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Abstract

In some complex domains, like the game of Go, evaluating
a pasition is not simple. In ather games, like Chess for
example, materia balance gives goodand fast to compute
insight on the value of a pasition. In Go al the stones have
the same value, so material balanceis nat a good feuristic.
To evaluate a Go pasition, a wmputer neads a lot of
knowledge and much more time. Evaluation in computer
Go is interesting from an Al point of view, becaise it
shows the power of knowledge in complex and red world
domains.

Introduction?

Evaluation functions are usually quite smple and fast.
The simplicity of evaluations functions enables to
concentrate on the search algorithm, and to replace the
knowledge used by humans to solve problems by
intensive seach. Many reseachers have remgnized that
there is a seach vs. knowledge tradeoff [Michie 1977
[Berliner & a. 1990 [Junghanns & Schadfer 1997.
However in some domains like the game of Go, simple,
fast and goodevaluation functions do na exist (or at least
have not been found dkspite alot of efforts). Evaluating
pasitionsin such damains requires some times and a lot of
knowledge. These domains are interesting for Al becaise
they show the power of knowledge over brute force They
enable to devise, test and compare Al techniques related
to the aquistion, leaning, management and we of
different types of knowledge [Pitrat 1997. Finding a way
to use knowledge so as to be dficient in these complex
domains will also advance the state of the at of domains
where seach is important by improving seach with
knowledge. This is a more general approach to problem
solving, thisisthe one humans use [McCarthy 1997.

In the first part we present the interest of the game of
Go from an Al point of view. Then, we present our
method to evaluate positions. In the following part, we
show our this evaluation is integrated into a Go paying
program.
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Computersand the game of Go

The game of Go

Go was developed threeto four millennia ago in China; it
is the oldest and ore of the most popuar board game in
the world. Like dess it is a deterministic, perfea
information, zero-sum game of drategy between two
players. In spite of the simplicity of its rules, playing the
game of Go isavery complex task. [Robson 1983 proved
that Go generalized to NxN boards is exporential in time.
More ooncretely, [Van den Herik & a. 1991 and
[Allis 1994 define the whole game tree omplexty A.
Considering the average length of adual games L and
average branching fador B, we have A = B-. The state-
space @mplexty of a game is defined as the number of
legal game positions readable from the initial position o
the game. In Go, L=150 and B=250 Fence the game tree
complexity A=10°. Go state space omplexity, boundd
by 3*=10", and game tree omplexity are far larger than
those of any ather perfed-information game. Moreover, a
pasitionis very difficult to judge, onthe contrary of chess
where a good leuristic for evaluating a position is the
material balance. This makes Go very difficult to
program.

Computer Go

As saching deg enoughis nat possble for the game of
Go, the best Go paying programs rely on a knowledge
intensive gproadh. They are generaly split into two
parts:

B A tadicd modue that develops narrow and cee
seach trees. Each treeis related to the adievement of
agaal of the game of Go.

B A strategic modue that chocses the move to pay
acording to the results of the tadicd modue.

We will focus on the strategic modue that takes into
acourt the global paosition to evaluate. Concerns abou
evaluating dobal positions in the game of Go appeaed in



[Fotland 1993, where fuzzy status of groups were used to
make strategic dedsions. [Bouzy 1999 developed further
the strategic part involved in Go programs and managed
relations between groups with fuzzy status. [Cazenave &
Moneret 1997 gives a method to develop strategic plans
in situations invaving urcertainty.

Evaluating a position

Strategic knowledge in games is about longterm goals. In
games sich as Chessand Go, the high number of possble
moves makes it impossble to forecast in the longterm the
consequences of the moves played. A solution to this
problem is to have agradual achievement of long term
goals. It enables to knaw if a move makes the goal easier
or harder to achieve. There ae mainly two ways of
managing a complex situation, bre&ing the problem into
subproblems and relax the problem by defining a gradual
achievement of it.
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Figure 1

Thisis particularly true for the strategy in the game of Go.
The ultimate goal of a player is to make live the more
stone on the board. However, in the middle game, most of
the groups of stones (agroup d stonesis a set of stones of
the same wlor which canna be disconreded, stones of
the same group have the same number in Figure 1) are in
an urcertain state, and the evolution d this gate cana
be predsely foreseen. It is very useful in such a cae to
have a gradual evaluation d their states and d the
evolution d this gate when playing dfferent moves.

A friend intersedions of a group is an empty
intersedion that can be cnreded to the group whatever
the opporent plays, moreover, this empty intersedion
must not be wnredable to aliving oppoent group.

Figure 2

In Figure 2, the white friend intersedions are fill ed with a
small white paint. The bladk friend intersedions are fill ed
with a small black point. The intersedions thatcan be
conreded bah to a white and a bladk group are filled
with a small gray pant. Each group owns a set of friend
intersedions of its own color.

The number of friend intersedions of a groupis a very
good leuristic to approximate the degree of life of a
group. For example, the group marked with 2 in Figure 2
has more than twelve friend intersedions, it will therefore
have no problems to live. Whereas the group marked with
3 in Figure 2 has only 7 friend intersedions, it is not
completely alive and may have some problems. Its degree
of lifeisaround 05. Two rules define the degreeof life of
agroup gven its number of friend intersedions:

Degree of life(N, G, F) :-
Number_of friend intersedions (N, G, H),
H>3,
F1= (H-3)/9,
F=min(F1, 1.0).

Degree of life(N, G, F) :-
Number_of friend intersedions (N, G, H),
H<4,
F=0.0.

After these rules have been fired, one rule dooses the
greaest of all the degreesof life.

The gradual degreeof life is given by the red number
F, the group is represented by the variable G, and the
integer N is the number of moves to play to acieve this
degree of life The Figure 3 dves the graphicd
representation d the gradual achievement defined by the
rules abowe.
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Many predicaes contributes to the final goal of the
game: having more living stones than the opporent. These
contributions are more or less graduals. They are
represented in Figure 4. The verticd axis aways
represents the degree of life of the group, between 0 and
1
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Table 2 gves an evaluation d the atributes for the four
groups of Figure 1.

Attributes\Groups

Number of won life bases
Number of unsettled life bases
Number of won eyes

Number of unsettled eyes
Number of friend intersecions
Number of stones

Number of conredions to living
friends
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Table 2

Table 3 gves the degrees of life crrespondng to eadh
attribute for ead group and also gves the final degree of
life for the groups.

Attributes\Groups 1 2 |3 4
Number of won life bases 0 0 (O 0
Number of unsettled lifebases |05 |0 |0 0
Number of won eyes 033 |0 |0 0
Number of unsettled eyes 016 |0 |0 0
Number of friendintersedions |0 1 044 |08
Number of conredionsto living| 0 0 (O 9
friends 1
Degreeof life of the group 05 |1 044 |1

Table3

The strategic evaluation function in a Go
playing program

Board | Move |
v

Tadicd -
AND/OR Strategic
> —| Groups |—|
Tree Seach Games Rules
Status
Figure 5

Our Go paying program is named Gogd. It develops
AND/OR tree seaches to cdculate the states of tadicd
games. Each tadicd game rresponds to a simple
subgaa of the game of Go. The tadicd games gatus are
used to crede the groups and to fill the predicaes used by
the strategic modue. Gogd develops approximately 1000
proof tree seaches on a position. It develops trees using
Proof Number Seach [Allis & al. 19941, the result of a
treeis atadicd theorem that applies to the board at hand:
the moves advised by the theorem always read the
tadicd goal used duing the seach. These proof trees
contain between 2and 600 nods. Oncethe tadicd results
are deduced, the program fires the strategic evaluation
rules that evaluate the degreeof life of eac group and its
evolution after ead interesting move. This information is
used to choose the best move. The best move is chosen by
evaluating the difference of the board value dter and
before eath move. The best move is the move that has the
highest difference

To evaluate the value of the board, the system has to
evaluate the degree of life aad the importance of eadh
group. The importance of a groupis the evaluation d the
difference of points at the end d the game between the
life of the group and its deah. It is computed using the
following rule:

Value (G, N) :-
Number_of stone ( G, N1),
Number_of friend intersedions ( G, N2),
Number_of shared friend_intersedions ( G, N3),
N =N1+N21+N2+N3.

Groups 1 2 3 4

Value of the group 24 180 32 31




When the values and the degrees of life of the groups
have been computed, the system can evaluate aGo baard:

Evaluation =
> (Degreg * Value) - 3 (Degree * Value)

with i O Friends Groups and j [0 Opporent Groups.
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Figure 6

In the example of Figure 2, if bladk is the friend color, the
evaluation d the paosition gves:

Evaluation=0.5*23+0.44*32-1.0*80-1.0*31=-854

This evaluation means that blad is probably gaing to lose
the game by 43 pants. This analysis is compatible with
the analysis of Go expert players. This evaluation function
has been tested on numerous Go bcards and it gives a
goodapproximation d the evaluation d a position.

The two moves we ae eamining in the board of
Figure 6 are the black moves at i28 and i59. Table 4 gves
the outcomes of the bladk move & i28 and Table 5 gves
the outcomes of the bladk move & i59.

Attributes\Groups 1 12 13 |4
Number of won life bases +1 (0 |0 0
Number of unsettled life bases -1 |0 |0 0
Number of won eyes +1 (0 [0 |O
Number of unsettled eyes -1 {0 [0 |O
Number of friendintersedions 0O (0 ]O 0
Number of conredions to living{0 |0 |0 (O
friends
Table 4

Attributes\Groups 1 (2 |3 |4
Number of won life bases 0O |0 |0 |O
Number of unsettled life bases 0O |0 |0 |O
Number of won eyes 0O (0 |O (O
Number of unsettled eyes 0O (0 |+1 (O
Number of friendintersedions 0O |4 |0 [-1
Number of conredions to living{0 |0 |0 (-1
friends

Table5

If the board is evaluated after the two bladk moves, there
isavariation d +12 pants for the bladk move & i28 and
avariation d +11 pants for the bladk move & i59. The
system will chocse the bladk move & i28.

Results

The best Go programs are those that have the best
strategic evaluation function and the most predse tadicd
seach engines. But it takes times to evaluate paosition,
because for eat strategic position evaluation, a lot of
tadicd seaches have to be performed. So Go programs
canna seach very deg at the srategic level. The
predson d the evaluation function is therefore very
important. It is based on a good knavliedge of what are
the important concepts of the game of Go (such as
territory, influence, groups and their degrees of life).

Gogd plays a move in 10 seoonds on a Pentium 133
MHz. It has participated in the 1997 FOST cup held
during 1JCAI97. It has finished 6 ou of 40 participants.
The five first programs are commercial programs.

Future work is to use leaning, as described in
[Cazenave 1994, at the dtrategic level. The goal of
leaning will beto improve the evaluation d positions and
to find strategic moves interesting to try.

Conclusion

Evaluation in computer Go isinteresting from an Al point
of view, because it shows the power of knowledge in
complex and red world damains. In the seach versus
knowledge tradeoff, the game of Go is the one that has the
most important knowledge comporent. We have shown
how a complex evaluation function can be devised by
bre&ing the problem into subproblem, and relaxing the
goals by making them gradual. This approach has been
used to write the evaluation function d a Go paying
program. It has dhown its usefulnessduring the last FOST
cup [Fotland 1997, an international competition between
Go programs.
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