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1 Introduction

This paperinvestigatesanaphoricreferencein Hindi, with particularfocus
on the use and interpretationof third personpersonalpronounsto realize
anaphoricrelationshipshetweennoun phrases.We have two specificgoals.
Thefirstis inspiredby the centralideaof Centeringheory(Groszetal. 1995),
namely that eachutterancein a discourseevokes certaindiscourseentities
(Webber1978;Prince1981)which comprisethe list of forward-lookingcen-
ters (theC f-list), in Centeringerms,andwhich arerankedaccordingo their
salience. The anaphoricrelationshipdn the local discoursesegment(Grosz
andSidner1986)aredependenvtntheC f-list ranking,in thatthemorehighly
rankedentitiesin anutteranceremorelik ely to betalkedaboutin thefollow-
ing utterancelnvestigatiorof thefactorsthatdeterminghe C f-list ranking—
which have not yet beencompletelyspecified- has,therefore constitutedan
importantaspecof theresearchtior Centeringheoryin particular andfor dis-
courseanaphoran general Furthermoregrosslinguisticesearcthasrevealed
thatthisrankingis dependentn languagespecificfactors(\Walker etal. 1994;
Turan1995;StrubeandHahn1999,amongothers).Our purposehereis to in-
vestigatesuchfactorsin Hindi, with specialfocuson therole of grammatical
function,word order, andinformationstatus We alsoproposea novel, general
methodfor determiningheserankingfactors.
Centeringtheoryhasalsoguidedthe developmentof pronounresolution
algorithms suchasthe BFP algorithmandthealgorithmdevelopedby Strube
(1998,henceforth S-listalgorithm). Both algorithmsregardthe notion of rel-
ative salienceo becrucialfor theresolutionof pronounsandin orderto apply
thesealgorithmsfor pronounresolutionin ary languagethefirst taskis to be
ableto determinethe C'f-list rankingcriteriafor thatlanguage.Our second
goal, therefore,is to apply thesealgorithmsto the resolutionof pronounsn
Hindi texts by incorporatingthe resultsof our analysisof relative saliencen
Hindi. In doing so, we shaw thatthe BFP algorithm cannotbe successfully
implementedor pronounresolutionin Hindi andthat,in fact,the sameprob-
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lems extend straightforvardly to an implementatiorof this algorithmin ary
otherlanguageWe amguethatbetterresultscanbe obtainedwith analgorithm
thatdoesnotusethe Centeringnotionsof thebadkward-lookingcenterandthe
centeringtransitionsfor the computatiorof pronominalantecedentsuchas
the S-listalgorithmproposedy Strube(1998).

Section2 presents brief overview of Centeringtheory In Section3, we
presenbur methodfor determiningrelative salienceandshav thatgrammat-
ical functionis a crucial factor for ranking discourseentitiesin Hindi, with
word orderandinformationstatushaving no independeneffect on salience.
In Section4, we presenthe BFP algorithmanddiscussthe problemsthat it
presentgor pronounresolution,usingexamplesrom Hindi asanillustration.
In Section5, we describethe S-list algorithmandadaptit to resultsobtained
for Hindi. Finally, in Section6, we comparehe performancef thetwo algo-
rithmsfor theresolutionof pronounsn Hindi texts.

2 Centering Theory

Centeringtheoryis a modelof local discoursecoherenceand makes predic-
tions aboutthe inferenceload placedon a hearerin processinga discourse
segment.The crucialclaimsof thetheoryareasfollows:

e Discoursesrecomposeaf constituensggmentseachoneof whichcon-
sistsof particularutterances.

e Eachutterancd/; in agivendiscoursesegments assignealist of forward-
lookingcentes, C'f(U;), wherecentes are semanticentitiesin the dis-
coursemodel(Webber1978).

e Eachutterance(other than the sgment-initial utterance)is assigneda
uniquebadward-lookingcenter Cb(U;).!

e Thelist of forward-lookingcentes, C f (U ), is ranked accordingo dis-
coursesaliencewith the highestrankedelementof C f (U ;) beingcalled
the preferredcenter Cp(U;) (Brennaretal. 1987).

e Themosthighly rankedelemenof C' f (U ;) thatisrealizedin U; isthe
Ch(U;).2

'The Cb correspondgo the discourseentity that the utteranceis most centrally
about,andis similar to the notionof thetopic (Reinhart1981;Horn 1986).

2An utteranceU realizesa centerc if ¢ is an elementof the situationdescribed
by U, or c is theinterpretatiorof somesubpartof U; a centeris directly realizedif it
corresponds$o aphrasean anutterancgGroszetal. 1995).
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Thetheorydefinestransitionrelationsacrosgairsof adjacenutterances
(seeTable 1, taken from Walker et al. (1994)). The transitionsdiffer from
eachotheraccordingto (a) whetherCb’s of successie utterancesre equal
or not,and(b) whetherthe Cb of ary utterancecorrespondso the Cp of that
utteranceor not.

Cb(U;) =Cb(Ui—1) Cb(U;) #
ORCb(Ui_1)=[?] Cb(Ui_1)
Ch{U,) =
CONTINUE SMOOTH-SHIFT
Cp(U,)
Co(U;) #
RETAIN ROUGH-SHIFT
Cp(U,)

Tablel: TransitionTypes

The theoryalso proposegwo rules, violations of which are predictedto in-
creasahehearersinferencdoadfor theinterpretingthediscoursesggment.

Rules: For eachutterancel/;, in adiscoursesggmentU ;, ..., Uy,

1 If someelementof Cf(U;_,) is realizedasa pronounin U ;, thensois
theCb(U,).

2 Transitionsequencegre ordered. CONTINUE > RETAIN > SMOOTH-
SHIFT > ROUGH-SHIFT.

Oneindeterminatgartof thetheoryis themanneiin whichtheC f-list is
ranked. Therankingplaysa crucialrole asit determinesvhich of theelements
of Cf(U;_,) realizedin U; will betheCb(U;), uponwhich dependshecal-
culationof thetransitionsacrossadjacenutterancesandthusof theinference
loadfor interpretation.

3 Relative Saliencein Hindi

Crosslinguisticresearchwithin the framewvork of Centeringtheory hasled
to the speculatiorthat languagesnay vary with respectto which linguistic
propertiesaffect the salienceof discourseentities® For instance,Brennan

3For detailson cross-linguisticresearcton 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 Japanesetoffman
(1998), Turan(1995)for Turkish; Rambav (1993), StrubeandHahn (1999)for Ger
man;andDimitriadis (1996)for Greek.

U. PennWbrking Papessin Linguistics: Volume6.3,2000,pp. 189-208



4 RASHMI PRASAD & MICHAEL STRUBE

et al. (1987) assumehe following rankingfor the C f-list in English: sub-
ject> object> object2> othersubcatgorizedfunctions> adjuncts Walker

etal. (1994)extendthe Cf-rankingcriteriafor Japanesi orderto accounfor

zero-pronoungppic-marledNPsandNPswhichareemphasizetly empathy-
markedverbs.They proposehefollowing rankingfor Japanesenpic (gram-

matical/zeo) > empathy> subject> object> other(s) Rambav (1993)and
StrubeandHahn(1999)suggesthattherankingin Germanmight follow the

surfaceorder position Gordonet al. (1993)suggesthatsentence-initiapo-

sition seemdo contritute to salience. Turan (1995) arguesthat the C f-list

rankingin Turkishis associatedvith eithergrammaticalrelation or a seman-
tic role hierarchy and also provides evidenceto showv thatword orderdoes
not play arole. StrubeandHahn (1999)proposethat the rankingcriteriafor

the C f-list in Germanis partly determinedoy the information statusof the

discourseentities. They distinguishbetweerold, mediatedandnew discourse
entities,andproposehefollowing ranking: old > mediated> new.*

In thefollowing sectionwe presentinovel, generamethodfor determin-
ing which aspect®f linguistic knowledgeplay arole in rankingthe elements
of the C f-list. We apply this methodto Hindi and discussthe influenceof
grammaticafunction,word orde, andinformationstatus’

3.1 Method for Deter mining Relative Salience

Our methodfor determiningrelative salienceinvokes Rule 1 of Centering
theory® Accordingto this rule, if anything is pronominalizedin an utter
ance,the C'b mustbe, too. In otherwords,if thereis a singlepronounin an
utterancd’;, it mustbethe Cb of U; andit mustcospecifywith the highest
rankedentity amongthosein U;_ ; thatarerealizedin U;.”

We searchedur corpusfor utterancepairs, U,_; andU ;, which satisfy

4The information statusdistinctionsin Strubeand Hahn (1999) correspondto
Princes (Prince 1981) distinctionsin the following manner: old entitiescorrespond
to unusecdhndevoledentities new entitiescorrespondo brand-nev entities,andmedi-
atedentitiescorrespondo inferrables containinginferrablesandanchoredbrand-nev
entities.

%1n this paperwe ignoreotherfactorsthathave beenarguedto affect C f-list rank-
ing, suchaslexical semanticsintonation,tenseetc..

5Rule1 capturesheintuition, originally statedn Sidner(1979,1981) thatpronom-
inalizationis oneof the marlersof saliencgimmediatefocusin Sidnersterms).

"We assuméhatRule 1 (aswell asthe otherrulesandconstraintof Centeringthe-
ory) hassomecognitive reality (Gordonet al. 1993;Hudson-D’Zmuraand Tanenhaus
1998).
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thefollowing threeconditions:

1. U;, realizesonly two of theentitiesfrom U, _; .
2. InU;, only oneof theNPsrealizingtheseentitiesis pronominalized.

3. The pronounin U; is ambiguougfor genderand number)betweenthe
two entitiesin U;_; .8

The procedurdor determiningthe relative salienceof entitiesin arny ut-
terancel/;_; is asfollows: givenRule 1 andthe conditionsstatedabove, if
two discourseentitiesX andY in U;_; arebothrealizedin U, with only Y’
beingrealizedasa pronoun(in U;), thenY mustbe the Cb of U; andmust
cospecifywith the highestranked of all the entitiesin U;_; thatarerealized
in U;. SinceX andY aretheonly two entitiesin U;_; realizedin U;, Y
mustberankedhigherthan X (or bemoresalientthan X). Corverselyif it is
X (andnotY’) thatis realizedasapronounin U ;, thenby the samereasoning
X mustbemoresalientthanY in U;_;.

The methoddescribedabore wasappliedto a corpusconsistingof short
stories. The 560 utterancepairsthat filled the definedcriteria were further
catgyorizedin differentgroupsaccordingto the linguistic propertiesof the
NPs,suchasgrammaticafunction,word orderandinformationstatus Within
eachof thesegroups furthersubgroupingsveredoneaccordingo the pair of
factorsthatwerebeingcomparedor relative salience For example,onesuch
groupingwasin termsof grammaticafunction,andthis hadfurthersubgroups
— onefor comparingthe salienceof subjectsanddirect objects,anotherfor
comparinghe salienceof directobjectsandindirectobjects,andsoon.

Note, however, that Rule 1 is not non-violable. In fact, the calculation
of discoursecoherenceén Centeringtheoryis partly basedon the assumption
that spealers can be expectedto violate Rule 1. However, for the task of
determiningrelative salienceaccordingto our method,suchan expectation
seemdo createthefollowing determinacyproblem.Considerary groupof n
utterancepairs,U;_; andU;, suchthattwo entitiesX andY in U;_; in all
pairsexhibit the linguistic propertiescharacterizinghe group,with X having
the property LX andY having the property LY. As wasdescribedabove,
boththeseentitiesarerealizedin U; in all pairswith only oneof thembeing
realizedasa pronoun.Now, if all then pairsin the grouppronominalizehe
entity with thesamepropertyi.e.,eitherL X or LY, thentherelative salience

8We selecteditterancepairswith ambiguougpronoungo reducethenoiseresulting
from Rule 1 violationsthatareinducedby the availability of grammaticalnformation
thatallows inferential(defeasibleyeasoningnthepartof the hearer

U. PennWbrking Papessin Linguistics: Volume6.3,2000,pp. 189-208
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of theentitiesX andY in U,_; iscompletelydeterminateHowever, if £ pairs
pronominalizehe entitywith propertyLX andn — k pairspronominalizehe
entitywith propertyLY’, thentheanalystfaceshequestiorof decidingwhich
oneof the setsof pairsis the true indicatorof salience.Thesetwo opposing
casesreillustratedin the schematiadiagramin Figure. 1, whereU;_; and
U ; areadjacenutteranceslV, X, Y, andZ arethediscoursesntitiesin U ;_ ;,
andA, B, X, andY arethediscourseentitiesin U;. Both casegealizeonly
two entitiesfrom U;_; in U;, namelyX andY, andX andY in U;_; have
eitherthelinguistic propertyLX or LY. In U, in Casel, Y is realizedasa
pronoun(labeled’pro’) and X asafull nounphrasg(labeled’NP’), whereas
Case2 shavs the oppositesituation. Thetask,thereforejs to decidewhich of

n pairs

Case 2
LX LY

UG-1): WXYZ
—<

Case 1l
LX LY

UG-1): WXYZ

u(): YA XB_ u(i):

/‘\NP

NP

k pairs n-k pairs

Figurel: Opposingoehaiorsfor Salience

the casess atrueindicatorof relative salienceandwhich constitutesa Rule 1

violation. Our decisionis basedon frequeng of occurrencef thetwo cases
in the corpus,in thatthe onewhich occurswith greaterfrequeng is takento

be the indicatorof salience.This is motivatedby the assumptiorthat speak-
ersexhibit a preferenceor adheringto Rule 1 andthat this preferencecan

be obsered in naturally occurringdiscoursen termsof greater(given that
the opposingcasedoesoccurat all) frequencief occurrencgJasparsand
Kameyamal995). As will be seenlater, this assumptions empirically justi-

fiedin ourcorpus.

3.2 Some Factsabout Hindi

Before proceedingwith the investigationof the factorsdeterminingrelative
saliencdn Hindi, afew remarksaboutthelanguagearein order Thesubject-
indirectobject-direcbbject-verb(S-10-DO-V) orderis thedefaultword order
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in Hindi. However, thelanguageallows mary otherword orders(examplel)
which signaldistinctionsin meaning(Gambhir1981)relatingto information
structurgVallduvi 1990).Hindi hasarich casesystemthoughcasamarkingis
not obligatory Pronounsareunmarledfor genderandonly partially marked
for number® In particular thoughsomeforms, like usne‘he’, uslo ‘him’,

areunambiguouslgingular someforms canbeboth singularandplural, like
unhonehe/they’, or unko ‘him/them’.

(1) a. malay-ne sameeiko kitaab dii (S-10-DO-V)
malay-ERGsameeDAT book-ACC gave

‘Malay gave thebookto Sameer’

malay-nekitaabsameeiko dii (S-DO-10-V)
sameeiko malay-nekitaabdii (I0-S-DO-V)
sameeiko kitaabmalay-nedii (I0-DO-S-V)
kitaabmalay-nesameeiko dii (DO-S-10-V)
kitaabsameeiko malay-nedii (DO-10-S-V)

-0 20O

Hindi hasverbagreementvith the subjector the directobject. Theagree-
mentinflection is marked for person,number and gender With respectto
the form andinformationstatusof nounphrasesHindi has(non-obligatory)
definiteand(obligatory)indefinitearticles.Following Prince(1992),the NPs
with theindefinitearticle usuallyreferto hearemew anddiscourse-n& enti-
ties,whereas\Pswith thenull/overtdefinitearticleusuallyreferto hearerold
and/ordiscourse-olentities.

3.3 Factors Determining the Ranking

In all the examplesin this section,the pronounsandthe NP’s they cospecify
with areindicatedin boldfaceandby coindexation!® In eachcase the pro-
nounis ambiguouswith respecto the person,numberor genderfeaturesof
thetwo entitieswhosesaliencds beingcomparedandwhich areindicatedby
squarebracletswith grammaticatateory labels)!!

®Hindi alsohaszeropronounsput their occurrences heaily constrainedunlike
in Italian (Jaggli andSafir 1989)or JapaneséKameyamal985). In this paper we do
notinvestigateheinterpretatiorof null pronounsn Hindi.
10To avoid confusionbetweerthe ambiguousienotatiorof the Hindi pronounsand
theunambiguoug&nglishtranslationsthe pronounsareglossecdaspro.
113 = subject,DO = directobject,|O = indirect object,PP = prepositionaphrase,
PO= prepositionabbject,ACC = accusatie, ERG = emjative, DAT = dative.

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

Example(2) illustratesthatthe subjectis rankedhigherthanthe directobject.
Both the subjectand direct objectin (2a) are realizedin (2b), but it is the
subjectthatis realizedasthe pronoun.The subjecttherefore gualifiesasthe
Cb of (2b) andconsequenthasthe morehighly ranked of the two entitiesin
(2a)thatarerealizedin (2b).

(2) a. aise mauloN par[s savaariyaan]; [po chaate] taan letii
suchoccasion®n [s passengers]; [po umbrellas} opentake
haiN
3pl.fem.prs
‘On suchoccasionshe passengerspenumbrellas’

b. kabhi-kabhitej havaase [chaate] [unke]; haath
sometimes fastwind with [umbrellas} [pro-POSS]; hands
se urrbhii jaatehaiN
fromfly alsogo 3pl.fem.prs

‘Sometimespecausef the strongwinds, the umbrellasevenfly
away from their hands’

By thesameargumentexample(3) shavsthatthesubjects rankedhigher
thanthe objectwithin theprepositionahrgumentof theverh Boththesubject
aswell asthe prepositionalobjectin (3a) are realizedin (3b), but it is the
subjectthatis pronominalizedandthereforejt qualifiesasthe Cb of (3b) and
asmorehighly rankedthanthe prepositionabbjectin (3a).

(3) a. kuchder pashchaal,s ek shramik]; [pp [po US YyuvakK];
sometime after, [s alaborer]; [pp [po thatyouth);
ke paaslaayaa
nearto] came
‘After sometime, alaborercameup to the youth’

b. [usng]; [yuvak]; sepuuchasi “kyaaaagyaehai?”
[pro-ERG]; [youth]; of asled that“whatwish is?”

‘He aslkedtheyouth,“whatis your wish?"”

334utterancepairsin the corpusconsistedf thesubjectandeitherthedi-
rectobject,or theindirectobject,or the prepositionatcomplemenbeingreal-
izedin boththeutterance# the pair (seeTable2). 322caseshaw the subject
rankedhigher(in particular outof 149pairsfor comparinghesubjectandthe
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directobject, 144 have the subjectrealizedasa pronounin the secondutter

ance(96%) and5 have the direct objectasthe pronoun(4%); out of 57 pairs
for comparingthe subjectandthe indirect object, 50 have the subjectreal-
izedasapronoun(87%)and7 have theindirectobjectrealizedasthepronoun
(13%);finally, outof 128 pairsfor comparinghesubjectandtheprepositional
complementall have the subjectrealizedasthe pronoun(100%)).

3.3.2 Grammatical Function:; Direct Object vs. Indirect Object

Exampledik e (4) suggesthatahighersaliencas attributedto entitiesdenoted
by thedirectobjectwhencomparedo indirectobjects.Both the directobject
andindirect objectin (4a)arerealizedin (4b), but it is the direct objectthat
is pronominalized Note thatthe pronounin (4b) is unmarledfor genderand
numberandis thereforeambiguoudetweerthetwo antecedenti (4a) (DO

is masculineandlO is feminine).

(4) a. [sdukaandaane]; [po kaii namunekekapDe]; [ro un
[s shopleeperERG]; [po many typesof clothes]; [ro those
striiyoN ko],  dikhaaye
women ACC];, shov-3sg.m.pst

‘The shopleepershaved mary typesof clothesto thosewomen’

b. [un striiyoNko], [unme]; sekuch pasandhaye
[thosewomen ACC],, [pro]; of somelike  come-3pl.pst
aur kuch unhone alag hataa diyaa
andsomethey-ERG asideremove give.3sg.pst

‘The womenliked someof themandsomethey removedaside’

Thecorpuscontain22 pairsillustratingthe comparisorabove (seeTable
2), andall of themhave thedirectobjectrealizedasthepronounin thesecond
utterance.

Otherrankingcomparisongonstitutethe restof the pairsin the corpus,
i.e., 204 pairs(seeTable2 for detailedfigures). The partial rankingwith re-
spectto the grammaticafunctionsthat we were ableto investigatecanthus
be specifiedasfollows: subject> direct object> indirect object/PPobject
> adjuncts In addition, we also specify that for a possessie noun phrase,
possessor headnoun

U. PennWbrking Papessin Linguistics: Volume6.3,2000,pp. 189-208
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Ranking Number| Total | Frequenyg
Subject> Direct Object 144 149 96
Subject> IndirectObject 50 57 87
Subject> PPObject 128 128 100
Direct Object> Indirect/PPObject 22 22 100
Subject/Object Adjunct 96 110 87
Possessar Head 22 22 100
Subject> Possessarf Direct Object 50 50 100
IndirectObject> Possessasf Subject 22 22 100
Total 534 560 95

Table2: Frequenciefor Relatve Salienceof GrammaticaFunctions

3.3.3 Against Word Order and Information Status

The surfaceorderof constituenthasbeenarguedto be a determiningfactor
for relative saliencan German(Rambav 1993;StrubeandHahn1999). Our
Hindi corpusdoescontainutterancepairsin which the entity representethy
thesentence-initiatonstituenis foundto bethe Cb in the next utterancebut
in fact,theseconstituentarealwaysthe subject. Furthermoretherearealso
casesn which the subjectoccursin somenon sentence-initiaposition,and
examplessuchas (5a-b)shaw thatit is the subject,ratherthanthe sentence-
initial constituenbccurringin theinitial position,whichis realizedasthe Cb
in thefollowing utterance.

(5) a. [po bailon]; kebiich [s ek purush]; kharaa hai
[po buffalos], of betweer{s a man]; stand.3s@sg.pres

‘Thereis amanstandingoetweerthebuffalos’

b. [vah]; [roin bailon ko]; charaadaalrahaa hai
[he]; [ro thesebuffalosDAT]; fodderput do.3sg3sg.pres

‘He is giving fodderto thesebuffalos’

In the transitionfrom (5a) to (5b), the subjectis not in sentence-initial
positionin (5a), but still denoteghe centerecentity, sinceit is the antecedent
of thepronoun the Cb, in (5b). Theexamplealsoshawvs thatunlike German,
theinformationstatusof discourseentitiesdoesnot play arole in the C f-list
rankingin Hindi. In (5a),a new entity, ek purush ‘a man’is introduced and
the utterancealsocontainsa discoursenld entity, bailon, ‘buffalos’. Ranking
the entitiesaccordingto the critieria suggestedor German(with old > me-
diated> new (StrubeandHahn1999)) cannotaccountfor the realizationof
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the discoursenew entity, a man asa pronoun,the Cb, in (5b). Whatreally
mattersis thatthe discoursenew entity is foundto bein the subjectposition
of the sentencelIn all suchcaseswheresomeNP denotinga discourse-old
entity is preposedo thesentence-initigbosition,it is thediscoursenew entity
in subjectpositionthatis pronominalizedn thefollowing utterance.

In conclusion the corpusrevealedan overwhelminginfluenceof gram-
maticalfunction on the salienceof the discourseentitiesevoked in an utter
ance andthereforeof theC f-listin Centeringerms.Furthermoreword order
andinformationstatusdo not seemto play ary independentole in determin-
ing relative saliencen Hindi.

4 The BFP-Algorithm

In this section,we apply the BFP algorithmfor pronounresolutionin Hindi
usingtherankingobtainedin the previous section. The algorithmdescribed
by Brennanet al. (1987)incorporateghe centeringrulesandtransitionsand
consistof threebasicstepsasdescribedy Walker et al. (1994)) 12

1. GENERATE possibleCb-Cfcombinationganchors).

2. FILTER by constraintsge.g.,contra-ind&ing, sortalpredicatescentering
rulesandconstraints?3

3. RANK by transitionorderings.

In applyingthe BFP algorithm,we found that the algorithm makestwo
typesof stratgic errors. Thefirst is causedby its preferencor Continue
transitions. This preferencamplies that a pronounin U; is morelikely to
referto the Cb(U;_ ;) thanto the Cp(U;_ ;) whenCb(U;—;) # Cp(U;—1)
(= Retainor Rough-shift. This preferencaloesnot hold for Hindi, asshovn
in example(6).!* Thetablesbelow eachutterancecontainthefilteredanchors
for thatutterance.The secondcolumnin the tablesrepresentshe discourse
entitiesandthethird columnrepresentthecorrespondingurfaceexpressions.

(6) a. Congresadhyaksh unse aise mile
Congresslirector  himy-with this-way met
‘The Congressglirectormethim in suchaway;

12Thealgorithmhasalsobeenappliedto Japanesby Walker etal. (1994).

13Contra-ind&ing constraintsn coreferenceriginatefrom Binding theory(Chom-
sky 1981).

MErom “Bihari Baku ke haseersapne”. Article in India Today Issue:31stDec,
1997.

U. PennWbrking Papessin Linguistics: Volume6.3,2000,pp. 189-208
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(i) | Cb: Laalu: (2) unse

Cf: [Director(1): Congesadhyaksh
Laalu(2): unsé

Tr: Retain

Table3: Analysisfor (6a)

b. jaiseve; 4 apnii partii; ke taaranhaakaasvaagat kar rahe
as-ifhe, 4> SELFparty; of best-man of receptiondoingwas
hon
be-subjunc.

‘asif hewasreceving thebestmanof his party’

()| 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
man called Laalu mentionedn the utterancebefore(6a)) is the Ch. In (6b),
the pronounve canreferto both Congiessdirectorand Laalu, and Step2 of
theBFPalgorithmyieldsa Smooth-shifanda Continuefor thesetwo anchors,
shavnin tables3 and4. Step3 of theBFPalgorithmwouldthenrankthe Con-
tinuetransitionabove the Smooth-Shifthusassignind_aalu astheantecedent
for the pronoun. However, it is the Smooth-shiftransitionwhich givesthe
correctandmorenaturalinterpretationt® Sincethe useof Rule2 in the BFP
algorithm doesnot capturethe clear preferencefor the Cp(U;_;) in such
caseswe proposehatthe BFP algorithmshouldbereducedo a simplelook-
up in the Cf-list, the order of which givesthe preferencdor the antecedents
of pronouns.This, aswill be shovn in the next section,is possiblewith the
S-listalgorithmsinceit doesnot usethe centeringtransitionsto computethe
antecedentfor thepronouns.

5The Smooth-shiftiransitionwould have beenobtainedeven if the pronounhad
beenzeroinsteadof overt. This is differentfrom what hasbeensaid aboutltalian
by Di Eugenio(1998). In Italian, a Smooth-shiftor a Retainis preferredwith overt
pronounshut a Continuetransitionis preferredwith null pronouns.
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Thesecondypeof errorgenerateambiguitiesor U; whenthefollowing
two conditionshold:

1. (a) whentheCb(U,_ ;) is undefinedafter sgmentboundarieandaf-
terinterveningutterancesvithoutanaphoriaelationshipgo theim-
mediatelypreviouscontet), or

(b) whenthepronoununderconsideratiiorcannotco-specifythe
Cb(U;—;),and

2. U; containsa pronoun(with featuresnot identicalto any otherpronoun
in U;) which hasmorethanonepossibleantecedenin Cf(U;_;).

Undertheseconditionsthe algorithmgenerateambiguougeadingswith
thesametransitionandwhich cannotbe disambiguatethy Step3 of the BFP-
algorithm. This leadsto an ambiguity andpossiblyan error chainthatcould
continuethroughouthediscoursesegmentandbeyond. Condition(1a),where
the Cb(U;_;) is undefined|s illustratedin example(7).16 Thoughthe ex-
ampleis from Hindi, suchambiguitieswould be generatedor ary language
(providedthe conditionsdescribedn (1) and(2) above hold).

(7) a. B.Singh apni, aadhise adhiksampatti vakilons ko bhent
B.Singh his; half thanmore wealth, lawyers to present

kar chuke the
do perf. had.
‘B.SiNgh hadpresentedanorethanhalf of his wealthto lawyers.
(i) | Cb: none
Cf: [BS(1): B.Singh
Wealth(2) : sampatti
Lawyers(3) : vakiilon]
Tr: none

Table5: Analysisfor (7a)

b. unki,;; vartamaarmaya ek hazaar rupaye vaarshik
his, /their; present salary, onethousandupeeg annually
se adhikna thii.
thanmore notwas.
‘His/Their currentsalarywasnot morethanonethousandupees
annually

18From“Bare Gharkii Betii”. Shortstoryin Premiand: Pratinidhi kahaaniyaan
1987,p.62.
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()] Cb: BS(1): unki (ii)] Cb: Lawyers(3): unki
Cf: [BS(1): unki Cf: [Lawyers(3): unki
Salary(4): aayaa Salary(4): aayaa
Rupeeg5): rupayd Rupeegb) : rupayq
Tr: Continue Tr: Continue

Table6: Analysisfor (7b)

The analysisfor the utterancess provided below the examples.(7a) has
no Cb andits Cf-list hasthreeelements(7b) containsonepronoun,unki. Step
1 of theBFP-algorithngeneratethreeanchordor eachelemenif theCf(7a)-
list. Step2 eliminatesWealthasa possibleantecederbecausét doesnotpass
thefilter (wealthis singularwhereaghe pronoununkiis plural/honorific).BS
andLawyes passthe filter sincethe formeris honorificandthe latter plural.
Thesetwo anchorswith BSandLawyes resoledto the pronoun,areshavn
in 7b(i) and 7b(ii). Now, Step3 is appliedto rank the transitionsfor these
anchorsHowever, this cannotbe donesinceboththetransitionsareContinue
(Ch(7a) is undefinedand Ch(7b) = Cp(7b)). Inability to rank the two must
leave the pronounresohed to both BS and Lawyes, thuscreatingan ambi-
guity. Casessuchasthesesuggesthatthe ambiguitiesaregeneratedbecause
of the useof the Cb for the computatiorof pronominalantecedents/e note
againthatthe antecedentanbe correctlyselectedy a simplelook-upin the
C f-list, asis donein the S-listalgorithm.

5 The Sist Algorithm

The S-list algorithm (Strube1998)is basedon a modelwhich consistsof a
singleconstructcalledthe S-list, and one operation the insertionoperation.
The modelis designedo be appliedincrementallyand describeghe atten-
tional stateof the hearerat any pointin the discourse. The S-list contains
somediscourseentitieswhich arerealizedin the currentaswell asthe pre-
vious utterance. A rankingis imposedon the elementsof the S-list, being
determinedy informationstatusand/orword order(StrubeandHahn1999),
and the order amongthe elementsprovides straightforvard preferencesor
the antecedentsf pronominalexpressions.However, in Hindi, aswe hope
to have shawvn conclusiely in Section3, informationstatusor word orderdo
not seemto affect the salienceof discourseentities.Basedon our results,we
proposethe following corventionsfor rankingthe S-list elementsn Hindi:
the 3-tuple (z, utt,, gr,) denotesa discourseentity z which is evokedin ut-
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teranceutt, with thegrammaticafole gr,. With respecto ary two discourse
entities (x, utt,, gr) and (y, utty, gry), With utt, andutt, specifyingthe

currentutterancd/; or the precedingutterancd’; ;, we setup thefollowing

orderingconstrainton elementsn the S-list (Table7).17

(1) If gry > gry, thenz < y.

() Ifgre = gry
thenif utt, followsutt,, thenz <y,
if utt, = utt, andpos, precedegpos,, thenz < y.

Table7: RankingConstraintonthe S-list

Thealgorithmproposedn Strube(1998)togethemith thelanguagespe-
cific orderingconstraintgroposedor Hindi resohesthepronoungy asimple
look-upin the S-list, andthe elementsaretestedin the given orderuntil one
testsucceedsThealgorithm(takenfrom Strube(1998))is givenasfollows:

1. If areferringexpressioris encountered,

(a) if it is a pronoun,testthe elementf the S-list in the given order
until thetestsucceeds?

(b) updateS-list; the positionof the referringexpressiorunderconsid-
erationis determinedy the S-list-rankingcriteriawhich areusedas
aninsertionalgorithm.

2. If the analysisof utterancel is finished,remove all discourseentities
from the S-list, which arenotrealizedin U.

6 Empirical Data

In this section we presenthe resultsof the applicationof the BFP algorithm
andthe S-listalgorithmto pronounresolutionin Hindi texts. We usedthefol-
lowing guidelinesfor our tests(seeWalker (1989)). The basicunit for which
the centeringdatastructuresare generateds the utterance.The utterancel

"Therelation< betweertwo entitiesz andy denotegheir relative orderingin the
S-list. Therelations> and= betweeryr, andgr, indicatethatthe grammaticalole
of z is higherthenthatof y in therankingheirarchyor thatthegrammaticatolesof
andy arethesame.

8 Testingthe element®f the S-listinvolvescheckingfor agreementeaturesgoref-
erenceestrictionsandsortalconstraints.
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is definedasa sentenceCoordinatedtlausesaretakenasseparateitterances.
A s@gmentis definedasa paragraphunlessits first sentencéasa pronounin
subjectpositionor a pronounwherenoneof the precedingsentence-internal
nounphrasesnatchests syntacticfeatureqcf. Walker (1989)).

Accordingto the preferencdor inter-sententialcandidatesn Centering
theory we definedthe following anaphoraesolutionstratey for the BFP-
algorithm(at the beginning of a discoursesegmentthe orderof stepsl and?2
is reversed):

1. testelementof Cf(U;_;),
2. testelementof U; left-to-right,

3. testelementf Cf(U;_2), Cf(Ui—3s), ...
6.1 Analysisand Results

For ourevaluationof thetwo algorithmswe analyzedsomeHindi texts.!® The
resultsof ouranalysisaregivenin Table8. Thefirst two rows givethenumber
of utterance thetestsetandthe numberof pronouns.Theremaindeof the
tableis dividedinto two parts,eachcontainingresultsfor thetwo algorithms,
respectiely. For eachalgorithm,the numberof correctandincorrectresolu-
tionsaregivenin therows markedcorrectandwrong Thewrongresolutions
arefurtherbrokenup by thetype of errorandaredescribedsfollows:

e wrong(stratggic) meanghatthe errorsaredirectly producedoy the strat-
egy of thealgorithm;

e wrong (ambiguity)givesthe numberof ambiguousanalyses;

e wrong (intra-sententialmeangthat the errorsare causedy unspecified
preferencefor intra-sententiahntecedents;

e wrong(chain) meanghattheerrorswerecausedy errorchains;

e wrong (other) givesthe remainingerrors(for example,errorsrelatingto
missingspecificationgor anaphoracrosssegmentboundaries).

Y Thetestsetconsistedf two shortstoriesby Indiannovelists,MunshiPremchand
andUshaPriyamada,andonearticle from a news magazinelndia 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(stratayic) 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

Slist Alg. | Wrong(stratayic) 2 1 1 4
Wrong(other) 3 5 0 8
Wrong(chain) 2 6 O 8

Table8: Resultsof the BFPandS-list Algorithm

6.2 Evaluation

Thewrong (other) errorsfor both algorithmswere causedy underspecifica-
tion for the definition of the discourseseggment.In otherwords,the pronouns
werefoundto selectan antecedentoo far backin the discoursé?® Thetable
shavsthatthe BFPalgorithmgeneratesrrorsdueto ambiguitiegwrong (am-
biguity)). Thisis becausehe algorithmimplementghe modelby comparing
possibletransitionswhichresultsin inevitableambiguitiesn thetwo typesof
casegliscussedn Sectiord. The S-listalgorithm,ontheotherhand,doesnot
generat@rny ambiguitiesbecausef its simplelook-upin the S-listfor thefirst
possibleantecedennatch. TheBFPalgorithmalsogeneratesrrorsdueto un-
specifiedpreferencesor intra-sententiahnaphorgwrong (intra-sentential),
which arenot foundin the applicationof the S-list algorithmbecausét inte-
gratespreferencefor inter- andintra-sententiahnaphordy makingthe S-list
spanacrossmultiple utterancesthe currentandthe previous.

To summarize pur resultsshav (confirming Strubes (Strube1998) re-
sults)thatthe S-list algorithmperformsbetterthanthe BFP algorithmin gen-
eral.In particular we haveillustratedthat, for alanguagdik e Hindi, in which

20We do not pursuethis issuehere, primarily becausef the absencef ary pre-
ciseandimplementablalefinition of the discoursesggment(but seeGroszandSidner
(1986)).

U. PennWbrking Papessin Linguistics: Volume6.3,2000,pp. 189-208



18 RASHMI PRASAD & MICHAEL STRUBE

therankingis determinedy grammaticatole andnotby informationstatusor
word order, thealgorithmcanbeappliedstraightforvardlyif the S-listranking
is madelanguage-specific.

7 Conclusions

In this paperwe proposedinovel methodfor determiningherelative salience
in discourseentitiesandappliedthis methodto Hindi. We concludedhatthe
C f-list rankingin Hindi is crucially determinedby grammaticalrole, and
thatinformationstatusandword orderdo not have ary independengffect on
salience We alsoappliedthe proposedankingto two pronounresolutional-
gorithms,the BFP-algorithmandthe S-list algorithm, both of which usethe
notionof the C f-list for computingpronominalantecedentgndshovedthat
betterresultsare obtainedwith an algorithmthat doesnot make straightfor
warduseof the Centeringnotionsof the C'b andthetransitions.
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