.7 51.7 — — 61.4 45.4 59.4 52.2

NF : U��WV�X�Y ¬ , SFP : Z ÉW[ X�Y æ�çW\^]`_ba�¬
E : Å�Æ�Ç�È^c ß � ç�d=±=¬ , NF+E : NF

-
E 5	e�ébf�g

Table. 1: Recall ratio of each method
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(1,666,100)¦§¨ª©«ª¬­ª®¯
(1,398,16)¦¦§°§ © ¬ª® ¯¨ «ª­

•

(1,380,6)§ ¨ «±­© ¬±® ¯
(1,315,10)§ ¦ §§ ¦ §©°¨¬°«®°­¯

•

(1,219,5)§¯®ª­¬ª«©ª¨§¦ §

(1,27,11)§ ¦ ¦§ ¦ §¨°© §¬±«®±­¯
•

(1,27,8)§¦ §
•§ ©ª¨«±¬­±®¯
•

(2,339,295)²>³P´PµP¶ª´>·²>¸P¹ ¦ «±ºO»´>¼ ¬ ¨© § ½O¾´>¿ ®ª­ ½ ³²>ÀP² ¾ ¯ º µ²>ÁP´ »½ ¸
•

(3,316,274)´P·>² ¾ ²>¸P²>À´Pµ>¶ §±®±½ ³½ ¸ «°¬¨°© ºO»²PÁ ­ ¯ º ·´P¿>´ » ¹ ½>¾´P¼>²P³º µ
•

(4,486,59)§©¬ ¨®°«¯ ­
(4,249,4)§ ¨ «ª­© ¬ª® ¯

•

(4,204,7)§ ¦ § ¦ §¦ § ¦§ ©¦ ¨ ¬
•

«°®­ ¯

(4,131,5)¦­ ¯«ª®¨ ¬§ ©¦§ ¦

(4,74,15)¦ §ª§±§ ¦§±§ ¦ª¦±¦ §§ ¦ ¨ ¬ §© «ª®­ ¯
(4,23,7)¦ § §¦ § ¦© § ¦¨ ¬«±®­ ¯

•

(5,256,228)²P³P´>µP¶ª´P·²P¸P¹ ¦ «±ºP»´P¼ ¬ ¨© § ½P¾´P¿ ®±­ ½ ³²PÀP² ¾ ¯ º µ²PÁP´ »½ ¸ º ·
•

(6,243,219)²>³P´>µP¶ª´P·²>¸P¹ ¦ «ªº>»´>¼ ¬ ¨© § ½>¾´>¿ ®±­ ½ ³²>ÀP² ¾ ¯ º µ²>ÁP´ »½ ¸ º ·
•½ À

(7,234,208)´>·P² ¾ ²O¸P²>À´>µP¶ §°®±½ ³½ ¸ «±¬¨±© º>»²>Á ­ ¯ º ·´>¿P´ » ¹ ½>¾´>¼P²P³º µ ½ À
•

(8,223,201)´P·>² ¾ ²P¸P²PÀ´Pµ>¶ §ª®±½ ³½ ¸ «ª¬¨ª© ºO»²PÁ ­ ¯ º ·´P¿>´ » ¹ ½P¾´P¼>²P³º µ ½ À
•º ¿

(9,1256,856)¯ © ¬ ¶® ¨ §ª«­ ¹¦
(10,195,174)²>³P´>µP¶ª´P·²>¸P¹ ¦ «ªºP»´>¼ ¬ ¨© § ½P¾´>¿ ®±­ ½ ³²>ÀP² ¾ ¯ º µ²>ÁP´ » º ¿½ ¸ º ·

•½ À

(11,176,157)´P·>² ¾ ²>¸P²OÀ´Pµ>¶ §±®ª½ ³½ ¸ «°¬¨°© ºP»²PÁ ­ ¯ º ·´P¿>´ » ¹ ½O¾´P¼>²O³ ½ Áº µ ½ À
•º ¿

(12,186,7)§§ ¦ª¦¨±© §«±¬­±®¹ ¯

(12,79,5)§¯ ¹®ª­¬ª«©ª¨§¦ §

(12,9,4)§ ¦ ¦§ ¦ §¨±© §¬ª«®ª­¯ ¹
•

(13,254,48)§©¬ ¨®ª«¯ ­¹
(13,123,4)§ ¨ «ª­ ¹© ¬±® ¯

• •

(13,100,4)§ ¦
•§ ©¨ ¬«±®­ ¯¹
•

(13,14,6)¦ § §¦ § ¦© § ¦¨ ¬«°®­ ¯¹
•
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H = min{HL,HR}
w�yÎz�{�}|~Ï�u}u�

6 ��� w£��w^~
(1,806,362)®±­¯ © «¬ ¨ § §¦

(2,75,19)­ª«ª¬¹ © ®ª§ ¦¨ § ¯ ¦§
(3,79,24)®¯ ¹ ©­ª¬ ¨ §«

(3,32,4)«­±¬ ¨ §¯ ¹ ©
•

§®
(3,15,4)® ¯ ¹© ­ §¬ ¨ §«

(4,188,28)«°­ §¹ © §±®¨ ¬¯
(4,16,8)§«ª­¦ ©ª¨ ®§±§ª¬ ¹¯¦

(5,37,13)¦ §§¨ §©¯ ¹ ®­ª¬ª«§
(5,11,4)¦ §§¨ §©® ¹ ¯«ª¬±­§

(6,429,295)¶ ¬±® ´Pµ¯ «±§ª­¹ª²>¸©¨
•

(7,55,4)¬±®¶ ¨±© «¯ §±­ ¦¹ §
(7,30,4)¹¯ §°­ ¦¶ ¨±© «¬±®

(8,189,108)
´Oµ®±­ ¶© ¬ª« ¯ ² ¾¨ § ¹±²O¸

(9,54,5)¦¦
•

¯ ®©±¨­ª¬±§« §
•

(9,52,6)§«
•­ª¬±§©±¨¯ ®¦

(10,109,59)«§¨±© ®¬­ ¯
•

(11,42,22)¯ ¦§±® ¦¬±«©±¨­±§
(12,229,125)

´>µ² ¾ ²P¸ ®±­ ¶© ¬°« ¯¨ § ¹

(13,223,158)¶ ¬ª® ´Oµ¯ «ª§ª­¹±²P¸©
¨
•

(14,96,78)§
•

«¹ ­ ©ª¨¯ ¬®
(14,50,34)§

•

«©±¨¬±­ ¹® ¯
(15,68,11)§©±¨¬±«®°§±­¯ ¦

•

(16,282,159)® ¯´Oµ © ¬ª«±­ ¹¶ ¨ §²O¸ ² ¾

(17,49,33)­±«¬ª§ ¨® ©
¯
•

(18,28,6)§¯ ©±¨¬±«®ª§±­¦
(19,39,8)´Pµ ¶±²>¸¯ ¹® © § §¬ ¨ «­

(20,81,31)¦§
•

¨±©­±«°®¬ ¯¹
•

(21,28,5)®±­ ¯¨±© ¹ ¦§ª¬« ¦§
(22,207,142)­® § «© ¬¯ ¨

•

(23,146,34)§ ¦«±­
•

¹ ¬±§ª® ¦¨±©¯
(23,108,18)¦§

•

¯ § ¦¨±© ¦¹ ¬±§°®«±­
•

(24,42,28)² ¾ ²>¸O´Pµ¨ ¬ ´ »« ¦­°®¹ ¯¶
©

(24,26,13)­ ¹² ¾ ¨ «°® ¯ ¶²O¸ ¬ ¦´Oµ ´ »
©

(25,38,22)¯ ¬ «¶ ©¹ ® ¨ § §­
(26,28,18)§±«ª­¨±© ®¬¹ ¯
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n = 8
w

SFP
��Ù�{�Ú^ÛÝÜßÞáà�â���ãuä �4å w�tuvr}|~Ï�|}�� 6 ��� wá��w�~

(1,429,295)¶ ¬ª® ´Oµ¯ «ª§ª­¹±²P¸©¨
•

(2,309,228)¹«±­ ¨ ¬® ¦ ¯
•

¶
©

•

(3,218,187)²P¸¹ «ª­ ¨ ¬® ¦ ¯ ¶
•

©
•

(4,230,144)¶ ¬±® ´Pµ¯ «±§°­¹ª²P¸©
¨

(5,208,166)­ ¹ § ²P¸®ª« ¯ ¶© ¬¨
•

(6,496,197)¦ ¹ «±¬±®
• •

­ ¨
•

¦© ¯
• • •

§
• • •

§¶

(7,223,158)¶ ¬±® ´>µ¯ «±§±­¹°²>¸©
¨
•

(8,249,178)´Pµ²>¸ ¬±§ ´ »«±®² ¾O­ ©¶ ¯ ¹±´O·²>³ ¨ ²PÀ
(9,282,159)® ¯´>µ © ¬±«ª­ ¹¶ ¨ §²>¸ ² ¾

(10,208,151)¶¯ §
•

¦¨±© ¬¹ ®±«­
(11,145,107)¦§

•

¨ ¬« ©­ª®¹ ¯¶²P¸
•

(12,90,62)¶ ¬ª® ´Pµ¯ «ª§±­¹ª²P¸©
¨

•

(13,46,7)¦
•¦ ¦¦ ©§±§ ¨ ¬±® ¯ ¶«±­ ¹

• •

(13,31,6)¦±¦ § ¦±¦¦ §±§°§ ¦§ ¨±© ¦«±¬±§­±®¹ ¯
•

¶
(13,17,8)§© §

•
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•
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•

(14,55,4)¬±®¶ ¨±© «¯ §ª­ ¦¹ §
(14,30,4)¹¯ §ª­ ¦¶ ¨ª© «¬ª®

(15,102,79)¹´ » ¯ §±­ ²P¸® ¶ª´Pµ>² ¾© «¬¨
•

(16,124,73)²>³ ®ª­² ¾ © ¬ª«¯ ¨ § ²P¸´ » ¹±¶´>µ
(17,57,37)¶ ¬±® ´>µ¯ «±§°­¹±²P¸©
¨

•

(18,52,4)¶ §ª§ ¦¯ §
•

¦±¦¨±© ®¹ ¬±«­
(19,114,102)

´ »¶ª¹ª´>µ¬ª§ ¯² ¾P®ª­²>¸ ©ª¨«
(20,42,28)² ¾ ²P¸O´>µ¨ ¬ ´ »« ¦­ª®¹ ¯¶

©

(20,26,13)­ ¹² ¾ ¨ «°® ¯ ¶²O¸ ¬ ¦´Oµ ´ »
©

(21,79,67)­¶ ®ª§ ¹ ²>¸¯ «
•

© ¬¨
• •
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