Towards Evaluation of Shogi Endgames with Speed of Attack

SHUNSUKE SOEDA,! TOMOYUKI KANEKO! and TETSURO TANAKA't

Finding a good move in Shogi endgames is considered to be a hard problem. Moves such as
sacrifice moves often become important in Shogi endgames, but they could not be recognized
to be a good move with simple evaluation functions. In this paper, we will introduce a concept
called possible pass count , which is a value closely related to threatmates and brinkmates.
Then we will propose an algorithm to calculate possible pass count . Finally, we will show the
performance results of our algorithm and show that possible pass count could be calculated

in reasonable time for many Shogi positions.

1. Introduction

The introduction of Df-pn search algorithm®
has enabled Shogi programs to search compli-
cated checkmate sequences. The ability of com-
puters to solve checkmate sequence problems
(or Tsume-shogi problems) has surpassed hu-
man grand champions.

However, finding a good move in Shogi
endgames is still considered to be a hard prob-

lem. In the endgame, moves to peel off the

pieces around the defender’s King is required.
Most top level Shogi programs use hand-tuned
evaluation functions to find good moves in the
endgame, which is both hard to understand and
to maintenance. Hand-tuned evaluation func-
tion are also not so reliable in the sense that
they cannot handle positions they were not de-
signed for. Some moves in the endgame involve
sacrifice of pieces. The effect of these kind of
moves become evident only after when a few
moves has been played. Thus a simple evalua-
tion with deeper search is preferred.

Threatmates and brinkmates moves by the
attacker, which if not defended properly by the
defender, leads to a checkmate sequence by the
attacker. The are both concepts that play an
important role in Shogi endgames.

Brinkmates are moves by the attacker that
often leads to a win by the attacker. Some algo-
rithms to search brinkmates has been proposed
an algorithm®"). It is still slow and only few
programs use brinkmate search.

Threatmates are moves by the attacker if
overlooked by the defender leads to a checkmate
sequence. Finding threatmates often leads to
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finding checkmates?).

In this paper, we will introduce a new concept
called possible pass count in shogi endgames,
and will show that they are closely related to
threatmates and brinkmates. Then we will pro-
pose an algorithm to calculate possible pass
count . Finally, we will show the performance
results of our algorithm.

2. Related Work

In this section, we will make a brief introduc-
tion to some related works.

2.1 Shogi

Shogi midgames is a successful research area,
with the recent proposition of realization prob-
ability search!’). One reason of their success
is the use of simple evaluation function with
deeper search.

However, they still have difficulties in finding
a good move in the mid-to-endgames in Shogi.

2.2 Endgames in Other Games

Shogi endgames -are difficult compared to
endgames in other games. Endgames in Chess®
and Checkers”) are solved using a endgame
database. However as pieces in Shogi does not
decrease, it is impossible to create a endgame
database for Shogi.

In Go, the endgame could be divided into
some small independent subgame, thus making
it easy to analyze®). Shogi divides to at most
two subgames, and it is rare that each subgame
is ever independent.

2.3 Pass-count Aware Methods

One basic concept of our method is counting
the number of passes the defender can make be-
fore he is mated. This concept is well seen in Go
programs, for example the concept of Possible
Omission Number®.

Another example is A search!®), which is
almost equivalent with brinkmate search in
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Shogi. Our algorithm is very close to A search,
but we foucus on a place between threatmate
search and brinkmate search.

3. Possible Pass Count

In this section, we will define a value called
possible pass count. Then we will define threat-
mate(n) and brinkmate(n) using this possible
pass count. Finally, we will explain our algo-
rithm to calculate these values.

We will use the word attacker to refer to the
player who is trying to find a threat move, and
defender to refer to the player who is trying
to avoid the threat move.

3.1 Possible Pass Count

We will first define a value called possible
pass count, which is a value defined for each
position in the game.

There are no real passes in Shogi, but some
moves by the defender will not help its de-
fense. For example most attack moves by the
defender. We will call these moves a pass.

Definition 1 : Pass
A move by the defender that does not give any
influence to the defense of the King owned by
the defender.

We will assume that a pass exists for every
defender’s turn. Also, we assume that there
are no no zugzwang positions in Shogi *.

Possible pass count is a value representing
the total number of passes that the defender
can make before the attacker can find a check-
mate sequence. When we calculate possible
pass count , we will limit the moves that the de-
fender can generate to DEFENSE_MOVES.
This means that a possible pass count of a
given position is defined for each set of DE-
FENSE_.MOVES.

We will define possible pass count as follows:

Definition 2 : Possible pass count

o The possible pass count for a position in a
checkmate sequence is 0.

e The possible pass count for a position in
the attacker’s turn is the minimum possible
pass count of the position reachable by any
legal move.

o The possible pass count for a position in the
defender’s after a check is the maximum
possible pass count of the position reach-

* This assumption does not always stand

able by any escape moves.

e The possible pass count for a position in
the defender’s turn after a non-check move
is the maximum of the following:

— (Possible pass count after a pass) +1.
— Maximum possible pass count of the

position reachable by DEFENSE_MOVES

from the position.
3.2 Threatmate(n) and Brinkmate(n)
Given the definition of possible pass count we
will define threatmate(n) and brinkmate(n) as
follows:

Definition 3 : Threatmate(n)
A position with possible pass count of n, where
DEFENSE_MOVES is empty.

Definition 4 : Brinkmate(n)

A position with possible pass count of n, where
DEFENSE_MOVES is any legal move.

The definition of both threatmate(n) and
brinkmate(n) is illustrated in figure 1.

3.3 Algorithm to calculate possible

pass count

The basic idea of calculating the possible pass
count of a given position is an enhanced version
of Df-pn algorithm. For each position in search,
we will try to proove its possible pass count
from a smaller number. That is, we will first
try to proove it is has a possible pass count of
0, then 1 ... until the proof succeeds.

Note that for each position kept in the table,
we keep a proof number and disproof number
separately for each possible pass count we are
going to proove.

e In the start position, first try to prove it
has a possible pass count of 0. If it fails,
try again with the number increased, until
the proof succeeds.

e For each position in search, first try to
prove the position has a possible pass count
of N —1if N > 1. This is done recursively,
so for any position, the search should start
from prooving it is has a possible pass count
of 0. If the proof succeeds, return success.
If the search limit is reached while search-
ing in N — 1 or if the proof for N — 1 fails,
keep on with the proof of N.

e For attack positions trying to prove that
the possible pass count is N, choose the
child position with the smallest proof num-
ber for proving it has a possible pass count
of N. If the proof succeeds, return success.
If all the children are disproofed, or if there
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*King Taking Moves actually do not appear in real shogi games,
as moves leading to this node is an illeagal move.

Fig.1 Definition of threatmate(n) and brinkmate(n).

are no attack moves, return fail.

e For defense positions trying to prove that
the possible pass count is IV, first pass and
see if the following position has the pos-
sible pass count of N — 1. If it succeeds,
try to prove that the other children of the
positions has a possible pass count of less
than N. If any proof for the pass move
fails, return fail. If all the children gener-
ated succeeds, return success.

Generally, a proof with a larger set of DE-
FENSE_MOVES is harder than a proof with
a smaller set of DEFENSE_MOVES. On the
other hand, a proof with a larger set of DE-
FENSE_MOVES more accurate than a proof
with a smaller set of DEFENSE_MOVES, in the
sense that they are harder to defend.

4. Experiments

We conducted an experiment to measure the
performance of our algorithm. We have im-
plemented our algorithm with a simple Df-pn,
without any enhancements. Our program still
does not detect Pawn drop checkmates, and
GHI problems®.

We have chosen 37 brinkmate problems
from Shogi world 2001 April. We com-
pared the results with the following set of DE-
FENSE_MOVES:

e ALL (generate all defense moves, brink-

mate search)

e TAKEBACK (generate moves that take

back the last attack piece moved)

e NONE (generate no defense moves, threat-

mate search)

We have limited the size of the transposition
table to 400,000 nodes, and try to find possible
pass count with one. For most problems, the
calculation ended in less than a second. The
results for the experiment is shown in tablel.

We could see from the results that searching
for brinkmates (ALL) is still difficult even with
our algorithm. However, searching for possible
pass count with TACKBACK was successful for
most problems, and took no more than three
time longer to finish the search compared with
NONE.

5. Conclusion

‘We have introduced a new concept called pos-
sible pass count , and showed that they are re-
lated to threatmates and brinkmates. We have
proposed an efficient algorithm to calculate pos-
sible pass count , and showed that it could solve
most problems in less than a second.
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Table 1 Results for Searching Brinkmate Problems.
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