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Abstract

Positionevaluationis a critical componentof Go programs. This paperde-
scribesboth the exact and the heuristicmethodsfor position evaluationthat are
usedin the Go programExplorer, andoutlinessomerequirements$or developing
betterGo evaluationfunctionsin thefuture.

1 Introduction

The standardapproacho developinggame-playingprogramss minimaxsearchusing
afastfull-boardevaluation.However, in mary early Go programspositionevaluation
playedonly a minor role. Programsselectedtheir moves without ever computinga
full-board evaluation. Moves were generatedy very selectve, goal-orientedmove
generatorsvhich usedheuristicgo approximatehevalueof amaove. Lack of speecand
quality problemswerethe two mainreasondor deviating from the standardapproach
in the gameof Go: full-board position evaluationis complicatedand slow, so early
programgid not have the computeresourcesieededo performary lookahead.The
quality of play alsoplayeda majorrole: the effect of mary goodmovesin Gois hard
to measurévy a positionevaluationfunction. Examplesarecreating‘good shape”and
mary kindsof necessargefensie moves. Unlessthe evaluationfunctionis incredibly
sophisticatedandcanreliably handlesubtlechangesn the strengthof stonesijt will
misstheeffect of suchmoves. Typically, they do notincreaseheterritorial scoreof a
Go positionby much,or might evenseemo decreasé in casea move defendsagainst
a hiddenthreat. In the author’s experience[9], a purely territorial evaluationleadsto
“greedy” playandoverextensions As describedy Chen[7], mary programsiseamix
of move evaluationandpositionevaluation.For example,a programbasedn position
evaluationcan give a bonusor a penaltyto thosetypesof movesthat are otherwise
misevaluated.

SeveralsuneysoncomputeiGo|[5, 6,15, 20] have describedhemary components
of currentprogramswith anemphasion knowledgerepresentatioand searchtech-
nigues.Papersdealingwith specificpositionevaluationmethodsare[3, 7, 19,21, 22].
This article describeghe position evaluation methodsusedin the authors program



Explorer. Therearetwo maindifferencego previously describecapproachesa mod-
ularized heuristic evaluation using the conceptof zones and an emphasison exact
evaluationmethoddor severaltypesof local situations.

Thestructureof this paperis asfollows: Section2 describeshreeexactevaluation
methodsfor safeterritories,capturingracesand endgameshat areusedin Explorer
Section3 dealswith Explorer's zone-basedheuristic position evaluation. Section4
shavs how afull-board positionevaluationis computedrom the differentlocal evalu-
ations,andSection5 discussespenproblemsandfuturework on positionevaluation.

2 Exact Evaluation in Explorer

This sectiondescribeshreetypesof local situationsfor which Exploreris ableto com-
puteanexactevaluation:safeterritories,endgamesandcapturingracegsemeg).

21 SafeTerritory

Figurel: Safestonesunsafeterritory.

Safeterritoriesare partsof a Go position that completelybelongto one playet
They cannotbe reducedor destroyedby the opponentundernormal circumstances.
Recognizingsafeterritoriesis usefulfor proving thatagameis over. It is alsorequired
for exact mathematicaendgameanalysis,which startsby partitioning the boardinto
small independenendgameareasdivided by safeblocks[9, 11]. Safeterritoriesare
gameswith a constanintegervalue.

Determiningthe safetyof a completelysurroundederritory, and the stonessur
roundingit, is similarto solvingLife andDeathproblems.Onemaindifferenceis that
safetyproofsfor largeareacannotuseanexhaustie searctsincethe statespacds too
large. Anotherdifferenceis in the treatmenf coeistencein seki While stonesare
safeif the opponentannotcapturethem,territory is safeonly if it canbe proventhat
no opponenstonescansurvive on theinside. Figure 1, from [10], shovs anexample
wheretheblackstonesaresafebut theareathatthey surrounds not. White 1 threatens
to capturethreeblack stones;so Black 2 is forced. After White 3, the final resultis
coistencein a seki,andtheblackterritory hasbeendestroyed.

Bensor[1] hasgivenamathematicatharacterizationf unconditionallyalive blocks
of stones.Suchblockscannever be capturednot even by anarbitrarynumberof suc-
cessie opponenmoves. For example,all blackblocksin Figure2 areunconditionally
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Figure2: Bensonsunconditionakafety
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Figure3: Proving the safetyof blocksandterritories.

safe.All theblackstonesalwayshave atleasttwo adjacenemptysquaresandWhite
cannotfill them without committing suicide. [10] introducedboth static rules and
methodshasedon local searchfor detectinggroupsof blocksthat are safeunderthe
usualalternatingplay, wherethe defendeiis allowedto reply to the attackers moves.
Thesetechniquesanbe usedto prove the safetyof mary moderatelylarge areas.In
well-subdvidedpositionsneartheendof agame suchastheexampleshavnin Figure
3, every point on the boardcanquickly be proven safewith currenttechniques.Ex-
plorerimplementdoth Bensons algorithmandanenhancedersionof thetechniques
describedn [10].

2.2 Semeai - Capturing Races

Capturingraces(semeailrea type of local Go situationswherevery specific,strong
rulesfor evaluationandefficient searchexist [12, 14]. Explorercanexactly evaluate
two kindsof capturingraces:

1. Semeaithat have alreadybeendecidedin one player’s favor. The valueis an



Figure5: Semeaivon by oneplayet proventhroughsearchby Exploret

integer, the sizeof the whole area,with the possibleexceptionof a numberof
neutralpointson the outside. Thesesemeaareequialentto safeterritories,but
cannotberecognizedy the usualmethoddor finding safeterritories. Explorer
canfind suchsemeaiby static rules, asin the examplesof Figure 4, or by a
searchasin theexamplegivenin Figure5.

2. For semeaiof simplestructure,namelythe classed), 1 and 2 definedin [12],
Explorercancomputetheexactcombinatoriabamevalue. Many of thesesemeai
valuesare simple switches,while othersinvolve up to four differentrelevant
outcomesSeeFigure6 for someexamples.

2.3 Endgame Areas

Combinatoriagametheoryprovidesarangeof endgamenalysigechniqueshatcom-
putethe“bestpossible”avaluationat differentlevels of precision.Mary of thesetech-
niguesare implementedn Explorer For endgamesvithout ko fights, the so-called
canonicafform of agamecanbe computedoy alocal searchi11]. This methodyields
completeinformationaboutgoodlocal plays. A morecompactepresentatioof local
gamevaluesarethermographsin asenseghatcanbemademathematicallyprecisethe
mastvalueof athermographs the bestpossiblestaticevaluationof anendgamearea
by a singlenumber[2]. Similarly, the tempeature of a thermograptis a measureof
urgeny of playingamovein thatarea.

Thetheoryof thermographyasheenextendedby BerlekampandSpightto handle
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Figure6: SemeatestproblemsA, B andC, from [14].

Ko fights[2, 17, 18]. Explorercancomputethe thermograptvaluesof local positions
involving a singleko atatime [13]. Bill Frasers programsGoSolverandBruteforce
cananalyzemorecomple ko situationg8].
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Figure7: Dividers(x) andpotentialdividers() for Black andWhite.

3 Heuristic Territory Evaluation in Explorer

This sectiondescribesheterritory-relatedeaturesof the programexplorer[9]. Their
combinationinto a full-boardscoreis discussedn Section4.

For evaluationpurposesExplorer distinguishesseveral differenttypesof points.
The intermediatedatastructuresand final resultsof the computationare shavn for
a sampleposition from a recentcomputercomputergamein Figures7 to 11. Zones
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Figure8: Safe(darkshade)potential(light shade)andthreateneds) zones.
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Figure 9: Divider-adjusteddistancesrom Black and White stones,with maximum
distanceb.

(Figure8) arecomputedrom blocksof stonesdividersandpotentialdividers(Figure

7). Using heuristicinformationsuchasthe mapof connectiblepointsshovn in Figure

11, zonesare classifiedas safeterritory, potentialterritory, threatenedzone or un-

usedzones Pointsoutsideof territoriesarefurtherclassifiednto nearpoints junction

points andfar-awaypoints asshowvn in Figure10. Detailsof theprocessaredescribed
below.

In Explorer positionevaluationis performedin the later stage<of the overall po-
sition analysis. It requiresmostof the previously computedinformationasan input.
Suchinformationincludestheresultsof tacticalanalysisife anddeathsearchesand
comple heuristicrulesto identify alive, weakanddeadgroupsof stoneq9]. Position
evaluationitself is afour stepprocess:

1. Dividersandpotentialdividersare computedusing patternmatching. Eachdi-
vider or potentialdivider is a small objectwith attributessuchasits area,end-



Figure11: Connectiblepointsfor Black, White (shadedpandfor bothplayers(x).

points, and status. The two endpointsof eachdivider are either stonesof the
divider’s color, or the edgeof the board. Figure 7 shovs summaryoverviens
of all points containedin somedivider or potentialdivider, for Black and for
White. Theheuristicstatusof groupsis usedin thisandfuture stepsfor filtering,
to ignoredividersassociateavith deadgroupsof stones.

. Separatelyfor eachcolor, zonesand potentialzonesare computednext, asthe
resultof a boardpartitioningprocesausingnon-deadstonesgdividersand (only
for potentialzones)potentialdividersof the samecolor. Usingfurther heuristic
informationsuchasthe connectabilitymapshavn in Figurel1, a safetystatusof
eachzoneis computedFigure8 shavs the safe potential andthreatenedzones
for bothplayers.

e Safe zonesare consideredsafe territory. They are surroundedonly by
stonesand dividers, and the interior is strongly controlledby stones,as



measuredy a heuristic.

o Potentialzonesare consideredpotentialterritory. They are weakerthan
safezones eitherbecauseartof the boundaryis only a potentialdivider,
or becausehe controlover theinsideis not strongenough.An exampleis
shawvn in thelower left cornerin theleft pictureof Figure8. Black’slarge
areais surroundedy dividersandstoneshut the currentheuristicjudges
thatthelargeinsideareais too opento be safe,sotheareais only potential
territory. Thisis a someavhatpessimistigudgment.

e Zonesthatareevenweakerthanpotentialterritory areevaluatedasthreat-
ened.For example,alargeareain the centerright is looselysurroundedy
black stoneshut it hasalarge numberof weaknesses.

e Zonesthatcontainstrongopponengroupsaremarkedasunusedsincethe
playerhasno scopefor developmentthere. An examplewould be thetop
right cornerin Figure8. This whole corneris surroundedn a large scale
by white stonesdivider andpotentialdividers.However, it containsa safe
black cornergroup, so from White’s point of view this zoneis currently
worthless.

Most points, except for zoneboundariesare part of both a black and a white
zone.

3. Next, divider-adjusteddistancesrom both Black and White stonesare calcu-
lated, as shawvn in Figure 9. This distancefunction computesthe Manhattan
distancerom eachpointto the nearesstoneof thegivencolor. It stopsatoppo-
nentstonesanddividers,andcomputeslistancesip to agivenmaximumwhich
is setto 5 in the currentimplementation.

4. Givendistanceanformation,pointsthatarenot territory or potentialterritory are
classifiedaseithernearto oneplayer junctionpoints or asfar awayfrom both
players.Theresultis shovn in Figure10.

4 Full-board Evaluation

Explorer usesChineserules by default. For full-board evaluation, the exactly and
heuristically evaluatedpartsof the boardare treateddifferently For exactly evalu-
atedparts themeanvaluesof eachlocal positionarecomputedcandthenaddedup. For
safeterritoriesanddecidedsemeaithis valueis identicalto the sizeof theterritory.

For the heuristicallyevaluatedrestof the board,the numberof pointsof eachtype
is computedirst. The contribution to the overall scoreis obtainedby multiplying this
numberby aweightfactorrangingfrom +1 for sureBlack pointsto -1 for sureWhite
points. Theweightsarecurrentlysetasfollows:

1. safeterritory: eachpointin a safeterritory countsas +1 for Black, or -1 for
White, towardsthetotal score.

2. potentialterritory: eachpointcountsas+1/2.



3. Eachnearpointis countedas+0.2.

4. Junctionpointsandfar-awaypointshave aweightof zero,they do notcontribute
to thescore.

Thefinal scoreis the sumof the boardscoreplusthe komi. WhenusingJapanese
rules,adjustmentsiremadefor handicapstones.

5 Open Problemsand Future Work

This sectiondescribesomeideasthata goodevaluationfunctionfor Go shouldimple-
ment,but thatarenotyetincludedin Exploret

5.1 Maximizethe Chance of Winning, Not the Score

In point-scoringgamessuchasGoit is naturalto approximatehe expectedfinal score
in the evaluationfunction. However, it is importantto takethe overall situationinto
accountto maximizethe chanceof winning.
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Figure12: Maximizing the scorevs maximizingthe chanceof winning.

Figurel2 shavs two examplepositions.In bothpositions Black cantry to kill the
groupatthetop with move a, anall-out attackthathasareasonablehanceof success.
Black’s alternatie is to play a defensie move at b andlet White live. If Black plays
a, White will cut at ¢ andthrasharoundin Black’s area,trying to makethe group
alive. If White succeedsBlack will suffer a big loss. Black’s beststratgy depends
on anassessmertdf the overall position. On the left, Black canwin easilyandsafely
by playingthe defensie move atb. Ontheright, Blackis behindin territory, sothe
attackat a is the only chanceto win. No matterhow the unstablepositionsresulting
aftermove a areevaluatedjt is impossiblefor ascore-maximizingrogramto find the
correctstratgy in bothcaseslt is essentiato assesghe winning probabilityinstead.

The authorbelievesthat several Go programs,ncluding Michael Reiss’ Go4++,
alreadyimplementsimilar ideas.Otherprogramsincludeat leastsomesimplerelated
strat@ies,suchaschangingheweightsof aggresaie or defensie movesaccordingo
the scoreestimate.



5.2 Representing Evaluation Uncertainty

In gamessuchaschesstheideaof quiescencesearclis essentiafor improving evalu-
ationquality. Positionsof high volatility shouldnotbe evaluated pbut searchedieeper
The sameprinciple holdsfor Go. For example,the global searchin David Fotland'’s
programTheMany Facesof Go mainly functionsasa quiescencaearch:only moves
thatsimplify thestatusof weakgroups(save, kill) areconsideredn deepestage®f the
search.Bruno Bouzy [4] hasproposedo usefuzzy functionsto represenevaluation
uncertaintyin Go.

5.3 Threat Evaluation
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Figure13: Proving the safetyof blocksandterritories.

The heuristicsafetyevaluationof territoriesis basedon the assumptiorthat the
opponents moves can be answeredocally. Definitions of individual territoriesare
usually not robust with regardto doublethreats. Evenif two regions are eachsafe
by themseles, theremight be a move that threatendboth at the sametime. Figure
13 shavs anexample. Eachcorner takenby itself, is a safeterritory for White. The
blackstonesnsidecanneitherlive nor connecto the outside.However, move 1 in the
pictureontheright is a doublethreat.Black will be ableto connectoneside,eitherat
a or atb, anddestroyoneof thecornerterritories.

The authorbelieves that several of the strongerGo programsperform at leasta
limited kind of threatanalysis. However, theredo not seemto be ary publications
aboutsuchmethods.

5.4 Some Further Suggestions for Future Work on Evaluation in
Go

Hereis an(incompleteist of furtherresearchopicsin Go positionevaluation.
¢ Developmethodgo measurehe quality of anevaluationfunction.

¢ Foreachgamestagedevelopatestsetof full-boardpositionswith detailedeval-
uationsprovided by humanmasterplayers.

¢ Useterritorial evaluationasa secondaryriterionin goal-orientedsearcheskor
example,aLife andDeathsolver could be modifiedto alsomaximizethe terri-
tory of thegroup,or to capturea groupon aslarge a scaleaspossible.
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Furtherautomatemathematicakndgameanalysistechniquesandtheir applica-
tion to computerGo.

Develop smoothtransition functions betweenexact and heuristic evaluations,
thatcanusea mix of bothevaluationcomponents.

Generalizehemethoddor exactevaluationof territories,semeaandendgames.

Modify Life and Deathenginessuchas ThomasWolf’'s GoTools to generate
exactevaluationsof local situations.

Like doublethreatsko fights areanothercasewherenormalterritory definitions
canbeoverturned.In orderto win a ko, it may be necessaryo allow the oppo-
nenttwo movesin a row. Many otherwisesafestructurescollapseunderthese
circumstancesConceptsuchasBensons unconditionalife, PopmaandAllis’
X-Life [16], and Tajima and Sanechika PossibleOmissionNumber[19] may
form abasisto develop morerefinedevaluationshere.
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