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Abstract– Computer Shogi programs are still
in development to defeat the professional players.
One of the main problems exists in estimating the
status of the game phases. It is said that there are
three phases in the Shogi game, so called, open-
ing, middle and endgame phase. The appropriate
strategy to be selected differs depending on the
proceeding game phase. In the present paper, we
have carried out the classification of the phases
using Self-Organizing Maps. The results show the
promising feature.

1 Introduction

Chess playing systems, developed recently, are on a level
of human professionals. These achievements depends on
the development of the computers, especially in terms of
calculation speed, because almost all of these systems are
based on the techniques of searching a huge space[1]. Not
only these developments on the computer hardware but
also those of software play a great role. In the games like
Chess, it is important to estimate correctly some more
steps further.

After ”Deep Blue”[2] specially designed to play Chess
by IBM defeated the Champion, the research interest has
switched to Go and Shogi in which search space is much
larger than Chess. As for Go, the search space is larger
than Shogi because the board is wider. The research
of Go is active worldwide, but it is much more difficult
problem at present, because the strategy is quite differ-
ent from those of Chess or Shogi. Shogi playing sys-
tem is researched actively in Japan. On the other hand,
the strategy in Shogi can be easily compared with Chess.
This is one of the reason why we chose Shogi as a tar-
get problems. Because the pieces taken from opponent
can be used as players’ side, the search space of Shogi is

much larger than that of Chess. Especially, Tsume-Shogi,
which means a kind of chess in the sequential checkmat-
ing at endgame phase are quite well researched[3], where
the computer program can find the optimal solution by
exhaustive search. It is a kind of trade-offs between the
remaining the time to play and the searching speed.

It is important to know at which phase players are play-
ing. In other words, to establish the appropriate evalua-
tion function for the game phase is one of the main prob-
lems. However, a systematic setting method of the evalu-
ation function is not established yet. The development for
what depends on system creator’s knowledge strongly. Re-
cently, it has been tried to obtain the evaluation function
through machine learning in relatively simple games. The
backgammon by Tesauro is famous[4] called TD-Gammon.
TD-Gammon learned evaluation function from the results
from self-plays using the neural network and the Temporal
Difference Learning (TD Learning). As a result, it learned
to play the world class backgammon. Neural Networks or
TD Learning have been applied in other games to obtain
good strategy, but in chess[5], Go[6] and Shogi[7][8][9], the
results have been far from the champion level.

The application of the TD Learning to Shogi was tried
by Don Beal first[7]. In [7], it focused only to the numbers
of pieces and learned the pieces’ importance. The obtained
importance reflect well that of popular computer Shogi
programs. The learning of the evaluation function by TD
learning has been studied[9]. In [9], it took a lot of time
to learn because this used a result of one whole game as a
teaching data. In this system, they use a single evaluation
function to be learned through the game, and it is hand
to achieve a good result.

It is said that evaluation functions are different in Shogi
depending on its phases, i.e., of the game, two or more
evaluation functions are used properly[10][11][12]. This
means that the evaluation function should be selected on



changed depending on the proceeding of the game. It is
required to classify the phases of the game appropriately.

The classification of the phases of the game is tried in
this paper. We had been engaged in the development
of the classification method by quantifying a subjective
uncertainty[13]. However, the result was 50% of accurate
compared with the classification of the player. In this
paper, we have paid attention to Self-Organizing Maps
(SOM) in order to classify the phases. SOM is known
as the classification of the multidimensional data into 2
dimensions in an effective way, and used popularly as an
analysis tool. The phases of the game were classified by
SOM, the feasibility of the proposed method are examined
using the record of the professional Shogi Players. The
methods to measure at which stages the player now is have
been investigated by T. Kato et al.[14] or A. Kawata [15],
in which the number of moves is the key. In this proposed
method, the classification depends on the content of the
square rather than the number of moves.

2 Phases in Shogi game

Like Chess, Shogi is deterministic, perfect information,
zero-sum game of strategy between two players. The
object of the game is to capture the opponent’s King.
Shogi is played on a nine-by-nine board. The vertical
columns are called files, the horizontal rows are called
ranks or rows. Each player has twenty pieces: one King
are indicated, two Gold Generals, two Silver Generals,
two knights, two Lances, one Rook, one Bishop and nine
Pawns (Figure 1 and Table 1). The player moving up
the board and making the first move is referred as black
and his opponent are indicated white in the records, al-
though in real Shogi sets all pieces have the same color.
Top three ranks on board are called White’s Zones and
bottom of them are called Black’s Zones. Other ranks are
called Central Zones. Black’s Zones is promotion zones for
White and White’s Zones is promotion zones for Black.

There are three phases in the Shogi game, opening, mid-
dle and endgame phase, although each phase is not strictly
defined, it would be characterized as below.

• OpeningFFrom the beginning to start of the fight,

• MiddleFFrom start of the fight to start of the bringing
the king near checkmate,

• EndgameFFrom bringing the king near checkmate to
last.

All the heuristic rules are implemented in the Shogi play-
ing game by hand. The different strategy is made in each
Shogi phase, that is,

• OpeningFPreparation of the fight is important.

• MiddleFMaterial is important.

• EndgameFSpeed is more important than material.

Figure 1: First state on board in Shogi

Table 1: Each piece in Symbol

The function that evaluates position dependency changes
in each phase, too. Kato’s et al. and Kawata’s et al.
methods tried to quantify a game phase by steps which
denote how far a game has proceeded from the beginning.
They use neural network in their approach. The value

0.8
[end number of move]×[number of moves]+0.1 are used as
teaching signals there. It showed be pointed out that the
error grows in this method in middle phases and endgame.
In other words, this approach seems to be effective only
in the Opening phase. In this approach, they assume the
degree of progress is linear. There is a great variety of the
length of phases in each game. One may have long middle
and short endgame and others may have short middle and
long endgame, etc. We cannot distinguish the phase using
only the proceeding steps.

3 Classification of the phases by

SOM

3.1 Self-Organizing Maps

SOM proposed by T. Kohonen [16] can classify the mul-
tidimensional data without preliminary knowledge. SOM
is composed of two layers, that is, the input layer and the
output layer. The units in the input layer connect with
all units in the output layer.

When input data x = (x1, · · ·xn) of is given to the
input layer, unit mc i �= the distance is the shortest to
the data is found among units mi = (mi1, · · · , min) in the
output layer. Let us denote the distance from x to mi by



|x − mi|, then;

|x − mc| = min
i

|x − mi|. (1)

where mc is called a bestmatching Unit(BMU). Neighbor-
hood area Nc of BMU is defined. Unit i ∈ Nc is updated
in the equation (2).

mi(t + 1) = mi(t) + α(t)(x − mi(t)) (2)

where t is time, α(t) is a learning coefficient. The op-
eration above is iterated until the given conditions are
satisfied. The learning coefficient and neighborhood area
is decreasing as the learning proceeds. After the learning,
the distance in equation(1) on BMU is small enough to
represent the input data class.

3.2 Input features

There is a consensus that good players are good at es-
timating the present phase. It is not a consensus what
features they are using and which one is the most impor-
tant. It is said that they might think great deal of the
distribution of the pieces. We try to handle this distri-
bution for phase classification. Table 2 shows the selected
features for the input of SOM. These features are modified
from those in the studies by A. Kawata et al.[15]. Table 2
denotes the ”Kind of Piece” and its position. For exam-
ple, we treat the status different when the Black pawn is
on the 8 or 9 ranks from 7 rank, 6, 5, 4 rank, respectively.
Each feature is not binary; Yes or No, but represents the
number of pieces. ‘all’ in the Table 2 means whether they
exist on the whole board or may.

4 Results

These features are extracted in each step. To examine
the feasibility of our approch, we have simulated using
the professional players’ game records. Figure 2 shows
one example of the result by SOM. The number in Figure
2 is steps of moves. In figure 2, Opening is classified into
the decades from 1st to 22nd move, middle phase is from
23rd to 59th move and endgame is from 60th move to the
last.

We have examined using twenty game records from
”Shogi nenkan” to classify the states by SOM. The 75%
game records were classified three classes in number of
moves order. These 3 classes represent 3 phases, Open-
ing, middle and endgame as shown in figure 2. Analyzing
in detail, there exist some difference in the breaks among
the classes between the SOM clustering results and eval-
uations made by semi-professional players. Table 3 shows
the result of comparison of classification. O − M means
edge of Opening and Middle phase. M − E means Middle
phase and Endgame, respectively. Difference means the
difference in moves between by semi-professional player
and by SOM. If the difference about five moves was al-
lowed, half of the games are estimated correctly Opening

Table 2: Features used for input

Kind of Piece Position
Black pawn 8 or 9 ranks

7 rank
6 rank
5 rank
4 rank

Black silver Black’s Zones
Central Zones
White’s Zones

Black promoted silver White’s Zones
Black gold Black’s Zones

Central Zones
White’s Zones

Black king Central Zones
White’s Zones

Black piece Black’s Zones
White piece
Black promoted bishop and
promoted rook

all

Black pawn in hand
Black piece other than pawn
Black silver and gold
Threatened pieces to take all
Black gold 24 squares adjacent to

the king
Black silver
Black piece
White piece effect 8 squares adjacent to

the king
Black piece 48 squares adjacent to

the king
Black knight effect 5-9 ranks
Black knight effect 1-4 ranks

Figure 2: Sample Map 1

and Middle phase by SOM. If the difference about ten
moves was allowed, then half of the games are estimated
Middle phase and Endgame by SOM, too.

Three classes classified by SOM are assumed to be A,
B, C. When we follow the number of moves order, there



Table 3: Comparison of classification by semi-professional
player with one by SOM

Difference O − M M − E
1,2 5 5
5 4 1
10 4 5
15 1 5
otherwise 5 5

Figure 3: Sample Map 2

were five game records such that A → B → A → B → C.
For example, in Figure 3, there are from 1st to 28th moves
in CLASS A, from 29th to 42nd moves in CLASS B, from
43rd to 52nd moves in CLASS A again, from 53rd to 84th
moves in CLASS B, from 85th moves to end in CLASS C.

5 Conclusion

We have examined the twenty professional players’
records to classify the game phase by SOM. In many cases,
SOM classified the phase into three stages. The three
phases were dominant as expected. It should be noted
that the classification depends on the content of the square
rather than the number of moves. In other world, the clas-
sifications have been done through the flow of moves, and
thereby would enables us to call the three phases ‘open-
ing’, ‘middle’ and ‘endgame’.

However the features used here seems to be too many for
classifying the phases. The study about an autonomous
extraction of the necessary features from the data is re-
quired.

References

[1] H. Iida and H. Matsubara, “Trends in Game
Informatics”, Information Processing, vol.44, No.9,
pp.895-899, 2003 (in Japanese)

[2] IBM, “Kasparov vs. deep blue”,
http://www.research.ibm.com/deepblue/

[3] A. Nagai, “Tsume-Shogi”, Information Processing,
vol.44, No.9, pp.905-909, 2003 (in Japanese)

[4] G. Tesauro, “TD-Gammon, a Self-Teaching
Backgammon Program, Achieves Master-Level
Play”, Neural Computation, 6, pp.215-219, 1994

[5] G.M.C. Haworth and M. Velliste., “Chess endgames
and neural networks”, ICCA Journal, 21(4):211-227,
December 1998.

[6] N. Sasaki, Y. Sawada and J. Yoshimura, “A neural
networ k program of tsume-go”, In H.J.van den
Herik and H.Iida, editors, Computers and Games:
Proceedings CG’98, LNCS 1558,pp.167-182.
Springer-Verlag, Berlin, 1999

[7] D. F. Beal and M. C. Smith, “First results from
using temporal difference leaning in shogi” In
Proceedings of the First International Conference on
Computers and Games, Springer-Verlag, pp.113-125,
1998

[8] K. Ryu, Y. Suzuki, T. Ohori and K. Watanabe,
“Learning of Shogi evaluation function by a neural
network”, The 7th Game Programming Workshop,
pp143-146, 2002 (in Japanese)

[9] H. Matsumoto, T. Suzuki and Y. Kotani, “Shogi
based on TD(λ) using Neural Network”, The 6th
Game Programming Workshop, pp176-178, 2001 (in
Japanese)

[10] Y. Kakinoki, “The Search Algorithm of the Shogi
Program K3.0”, In H. Matsubara, editor, Computer
Shogi Progress, pp.1-23, Kyoritsu Shuppan Co, 1996
(in Japanese)

[11] H. Yamashita, “YSS: About its Datastructures and
Algorithm”, In H. Matsubara, editor, Computer
Shogi Progress 2, pp.112-142, Kyoritsu Shuppan Co,
1998 (in Japanese)

[12] S. Kanazawa, “The Kanazawa Shogi Algorithm”, In
H. Matsubara, editor, Computer Shogi Progress 3,
Kyoritsu Shuppan Co, 2000

[13] T. Esaki, T. Hashiyama, “The classification of the
stages in Shogi game using Dempster-Shafer
theory”, The 8th Game Programming
WorkshopCpp.39-43C2003 (in Japanese)

[14] T. Kato, T. Suzuki, Y. Kotani and M. Tsutsumi,
“Estimating how long is a shogi play to the end”,
The 5th Game Programming Workshop (in
Japanese)

[15] A. Kawata, K. Fukuda and R. Nakano, “Conparison
of learning of stage evaluation in shogi”, The 6th
Games Informatics Workshop, pp.35-42, 2001 (in
Japanese)

[16] T. Kohonen, “Self-Organizing Maps”, Springer
Series in Information Sciences, 1995



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


