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1. Intr oduction

Much previous work on generatiorhasfocusedon the generalproblemof
producinglexical stringsfrom abstracsemantiaepresentationse consider
generationn thecontet of aparticulattask,creatingfull sententiaparaphrases
of fragmentsn dialogue.Whenthesyntacticsemanti@andphonologicainfor-
mationprovided by a dialoguefragmentresolutionsystemis madeaccessible
to a generatiorcomponentmuchof the indeterminag of lexical selectionis
eliminated.

One major challengefor ary dialogueinterpretationsystemis the proper
treatmenbf fragments ExamplesncludebareNP answerg2a),wherethe NP
a personnelmanajer is resohedastheassertior(2b), andsluicing (4a),where
thewh-phrasés interpretedasthe question(4b)'.
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(1) WhohiredJones?
(2) (a) A personnemanager
(b) A personnelmanayer hiredJones.
(3) A personneimanagehiredJones.
(4) (a) Who?
(b) Which personnelmanayer hired Jones?

Furthermorethe antecedenbr the fragmentmay be embeddedasin the
following examples.

(5) Themanagemerasledwho hired Jones.

(6) (a) Thepersonnetlepartmenthinksapersonneimanager

(b) Thepersonneldepartmenthinksa personnelmanager hired
Jones.

(7) Thepersonnetiepartmenthinksa personnemanagehiredJones.
(8) (a) TheCEOwonderswho.
(b) TheCEOwondes which personnelmanayer hired Jones.

Generatingull paraphrasefor interpretedragmentsn a dialoguesystem
is an importantutility for facilitating human-machine&ommunication. We
considertthreecasesvhereparaphrasgeneratiorperformsa usefulfunction.

Dialogue Systems. In dialoguesystemsthe purposeof paraphrasgen-
erationis twofold. First, it increaseshe explicitnessandtransparenc of the
system,which might be an option that the userwishesto use. Secondit is
necessaryor the generatiorof clarificationquestionswhich canbe usedby
the systemto resolve ambiguity This s illustratedin the following dialogue
betweera userandaninformationsystem.

USER: Who did the personnetiepartmenhire?
SysTEM: Johnthinksastudent.
USER: Who?

At this point Who? might askfor more detailsaboutJohn (becausehe user
wonderswho Johnis) or it might be a questionaboutthe hired student. To
resohe thisambiguitythe systenproduceghefollowing clarificationquestion
by generatinghe paraphrasef the users wh-sluice:

SysTEM: Do youwantto knowwhich studentlohnthinksthe
personneldepartmenhired?

If the useranswersositively the systemrespondswith the fragmentanswer
orthefull paraphrasajependingnthe parametewhich controlsthe systems
level of explicitness:
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SysTEM: Bill Smith.
or
SysTEM: Johnthinksthe personneldepartmentiredBill Smith.

If theuseranswersiggatively, thenthesystenmwill treatWho?asaclarificatory
guestionon the utterancelohn

System Evaluation. A naturalapplicationof paraphraseenerations
the monitoring of a systems performance. Full paraphrasesan be usedto
interactvely testthesystemsinterpretatiorof fragments Whentheparaphrase
is availableto a humanuser he/shecanconfirmor revise the paraphraseand
somonitortheperformancef thesystemefficiently. Theparaphrasgenerator
thatwe presenin this paperis currentlyusedfor monitoringthe performance
of the SHARDSsystem-asystenfor resolvingfragmentsn dialogue-which
is introducedn moredetailin section2.

Machine Translation.  Certairelidedstructureposeaproblemfor machire
translation. Although the sourcelanguagemight exhibit ellipsis structuresof
a specifickind, thetamgetlanguaganight not allow for these.Thereforethese
structureswill have no direct translation. Two casesn point are VP-ellipsis
andpseudo-gappinip English,whichhave nodirectcounterpartin languages
suchasGerman.A straightforvard solutionis to usefull paraphrasemstead
of ellipsisastheinputto the MT component.Considerthe following English
dialogueandits translationinto German.

(9) (E) Whosubmittedareporttoday?
(G) Werlegte heuteeinenBerichtvor?

(10) (E) Johndid to his supervisar
(G) John?[*tat es]seinemBetreuer

(11) (E) Johnsubmittedareportto his supervisotoday
(G) Johnlegte heuteeinenBericht seinenBetreuervor.

The Englishanswer(10E) exhibits pseudo-gappingyhich cannotbe trans-
latedinto a similar structurein German(10G).A translationincludinganaux-
iliary correspondindo did is ungrammatical Droppingthe auxiliary prior to
thetranslatiorresultsin an(at best)oddsentence.

This problemcanbe circumwentedusingparaphrasgeneration.Insteadof
translating(10E) directly, its paraphras€l1E)is computed.Thenthetransla-
tion canproceedvith thispamphraseasthe souceinputto obtain anappropriate
Germarsentencél11G).

Using the fragmentinterpretationsystemSHARDS we shav how to gen-
erateparaphrasefor fragmentsn dialoguedike thosein (b) in the examples
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(1)—(8)abore. The generatomusesa template-fillerapproachandit doesnot
do ary deepgeneratiorfrom an underlyingsemanticrepresentationinstead
it reusegheresultsof the parseandinterpretatiorprocesof SHARDSto dy-
namicallycomputethe templatesandthento updatethefiller. Thisregycling
of alreadyavailable syntactic,semanticand phonologicalinformationmakes
generatiorefficient becausdt reduceghe operationf thegeneratoto string
manipulations.

In Section2 we give areview of the SHARDS systemandthe grammatical
background Wethenexplainourproposafor generatindragmentparaphrases
with templatesin Section3. In Section4 we describethe implementation
of SHARDS and the generationcomponentwhich is illustrated with some
examples.Section5 sketchessomedirectionsfor future work.

2. SHARDS

SHARDS(Ginzlurgetal.,2001)isaHeadDrivenPhrasetrudure Grammar
(HPSG)-basedystemfor the resolutionof fragmentsn dialogue. It is based
onaversionof HPSGdevelopedn (Ginzhurg andSag,2000)whichintegrates
the situation semantics-basettheory of dialoguecontet given in the KOS
framework (Cooperetal., 1999)into recentwork in HPSG(Pollardand Sag,
1994;Sag,1997).

2.1 Fragment Resolution

Following (Ginzlurg andSag,2000),two new attributesaredefinedwithin
the coNTEXT featurestructure: the Maximal QuestionUnder Discussion
(MAX-QUD) andthe SalientUtterance(SAL-UTT).

The MAX-QUD? canbe seenasthe mostsalientquestionthat needsto be
answeredn the courseof a dialogue. Its valueis of type question In the
framawork of this system questionsarerepresentedssemantimbjectscom-
prisinga setof parametergpArRAMS) — thatis, restrictedindices— anda State
of Affairs(soa).

question
PARAMS {m,...}

SOA [soa(...ﬁ...)]

This is the featurestructurecounterparbf the A-abstract\n.(...7...). Ina
wh-questiorthePARAMS setrepresenttheabstractedNDEX valuesassociated
with thewh-phrase(s)For a polar (yes-no)questionthe PARAMS setis empty
In generala numberof suchquestionsmay be availablein a given dialogue
contect, of which oneis selectedasthevalueof MAX-QUD.
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Forinstanceby uttering(1) or (5) thespealkrexpectshequestionVhohired
Jones?to beansweredn thefollowing dialogue.Analogously by uttering(3)
or (7)thespealkrexpectshedialoguepartnetto elaboratenthecorresponding
polarquestiorDid a personnelmaragerhireJones? (with apersonnemanagy
beingthe salientutterance).

ThesAL-uTT representadistinguishedconstituenpf the utterancevhose
contentis thecurrentvalueof MAX-QUD. In informationstructurgerms,it can
bethoughtof asspecifyinga potentialparallelelementcorrelatedwith anele-
mentin theantecedenguestionor assertionlts valueis of typesign enabling
the systemto encodesyntacticcatayorial parallelism,including caseassign-
mentfor the fragment. Specifically sAL-uTT is computedasthe constituent
associateavith therole bearingwidestscopewithin MAX-QUD:

»  Forwh-questionssAL-uTT isthewh-phrasessocitedwith therArRAMS
setof thequestion.

» If MAX-QUD isaquestiorwith anemptyPARAMS setthecontet will be
underspecifiefor sAL-uTT. Thepossiblevaluesfor thesAaL-uTT fea-
tureareeithertheemptysetor the constituentissociateavith thewidest
scopingquantifierin MAX-QUD. Thisis envokedto resohe sluicingt. In
the caseof polarquestionssAarL-uTT will beempty

According to theserequirementshe saL-uTT in the before-mentioned
MAX-QUD of (1) and(5) is the wh-phrasewha. In caseof (3) and (7) the
SAL-UTT is theconsituent personnelmanaer, which constitutegshewidest
scopingquantifier

Interpretingafragmentin dialogueconsistsn computingfrom context (rep-
resentedas a dialoguerecord)the MAX-QUD and sAL-uTT featuresof the
assertioror questionclausethatthe fragmentexpressesandthenusingthese
featuresto specifythe coNnTENT featureof the clause. In section4 we will
commenfurtheron this computation.

2.2 Grammatical Framework

Bare agumentphrasesonstitutea non-headdaughter(the fragment),the
remaininginformationfor the interpretationbeing provided primarily by the
contetual features.Following (Sag,1997;Ginzlurg and Sag,2000),phrases
areclassifiedhotonly in termsof their phrasatype (headedne3gsbut alsowith
respectto the further dimensionof clausality. Figure 1.1 shavs a multi-
dimensionaltype hierarchy where clausesare divided into (amongothers)
declaratie clauses(decl-c), which denoteSQAs, and interrogatve clauses
(int-cl) denotingquestions. Each maximal phrasaltype inherits from both
the headednesandthe clausalitydimension. This classificatiorallows usto
specify systematiacorrelationsbetweenclausalconstructiontypesandtypes
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/\

/clai non-clause non-hd-ph hd-ph
core-cl rel-cl hd-cmp-phhd-sbj-ph.: .
imp-cl excl-cl decl-clint-cl bare-amg-ph

bare-decl-cl bare-wh-cl

Figure1.1. Multi-dimensionaltypehierarchy

of semanticcontent. Fragmentsare assignedo a subtypeof the type bare-
arg(ument)-ph@se) Bareamgumentphrasesarespecifiedto constitutea non-
headdaughtei(the fragment) the remaininginformationfor theinterpretation
beingprovided primarily by the contextual features.The clausalcontent,no-
tablythenucleusof thesoa, whichin aheadedlausewould beinheritedfrom
the headdaughteris hereconstructedrom the MAX-QUD. Theconstituenin
theantecedenpickedup by saL-uTT links the barephraseto theappropriate
argument-roleandenforcescatayorial identity. Thetype constraintassociated
with the supertypéare-amy-phis asfollows.

bare-ag-ph=

[STORE  {}
CONT | SOA | NUCL

MAX-QUD | SOA | NUCL
CTXT CAT

CONT | INDEX ]

CAT
NHD-DTRS
CONT | INDEX

It requiresunificationof the NUCLEUS (propositionalcore)valueof the MAX-
QuD with the NUCLEUS valueof the cONTENT featureof the propositionor
guestionof which the bareamgumentis the non-headdaughter Similarly, the

SAL-UTT [
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cAT featureof the saAL-uTT andthe non-headdaughterfeaturesof the bare
phraseareunifiedto insuresyntacticcateyorial parallelism.

We posittwo subtypeof bare-arg-ph bare-decl-clfor ‘shortanswersand
bare-wh-clfor sluices.Thesesubtypesrealsosubtype®f theclausalitytypes
decl-clandint-cl, respectiely. By type inheritanceit follows that bare-decl-
cl denotesa SQA and that the informationin the constraintfor bare-arg-ph
holds. Theonly information,beyondthatinheritedfrom bare-arg-phanddecl-
cl, which remainsto be specifiedconcernghe scopingof quantifiersandthe
amalgamatiomf semantiaestrictions.

m If thebarephraseis (or contains)a quantifier@, then@ getsscopedn
wider thanthe (optionally existing, alreadyscopedn) quantifiersof the
contectually salientquestion(MAX-QUD).

= Thesetof (semanticyestrictionsontheindex I of thebareclausess the
unionof therestrictionson I in MAX-QUD andthosecontrikutedby the
barephrase.

Theconstraintparticularto bare-decl-clis, hence thefollowing:

bare-decl-cl=

CONT | SOA [

QUANTS
RESTR

e [2
(B8] U[4]

PARAMS {[INDEX ]}

CTXT MAX-QUD QUANTS
SOA
RESTR
INDEX
CONT
NHD-DTRS RESTR
STORE [1set(qf)

As with bare-decl-c] thetypebare-wh-clinheritsa significantpartof its speci-
ficationthroughbeinga subtypeof bare-arg-phandint-cl. Theconditionsthat
arespecificto bare-wh-clpertainto quantifiersandrestrictions.

= Thewidestscopingquantifier() in MAX-QUD’SQUANTS list is removed
from the QUANTS list of the contentof a bare-wh-cl Thus,the widest
scopingquantifier if ary, in the openpropositionof the questionafter
resolutionwill bewhicheverquantifierif ary, waspreviously scopedust
narraver than@).



m  Thesetof (semanticyestrictionsontheindex I of thebarewh-phrasds
theunionof therestrictionson I in MAX-QUD with therestrictionson I
contritutedby thebarephrase.

Theconstraintparticularto bare-wh-clis, hence thefollowing:

bare-wh-cl=

RESTR u

[INDEX
CONT

PARAMS {

SOA | QUANTS

[PARAMS  {} |
non-ng-qf-rel
MAX-QUD SOA | QUANTS < INDEX >
CTXT
RESTR
@ [4] list(gf)

| SAL-UTT | STORE

RESTR

INDEX ]

NHD-DTRS <lSTORE l

| ;

Wegivetheresultof resolvingragmeni2a). After parsingheantecedetr(1)
andthe fragmentphrase the resolutionprocedureyields the Attribute-\alue-
Matrix (AVM) in figure 1.2. The AVM satisfiesthe constraintsmentioned
above, asthe NUCLEUS value of the entire clausefor which the barephrase
is a non-headdaughteiis structuresharedwith MAX-QUD’'S NUCLEUS via ,
categorial parallelismis ensuredvia[ 6], andthe semanticrestrictiond 2] and
have beenamalgamatethto the RESTR valueof the phrase.The generator
usesAVMs like thisto setup its templatesandfillers.

3. Generation of Fragment Paraphrases

Template-basedpproacheto NL generatiorhave proved usefulin various
systemg(seee.g. (Reiter 1995; Becker and Busemann,1999)). Theseap-
proachesre particularlyappropriatan systemswherelarge partsof the text
to be generatedemainfixedin someway; or arepartially determinedorior to
generation.An inspectionof the following dialogueindicatesthatthis is true
for thegeneratiorof fragmentparaphrases:

(12) Thepersonnetiepartmentvonderswvhothe CEO hired.
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[bare-decl-cl
cat  Sffin]

CONT | SOA [

NUCLEUS
RESTR U

PHON ( a, personnel, manager )

guestion

NUCLEUS

SOA
RESTR

[PrON (who )
cAaT  [6]NP[hom]

INDEX [4]
CONT

MAX-QUD
CTXT
SAL-UTT
PHON
CAT
NHD-DTRS <
CONT

( a, personnel, manager )

6]

INDEX [4]

RESTR { personnelmanager(@)}

PARAMS {[INDEX ]}

RESTR {persor()}

hire(4], [3])
{ nameds), jones , persor()}

Figure 1.2. Resolutionof (2a): A personnelmanayer hired Jones.
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(13) (a) Johnthinksastudent.
(b) Johnthinksthe CEOhireda student.
(14) (a) Who?
(b) Whidch studentdid the CEOhire?
(15) (a) Thestudentwho passeall tests.
(b) TheCEO hiredthe studentwho passedll tests.

Theparaphras€l3b)is acombinatiorof partsof thefragmentanswer(13a)
andthe antecedentlause(12). It is worth noting at this point that dialogues
with consecutie fragmentanswersor questions(suchasthe one above) are
recursve in nature. The paraphras¢l5b) for instancecontainsmaterialfrom
theinitial clauseof thediscourse Justconsideringheantecederitvho?andthe
fragmentthe studentwho passedill testsitself is not sufiicientto generatehe
fragments paraphraselt is necessaryo insurethatsomepartsof thedialogue
(in this casethe CEO hired ...) arecarriedover from one paraphraseo the
other while otherpartshave to be modifiedwith respecto the fragment(such
aswhich studenandthestudenwhopassedll test3. Thissuggestsheuseof
templatedor thefixed partsthathave to be carriedover, andof fillers for the
partsthatmight requiremodificationwithin thetemplates.

Unliketemplate-basegeneratiorsystemsvherethetemplatesredefinedn
advance our algorithmusesdynamicallycreatedemplatesThetemplatesare
not fixedin adwance,but mustbe constructedlynamicallyfrom the dialogue.
In a dialoguesuchas (12)—(15)the templatesare built oncefor a specified
MAX-QUD attheverybegginningandremainspecifieduntil the dialogueends.
More precisely every changen the MAX-QUD forcesa recomputatiorof the
templates.Anotherdynamicfeatureconcernghefiller. After eachutterance,
thefiller is updatecandcombinedvith oneof thetemplatego yield theintended
paraphraseThisenablesisto updatahe pampltrasesn aseqienceof questons
andfragmentanswers.

The main point in using this template-fillermechanismis that it permits
the reuseof constituents/syntic structurethat are alreadyavailable. Since
the surface stringsare accessibldrom the userinput, and the syntacticand
semantignformationis availablefrom the parseandfragmentinterpretationit
is usefulto exploit theseresourcesOur generatoperformsshallowgeneation
by regycling alreadygiven datawithout usingdeepsemantidknowledge.

We now considerthe dynamicconstructionof the templatesandfillers in
greaterdetail. Essentially the templatescorrespondo different paraphrase
schemaof the MmAX-QuUD, while thefillers correspondo thefragments.

3.1 Identifying the Templates

In (12)—(15)the SHARDS systemidentifiesthe questionWhodid the CEO
hire? asthemaximalquesion underdiscussibnand whoasthe salent utterarnce.
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WecansedhatacertainconstituenofthemMmax-Qup —namelydidtheCEOhire
—reappears modifiedformsin theparaphrased.3)—(15)(b): Theparaphrases
(13b) and (15b) containthis componenin Subject-\érb-Object(SVO) order
(the CEOhired...). Theparaphras€l4b)however containghis componentn
Subject-Auxiliary-liwerdgon (SAl) form(. . . didtheCEOhire). Tohandlghese
phenomenauralgorithmconstructdwo differenttemplatesthetemplater’,,
for the SVO caseandT,; for the SAl case.

Bothtemplatesontainaslot(representetly ) which determinesheposi-
tion thatthefiller will occupy. In theexampleabore we indicatedthis position
with threepoints. For thedialoguein (12)—(15)thetemplatesare

Tswo = the CEO hired ¢
Tsei = < did the CEOQ hire

3.2 Identifying the Filler

Thedialoguecontainghefollowing progressiorirom thesaL-utT whoin
(12)to thefinal bareNP answerthe studentwho passedll testsin (15):

F; :who
i)

F, : astudent

1
F3 : which student

Fy : thestudenwho passedill tests

We generatehe paraphrasesf the correspondingragmentsby substituting
thefillers F; to F, for the slotsin the correspondingemplates.For instance
substitutingF; for theslotin T,; (Whichwewrite T,; (F3)) yieldstheintended
paraphrasél4b).

Eachfragmentproducesinupdateof theprecedindiller. E.g. thefiller F; is
updatedy thefragmentwhoof (14a)to F3. Thefinal selectiorof thetemplate
andits compositionwith thefiller dependson the entire fragmentclauseand
not onthe fragmentalone.In (13), for instancewe have to prefix Johnthinks
to Ty (F2) to gettheintendedresult.

4. An Implemented Systemfor Fragment Resolutionand
Paraphrase Generation

Oneof thesystems maintasksis the computatiorof themMAx-QuD. Thisis
accomplishedby computinga list of possibleMax-QuD candidatesrom the
parseditterancesAfter thesystemhasidentifiedafragmentjt is matchedvith
the MAX-QuUD candidatesFromthe matchingcandidate®neis selectecand
thefinal fragmentresolutioncantake placeaccordingto the constraintgyiven
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in section2. Thisresembleslgorithmsfor anaphoraesolutionwherea setof
possibleantecedentis computecandeachof themis matchedi.e. checledfor
agreementyvith the anaphomunderconsideration As in the caseof anaphora
resolution,whereambiguity arisesdueto several possibleantecedentghere
may beseveralMAX-QUD candidatesvhich canbe matchedwith afragment.
Add presentSHARDS selectghe mostrecentmMAx-QuD candidateof appro-
priatesemanticypefor thefragment.However, astheexamplein (16)indicates
this stratgyy will notalwayssucceed.

(16) (a) Why did Mary arrive early?
(b) I cant tell you!
(c) Why cant youtell me?
(d) Ok, if youmustknow —to surpriseyou.

The utteranceof (16c) addsthe nev MAX-QUD candidatecorrespondingo
Whycant youtell me?to thecandidatdist. However, thenext utterancg16d)
containsa fragmentanswemwhich hasto beresohedwith respecto the MAX-

QUD introducedby (16a). We arein the procesof developinga morerefined
procedurefor rankingMAx-Qubp candidategndselectingthe highestvalued
of thecandidatdist.

The entiresystemof fragmentresolutionandgeneratioris implementedn
Prologusing ProFIT (Erbach,1996) as a formalismto handletyped feature
structures.The completesystemconsistsof five maincomponentsThe com-
ponentd-IV constitutethe SHARDSsystem(Ginzhkurg etal., 2001). V is the
paraphrasgeneratar

I. HPSG Grammar. Thisis a substantiallynodifiedversionof the grammar
emplo/edby (Gregoryard Lappin, 1999) butusingthetypesand feaures
mentionedn Section?2.

Il. DialogueRecord. Whena clausehasbeenparsedits AVM is corverted
into a transitive network of MotherDaughterRelations(the MDR list)
andthenstoredin a dialoguerecord. If the clausecontainsa fragment,
componentll (CoNTEXT ResolutionProcedure)s invoked to resole
thefragment. Otherwisea list of MAX-QUD candidate$s computedas
follows: At first, all subclause®f the clauseareidentified. Thenall
coNTENT featuresof eachof thesesubclauseareextractedandadded
to the MAX-QUD candidatdist asa further componenof the dialogue
record.By addingnew candidateso thelist we areableto keeptrack of
MAX-QUDS from preceedingitterances.

lll. ConTEXT ResolutionProcedure. Thisassignsraluesfrom thedialogue
recordto the MAX-QUD andsAL-uTT featuresof the currentclauseas
follows: ForeactelemeninthemaAax-Qup candidatdistthesAL-UTT is
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computedrom the signwhosecontentprovidesMAX-QUD by applying
the conditionsgivenin section2. The mostrecentMAX-QUD element,
whichyieldsasArL-uTT thatis compatiblewith thefragments selected
asthevalueof theMAX-QUD feature.

Thefollowing shortdialogueshavs how the checkfor compatibility of
SAL-UTT andfragmentenablesisto selecttheappropriateMAX-QUD.

(17) A boardmemberaskswho hiredJones.
(18) (a) Peterwonderswho.

(b) Peterwondeswhich board memberaskswhohiredJones.
(19) (a) Peterthinksthe CEO.

(b) Peterthinksthe CEOhiredJones.

In componentl two MAX-QUD candidatesrecomputedgcorresponding
to Doesa boad membeaskwhohiredJones?andWhohiredJones? In
componentll thetwo sAL-uTTsaboard membemandwhoarecomputed
from the MAX-QUD candidatesrespeciiely. As thefirst one(beinga
propemounphrasexanonly bematchedvith thefragmentwhoin (18a)
andthe secondone (beinga wh-phrase)canonly be matchedwith the
fragmentthe CEOin (19a),the appropriateMAX-QUD with respecto
thefragmentis selected.Thusthefinal paraphrasewill beasshowvn in
(18b)and(19b).

IV. Fragment ResolutionProcedure. This computeghe semanticgi.e. the
coNTENT) of the currentfragmentclausefrom its MAX-QUD andSAL-
uTT valuesaccordingto thetype constraintspecifiedn section2.

V. Paraphrase Generator. After the resolutionprocedurehasbeenapplied,
the generatoris called with the antecedentlausein the form of the
MDR list andthe resohed fragmentclausein the form of an AVM. It
computeghetemplatesupdateghefillers, andreturnstheparaphrasef
thefragmentclause.

4.1 Implementation of the Generation Algorithm

ThegeneratotakesAVMs asargumentgalist of AVMs in from of theMDR
list correspondingo the antecedenaind the AVM of the resohed fragment
clause@andreturnsthe paraphrasef thefragmentclausen theform of aword
string. The MDR list agumentenableshe generatotto searchthe parseof
the antecedentlauseefficiently, e.g. for the auxiliary in SAI clausesor for
someverbalhead,etc. The operationgsuchasdeletionor substitutionof an
element}hatthe generatoperformsarecarriedout on the surfacestrings,i.e.
onthevaluesof the PHON features.Thegeneratoextractsthe PHON valuesof
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the AVMs for theantecedentlauseandthefragmentclausan theinitial phase
of generatiorandperformsits operationgiot on their AVMSs hut just onthese
surfacestrings. All operations- thoughguidedby the informationin the full
AVMs — aresimplestring manipulations.

If thegeneratois calledfor thefirst time (or whenthe MAX-QUD changes,
e.g.whenanew dialoguestarts, it computeshetwotempldesandthefirstfiller
F1, usingthe antecedentlauseandthe fragment,accordingto the following
algorithm:

Initialize.
1 Identify thesaL-uTT andstorethe AVM asfirst filler F;.
2 ldentify themMAXx-QUD anddeletethesAL-uTT to getthe AVM M Q.
3 Computethetemplatesl’s,; andTy,, from M () andstorethem:

(@) If MQ isin SVO order storeit asTy,,, computeT,;, andinsert
theslots;else

(b) MQ isin SAI order storeit asT;,;, computeTy,,, andinsertthe
slots.

Thesetupof thetemplatesequiresa cornversionfrom a clausein SVO orderto
onein SAl orderor vice versa. If the clauseis in SVO order the verbalhead
hasto be searchedan appropriateauxiliary hasto be insertedinto the string,
andthe baseform of theverbhasto be substitutedor its inflectedform. If the
corversionhasto bedonein theotherdirection,thentheauxiliary is identified
anddeleted andtheinflectedform of theverbis substitutedor its baseform.

The insertionof the slot at the appropriatepositionin the SVO template
requiregheidentificationof theverbalheadwhich subcatgorizesfor thesaL-
uTT. After this verbhasbeenfound,theslotis insertedatthe positionthatthe
SAL-UTT would occupy. E.qg. if thesaL-uTT is the subjectthenthe slotis
insertedmmediatelyin front of thisverh In the caseof the SAI templatethe
slotis insertedatthebeaginningof thetemplatgustin front of theauxiliary. As
mentionedabove, thesearcHor daughtersuchastheverbalheadsanbedone
efficiently by going throughthe MDR list, which hasalreadybeencomputed
for the SHARDSdialoguerecord(cf. componentl above).

Oncethe templatesare setup, the generatorupdateshe filler F; to F; 14
accordingto the type of the fragment. Below we refer to the clausewhich
containghefragmentas F'C.

UpdateFiller.

1 If thefragmentof F'C is awh-phrasesubstitutevhich for thedeterminer
in thefiller F;; else,
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2 substitutehe fragmentfor F;.

To accomplishthe first caseof filler updatethe AVM correspondingo the
storedfiller F; is searchedor its determiner Thenwhich is substitutedor this
determiner The secondcaseis straightforvard.

After thefiller hasbeenupdatedhegeneratois readyto computethe com-
pleteparaphrasé’; ;. Let o standfor the concatenatiorf stringsande for
the empty string. We write T'(F') for the resultof substitutingF’ for the slot
¢ in thetemplateT'. ThusT (e) is theresultof deletingthe slotfrom T'. The
compositionof templateandfiller depend®n the clauseF'C, which contains
thefragment.

Composition of template and filler.
1 If F; 4, isawhphrase

(a) If FC consistgustof thefragmentthenP; 1 = Ty, (Fi+1); else,
(b) substituteF; 1 o Ty, () for thefragmentin FC to getP;;1;

else,
2 substituteT’,, (F;41) for thefragmentin F'C to getP; ;.

Theif-thencascad¢akescareof thepossiblevordordersandspecificallyof the
frontingof wh-phrasesl(a)handledgrontedwh-phrasesin SAI corstructionsof
wh-guestionsuchasWhidc studentid theCEOhire? Case€l(b)handlesases
wherethewh-questionis embeddedasin Thepersonneldepartmentvondes
which studentthe CEO hired Case2 generateshe SVO orderin embedded
andnon-embeddedaseg[Johnthinks]the CEO hireda student).
Oncethefiller andthetemplaehavebeensetup, thecompositiorof thesdwo
componentss achiezed by simplestring concatenationWe insureagreement
of thefiller andthetemplateby supplyingtheslotwith thecorrespondinggree-
mentfeaturesof thetemplateandcheckingthemwhenthefiller is inserted.

4.2 The Generator at work

Basic Examples. We will now illustrate the generationalgorithm with
threebasicexamples,which correspondo the threecasesof the compostion
procedure.Thefollowing dialogueyields aninstanceof a non-embeddedh-
sluiceandthuscorrespondso casel(a) of the compositionprocedure.

(20) Mary likesa student.
(21) Who?

The first time the generatoiis called the agumentsare a parse(in the form
of the MDR list) of the antecedentlause(20) and an AVM of the parsed
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and interpretedfragmentclause(21). As this is the first call, the templates
Ty andTy,; aregeneratedh theinitialization procedurén theway described
abore. SHARDSIdentifiesMary likesa studentasthemaximalquestiorunder
discussionand a studentas the salientutterance. Thusthe first filler £} is

setto a studentandthe templatesarecomputedrom Mary likes whichis the

maximalquestiorunderdiscussiorafterdeletionof thesalientutterance After

initialization the situationis asfollows:

F; = a student
Tswo = Mary likes<
Tsei = <{does Mary like

Immediatelyafterthisinitial computatiorthefiller is updatedo
F5 = which student

in casel of theupdateprocedurebecausehe fragmentis the wh-phrasevho.

Asthefiller isawh-phraseandthefragmentlauseconsistgustof thefragment,
casel(a) of the compositionprocedures invoked andthe final paraphrasés

computedas

P, = Which student does Mary like?
In thefollowing dialoguethewh-sluiceis embedded.
(22) Mary likesa student.
(23) Johnwonderswho.

AstheMAX-QUD, thesAL-UTT, andthefragmentrethesameasin theprevious
example theresultsaftertheinitialization andupdateof thefiller arethesame.
However, asthefragmentis embeddedsasel (b) of thecompositioris invoked.
F5 0 Tyy0(e) = which student Mary likes is substitutedor thefragment
whoin thefragmentclauseJohnwondes wha Thefinal resultis

P, = John wonders which student Mary likes.

Thefollowingdialoguéllustratestheapplicaion of case2 of thecompostion
procedure. As this caseworks for non-embeddeds well asfor embedded
fragmentswe indicateJohnthinksasbeingoptional.

(24) WhodoesMary like?
(25) [Johnthinks]astudent.
In (24) doesMary like is identifiedasthe MAX-QuD andwhoasthe SAL-UTT.
Thereforetheinitialization procedureyieldsthefollowing results.
F; = who
Tsvo = Mary likes <
Tse; = < does Mary like
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Theupdateof thefiller yields
F5 = a student

accordingto case2 of the updateprocedure.Finally, this filler andthe SVO
templatearecomposedo

P; = [John thinks] Mary likes a student

in case2 of the compositionprocedurebecausehefiller is notawh-phrase.

Consecutive Paraphrasesand Multiple Embeddings. The algorithm
is capableof generatingparaphrasesf consecutie fragmentsas shavn in
dialogue(12)—(15).After initialization the situationis asfollows:

F, = who
Tswo = the CEQ hired ¢
Tse; = <>did the CEO hire

Theupdateof thefiller yields
F5 = a student.

Asthefiller is notawh-phrasecase? of thecompositiorprocedureppliesand
Tswo(F2) = the CEO hired a student is substitutedor a studentin (13).
Thefinal paraphrases

P, = John thinks the CEOQ hired a student

Thenext call of thegeneratowith (13) astheantecedentlauseand(14) asthe
fragmentclausdeadsto anupdateof F5 to

F3 = which student

asthefragmentis whoandwhi ch is substitutedor thedeterminem in F;. As
F3 is awh-phraseandthe fragmentclauseconsistgust of the fragmentwho,
casel(a)of thecompositionprocedurds considered.

P3 = Which student did the CEO hire?
After thelastcall of thegeneratarthefiller F3 is updatedo

Fy = the student who passed all tests
andthefinal paraphrasés computedas

P, = The CEO hired the student who passed all tests
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This algorithmworks properlywith examplesthatcontainmultiple embed-
dings,asin the caseof thefollowing antecedentlause wherethe wh-phrase
occursoutsideof the matrix clausethe systemadministator thinks...

(26) Petemwondersvhothesystermadministratothinksdeletedhefiles.
(27) (a) Thewebmastebelievesastudent.

(b) Thewebmastebelievesthe systenadministator thinksa stu-
dentdeletedthefiles.

(28) (a) Who?

(b) Whidh studentdoesthe systemadministator think deletedthe
files?

SHARDS dentifiesthe questionWho doesthe systemadministator think
deletedhefilesasthemaximalquestiorunderdiscussiorandwhoasthesalient
utterancgandthefirst filler F1). Thereforethe antecedentlause(26) gives
riseto thetwo templates

Tswo = the system administrator
thinks ¢y deleted the files
Tsei = < does the system administra-

tor think deleted the files

The first updateof thefiller yields F» = a student, andthe paraphrase
(27b) is generatedn case2 of the compositionprocedure. In the next turn
Fy is updatedto F3 = which student, and casel(a) of the composition
procedurdeadsto (28b).

Polar Questions.  Thealgorithmis ableto produceparaphrasesf answers
to polarquestiongjuite straightforvardly.

(29) DoesPeterthink the CEOhireda student?
(30) (a) Yes.
(b) Peterthinksthe CEO hireda student.
(c) No.
(d) Peterdoesnotthinkthe CEOhireda student.

Asthepolarquestior(29)isanSAl corstructionwecanjust runtheprocedure
for settingupthetemplate®nit. Thiswill computeTy,, andsincethesAL-uTT
is emptyin the caseof polarquestionsnothingwill bedeletedandnoslotwill
beinserted. Theresultwill bethe paraphras¢30b). A smalladditionto this
proceduremakesit possibleto generatehe paraphrasesf negative answers
suchas(30c)aswell.
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The generatorcan produceparaphrasefor all phenomendhat the parser
andtheresolutionprocedureof SHARDScurrentlyhandle. ThesearebareNP
fragmentsandbarewh-sluices embeddedragmentsandpolarquestionof the
kind illustratedin the precedingsections.

5. Conclusionand Futur e Reseach

Mostwork onNL generatiorsuchas(Shiebesetal.,1990;Kay, 1996;McKe-
own, 1985;Nicolov andMellish, 2000)hasformulatedthe problemin abstract
termsasthe productionof a lexical string to encodea semanticrepresenta-
tion. We have situatedyeneratiorwithin thecontet of dialogueinterpretation,
specificallyfragmentresolution. In doing so, we have beenableto eliminate
much of the indeterminag which characterizeglassicalgeneratiorsystems
by exploiting therich syntacticandphonologicalinformationproducedn the
courseof dialogueinterpretation.

While thereareundoubtlygeneratiorproblemso which this approactdoes
not apply the work describedhere doessuggestthe possibility of efficient
generatiorthroughthe exploitation of the resultsof dialogueinterpretationin
animportantclassof NL applications.

The researchon the systemwe introducedin the precedingsectionds part
of alargerprojectof dialoguemanagemerdtKing’'s College,London. We are
extendingour systemn severaldirections.We planto incorporatehehandling
of ellipsis structuregVP-ellipsisandgapping)into the SHARDSsystemand
thegeneratioromponentvill bedevelopedo dealwith theseconstructionsin
addition,we arecurrentlydoingcorpuswork with the British NationalCorpus,
which will eventually resultin a typology of fragmenttypes. We will use
the examplesof ellipsis that we find in this corpusto evaluateand improve
our generatiorsystem.We arealsoin the processof extendingthe lexicon to
achievebroadercoveragdorour parerand fragmentintempretation comporents
(Puner, 2001).
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Notes

1. Incasedikethisone,Who?mayaswell beaclarificatoryquestioron Jones meaningVhois Jones?
See(Ginzlurg, 2001)for anaccountof clarificatoryellipsis within the generaHPSGframeavork assumed
here. A procedureor recognizingclarificatory questionfragmentsis beingdevelopedon the basisof this
account.

2. Currentlyour systemis not capableof handlingellipsis structures.But aswe point out in the last
sectionwe areextendingit to dealwith thesecases.

3. Inthefollowing wewill use'MAX-QUD’ asanabbreiation for ‘'maximal questiorunderdiscussion’
aswell asfor the correspondingdPSGfeature

4. sAL-UTT canalso be a setcontainingmore thanone elementin contets whereMAX-QUD is a
multiple questionasin A: Whoarrived when?B: Jo at 5, Mustafaat 7.

5. Ginzlurg andSag(2000)actuallytreatbarefragmentsasheaddaughtersFor simplicty of exposition
we retainthe typed featuresystemwhich we emplg in our currentimplmentationof SHARDS and the
paraphrasgeneratar It would not bedifficult to revise this systemin accordancevith the analysisof bare
phrasepresentedn (Ginzlurg andSag,2000).

6. It will benecessaryo refineour agreementheckingprocedurego dealwith mismatchesn number
andtenseasin (i) and(ii) respectiely.

@ (a) Whois presentinghereport?
(b) JohnandMary.

(i) (a) Who haswrittenthe program?
(b) Mary will.
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