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A Mathematical Model for the Game of Go and its Application

Masafumi Satou,†1 Koichi Anada†2 and Masayoshi Tsutsumi†1

Among many board games the game of Go is the most interesting and challenging one for
researchers because of its comlex nature. In recent years many new approaches from various
fields such as morphology, pattern maching, and Monte carlo simulation have been developed
and applied as well as classical ones which had applied to Chess and Syogi. Our purpose of
this paper is to provide a mathematical model for the game of Go.
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2.1

n

n 0-1

�0 �e1, �e2, · · · , �en

�1

(�a)i =

{
1 (�a)i = 0

0 (�a)i = 1

(�a ∧�b)i = (�a)i ∧ (�b)i, (�a ∨�b)i = (�a)i ∨ (�b)i,

�a\�b = �a ∧�b, (�a ⊕�b)i = (�a)i ⊕ (�b)i

n×n 0-1

�a ·�b = ∨i∈I

(
(�a)i ∧ (�b)i

)
(A�a)i = ∨j∈I ((A)ij ∧ (�a)j)

�aA = t�aA

(AB)ij = ∨k∈I ((A)ik ∧ (B)kj)

(�a t�b)ij = (�a)i(�b)j

E

2.2

n

�b �w

(�b)i =

{
1 i is black or empty

0 i is white

(�w)i =

{
1 i is white or empty

0 i is black

N
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uNv
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→

→

b

w

1

Fig. 1 Two graphs �b and �w on a position.

(F0)ij =

{
1 iNj

0 otherwise

�b �w 1

F0

�l = �b ∧ �w

2.3
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(F )ij =

{
1 ∃k; (iMk ∧ kNj)

0 otherwise

i j

(F )ij = 1 i

j i i

j

(F0)ij = 1 ⇒ (F )ij = 1

(F )ij = 1 j i

t t
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�ht

(�ht)i =

{
1 |(tFt�ei) ∧�lt| = 1

0 otherwise

(�ht)i = 1 i

�at(i) �dt(i)

�at(i) =

{
(tFt�ei) ∧ (�bt\�lt) ∨ �ei t is even

(tFt�ei) ∧ (�wt\�lt) ∨ �ei t is odd
,

�dt(i) =

{
(tFt�ei) ∧ (�ht\�bt) t is even

(tFt�ei) ∧ (�ht\�wt) t is odd

t i
�b �w F

�bt =

{
�bt−1 ∨ �dt(i) t is even

�bt−1\�ei t is odd
,

�wt =

{
�wt−1\�ei t is even

�wt−1 ∨ �dt(i) t is odd
,

Ft = Ft−1|(�at−1(i)
t�at−1(i)

tFt−1)\(F0
�dt−1(i))

F0

�at(i)

�dt(i)

�b �w

F

�at(i) j (�at(i))j = 1

�dt(i)

�b �w

�b0 = �w0 = �1

F F0
�b0 �w0

�b ∨ �w = �1

�b0, �w0
�b, �w

F0

F0

�b �w

�b �w F

F

�b, �w, F F0

”B-W graph model“

F0

(�b, �w, F )

{
Ft(�bt ⊕ �ht) ∧�lt t is even

Ft(�wt ⊕ �ht) ∧�lt t is odd

�b, �w, F

�h

�pt(k)i =

{
1 |tFt�ei ∧�lt| < k

0 otherwise

�h �pt (2)

�p
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” ” 1

�pt(2), Ft(�ht\�bt), Ft(�ht\�wt)

” ”

( 1 ) Ft(�ht ⊕�bt) ∧ Ft(�ht ⊕ �wt ∨�bt) 1 +1

( 2 ) Ft(�ht\�wt)\
(

�pt(2) ∧ Ft(�ht\�bt),∧Ft(�ht\�wt)

)
1 +1, 000 × |�ht\�wt ∧ Ft�ei|

( 3 ) Ft(�ht\�bt)\
(

�pt(2) ∧ Ft(�ht\�wt),∧Ft(�ht\�bt)

)
1 +10, 000 × |�ht\�bt ∧ Ft�ei|

( 4 ) Ft(Ft(�ht\�wt) ∧ �ht\�bt) 1

+100, 000 × |F�ei ∧t Ft(�ht\�wt) ∧ �ht\�bt|
3.2
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