
WHEN ONE EYE IS SUFFICIENT: A STATIC
CLASSIFICATION

R. Vil �a
FacultatdeMatem�atiquesi Estad��stica,UPC,Barcelona.
In stage in LaboIA, Universit�e Paris 8.

ritx@ai.univ-paris8.fr

T. Cazenave
LaboIA, Universit�e Paris 8, 2 ruedela Libert�e,93526,St-Denis,France.

cazenave@ai.univ-paris8.fr

Abstract A new classi�cation for eye shapesis proposed.It allows to decidestatically
thestatusof theeye in somerestrictedconditions.Thelife propertyenablesto
decidewhenoneeye shapeis alive regardlessthe numberof opponentstones
inside. Themethodis easyto programandcanreplacea possiblydeepsearch
treewith a fast,reliableandstaticevaluation.
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1. Intr oduction

It is well known for both, Go playersandGo programmers,that whena
stringhastwo eyesit is alive. Thoughsuf®cient,it is notanecessarycondition.
Sometimesonebig eye is suf®cient to live, either it is possibleto make two
eyesatany moment,or it is alive in seki.

Thispaperdealswith theclassi®cationof largeeyesandwhenonebig eyeis
suf®cientto live. Hereweproposeanalgorithmthatgivesstaticallyananswer
to thatquestion.It is easyto programandvery fast.Wepresenttheneighbour
classi�cation, acompletelynew conceptthatenablesto groupeyeshapeswith
commoninterestingproperties.Wealsointroducetheconceptof life property
that permitsto decidewhenoneeye shapeis alive regardlessthe numberof
opponentstonesinside. This propertyreliesonly on theshapeof theeye and,
whenapplicable,is very powerful. It is a completelysafetool asno heuristics
areinvolved. It canbeappliedto awidevarietyof situations.
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Section2 describestheexisting work relatedto handlingeyesandlife and
death.Section3 setsaccuratede®nitionsof theconceptsusedthroughoutthis
paper. New conceptslike endpoint or life property areproposed.We also
have enlarged M •uller's (1999)conceptof plain eye to cover staticallymore
cases.Section4 describesthemaincontribution of this paper, theneighbour
classi�cationandthetheoremof theneighbourclassi®cation.Section5 shows
how to usetheneighbourclassi�cationto identify thevital andendpointsfor
centreeyes. Section6 discussesthe limitations of the theoremfor sideand
cornereyesandproposespossiblewaysto overcomethem. Section7 reports
the applicationof this new theory to semeaiproblems. Finally, we suggest
thatthereaderhasa quick look at the®rst two paragraphsof Section4 before
readingSection3 sothatthecaptionsin the®guresof thissectionareclarifying
insteadof confusing.

2. PreviousWork

Severalapproacheshavebeenmadeto life anddeathandeyecharacterisation
with greatsuccess.

Landman(1996)appliescombinatorialgametheoryto determineavaluefor
agiveneyespace.Fotland(2002)describesthewayhisprogram,
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, analyzeseyes.Herepresentseye shapesasits gametreewith
four differentvalues;theupperandlower boundson thenumberof eyes,and
two intermediatevaluesaiming to include the effectsof ko anduncertainty.
This work dealsmainlywith a big varietyof generaleyes.Hecombinesstatic
analysiswith asmallsearch.

ChenandChen(1999)show amethodtoevaluateheuristically lif efor general
classesof groups.M •uller (1997)extendsBenson'salgorithmdescribingsafety
of blocksunderalternatingplay.

Big eyes are of great importancein a wide variety of semeaiproblems.
Thoughnotbeingthekey to themostcommonlife-and-deathproblems,when
they appearit is fundamentalto handlethem in a properway. Most of the
existing techniquestreatthemin anunsatisfactoryway; eitherthey treatthem
heuristicallysounexpectedsituationsmayappeardriving to a wronganswer,
or they just let the searchalgorithmcontinueuntil they becomea small eye
with thesubsequentinef®ciency problems.Herewe proposea theoryandan
algorithmto dealstaticallywith this problem.It is very fast,easyto program,
freeof heuristicconsiderationsandthereforecompletelyreliable.It canreplace
completelyapossiblydeepsearchtreein awidenumberof situationsandit can
beof greatinterestto enhancetheexisting techniquesandto reducethedegree
of inaccuracy.
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3. De�nitions

Eye. In this paperan eye1 will be an areacompletelysurroundedby one
block. Opponentandown stoneswill be allowed in the eye region andalso
emptypointsnotadjacentto thesurroundingblock. This is ageneralizationof
M •uller's (1999)de®nitionof plain eyes. Wewill classifyeyesaccordingto its
positionon theboard.

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

Figure 2. A side
[112234]eye,plain.

Corner Eye— The eye containsa cornerpoint and its
two neighbours(cf. Figure1).

SideEye— Theeye is not a cornereye andcontainsat
leastthreesidepoints(note:acornerpoint is aparticular
caseof sidepoint) (cf. Figure2).

CentreEye— All theeyesthatarenotcornerorsideeyes
(note: themostpartof big eyeshapescanonly becentre
eyes(Mathworld, 2003)).

Figure 3. A centre[1122233]eye, plain (left); a centre[112224]eye, plain (middle),anda
centre[112224]eye,notplain (right).

EyeShape. This is thesetof intersectionsof theeye. Theintersectionscan
be empty, or occupiedby opponentor friendly stones.We will usethe term
NakadeShapeto refer to a setof intersectionsthat, in caseof beingan Eye
Shape,wouldhave oneor zerovital points.

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

1In theexisting literatureeye is usedto refer to a smallone-pointeye, while biggereyesarereferredto as
X-enclosedregion (Benson,1976)or Big eye(Fotland,2002). In this paperwe mainly dealwith big eyes,
thereforeasnoconfusionis possiblewewill keepthetermeyeaswede®neit.
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Nakade— theeyewill endupasonly oneeyeandthiswill notbesuf®cientto
live. A nakadeeye canbetheresultof: (1) aneye with anemptysetof vital
points(cf. Figure4b) or (2) aneye with all thesetof vital points®lled by the
opponent's stones(cf. Figure4a).

Figure 4a. A nakade status for a
[112233]-� eye. The two vital pointsare
�lled by theopponent.

Figure 4b. A nakadestatusfor a [2222]
eye. It hasanemptysetof vital points.

Figure 5. An
unsettled status for a
[1222234]eye. Oneof
the two vital points is
empty(1).

Unsettled— the eye canendup asa nakadeeye or an
alive eye dependingon thecolour to play. An unsettled
eye is theresultof aneye with oneandonly oneempty
intersectionin thesetof vital points(cf. Figure5). An
unsettledstatusis whatLandman(1996)de®nesas

���

��� .

Alive— thestringowning theeye is alivenomatterwho
plays®rstandnomatterwhatthesurroundingconditions
are. An alive eye canbe the resultof: (1) an eye with
two or moreemptyintersectionsin thesetof vital points
(cf. Figure6a) or (2) the eye is a � –shapethat cannot
be ®lled by theopponentwith a �	��


�
�

–nakadeshape
(Figure6b). Wewill make nodistinctionbetweenbeingalive or beingalive in
seki like in Figure6b, asin many casesbeingalive in sekimaybealmostas
goodasliving with two eyes(Landman,1996).

Figure 6a. Ali ve statusfor a [1112234]-
�

eye. Eventhoughtheseshapecanbe�lled
with arabittysix, A andB belongto theset
of vital pointssowe have a miai of life.

Figure6b. Ali vestatusfor a[11222]eye.
No matterhow many stonesplays White
inside,Black is unconditionallyalive. The
opponentcannot�ll the eye spacewith a
nakadeshapeof sizefour.
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AliveInAtari — this is a particularcasein which the surroundingconditions
determinethestatusof theeye. We saythataneye hasanAli veInAtari status
if thereareonly oneor zeroemptyintersectionsadjacentto the surrounding
block but capturingthe opponentstonesinsidetheeye grantsan alive status.
Only whentheexternallibertiesof the string owning theeye areplayedit is
necessaryto capturethestonesinsidetheeye (cf. Figure7aand7b).

Figure 7a. Ali veInAtari status for a
[111223]eye. Capturegrantslife.

Figure 7b. Ali veInAtari status for a
[222233]eye. WhenA is playedthe sta-
tuschangesto Unsettled,andif bothA and
B areplayedthestatusisNakade.However
capturingthestonesinsidetheeyegrantsan
alive status.

Vital Points. A minimalset(oneormore)of intersectionsinsidetheeyethat
shouldbe®lled by theopponentto grantanakadestatusfor theeye(cf. Figure
8aand8b).

End Points. A minimalset(oneor more)of intersectionsinsidetheeyethat
shouldnot be®lled by theopponentuntil theendto granta nakadestatusfor
theeye in theprocessof killing thestring(cf. Figure8aand8b).

This shouldnot beconfusedwith Fotland's (2002)numberof ends. While
Fotland's conceptdealswith the shape,our conceptdealswith the order in
which the intersectionsof theeye shouldbe®lled by theopponent.In Figure
8athereis oneendpoint but threeFotland's ends.However, in mostcaseswe
seethatanendpoint from thispaper's pointof view is alsoa Fotland's end.

Life Property. We will saythat an eye shapehasthe life property if the
only possiblestatusfor thisshapeareAli veor Ali veInAtari. Thuswhenaneye
shapehasthelife propertyweonly needto checkwhetherthestonesinsidethe
eyeshouldbecaptureddueto anAli veInAtaristatus.

Forexample,a3–shapeinalinecanhaveaNakade,Unsettled,orAli veInAtari
statusdependingon theopponentstonesplayedinside.This 3–shapedoesnot
have the life property sincea Nakadeand Unsettledstatusarepossible. In
contrast,the[11222]shapeshowedin Figure6bcanonly have anAli vestatus
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Figure 8a. Vital ( � ) andend( � ) points
for a [11123]eye.

Figure 8b. Vital ( � ) andend( � ) points
for a [1122224]eye.

or anAli veInAtaristatus(whenfour outof the®ve intersectionsareplayedby
theopponent),this shapehasthelife property. Therefore,while all theshapes
having thelife propertyarealive,notall theshapeshaving analivestatushave
thelife property.

Thelife propertyshouldberegardedasa propertyslightly below Benson's
(1976)unconditionallife, becauseif wehaveanAli veInAtaristatusit mightbe
necessaryto play insidetheeye,but with thegreatadvantagethatdetectingit
is justamatterof countingneighboursasit will beshown in Section4.

4. Neighbour Classi�cation

Let ��� bethesetof all possibleeyeshapesof size � . Notethatfor ���

�	�
���

there
is an isomorphismbetween�

� and 

� being 


� thesetof free � –polyominoes
(Mathworld,2003).An � –polyomino(or “ � –omino”)isde®nedasacollection
of � squaresof equalsizearrangedwith coincidentsides.Freepolyominoescan
bepickedup and�ipped, somirror imagepiecesareconsideredidentical.For
sizesevenwe shoulddiscardtheholed-polyominoto keeptheisomorphism.

Let �����
�
, wede®netheNeighbourClassi�cationof � , ��� ���

�

, asanumber
of � digitssortedfrom low to high;every intersectionin theeyespaceis associ-
atedto a digit thatindicatesthenumberof neighbours(adjacentintersections)
to thatintersectionthatbelongto theeyespace(cf. Figure9).

1

2

2 2

4 1

Figure 9. For therabbitysix ��������� �"!#!%$&$#$�' .
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Let � bethefollowing equivalencerelation: let �

���

�

�

��� � then

�

�

� �

�����

� � ���

�

�

� ��� ���

�

�

Thus � givesa partitionof � � de®nedby theequivalenceclassesin � �

�

� (cf.
AppendixB).

Example. Given �	� wecan®nd four differentneighbourclassi�cationsfor
its elements(Notethat 
%����
 �

%
���
��

���

) (Mathworld, 2003).

� � ���

�

���

� �������

�

� � �����

�

� � �����

�

�����������

� �

� � ���

�����! #"$��%'&)(* ,+.-/���)0���1324�,56 ,7�"986:�;#<�<�1=+�1=8>;�-/1= #04?

Letebeacentreeye,
� � � � and @ �BA � ���

�

� the equivalenceclassof e, for ���

�	�
�DC

if � hasthe
life propertythen �$E

�F@ ��A , f hasthelife propertyinverselyif � hasnot thelife
propertythen �/E

�G@ �BA , f hasnot thelife property.

Proof: For � �H�

�

�

�

�

�

�

���

thereis no eye shapethat hasthe life property
sothetheoremis correct.The1–shapesand2–shapesarealwaysnakade,the
two existing 3–shapeshave onevital point so their statuscan be nakadeor
unsettled(dependingon the fact whetherthe opponenthasor hasnot played
thevital point). Thereare®ve4–shapeswith zero,oneor two vital points.All
of themcanhave anakadestatusif theopponentplaysall thevital points.The
interestingpoint comeswith highersizeshapes.

Undertheconditionsof thetheorem,having thelife propertyis justamatter
of shape.If andonly if an � –shapecannotbe ®lled by the opponentwith an

� � 


�
�

–shapethathasoneorzerovital points(NakadeShape), thenthis � –shape
hasthelife property.

Ko cannotarrive in thecentrefor eye shapesof sizebelow seven. For size
seventhereareonly twoshapesthatcanhaveakostatusin thecentre(cf. Figure
10). Theseshapesdonothavethelife propertyasthey canbe®lled by arabitty
six sotheko doesnot interferewith our theorem.

Figure 10. Shapesin classes[1222234]and[1122224]canhave a ko statusin thecentre.

5–shapes. Therearetwonakadeshapesof size4(thesquareandthepyramid)
soall the5–shapesthatdo not containa squareor a pyramidwill have thelife
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property. All theshapesbelongingto [11222]have thelife propertywhile the
othersdo not. Theonly nakadeshapesof size®ve arethebulky ®ve andthe
star.

6–shapes. As before,all the 6–shapesthat do not containa bulky ®ve or
a star have the life property. Theseare the 26 shapesbelongingto classes

� @

� ���������

A

�

@

� � �������

A

�

@

� ��� � ���

A

�

. Theonlynakadeshapeofsizesixistherabbity
six.

7–shapes. Now weonlyhavetocareaboutthoseshapescontainingarabbity
six, thereare®ve shapesdistributedin four equivalenceclasses.All theother
7–shapeshave thelife property. Thereis no nakadeshapeof sizeseven. This
concludestheproofof Theorem1.

�

Theexhaustive classi®cationfor all theeye shapesundersizeeight is sum-
marizedin Table1.

��� �����	� 
���


Life Property
��


1
� ���

1 No
���

1
�

!#!

�

1 No
���

2
�

! $ !

�

2 No
���

5
�

!&! $&$

�

3 No
�

!&!#!��

�

1 No
�

$&$#$&$

�

1 No
���

12
�

!&! $&$&$

�

7 Yes
�

!&!#!%$��

�

3 No
�

!&!#!&! '

�

1 No
�

!%$#$&$��

�

1 No

�
�

�
�

��� 
���


Life Property
���

35
�

!&! $&$&$#$

�

13 Yes
�

!&!#!%$&$��

�

12 Yes
�

!&!#!&!����

�

1 Yes
�

!&! $&$����

�

4 No
�

!%$#$&$&$��

�

2 No
�

!&! $&$&$%'

�

1 No
�

!&!#!&!%$%'

�

1 No
�

$&$#$&$����

�

1 No
���

107
�

!&!%$#$&$#$&$

�

30 Yes
�

!&!&! $&$#$��

�

40 Yes
�

!&!%$#$&$����

�

11 Yes
�

!&!&!#!%$����

�

8 Yes
�

!%$&$#$&$#$��

�

5 Yes
�

!&!&!#!%$#$�'

�

4 Yes
�

!&!&! $������

�

2 Yes
�

!%$&$#$������

�

2 Yes
�

!&!&! $&$��#'

�

2 No
�

!%$&$#$&$��#'

�

1 No
�

!&!%$#$&$#$�'

�

1 No
�

$&$&$#$&$#$�'

�

1 No

Table1. NeighbourClassi�cationfor
�����! 

�"!�"#" $ .
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Thestrengthof thetheoremliesin thefactthatthelife propertyonlydepends
on theshape.Sogivenaneyeshapewehave just to ®nd its neighbourclassi®-
cation. If theclasshasthelife property, whatever numberof opponentstones
inside,weknow thatthegroupowningtheeyeis alive,weonlyneedto checkif
it is necessaryto capturethestonesinsidetheeyedueto anAli veInAtaristatus.
If theclassdoesnothave thelife propertya furtherstudyis requiredto decide
thestatus(cf. Section5).

We cannotextendthe theoremfor highersizesin the centrebecauseko's
andopponenteyesmayappear. But we will seethatusuallyit is not muchof
a problemasthe life propertyis anexcessively strongconditionfor suchthat
eyes.

5. Vital Points and End Points Identi�cation

Anotherinterestingpropertyof theneighbourclassi�cationis thatit allows,
for centreeyes,to®ndthevital andendpointsfor agiveneyeshapejustlooking
atitssignature.Below wewill show theidenti®cationfor the®veclassesof size
six without thelife property. Theidenti®cationfor eye shapeswith sizesfrom
oneto ®ve is easyto ®nd outandsizesevenrequiresananalogueprocedureas
sizesix.

Figure 11. Vital and
endpointsfor [112224].

Figure 12. Vital and
endpointsfor [111124].

Figure 13. Vital and
endpointsfor [222233].

For sizesix we have ®ve differentclasseswithout the
life propertyandthus,thestatusshouldbechecked.

[112224]— Therabbitysix is theonly nakadeshapeof
sizesix. The vital point is the 4-neighbourpoint. The
2-neighbourpoint not neighbouringthevital point may
beconsideredanendpoint (cf. Figure11). Thoughnot
necessaryto be®lled at theend,only if ®lled we should
testfor a nonnakadeshapeinside.

[[111124]— Vital pointsare � 2,4
�

-neighbourpointsand
theendpoint is the1-neighbourpoint neighbouringthe
2-neighbourpoint (cf. Figure12).

[[222233]— Vital pointsarethetwo 3-neighbourpoints
(cf. Figure13). Thereis no ef®cientway to de®neend
points.Soweshouldalwaystestfor anakadefourzigzag
inside.

[[112233] — We needto createtwo subclassesin this
class to perform the identi®cation. We de®ne class
[112233]-� as the subsetof two elementsin class
[112233] in which � 3,3

�

are neighboursand the class
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[112233]-
�

asthesubsetin which � 3,3
�

arenotneighbours.Sofor � elements
aretwo vital pointscorrespondingto the � 3,3

�

-neighbourpointsandtwo end
pointscorrespondingto the � 1,1

�

-neighbourpoints. For
�

elementsthe end
pointsarethesame,but all theotherintersectionsarevital points(cf. Figure
14 and15).

Figure 14. Vital and end points for
[112233]-� .

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

�

.

Figure16. Vital andendpointsfor [122223].

[[122223]— Theendpointistheonly
1-neighbourpoint. For vital points
we needto considerthe3-neighbour
point and its three neighbours(cf.
Figure16).

We do not know a uniqueway to
®nd the vital and end points for no
matterwhatkind of shape.Sofaracaseby caseimplementationis needed,but
in theprocess,theneighbourclassi®cationef®ciently helpsto determinethem
for eachgivenclass.

Oncethe identi®cationis doneit is possibleto give the statusandthe hot
pointtoplayinsidetheeye,if necessary, dependingontheopponent andfriendly
stonesplayedin theeye shape(cf. AppendixA).

6. Corner and SideEyes

Toapproachcornerandsideweshould®rstremarkthefollowing implication
(NoLP= No Life Property):

������� ��� ���
	 �

�

�������
� ��� �

�

������� ����	 � ��	

Thus,oncethestudyfor centreeyesis doneonly classeswith thelife property
in thecentreneedto becheckedin theborderandthecorner.

For sideeyes,theorem1 continuesto betruefor sizesfrom oneto four. For
sizes®ve andsix, ko only appearsin classesthatdo not have thelife property
in thecentresothetheoremcontinuesto betrue. For sizeseventherearetwo
classes([1222333]and[1112333])thathave thelife propertyin thecentrebut
fail to have it in thesidedueto ko situations.Unfortunatelyclass[1122233]
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hasseven out of eleven membersthatdo not have the life propertydueto ko
while theotherfour continuesto have it in theside(cf. Figure17aand17b).
Sothetheoremis no longerapplicablefor sideeyeswith sizeseven.

Figure 17a. This element of class
[1122233]hasthelife propertyin theside.

Figure 17b. This element of class
[1122233]hasnot the life property in the
sidedueto ko status.

Figure 18. If White playsA
a ko will appear. If black wins
theko thestatuswill bealive,if
loseswill benakade.

Even though the theoremfails for side eyes,
thereis still a lot of knowledgethat canbe used
for animplementationto solve sideeyes.Wewill
only have to considermorespecialcases.Shapes
that do not have the life propertywill needto be
treatedmorecarefully in the side. For example,
we have seenthata [112233]-� shapehastwo vi-
tal points. Therefore,if no vital point wasplayed
by theopponent,in thecentrewehadanalivesta-
tus. This is no longertruein thesideasFigure18
shows. WhatmightbecalledanUnsettled-Ko statusappearsfor sideeyes.

In the cornerthe situationis worse. Bent four in the corner, ko's andthe
possibilityfor theopponentto makeeasilyaneye insidethebig eyemakesthe
corneradif®cult battlegroundto applythetheorem.

Figure 19. A 12±sizecornereye without the
Life property. If White plays � a ko statusap-
pear.

It is the momentto remarknow
how strongthe condition of having
the life property is. Strangeexam-
plesof eyeshapesin thecornercanbe
found.They donothavethelife prop-
erty (ko's canarrive) but they areal-
mostimpossibleto kill in arealgame
(cf. Figure19).

However, the fact that the theoremis not applicablein thecornerdoesnot
meanthattheneighbourclassi�cation is uselessin thosecases.It canbeused
to classifyshapesin a straightforwardway. For example,for sizesix thereare
only 12 outof 35shapesthatcanbecornereyes.Six of these12 areshapesof
class[112222]and[111223].Theseshapescanhavetheirstatuseasilydecided
dependingon theopponentstonesplayedinside. For theothersix shapeswe
canjustreturnanunknown statusandlet thesearchcontinueuntil they become
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a size®ve cornershapewhicharenotsohardto decideby meansof a caseby
caseimplementation.

7. Application to SemeaiProblems

Theneighbourclassi�cationhasbeensuccessfullyusedandtestedin semeai
problems.Following M •uller's (1999)classi®cationof semeaisandusingthe
neighbourclassi�cation we have beenableto solve staticallyclassesfrom 0
to 2, but alsoall the semeaiswith centreandsideeyeswhich areover class
2, eitherbecausetheeye is not plain or becausetherearemorethanonenon
essentialblock insidetheeye. This signi®esan improvementover theresults
achievedstaticallyandreportedby M •uller (1999).

A representativesubsetof semeaiproblemssolvedusingtheneighbourclas-
si�cation canbefoundat ���������

�

�	��


����
��

���

�����

�����������

�����

�

�������

�

�

���

��� .

8. Conclusions

Threenew ideasabouteyesarepresentedin this paper:theconceptof end
point, thede®nitionof life property, andtheneighbourclassi�cation.

Theneighbourclassi�cationandthelife propertyperformacompletelysafe
tool for decidingeye statusstaticallyundersomerestrictedconditions. The
methodis easyto programandcan,in many situations,replaceapossiblydeep
searchtreewith a fast,reliableandstaticevaluation.

For eye shapesthatdo not have the initial conditions,like sideandcorner
eyes,we have shown thatstill a greatdealof usefulknowledgecomingfrom
theneighbourclassi�cationcanbeused.

It hasbeentestedfor semeaiproblemsandprovedto beapowerful tool.
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Appendix A: Implementation for 6±shapescentreeyes

Below we presentthegeneralguidelinesfor animplementationof analgo-
rithm to decidethe statusfor sizesix centreeyes. We suppressedirrelevant
details. EyeandRzoneshouldberegardedasclassesthatallow to storea set
of intersectionson theboard.Thenamesof thevariableshave beenchosento
allow readingtheimplementationasif it werepseudo-code.

���������	��
���
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Appendix B: Equivalenceclassesfor
�

5,6,7� ±shapes

Below we presentthecompletesetof eye shapesof size®ve,six andseven
groupedby equivalenceclasses.

Figure 20. Thecompletesetof pentominoesgroupedby classes.

Figure 21. Thecompletesetof hexominoesgroupedby classes.
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Figure 22. Thecompletesetof sizeseveneye shapesgroupedby classes.


