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Abstract

While computers have defeated the best human players in
many classic board games, progress in Go remains elusive.
The large branching factor in the game makes traditional
adversarial search intractable while the complex interaction
of stones makes it difficult to assign a reliable evaluation
function. This is why most existing programs rely on hand-
tuned heuristics and pattern matching techniques. Yet none
of these solutions perform better than an amateur player. Our
work introduces a composite approach, aiming to integrate
the strengths of the proved heuristic algorithms, the Al-
based learning techniques, and the knowledge derived from
expert games. Specifically, this paper presents an application
of the Support Vector Machine (SVM) for training the
GnuGo evaluation function.

Introduction

Go is a deterministic, perfect information, zero sum game
between two players. The rules are simple, the two players
alternate placing black and white stones on a 19x19 grid
board trying to surround as much territory (empty
intersections) as possible. The only time a stone is removed
from the board is when it is completely surrounded by the
opposing player’s pieces. The game ends when both
players pass on successive turns. However, despite the
simplicity of the rules, the game is very difficult to master.

Up to this date the best programs have not reached yet
the strength of amateur dan players. The large branching
factor makes searching ahead infeasible while the
complicated net of influences among the stones makes it
difficult to create a reliable evaluation function. Yet these
complications only make Go an ideal testing ground for Al
techniques.

In this paper we experimented with training an
evaluation function with supervised learning. As a basis,
the publicly available GnuGo (Bump et al. 2005) was used,
currently one of the top-ranking Go programs which relies
mainly on hand-tuned heuristics and pattern matching
techniques. For the learning algorithm, we turned to
Thorsten Joachim’s SVM-light (Joachims 1999) because of
the program’s ability to handle large data sets and easy
access to controlling parameters.

The results suggest that the SVM could be used for
analysis and selection of the optimal evaluation function
based on the combination of heuristic and mathematical
models.
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GnuGo’s Evaluation Function

GnuGo (Bump et al. 2005) is a publicly available Go
program that is the currently ranked as the fourth best
engine. To select the played move, the program follows a
multistage approach. First, an inner representation of the
board, consisting of the chains of connected stones, is
compiled. These chains are then analyzed by a variety of
pattern matching algorithms called move generators. If the
generators determine that a move fulfills a certain criteria,
like finishing a known combination or attacking an
opponent’s chain of stones, the move is assigned a
corresponding reason.

When the generators are finished, each move’s reasons
are evaluated to produce the characteristic values shown in
Table 1. The values are then evaluated and combined using
a set of hand-tuned rules, and the move with the highest
resulting value is played. Our goal is to determine the
scope of positions these hand-tuned rules can cover.

Value Description

Territorial | The total amount of territory the player is expected
Value to gain by playing this move

Strategical | Measure of the effect the move has on the safety of
Value all chains of stones on the board

Max Pos | How good is the best shape formed by this move as
Shape determined by the pattern matching code

Max Neg | How bad is the worst shape formed by this move as
Shape determined by the pattern matching code

Num Pos | Number of good shapes formed by this move as
Shape determined by the pattern matching code

Num Neg | Number of bad shapes formed by this move as
Shape determined by the pattern matching code

Follow-up | Value which may accrue if the player gets two
Value moves in a row in local area
Influence How much territory can be gained if the player gets
Follow-up . .
two consecutive moves in local area
Value
FRlelverse The value the opposing player gains if allowed two
OUOW-UP | ¢ onsecutive moves in a local area
Value
Secondary | Given for move reasons which by themselves are
Value not sufficient to play the move
Min The minimum value this move can get as
Value determined by the pattern matching code
Max The maximum value this move can get as
Value determined by the pattern matching code

Table 1: Description of GnuGo'’s characteristic values



SVM Training

Training is done on a collection of board positions
evaluated by GnuGo to produce a set of the characteristic
values of the non-zero valued moves. First, these values
are normalized for each game by subtracting the values of
the correct move from all others. The SVM optimization
technique then finds the hyperplane that separates the
correct moves from all others.

Each game can potentially have up to 381 data points
associated with it, resulting in exceedingly large data sets
for only a handful of games. SVM-light (Joachims 1999) is
a program specifically designed for handling learning tasks
with many training examples. The overall optimization
problem solved by the program is presented below:
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In our case, the x is the vector of characteristic values for
each move. A positive y denotes the correct move, while
all other moves are classified as negative. To make sure
that we find the correct separation, we use a hard margin
and so set C to be large (one thousand). The resulting w
vector is then used as the weights.

minimize:

subject to:

Results

For generating our training set, we turn to the Computer
Go Test Collection (Mueller 1995) which is maintained by
the Computer Go Group at the University of Alberta. The
advantage of this collection is that it is subdivided into ten
problem types that can occur in a game, including
endgame, life-death, escape capture, low liberties, etc.

Of the 542 problems present, GnuGo currently solves
380. Training however, is done only on the 187 correctly
solved problems requiring the actual correct move instead
of avoiding the provably bad one. For the resulting 7,000
data points, the SVM finds a perfect separation (Table 2).
To show that these weights were not over-fitted, they were
tested on 2,000 positions compiled from a collection of
professional title matches. Of these, GnuGo solves 316,
while the trained weights solve 314 of these and nothing
else. This result shows that the learned weights perform
close to GnuGo’s evaluation function.

To explore the scope of the characteristic values,
unsolved problems were added to the training set. In all
cases, the SVM was able to improve, but to a varying
degree for different puzzle types. Table 2 shows results
from two problem type categories: cut connect and escape
capture. The first column presents weights from the
previous training based on GnuGo solved games, while the
second is a new extended set resolved with the SVM
approach. The thing to note is the magnitude of the change
of some of the weights. It is likely that the static values are
the ones that are constraining the learning and must be
modified.

Cut/ Escape
GnuGo SVM Connect Capture
Number of
G 187 187 50 | 59 | 15 | 21
Territorial
Valo 1 1447 | 151 | 200 | 043 | 3.97
Strategical 1 1474 | 142 | 203 | 002 | 2.8
Value
Max Pos * 943 | 405 | 445 | 075 | 25
Shape
Max Neg * 893 | -83 | 340 | 03 | o0
Shape
Num Pos
Shape * 375 | 258 | -33 | 042 | 218
Num Neg * 446 | 42| 60 | 02| o
Shape
Follow-up
Velie $ 1.85 0 | 562 ] o | 203
Infl
naence $ 735 | 479 | 654 | 03 | 216
Follow-up
Reverse
Follow-up $ 9.46 0 0 | 001 | 503
Secondary 0.05 0 0 0 0 | 403
Value
Num
Connoeted * 274 | 167 | 101 | 002 | 8.02
vE
. # 522 | 022 | 213 | 001 | -0.1
Value
M
ax # 003 | 001|010 o 0
Value
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Table 2: Comparison of GnuGo'’s values and those calculated by the
SVM. The Cut/Connect and Escape Capture show the weights after
training on solved problems and after unsolved problems were added.

* values used in a non-linear combination (e.g. 1.05x )
8 min-max combination (e.g. min(min(x+y+z, x+2y) , t+x) )
# values used in if-else statements

Future Work

The project establishes a framework connecting the Gnu
Go engine, a SVM training approach, and a collection of
expert games. Using a linear kernel it successfully
approximates the hand-tuned heuristics of Gnu Go leading
to an identical level of play. We expect to employ this
approach as a platform for developing a more advanced
evaluation function based on non-linear kernels and an
optimal combination of heuristic and mathematical models.

Acknowledgments

We would like to thank Prof. Joachims for suggesting the
investigation of the SVM approach.

References

Bump, D. et al. 2005. GnuGo
http://www.gnu.org/software/gnugo/gnugo.html

Joachims, T. 1999. SVM-light
http://svmlight.joachims.org/

Mueller, M. 1995. Computer Go Test Collection
http://www.cs.ualberta.ca/~games/go/cgtc/




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 2
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /Arial
    /ArialBlack
    /ArialBold
    /ArialBoldItalic
    /ArialItalic
    /ArialMTBlack
    /ArialMTCondensedLight
    /ArialNarrow
    /ArialNarrowBold
    /ArialNarrowBoldItalic
    /ArialNarrowItalic
    /ArialRoundedMTBold
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY7
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMDUNH10
    /CMEX10
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB7
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /CourierNew
    /CourierNewBold
    /CourierNewBoldItalic
    /CourierNewItalic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /Euclid-Italic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Narrow
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightItalic
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LINE10
    /LINEW10
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /MSAM10
    /MSAM5
    /MSAM7
    /MSBM10
    /MSBM5
    /MSBM7
    /MT-Extra
    /MTEX
    /MTSY
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /NimbusMonAntL-Regu
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomD-Bold
    /NimbusRomD-BoldItal
    /NimbusRomD-ExtrBold
    /NimbusRomD-ExtrBoldItal
    /NimbusRomD-Regu
    /NimbusRomD-ReguItal
    /NimbusRomModComD
    /NimbusRomNo2T-Regu
    /NimbusRomNo9DCD-Regu
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusRomNo9SCT-Regu
    /NimbusRomNo9T-Bold
    /NimbusRomNo9T-BoldCond
    /NimbusRomNo9T-BoldItal
    /NimbusRomNo9T-ExtrBold
    /NimbusRomNo9T-Medi
    /NimbusRomNo9T-MediItal
    /NimbusRomNo9T-Regu
    /NimbusRomNo9T-ReguCond
    /NimbusRomNo9T-ReguCondItal
    /NimbusRomNo9T-ReguItal
    /NimbusRomanD-BoldItalicOu1
    /NimbusRomanD-BoldOu1
    /NimbusRomanD-ExtraBoldItalicOu1
    /NimbusRomanD-ExtraBoldOu1
    /NimbusRomanD-RegularItalicOu1
    /NimbusRomanD-RegularOu1
    /RMTMI
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /TimesNewRoman
    /TimesNewRomanBold
    /TimesNewRomanBoldItalic
    /TimesNewRomanItalic
    /TimesNewRomanMTExtraBold
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfDingbats
  ]
  /NeverEmbed [ true
    /Geneva
    /HelveticaLTMM
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


