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1 Introduction

This paperinvestigatesanaphoricreferencein Hindi, with particularfocus
on the use and interpretationof third personpersonalpronounsto realize
anaphoricrelationshipsbetweennounphrases.We have two specificgoals.
Thefirst is inspiredby thecentralideaof Centeringtheory(Groszetal. 1995),
namely, that eachutterancein a discourseevokescertaindiscourseentities
(Webber1978;Prince1981)which comprisethelist of forward-lookingcen-
ters (the

���
-list), in Centeringterms,andwhicharerankedaccordingto their

salience.The anaphoricrelationshipsin the local discoursesegment(Grosz
andSidner1986)aredependentonthe

���
-list ranking,in thatthemorehighly

rankedentitiesin anutterancearemorelikely to betalkedaboutin thefollow-
ing utterance.Investigationof thefactorsthatdeterminethe

���
-list ranking–

which have not yet beencompletelyspecified– has,therefore,constitutedan
importantaspectof theresearchfor Centeringtheoryin particular, andfor dis-
courseanaphorain general.Furthermore,crosslinguisticresearchhasrevealed
thatthisrankingis dependenton languagespecificfactors(Walkeretal. 1994;
Turan1995;StrubeandHahn1999,amongothers).Ourpurposehereis to in-
vestigatesuchfactorsin Hindi, with specialfocuson therole of grammatical
function,wordorder, andinformationstatus.Wealsoproposeanovel,general
methodfor determiningtheserankingfactors.

Centeringtheoryhasalsoguidedthedevelopmentof pronounresolution
algorithms,suchastheBFPalgorithmandthealgorithmdevelopedby Strube
(1998,henceforth,S-listalgorithm).Bothalgorithmsregardthenotionof rel-
ativesalienceto becrucialfor theresolutionof pronouns,andin orderto apply
thesealgorithmsfor pronounresolutionin any language,thefirst taskis to be
ableto determinethe

���
-list rankingcriteria for that language.Our second

goal, therefore,is to apply thesealgorithmsto the resolutionof pronounsin
Hindi texts by incorporatingtheresultsof our analysisof relative saliencein
Hindi. In doing so, we show that the BFP algorithmcannotbe successfully
implementedfor pronounresolutionin Hindi andthat,in fact,thesameprob-
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lemsextendstraightforwardly to an implementationof this algorithmin any
otherlanguage.Wearguethatbetterresultscanbeobtainedwith analgorithm
thatdoesnotusetheCenteringnotionsof thebackward-lookingcenterandthe
centeringtransitionsfor thecomputationof pronominalantecedents,suchas
theS-listalgorithmproposedby Strube(1998).

Section2 presentsa brief overview of Centeringtheory. In Section3, we
presentourmethodfor determiningrelativesalience,andshow thatgrammat-
ical function is a crucial factor for rankingdiscourseentitiesin Hindi, with
word orderandinformationstatushaving no independenteffect on salience.
In Section4, we presentthe BFP algorithmanddiscussthe problemsthat it
presentsfor pronounresolution,usingexamplesfrom Hindi asanillustration.
In Section5, we describetheS-list algorithmandadaptit to resultsobtained
for Hindi. Finally, in Section6, wecomparetheperformanceof thetwo algo-
rithmsfor theresolutionof pronounsin Hindi texts.

2 Centering Theory

Centeringtheoryis a modelof local discoursecoherenceandmakespredic-
tions aboutthe inferenceload placedon a hearerin processinga discourse
segment.Thecrucialclaimsof thetheoryareasfollows:
� Discoursesarecomposedof constituentsegments,eachoneof whichcon-

sistsof particularutterances.
� Eachutterance��� in agivendiscoursesegmentis assignedalist of forward-

lookingcenters, 	�
��
���
� , wherecenters aresemanticentitiesin thedis-
coursemodel(Webber1978).

� Eachutterance(other than the segment-initial utterance)is assigneda
uniquebackward-lookingcenter, 	����
����� . �

� Thelist of forward-lookingcenters, 	�
���� � � , is rankedaccordingto dis-
coursesalience,with thehighestrankedelementof 	�
��
� � � beingcalled
thepreferredcenter, 	����
� � � (Brennanetal. 1987).

� Themosthighly rankedelementof 	�
������������ thatis realizedin ��� is the
	����
����� . ��
The ��� correspondsto the discourseentity that the utteranceis most centrally

about,andis similar to thenotionof thetopic (Reinhart1981;Horn1986). 
An utteranceU realizesa centerc if c is an elementof the situationdescribed

by U, or c is the interpretationof somesubpartof U; a centeris directly realizedif it
correspondsto aphrasein anutterance(Groszetal. 1995).
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Thetheorydefinestransitionrelationsacrosspairsof adjacentutterances
(seeTable1, taken from Walker et al. (1994)). The transitionsdiffer from
eachotheraccordingto (a) whether !�" ’s of successive utterancesareequal
or not,and(b) whetherthe !�" of any utterancecorrespondsto the !�# of that
utteranceor not.

!�"%$�&�'
(�)*!�"�$
&�',+�-.( !�"%$�&�'
(0/)
OR !�"�$�&�',+�-.( = [?] !�"%$�&�',+�-1(

!�"�$
&�'�(�)
!�#�$
& ' ( CONTINUE SMOOTH-SHIFT

!�"�$
&�'�(2/)
!�#�$
&�'�( RETAIN ROUGH-SHIFT

Table1: TransitionTypes

The theoryalsoproposestwo rules,violationsof which arepredictedto in-
creasethehearer’s inferenceloadfor theinterpretingthediscoursesegment.

Rules: For eachutterance,& ' , in a discoursesegment & -436575656398;: :

1 If someelementof !�<�$�&�',+�-.( is realizedasa pronounin &�' , thenso is
the !�"%$�&�'�( .

2 Transitionsequencesare ordered. CONTINUE = RETAIN = SMOOTH-
SHIFT = ROUGH-SHIFT.

Oneindeterminatepartof thetheoryis themannerin whichthe !�< -list is
ranked.Therankingplaysacrucialroleasit determineswhichof theelements
of !�<�$�& '�+�- ( realizedin & ' will bethe !�"�$
& ' ( , uponwhichdependsthecal-
culationof thetransitionsacrossadjacentutterancesandthusof theinference
loadfor interpretation.

3 Relative Salience in Hindi

Crosslinguisticresearchwithin the framework of Centeringtheory has led
to the speculationthat languagesmay vary with respectto which linguistic
propertiesaffect the salienceof discourseentities.> For instance,Brennan

?
For detailson cross-linguisticresearchon Centering,seeSidner(1979),Gordon

et al. (1993),Groszet al. (1995) for English; Di Eugenio(1998) for Italian; Prince
(1994) for Yiddish; Kameyama(1985),Walker et al. (1994) for Japanese;Hoffman
(1998),Turan(1995)for Turkish; Rambow (1993),StrubeandHahn(1999)for Ger-
man;andDimitriadis (1996)for Greek.

U. PennWorkingPapers in Linguistics:Volume6.3,2000,pp. 189-208.
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et al. (1987)assumethe following ranking for the @�A -list in English: sub-
ject B object B object2 B othersubcategorizedfunctionsB adjuncts. Walker
etal. (1994)extendtheCf-rankingcriteriafor Japanesein orderto accountfor
zero-pronouns,topic-markedNPsandNPswhichareemphasizedby empathy-
markedverbs.They proposethefollowing rankingfor Japanese:topic (gram-
matical/zero) B empathyB subjectB object B other(s). Rambow (1993)and
StrubeandHahn(1999)suggestthattherankingin Germanmight follow the
surfaceorder position. Gordonet al. (1993)suggestthatsentence-initialpo-
sition seemsto contribute to salience.Turan(1995)arguesthat the @�A -list
rankingin Turkishis associatedwith eithergrammaticalrelationor a seman-
tic role hierarchy, andalsoprovidesevidenceto show that word orderdoes
not play a role. StrubeandHahn(1999)proposethat therankingcriteria for
the @�A -list in Germanis partly determinedby the informationstatusof the
discourseentities.They distinguishbetweenold, mediated, andnew discourse
entities,andproposethefollowing ranking:old B mediatedB new.C

In thefollowingsection,wepresentanovel,generalmethodfor determin-
ing which aspectsof linguistic knowledgeplay a role in rankingtheelements
of the @�A -list. We apply this methodto Hindi anddiscussthe influenceof
grammaticalfunction,wordorder, andinformationstatus.D

3.1 Method for Determining Relative Salience

Our methodfor determiningrelative salienceinvokes Rule 1 of Centering
theory. E According to this rule, if anything is pronominalizedin an utter-
ance,the @�F mustbe, too. In otherwords,if thereis a singlepronounin an
utteranceG�H , it mustbe the @�F of G�H andit mustcospecifywith thehighest
rankedentityamongthosein G H,I�J thatare realizedin G H . K

We searchedour corpusfor utterancepairs, G H,I�J and G H , which satisfy
L
The information statusdistinctionsin Strubeand Hahn (1999) correspondto

Prince’s (Prince1981)distinctionsin the following manner:old entitiescorrespond
to unusedandevokedentities,new entitiescorrespondto brand-new entities,andmedi-
atedentitiescorrespondto inferrables, containinginferrablesandanchoredbrand-new
entities.M

In thispaper, we ignoreotherfactorsthathavebeenarguedto affect NPO -list rank-
ing, suchaslexical semantics,intonation,tenseetc..Q

Rule1capturestheintuition,originallystatedin Sidner(1979,1981),thatpronom-
inalizationis oneof themarkersof salience(immediatefocusin Sidner’s terms).R

WeassumethatRule1 (aswell astheotherrulesandconstraintsof Centeringthe-
ory) hassomecognitive reality (Gordonet al. 1993;Hudson-D’ZmuraandTanenhaus
1998).
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thefollowing threeconditions:

1. S�T , realizesonly twoof theentitiesfrom S�T,U�V .
2. In S�T , only oneof theNPsrealizingtheseentitiesis pronominalized.

3. The pronounin S�T is ambiguous(for genderandnumber)betweenthe
two entitiesin S�T,U�V . W
Theprocedurefor determiningtherelative salienceof entitiesin any ut-

teranceS�T,U�V is asfollows: givenRule 1 andtheconditionsstatedabove, if
two discourseentitiesX and Y in S�T,U�V arebothrealizedin S�T , with only Y
beingrealizedasa pronoun(in S�T ), then Y mustbe the Z�[ of S�T andmust
cospecifywith thehighestrankedof all theentitiesin S�T,U�V thatarerealized
in S�T . Since X and Y arethe only two entitiesin S�T,U�V realizedin S�T , Y
mustberankedhigherthan X (or bemoresalientthan X ). Conversely, if it is
X (andnot Y ) thatis realizedasa pronounin S�T , thenby thesamereasoning
X mustbemoresalientthan Y in S T,U�V .

Themethoddescribedabove wasappliedto a corpusconsistingof short
stories. The 560 utterancepairs that filled the definedcriteria were further
categorizedin different groupsaccordingto the linguistic propertiesof the
NPs,suchasgrammaticalfunction,wordorderandinformationstatus.Within
eachof thesegroups,furthersubgroupingsweredoneaccordingto thepairof
factorsthatwerebeingcomparedfor relativesalience.For example,onesuch
groupingwasin termsof grammaticalfunction,andthishadfurthersubgroups
– onefor comparingthe salienceof subjectsanddirect objects,anotherfor
comparingthesalienceof directobjectsandindirectobjects,andsoon.

Note, however, that Rule 1 is not non-violable. In fact, the calculation
of discoursecoherencein Centeringtheoryis partly basedon theassumption
that speakers can be expectedto violate Rule 1. However, for the task of
determiningrelative salienceaccordingto our method,suchan expectation
seemsto createthefollowing determinacyproblem.Considerany groupof \
utterancepairs, S T,U�V and S T , suchthat two entities X and Y in S T,U�V in all
pairsexhibit thelinguisticpropertiescharacterizingthegroup,with X having
the property ]^X and Y having the property ]_Y . As wasdescribedabove,
boththeseentitiesarerealizedin S�T in all pairswith only oneof thembeing
realizedasa pronoun.Now, if all the \ pairsin thegrouppronominalizethe
entitywith thesameproperty, i.e.,either ]^X or ]^Y , thentherelativesalience

`
Weselectedutterancepairswith ambiguouspronounsto reducethenoiseresulting

from Rule1 violationsthatareinducedby theavailability of grammaticalinformation
thatallows inferential(defeasible)reasoningon thepartof thehearer.

U. PennWorkingPapers in Linguistics:Volume6.3,2000,pp. 189-208.
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of theentitiesa and b in c�d,e�f is completelydeterminate.However, if g pairs
pronominalizetheentitywith propertyhia and jlkmg pairspronominalizethe
entitywith propertyh^b , thentheanalystfacesthequestionof decidingwhich
oneof thesetsof pairsis the true indicatorof salience.Thesetwo opposing
casesareillustratedin theschematicdiagramin Figure. 1, where c�d,e�f and
c�d areadjacentutterances,n , a , b , and o arethediscourseentitiesin c�d,e�f ,
and p , q , a , and b arethediscourseentitiesin c�d . Both casesrealizeonly
two entitiesfrom c�d,e�f in c�d , namely a and b , and a and b in c�d,e�f have
eitherthe linguistic property hia or h^b . In c d in Case1, b is realizedasa
pronoun(labeled’pro’) and a asa full nounphrase(labeled’NP’), whereas
Case2 showstheoppositesituation.Thetask,therefore,is to decidewhichof

          pro               NP           NP               pro

U (i-1) :    W  X  Y  Z U (i-1) :    W  X  Y  Z 

U (i) :        Y  A  X  B U (i) :        Y  A  X  B 

NP NP

NP NP

LX LY LX LY

Case 1                                                         Case 2

pairsn 

k n-kpairs pairs

Figure1: Opposingbehaviors for Salience

thecasesis a trueindicatorof relativesalienceandwhichconstitutesa Rule1
violation. Our decisionis basedon frequency of occurrenceof thetwo cases
in thecorpus,in that theonewhich occurswith greaterfrequency is takento
be the indicatorof salience.This is motivatedby theassumptionthatspeak-
ersexhibit a preferencefor adheringto Rule 1 and that this preferencecan
be observed in naturallyoccurringdiscoursein termsof greater(given that
the opposingcasedoesoccurat all) frequenciesof occurrence(Jasparsand
Kameyama1995). As will beseenlater, this assumptionis empirically justi-
fied in ourcorpus.

3.2 Some Facts about Hindi

Beforeproceedingwith the investigationof the factorsdeterminingrelative
saliencein Hindi, a few remarksaboutthelanguagearein order. Thesubject-
indirectobject-directobject-verb(S-IO-DO-V)orderis thedefaultwordorder
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in Hindi. However, thelanguageallows many otherword orders(example1)
which signaldistinctionsin meaning(Gambhir1981)relatingto information
structure(Vallduv́ı 1990).Hindi hasarichcasesystem,thoughcasemarkingis
not obligatory. Pronounsareunmarkedfor genderandonly partially marked
for number. r In particular, thoughsomeforms, like usne‘he’, usko ‘him’,
areunambiguouslysingular, someformscanbebothsingularandplural, like
unhone‘he/they’, or unko ‘him/them’.

(1) a. malay-ne
malay-ERG

sameer-ko
sameer-DAT

kitaab
book-ACC

dii
gave

(S-IO-DO-V)

‘Malay gave thebookto Sameer’

b. malay-nekitaabsameer-ko dii (S-DO-IO-V)

c. sameer-ko malay-nekitaabdii (IO-S-DO-V)

d. sameer-ko kitaabmalay-nedii (IO-DO-S-V)

e. kitaabmalay-nesameer-ko dii (DO-S-IO-V)

f. kitaabsameer-ko malay-nedii (DO-IO-S-V)

Hindi hasverbagreementwith thesubjector thedirectobject.Theagree-
ment inflection is marked for person,number, andgender. With respectto
the form andinformationstatusof nounphrases,Hindi has(non-obligatory)
definiteand(obligatory)indefinitearticles.Following Prince(1992),theNPs
with theindefinitearticleusuallyreferto hearer-new anddiscourse-new enti-
ties,whereasNPswith thenull/overtdefinitearticleusuallyreferto hearer-old
and/ordiscourse-oldentities.

3.3 Factors Determining the Ranking

In all theexamplesin this section,thepronounsandtheNP’s they cospecify
with areindicatedin boldfaceandby coindexation.sut In eachcase,the pro-
nounis ambiguouswith respectto the person,numberor genderfeaturesof
thetwo entitieswhosesalienceis beingcompared(andwhichareindicatedby
squarebracketswith grammaticalcategory labels).svs

w
Hindi alsohaszeropronouns,but their occurrenceis heavily constrained,unlike

in Italian (Jaeggli andSafir1989)or Japanese(Kameyama1985).In thispaper, wedo
not investigatetheinterpretationof null pronounsin Hindi.xzy

To avoid confusionbetweentheambiguousdenotationof theHindi pronounsand
theunambiguousEnglishtranslations,thepronounsareglossedaspro.x�x

S = subject,DO = direct object,IO = indirectobject,PP= prepositionalphrase,
PO= prepositionalobject,ACC= accusative,ERG= ergative,DAT = dative.

U. PennWorkingPapers in Linguistics:Volume6.3,2000,pp. 189-208.
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3.3.1 Grammatical Function: Subject vs. Direct Object/Indirect Object

Example(2) illustratesthatthesubjectis rankedhigherthanthedirectobject.
Both the subjectand direct object in (2a) are realizedin (2b), but it is the
subjectthatis realizedasthepronoun.Thesubject,therefore,qualifiesasthe{�|

of (2b) andconsequentlyasthemorehighly rankedof the two entitiesin
(2a)thatarerealizedin (2b).

(2) a. aise
such

maukoN
occasions

par
on

[ } savaariyaan] ~
[ } passengers] ~

[ �^�
[ �^�

chaate]�
umbrellas]�

taan
open

letii
take

haiN
3pl.fem.prs

‘On suchoccasionsthepassengersopenumbrellas’

b. kabhi-kabhi
sometimes

tej
fast

havaa
wind

se
with

[chaate]�
[umbrellas]�

[unke] ~
[pro-POSS] ~

haath
hands

se
from

urr
fly

bhii
also

jaate
go

haiN
3pl.fem.prs

‘Sometimes,becauseof the strongwinds, the umbrellasevenfly
away from theirhands’

By thesameargument,example(3)showsthatthesubjectis rankedhigher
thantheobjectwithin theprepositionalargumentof theverb. Both thesubject
as well as the prepositionalobject in (3a) are realizedin (3b), but it is the
subjectthatis pronominalizedandtherefore,it qualifiesasthe

{�|
of (3b) and

asmorehighly rankedthantheprepositionalobjectin (3a).

(3) a. kuch
some

der
time

pashchaat,
after,

[ } ek shramik] ~
[ } a laborer] ~

[ ���
[ ���

[ � �
[ � �

us
that

yuvak]�
youth]�

ke
near

paas]
to]

aayaa
came

‘After sometime,a laborercameup to theyouth’

b. [usne] ~
[pro-ERG] ~

[yuvak]�
[youth]�

se
of

puuchaa
asked

ki
that

“kyaa
“what

aagyaa
wish

hai?”
is?”

‘He askedtheyouth,“what is yourwish?”’

334utterancepairsin thecorpusconsistedof thesubjectandeitherthedi-
rectobject,or theindirectobject,or theprepositionalcomplementbeingreal-
izedin boththeutterancesin thepair(seeTable2). 322casesshow thesubject
rankedhigher(in particular, outof 149pairsfor comparingthesubjectandthe
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directobject,144have thesubjectrealizedasa pronounin thesecondutter-
ance(96%)and5 have thedirectobjectasthepronoun(4%); out of 57 pairs
for comparingthe subjectand the indirect object, 50 have the subjectreal-
izedasapronoun(87%)and7 havetheindirectobjectrealizedasthepronoun
(13%);finally, outof 128pairsfor comparingthesubjectandtheprepositional
complement,all havethesubjectrealizedasthepronoun(100%)).

3.3.2 Grammatical Function: Direct Object vs. Indirect Object

Exampleslike(4) suggestthatahighersalienceis attributedtoentitiesdenoted
by thedirectobjectwhencomparedto indirectobjects.Both thedirectobject
andindirectobjectin (4a)arerealizedin (4b), but it is thedirectobjectthat
is pronominalized.Notethatthepronounin (4b) is unmarkedfor genderand
numberandis thereforeambiguousbetweenthetwo antecedentsin (4a)(DO
is masculineandIO is feminine).

(4) a. [ �
[ �

dukaandaar
shopkeeper

ne]�
ERG]�

[ �P� kaii namune ke kapDe]�
[ �P� many types of clothes]�

[ ���
[ ���

un
those

striiyoN
women

ko] �
ACC]�

dikhaaye
show-3sg.m.pst

‘The shopkeepershowedmany typesof clothesto thosewomen’

b. [un
[those

striiyoN
women

ko] �
ACC]�

[unme]�
[pro] �

se
of

kuch
some

pasand
like

aaye
come-3pl.pst

aur
and

kuch
some

unhone
they-ERG

alag
aside

hataa
remove

diyaa
give.3sg.pst

‘The womenlikedsomeof themandsomethey removedaside’

Thecorpuscontains22pairsillustratingthecomparisonabove(seeTable
2), andall of themhavethedirectobjectrealizedasthepronounin thesecond
utterance.

Otherrankingcomparisonsconstitutethe restof thepairsin thecorpus,
i.e., 204pairs(seeTable2 for detailedfigures). Thepartial rankingwith re-
spectto the grammaticalfunctionsthat we wereableto investigatecanthus
be specifiedas follows: subject � direct object � indirect object/PPobject
� adjuncts. In addition,we alsospecify that for a possessive nounphrase,
possessor� headnoun.

U. PennWorkingPapers in Linguistics:Volume6.3,2000,pp. 189-208.
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Ranking Number Total Frequency
Subject� DirectObject 144 149 96
Subject� IndirectObject 50 57 87
Subject� PPObject 128 128 100
DirectObject � Indirect/PPObject 22 22 100
Subject/Object� Adjunct 96 110 87
Possessor� Head 22 22 100
Subject� Possessorof DirectObject 50 50 100
IndirectObject � Possessorof Subject 22 22 100
Total 534 560 95

Table2: Frequenciesfor RelativeSalienceof GrammaticalFunctions

3.3.3 Against Word Order and Information Status

Thesurfaceorderof constituentshasbeenarguedto bea determiningfactor
for relative saliencein German(Rambow 1993;StrubeandHahn1999).Our
Hindi corpusdoescontainutterancepairsin which the entity representedby
thesentence-initialconstituentis foundto bethe ��� in thenext utterance,but
in fact, theseconstituentsarealwaysthesubject.Furthermore,therearealso
casesin which the subjectoccursin somenon sentence-initialposition,and
examplessuchas(5a-b)show that it is thesubject,ratherthanthe sentence-
initial constituentoccurringin theinitial position,which is realizedasthe ���
in thefollowing utterance.

(5) a. [ ���
[ ���

bailon]�
buffalos]�

ke
of

biich
between

[ � ek purush]�
[ � a man]�

kharaa
stand.3sg

hai
3sg.pres

‘Thereis a manstandingbetweenthebuffalos’

b. [vah]�
[he]�

[ � �
[ � �

in
these

bailon
buffalos

ko] �
DAT] �

charaa
fodder

daal
put

rahaa
do.3sg

hai
3sg.pres

‘He is giving fodderto thesebuffalos’

In the transitionfrom (5a) to (5b), the subjectis not in sentence-initial
positionin (5a),but still denotesthecenteredentity, sinceit is theantecedent
of thepronoun,the ��� , in (5b). Theexamplealsoshows thatunlike German,
theinformationstatusof discourseentitiesdoesnot play a role in the ��� -list
rankingin Hindi. In (5a),a new entity, ekpurush, ‘a man’ is introduced,and
theutterancealsocontainsa discourseold entity, bailon, ‘buffalos’. Ranking
the entitiesaccordingto the critieria suggestedfor German(with old � me-
diated � new (StrubeandHahn1999))cannotaccountfor the realizationof
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the discoursenew entity, a man, asa pronoun,the ��� , in (5b). What really
mattersis that thediscoursenew entity is found to be in thesubjectposition
of the sentence.In all suchcases,wheresomeNP denotinga discourse-old
entity is preposedto thesentence-initialposition,it is thediscoursenew entity
in subjectpositionthatis pronominalizedin thefollowing utterance.

In conclusion,the corpusrevealedan overwhelminginfluenceof gram-
matical function on the salienceof the discourseentitiesevoked in an utter-
ance,andthereforeof the ��� -list in Centeringterms.Furthermore,wordorder
andinformationstatusdo not seemto play any independentrole in determin-
ing relativesaliencein Hindi.

4 The BFP-Algorithm

In this section,we apply the BFP algorithmfor pronounresolutionin Hindi
usingthe rankingobtainedin the previoussection. Thealgorithmdescribed
by Brennanet al. (1987)incorporatesthecenteringrulesandtransitionsand
consistsof threebasicsteps(asdescribedby Walkeretal. (1994)).���
1. GENERATE possibleCb-Cfcombinations(anchors).

2. FILTER by constraints,e.g.,contra-indexing, sortalpredicates,centering
rulesandconstraints.���

3. RANK by transitionorderings.

In applyingthe BFP algorithm,we found that the algorithmmakestwo
typesof strategic errors. The first is causedby its preferencefor Continue
transitions. This preferenceimplies that a pronounin ��� is more likely to
referto the ���� 
���,¡�¢�£ thanto the ��¤� ����,¡�¢.£ when ���� ����,¡�¢.£�¥¦¨§9©  �ª;��¡�¢�£
(= Retainor Rough-shift). This preferencedoesnot hold for Hindi, asshown
in example(6).��« Thetablesbelow eachutterancecontainthefilteredanchors
for that utterance.The secondcolumnin the tablesrepresentsthe discourse
entitiesandthethird columnrepresentsthecorrespondingsurfaceexpressions.

(6) a. Congress
Congress

adhyaksh�
director�

unse�
him� -with

aise
this-way

mile
met

‘The Congressdirectormethim in sucha way,’¬,­
Thealgorithmhasalsobeenappliedto Japaneseby Walkeretal. (1994).¬z®
Contra-indexing constraintsoncoreferenceoriginatefrom Bindingtheory(Chom-

sky 1981).¬z¯
From “Bihari Babu ke haseensapne”. Article in India Today. Issue: 31stDec,

1997.

U. PennWorkingPapers in Linguistics:Volume6.3,2000,pp. 189-208.
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(i) Cb : Laalu: (2) unse
Cf : [Director (1) : Congresadhyaksh

Laalu(2) : unse]
Tr : Retain

Table3: Analysisfor (6a)

b. jaise
as-if

ve °�±³²�´
he°�±³²�´

apnii
SELF

partiiµ
partyµ

ke
of

taaranhaar
best-man

kaa
of

svaagat
reception

kar
doing

rahe
was

hon
be-subjunc.

‘as if hewasreceiving thebestmanof hisparty.’

(i) Cb : Director(1): ve (ii) Cb : Laalu(2) : ve
Cf : [Director (1) : ve Cf : [Laalu (2) : ve

party(3) : partii] party(3) : partii]
Tr : Sm-Shift Tr : Continue

Preferred Dispreferred

Table4: Analysisfor (6b)

(6a) hasa Retaintransition,wherethe pronoununse(which refersto a
mancalledLaalumentionedin the utterancebefore(6a)) is the Cb. In (6b),
thepronounvecanrefer to bothCongressdirectorandLaalu, andStep2 of
theBFPalgorithmyieldsaSmooth-shiftandaContinuefor thesetwo anchors,
shown in tables3 and4. Step3 of theBFPalgorithmwouldthenranktheCon-
tinuetransitionabovetheSmooth-Shift,thusassigningLaaluastheantecedent
for the pronoun. However, it is the Smooth-shifttransitionwhich gives the
correctandmorenaturalinterpretation.°�¶ Sincetheuseof Rule2 in theBFP
algorithm doesnot capturethe clear preferencefor the ·�¸�¹
º�»,¼�½�¾ in such
cases,weproposethattheBFPalgorithmshouldbereducedto a simplelook-
up in the Cf-list, the orderof which givesthe preferencefor the antecedents
of pronouns.This, aswill beshown in the next section,is possiblewith the
S-list algorithmsinceit doesnot usethecenteringtransitionsto computethe
antecedentsfor thepronouns.
¿,À

The Smooth-shifttransitionwould have beenobtainedeven if the pronounhad
beenzero insteadof overt. This is different from what hasbeensaid aboutItalian
by Di Eugenio(1998). In Italian, a Smooth-shiftor a Retainis preferredwith overt
pronouns,but aContinuetransitionis preferredwith null pronouns.
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Thesecondtypeof errorgeneratesambiguitiesfor Á�Â whenthefollowing
two conditionshold:

1. (a) whenthe Ã�Ä%Å�Á Â,Æ�Ç.È is undefined(aftersegmentboundariesandaf-
ter interveningutteranceswithoutanaphoricrelationshipsto theim-
mediatelypreviouscontext), or

(b) whenthepronoununderconsideratiioncannotco-specifythe
Ã�Ä�Å�Á Â�Æ�Ç1È , and

2. Á Â containsa pronoun(with featuresnot identicalto any otherpronoun
in Á Â ) whichhasmorethanonepossibleantecedentin Ã�É�Å�Á Â,Æ�Ç.È .
Undertheseconditionsthealgorithmgeneratesambiguousreadingswith

thesametransitionandwhichcannotbedisambiguatedby Step3 of theBFP-
algorithm. This leadsto anambiguity, andpossiblyanerrorchainthatcould
continuethroughoutthediscoursesegmentandbeyond.Condition(1a),where
the Ã�Ä�Å
Á�Â,Æ�Ç È is undefined,is illustratedin example(7).Ê�Ë Thoughthe ex-
ampleis from Hindi, suchambiguitieswould begeneratedfor any language
(providedtheconditionsdescribedin (1) and(2) abovehold).

(7) a. B.SinghÊ
B.SinghÊ

apniÊ
hisÊ

aadhi
half

se
than

adhik
more

sampattiÌ
wealthÌ

vakilonÍ
lawyersÍ

ko
to

bhent
present

kar
do

chuke
perf.

the
had.

‘B.SiNgh hadpresentedmorethanhalf of hiswealthto lawyers.’

(i) Cb : none
Cf : [BS (1) : B.Singh

Wealth(2) : sampatti
Lawyers(3) : vakiilon]

Tr : none

Table5: Analysisfor (7a)

b. unki Ê�Î Í
hisÊ /theirÍ

vartamaan
present

aayaÏ
salaryÏ

ek
one

hazaar
thousand

rupayeÐ
rupeesÐ

vaarshik
annually

se
than

adhik
more

na
not

thii.
was.

‘His/Their currentsalarywasnot morethanonethousandrupees
annually.’ÑzÒ

From“Bare Gharkii Betii”. Shortstory in Premchand: Pratinidhi kahaaniyaan.
1987,p.62.

U. PennWorkingPapers in Linguistics:Volume6.3,2000,pp. 189-208.
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(i) Cb: BS(1): unki (ii) Cb: Lawyers(3) : unki
Cf : [BS (1) : unki Cf : [Lawyers(3) : unki

Salary(4) : aayaa Salary(4) : aayaa
Rupees(5) : rupaye] Rupees(5) : rupaye]

Tr : Continue Tr : Continue

Table6: Analysisfor (7b)

Theanalysisfor theutterancesis providedbelow theexamples.(7a)has
noCbandits Cf-list hasthreeelements.(7b)containsonepronoun,unki. Step
1 of theBFP-algorithmgeneratesthreeanchorsfor eachelementof theCf(7a)-
list. Step2 eliminatesWealthasapossibleantecedentbecauseit doesnotpass
thefilter (wealthis singularwhereasthepronoununki is plural/honorific).BS
andLawyers passthefilter sincethe former is honorificandthe latterplural.
Thesetwo anchors,with BSandLawyers resolvedto thepronoun,areshown
in 7b(i) and7b(ii). Now, Step3 is appliedto rank the transitionsfor these
anchors.However, thiscannotbedonesinceboththetransitionsareContinue
(Cb(7a) is undefined,andCb(7b) = Cp(7b)). Inability to rank the two must
leave the pronounresolved to both BSandLawyers, thuscreatingan ambi-
guity. Casessuchasthesesuggestthattheambiguitiesaregeneratedbecause
of theuseof the Ó�Ô for thecomputationof pronominalantecedents.We note
againthat theantecedentcanbecorrectlyselectedby a simplelook-upin the
Ó�Õ -list, asis donein theS-listalgorithm.

5 The S-list Algorithm

The S-list algorithm(Strube1998) is basedon a modelwhich consistsof a
singleconstruct,calledtheS-list, andoneoperation,the insertionoperation.
The model is designedto be appliedincrementallyanddescribesthe atten-
tional stateof the hearerat any point in the discourse.The S-list contains
somediscourseentitieswhich arerealizedin the currentaswell as the pre-
vious utterance.A ranking is imposedon the elementsof the S-list, being
determinedby informationstatusand/orword order(StrubeandHahn1999),
and the order amongthe elementsprovidesstraightforward preferencesfor
the antecedentsof pronominalexpressions.However, in Hindi, aswe hope
to have shown conclusively in Section3, informationstatusor word orderdo
not seemto affect thesalienceof discourseentities.Basedon our results,we
proposethe following conventionsfor ranking the S-list elementsin Hindi:
the3-tuple Öz×ÙØ�ÚÜÛ�Û�Ý9ØvÞàß�Ý.á denotesa discourseentity × which is evoked in ut-
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teranceâäã�ã�å with thegrammaticalrole æ�ç%å . With respectto any two discourse
entities èêé�ë�âÜã�ã�åìë³í%î%å.ï and èêðñë�âÜã�ãóò�ë³í%îàòàï , with âÜã�ã�å and âäã�ãóò specifyingthe
currentutteranceô�õ or theprecedingutteranceô�õ�ö�÷ , wesetup thefollowing
orderingconstraintsonelementsin theS-list (Table7).øuù

(1) If æ�ç%ålúûíàîàò , then éýüþð .

(2) If æ�ç å�ÿ íàî ò
thenif âÜã�ã å follows âäã�ã ò , then éýü ð ,

if âÜã�ã å�ÿ ����� ò and���	� å precedes�
�	� ò , then é ü ð .

Table7: RankingConstraintson theS-list

Thealgorithmproposedin Strube(1998)togetherwith thelanguagespe-
cific orderingconstraintsproposedfor Hindi resolvesthepronounsby asimple
look-up in theS-list, andtheelementsaretestedin thegivenorderuntil one
testsucceeds.Thealgorithm(takenfrom Strube(1998))is givenasfollows:

1. If a referringexpressionis encountered,

(a) if it is a pronoun,test the elementsof the S-list in the givenorder
until thetestsucceeds;ø �

(b) updateS-list; thepositionof thereferringexpressionunderconsid-
erationis determinedby theS-list-rankingcriteriawhichareusedas
aninsertionalgorithm.

2. If the analysisof utteranceU is finished,remove all discourseentities
from theS-list,whicharenot realizedin U.

6 Empirical Data

In this section,we presenttheresultsof theapplicationof theBFPalgorithm
andtheS-listalgorithmto pronounresolutionin Hindi texts. We usedthefol-
lowing guidelinesfor our tests(seeWalker (1989)).Thebasicunit for which
the centeringdatastructuresaregeneratedis the utterance.The utteranceU

��

Therelation � betweentwo entities� and � denotestheir relative orderingin the

S-list. Therelations � and= between�	��� and �	��� indicatethat thegrammaticalrole
of � is higherthenthatof � in therankingheirarchyor thatthegrammaticalrolesof �
and � arethesame.���

Testingtheelementsof theS-list involvescheckingfor agreementfeatures,coref-
erencerestrictionsandsortalconstraints.

U. PennWorkingPapers in Linguistics:Volume6.3,2000,pp. 189-208.
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is definedasa sentence.Coordinatedclausesaretakenasseparateutterances.
A segmentis definedasa paragraphunlessits first sentencehasa pronounin
subjectpositionor a pronounwherenoneof the precedingsentence-internal
nounphrasesmatchesits syntacticfeatures(cf. Walker (1989)).

Accordingto the preferencefor inter-sententialcandidatesin Centering
theory, we definedthe following anaphoraresolutionstrategy for the BFP-
algorithm(at thebeginningof a discoursesegmenttheorderof steps1 and2
is reversed):

1. testelementsof ����� �"!�#�$&% ,
2. testelementsof � ! left-to-right,

3. testelementsof ����� �"!�#(')% , �����*�"!*#(+,% , ...

6.1 Analysis and Results

For ourevaluationof thetwo algorithms,weanalyzedsomeHindi texts.-/. The
resultsof ouranalysisaregivenin Table8. Thefirst two rowsgivethenumber
of utterancesin thetestsetandthenumberof pronouns.Theremainderof the
tableis dividedinto two parts,eachcontainingresultsfor thetwo algorithms,
respectively. For eachalgorithm,thenumberof correctandincorrectresolu-
tionsaregivenin therowsmarkedcorrectandwrong. Thewrongresolutions
arefurtherbrokenupby thetypeof errorandaredescribedasfollows:

0 wrong(strategic) meansthattheerrorsaredirectlyproducedby thestrat-
egy of thealgorithm;

0 wrong(ambiguity)givesthenumberof ambiguousanalyses;

0 wrong (intra-sentential)meansthat theerrorsarecausedby unspecified
preferencesfor intra-sententialantecedents;

0 wrong(chain)meansthattheerrorswerecausedby errorchains;

0 wrong(other)givestheremainingerrors(for example,errorsrelatingto
missingspecificationsfor anaphoraacrosssegmentboundaries).

1�2
Thetestsetconsistedof two shortstoriesby Indiannovelists,MunshiPremchand

andUshaPriyamvada,andonearticlefrom anewsmagazine,India Today.
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Prem Vaap IT Total
Utterances 57 139 71 267
Pronouns 41 100 45 186

Correct 18 79 38 135
Wrong 23 21 7 51

BFP Alg. Wrong(strategic) 6 5 3 14
Wrong(ambiguity) 5 2 1 8
Wrong(intra-sentential) 3 4 1 8
Wrong(other) 3 5 0 8
Wrong(chain) 6 5 2 13
Correct 34 88 44 166
Wrong 7 12 1 20

S-list Alg. Wrong(strategic) 2 1 1 4
Wrong(other) 3 5 0 8
Wrong(chain) 2 6 0 8

Table8: Resultsof theBFPandS-listAlgorithm

6.2 Evaluation

Thewrong(other)errorsfor bothalgorithmswerecausedby underspecifica-
tion for thedefinitionof thediscoursesegment.In otherwords,thepronouns
werefoundto selectanantecedenttoo far backin thediscourse.354 Thetable
showsthattheBFPalgorithmgenerateserrorsdueto ambiguities(wrong(am-
biguity)). This is becausethealgorithmimplementsthemodelby comparing
possibletransitions,whichresultsin inevitableambiguitiesin thetwo typesof
casesdiscussedin Section4. TheS-listalgorithm,on theotherhand,doesnot
generateany ambiguitiesbecauseof its simplelook-upin theS-list for thefirst
possibleantecedentmatch.TheBFPalgorithmalsogenerateserrorsduetoun-
specifiedpreferencesfor intra-sententialanaphora(wrong (intra-sentential)),
which arenot foundin theapplicationof theS-list algorithmbecauseit inte-
gratespreferencesfor inter- andintra-sententialanaphoraby makingtheS-list
spanacrossmultipleutterances,thecurrentandtheprevious.

To summarize,our resultsshow (confirmingStrube’s (Strube1998) re-
sults)thattheS-list algorithmperformsbetterthantheBFPalgorithmin gen-
eral. In particular, wehave illustratedthat,for a languagelikeHindi, in which

6 7
We do not pursuethis issuehere,primarily becauseof the absenceof any pre-

ciseandimplementabledefinitionof thediscoursesegment(but seeGroszandSidner
(1986)).

U. PennWorkingPapers in Linguistics:Volume6.3,2000,pp. 189-208.
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therankingis determinedby grammaticalroleandnotby informationstatusor
wordorder, thealgorithmcanbeappliedstraightforwardlyif theS-listranking
is madelanguage-specific.

7 Conclusions

In thispaper, weproposedanovelmethodfor determiningtherelativesalience
in discourseentitiesandappliedthis methodto Hindi. We concludedthatthe8�9

-list ranking in Hindi is crucially determinedby grammaticalrole, and
that informationstatusandword orderdo not have any independenteffect on
salience.We alsoappliedtheproposedrankingto two pronounresolutional-
gorithms,theBFP-algorithmandthe S-list algorithm,both of which usethe
notionof the

8�9
-list for computingpronominalantecedents,andshowedthat

betterresultsareobtainedwith an algorithmthat doesnot make straightfor-
warduseof theCenteringnotionsof the

8�:
andthetransitions.
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