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On the maximum number of strings
feasibly put on the nxn Go board

YANO Youheit MURAMATSU Masakazui't

Department of Computer Science, the University of Electro-Communications

When we consider the game of Go with computer, string is the most basic concept. However,
the maximum number of the strings that can be put on 19x19 board is not known. The
purpose of this paper is to calculate this number by using mathematical programing. we call
this optimization problem as Max String Problem(MSP).

1 000000000 0000000000000000000000
1.1 0000 0000000000000000000000
0000000000000000

0000 MSP(2)=20 MSP(3)=60 MSP(4)=12
00000000000 102030000

0000000000000000000000
00 (1)D00000000000000000
0000000000000000000000
00190000000000000000000
0000 19°=3610000000000000 6’ EG 5§> 8’
0000000000000000000000

0000000000000 (Max Strings Prob- g 1l.2000000
lem000 MSP)DOOOO0O0OO0OOO0-10000

0000000000000000000000
00000000000000000000'00 %Eg % %&
0000000000000000000000

0000000000000000000000

OODOCGLPK 3000000 %% %

00o0dooboobooNPOODODOODOOODOO
gooooboooooooooooobooon 092 3000000
goolvooboooobooboboobooboon
ddddddooouooooooooooo

0ooo
1.2 MSP(n)
MSP(n) 000R00000000000000

bobobobooboobobooooobooon

obobobobobooboboboobooboon 0 340D0000

1000 (Solver) 000000000000 ODODOOO
oooooooooooooo

-107-



1.3 0000bOoooon

200030000000000000000A0
oobooboo4000000000000000DO
googooood

o0 O0O400000000000000000
ooooobooooooooobooooooooon
0000 (Dooo0)obooOoUoUOoooOoo
O000O0000O0OMSP(4)=1200000

04 0000000000DO0000DOO0O 2

4000000000050000000000
uboboobooboobobobobobobooon
gboooobobooooobooon

oobooOoooobooooboooooo2000
ooboboboboboboboboboboon
boooboobooobooboosgoooobon
0000 MSP(r)DOOUOOOOOOCOOOOO
oo40000000000000O00000DO
oboooobooosobbooobooooon
MSP(19)00OO0O0OU0O0OO0OOLOOOOOOODOO
ooooog

2 QJOodd
n000000000003" 000000019
gboboooooooooobooooooooooan
obobOobobOobobobobobooDbo
obob1000b000o0oooooooobooon
cooOoooOoooooMSpPOOOOCOOOOO
gooooooao

2.1 0OO0DOOO0OO0OOOOO0
Os0000000000000DO00000O0
oobobobobobooboboboboboon
bobobobobobobooobooooobooon
obooooobooooonoo

gs5 goobooooao

22 0OO00O0OOODOOOO

00100 NDOOOOOOODOOOoOobOON
oooobooooooobooogooooo

obooooboobobooooooooobon
oooooMSPOOOOOOODODOOOOOOO
gbooobobooooobooog

23 001000
OO0 10002000000000000000

o0100NDOOOODOODOOODODOOD
ooooooooooooo NOOooDbDoOD
oboo100o00o

o0o1000 OO NDOOOOOODODOODOOoOo
200000000000DO00O0O000O0O000
obo1o0b0oo0ooooocooooooboon
ooooog

oooooooobooed70OODOO6OO
obobooednOOobOO70OO0OOO0Oe6000O
obooooboooooboo 100booooog
boebobooooooooooooooboon
obooooooboooboo

06 000 o7 o000d

o022 000000000 100bo00g0oo N
o0oooooooooooo NOOOoooo
obooooooo1o00oo0ao

002000 0OO0OO0OO0OO0OOoDOobOOoOoOogo
boboboboboboboboboboon
obobooboobooboobobobobobon
oboboobobobooboboboboboon
gboooboobooooboboooboobooon
gbooooocoo10000000o0000
obobooboboboboobooboboobon
goooooooooobooogooooa
gbobooboosbobobobobobo
oboboobbosboboboboonoooon
obobooboboboboboboboobooon

goboobobooooooooboobboooo

goooooooon

-108-



O—@ AN ()

b a

e 2
O K& OO0 09000

24 000000000000
000000000000000oOooooon
0ooooon

06—010—011000000000000
ooo?.

000000000 1000000 10000
0000000000000 100000000
00000000000000000000®0
000000000000000@OO00000
00000000000000000

g 10: 00O g1 0000

2,5 0000000

000000000000000000000
000000000000000000 or000
2000000000000000000000
00000000000000 0000000
000 (1)000000

1 --- O0oOooad
fi,j{o ... 00 (1)

goboob11obo0booobooob 120
goo

[t
o | O | o | O
e}

o O | O
—_

0 12:. 0000

3 MSPOoO-1O0000O0O0OO0ODO

goooooooo MspOOOOOOOOOO
obobobobobobobobobooban
OO0 (2Hpooooooooooo

2010000 70000000000000000000
oooo

3.1 0D00O0ODOOoOoOoOoooboooog
oboboobobOobobobobobobo
0o0b000 B3oooooooboooboooooo
ooooooooooobooobooogoooon
000000000000l 00o (oooo)o
obooooooobooobooboooobooooon

1 11 1
1011 1 1)1

1 1
()0000 (byooo (c)0OO

U 13: 000000000000

0000 (0D B)DooooUo-1000000
0000000000000 00 13(d)0000O0OO

Tij =Ti—1j = Tit1,j = Tij—1 = Tijy1 = 1

ooooo0«;;000000000000O0O0O0O0
ubobobobobooboboboboban
goooooo

Tij T Tim1,j + Tig1,j + Tij—1 + Tijp1 < 4

good
gooboooooooobooooooboooogo
gboooooboooooooboooooon

T11+ 212+ 201 <2
ooooo (l:l[l[l[l xlygﬂDDDDDD)DDD
T1,3+T23+T12+T1a <3

gbooobooooboao

3.2 MSPOOOO

goboooboboooboooboooooa
MSP(n) OO (2)0O00O0OD0O-1000000OO

-109-



googooboooog

Doooy, Z?:l Zi,j
aoo
Tij T Tio1,j + Tit1j+ Tij1 T Tij1 <4
(2<i<n—1,2<j<n—1)
Tij+ Tig1,j + Tij—1 + Tijyr <3
(i=1,2<j<n—1)
Tij+ T +Tic1j+Tip1; <3
(2<i<n—1,j=1)
Tij+ Tim1j + Tij—1+Tij41 <3
(i=n,2<j<n—1)
Tij+ Tij—1+ X1+ Tiv1,; <3
(2<i<n—1,j=n)
T11+T12+x21 <2
Tnlt+ T2+ Tpo11 <2
Tip+Tin-1+T2n <2
Topn +Ton-1+Tpn1n <2
Xi,j5 § 1
(1<i,j<n)
Li,j > 0
(1<i,j<n)

(2)

0000000

3.3 0O0OO
MSPOODODO (O (2)) D0GLPKODOOODO
GLPK 0O O 0O GNU Linear Programming Kit O
O000oDoO000o00oo0oDooDOoOooon
ooooooooooooooooooon
ocoooood

OS MacOSX version 10.4.8
CPU Intel Core Duo 2Ghz
OO0O 2GB 667 MHz DDR2
000 GLPK version 4.9

ooooog

GLPK OO0 0OO0OO0OOOOOO0OCCOODOOO
O--last 00000 20000000000
--last U0 0O0O00O0O0D0O0O0O0OOCDOOOOOO
Oooo0o0ooooooooooGerpkOoOooOOo
gooboboobooooboooooboboooooo
ooooooo

GLPKOOODOOOODODO 200000000
gbooobooboooonoa

n |00 OO0 --last(0) default (O)
2 2 0.50 0.0 0.0
3 6 0.66 0.0 0.0
4 12 0.75 0.0 0.0
) 18 0.72 0.0 0.0
6 26 0.72 0.0 0.0
7 36 0.73 0.0 0.0
8 49 0.76 0.0 0.0
9 61 0.75 0.0 0.0
10 76 0.75 1.0 1.0
11 92  0.76 0.0 8.0
12 | 109 0.75 23.0 48.0
13| 129 0.76 11.0 88.0
14 | 149 0.76 4171.0 4788.0
15| 169 0.76 3544.0 5547.0
g 1. 00

4000000000000D00O0O0--1ast U
bobooooboobooboboobobobaonon
obobobOooooooboboboboobon
ooboooooooooobooooobooooobo
oooooooooboo

190000000--last00O0O0O0O0O00OO
obobooboboboobooooboooooon
O2rb00 2200000001000 20000
gooooobooogn

4 0OJ0Oo0oOood

020000 (2)0000 MSP(19)00000
0000000000000000000000
0000000000000000000000
0000000000000000000000
000000000000 (000)000000
000000000000000000

4.1 200

00020000 U0DOOO0
godooooooooooooo U
Jo0oDdo00Onn0OO00D0O0ODOUd
DOODOOO00O0D0OO

0000000 U000000
DOOO0OOO0OOO0OO0O0O0 (3)

doowig = Y wy (3)

(i,5)€U (i,5)€D
OOMSPODOD (O (2)0000000000
ogooad

0(3)0000000 U(e)ID(x)00D0O000
00000 BOO

0 14: 200

() (4)
(2) (5)

-110-




00000000000000000 BO U(z) <
D(x)0000000000 BO 18000 (00O
000)0000 BO0U(z)>D(x) 00000
00000000 (3)00000000 BOOO
0000000000000000000000
0000000000000000

4.2 400
200000000D0DODDODO4

gbobobooobobobo A | B
OoOoOoooo AoBOCODO

000000000 A(z)0B(z) DJ¢
0C(z)0D(z) O U(z)OD(z) OO0 g 15. 400
0000000000000000
400000
A(z) > C(z) (6)
B(z) > D(z) (7)

0020000000 (0(2)000000000
00 BOOOOOOOOOOODODOOOOOO (6)0
(77000000000 BFOOOO0O00000O0
0(6)0(7) 00000000 B*O0000000
ooo

4.3 00000000
41042000000000000000000
oob0o1voooooobooooooobogn
000000 (0)oooooooooooooo
ooooooooobooooooboooooooo
600000000000 0ODOOUOOOOO (O)
oooooooooooooboooooooooono
ooooooooooooboooooooooooo
oooooooooo vooooboooooon
00 (0)0 ADCOOUOOOOUOOOOOOOO
000000000 00000O0OOoOoOoOooOn?

AllB A | B
D|| C p| C

O 16: 0000 0O 17 ADCOOoQoo

4.4 0000

MSPOOODOO 40000 170000000
oOooooGLPKOOOOODOOOOODOODOO
gbooooooooon

320000040000000000000000000
goobooboooooooobooooboooboooo
oooo

N | OO OO0 --last(0d) default(O)
2 2 0.50 0.0 0.0
3 6 0.66 0.0 0.0
4 12 0.75 0.0 0.0
) 18 0.72 0.0 0.0
6 26 0.72 0.0 0.0
7 36 0.73 0.0 0.0
8 49 0.76 0.0 0.0
9 61 0.75 0.0 0.0
10 76 0.75 0.0 1.0
11 92 0.76 1.0 5.0
12 109 0.75 24.0 39.0
13| 129 0.76 12.0 29.0
14 | 149 0.76 4426.0 2191.0
15| 172 0.76 3519.0 3161.0
o200

--last 00000000000 COOOOOO
OO0000D00O0C0O0000000default 00O
boboobooboboobobobobobaoon
obooboobobooooboobooboooon
ooboooboooobboooooooooobon
gooooood

voooooboooboobooooooaon
oobooooooobooooon 2r7o0g 281
obooboooooooogo 2200000000
gboboboooooooooooo3oooon
obobooobooooooboooono 28100000

5 Oooo

0000000 MSP(19)0000 2770000
281000000000000000000000
00000000000000000000000
000000000000000000 CPLEX
00000400000000000 MSP(19) O
0000000000 (4)D000000000
277000000000000000000000
0000
000000000000000000000
0000000000000000000
MSP(19)00000000000000000
0000000000000000000000
00000000000000000

gooo

1] 000,000,00000.0000000
O000.000D00oOoOoooooo (o).
o 0oo,2005.

2l 0000,0000.0000.0000,2002.

[3] GLPK, http://www.gnu.org/software/glpk/

-111-



[4] 00000 private communication.

A 0OO0OODOO

0 18: MSP(6)=26

'8

o

oL 88
RS, 4

0% % o
'0.2.2.%,
'8

S8

N9
944

0 21: MSP(9)=61

919 9
oo 2 e
2 . 25% o e,
9098 909 908

».
> | d
"

0 25: MSP(13)=129

-112-



e
L2 2L % o272,
o o o2 0. 0.0 o2
0.900, o220 0 00
(2 e e a2 8
NG, S0 PRNSL SSRRE, 8

0 28: MSP(16)=196

-113-

"\ ey

0 00 % %220 0
008 926220, 120
Sorete2e 2 2: %%
o o220 %2210
0 L0 e 6962205 1 S
#+#¥i¢+#¥i¢t#¥if+!

o fo
i##‘i#+llﬁ#+&##¥&#

0 29: MSP(19)=277 ([4])



