WHEN ONE EYE IS SUFFICIENT: A STATIC
CLASSIFICATION

R.Vila
Facultatde Matenmatiquesi Estadstica, UPC, Barcelona.
In stagein LabolA, Universite Paris 8.

ritx@ai.univ-paris8.fr

T. Cazenae
LabolA, Universite Paris 8, 2 rue dela Liberte, 93526,St-Denis France

cazenave@ai.univ-paris8.fr

Abstract A new classi cationfor eye shapess proposed.It allows to decidestatically
the statusof the eye in somerestrictedconditions. Thelife propertyenablego
decidewhenone eye shapeis alive regardlesshe numberof opponentstones
inside. The methodis easyto programand canreplacea possiblydeepsearch
treewith afast,reliableandstaticevaluation.
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1. Intr oduction

It is well known for both, Go playersand Go programmersthat whena
stringhastwo eyesit is alive. Thoughsuf®cient,it is notanecessargondition.
Sometimesonebig eye is sufdcient to live, eitherit is possibleto make two
eyesatary momentpor it is alive in seki.

This paperdealswith theclassi®catiorof largeeyesandwhenonebig eyeis
suf®cientto live. Herewe proposeanalgorithmthatgivesstaticallyananswer
to thatquestion.It is easyto programandvery fast. We presenthe neighbour
classi cation acompletelynen concepthatenablego groupeye shapesvith
commoninterestingproperties.We alsointroducethe concepf life property
that permitsto decidewhen one eye shapeis alive regardlesghe numberof
opponenstonednside. This propertyreliesonly on the shapeof the eye and,
whenapplicablejs very powerful. It is acompletelysafetool asno heuristics
areinvolved. It canbeappliedto awide variety of situations.



110 R.Vila, T. Cazenave

Section2 describeghe existing work relatedto handlingeyesandlife and
death.Section3 setsaccuratede®nitionsof the conceptsisedthroughouthis
paper New conceptdike end point or life property are proposed. We also
have enlaged Muller's (1999) conceptof plain eye to cover staticallymore
cases.Section4 describeghe main contrikution of this paper the neighbour
classi cationandthetheoremof theneighbourclassi®cation Section5 shavs
how to usetheneighbourclassi cationto identify the vital andendpointsfor
centreeyes. Section6 discusseshe limitations of the theoremfor side and
cornereyesandproposepossiblewaysto overcomethem. Section7 reports
the applicationof this new theoryto semeaiproblems. Finally, we suggest
thatthe readerhasa quick look at the ®rst two paragraphef Section4 before
readingSection3 sothatthecaptionsn the®guresof this sectionareclarifying
insteadof confusing.

2. Previous Work

SeveralapproacheBave beemrmadeto life anddeathandeyecharacterisation
with greatsuccess.

Landman(1996)appliescombinatoriagametheoryto determineavaluefor
agiveneye space Fotland(2002)describesheway his program,

, analyzesyes. Herepresentsye shapessits gametreewith
four differentvalues;the upperandlower boundson the numberof eyes,and
two intermediatevaluesaiming to include the effects of ko and uncertainty
Thiswork dealsmainly with a big variety of generalkyes. He combinesstatic
analysiswith asmallsearch.

ChenandChen(1999)shav amethodo evaluateheuristically lif efor general
classe®f groups.Muller (1997)extendsBensons algorithmdescribingsafety
of blocksunderalternatingplay.

Big eyes are of greatimportancein a wide variety of semeaiproblems.
Thoughnotbeingthe key to the mostcommonlife-and-deattproblemswhen
they appearit is fundamentako handlethemin a properway. Most of the
existing techniquedreatthemin anunsatisactoryway; eitherthey treatthem
heuristicallyso unexpectedsituationsmay appeardriving to a wrong answey
or they just let the searchalgorithm continueuntil they becomea small eye
with the subsequenhef®cieng/ problems.Herewe proposea theoryandan
algorithmto dealstaticallywith this problem. It is very fast,easyto program,
freeof heuristicconsiderationandthereforecompletelyreliable. It canreplace
completelyapossiblydeepsearchreein awide numberof situationsandit can
beof greatinterestto enhancehe existing techniquesindto reducethedegree
of inaccuray.
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3. De nitions

Eye. In this paperaneye® will be anareacompletelysurroundedy one
block. Opponentandown stoneswill be allowed in the eye region andalso
emptypointsnotadjacento the surroundingblock. Thisis ageneralizatiorof
Meuller's (1999)de®nitionof plain eyes We will classifyeyesaccordingto its
positionontheboard.

Corner Eye— The eye containsa cornerpoint andits
two neighbourgcf. Figurel).

Figure 1. A corner
[1122] eye, notplain.

SideEye— The eye is not a cornereye andcontainsat
leastthreesidepoints(note: acornerpointis a particular
caseof sidepoint) (cf. Figure2).

Cente Eye— All theeyesthatarenotcorneror sideeyes
(note:themostpartof big eye shapeganonly becentre 5,0 2 A side
eyes(Mathworld, 2003)). [112234]eye, plain.

Figure3. A centre[1122233]eye, plain (left); a centre[112224]eye, plain (middle),anda
centre[112224]eye, notplain (right).

Eye Shape. Thisisthesetof intersection®f theeye. Theintersectionsan
be empty or occupiedby opponentor friendly stones. We will usetheterm
NakadeShapeto referto a setof intersectionghat, in caseof beingan Eye
Shapewould have oneor zerovital points

Eye Status. We will de®nefour possiblestatusfor a centreeye: Nakade
Unsettled Alive, and AlivelnAtari

1in the existing literatureeye is usedto referto a small one-pointeye, while biggereyesarereferredto as
X-enclosedegion (Benson,1976)or Big eye (Fotland,2002). In this paperwe mainly dealwith big eyes,
thereforeasno confusionis possiblewe will keepthetermeyeaswe de®neit.
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Nakade— theeyewill endup asonly oneeye andthiswill notbesuf®cientto
live. A nakadeeye canbetheresultof: (1) aneye with anemptysetof vital
points(cf. Figure4b) or (2) aneye with all the setof vital points®lled by the
opponens stoneqcf. Figure4a).
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Figure 4a. A nakade status for a Figure4b A nakadestatusfor a[2222]
[112233]- eye. Thetwo vital pointsare eye. It hasanemptysetof vital points
lled bytheopponent.

Unsettled— the eye canendup asa nakadeeye or an | |
alive eye dependingon the colourto play. An unsettled |

eye is the resultof aneye with oneandonly oneempty P4
intersectionin the setof vital points(cf. Figure5). An k ’
unsettledstatuss whatLandman(1996)de®nesas - .

Alive — thestringowning theeye is alive no matterwho

plays®rstandno matterwhatthesurroundingonditions rigyre s. An
are. An alive eye canbe the resultof: (1) aneye with unsettled status for a
two or moreemptyintersectionsn thesetof vital points [1222234]eye. Oneof
(cf. Figure6a)or (2) theeyeis a —shapethatcannot the two vital pointsis
be ®lled by the opponentwith a —nakadeshape €MPY(X)-
(Figure6b). We will make nodistinctionbetweerbeingalive or beingalivein

sekilike in Figure6b, asin mary casedeingalive in sekimay be almostas
goodasliving with two eyes(Landman 1996).

Figure6a. Alivestatusfor a[1112234]- Figure6h.  Alivestatusora[11222]eye.

eye. Eventhoughtheseshapeanbe lled No matterhow mary stonesplays White
with arabitty six, A andB belongto theset inside,Blackis unconditionallyalive. The
of vital pointssowe have amiai of life. opponentcannot Il the eye spacewith a

nakadeshapeof sizefour.
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AlivelnAtari — this is a particularcasein which the surroundingconditions
determinghe statusof the eye. We saythataneye hasanAlivelnAtari status
if thereareonly oneor zeroemptyintersectionsadjacento the surrounding
block but capturingthe opponenistonesinsidethe eye grantsan alive status.
Only whenthe externalliberties of the string owning the eye areplayedit is
necessaryo capturethestonesnsidetheeye (cf. Figure7aand7b).

20 | B

Figure 7a. AlivelnAtari statusfor a Figure 7h. AlivelnAtari statusfor a

[111223]eye. Capturegrantslife. [222233]eye. WhenA is playedthe sta-
tuschangedo Unsettled andif bothA and
B areplayedthestatuss Nakade However
capturinghestonesnsidetheeyegrantsan
alive status.

Vital Points. A minimalset(oneor more)of intersectioninsidetheeyethat
shouldbe®lled by theopponento grantanakadestatusor theeye (cf. Figure
8aand8b).

End Points. A minimal set(oneor more)of intersectionsnsidetheeye that
shouldnot be ®lled by the opponentuntil the endto granta nakadestatusfor
theeyein theprocesf killing thestring(cf. Figure8aand8b).

This shouldnot be confusedwith Fotlands (2002)numberof ends While
Fotlands conceptdealswith the shape,our conceptdealswith the orderin
which theintersection®f the eye shouldbe ®lled by the opponent.in Figure
8athereis oneendpoint but threeFotlands ends.However, in mostcasesve
seethatanendpointfrom this papers point of view is alsoa Fotlands end.

Life Property.  We will saythatan eye shapehasthe life propertyif the
only possiblestatudor thisshapeareAlive or AlivelnAtari. Thuswhenaneye
shapehasthelife propertywe only needto checkwhetherthe stonesnsidethe
eye shouldbe captureddueto an Ali velnAtari status.

Forexample a3—shapé alinecanhaveaNakack, Unsédtled, or Ali velnAtari
statusdependingon the opponenstoneplayedinside. This 3—shapealoesnot
have the life property sincea Nakadeand Unsettledstatusare possible. In
contrastthe[11222]shapeshavedin Figure6b canonly have anAlive status
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Figure8a. \ital ( ) andend( ) points Figure8h. Vtal ( ) andend( ) points
for a[11123]eye. for a[1122224]eye.

or anAlivelnAtari statugwhenfour out of the®ve intersectionareplayedby
the opponent)this shapehasthelife property Thereforewhile all theshapes
having thelife propertyarealive, notall the shape$aving analive statushave
thelife property

Thelife propertyshouldbe regardedasa propertyslightly belov Bensons
(1976)unconditionalife, becaus@ we have anAli velnAtari statust mightbe
necessaryo play insidethe eye, but with the greatadvantagethatdetectingt
is justamatterof countingneighboursasit will beshavn in Section4.

4. Neighbour Classi cation

Let bethesetofall possibleeyeshgesofsize . Notethatfor there
is anisomorphismbetween and being thesetof free —polyominoes
(Mathworld, 2003). An  —polyomino(or“ —omino”)is de®nedasacollection
of square®fequalsizearrangedvith coincidensides.Freepolyominoesan
be pickedup and ipped, somirrorimagepiecesareconsidereddentical. For
sizesevenwe shoulddiscardthe holed-polyomindo keeptheisomorphism.

Let , wede®netheNeighbourClassi cationof , asanumber
of digitssortedfrom low to high; everyintersectiorin theeye spacds associ-
atedto a digit thatindicatesthe numberof neighbourgadjacenintersections)
to thatintersectiorthatbelongto the eye spacegcf. Figure9).

Figure9. Fortherabbitysix
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Let bethefollowing equvalencerelation: let then
Thus givesapartitionof de®nedby the equivalenceclassesn (cf.
AppendixB).
Example. Given we can®nd four differentneighbourclassi cationsfor
its elementgNotethat ) (Mathworld, 2003).
Letebeacenteeye
and the equivalenceclassof e, for if hasthe
life propertythen , f hasthelife propertyinverselyif hasnotthelife
propertythen , f hasnotthelife property
Proof: For thereis no eye shapethat hasthe life property

sothetheoremis correct. The 1-shapesnd2—shapegarealwaysnakadethe
two existing 3—shape$ave one vital point so their statuscan be nakadeor
unsettleddependingon the fact whetherthe opponenthasor hasnot played
thevital point). Thereare®ve 4—shapesvith zero,oneor two vital points. All
of themcanhave anakadestatusf theopponenplaysall thevital points. The
interestingooint comeswith highersizeshapes.

Undertheconditionsof thetheoremhaving thelife propertyis justamatter
of shape.If andonly if an —shapecannotbe ®lled by the opponentwith an

—shapehathasoneor zerovital points(NakadeShapg, thenthis —shape

hasthelife property

Ko cannotarrive in the centrefor eye shape®f sizebelav sesen. For size
seventhereareonly two shapeshatcanhave ako statusn thecentrg(cf. Figure
10). Theseshapeslo nothave thelife propertyasthey canbe®lled by arabitty
six sothe ko doesnotinterferewith ourtheorem.

Figure 10. Shapesn classe$1222234]and[1122224]canhave ako statusn thecentre.

5-shapes. Therearetwonakadeshapesof size4 (thesquareandthepyramid)
soall the 5—shapeshatdo not containa squareor a pyramidwill have thelife
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property All theshapedbelongingto [11222]have thelife propertywhile the
othersdo not. The only nakadeshapesf size®ve arethe bulky ®ve andthe
star

6—shapes. As before,all the 6—shapeshat do not containa bulky ®ve or
a star have the life property Thesearethe 26 shapedelongingto classes

. Theonlynakadeshapeof sizesixistheratbity
SiX.

7—-shapes. Now weonly haveto careaboutthoseshapegontainingarabbity
six, thereare®ve shapedlistributedin four equvalenceclassesAll the other
7—shapesave thelife property Thereis no nakadeshapeof sizeseven. This

concludeghe proof of TheoremL.

Theexhaustve classi®catiorfor all the eye shapesindersizeeightis sum-
marizedin Tablel.

Life Property
35
Life Property 13 Yes
12 Yes
1 1 Yes
1 No 4 No
1 2 No
1 No 1 No
1 No
2 1 No
2 No
107
S 30 Yes
3 No 40 Yes
1 No 11 Yes
1 No 8 Yes
12 5 Yes
7 Yes 4 Yes
3 No 2 Yes
1 No 2 Yes
1 No 2 No
1 No
1 No
1 No

Tablel. NeighbourClassi cationfor
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Thestrengthof thetheoremiesin thefactthatthelife propertyonly depends
ontheshape.Sogivenaneye shapewne have justto ®nd its neighbourclassi®-
cation. If the classhasthelife property whatever numberof opponentstones
inside,we know thatthegroupowningtheeyeis alive, we only needo checkif
it is necessario capturghestonesnsidetheeye dueto anAli velnAtaristatus.
If the classdoesnot have thelife propertya furtherstudyis requiredto decide
thestatug(cf. Section5).

We cannotextendthe theoremfor highersizesin the centrebecauseo's
andopponenieyesmay appear But we will seethatusuallyit is notmuchof
aproblemasthelife propertyis an excessiely strongconditionfor suchthat

eyes.

5. Vital Points and End Points Identi cation

Anotherinterestingoropertyof theneighbourclassi cationis thatit allows,
for centreeyes,to ®ndthevital andendpointsfor agiveneye shapgustlooking
atits signature Below wewill shaw theidenti®catiorfor the®veclassesf size
six withoutthelife property Theidenti®cationfor eye shapesvith sizesfrom
oneto ®veis easyto ®nd outandsizesevenrequiresananaloguerocedureas
sizesix.

For sizesix we have ®ve differentclassesvithoutthe
life propertyandthus,the statusshouldbe checled.

[112224]— Therabbitysix is the only nakadeshapeof
sizesix. Thevital pointis the 4-neighbourmpoint. The
2-neighbourpoint not neighbouringthe vital point may
be considerecainendpoint (cf. Figurel1). Thoughnot
necessaryo be ®lled attheend,only if ®lled we should
testfor anonnakadeshapenside.

Figure 11.  \ital and
endpointsfor [112224].

[[111124]— Vital pointsare 2,4 -neighboumpointsand .
the endpointis the 1-neighboumpoint neighbouringhe
2-neighboupoint (cf. Figurel2).

Figure 12.  \ital and

[[222233]— Vital pointsarethetwo 3-neighbouipoints endpointsfor [111124].

(cf. Figurel13). Thereis no ef®cientway to de®neend
points. Sowe shouldalwaystestfor anakaddour zigzag
inside.

[[112233]— We needto createtwo subclasse# this

classto perform the identi®cation. We de®ne class
[112233]- as the subsetof two elementsin class Figure 13. \tal and
[112233]in which 3,3 are neighboursandthe class endpointsfor [222233].
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[112233]- asthesubsetn which 3,3 arenotneighboursSofor elements
aretwo vital pointscorrespondingo the 3,3 -neighbourpointsandtwo end
pointscorrespondingdo the 1,1 -neighbourpoints. For elementghe end
pointsarethe same but all the otherintersectionsrevital points(cf. Figure
14 and15).

Figure 14. Vital and end points for Figure 15. \ital and end points for
[112233]- . [112233]- .

[[122223}— Theendpointistheonly
1-neighbourpoint. For vital points
we needto considerthe 3-neighbour
point and its three neighbours(cf.
Figurel6).

We do notknow a uniqueway to Figure16. \tal andendpointsfor [122223].
®nd the vital and end points for no
matterwhatkind of shape.Sofaracaseby caseamplementations neededbut
in the processthe neighbourclassi®catioref®ciently helpsto determinghem
for eachgivenclass.

Oncetheidenti®cationis doneit is possibleto give the statusandthe hot
pointto playinsidetheeye,if necessarylependingntheopponert andfriendy
stonegplayedin the eye shapg(cf. AppendixA).

6. Corner and SideEyes

Toapproacltornerandsidewe should®rstremarkthefollowing implication
(NoLP = No Life Property):

Thus,oncethe studyfor centreeyesis doneonly classesvith thelife property
in the centreneedto bechecledin theborderandthe corner

For sideeyes,theoreml continuedo betruefor sizesfrom oneto four. For
sizes®ve andsix, ko only appearsn classeshatdo not have thelife property
in the centresothetheoremcontinuego betrue. For sizesesentherearetwo
classeg[1222333]and[1112333])thathave thelife propertyin the centrebut
fail to have it in the sidedueto ko situations. Unfortunatelyclass[1122233]
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hasseven out of eleven memberghat do not have thelife propertydueto ko
while the otherfour continuedo have it in the side(cf. Figurel7aand17b).
Sothetheoremis nolongerapplicablefor sideeyeswith sizeseven.

Figure 17a. This element of class Figure 17h This element of class
[1122233]hasthelife propertyin theside. [1122233]hasnot the life propertyin the
sidedueto ko status.

Even though the theoremfails for side eyes,
thereis still a lot of knowledgethat canbe used
for animplementatiorto solve sideeyes. We will
only have to considermorespecialcases.Shapes
thatdo not have the life propertywill needto be
treatedmore carefully in the side. For examplie, Figure 18.  If White playsA
we have seenthata[112233]- shapehastwo Vi- o will appear If blackwins
tal points. Therefore if novital pointwasplayed theko thestatuswill bealive, if
by theopponentin thecentrewe hadanalive sta- loseswill benakade.
tus. Thisis nolongertruein thesideasFigurel8
shavs. Whatmight be calledan Unsettled-k statusappeardor sideeyes.

In the cornerthe situationis worse. Bentfour in the corner ko's andthe
possibilityfor theopponento malke easilyaneye insidethebig eye makesthe
corneradif®cult battlegroundto applythetheorem.

It is the momentto remark now
how strongthe condition of having
the life propertyis. Strangeexam-
plesof eyeshapesn thecornercanbe
found. They donothavethelife prop-
Figure19. A 12+sizecomereyewithoutthe €rty (ko's canarrive) but they areal-
Life property If White plays ako statusap- Mostimpossibleo kill in arealgame
pear (cf. Figurel9).

However, the factthatthe theoremis not applicablein the cornerdoesnot
meanthatthe neighbourclassi cationis uselessn thosecaseslt canbeused
to classifyshapesn a straightforvard way. For example,for sizesix thereare
only 12 outof 35 shapeshatcanbecornereyes. Six of thesel2 areshape®f
clasqg112222]and[111223]. Theseshapesanhavetheir statuseasilydecided
dependingon the opponenstonesplayedinside. For the othersix shapese
canjustreturnanunknavn statusandlet thesearckcontinueuntil they become
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asize®ve cornershapewhich arenot sohardto decideby meansof a caseby
caseémplementation.

7. Application to SemeaiProblems

Theneighbourclassi cationhasbeensuccessfullyisedandtestedn semeai
problems. Following Melller's (1999) classi®catiorof semeaisandusingthe
neighbourclassi cation we have beenableto solve statically classegrom 0
to 2, but alsoall the semeaiswith centreand side eyeswhich areover class
2, eitherbecausdhe eye is not plain or becausehereare morethanonenon
essentiablock insidethe eye. This signi®esanimprovementover the results
achieved staticallyandreportedoy Melller (1999).

A representate subsebf semeaproblemssolvedusingtheneighbourclas-
si cation canbefoundat

8. Conclusions

Threenew ideasabouteyesarepresentedn this paper:the concepwof end
point, thede®nitionof life property andthe neighbourclassi cation

Theneighbourclassi cationandthelife propertyperformacompletelysafe
tool for decidingeye statusstatically undersomerestrictedconditions. The
methods easyto programandcan,in mary situationsyeplaceapossiblydeep
searchtreewith afast,reliableandstaticevaluation.

For eye shapedhatdo not have the initial conditions,like sideandcorner
eyes,we have shavn thatstill a greatdeal of usefulknowledgecomingfrom
theneighbourclassi cation canbeused.

It hasbeentestedfor semeaproblemsandprovedto beapowerful tool.
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AppendixA:  Implementation for 6tshapescentre eyes

Below we presenthe generalguidelinesfor animplementatiorof analgo-
rithm to decidethe statusfor size six centreeyes. We suppressedrelevant
details. Eye andRzoneshouldbe regardedasclasseshatallow to storea set
of intersection®n the board. The namef the variableshave beenchoserto
allow readingtheimplementatiorasif it werepseudo-code.

takes asinput,decideshe usingthe neigh-
bour classi cationandinitializes and variablesusingthe explana-
tionsalreadygivenin Section5.
takes and asinputandinitializes
, and . The"Filled” variableson
tain theintersectionsn the eye, the vital zoneandthe endzonethatare®lled
with opponenstones.
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AppendixB:  Equivalenceclassedor 5,6,7 £shapes

Below we presenthe completesetof eye shape®f size®ve, six andseven
groupedby equivalenceclasses.

Figure20. Thecompletesetof pentominoegroupedby classes.

Figure21. Thecompletesetof hexominoesgroupedby classes.
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Figure22. Thecompletesetof sizeseveneye shapegroupedby classes.



