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Abstract

Anaphoraresolutionhasbeena widely studiedproblemin naturallanguageprocessinglmostsince
work in thefield began(see[Hirst 1981,Mitkov 1999]for summaries)However, mostwork focuseson
theresolutionof pronounsor, atbest,onawiderrangeof anaphoriexpressionsvhich co-referwith their
antecedentsReal naturallanguageexts exhibit a muchricher rangeof anaphorigghenomenaln this
paperwe describean experimentin annotatinga corpusfor the variety of anaphorgound, andindicate
someof the problematiccaseghatrobust naturallanguageprocessingechniquesiave to dealwith. As
a resultof this analysiswe have identified several subtypesof associatie anaphoricrelationshipshat
occurfrequentlyin the corpus,and determinedthat it may be possibleto identify the mostcommon
relationshipsisingsomefairly simpleheuristics.

1 Intr oduction

This work is concernedvith the developmentof stratgiesfor anaphoresolutionin realnaturallanguage
texts. In particular we areinterestedn the problemsthat arisein re-usingsmall partsof a text outside
of their original context, asis oftenrequiredin systemswhich performtext summarisatioriPaice 1990],

answerextraction[Schwitteretal 1999], or in approacheso text generationwhich reusetext fragments
minedfrom existing sourcegMeyerandDale 2000]. Considetthefollowing example:

Caterpillar Hunter, commonnamefor a large, brightly colored, nocturnal,and predatory
beetle(seeGROUND BEETLE). Several speciegrey on caterpillarsand earthworms. One
speciesvasimportedinto the United Statesn large numbersto combatthe brown-tail moth.

[Microsoft 1995]

Supposéhat we had a systemthat extractedshortsggmentsfrom a text, andwe wantedinformationon
theintroductionof predatorgdo control pests.Only the last sentencef this text is relevantto this query;
however, withoutthe precedingeferenceo Caterpillar Hunter, areademwould be unableto work out that
onespeciesactuallyrefersto onespecieof caterpillarhunter

Existing work in anaphoraesolutiontendsto focusonly on pronominalreferencepr on otherforms of
anaphoravherethe relationshipbetweenhe referentof the anaphorandthe referentof the antecedenis
oneof identity.* This papereportsontheannotatiorof acorpusof textsto make explicit arangeof implicit
anaphoriaelationshipdetweemounphrasesDevelopingthe annotatedorpushastwo mainpurposes:

e to provideinformationon how frequentlydifferenttypesof anaphoriaelationshipoccurin the cor
pus;and

1A notableexceptionis Vieira [1998], althougheven this work coversonly a very small proportionof the typesof anaphorave
have obseredin realtexts.



(Sid="s2")
By (NPid="2.1") 1958 (/NP)
(NP id="2.2") theHavanabrown (/NP)
wasfirmly established
as (NP id="2.3") abreed{/NP). (IS)
(Sid="s3")
NP id="3.1") It (/NP wm AT At
i<sshort-haire)chnd<dark>chocolate (RE np="3.1" de="topic020} It (/RE)

in (NP id="3.2") color {/NP), _iig on e ,

with (NP id="3.3") green,oval eyes {/NP) . (RE np="4.2"de="head017’ thehead (/RE)
(Siéf?s ” (RE np="4.3" de="ail018" thetail (/RE)

(NPid="4.1") Theprofile (RE np="5.1" de="body019} Thebody (/RE)

of (NPid="4.2") thehead (/NP)

(BINDINGS)

{RE np="2.2" de="topic020}
theHavanabrovn (/RE)

/BINDINGS)

{INP) { i
is slopingand (DE-RELS) u e f it i ,
(NP id="4.3") thetail (/NP) (REL type="part/bpartrefs="topic020head017"
is lon - ( /é) (REL type="part/bpartrefs="topic020tail018"/)

(si d=“55%). (REL type="part/bpartrefs="topic020body019"}

(NPid="5.1") Thebody (/NP)

is muscular (/S) (/DE-RELS)

Figurel: An exampleof NP markup Figure2: A fragmentof referencestructure

¢ to provide a resourcewvhich canbe usedin evaluatingdifferentanaphoraesolutionalgorithms(or
training,for statisticalalgorithms).

As aresultof this analysiswe have identified several subtypesof associatie anaphoriaelationshipghat
occurfrequentlyin the corpus,anddeterminedhatit may be possibleto identify the mostcommonrela-
tionshipsusingsomefairly simpleheuristics.

Section2 describeghe approachwe took to annotatinga randomlyselectedb0 entriesfrom Encarta]Mi-
crosoft 1995]andGrolier’'s eng/clopedia[Groliers 1992]. Section3 presentsomepreliminaryfindings,
includingfrequenciegor the commonesandmostreadilyidentifiedtypesof anaphoriaelationshipsOur
experimenthasuncoveredsomepracticalandtheoreticaissueghatwill beaddresseh futurework; these
arediscussedh Sectior4.

2 Method

For this studywe selectedb0 entriesfrom a collectionof eng/clopediaentriesdealingwith animals,25
from Grolier's Engyclopedia]Groliers 1992],and25 from Encartg[Microsoft 1995]. We thenmanually
marked nounphrasesithin the corpus,assigningeachanidentifier; a fragmentof the marked-upcorpus
is shavn in Figure 1. Automatic identification of noun phrasess feasible,but early resultswere not
sufficiently reliablefor it to be of benefitin this study andtherearethe obvious problemswith ambiguity

In the modelof referenceaepresentedy this annotationschemenounphrasesnay be eitherreferringor
predicative. For example the subjectof thefollowing sentenc€TheAfrican huntingdog, Lycaonpictus is
referringandtheobject(a wild CARNINOREIn the DOG family, Canidag order Carnivora) predicatve:

TheAfrican huntingdog, Lycaonpictus,is awild CARNIVOREin the DOG family, Canidae,
orderCarnvora.

Eachreferring noun phrasespecifiesa DISCOURSE ENTITY; discourseentitiescan be connectedvia a
numberof differenttypesof relationship,someof which form the basisfor indirect anaphora.Eachof



Type Maximal Total % Total
Full NPs 940 1516 66.2
Full NPsfollowedby’ or’s 0 11 0.0
Full NPsprecededy of 0 110 0.0
Full NPs(Possessk) 0 121 0.0
PronoungNeuter) 48 73 65.8
PronoungFeminine) 1 1 100.0
PronoungPossesske) 0 21 0.0
PronoungNon-possesse) 49 53 92.4
PronoungTotal) 49 74 66.2

Tablel: Breakdavn of NPsaccordingto syntacticcriteria.

thetexts in our corpushasa fairly obvious ToPiC, which is generallythe referentof the headvord of the
eng/clopediaentry.

To encodetheserelationshipsa separatdile wasusedfor representinghe REFERENCE STRUCTURE of
the texts. Eachreferring expressionwas associatedvith a key identifying that discourseentity which
is its referent. All nounphrasesvere processedn a single pass.After all of the nounphrasetadbeen
associatedvith discourseentities,asecongassvasmadeto identify andclassifytherelationshipbetween
discourseentities. Thefragmentin Figure2 demonstratea simplifiedversionof this representationyhere
the (BINDINGSy) structureindicatesthe mappingbetweenreferring expressionsand discourseentities,
andthe (DE-RELATIONS) structureindicatesthe relationshipsbetweendiscourseentities. Annotating
all of therelationshipshetweerreferringexpressionsn a text would amountto somethingcloseto a full
semanticanalysis. This wasnot the objective of this work. Generally only thoserelationshipghatwere
establisheas part of resolvingan anaphoricnounphraseappearin the marked up text; so, for example,
norelationshipwould be markedbetweersubjectandobjectin thesentenc& heHavanabrownhasa long
tail. In additionto this, only relationshipsetweenthe discourseaeferentsof maximalnounphraseswere
consideredthatis, thosenounphraseembeddedvithin othernounphrasesverenot considered So, for
example,in the noun phrasethe tip of its tail, we have one discourseentity correspondingo the entire
NP, but we do not includea distinct discourseentity for eitherthetip or its tail. Identifying relationships
betweerDEswastheleastreliablepartof the processfor reason®utlinedin Section4.

3 Results

Tablel givesabreakdaevn of thenounphrasesn thetext accordingto varioussyntacticcriteria. As canbe
seen,maximalnounphrasesaccountfor only 66.2%of the nounphrasesn thetext; the other33.8%are
embeddedvithin larger NPs. 92.4%of the non-possesge pronounsare maximal, with 7.6% appearing
within larger NPs, asin the the foot which it usesfor cleaning Explicitly marked possessiomplaysan
importantrole in the corpus;7.9% of the total numberof nounphrasesdn the corpusare possessies,as
in its foot andthe cat’s tail, andthesecould concevably be handledby an extensionto a straightforward
coreferenceesolutiormechanismwhereagormssuchasthefootor thetail clearlyrequireamorecomplex
mechanism.

Table 2 givesinformation on how mary times discourseentitiesare referredto. Out of a total of 655
discourseentitiesidentifiedin theannotatedorpus,568(86.7%)wereonly referredto once;this accounts
for 65.2%o0f the 870 maximalnounphraseshatwereidentifiedasreferringratherthanpredicatve. The
topic is referredto an averageof 4.33timesin eachtext, while otherdiscoursereferents(excluding the
topic for eachentry) occuran averageof 1.09times. Out of the 50 texts, thereare only two in which the



Num. references: 1 2 3 4 5 6 7 8 9 10
Countof DEs 568 37 14 18 7 6 2 0 1 2
% of DEs: 86.7 56 2.1 27 10 09 03 00 01 0.3
% of maximalREs: | 65.2 85 48 82 40 41 16 00 1.0 2.2

Topic DEs: 2 7 6 15 7 6 2 0 1 2
OtherDEs: 566 30 8 3 0 0 0 0 0 0

Table?2: Distribution of the numberof timesa discourseentity is referredto usinga maximalnounphrase.

topicis referredto only once.

Table3 shavsthefrequeng of thelabelsusedin identifying typesof anaphoriagelationshipdetweerDEs

thatarethereferentsof maximalNPsin the corpus.As canbe seen of the markedanaphoriaelationships,
96% have beenclassified. The relationshipsare arrangedinto a hierarchicalstructure. The hierarchy
of tag typesprovidesa naturalway of clusteringsimilar typesof relationshipto provide a more robust

classification.The majortypesof relationshipsareasfollows:

part: The mostcommontype of relationshipin the corpusis that betweenan animalandits parts. This
accountdor 45.6%of therelationshipsThefollowing exampleshavs thekindsof NPsthatfall into
this category; notethatonly thefirst NP usesanexplicit anaphorwhereaghe othersareinstance f
whatis generallyreferredto asassociatie anaphora.

Its legsarewhite; the hair is shortandsleek,thelimbsslenderandthe muzzlesharp;the
bad risesinto a high archimmediatelybehindthe ned.

subtype: The next mostcommontypeis the subtyperelationship which accountgor 24.9%o0f the rela-
tionships;this is usedwhenreferringto a particularsubtypeof a recentlymentionedanimal. The
mostcommontype of subtyperelationshipis basedon commonpropertiesJike sex andage. The
following exampledemonstrateagainthatthe anaphoriaelationships implicit:

Themaleis darkbrown to black;the femaleis brown to reddishbrown.

name: Therelationshipbetweeranentity andthe namefor thatentity is aslightly morecomplicatectase;
themostobviousexampleof this type of referencds the name asin thefollowing example:

Thename(meaning‘double beam”) alludesto the peculiarconstructionof certaintail-
boneswhichhadprojectiongore andaft andwhich protecteloodvesseldrom friction
with theground.

Thesereferencesombinedmake up 9.1%of therelationships.

attrib:  The entity/attritute relationshipaccountsfor 4.1% of the relationshipsin the corpus,asin the
following example:

They canlive for morethan20 yearsin captvity; life expectancyin thewild is probably
shorter

Physicalattributes(attrib/phy9 consistof thingslike sizeandcolour, developmentahttributes(at-
trib/devel) consistof thingslik e lifespan,cultural attributes (attrib/cult) thingslike beauty and so
on. Thefiner distinctionsin this casearelargely irrelevant, exceptin thatnot all attributesseemto
appeawithouta possesse.

The noteworthy featureof all of thesecategoriesis thatthetype of relationshipseemsdo beinferablefrom
theontologicalcategory of theanaphor



Table3: Raw frequencie®f the differenttypesof relationshipthathold betweertop-level Researctin the

corpus.

Relationship name

Number % Total

Relationshipname

Number % Total

[attrib:

/attrib/behaiour:
/attrib/cult:

[attrib/devel:
/attrib/devel/base:
[attrib/devel/lifespan:
[attrib/devel/lifespan/wild:

[attrib/devel/lifespan/captie:

[attrib/phys:
[attrib/phys/base:
[attrib/phys/shape:
[attrib/phys/shape/base:
[attrib/phys/shapetbld:
[attrib/phys/size/length:
/attrib/phys/colour:
[attrib/sense:

/disjoint:
/group:

/ident:
/ident/base:
/ident/age:

/instance:
/instance/base:
/instance/specific:

/member:
/member/base:
/member/group:

/name:
/name/base:
/name/common:
/name/science:
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Ipart/base:
/part/bpart:
/part/bpart/base:
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Ipossible:
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Ipossible/association/misc:

/subset:
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/subtype/property/age:
/subtype/property/breed:
/subtype/property/colour:
/subtype/property/misc:
/subtype/property/se
/subtype/property/se-:
/subtype/taxon:
/subtype/temporal:

/other:
/other/ancestor:
/other/base:
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/other/embed:
/other/embed/base:

/other/embed/subtype/taxon:
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4 Discussion

Oneof the aimsof the work describecherewasto develop andrefinean annotationprocesghat canbe
appliedto a wide rangeof texts. The work hashighlighteda variety of methodologicalssuesrelatingto
reliability andstandardisatiorandtheoreticaissuegesultingfrom the differencedetweerthe domainof
thetexts in our corpusandthoseof corporausedin previousstudies.This sectionsinglesout someof the
mary problemsthatremainto beaddressedarticularlywith regardto processindexts from this genre.

4.1 Methodologicalissues
4.1.1 Reliability

The classificatiorof anaphoriaelationshipaisedin this studyneedgo berelatedto developingstandards
for marking up discourserelations. The markup schemecurrently in use has somesimilarities to the
annotatiorstandardievelopedby the MATE groupDaviesetal [1998], sothis shouldbefeasible.

Somemeasuref thereliability of theannotatioris neededfor the presentvork, all annotatiorwascarried

out by one of the authors.We intendto carry out annotationexperimentswith a numberof independent
subjects,and we expect the resultsof this to be usefulin refining the classificationof differenttypes

of anaphoricrelationships.Measuringthe reliability of annotationhowever, is not a trivial problem,as

discussedn Vieira [1998].

4.1.2 Non-maximal noun phrases

Therewere a numberof casedn which the relationshipbetweenmaximal noun phrasesvasin factde-
terminedby the relationshipbetweenrembeddedhounphrasesin the caseof possessiesindicatingbody
partandattribute relationshipsthis actuallysimplified matters.However, in othercasest madeit almost
impossibleto classifythetypeof relationshipthatexistedbetweerdiscourseentities:

(Sid="s5")
(NPid="5.1") Youngmonotremes({/NP)
donothave
(NP id="5.2") mouthpartssuitablefor suckling (/NP) ;
(NP id="5.3")
theliquid produced
by (NP id="5.4") thenipplelessmammaryorgan (/NP)
(/NP)
is lickedfrom
(NP id="5.5")
thebelly hair
of (NP id="5.6") themother (/NP)
(/INP) .
(1S)

In this example,thereis a relationshipbetweenthe referentof NP 5.3 andthat of NP 5.4 thatwould be

mosteasilyexplainedin termsof body partrelationshipdetweerthe referentof NP 5.6 andthe referents
of NPs5.5and5.4.

4.2 Theoretical issues
4.2.1 Difficult cases

Oneexamplethatwasparticularlydifficult to dealwith wasthefollowing:



(Sid="s4")
After
(NP id="4.1") monotremeeggs (/NP)
arehatched,
(NP id="4.2") theyoung {/NP)
arehelplessand,in
(NP id="4.3")
the caseof
(NP id="4.4") theechidna (/NP)
(INP) ,
arecarriedin
(NP id="4.5") shallovn abdominalpouches{/NP) .
(1S)

For a start,thereis theissueof the null subjectfollowing NP 4.3. It is fairly clearthatin this casethefirst
andsecondverb phraseshouldnot have the sameentity in therole of patient. This eitherrequiresusto
adopta positionin which a nounphrasecan simultaneoushhave two referentsor equivalently, thatthis
sortof conjunctioninvolvesa tracethatdoesnot necessarihhave the samereferentasthe expressiorthat
introducest. Thereis alsotheproblemof determiningareferentfor NP 4.3itself, if it is indeedareferring
expression.

A seconccateyory of problemcaseoccurswhererelationshipdetweensubtypesandtheir supertypesire
not always distinct. In the caseof the Englishfoxhound,for example,thereare referenceghroughout
the text to not only the English foxhoundand the foxhound but also to the Americanfoxhound The

relationshipbetweenthe threeis never explicitly stated,so a given instanceof the foxhoundcould be

ambiguousetweerthe Englishfoxhound,the Americanfoxhound,andthe supertype A similar problem
occurswith the entry on Germanshepherdsywherea referencas madeto bothtoday’s Germanshephed

andits ancestorgnakinganexactdeterminatiorof somereferentsandtherelationshipbetweerreferents,
difficult. In bothcaseghetext canbe understoodvithout resolvingtheambiguity Sowe areleft with the

choiceof eitherpicking oneoption at random(the solutionadoptedn this study),or finding someway to

representhe ambiguitywithin the markup.

4.2.2 Generalissues

Whenbridgingreferencesretakeninto accountijt is possiblefor the chainof inferenceghatlink anaphor
to antecedenb involve morethanjustthereferentof thesephrasesTake thefollowing sentencérom the
entryon barbaryapes:

(Sid="s8")
(NPid="8.1")
Thelife span
in (NP id="8.2") captvity (/NP)
(INP)
is (NP id="8.3") morethan30years (/NP) .
()

Oneway to handleNP 8.1 is to posit the existenceof an unexpressedliscourseentity representinga
(generic)captive barbaryape. As with all animals,this would have an associatedife-span;by introduc-
ing this unexpressedE, we would achieve somedegreeof consisteng in representinghe relationships
betweerDEs. An alternatve stratay is to increasehe numberof possiblerelationshipsbetweenDEsto
includesomethindik e property-in-captivity



5 Conclusionsand Further Work

This paperdiscusseshe resultsof a first passat classifyingthe anaphoriaelationshipsoccurringwithin

a corpusof eng/clopediaentries. Theresultsshow that certainkinds of associatie anaphoriaelationship
occurparticularlyfrequentlyin this corpus;morefrequentlythanmight be expectedin othertypesof text.

This suggestshatfor processindextsin this particularclass,t shouldbe possibleto achieve betterresults
by focusingon thesetypesof relationshipratherthanusing the fairly non-specificapproacheshat have
previously beenusedin dealingwith associatie anaphoran unrestrictedexts [Vieira 1998].

The procesof annotatinghe anaphoriaelationshipswvithin this corpushasraiseda variety of interesting
guestionabouttheway thatreferencdunctionswithin texts thatdescribeypesof entity ratherthanfocus-
ing on specificindividuals. Thesequestiongrovide the basisfor furtherwork on the natureandfunction
of referenceandmorepractically ontherepresentatioof anaphoriaelationshipsn annotatedexts.

Thenext logical stepto take, aftersomeof therepresentationassuegaisedin Sectior4 areclarified,is to
annotateanothercorpusof texts usingthis schemgandanoverlappingsetof catgories).Thisis necessary
not only to confirmthatthe annotationrschemes robust, but alsoto provide somethingagainstwhich the
figuresin this reportcanbe compared.
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