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Abstract

Thetruepower of anaphoraresolutional-
gorithmscan only be gaugedwhen em-
bedded into speci�c Natural Language
Processing(NLP) applications. In this
paperwe describethe anaphoraresolu-
tion modulefrom ExtrAns,ananswerex-
tractionsystem.The anaphoraresolution
module is basedon Lappin and Leass'
original algorithm,which usedMcCord's
Slot Grammarasthe inherentparser. We
reporthow toportLappinandLeass'algo-
rithm to Link Grammar, a freely available
dependency-basedparsingsystemthat is
usedin a rangeof NLP applications.Fi-
nally, we report on how the equivalence
classesthatresultfrom theanaphorareso-
lution algorithmareincorporatedinto the
logical formsusedby ExtrAns.

1 Introduction

Researchin anaphoraresolutionhasbeenvery in-
tenseduringseveralperiodsin thepastandpresent.
Severalanaphoraresolutionmoduleshave beenim-
plementedin the past(Mitkov et al., 2002; Grosz
et al., 1995; Kennedyand Boguraev, 1996), and
a numberof NLP applicationsuseanaphorareso-
lution components.In particular, several question-
answeringsystemshave implementedanaphorares-
olution in several ways (Jong-Hoonet al., 2001;
VicedoandFerŕandez,2000).

In this paperwe considerthe role of Anaphora
Resolutionin ExtrAns, a QuestionAnsweringsys-

tem targeted speci�cally at technical documenta-
tion. After an initial applicationto the Unix man-
pages(Moll á et al., 2000),ExtrAnswasusedin the
Aircraft MaintenanceManual (AMM) of the Air-
bus A320 (Rinaldi et al., 2002), and currently we
aretargetingtheLinux HowTos. ExtrAnstranslates
documentsandquestionsinto a �at semanticrepre-
sentationusinga comprehensive linguistic analysis.
Thesystemresolvespronominalreferences,disam-
biguatesambiguousstructures,and includesmod-
ules capableof dealingwith peculiaritiesof tech-
nical terminology(Rinaldi et al., 2003;Dowdall et
al., 2002).ExtrAnsderivestheanswersto questions
by logical proofsfrom the documentcollection. A
schematicrepresentationof the architectureof the
systemcanbeseenin Figure1.

Documentsentencesand questionsare syntacti-
cally processedby Link Grammar, aparsingsystem
that consistsof a robust dependency-basedparser
anda wide-coveragegrammarfor English(Sleator
andTemperley, 1993).In thecurrentversionof Extr-
Ans,anaphoraresolutionis restrictedexclusively to
pronominalcasessinceit is lessclearhow the ex-
plicit resolutionof de�nite nounphrasesandespe-
cially associative referencesmight improve the an-
swerextractionprocesswithoutmakinguseof com-
plex externalresources(e.g. domain/world knowl-
edge,Ontologies).

Theresolutionalgorithmwe aregoing to present
in this paperis an adaptationof a purely syntactic
approach.The theorybehindthe anaphoraresolu-
tion moduleof ExtrAnsis basedon(LappinandLe-
ass,1994),but it hasbeen�ne-tunedin severalways
for the answerextractiontask. Its major advantage
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Figure1: Schematicview of theArchitectureof ExtrAns

againstotheralgorithmsis that it canbeadaptedto
usetheresourcesthatareavailablein a state-of-the-
art answer-extraction systemsuchas ExtrAns. In
particularit usessyntacticinformation,suchasthat
producedby Link Grammar, ratherthanresortingto
parser-freeapproacheslike(KennedyandBoguraev,
1996). We will seein the following sectionsthat
the type of syntacticinformation requiredfor the
anaphoraresolutionalgorithmis different from the
oneprovidedby Link Grammar, but it is possibleto
largely re-createthenecessaryinformation.

Anotheradvantageof the useof Lappin andLe-
ass' algorithm is that it doesnot usesemanticin-
formation, in contrastwith to (van der Sandtand
Geurts,1991;Pinkal,1991),nor real-world knowl-
edge,in contrastwith (Hobbs,1978). Nor doesit
model intentionalor global discoursestructure,in
contrastwith (Grosz,1981).Thus,theresultis com-
putedin relatively shorttimeanduseslessresources.

LappinandLeass'anaphoraresolutionmodelhas
thefollowing components(LappinandLeass,1994,
536):

• An intrasententialsyntactic�lter for ruling out
anaphoricdependenceof a pronounon an NP
onsyntacticgrounds.

• A morphological�lter for ruling out anaphoric
dependenceof apronounonanNPdueto non-
agreementof person,number, or genderfea-
tures.

• A procedurefor identifyingpleonastic(seman-
tically empty)pronouns.

• An anaphorbinding algorithmfor identifying
thepossibleantecedentbinderof a re�exive or
reciprocalpronounwithin thesamesentence.

• A procedurefor assigningvalues to several
salienceparametersfor anNP.

• A procedure for identifying anaphorically
linkedNPsasanequivalenceclass.

• A decision procedurefor selecting the pre-
ferredelementof alist of antecedentcandidates
for apronoun.

Eachoneof thesestepshasbeenadaptedto Extr-
Ans,aswewill discussin thefollowing sections.

2 Anaphora Resolution in ExtrAns

2.1 Emulation of the Slot Grammar

Lappin and Leass'algorithm relies heavily on the
outputof theparser, aPrologclausalimplementation
of Slot Grammar(McCordet al., 1992).Theresult-
ing syntacticanalysisincludesthe head-argument
and head-adjunctrelationsof the phrasestructure
that the Slot Grammarassignsto the sentenceor
phrase. Theserelations(also called slots) include
“subject”, “agent”, “object”, “indirect object”, and
“prepositionalobject”.

Since Slot Grammaris dependency-based,it is
possibleto approximateits behaviour by meansof
the dependency structuresreturnedby Link Gram-
mar. However, Link Grammardoesnot show the
directionof dependenciesexplicitly. This informa-
tion is easilyrecoveredby examiningthelink types
and occasionallysomespeci�c local arrangements
of thelink structures,andit hasbeenaddedin apost-
processingmoduleof ExtrAns' parser(Moll á et al.,
2000).

Givenadependency structuresuchastheonepro-
vided by ExtrAns' parsermodule,we can explore
thelabelsof thelinks to computetherelationslisted
above: 1

1It is possible that the algorithm tries to find the slot of a
particular word several times (if the word is a candidate for
coreference for several pronouns, for example). To speed up
processing, the algorithm first checks if the information has al-
ready been computed. If not, the slot is computed and the result
is stored in the noun-related data structure and returned.



Figure2: An exampleof AnaphoraResolutionin ExtrAns

Subject (subj). Checkif thelink is S2 [subject]
or SI [invertedsubject].Alternatively, checkif the
wordis actuallythesubjectof arelativeclause(links
B [externalsubject/object]andRS[subjectrelative
pronoun]in a speci�c pattern).

Agent (agent). Checkif the word is the main
nounof a PPheadedby by, andthesentenceis pas-
sive.

Direct (obj) and indirect object (iobj). This
is decidedby the link O [object]. The objectclos-
est to the verb is the direct object,andthe restare
indirectobjects.

Prepositional object (pobj). Theobjectof aPP
canbefoundby checkingif thelink is J [objectof a
PP]or U[idiomaticnoun].

2.2 The syntactic filter on pronoun-NP
coreference

The �lter usesa setof syntacticrulesto pruneand
remove anaphoricdependencieswhich aresyntacti-
cally impossible.LappingandLeassusethefollow-
ing terminology:

Immediate containment. A phraseP is imme-
diately containedin a phraseQ if f P is either an
argumentor an adjunctof Q. In termsof ExtrAns,
P is directly dependenton Q. Note that the algo-
rithm mustalsocheckif P or Q is a memberof a
coordination.

Containment. A phraseP is containedin a
phraseQ if f:

1. P is immediatelycontainedin Q, or

2See http://www.link.cs.cmu.edu/link/ for a summary of the
link types used by Link Grammar.

2. P is immediatelycontainedin somephraseR,
andR is containedin Q.

Argument domain. P is in theargumentdomain
of aphraseN if f P andN arebothargumentsof the
samehead. SinceLink Grammardoesnot differ-
entiatebetweenargumentsandadjuncts,the rule is
implementedsothatP andN arebothimmediately
containedin thesamehead.

Adjunct domain. P is in theadjunctdomainof
N if f N is anargumentof aheadH, P is theobject
of a prepositionPREP , andPREP is an adjunct
of H. In termsof Link Grammar, thismeansthatN
andPREP arebothimmediatelycontainedin H.

NP domain. P is in theNPdomainof N if f N is
thedeterminerof anounQ and:

1. P is anargumentof Q, or

2. P is the object of a prepositionPREP and
PREP is anadjunctof Q.

In termsof Link Grammar, thede�nitions of “argu-
ment” and “adjunct” merelymeanimmediatecon-
tainment.

Now, wecansaythatapronounP cannotcorefer
with a non-re�exive, non-reciprocalnounphraseR
if any of thefollowing conditionshold:

1. P is in theargumentdomainof R:

///// cp.comr copies.v itp

-Wd �Ss -Ox

This rule doesnot apply when P is a deter-
miner:

///// the command.nr checks.v itsp arguments

-Wd

�Ds �Ss

-
Op

�Dmc



2. P is in theadjunctdomainof R:

///// cp.comr copies.v a.d file.n onto itp

-Wd �Ss

-
MVp

-Os

�Ds -J

3. P is anargumentof a headH, R is not a pro-
noun,andR is containedin H:

///// itp returns.vh to the home.n directory.nr

-Wd �Ss*b -
MVp

-Js

� Ds

�AN

4. P is in theNPdomainof R:

///// cp.comr ’s.p use.nq of itp is.v interesting.a

-Wd

�D*u

�YS

� Ss

-
Mp

-J -Paf

5. P is thedeterminerof a nounQ, andR is con-
tainedin Q, or R is Q:

///// itsp execution.nq of cp.comr is.v interesting.a

-Wd

�D*u

� Ss

-
Mp

-Js -Paf

Note that the exampleabove is ruled out by
rule 3 becauseof our lax de�nition of argu-
ment.

Apart from theoriginal rules,we have addedthe
following rules.A pronounP cannotcoreferwith a
nounR if:

1. P is R. This rule is prettyobvious.

2. P is containedin R. This rule handlessome
of thecasesthatwerenot ruledoutby therules
abovebecauseof ourparticularde�nition of ar-
gumentandadjunctdependency.

2.3 Tests for agreement

In theoriginal algorithm,theagreementfeaturesof
anNP arenumber, person,andgender. In thetech-
nicaldomainof ExtrAns,thepronounresolutionhas
been implementedonly for neuterpronouns,and
thereforegenderandpersonareirrelevant.Thus,we
usethenumberonly.

To computethenumberagreementof a word,we
usethelabelof thelink of theword to its head.The
algorithmcheckswhetherthelink hasasuf�x s or m

(indicatingsingular),or whetherthesuf�x is p (in-
dicatingplural). 3

2.4 Identifying pleonastic pronouns

Pleonasticpronounsarepronounsthat do not carry
any meaning, like in the phraseit is likely that.
To identify them,we useLink Grammar's link la-
bels.Thefollowing link labelsindicatetheuseof a
pleonasticpronoun:

SF is a specialconnectorusedto connect“�ller”
subjectslike it andthere to �nite verbs:THERE
IS a problem, IT IS likely that ....

SFI connects“�ller” subjectslike it and there to
verbsin caseswith subject-verb inversion: IS
THERE a problem?, IS IT likely that ...?

One stagein the processof anaphoraresolution
consistsin identifying all thenounsin thesentence,
includingpronouns.Thealgorithmintentionallyig-
noresboth SF andSFI , asa resultpleonasticpro-
nounsarenotselected.

2.5 The treatment of lexical anaphors

According to Lappin and Leass,a lexical anaphor
is either a reciprocalor a re�exive pronoun. The
syntacticrulesof coreferenceof lexical anaphorsdo
not checkif the coreferentnounsareincompatible.
Instead,therulescheckif thenouncancoreferwith
the lexical anaphor. Two assumptionsare that the
nounandtheanaphorappearin thesamesentence,
andthenounmustappearbeforetheanaphor.

To computethe possibility of coreference,it is
necessaryto rank the slot informationof the noun
andtheanaphor, asfollows:

subj> agent> obj > (iobj—pobj)

In otherwords,a subjectoccupiesa higherargu-
mentslot thananobject,andtheslot positionof an
indirectobjectanda prepositionalobjectareequiv-
alent.

A nounR is a possibleantecedentbinder for a
lexical anaphorP if f R andP do not have incom-
patibleagreementfeatures,andoneof thefollowing
conditionsholds:

3In some cases, the link label does not provide the informa-
tion. When this happens, the number of the word is unspecified
(using an unbound Prolog variable).



1. P is in theargumentdomainof R, andR �lls a
higherargumentslot thanP :

///// cp.comr copies.v itselfp

-Wd �Ss -O

2. P is in theadjunctdomainof R:

///// cp.com copies.v a.d file.nr onto itselfp

-Wd �Ss

-
MVp

-Os

�Ds -J

3. P is in theNPdomainof R:

///// cp.comr ’s.p copy.nq of itselfp is.v interesting.a

-Wd

�Ds

�YS

� Ss

-
Mp

-J -Paf

4. R is an argumentof a verbV , andthereis an
NPQ in theargumentdomainor in theadjunct
domainof R suchthat:

(a) P is anargumentof Q, or
(b) P is anargumentof aprepositionPREP

andPREP is anadjunctof Q:

///// the command.nr creates.vv a.d link.nq to itselfp

-Wd

�Ds �Ss

-Os

�Ds -
Mp

-J

In this rule, we needto determinethat V is a
verb. We do thatby checkingthe tagassigned
by the parser('.v' in the examplesabove). If
the parsergives a wrong tag or no tag at all,
the verb is not recognised. For that reason,
the anaphorain the following sentenceis not
recognised:

///// the command.nrmakes? a.d link.n to itselfp

-Wd

�Ds �Ss

-Os

�Ds -
Mp

-J

5. P is adeterminerof anounQ, and:

(a) Q is in theargumentdomainof R andR

�lls ahigherargumentslot thanQ, or
(b) Q is in theadjunctdomainof R

2.6 The salience parameters

Salienceis ameasurethatindicateshow likely apar-
ticular nounis to coreferwith a speci�c pronounor
lexical anaphor. Thesalienceof a nounis a combi-
nationof severalfactors.LappinandLeass'salience

factorsarebasedon(Alshawi, 1987),thoughtheac-
tual factorsandvaluesaremorespeci�c to the task
of pronominalanaphoraresolution.

Saliencefactorscanbe classi�ed into two types:
independentfactors and dependentfactors. The
salienceof a noun will be the sum of the weights
of all thesaliencefactorsthatapplyto it.

2.7 Independent salience factors

Independentsaliencefactorsarethosethatdonotde-
pendon thesyntacticrelationbetweenthepronoun
andthe noun. The following saliencefactorsused
by LappinandLeasshave beenimplemented:4

Subject. Thenounis theheadof asubject.
Agent. Thenounisanagentin apassivesentence.
Existential emphasis. Thenounis in anexisten-

tial construction,suchas in “ there are only a few
restrictionson LQL query construction for Word-
Smith”.5

Accusative. Thenounis theobject.
Indirect object. The noun �lls indirect object

slot.
Oblique complement. Thenoun�lls theprepo-

sitionalobjectslot.
Head noun. Thenounis notcontainedin another

noun, using the Slot Grammarnotion of “contain-
mentwithin aphrase”(it is eitheranargumentor an
adjunctof anoun).

Non-adverbial. Thenounis not containedin an
adverbialPPdemarcatedby aseparator. 6

2.8 Dependent salience factors

Dependentsaliencefactorsmayor maynotapplyto
a speci�c noun,or they may apply with a different
value,dependingon the syntacticrelationwith the
pronoun.Thefactorsimplementedin ExtrAnsare:

Cataphora penalty. Cataphora(whenthe pronoun
appearsin thesentencebefore thenoun)is to be
discouraged,by addinga ratherlarge negative
valueto theaccumulatedscore.

4Table 1 lists the weight values selected for the independent
salience factors.

5This is checked by exploring the label of the link that con-
nects the word to its head: it should match O?t , where ?
matches any link label suffix.

6ExtrAns uses the link labels J and U to determine if a noun
is in a PP, and Xc and Xd to determine the existence of a sepa-
rator.



Factor type Weight
Subject 80
Agent 80
Existentialemphasis 70
Accusative 50
Indirectobject 40
Obliquecomplement 40
Headnoun 80
Non-adverbial 50

Table1: Weightvaluesfor independentsaliencefac-
tors

Parallel roles reward. If both the noun and the
pronoun�ll thesameslot,theprobabilityof be-
ing coreferentis higher.

Recency reward. Intrasententialcoreferenceis to
beencouraged.

The actualvaluesof the dependentsaliencefac-
torsarelistedin Table2. Thevaluesarethesameas

Factor type Weight
Cataphora -275
Parallelroles 35
Recency 100

Table2: Weight valuesfor dependentsaliencefac-
tors

in the original algorithm(Lappin andLeass,1994)
exceptfor thecaseof cataphora,wherewe decided
to increasethepenaltyby 100units(up from -175).

2.9 Equivalence classes

Coreferencebetweenthe pronounand the noun is
signaledby classifyingboth wordsasbelongingto
the sameequivalenceclass. An equivalenceclass
representsthesetof thewordsthatpoint to thesame
instancein theworld of theapplicationdomain.7

7Membership of the same equivalence class is expressed in
the original algorithm by means of the predicate coref(u,y) ,
which is inserted in the logical form of the sentence. For Extr-
Ans, however, we decided not to use additional predicates to ex-
press coreference chains. Instead, variable substitution is made.
Thus, if u corefers with y , then all the predicates in the sentence
that have y as an argument will replace y with u.

Lappin & Leass'algorithmassignsa salienceto
theequivalenceclasses.How they do it, though,is
not clear. In ExtrAns,theequivalenceclasssalience
is thatof theclassrepresentative (for thetimebeing,
the most recentelementof the equivalenceclass).
An interestingpossibility worth consideringis the
computationof theequivalenceclasssaliencebased
on when the last new word was introducedto the
equivalenceclass.In otherwords,wecanupdatethe
equivalenceclasssalienceonthebasisof thecurrent
focus.

2.10 Decision procedure

With themodi�cationsdetailedin theprevioussec-
tions, the implementationof Lappin and Leass'
anaphoraresolutionalgorithmis straightforward:

1. Createthelist of antecedents:

(a) Createaninitial list of IDs for all theNPs
in thesentence.

(b) Computetheindependentsaliencefactors
of every ID.

(c) Group the antecedentsin equivalence
classesaccordingto their coreference(for
theobviouscases,likenamesor command
arguments).

2. For everypronounin thesentence:

(a) Computethe list of possibleantecedent
candidates(themostrecentof eachequiv-
alenceclass)A.

(b) Computethe list of incompatiblerefer-
encesB, accordingto syntacticandagree-
mentgrounds.

(c) Computethelist of possiblereferencesof
re�exivepronounsC, accordingto syntac-
tic andagreementgrounds.

(d) The�nal list of candidatesis (A−B)∩C.
(e) Computethedependentsaliencefactorsof

the�nal candidates.
(f) Selectthe candidatewith highersalience

(the sum of independentand dependent
saliencefactors).If thereareseveralwith
the samesalience,choosethe candidate
closestto theanaphor.

(g) Add thepronounto theequivalenceclass
of theselectedcandidate.



3 Evaluation

In order to evaluatethe effectivenessof the refer-
enceresolutionalgorithmwe selectedarbitrarily 50
sentencesof theAirplaneMaintenanceManualcor-
puswhich containedat leastonepronoun.Thetotal
numberof pronounsto beresolvedwas60. Wethen
manuallyexaminedthe logical forms generatedby
ExtrAnsto verify if thepronounshadbeenresolved
correctly:we foundthatit wasonly 26(43%)of the
pronouns.However, the referenceresolutionalgo-
rithm is only responsiblefor someof the failures,
otherprocessingfactorsproducedthe rest. For in-
stance,themostfrequentcauseof anerrorisawrong
parse(in afew casestheparsefailedaltogether).We
thereforere-examinedthe caseswere the pronoun
was not resolved correctly and could �lter out 18
sentenceswerethefailurewasclearlycausedby rea-
sonsexternalto thereferenceresolutionalgorithm.

Thisleft uswith 32sentencesand36pronouns,of
which 26 wereresolvedcorrectly. After manualex-
amination3 caseswerethenexcludedbecausethey
werejudgedgenuinelyambiguous,like the follow-
ing: “Do not take the repair kit to the repair area
until it is readyto use”.

Sowehave 26pronounscorrectlyresolvedoutof
33, which resultsin an accuracy of 79%. This is
lower thantheresultreportedby (LappinandLeass,
1994)of 86%. But, of course,our datais too small
to berepresentative.

We then examinedin detail what happenedfor
eachpronountype:

It: Outof 28anaphoricit, 21werecorrectlysolved.
Thus,theresultis of 75%correctresolutions.

Its: Of 3 cases,only 1 wascorrectlysolved.

Itself: Outof 3 cases,2 werecorrectlysolved.

Them: Therewere2 cases,all of themsolvedcor-
rectly.

Of interestis the fact that the pronounits hada
ratherlow successratio. Lappin andLeassdid not
reporton the successratio of individual pronouns,
and our data is too small to draw any conclusion.
Furthertestsarenecessary, andif consideredneces-
sary, the algorithmshouldbe modi�ed to enhance
theresults.

4 Discussion

The original algorithm can be appliedto intersen-
tential anaphorain the sameway as for intrasen-
tential. We only needto considera few additional
points.Firstof all, syntacticrestrictionsdonotcross
sentenceboundaries. Thus, in theory, any noun
in the previous sentencecan corefer with a non-
re�exive pronounin thecurrentsentence.Also, re-
�e xivescannotcoreferwith nounsin previous sen-
tences. Finally, the more sentenceboundariesbe-
tween the pronoun and the noun, the less likely
the nouncoreferswith thepronoun.This is imple-
mentedby degrading(halving) the salienceof the
nounfor everysentenceboundarythatis crossed.

Theimplementationof theanaphoraresolutional-
gorithmin ExtrAnsallows for thepossibilityof in-
tersententialanaphoraonly with the previous sen-
tence. The reasonfor this restriction is twofold.
First, it is very rarefor a pronounto coreferwith a
nounmorethatonesentenceaway. We did not �nd
any casein thetestcorpus.Second,to computethe
salienceof a noun,it is necessaryto know thesyn-
tactic structureof the sentencewherethe word ap-
pears,e.g. for theparallelrolesreward. This means
that we needto keepthat informationavailable to-
getherwith other information regardingthe noun.
Sincethis informationis very unlikely to beusedat
all, it is not practicalto keepthe informationin the
system.

ExtrAns' semanticinterpreterusesthe informa-
tion from the anaphoraresolution algorithm to
merge the variablesof the logical form predicates
that correspondto words belonging to the same
equivalenceclass.

For example,without informationaboutequiva-
lenceclasses,the semanticinterpreterwould pro-
duce the following logical form for the sentence
“The APU Generator is installed in the APU com-
partment, it is attached to the APU gearbox by a
button hole flange”:8

object(APU_generator,o1,[x2]),
evt(install,e4,[a4,x2]),
object(anonym_object,o5,[a4]),
in(e4,x8),object(APU_compartment,o2,[x8 ]),
object(it,o3,[x1]),evt(attach,e3,[x12,x 1]),
object(button_hole_flange,o4,[x12]),
to(e3,x7), object(APU_gearbox,o6,[x7]).

8See (Mollá et al., 2000) for details about the logical forms



Since the anaphoraresolutionalgorithm groups
directory andit into thesameequivalenceclass,the
semanticinterpreterreplacesx1 with x2 and pro-
ducesthefollowing logical form:
object(APU_generator,o1,[x2]),
evt(install,e4,[a4,x2]),
object(anonym_object,o5,[a4]),
in(e4,x8),object(APU_compartment,o2,[x8 ]),
object(it,o3,[ x2 ]),evt(attach,e3,[x12, x2 ]),
object(button_hole_flange,o4,[x12]),
to(e3,x7),object(APU_gearbox,o6,[x7]).

Thisway, aquestionlike“How is the APU gener-
ator attached to the APU gearbox?” promptsExtr-
Ans to returntheanswershown in Figure2.

5 Conclusion

In this paper we have presentedthe approach
adoptedfor Anaphora Resolution in a Question
AnsweringSystemspeci�cally developedto target
technicaldocumentation.The particularnatureof
the domainconstraintsthe typesof anaphorasthat
needto betargeted.

We think that technicaldocumentationprovides
an important and interestingapplication for real-
world QuestionAnswering systemsand certainly
AnaphoraResolutionhasanimportantrole to play.
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