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Abstract

Capturingracesor semeaiare an importantelementof

Go strat@y andtactics. We extend previouswork on se-
meai[1] by introducingamoregeneraframework for an-

alyzingsemeaipasedon the new conceptf conditional
combinatorialgamesandliberty countgames We shov

how this framevork encompassesarlierconceptsuchas
plain liberty regionsandplain eye regions. Furthermore,
we discusshow to useupperandlower boundson such
gamesn asemeasolver.

1 CapturingRacesin Go
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Figurel: Two simplesemeai

A semeain the gameof Go canbe definedinformally
as“a raceto capturebetweentwo adjacentgroupsthat
cannotboth live”. Figurel shawvs two simplecases.In
earlierwork[1, 2], we gave moreformal definitionsof se-
meai,anddescribechine differentclasseof semeai.Se-
meaiof classe$), 1 and2 canbe detectedand evaluated
statically without search.The otherclassexover semeai
thatcanbe resohed by searchpotentialsemeaiandun-
clearsituationswhich might endup asa raceto capture.
This papercontainghe following contributions:

1. Section2 develops a generalframevork for ana-
lyzing semeain termsof conditionalcombinatorial

gamesandliberty countgames This framework pro-
videsa new basisfor the previous modelintroduced
in [1] thatusedeye andliberty regions.

2. Section3 extendsthe semeaganalysisframework for
casesvherean exactgamemay be difficult to com-
pute, but an easierto obtain upperor lower bound
canleadto aresolutionof the semeaproblem.

We only seekto determinethe win/loss/sekioutcome
of asemeaiWe do not considermtherissuesere,suchas
maximizingthescore computingthecombinatoriagame
value, or determiningwhetherwinning a semeaiis ben-
eficial at all [1]. In the remainderof this paperwe will
usethe following termsthat were definedin [1]: Essen-
tial and nonessentiablock, outsideliberty, plain outside
liberty, shaedliberty, eye, plain eye, nakade classn se-
meai

2 Conditional Combinatorial

Games

Conditionalcombinatoriagameqccg) areanabstraction
of play in a local region that is part of a semeai. In

somestatenonlocalinformationis requiredto determine
whethera move is possible.For example,thelastliberty

in aneye canbetakenonly asthelastoverall liberty of a

block surroundinghe eye.

2.1 Conditional Combinatorial Games and
their Context

A conditionalcombinatorialgame(ccg)is definedrecur
sively just like a combinatorialgamein termsof setsof



left (Black) and right (White) move options, which are
againccg's. The game{|} whereno player can move
is identified with the symbol0. However, ccg's are not
pure combinatorialgamesbecausehe legality of some
movesdepend®n anonlocalcontet. We indicatea con-
ditionalmove by usingthecontext conditionasa subscript
to the option asin the following example: In the game
A={...|..., Be¢}, White'smovefrom A to B is possi-
ble if andonly if conditionC' is currentlytrue. The most
importantcontet for semeai,which we will call 7.0, is
the context wherea specificblock hasa total of O liber-
ties elsavhere. For example, a White one point eye of
a single block can be describedby the following game:
E1 = {01¢|}. This canbereadasfollows: White does
not have a sensiblemove, so the setof right optionsis
empty Blackcanmove to O if andonly if conditionZ0 is
true,thatis if Whitedoesnothave ary libertieselsavhere.
Anotherfrequentkind of nonlocalcontext is ko. A simple
kosuchasA = {1|B}, B = {A|0} canbedescribedy a
ccgby indicatingthecontet K in whichthemovefrom A
to B is legal, andthe context K’ in which the maove from
Bto A islegal,asfollows: A = {1|Bxk}, B = {Ak/|0}.

A very importantpoint to noteis that while we have
chosera notationthatlooks similar to classicaktombina-
torial gametheory noneof the usualrulesfor simplify-
ing combinatoriajamesapplyto ccgbecause¢hecontet
conditionsfundamentallyaltertheway thata sumof such
gamesds played.Usually, a ccgwill be playedwithin the
context of asumof otherccg,whichtogethemakeupthe
whole semeaiposition. If play switchesback and forth
betweendifferentccg, thenthe truth statusof conditions
will typically changeduringplay:

2.2 Monotone Conditions

We call a conditionc monotonewith respecto a ccg G

if it hasthefollowing property:if ¢ becomegrueatsome
stageduringplay of (7, thenit remaingruefor theremain-
der of the game. For example,in semeail0 is oftena

monotonecondition: onceall out-of-regionlibertieshave

beentaken,therewill never be ary new libertiescreated
there.Of courseijt is easyto give countergampleswhere
L0 is truetemporarilybut laterviolatedbecausaew out-

sidelibertiesarecreatedby a capture.

2.3 Pruning Moves with Dominated Con-
text in a Ccg

We will call acontet C; morespecificthancontet Cs
if C1 logically implies Cs. The empty contet, which is
alwaystrue,is theleastspecificcontext.

If onemove requiresa more specificcontext thanan-
other, but leadsto the sameresult,it canbe safelypruned.
If B¢ and Bp areboth optionsin a gameand context
D is morespecificthanC', thenmove Bp canbe safely
pruned.An examplewould be the choiceof takinga lib-
ertythatdepend®nako capturepr takinganothetiberty
first, whichmakegheko irrelevant.

2.4 Liberty Count Games

Ccg do not containenoughinformationto determinethe
numberof libertiesof blocks. However, thatinformation
is neededn orderto useoneregion asacontet of another
in a semeai.Thereforewe introduceliberty countgames
which keepsuchinformation.

A liberty countgameis definedover a setof blocksin
a region and consistsof two parts: a ccg that describes
the possiblemoves of eachplayet and a liberty count-
ing function L(b, g) that returnsthe numberof liberties
of block b in accgg. A liberty countingfunction does
not have to be definedfor all blocks of a region. In se-
meai, typically this functionwill be definedonly for the
subsetof essentiablocks[1]. Theremainingblocksare
considereaonessentigandnotconsideredlirectly in the
model,for examplethe stonesnside a nakadeshapethat
canbe freely sacrificed. However, eventhoseblocksare
indirectly includedin the model, becausehey affect the
liberty countof essentiablocksandthelegal moves.

In generalthe setof blocksinvolvedin a region can
changeduringplay, by creatingnew blocksandby meig-
ing or capturingold ones. We assumethat no new es-
sentialblocksarecreatedduring play, thatmegedblocks
assumeheidentity of all constituentlocks,andthatthe
liberty countfunction returnsO for a capturedblock. In
generalcapturinganessentiablockfinishesasemeaand
all liberty countgamesassociatedvith thatblock.

There are important special casesof liberty count
games. In one case,only one player haslibertiesin a
region. In anotherspecialcase,eachplayerhasonly a
singleessentiablock in the region. In the simplestcase,



only oneplayerhasa singleessentiablock in theregion.

2.5 Pruning Dominated Movesin alLcg

It is possibleto definea partialorderof lcg by recursively
testing whetherthe liberty countsin one gamealways
dominatethe other Dominationmeansthat own blocks
have at leastthe samenumberof liberties, while oppo-
nentblocks have the sameor less. Given sucha partial
order movesthatleadto a worselcg aredominatedand
canbepruned.Examplesvould befilling own libertiesor
eyes,or failing to extendlibertieswherethatis possible.

2.6 SomeExamplesof LCG
2.6.1 Plain Outside and Shared Liberties

The gameG, = (P,, L) consistingof a single Black
block b with n plain outsideliberties can be definedby
Py =0, Poy1 = {|Px} and L(b, P,) = n. Similarly,
a plain sharediberty region betweenBlack block 4 and
White block w is definedby thelcg G,, = (S,, L) with
So = 0, Sn_|_1 = {Sn|5n} andL(b,Sn) = L(w,Sn) =

n.

2.6.2 Two-eyed Group

A two-eyedsingle-blockgroupg canbedescribedy the
lcg E2 = (0, L) with L(g,0) = 2.

2.6.3 LargeEyes

The reasonthat large eyes are so valuablein semeaiis

their ability to provide extra libertieslatein a fight, and
forcethe opponentto fill sharedibertiesfirst. A charac-
teristic of the differenteyesis how mary movesareleft

after the liberty countgoesdown to 1 for the first time.

This is the crucial point sinceit containsthe conditional
move 0r,q. Figure2 shows suchasequencestartingfrom

a7 pointeye.

Figures3 and4 shaw theliberty countsduringtwo long
semeakequencegachinvolving a7 pointeye. In Figure
3, initially Black hasa 6 point eye containingtwo white
stonesand>5 outsideliberties, while White hasa 7 point
eye containingsix blackstonesandthreeoutsideliberties.
Therearetwo sharediberties. Thefigure shows Black’s
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Figure3: 7 pointeye vs 6 pointeye. 11ate,13atd, 15at
h, 17 atg, movesfrom 20 atb, c, f, e,14,h, a,d, 16, 18,
a,g,c,d, 16,e,b,14,a,9,h,d,16,b,a,e, 16

failed attemptto captureWhite. Up to move 6, bothre-
move outsideliberties. With moves7 and 9, Black fills
the sharediberties sincethereare no otherlibertiesthat
canbeplayed.Whiteis in atariandmustcapturewith 10,
reducingthe areato a six point eye. After move 13, both
have no outsideliberties and a six point eye containing
two opponentstones. In this balancedsituationthe first
playercanwin by onemove. In this caseit is White. Both
players’liberty countsequencearein lockstepfrom now
on, andWhite remainsonemaove aheaduntil capture.

Figure4 pits a sevenpoint eye againstaneyelessgroup
with mary liberties. Up to 7, Black fills outsideliberties
and White fills Black's eye space.From 8 to 14, White
fills thefour sharediberties.

2.6.4 Protected Liberties

Protectedliberties have propertieshalfway betweenout-
side libertiesand eyes. Protectediberties canbe occu-
pied directly only if L0 holds, but requireone or more
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Figure4: 7 pointeyevsnoeye. 16atb, 18at4, 20 ata,
22atc, 24at2,25at6,26 atb, 28 atc, 30ata, 32 at 2,
33at4,34atb,36atc,38ata,39at2,40ath, 42 atc

appmoacd movetherwise.
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Figure5: Protectediberty

Figure5 shavs a protectediberty of theblock X. The
ccgare G4 = {|0r0,G3}, G3 = {|0r0, G2}, G2 =
{|0L0, G1},andG1 = {|0}. Theliberty countfunctionis
L(X,G)=1forG € {G1,...,G4} and (X, 0) = 0.

3 Bounds

Insteadof computinganexactlcg, it maybe easierto de-
terminethewinnerof asemeaby usingbounds As atriv-
ial example having ary combinatiorof n outsideliberties
is at leastasgoodashaving n plain liberties, but it may

Figure6: SemeatestproblemD, from [2]

Becausehere are no sharedliberties, this is equivalent
to a plain liberty filling sequenceof 10 moves. White
has8 plain libertieson the right andbottom, but White’s
eye spaceis unsettledon the left side. However, White
has2 non-plainliberties there,so White canwin going
first. In this case creatinganeye would beafatal mistake
for White. However, in othercircumstancesihereBlack
doesnot have a large eye andwheretherearesharedib-
erties,creatingan eye would betheonly goodmove.

In termsof partialorderevaluation,we extendtheeval-
uation of lcg by definingnew gamesrepresentingipper
andlowerboundson realgamesasproposedn [2].

4 Summary and Future Work

We introducedthe conceptf conditionalcombinatorial
gamesandliberty countgamesastoolsfor thelocal anal-
ysisof semeaiWe have shovn how to integratenonlocal
aspectssuchasthetotal liberty countandko statusinto

sucha framework ascontet conditions,and have given
someexamplesto demonstrat¢hatthis work is ageneral-
ization of our previouswork on semea(1, 2].

Future work includesworking out the details of an
implementationand of the local searchprocessandre-
searchingheoverall strat@y for selectingappropriatdo-
cal analysesn complex semeaskituations.
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