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Automatic Generation of Heuristics Function by Knowledge
Acquisition from General Games
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Abstract: In this paper, we propose algorithms to extract explicit concepts from general games and these
concepts. We extract explicit concepts of line from Tic-tac-toe simulation. These concepts are available to

evaluate game positions of Connect4 and Breakthrough.

Keywords: General Game Playing, Knowledge acquisition

1. Dodgboogoodg

000000 Al00DO0Oo0oO0oooooooooo
gddoooooooobbbbbbboboboooood
00o00ooooooo AlDoooooDooooooog
goddoooooooobbbobbbboobooooood
gddoooooooooobobbbbooboooooogd
gddoooooooooobobbobobobobooooogd
goooooboboouoobooooboooooboo
00000000000 General Game Playing(GGP) O
agoad

GGPO PellD0D0DO0OOOO [JO0000OOGen-
eral Game 00000000 D0O0OODO Game Descrip-
tion Language(GDL) O U General Game 000000 O
Metagamer( General Game 0000000000000

l pQoOooOoOoooooooag

JAIST, Nomi, Ishikawa 923-1292, Japan
) gato.yuichiro@jaist.ac.jp
) iida@jaist.ac.jp

2014 Information Processing Society of Japan

godooboooooooooooooboooooa

do0ooooboooooooooboooooonoo
0000o0ooGhbLO0OOD0D0DOoOonoOoOoooucTon
Joo0ooooOoooooooooGeGPpOO0OOOOoOO
godooboooobooooobodooooooobooa
go0dooboooobooooobooooooooobooa
0000000ooOoo2205000 GGPOOOODOOOO
00 AAAIODOODOO0OO0D0O00DO0O0O000D00D000n
00000000000000 20

000 GGPOOOUOOOUUODOOUDOOUOOOODO
O00000oooo0ooooooogono Aloooao
J0d0000000U0O0oOoOoOoOoOoO0OOoOOoOoOooOoooo
00000000000 0oooooOooono Aloooao
0000000000000 0U00UU0UOUUOooo
000000 General Game 000000000000
dd000000oUoooooooo



IPSJ SIG Technical Report

2. General Game Playing 0 [ [

General Game Player 0 GDLOOO0O0O0O0O0OOOO
0000000000 000oooDooOoODO Game Mas-
ter 000000 0O0O0OOODODODOOOOOOODODOOD
Game Master 0 HTTPOOOOOOOOOOOOOOO
O00000000000Game Master 00O O0O0OO
0o [3]0

2.1 Game Description Language 0 0

Game Description Language 0 0 General Game 00 0 0O
gddoooooooooobobbobobobboobooood
gdodoooooooobbobobbbbooooooood
00000 pelllO0OOODOODOOOODOODOOODOOOO
000000 4UGDLO0000DO0N0DO00NOO0noOno
oo ooooooobobboobo
(1)role(p) pU0O0O00OOO0ODODODOOODOOO
(2) init(£) . f00000000000000oOoO

gooooo

(3) true(£) . f00000ooooooooooo
oo

(4)dose(p,m) 00000 p0mOO00O0OO0OOCOO
agoood

(5) next (£) 00000 f0DOo00ooooon

(6) legal(p,m) : DOO0OO pOOOOD mOOOOOO
googooo

(7)goal(p,v) 000000 terminal 0000000
gobopbvODhooboooooobo

(8) terminal :0bo0ooobbogoooboogo
gooo

00000000oooooooooooooon GDL-IT

0000000000000 [6, [7]0

2.2 GDL Reasoner 000

GDL O Prolog0OOOOODOOO PrologO OO OO
O00000O0OGDL Reasoner 000000000000
000000000O0bOobo0oooooobOoboooog
0000000O00O0bOobO0oooooobOoboooog
000000000O0bOobo0oooooobOoboooog
00000000 o0DoGGPOOODOOOOOOOGDL
0000000O0bO0bOOo0o0oooooOobOoboooog
0O GDLReasoner 1000000000000 DOOOOO
Oooooooo [po

3. Ubooboon

General Game 0000000 O0O0OO0OOCDODOOOO
gobooboobboooboobuoobooobboon

2014 Information Processing Society of Japan

Vol.2014-GI-32 No .4
2014/7/5

go0ooo0opoOoOooooooooOoopoooooooo
O0000e-p0000000O0DODODODODOODOOCOO
go0oooOopoOoOopoOoOopoOoOopDOoOopDOoOoDOoOoDbDO
ooooooooooOoOODOOODOODODDUCTOOOO
gooooOopoOoooooooooOoopoOoopooooo
ooooo0oooooooooooooo

gooOooOoOoOoOoOoOoOoOOOOOCOObOOOOOO
goooo0opoOoOopoOoOopoOoOoDOoOopDOoUoDOoOoDbDO
00 paranoid algorithm OO0 0000000 OOOOOO
O [8]0 paranoid algorithm 0000000000000
go0o0o0oOo0oQoOoOoOoOoOoOoUoDUOUopDOoUOoOooLoo
oooooooo

3.1 0000000000

0000000000000000000000000
00000000000000000000000000
000000000000000000000000 [9)0
00000000000000000 (100000000
00000D0000000000000000000000

0000000000000000000000000
000 Fluxplaper 00 0000000000000000
00 [11J0000000000000000000000
00000000000000000000000000
Oswee]000000000000000000000
0oo

0000000000000000000000000
0000000000 12J00000000000000
00000000000000000000000000
00000000000000000000000000
0o00ooo [13)0

32 0000000000000000
0000000000000000000000000
00000000000000000000000000
0000 140000 UCTOOO00000000000
000D00GGPOODOOOODNDOOODNDOOOO
00000000000000000000000000
00000000000000000000000000
0oo0ooooo (15, [16], [17], [18]0

4. General GameOOOOOOO

O000000CO00D00O0000O00000O0O0 General
GameOOOODOOOOOOOOOOOOOOOOOO
O0o0oU0o0ooo0o 9ouooooouooooooo
uoboooooooooboooboooooooooonn

4.1 0O0OOO
000 General Game OO0 000000000000



IPSJ SIG Technical Report

coobooooooocoboooooooboooooooo
OO0O000O0OTictac-toeOOODOOOOO0O0O0OOOO
000000 Connect4d 0000000000 OOOO
0000000000000000000000 General
Game O0O0O0OO0O0ODOOOODOOOOOOOOOODOO
cbobooooooooobooboobobooooooao
O Prolog0O00O0O0O0DOOOOOOOOODOOOODOO
coboboooooooooboooooboooooooo
OLisp0000000O000O0O0O0O0OOO

Tic-tac-toe D0 OO0 O00OO0O0OO0OOOOOO0OO
cbooboooocbooobooboboboboobooooooao
PrologOOOOOOOCODODOO
line(X,Y,Z) :- cell(X,Y,Z), Y2 is Y + 1,

cell(X,Y2,Z), Y3 is Y + 2, cell(X,Y3,2).

b XxXoyoOooooooooozooooooo
cooobooooooooboooooobooobooooo
0000000000000 PrologOOODOOOODOO
oboooooOOoobOOoobOOoOobOOoooooboOoooao
General Game 000000000000 DOCOOO0O0OO
gooooooooDoOoODODOOO0O0 Soooooooo
ooooboooo
(concept line (variables pO pl p2)

(and

(piece x0 x1 x2 x3)
(piece x0 x1 (+ x2 1) x3)
(piece x0 x1 (+ x2 2) x3)))

OO0 200 PrologOOODODOOOOOOOOOCOCOO
ooooooooooooooooodd 210 22000
oooobbz30000000000000000000
OO0O0000000000000 PrologdODO0O0O Lisp
oooooooooooooooooJvMOoOoooOoo
LispO0O0 Clojure 00O OO0

4.2 0000
000 (1900000000000 Tic-tac-toe 00O
O0000000000000000 Connect4 O Break-
through 00O OOODOOOOOCOOCODOOOOCOCOO
obobooooooogoog
(concept conceptO (variables pO pl)
(and
(piece x0 x1 x2 x3)
(piece x0 x1 (+ x2 1) x3)))
goobobob 2000ogoo
goobobooobooboobobooooooboobo
ogobobooooobooboboooobooobooboboooog
goooboooobobobooooobouobobooboog
oobobooobooboobobooooouobobooog
goooboooobobobooooobouobobooboog
obo2000b0obo0oobooboboooooooog

2014 Information Processing Society of Japan

Vol.2014-GI-32 No .4
2014/7/5

goooo0opoOoOopoOoopoOoOopDOoOopDOoUoDOoOoDO
goooo0opooOopoOoOopoOoOooOoOopDUooooooo
goooo0opoOoOooOoopoooooopooopooooo
gooooOooOoOopoOoOopoOoOoDOoOopDOoOopDoooo
gooooOoOoOoOoOoOoOoOoOoOoOoOoOopDOoOoDOoOooO
0000000000000 o0o0ooO0 1%Wooooo
0000000 1%oo00oo0ooooooooooon
oooooOoOoooOoOoOooODOOoO0OOOoOoOoOoOO 1000
goooo0oooOoOoOoopoooDOoooDoUooDoooo
oooobooOCOoOoOoooooboOooOoOoooboiloooooo
ooooo

gooOoOoOoOoOoOoOOoOOOOODOOOOOODOoo
go0ooO0oO0oOoQoOoOoOoOooOoUoOoUOUOpOUOUOOoOoOoLoo
0000 Tic-tac-toed Connect4d Breakthrough O 0 O O
oooo0O woooobDOoOoOoobDOoooooooooo
gooooOoOoQoOoOoOoOoOoOoOoDOUODOUODOoODDoDO
ob01000030000 2000000000000
O OBreakthrough 0000000 30000000000
ooooboOooocooo40000000000O0DOO
oooooooo

0 1 Tictac-toe OODOOOOOODOONO

type search depth | win(%) | lose(%) | draw(%)
random 0 59 32 9
simple 1 88 7 5
simple 3 93 1 6
concept 1 84 9 7
concept 3 94 5 1

0 2 Connect4 000000000000

type search depth | win(%) | lose(%) | draw(%)
random 0 55 44 1
simple 1 89 11 0
simple 3 99 11 0
concept 1 91 0
concept 3 94 0

0 3 BreakthroughOOOOOOOOOOOO

type search depth | win(%) | lose(%) | draw(%)
random 0 49 51 0
simple 1 99 0
simple 3 100 0 0
concept 1 71 29 0
concept 3 70 30 0

00oooOooooooooooooo 1/iooooo
ooboooooooocooboooooooooboooo
uboooooooboooooooboooobocobobooon
ooboobooooooooboocoooooooboooo



IPSJ SIG Technical Report

goooooOoOoOoOoOoOoOoOoOoOoOoOoOoooooooo
ooooooo

OO0O0O0O0OO0 GDLOOO Tic-tac-toe I Connectd O O
OO0O0O000O0 celDODOODOOOUOOOOODO Break-
throughOOODOO cellholds OO OO0OOOO0OO0OOOO
OO000O0O0o0ooo PrologDOO0ODOOODOOOODOO
00 Tic-tac-toe DO OO0 OODO Breakthrough OO OO
Oo0o0o0oo00opDooooOooooooooOooooo
Oo0o0ooo0ooooooOoooooooooooooo
Connect4 000000000 OOOOO Breakthrough O
gooooooooo

5. DOOoo

gooddoooooooboobobobboboooood
ddddoooooooboobobobobooooooood
0000000000000 U0oo0oooooooooo
O00U0oo0o0oooooooooooooo

000000000 000oO Clojuwre 00O OoOoOoQO
000000000 0O000000oUooooooooooo
000 Common LispO PrologDCOODO0OODOOOOO
O00U0oo0o0oooooooooooooo

6. 0O

OO00OO0O0O0O0O0000 General Game OO QOQOOO
gbooooobobobobooobobobobooog

ggoo

[1]  Pell, B.: A strategic metagame player for general
chesslike games, AAAT (1994).

[2] Gensereh, M.: General Game Playing: Overview of the
AAAI Competition

[3]  http://www.general-game-playing.de/

[4] Love, N., Hinrichs, T., Haley, D., Schkufza,
E.,  Genesereth, M.: General Game  Play-
ing: Game Description Language Specification,

http://games.stanford.edu/readings/gdlspec.pdf (2008).

[6]  Schiffel, S., and Bjérnsson, Y.: Efficiency of GDL Rea-
soners, Computational Intelligence and Al in Games
(2014).

[6] Thielscher, M.: GDL-II, KI - Kiinstliche Intelligenz
(2011).

[7]  Schiffel, S., and Thielscher, M.: Reasoning About Gen-
eral Game Described in GDL-II, AAAT (2011).

[8]  Sturtevant, R. N., and Korf, E., R.: On Pruning Tech-
niques for Multi-Player Games, AAAT/TAAT (2000).

[9] Kaiser, M., D.: The Design and Implementation of a
Successful General Game Playing Agent, FLAIRS Con-
ference (2007).

[10] Banerjee, B., Kuhlmann, G., and Stone, P.: Value Func-
tion Transfer for General Game Playing, Proceedings of
the ICML-06 Workshop on Structural Knowledge Trans-
fer for Machine (2006).

[11] Schiffel, S., and Thielscher, M.: Fluzplayer: A successful
General Game Player, AAAI (2007).

[12] Michulke, D., and Thielscher, M.: Neural Networks for

2014 Information Processing Society of Japan

Vol.2014-GI-32 No .4
2014/7/5

State Evaluation in General Game Playing, Machine
Learning and Knowledge Discovery in Databases Lecture
Notes in Computer Science (2009).

Michulke, D.: Neural Networks for High-Resolution
State Evaluation in General Game Playing, The IJCAI-
11 Workshop on General Game Playing (2011).
Waledzik, K., and Mandziuk, J.: Multigame playing
by means of UCT enhanced with automatically gener-
ated evaluation functions, Artificial General Intelligence
(2011).

Gudmundsson, F., S.; and Bjoérnsson, Y.: Sufficiency-
Based Selection Strategy for MCTS, IJCAT’13 (2013).
Waledzik, K., and Mandziuk, J.: An Automatically-
Generated Fvaluation Function in General Game Play-
ing Computational Intelligence and AT in Games (2013).
Swiechowski, M., and Mandziuk, J.: Self-Adaptation of
Playing Strategies in General Game Playing, Compu-
tational Intelligence and Al in Games (2013).

Meéhat, J., and Cazenave, T.: A parallel general game
player, KI - Kiinstliche Intelligenz (2011).

Sato, Y., and Cazenave, T.: Automated Generation of
New Concepts from General Game Playing, Communi-
cations in Computer and Information Science (2014).



