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Abstract

In chess brute-force search methods have been very successful. However, games like
shogi have a game tree complexity that is much higher than chess. Therefore, it is unclear
if the methods used for making strong chess programs will also be successful for other
games. In our research we will attempt to use a more cognitively based method, pattern
recognition, to build a strong shogi playing program. In chess, pattern recognition has
not been very successful, but in this article we will take a different approach to patterns.
We will describe a more general definition of patterns and how we used this definition and
position evaluation to make a program to solve simple tsume shogi problems. The results
for solving five-ply and seven-ply tsume shogi problems are encouraging. Furthermore,
an evaluation function using only pattern recognition turned out to be working better
than an evaluation function using both pattern recognition and position evaluation.

1 Introduction

Ever since Shannon’s famous 1950 article “Programming a Computer for Playing Chess” [24],
chess has been an important research subject in Artificial Intelligence. Early on, it was con-
sidered vital to the strength of a program to include as much chess knowledge as possible
and the cognitive aspects of chess ability [7] were expected to be part of every strong chess
playing program. However, chess research took a dramatic turn after Slate and Atkin, the
programmers of the famous program CHESS, in 1973 more or less by accident discovered that
speed made a chess program much stronger than knowledge. Since then, chess programs have
focused on searching as much of the game tree as possible as fast as possible. Most programs
use a simple mini-max algorithm with alfa-beta pruning [5], enhanced by other programming
tools like quiescence search [3, 9], conspiracy numbers [21] and singular extensions [1]. The
success of this approach is undeniable. In twenty years, chess programs have improved from
weak amateur level to a level in which they can even give the world champion a scare [26].
The program to do so, Deep Blue, is capable of analysing 500,000,000 positions per second,
looking ahead some 13 plies on average. From an engineering point of view, this is a remarkable
achievement with concequences that far surpass the limited domain of chess research.

However, with such a large number of evaluated positions, there is no question that the link
with human problem solving and thus with classic Al is lost. Chase and Simon [6] have shown
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more than 20 years ago that the difference between expert chess players and novices does not lie
in the number of positions evaluated, but in the recognition of patterns (or chunks) in a chess
position. Stronger players encode a chess position in larger chunks. In chess research there
have been some attempts to use this psychological fact for building strong chess programs
[4, 15, 27, 29], but these programs have been a minority and their success in actual game
playing has been limited.

At the moment it is unclear what will happen with chess as a research domain after the
strongest programs have surpassed the level of the strongest human experts. Chess might lose
all its attraction for future research. Another possibility is that chess research will advance
without human opposition, implying that the strongest programs will only play each other.
The final possibility seems to be that other directions for chess research get more attention,
leading chess research back to its Al roots.

Because future developments in chess are uncertain, we feel that it is time to look at other
games as potential topics for research. In [17] we have compared chess, xiang qi, go and shogi
and argued that especially shogi (Japanese chess) is a suitable topic for future research. Shogi
has a game tree complexity that is considerably larger than that of chess. The branching factor
of chess is estimated at 35 [10], while the branching factor of shogi is estimated at 80 [16]. As
a result, chess has a game tree complexity of +10?® and shogi has a game tree complexity
of £10%?°. On the other hand, it was argued that shogi and chess are very similar and that
results from chess research can be expected to extend to the domain of shogi. Therefore, shogi
is a similar, but a considerable more complex domain, so it is unclear if brute force methods
will be as successful as in chess. We expect that more cognitive based methods have to be
applied to make a shogi program that can play the game at a high level.

The aim of our research is to build a shogi program based on pattern recognition and po-
sition evaluation. In this article we will explain the first step of building such a program:
using pattern recognition and position evaluation in a subdomain: tsume shogi (shogi mating
problems).

2 Tsume Shogi with Pattern Recognition and Position
Evaluation

In the past couple of years, tsume shogi has been an important topic of research in shogi
[11, 12, 13, 19, 20]. In chess, endgame research is important because of the possibility of an
exhaustive search, but mating problems have only been of brief interest to researchers [2]. In
contrast, tsume shogi is a much more challenging subdomain. There are many tsume problems
with a solution length of more than 20 ply and there are even quite a few problems with
solutions over a 100 ply long. According to Seo [22], the average branching factor of tsume
shogi problems is 5. As a result, building a computer program to solve long tsume shogi
problems is a challenging task. Recently, a number of very fast programs have been developed
[12]. The fastest program to date seems to be the latest version of the commercially available
Morita Shogi [18]. This program solves most problems with a solution length of less than
30 ply within a couple of seconds. Therefore, the best tsume shogi programs at the moment
outperform human experts, and solving tsume shogi seems to be no longer a challenging
domain for research. However, as a test domain for methods to be applied to a complete shogi
playing program, tsume shogi can still be useful. In this section we will describe how pattern
recognition and position evaluation can be used to solve simple tsume shogi problems.



2.1 Pattern recognition

As mentioned in the introduction, cognitive research in chess [6, 7] has shown that pattern
recognition plays an important role in chess expertise. Also, attempts to build chess programs
based on pattern recognition have not been successful. Part of the reason for that has been the
success of the brute force approach, but we feel that the method of pattern recognition used in
these programs might also be a factor. A common feature of all the pattern based programs
for chess that we know of [4, 15, 27, 29| is that a pattern is defined as a configuration of pieces
on the board. However, research by Tichomirov and Poznyanskaya (cited in [23]) seems to
indicate that chess positions are usually not literally perceived but that more abstract notions
like the functionality of pieces is of vital importance.

To incorporate these findings into a pattern recognition program we turn to a more general
definition of pattern recognition. In [28] pattern recognition is defined as the task of placing a
particular object into a class corresponding to a concept. More formally, we need a set
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of classes into which patterns P are clustered. Patterns have associated with them a set of
features F' which are used to classify these patterns. The initial class C is defined by a small
set of example patterns

E=Ey-,F,

for which class membership has been established. For each class C; in C' there is at least
one Ej in E. When given a pattern P, with a set of features F, the problem of pattern
recognition is to find a class C; of patterns Pj, -, P, so that P, is similar to each of the
patterns of this class Cj, i.e. if some relation between feature sets F, and Fj,---, Fj, can
be established. Determining similarity is now done by evaluating the relative importance of
features in a class. This relative importance is then reflected by an evaluation function which
assigns different weights to different features according to their relative importance for defining
class membership [14, 8]. Some features can be so important for class membership that the
absence of any one of these features makes it impossible for the pattern to be part of the class.
We will call these features essential features.

As an example, let us look at a simple classification of animals. C' consists of three classes:
{Mammals}, {Fish} and {Other animals}. E'is the set {Dog, Salmon, Swallow, Lion, Tortoise,
Bee}. In C7 {Mammals} is defined by the set {Dog, Lion}, {Fish} by {Salmon} and {Other
animals} by {Swallow, Tortoise, Bee}. Each of the example patterns in E has a set of features.
For example, some of the features of {Dog} are: “Barks”, “Gives birth to living young” and
“Tail”. For {Salmon} some of the features are: “Lays eggs”, “Can live under water” and
“Tail”. In this simple example it is clear that the feature “Barks” is less important for defining
the class membership of {Mammals} than “Gives birth to living young”. The essential feature
of members of the class {Mammals} seems “Gives birth to living young” and the essential
feature of the class {Fish} seems “Can live under water”. However, we need to be careful
defining the essential features. If, for example, we want to classify the new pattern {Whale}
with features “Tail”, “Gives birth to living young” and “Can live under water” we see it has
the essential features of two classes and the third feature “Tail” is also part of both classes
{Mammal} and {Fish}. In this case we need to further refine our feature set to put the pattern
{Whale} in the correct set.



The idea of our tsume shogi program is to have a set of patterns where the next move is the
mating move, defined by essential and non-essential features relative to the essential piece, the
king to be mated. For example, the one-move mating position on the left of diagram 1 can be
described as follows:

Essential features:

e In hand(7) “There is a rook in hand”

e Protected(G,-1, Gy) “The drop square is protected”

Non-essential features:

e Free(G,-1, G) “A piece can be dropped to the right of the king”

e —Defended(G,-1, G,) “The drop square is not defended by any piece other than the
king”

e Cannot_move(G,, Gy+1) “The king can not move straight up”

e Cannot_move(G,, Gy-1) “The king can not move straight down”

e Cannot_move(G,+1, G,+1) “The king can not move up diagonally to the left”

(

e Cannot_move(G,+1, Gy-1) “The king can not move down diagonally to the left”
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Diagram 1: Simple tsume positions

Intuitively, a mating pattern is defined by the shape of the attacking pieces, so these are
the essential features. The defensive configuration can shift during the solution sequence of
a tsume problem, so we consider these features as non-essential. Of course, there are many
tsume problems where the attacking configuration also changes. We will return to this issue
later.

By describing a mating pattern in this way, a mating pattern can be identified independent
of the position on the board and independent of the exact pieces that block the escape of the
king. For example, the position in the middle of diagram 1 matches the same pattern. Also,
by using patterns with distance one from mate, the pattern suggests the next move. For tsume
shogi this is not very important, but we expect that for actual shogi playing this suggestion of
next moves from patterns can be used to cut the number of potential moves to be investigated
by the program.



For tsume shogi, set C' above ideally corresponds to all possible mating patterns. However,
the large number of possible mating positions prohibits making such an ideal set C'. Instead,
for our program we concentrated on building a set E of example mating patterns, where each
mating pattern corresponds to a class of mating patterns in C'. Thus, in our program there
is no difference between E and C. To solve an actual tsume shogi problem, the distance
between the problem position after all the possible defenses to a check and the patterns in
E are calculated. This distance is the difference between the non-essential features of the
resulting problem position and pattern Ej in E. This distance can be used as an evaluation
of the checks that are possible in a certain tsume problem position:

F#defmoves
PATEVAL = > min(patdis;)

For each check, look at the difference to the set of mating patterns for all possible defense
moves. The best check is the check where for all possible defenses the distance to mating
patterns is the smallest. This is the check that should be investigated first. Let’s return to
diagram 1. If we look at the tsume problem on the right, the current feature difference between
the position on the right and the mating pattern on the left is one: the square on the right
of the king (12) is still defended by the lance on 11. If we assume that E only consists of the
mating pattern on the left of diagram 1 and that an unknown pattern distance corresponds to
a maximum distance of (arbitrarily) 10, the following evaluation of the checks in this simple
tsume problem can be made:

1. Check: 13 8#; Defense: 13%; PATEVAL = 0

2. Check: 12 ; Defense: 12 &; PATEVAL = 10

3. Check: 32 &, Defense: 32 &; PATEVAL = 10

4. Check: 12# + (“+” means promoting); Defense 12 % or 12 E£; PATEVAL = 20
5. Check: 32 # +; Defense: 32 & or 23 £; PATEVAL = 20

Therefore, 13 # is evaluated as the next best check, followed by 12 7 and 32 7. 12 # + and
32 # + are considered to be the worst checks.

2.2 Position Evaluation

The second part of the evaluation function used for our tsume program is an evaluation of the
position on the board. This idea has been used before [25], and has only be refined in our
program. Our evaluation of a tsume position has the following aspects:

1. Escape routes: An evaluation of how easy it is for the king to get away from the attacking
pieces.

2. King mobility: An evaluation of the freedom of movement of the king.

3. Thickness: The king position’s thickness depends on the number of defenders close to
the king.



. Primary attack and defense: Evaluation of attack and defense on the 8 squares adjacent

to the king.

. Secondary attack and defense: Evaluation of attack and defense on the 16 squares at

distance two from the king.

. Indirect primary attack: Search for long range pieces like bishop and rook that are

currently blocked by other pieces but indirectly attack the 8 squares adjacent to the
king.

. Indirect secondary attack: The same, but now for the 16 squares at distance two from

the king.

. Mobility of pieces: If the attacking pieces are blocking each other, they can not be used

efficiently.

. Material: Without material, a king can not be mated.

Using these aspects the following evaluation function for the position of the king has been used
in our program:

With:

Fattfeat f#def feat

( Z aw; * af; — Z dwy, * dfy,)
J k

#attfeat = number of attacking features
aw = attacking feature weight

af = attacking feature value

#deffeat = number of defense features
dw = defense feature weight

df = defense feature value

This evaluation function is a measure for the amount of danger to the king to be mated.
Checking moves in a certain tsume problem position can now be ordered by applying this
evaluation function to the positions resulting from defending against these checks.

As already pointed out in [14], an evaluation function like this also fits in the abstract frame-

work

of pattern recognition of the previous section. The set C' consists of a set of patterns

“King in danger” and a set of patterns “King not in danger”. A tsume problem pattern is
considered to be in the set of “King in danger” if the evaluation function exceeds a certain

value.

We will not go into this any further for reasons that will become clear when discussing

the results of our tsume shogi program.



2.3 Selective deepening

Pattern recognition is more important than position evaluation, so the total evaluation function
of the positions resulting from defending against a check has a weight (pw) attached to the
pattern recognition part of the evaluation function:

#defmoves Fattfeat f#tdef feat
> pwxmin(patdis;) + (> awjxaf;— Y. dwy*dfy)
J k

i

This evaluation function is now used to evaluate all checks in a certain tsume position. The
most promising nodes according to the evaluation function are evalauted first. This process of
selective deepening [21] looks at the tree as a whole, and postpones the expansion of a node
if the evaluation function resulting from this expansion has a higher value than the evaluation
of a node in any other part of the tree.

3 Results

At the moment, our program recognises about 300 standard mating patterns. The program
also stops automatically after 10 minutes or if the search tree has grown bigger than 60,000
nodes. Some simple heuristics for filtering out useless intermediate drops have been added to
avoid that the number of useless defensive moves spoils the results of the evaluation. We have
used a test set of 100 five-ply tsume problems and 100 seven-ply tsume problems, all taken
from the monthly shogi magazine “Shogi Sekai”. The results of our tsume program with the
evaluation function above are:

five-ply tsumes | seven-ply tsumes
< 1 minute 98 82
< b5 minutes 2 7
> 5 minutes 0 0
Time limit exceeded 0 5t
Too many nodes 0 6

To evaluate the importance of pattern recognition for our program, we also tested the program
with the following evaluation function:

#defmoves
> min(patdis;)
%

This lead to the following results:

five-ply tsumes | seven-ply tsumes
< 1 minute 99 85
< 5 minutes 1 6
> 5 minutes 0 0
Time limit exceeded 0 1
Too many nodes 0 8




4 Conclusions and further research

The first conclusion from the tables is that our tsume shogi program, slow as it may be
compared to the strongest ones, can solve simple tsume shogi problems quickly. Brute force
methods may be much quicker, but it should be noted that only 300 patterns have been defined
in our test program. Also, the previously mentioned emphasis on attacking configurations
might influence the performance negatively. We expect that patterns in real shogi playing will
be less general and that this will not be a major problem there.

Another observation is that position evaluation only seems to make the performance of our
program worse. It is difficult to conclude that position evaluation is useless for a program
that will be able to play a normal game of shogi. Tsume shogi problems are selected on
artistic values like sacrifices and surprising ways of avoiding the king to escape. These artistic
aspects do not play a major role in normal shogi play. Still, in our view strong players prefer
positions that have known patterns and continuations and base their strategies on reaching
these positions (a view also held by Walczak [27]).

Encouraged by the results of our tsume shogi test program, we will now continue our research
by building a shogi playing program based on pattern recognition. However, cognitive research
seems to indicate that an expert chess player recognises at least 50,000 patterns[23]. This is
probably one of the most important reasons why chess programs based on pattern recognition
have not been able to reach expert level. We feel that an algorithm to learn new patterns is
vital to the success of our approach and building such an algorithm will be an important part
of our future research.
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