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Adjustment of Evaluation Functions Based on Relation Between Static Values and Win Ratios
— Evaluation of Safety Difference Between Both Kings in Shogi -

SHOGO TAKEUCHI," YOSHIKI HAYASHI, "t TOMOYUKI KANEKO'
and SATORU KAWAT

In this paper, we present a new method for adjusting evaluation functions based on relation between static
values and win ratios, and show its effectiveness. Accurate evaluation functions are important for strong
game program, however, it is not easy to find out problems in existing evaluation functions. Incorrect eval-
uation functions assign incorrect prediction of win ratio for states in a certain condition. Therfore, we focus
on relation between evaluation values and win ratio, and propose to plot them in a graph for each set of
states. If an evaluation function works bad for states in a certain condition, a line of the relation for those
states will be drawn apart from lines of the relation for other states.

‘We applied this method for Shogi, and showed that usual evaluation functions work bad for states where
the difference between king safety of both players is large. Then, we constructed a new evaluation func-
tion considering the difference between king safety of both players and automatically adjusted its weights.
Significant improvement on strength is confirmed in self-play, and showed effectiveness of this method.

gooooooooooobooooooooon

1. 0000
gbbbooobooboobobooobobooobooo

goboooobooooooooboooooooooboo
gooboboooooooboooooooooooboo
gooobooooooooobooooooooboooboo
goooobooooooobooooooooobooo
oobooooooooon

t00o000o0ooooooa
Department of General Systems Studies, Graduate School of Arts
and Sciences, The University of Tokyo
{takeuchi,kaneko,kawai } @ graco.c.u-tokyo.ac.jp
tt0ooooooo
Google Japan Inc.

gooobooooooooobooooooooobood
goobooboooooooboooooooobood
gooooooooooooobooooooobooo
gooobooooooooboocOooooobooobooo
goooooooooooooboobooooobooo
gooooooooooboooooooboooooo
goobooooooooboooooooboooboo
oobooooobooooooobooooooo
gooooooooobooboboooooDboo
gobooboooooobobooobooooooooo
gooobooooooooobooooooooobood

_56_



gooobooooooooboooooboooboooboobooboo
oobooooooooon

gobooooooooboooooooooooDooo
goooooooooobooooooobobooDboo
goboooboooooooooooboboooooooo
oopoooooo

goboooboooooooooboooooooooo
goooobooooooooooboooooobooobooo
gobobooboooooooboooooooobooo
goooooooooooboobooooooboooboo
goboooooboooooooboooooooooo
goooobooooooooboobooooobooboo
goooboooooooobooooooooboooboo
goooooooo

gobooooobooobooobo20b000000
gobooooobooooo3sgoooooooon
ooobooooobooboob40000000000O
oooosOooooooooooobobobenonnn
gooad

2. 00000

0000000000000 0000000000
000000000000 000000000000
0000000000000 D0000000000O
00000000000000000000995
000000000000000000000000
oooo®P0ooooo00000ooooooo
000000000000000
00000000000000000000000
0000000000D00000000000000
000000000000 000000000000
000000000000000000000000
000000000000 000000000000
0000000000000 D0000000000O
Jooooooooo®00000000000O0n
000000000000000000000000
000000000000000000000000
0000000000000000
00000000000000000000000
OO0ThOY00000000000000000%0
000000000000 000000000000
0o0000O0o0ooog

3.0 0O O

goboooooooobbooooooobooooo
goooooooooobooooooooooobood

000000000000000000000000
000000000000 000000000000
0000000000000 D000D00000000
00000000000 000D000000000D
00000000000 D000DO00DO0DoOODn
00000000000 000000D000000D
00000000000 ooo?Ygoooooon
000000000000000000000000
oooooo0oo
U000 =(Q1-000)x00000 +
000 xO00000 (1)

0000000000000 00000000000
00000000000 0000000000000
0000000 ()OO0DD0o0Do0o0 o000 100
000000000000 00D00000000000
00000D00D000D000000000000oO
000000000000000000000000
000000000000000000000
0Jo000OoOoOo GPSOO00O00OOOO ()0
000000000000000000000000
000000000000000000000000
oooooo0oo

31 0000000000
0000000000000 0000D0O0000O
000000000000000000%0000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
oooooog

32 000000000

00000000000 D000000000000
000000000000 0000D0000000O
000D00000000000000000000%0
00O0IS000000000000000OOO0Dn
000000000000000000000000
00000°000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 0000000000000
0000000000000 0000000

Y 00 (CSA O OO0, GPW 2003)

_57_



33 GPSOOOOOOO

00000000000 000000000000
00000000000 00000D00000000
0000000000000 D0000000
GPSOO¥OoOoOoOO0OO0OODOO0O0O0O0OO0O0OOOn
00 5x30000000000000000000
000000000000000000000000
000 S5x3000000000000000000
000000000000000000000 5x30
000000000000000000000000
0000000000000000000000 10
000001 000000000000000000
00000000 D0000O0noo
0000000000000000000000 1/8
000oo0ooooo0o00 1/64,0 1/16,000 1/8, O
0360000000000 1000000010
ooooo

4. DOODOOOOOOODOODOCOO
oo

0000000000000000000D0000
000000000000000000000000
000000000000 000000000000
0000000000000 000000000On
0D0000000000000000000

41 00DOOO

0000000000000 0000000000
0000000000000 00000000000
0O0o0O00O00O0O10000000000000000
00000000000 D0D00D000O00o0oOn
00000000000 00D000D00000000
000000000000000 500000000
0000000000000000000
000000000000 242000 90,0000 00
00000DO000D 1,00000000000000
ooooo

00000 GPSOO000000O0000DONO
00000 ()DO0DOGPSOOOOOOOODOOD
0000DO00o0oooooo®o0o0oooogon
00000000000D00D00000000000
0000000000000 0000000000n
0DO0o0DO000O0Ooo

42 0ODOOOODOO
00000000000000000000000

O OSL', revision 2602 0 0 O

win ratio

win ratio

Cond = True
Cond = False -------

0.6 |

0.2 |

1 1 1 1
-2000 0 2000 4000
value

01 000000000000000

o k=
-6000 -4000

6000

1 T T

Al ———
Progress(B) - Progress(W) >= 0.25 -—--x-—-- x>
Progress(B) - Progress(W) <=-0.25 ---%--- %
0.5 %

08

2000 4000

0
-6000

-4000 -2000 0

value
02 00000 24000000000 -00000@O0O)

gooooooooooooobooooooooo
gooooooooooboooooooooooo
goboooooooooooooo
goooooooooooboooooooooon
gooooboooooooooboooooooDooo
gobooobOboooo0oO0xooboooooo0yD
gooooooobD ConddDODOOOOODO 10O
goooooooooobooobooooooooo
ooooooboooooooooboobono 100 A,
BOOOOOOOOOOOOOoOOoOoOooOBOOOO
AQ0O0OO0O0OO0O0O0O0DOO0O0O0AOOOOO BOO
gbooooobooboo AbOOOCOOObOOoOn
oooaon
gooooooooooobooooooooon
gooooooooooboobooooooboobooo
goboooooooobbooooooobooo
43 DOOO0ODOOOOOO
gobooooooooooobooboooooooon

_58_

6000



gooo0ooO00DO0o0oDOooobooobooo
jdoooooo2s0ooodgoooooooooo
50000000000D00CO0000DOOOO0O0200
OO0000 Progress(B) 0 OO OO O DO Progress(W)
ddddddddogooooooooooooooo
doooooo0ooooooooDoooogoooooon
goooooooooooboooooooooon
goooooooOoo0oOooobooooooooo
gooooooobooooooobooboouooboo
goboooooooboboouoooo
0000 =(1-00000)x00000 +
00000 x(Doooo +
wy xO0OO0O0OO0O +
we x JOO0O0DDO) 2)
0oooooo @ooogoooooooo (1)o
0000oooooooooooooooooooo
gooooboooboooooobobooooobooo
ooboooooog
44 00O 0O O
go0obooOoooooooboooooooooo
goboooooooooooo
O000D00O00 (LeastSquares) OO OOOOO
0 (Maximum Likelihood Method) 0 0 0 0O 0O 0O O OO
000000oo0D0D0OyOOOO0O0OODODOOODODO
0000 11,0000 000000000 0000
gooooooooooooboD xXooooooo
oooooo
X = (o, %1, .., Tn)
go0oDOo0obO0O0Ob00OC0 n,O0D00OC00O0ONO
oono
441 0O0O00OO (LS)
Jo0o0ooooooooDooooooOoooooo
0ooooooooDoOoOoO0O0000000oooon

f(X)= Zwm

0000 (Objective Function) DO O0O0OOOOO f
000000 yO0OooOOoooooooooo

N
OFps =min ) (y; — [(X;))’ (3)
j=1
oooooooo@oooooooooooooo
oooOooooooooooOooooood
442 00000000O0O00OO00O0O00O (MLM)
gobooooboooobooonoooodooooa
voooooooogoooooooooooood

01 0000000

ooo ooo ooo oag goooo
oad 9,178,020 4,658,800 50.76 7.25
gooo >0.25 747,041 211,193 28.27 -1,060.68
oooo <-0.25 778,101 562,826 72.33 1,080.21
2 000000000

oo goooooo goooooo

goooo - 141 101

ooad - 153 97

ood - 125 50

ooon
1
g(X) =

(1+exp(= ) _wiXy))

00000000 [—inf,inf]0000 [0,1]0000
000000000000000000000

likelihood(X,y) = g(X)¥(1 — g(X))*~¥)
gooodbooboboobooobooooooooon
goo0odboooboooooboooboobooooo
gooo
N
OFyppm = wax [ [ 9(X5)% (1 = g(x;)"
Jj=1
goobbooobobuooobobooboo

log(OFyyr ) = max Y {y; log(g(X;)) +

(1 —y;)log(1 — g(X;))} 4)
000000000000000000000000
*0000000000000000000000
000000000000000000000000

5. O O

51 000D
000000000000 00000000000
0000000000000000000000000
000000D000000000000000000
0000000 RYDO0O0O0DO0O0DO0O0O00O0
042000000000000000000000
0000000000024 0000 90,0000000
00009178021 000000000000000
00000 1000000

0000000 200000000000000
00000000000D0000000000000

_59_



win ratio

win ratio

1 T

All T

Progress(B) - Progress(W) >= 0.25 ---x---
Progress(B) - Progress(W) <=-0.25 ---%---

%
0.5

/X/

0
-6000 -4000

03 00000 24000000000 -00000@OO00

ooooono)

-2000

0 2000
value

4000

1 T

Progress(B) - Progress(W) >= 0.25 ---x---
Progress(B) - Progress(W) <=-0.25 ---%---

All —

0.5

1 T T

All T
Progress(B) - Progress(W) >= 0.25 ---X---
Progress(B) - Progress(W) <=-0.25 ---%--- __
05 /

0.8 |

1 1 1 1 1
-4000 -2000 0 2000 4000
value
04 00000 24000000000 -00000@O00O0
oooo)

0
-6000

goooooooooooooboooooooooo
ooobooooooooobooooooooooobooo
gooooooooooobooooboon 10,000 00
goooobooooooobooooooooooDooo
gooooooooooboooooooboooboboo
goboooooooo
ooooooooooooooon 3,4,50000
ooooOooooo2200000000000000
gboboooooobooooooboobooooobooo
oooad

52 0 OODO
gooooooooooobooooooooooon
oooooooooooooobooooooooo
go40000000000000O0O0O00O000 30
gobooboooooooboobo2s000bDboOobOO
O3000000000nene00ooonOn

2
S
0 1 1
5000 -6000 -4000 -2000 0 2000 4000 6000
value
0S5 00000 24000000000 -00000@O0C0O)
13 N0
none LS MLM hand
none - 11-29 13-27 11-29
LS 29-11 - 19-20-1 16 -24
MLM 27-13 20-19-1 - 19-21
hand 29-11 24-16 21-19 -
1 T T T T
All —+—
Progress(B) - Progress(W) >= 0.25 ---x--+
1 Progress(B) - Progress(W) <=-0.25 :--%---
0.5
08 4
0.6 4
2
§ ,,,,,,
6000 5
0.4 4
0.2 F 4
0 1 1 1 1 1
-6000 -4000 -2000 0 2000 4000 6000

value

06 0000000000000 -0D0000@ONO)

goooboooooLsoooooooooooon
ooooboMIMOOOOOOOODOOOOhand OO
gooooooooood
goooboooooooooboocooooooon
goooooooboooooobooooooboooooo
goooooooooobooooboooooooo
gooooooooooboobooooooooo
gooo,MIM,LSOO0OO0O0O0O000O0O0C0O0000
oooooboooooooooobooooooobonoo
gobooooooboooboooo

53 00000000
goooo200000000000000O0DO0O

_60_



win ratio

win ratio

win ratio

1 T T T T
Al ——
Progress(B) - Progress(W) >= 0.25 ---x---
Progress(B) - Progress(W) <=-0.25 ------
0.5
08 -
06 -
0.4 .
0.2 .
0 L L L L L
-6000 -4000 -2000 0 2000 4000 6000

value

07 so0000000000000-00000@OGOGOOD

ooooooon)

1 T T T T
All ——
Progress(B) - Progress(W) >= 0.25 ---x---
Progress(B) - Progress(W) <=-0.25 ------
0.5
08 -
06 -
04 -
02 -
) L L L L L
-6000 -4000 -2000 0 2000 4000 6000

value

08 5o0000000000000-00000(@OBOO0OD

oooooo)

1 T T o — T
Progress(B) - Progress(W) >= 0.25 ---x---
Progress(B) - Progress(W) <= 0022 K-
0.8 ’ p
0.6 4
0.4 E
02 4
0 L L L L L
-6000 -4000 -2000 0 2000 4000 6000
value
09 0000000000000 -0D000OO0@OUOooo

oooooo)

win ratio

win ratio

1 T T

Progress(B) - Progress(W) >= 0.25 -~
Progress(B) - Progress(W) <= -0.25 [l
08 | * _
06 4
0.4 4
0.2 F 4
0 L L
-6000 -4000 -2000 0 2000 4000 6000
value
010 0o0o0OO0O 2000000000 (WOOO)-00000
oo
1 T T T
Al ——
Progress(B) - Progress(W) >= 0.25 ---%---
Progress(B) - Progress(W) <=-0.25 --- %
0.5
0.8 4

0.6

0.4

0.2

0 1 1 1 1 1
-6000 -4000 -2000 0 2000 4000 6000
value
011 00000 2000000000 @CO00)-00000
oooooooo)

goooobooooooooboboooooobooobooo
ooooOOoOOoOooooOoOD0OO ¢o000no:0d 6030)
gooonoooCogco0bonooooooooon
goooooooooooobooen 20000
goooooooobo n,g,9000000nDoobo0On
goooboooboooooooopogooboooo
ooooobDoobo 9%%u0000oooocoooo
gooooooooooobobooooooboooboo
gobooooooboooboooobooooooo
goboooocoooobooobooocooooooboo
goboocoooooooooooboooobobooo
54 0O0O0O0OO0OOO
goooooooooboooooooboooDboo
goooooooooooooboobooooboobo
goooooooooooobooboboooooobo
goooooooooobooooooooooooo

_61_



win ratio

win ratio

1 T T

All —
Progress(B) - Progress(W) >= 0.25 ---x---
Progress(B) - Progress(W) <=-0.25 :----
0.5 %

0.8

04 |

0.2 |

vl
¥

-4000

L L L L
-2000 0 2000 4000
value
012 0000000000000 @OOoO)-ooooo @
oo)

0
-6000 6000

1 T T T
Al ——
Progress(B) - Progress(W) >= 0.25 ---%---
Progress(B) - Progress(W) <= -0.25 ---%---

0.5
0.8 |

0.6 |

04 |

0.2 |

2000 4000

0
-6000 -4000 -2000 0

value
013 0000000000000 @000)-00000 (O
gooooooooo)

6000

0DOoo00O000o0D0ooo
000000000000000000000000
0000024000 3000000000000000
0000000000000D0 1000200000
0000000000 11000000059 0000
000 603000000000000 1200000
00000 120000000GPSOOOO0DO0OO
KFEnd® 00000000 000000000000
s00O0
0000000000000D0000000000
00000000000 00000000000000
000000000000000 @ 6000000
0D000D0000000000000000000
0000000000000
0000000000000 0000000000
00000000000 90,000000000000

win ratio

win ratio

All [
RookinHand(B) = 2 ---x---
RookInHand(W) =2 ---%---
0.5

2000 4000

0
-6000

-4000 -2000 0

value
014 00000 2000000000 -00D000@OODO
0o20)

6000

1 T

P:II —

BishoplnHand(B) =2 ---%---

BishopinHand(W) =2 ---%---
05

0.8 |

2000 4000

0
-6000

-4000 -2000 0

value
015 00000 24000000000 -00000@O0O0D0
020)

6000

gooooooooooooooooooobooboooo
gooooos3oo00o0b0ooooooooog 20
goooooooboooooooobooooobonoo
gooooooooooobooooooooooboonboo
goboooooboooooooooooboboooo
goboobooobooopvobobooooooonon
goboooobooooooooooood

55 ODoOO0O0O00OO0
gobobooooooooobooocOoooooooon
ooboooooooooobooooboooboooooo
gooooooooooboooooooooobooo
ooooo -ocoooooooooooooooon
goooobooooooooooooooooboooo
goboooooboooooooobooboooooon 2
goooooobobDOoD 4,000 200000
ooooooo s, 00030000000000

_62_



win ratio

1 T

' All T

KnightsinHand(B) >= 3 ---x---

KnightsinHand(W) >= 3 ---%---
0.5

0
-6000

-4000
value

016 0O0O0-00000@ODOOOO3000)

016000000000000000000000
000000000000000000000000
00000000000D000000000000
000000000000000000000000
RookInHand(B) 0 B=00 (Black 00000000
(Rook) 1000 00OW OO0 (White)d Bishop O O
O, Knight 0000000

6. 0 OODO

gobooooooooooobobooooooDooo
gooboooooooooooobobooooboobo
goooboooooooooooooooooobood
gobooooooooooobooooooobooa
goooooooooooooboooooooooo
gooooooooooboooOoooooooooo
gooooooooooooobooooooooboo
goboooooooooooobooooboooon
goooooooooooboooooooboooboooo
goooooooooobooooooboooboo
gooooooooooooooooobooobo
gobooooboooooobooobobooooooo
goboboooooooobooooooooooooboo
goboooooooon
goooboooooooobooooooooon
gooooooooooboooooooooooo
gobooooooooooooboooooooooboo
goooooooon
goboooooooooooboooooooooboo
ooooobooooooobobooooooobonoo
goooooobbbobobooooooooooboooo
gooooboooooooobooboobooooooDooo
gobobooodoobooooooboooooooooa

-2000 0 2000 4000 6000

gooooooo

g o 0 0O

1) The R project for statistical computing. ~Web.
http://www.r-project.org/.

2) D. Beal and M. Smith. First Results from us-
ing Temporal Difference Learning in Shogi. In
H.J.van den Herik and H.lida, editors, Computers
and Games: Proceedings CG’98. LNCS 1558, pp.
113-125. Springer Verlag, Berlin, 1999.

3) M. Buro. Improving heuristic mini-max search by
supervised learning. Artificial Intelligence, Vol. 134,
No. 1-2, pp. 85-99, January 2002.

4) Gerald Tesauro. Temporal dfference learning and
TD-Gammon. Communications of the ACM, Vol. 38,
No. 3, pp. 58-68, March 1995.

55 00000. ooooao.
(http://www12.ocn.ne.jp/%7Tekinoa/).

6) 000O0. 0000000 KFEndOODODOO
0.000000,00000000000 4, pp.
18-40. 0 0O 0O O, 2003.

7y 0000.0000000K3.000000000
oo.000000,00000000000,O0
10,pp. 1-22.0000, 1996.

8 bbO.0obboooboooboooobo.coooog,
o0o4000000000000C0O000 4,0
10,pp.1-17.0000, 2003.

9 000.000002000. 0000COO,
2002.

10) OO0O.Yss-OOOOOoooooooo 2000
oooO.000000,00000C000000 95,
O 10,pp.1-32.0000, 2005.

1) O00. 0000000 tacosOODODOODO.
oooooo,00o0ooob0o00oos, 020,
pp-33-67.0 000, 2005.

12) OO00O0O0. O00o0O0oooooo. ooo
goo,00o0o0oooocooo 3,020, pp. 15—
26. 0000, 2000.

13) O00O0,0000,0000,000. 000
000o00o0oooooooo.o80ooooo
00000 oooooogd, pp. 14-21, November
2003.

14 OO000O,0000,0000.000000RO
00 OpenShogiLibO 0O 0O. 080000000
gOo00 00000004, November 2003.

Web, 2004.

_63_



