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Research on Constraints in Learning of Evaluation Functions in Shogi
with a Limited Number of Records

SHOTARO OMORI!®

TOMOYUKI KANEKO!?)

Abstract: In this research, I proposed that to learn evaluation functions combines learning of evaluation
functions in shogi with a number of master’s records with adaptive learnig utilizing parameters of existing
evaluation function. I tried it that I used Bonanza (version 6.0) and Habu Yosiharu’s who is the best shogi
player records . Then I saw very different piece values (propawn and prolance and proknight and prosilver)
and prediction on learning records when constraints were different.

1. 0goo

goobo,0obpoboboooboboooboobobo
goopooooooo. bobobobo,booboboob
goobobboooooooboo,ooobbbooooob
goobooobobo. booobbuoobobooooo
goobobboooooboo,boooobbbooooob
goboobooboooboobuooboobboob
goooobobobobb. oo ooo,obobooob
gobooboobboooboobuoobooobboon
gobooboobboooboobuoobooobboon
0,000000000000000000. 00 [3]00
gooogbdboo,obooboboboob,b0ogb
gogobooobobuooobbooobboooboobo. b

! poOooOoOoooDOoOooooo
Department of General Systems Studies, Graduate School of
Arts and Sciences, The University of Tokyo

a)  omori@graco.c.u-tkyo.ac.jp

b)  kaneko@graco.c.u-tkyo.ac.jp

00,00000000000000000000,000
00000000000000000000000000
000.000,000000000000000000
00000,00000000000000000000
000000,00000000000000000. 0
000000D0,000000000000. 00000
0000000000000.000000000000
00,0000000000.0000,00000000
00000000 (00 [3)000)0000000000
0000000000000000000000 (00 [4]
000)0000000. 000000000 00000
00000000000000000000000000
000,000,0000,00000000000000
000000000000 0000000000000
000. 000000000 0000000000000
00000,00000000000000000000
(00,00,00)000000000000 (00,00,
00)00000000000000000000000



The 19th Game Programming Workshop 2014

cobooooooooooooboobo.obbooooao
ooboboooooobooboooboooooo,ooa0o
coboooooooooobooooooboooobooooo
cobooooooooooooboooboobog. oogo
coooooooboooooooooboooooonn
coboooooooooooo,oocoobocoboooon
ooooooOoooooooooooooo (o,o00,0
0,00)00000000000D0. 000000000
cooooooobooooooooobonoboOoOonon
cobooboooooocooboooooooOooobooooo
coboooooooooooobooobogoooag. o
cobooboooooocooboooooooOooobooooo
Oo00 cOooooopooooo,000ooo0oooon
coooooobooobooooo,oobocooocoooo
cooooooooooooog.

2. 0000

goboooboooooooooooooooo, oo,
00000o0o0oooo0oooooOooooooo o
oobod.ooooooooooboocoboooooao
0o0o0ooooo,0o [Jooo,00o0ooooo
OO0O000000 BonanzaOOOOOOOODOOO. O
cooooooboooboooo,00o0boooooooo
cooooodooo,bcoboooooboooooooo
ocoooodgo. booocoooo,0coo00b00ooo
O0000,00 BonanzaOOOOOOODOOOOO, O
000000000000 BonanzaOOOODOO. OO
O0O00,Bonanza0000000O000O0O0,00000
Bonanza 00O O0O00O0O0O0O0O0O0OOCOODOCOODO.
o000 2]00,000000000D00D000O0,00
coboooooooooobooooooboooobooooo
OO0O0,Bonanza000000000. OOOOCOO,00
cobooboooooocooboooooooOoobooooo
coooooobooooooooboobOo. oooooa, o
coooboooboooboooodooo,bcoboooobooo
o,0ocoooocoooooooboooon.

3. Uobboooobobooobbooonon

gboogod

gobooo,booo0oobooboooooocoboo
000 B|Do0o0o0o0,00o0o0ooooooo
cooooo. oboboocobooooboooo,obooo
cooooOo. oooo,0o0o0o00b0o0oobocoobOoO
O0o0ooo0oo (0o B)ooo)oooooooooo
O00o00o0oU0o0ooooUooooooUo (oo (4
000)bo00oo0o0. 0000 Bjoooooooo.

JE(w) = J(P,w) + Jo(w) + Jr(w) (1)

_42 -

00000000000, JP(w)00000, J(P,w)00
pddddoooooooobobobobobbbooboooda
O00000o0o0oooooUn, Je(w)ooooo
000o0oooooooo, Jgw)yOOOODOOOODOOOo
pddddoooooooobobobobobbboobooooa
00000, J(Pw) O

J(P,w)zz Z T(s(p.dp, w) — s(p.m,w))

pEP mEM,,

(2)

goooooooooo. pODOOOOOODOOOOO,
pO POOO 1DDDD7MI§DDDpDDDDDDDDD
00000000, m0 M,000000000, s(p,w)
gbdpibobO0ob0O0oobOobOob0oobobOobon
000,pm000p00 mOOOOOOOO,d, 000
p0000D0000,T(x)0 1/1+explax)) 00000
00000000000 0000,e>0000. J(Pw)
00 (2)0000000000000oOO0oOoU0oooOO
gboboooooboobobooooooboboobooo
goog,bo0bobobOobob,0obobboboob.
googoogoooooo,bobo1gbogoobo,bon
goboooooooob.ooooboobobgooog
gbotdbwdbooooboobobo,0boo0bogn,
J(Pw)0DOO0O0DDD0O0000D0000 s(pam,w) O
s(p.dp,w) 000000000, Je(w)O

Jr(w) = A1|w”| (3)

00000000000. A >0,w' 000000000
0000D0000. wOODODODOO000 « 00000
000000000 «”0000000000. Jg(w)O
0@3)00,w0000000000,000000000
00000000000, Jplw)O0OOODOOOOODOO
00 wODODODODODODODOO0O000. 0000000, w0
000000000000000000000.0000
0[400,0(1)000000000000000000
ooooao,

(4)

C
JR/:5H’LU—U)0||2
0000000000 (1)oooo

T vrow) = J(P,w) + Jo(w) + Jr(w) + Jrr (5)

0000000.w 000000000000, 0000
00000000000000000000000000
000000000,0000000000.000000
0000000000 wOOD wO0O00O0D000000
00000,0000000000000 [3)000,00
000D0D0000000D0000000000000 [4
00000000000000. 0000000000, 2
000000000000 (5)0 Jr(w) D $|jw — wol[?
0000000000,0000000000000.



The 19th Game Programming Workshop 2014

4. 0O00O0ooOoOOooOoo0

4.1 0O0O0OO

0000000,000040000 187800000
O, Bonanza (version 6.0) D0 O0O0O0. 000DO0OO
Bonanza (version 6.0) D0 O00000O0O fv.bin, param.h
dododoooo 2s00ggoooa.

4.2 00 Bonanza OO OOOOOOODO

Bonanza OO0 DO O0O00O0O0ODODODOOOOOODODO
00000000 0oD Jg(w)yDOODODOOOOODOO,O
oo, 0o00odooboooooboboooooa
oooobooo,0oboob.0oboobooooa
00000, BonanzaO0OOODOOODOOO shogihOOO
O FV_PENALTYO OOOOOO 1/160 0 1/16000, 1/1600,
1/160, 2/64, 3/64,4/64000000000000000
gboboooooo.
4.2.1 0J0OO0OOO0OOOOODO

goooo,gbobooboboooboobooboo
gooooooobo. boobooboooboao,bd
O Iteration (0000 ) 000,000 Prediction (00 0O)
gob. 0oobooo,bbooobooooboooo
gboobogooooboooboobobooboo.obobgoodg
gbobdob10ob0o.b1gbobgobogoooood

75
70 |
65
60
55 |
50
45 -
40 t
35

Prediction(%)

nnnnnn

PRI EII I IR E e xoxoxox % x o x
L

10
iteration

15

fvpenalty1/16
fvpenalty3/64
fvpenaltyl/32 =

fvpenalty1/160
fvpenalty1/1600
fvpenalty1/16000

01 000000

ooooOooooooooOoooOoooong, /16, 3/64,
1/32, 1/160, 1/1600, 1/16000 00 0000000000
coooooo,ob0ocob0ooo0ooocoboooooo
cooo.0obocoooobocooooocoooboocooon,
cooooooooocoobooooooocOoobooooo
O00o00000o0oooOoo. oo @Booog, Je(w)
cbOobooOoooooooobOOoobOoocbOOoooooao
oO0.0000ooOo0obobcooo0oooboocobooboboOon
cooooooboooo,bo0oo0000bcOoboobooobooo
cbooooobooobobo40000CO0,000000
cooboobobOobobOOoOooooOooooon 36

_43 -

O000o0ooo0. 0o Je(w)OOOOOODODOO
o,00oooboobooooooobooobooogn
64000000C0,000000C000000000O0AO
gobbodooooobbosuoooooooooon.
goboboooooocobooooobobooooooooo
0,00000000000000 3100 Jr(w)DOOO
gooooooooooooboooooooooboooon
gobooobooooooooooooo. oboooogo
o0 o0oO0ooO0OO 1/16000000,0000000
0000000 B0ooo0oooo0ooooooo
goobooooooooooboocoooooooboooo
uoboobooooooooooooooboo. ooogo
uooooooboooboooooooobooog, oo
uoboooooooooooo.oboboooocooon
oooooooo 1/16,3/64,1/3200000000,0
uooooocobooo,0ob00000b0oo0obooogo
uoboooodoooo1l1oobooooo. oooooo
uboobooboboobobOOoboobooboboooon,
000 Bonanza O OO OOOOOO0OO0OO0O0OOOODO
gooooo.
4.2.2 0O0OO0OO0OOOOOOOOOOC
coOooooooOobOoooooboooobo,000
Iteration (0O O0) 000,000 average (DO OODO)
uooO. ooobooooobooooboooobooo 2
ooo0. 0b20000000000000000O00O0O0

12 -

10 ¢

average
xa

DDDDD

10 15
iteration

25

fvpenalty1/16
fvpenalty3/64
fvpenalty1/32 =

fvpenaltyl/160 ©
fvpealty1/1600
fvpenalty1/16000

02 0000000oobooooo

oo0oO0oOoOoooooooooooo, 1/16000, 1/1600,
1/160,1/32000000000000000,00000
ob00o00d0 averagedOOOOO0, 000000000
DoOoO0OOOOO0O 1/3200000 3/64,1/1600
00 1/3200000000000000000000.0
000 3)0o00oo0o0oooUoooo0o. ooooo
oobooocoooooOobOboOooOobobocOooobooboOooo
U,00dbwdobobooobooocobooocoboooon
ooooocoooocooon.



The 19th Game Programming Workshop 2014

4.2.3 0000
00000000, 00(@O,0,0,0)000 (O,
00,0 ,0,00)00000,00000000000
000000000000000000000000. O
00,000000 (0,00,00,00)0000000
(0,00,00,00)0000000000000000
O0000000.03,04, 05 06,07 080,0
00000000 00000000000000 1/1600
1/16000, 1/1600, 1/160, 2/64, 3/64, 4/64 0000000
000 (0,00,00,00)0000000000000
O000000000O0. 00000000000000
000000 (0,00,00,00)0000000000
oo,05 06,07 0800,0000(00,00,0
0)00000000000000000. 000000
000000,0000000000000000000
0000000.0000000,03000(0,00,0
0,00)0000000000.000000,0000
00000000000000000000000000
O000.00000000000000000,000
00000000000000000000000000
00000000000000000000000000
O0000.000,00000000,00000000
00000000 (4000000 (5)00000000
0,00000000000.

4.3 U0 BonanzaOOODOOOOOOOOOOOOO
coobOoooboooobooooboooo
BonanzaO OO [4]00000000000O0O0O (1)OO
(400000000000 (500, w000 Bonanza
(version 6.0) D0 D0ODO0O0O0O fvbin OO0, 0000
000 CO000000, Je(w)O Jp(w)ODODOOO
coooooooboooobcOoOobOOoOoOoOobOoOoOono
1/160 O 1/16000, 1/1600, 1/160, 2/64, 3/64, 4/64 0 0 0
000000000000 ooU0ooooO.Od Je(w)O
Jr(w)0OOOOOODOOODODOOO,000000000
o0o000o0O0OO0O4/64000000 (0D,00,00,00)
coooooocooooo. bocooooo,0o00ob00o
OO0ooo0O0DO0OO0OD4/640000000000C
oooooooooo (0,00,00,00)000000
gooooooOooOooOoOo (o,00,00,00)00
coboobOooo. cooo,000b0o0oobcobonoO
00000 4/64000000000 COo0.0060000
o,0b0o0oo0oocoboboooooboooo. oooo 90
o,00oooocoooocoooboocoon.
uboooboooooooo,obooooboocobon
coocoooooooooboobOobOOo. ooo,0b0o00
000 cCcO00oO0o0o00n0 4)oooooUuowOoOo
ooobobobwOODOOOOOOOOODOOOOOO000

_44 -

600

*****************

550

piece value

500’**#*%*** ****** ¥ x ow ox ox X * o, %
450
400 . . . .
0 5 10 15 20 25
iteration
propawn proknight
prolance gold
prosilver  *
0 3 000000 (Ooooo0ooobDo0OooOoOoOO
1/16000)
600
T S DL
[} fyogofa v %
= R xoxoxox ok X R *
cg o DL * ¥
o 500 |« *
o
Q
o
450 r
400 . . . .
0 5 10 15 20 25
iteration
propawn proknight
prolance gold
prosilver  *
04 0000000 (QOOODODOOOO0ODOO0OO0OO0O0O0O 1/1600)
600
L éwiugsggiu:
PRl EURURUEETE FE LS
S Q88
3 500 § *
Q
o
450
400 . . . .
0 5 10 15 20 25
iteration
propawn proknight  »
prolance gold
prosilver
05 U0O0OOO0OO0(DO0OOUOOODOODDOOOO 1/160)

600

550

+
?
******

500 ¢

piece value

450

400

10 15 20
iteration

25

propawn
prolance
prosilver

proknight o
gold

06 0D000O0O0O0O(DOOODOUOODOODOODOO 2/64)



The 19th Game Programming Workshop 2014

600
550
(] * % * % x o
E e 520
g ot ] L
2 500 f SR
S T T e e e e
9
o
450 r
400 L L L L
0 5 10 15 20 25
iteration
propawn proknight
prolance gold

prosilver  *

07 0D0O0O0O0D0O0(DOOO0O0OO0ODOOODO0O0ODO 3/64)
600
550
g — :
§ ;50 a o B8 88 gFQgo D*:i z
o 500 ;
[ T S
K
o
450 r
400 L L L L
0 5 10 15 20 25
iteration
propawn proknight
prolance gold
prosilver
08 0DO0O0DOO(D0ODQDOOODODODODOOODD 4/64)
600
550 e e
o UL et e e e T e
=
© a g o oeo0go o9 googo o R O0xoag
z SO0 f % « % X% 4 % x X L x5 x % x % 2% x5 % x x5
(5]
Q
o
450 |
400 L L L L
0 5 10 15 20 25
iteration
propawn proknight  ©
prolance gold
prosilver
09 0000000 (C=0.005)
600
550
(3]
= spE kb hdsRERERjaaedndNER
> g *
o 500 ¢
(5]
Q
o
450 f

400

10 15 20

0 25
iteration
propawn proknight o
prolance gold
prosilver

010 0000000 (C=0.001)

ocooO.00o0oo0o0o000o0 cooo0s00n0noonon,
cooooooo.oooo,0000000 ¢cOo.0010

_45-

000000000000000004/64000000
0,0100000000000,000000000 (0
0,00,00)00000000000.0000000
00000000000000000000000000.
00000000 CO00.0010000000000000
000000000 00000000000000000
0000000000000000.000000000
000000 110000000000000 12,0 13,0
14,0 15,0 16000
43.1 00000000000

Jo(w)O Jrp(w)00ODOOOOD0O0OO0O0,00000
000000000 1/16000000000000000
00000000000000000000,00000
000000000 1/1600000000. 0000000
C 0 0, 0.00000005, 0.0000005, 0.000005, 0.00005, 0.0005,
00050000000000011000.01100000

75
70
65 |- .
60 | .
55

50 0t
45 127
401t
35

....

.
o«
. X
.

Prediction(%)

10 15 20
iteration

25

C=0.00000005 C=0.0005
C=0.0000005 -~ C=0.005
C=0.000005 = C=0
C=0.00005 =
011 000000

00000000000000000000000000
000000000000000000. 0000 Je(w)
0 Jp(w)00DDODODODO0OO0OODOO0O0O0OO0OODOD0O0OOO
00000000000 00000000. 000000
0000 COO000005000000000,00000
00000000000000000000000000.
000,0000000 CcOO00 0.0000000500000
0000000 0000000000000000000
000000000. 000,000000000000
00000000000000000000000000.
4.3.2 0000

Jo(w)O Jrp(w)0OODOOOODOO0OO0O,00 (00
0,0 ,0)000(@,00,0,0,00)0000000
0000000000, 00 (0,00,00,00)000
0000 (0,00,00,00)000000000000
000000000000. Je(w)O Je(w)DOODOOO
00000,00000000000000000 4/640
0000000 (0,00,00,00)000000000
000000000000000000,0000000



The 19th Game Programming Workshop 2014

0000000000 4/6400000. 0000000
000 ¢ 000 0.00000005, 0.0000005, 0.00005, 0.0005,
0.005000,0 12,0 13,0 14,0 15,0 160000. O
000000000,012,013,0 14,0 1500000
00000000.000000, Je(w) D Je(w)0OO
000000000000 00000 00000000
4/6400000000000000008000000
000000.0000000000000000000
00000000000000000000000000
000000000000O000. 0000000000
0000000 4/640000000000000000
0000000000,000000000000000
0000000000000, 000000000000
00,0000000000000000000.

600
550
S * % ¥ 8 8 g8
§ gﬁ 8 ﬁmwwwxg*i szzuzu
o 500 g
Q o,
Q2 o
o
450 |
400 1 1 1 1
0 5 10 15 20 25
iteration
propawn proknight
prolance gold
prosilver
012 0JOO0OOOO0O0 (C = 0.00000005)
600
550
E * :
=2 * s BB R o SE5Bg8
o 500 R
[ T
R A S .
o
450 |
400 1 1 1 1
0 5 10 15 20 25
iteration
propawn proknight
prolance gold
prosilver

013 JOO0OD0O0OO0D0 (C = 0.0000005)

4.3.3 20000000000000

0000000000000000000000 (4)0
00000000000000000000000000
00 |lw—-we|?000000000000000000
000 COO00D0000000000 1800 19000
0.0180,000000000000000000O0
0000000 00000000 1/160000000000
000000 CO0000D0000000000000
000.0190,000000000000000000

_46 -

600
550
% R * K %
E R R
o 500 ¢ RS
o oty
K= R S U
o
450 r
400 L L L L
0 5 10 15 20 25
iteration
propawn proknight
prolance gold
prosilver  *
0 14 0000000 (C = 0.000005)
600
550
g * ¥ M L} * B ® 950 R
(_g iy i LI S@E§¥g¥*¥:*
o 500 ¢
L
S 2 S R S
o
450 ¢
400 L L L L
0 5 10 15 20 25
iteration
propawn proknight o
prolance gold
prosilver
015 0000000 (C =0.00005)
600
550
g . x X Hoxox X ox K ox K K ¥ * % * * * %y
E ppsoeoletoonnfaloTa s T
L T T P
o 500 ¢
o
2
o
450 r
400 L L L L
0 5 10 15 20 25
iteration
propawn proknight
prolance gold
prosilver
016 0000000 (C=0.0005)
600
550 e
R R
=
g B8 gepgeodg o0 ®gogdgaoaea g
o 500 f % « * % * * % M ¥ x ¥ x K X x X x * 4
o
Q
o
450 ¢
400 L L L L
0 5 10 15 20 25
iteration
propawn proknight  »
prolance gold
prosilver

0 17 0000000 (C=0.005)

0000000 o0D0O0UoOoO4/6400000000
ooooOocooooooooooboooOooonooooon



The 19th Game Programming Workshop 2014

0.01800 19000000000000COOOOO
oo,00000000000000000000000
oooo.ooo,0 1800, 000000000 o000
ooooo 1/le000 0000000000000 O0O0
cooooooo,bobocoboooooboobooooon
cobooooooooooooboooboobog. oogo
vooooooooooo,oooo0oooocoonogon
0000 4/640000000000000000000
oooooo,b0coboboobooooobooboooooo
coboooooooooooobooOob. coooao
coooooodoboobooocoooogon,20000
coooboooooooobOoOoocOoOoboooOooboooo
U.00ocooo,0o0ob0booocooobooooo
cobooooooooooooboobooooao. o
1800,0000000 C=0.00000050 000 0.000005
00000000 0000. 000 1900, C=0.00050
cooooboobooooo.oooooooog,booooo
ooooooooooooo.

2.5e+11

2e+11 r

1.5e+11

le+11 ¢

Difference

5e+10

2 0o o ogoo@oooowoooDoo@oooao

0t

iteration

C=0.00000005
C=0.0000005
C=0.000005 =«

C=0.00005
C=0.0005
C=0.005
018 20000000000000 (0000000 1/16000

oo)

3.5e+11
3e+11 ¥

2.5e+11 w "
2e+11 r e "

1.5e+11 | =
le+11 r
5e+10 r

0 =1t .
0 5

Difference

10 15 20
iteration

25

019 20000000000000 (COODOOoODOOOOO

C=0.00000005
C=0.0000005
C=0.000005

04/64000)

C=0.00005
C=0.0005
C=0.005

_47-

5. OO0

0000000,0000000000000 (0,00,
00,00)00000000000000000000
00000000000. 00000000000000
00000000000000000,00 (0,00,0
0,00)000000000000000000000
0000000. 000000000000000000
0000000000 CcO000000,00000000
00000000000.00000000000000
000 1/160000000,0000000 ¢ 0O 0.0050
00000000,00000000000000,000
00000000000000000000000000
00. 000000000 CO0 0.00000005000000
00000, Jo(w) O Jrpw)0O0OOOOOOOOO, O
00000000 00000000 1/1600000000
0000D0000000. 0000000,000000
00000000000000000000000000
00000000000000000000000000
0000000.200000000000000000
00000000000000000000000000
0000000000,000000000000000
00000000000000000000000000
0.000,00000000000,000000000
00000000000 00000000000,000
0000.000000000020000000,00
00000000000000000000000.

gooo

[1] ooboo,bo00b: 0boboboobooboooo,
Ole00000O0ODOOoOOoOoOoOoDbOoDbDOnD 2011, pp.
25-31 (2011).

0000,0000: 0000000000000 n0 Argd
00,0000000000, Vol. 2010-GI-24, No.3, pp.
1-7 (2010).

K. Hoki, T. Kaneko: Large-Scale Optimization for Eval-
uation Functions with Minimax Search, JAIR, Vol. 49,
pp. 527-568 (2014).
oobo,bog0,00o0b0,0o0.-0obobooboooo
0do0oOodoOoooboOo,0 4o0oooboooooo
0000000, pp. 1-8 (200).

2]

3]

[4]





