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1. Intr oduction

Much previous work on generationhasfocusedon thegeneralproblemof
producinglexical stringsfrom abstractsemanticrepresentations.We consider
generationin thecontext of aparticulartask,creatingfull sententialparaphrases
of fragmentsin dialogue.Whenthesyntactic,semanticandphonologicalinfor-
mationprovidedby a dialoguefragmentresolutionsystemis madeaccessible
to a generationcomponent,muchof the indeterminacy of lexical selectionis
eliminated.

One major challengefor any dialogueinterpretationsystemis the proper
treatmentof fragments.ExamplesincludebareNPanswers(2a),wheretheNP
a personnelmanager is resolvedastheassertion(2b),andsluicing(4a),where
thewh-phraseis interpretedasthequestion(4b)� .
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(1) Who hiredJones?

(2) (a) A personnelmanager.
(b) A personnelmanager hiredJones.

(3) A personnelmanagerhiredJones.

(4) (a) Who?
(b) Which personnelmanager hiredJones?

Furthermorethe antecedentor the fragmentmay be embedded,as in the
following examples.

(5) Themanagementaskedwho hiredJones.

(6) (a) Thepersonneldepartmentthinksapersonnelmanager.
(b) Thepersonneldepartmentthinksa personnelmanager hired

Jones.

(7) ThepersonneldepartmentthinksapersonnelmanagerhiredJones.

(8) (a) TheCEOwonderswho.
(b) TheCEOwonders which personnelmanager hiredJones.

Generatingfull paraphrasesfor interpretedfragmentsin a dialoguesystem
is an importantutility for facilitating human-machinecommunication. We
considerthreecaseswhereparaphrasegenerationperformsausefulfunction.

Dialogue Systems. In dialoguesystemsthe purposeof paraphrasegen-
erationis twofold. First, it increasestheexplicitnessandtransparency of the
system,which might be an option that the userwishesto use. Second,it is
necessaryfor the generationof clarificationquestions,which canbe usedby
thesystemto resolve ambiguity. This is illustratedin the following dialogue
betweenauserandaninformationsystem.�����	��


Who did thepersonneldepartmenthire?��
 �����	��

Johnthinksastudent.�����	��

Who?

At this point Who? might askfor moredetailsaboutJohn (becausethe user
wonderswho John is) or it might be a questionaboutthe hired student. To
resolve thisambiguitythesystemproducesthefollowing clarificationquestion
by generatingtheparaphraseof theuser’s wh-sluice:��
 �����	��


Do youwantto knowwhich studentJohnthinksthe
personneldepartmenthired?

If the useranswerspositively the systemrespondswith the fragmentanswer
or thefull paraphrase,dependingontheparameterwhichcontrolsthesystem’s
level of explicitness:
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 �����	��

Bill Smith.

or ��
 �����	��

JohnthinksthepersonneldepartmenthiredBill Smith.

If theuseranswersnegatively, thenthesystemwill treatWho?asaclarificatory
questionon theutteranceJohn.

SystemEvaluation. A naturalapplicationof paraphrasegenerationis
the monitoringof a system’s performance.Full paraphrasescanbe usedto
interactively testthesystem’sinterpretationof fragments.Whentheparaphrase
is availableto a humanuser, he/shecanconfirmor revisetheparaphrase,and
somonitortheperformanceof thesystemefficiently. Theparaphrasegenerator
thatwe presentin this paperis currentlyusedfor monitoringtheperformance
of theSHARDSsystem– asystemfor resolvingfragmentsin dialogue– which
is introducedin moredetailin section2.

MachineTranslation. Certainelidedstructuresposeaproblemfor machine
translation.Although thesourcelanguagemight exhibit ellipsisstructuresof
a specifickind, thetarget languagemight not allow for these.Thereforethese
structureswill have no direct translation. Two casesin point areVP-ellipsis
andpseudo-gappingin English,whichhavenodirectcounterpartsin languages
suchasGerman.A straightforward solutionis to usefull paraphrasesinstead
of ellipsisastheinput to theMT component.Considerthefollowing English
dialogueandits translationinto German� .

(9) (E) Whosubmitteda reporttoday?
(G) Wer legteheuteeinenBerichtvor?

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

(11) (E) Johnsubmitteda reportto his supervisortoday.
(G) JohnlegteheuteeinenBericht seinemBetreuervor.

TheEnglishanswer(10E)exhibits pseudo-gapping,whichcannotbetrans-
latedinto asimilar structurein German(10G).A translationincludinganaux-
iliary correspondingto did is ungrammatical.Droppingtheauxiliary prior to
thetranslationresultsin an(at best)oddsentence.

This problemcanbecircumventedusingparaphrasegeneration.Insteadof
translating(10E)directly, its paraphrase(11E)is computed.Thenthetransla-
tioncanproceedwith thisparaphraseasthesourceinputtoobtain anappropriate
Germansentence(11G).

Using the fragmentinterpretationsystemSHARDSwe show how to gen-
erateparaphrasesfor fragmentsin dialogueslike thosein (b) in theexamples
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(1)–(8)above. The generatorusesa template-fillerapproach,andit doesnot
do any deepgenerationfrom an underlyingsemanticrepresentation.Instead
it reusestheresultsof theparseandinterpretationprocessof SHARDSto dy-
namicallycomputethetemplates,andthento updatethefiller. This recycling
of alreadyavailablesyntactic,semantic,andphonologicalinformationmakes
generationefficientbecauseit reducestheoperationsof thegeneratorto string
manipulations.

In Section2 we give a review of theSHARDSsystemandthegrammatical
background.Wethenexplainourproposalfor generatingfragmentparaphrases
with templatesin Section3. In Section4 we describethe implementation
of SHARDS and the generationcomponent,which is illustratedwith some
examples.Section5 sketchessomedirectionsfor futurework.

2. SHARDS

SHARDS(Ginzburgetal.,2001)isaHeadDrivenPhraseStructureGrammar
(HPSG)-basedsystemfor theresolutionof fragmentsin dialogue. It is based
onaversionof HPSGdevelopedin (Ginzburg andSag,2000)whichintegrates
the situationsemantics-basedtheory of dialoguecontext given in the ��� �
framework (Cooperet al., 1999)into recentwork in HPSG(PollardandSag,
1994;Sag,1997).

2.1 Fragment Resolution

Following (Ginzburg andSag,2000),two new attributesaredefinedwithin
the ����� ������� featurestructure: the Maximal QuestionUnder Discussion
(
� �!�!"$#�%!&

) andtheSalientUtterance(
�'��()"*%��+�

).
The

�,�!�-".#�%�&!/
canbe seenasthe mostsalientquestionthat needsto be

answeredin the courseof a dialogue. Its value is of type question. In the
framework of this system,questionsarerepresentedassemanticobjectscom-
prisinga setof parameters( 0 �������1� ) – thatis, restrictedindices– andaState
of Affairs(

� � � ). 2334 question0 �������5� 6�798':;:;:=<� � � >@?'A�B�C :':':D7�:':':FE-G
HJIIK

This is the featurestructurecounterpartof the L -abstractL 79: C :':':D7M:':':FE . In a
wh-questionthe 0 �������1� setrepresentstheabstractedN@� &���� valuesassociated
with thewh-phrase(s).For apolar(yes-no)questionthe 0 �������5� setis empty.
In generala numberof suchquestionsmay be available in a given dialogue
context, of whichoneis selectedasthevalueof

�,�!�-".#�%!&
.



Full ParaphraseGeneration for Fragmentsin Dialogue 5

For instance,byuttering(1)or (5) thespeakerexpectsthequestionWhohired
Jones?to beansweredin thefollowing dialogue.Analogously, by uttering(3)
or (7) thespeakerexpectsthedialoguepartnertoelaborateonthecorresponding
polarquestionDid apersonnelmanagerhireJones? (with apersonnelmanager
beingthesalientutterance).

The
����(O"$%!���

representsadistinguishedconstituentof theutterancewhose
contentis thecurrentvalueof

�,�!�-".#�%!&
. In informationstructureterms,it can

bethoughtof asspecifyinga potentialparallelelementcorrelatedwith anele-
mentin theantecedentquestionor assertion.Its valueis of typesign, enabling
the systemto encodesyntacticcategorial parallelism,including caseassign-
mentfor the fragment.Specifically,

�'��()"$%!���
is computedastheconstituent

associatedwith therolebearingwidestscopewithin
� �!�!"$#�%!&

:

Forwh-questions,
����(O"$%!���

isthewh-phraseassociatedwith the 0 �������1�
setof thequestion.

If
� ���-".#�%!&

isaquestionwith anempty0 �������5� set,thecontext will be
underspecifiedfor

����(O"$%!���
. Thepossiblevaluesfor the

����(O"$%!���
fea-

tureareeithertheemptysetor theconstituentassociatedwith thewidest
scopingquantifierin

�,�!�-".#�%!&
. This is envokedto resolvesluicingP . In

thecaseof polarquestions,
�'��(O"$%!���

will beempty.

According to theserequirementsthe
�'��(O"$%!���

in the before-mentioned� �!�!"$#�%!&
of (1) and (5) is the wh-phrasewho. In caseof (3) and (7) the�'��()"*%��+�

is theconsituenta personnelmanager, which constitutesthewidest
scopingquantifier.

Interpretingafragmentin dialogueconsistsin computingfrom context (rep-
resentedas a dialoguerecord)the

�,�!�-".#�%!&
and

�'��(O"$%!���
featuresof the

assertionor questionclausethat thefragmentexpresses,andthenusingthese
featuresto specifythe ����� �+� � � featureof the clause. In section4 we will
commentfurtheron thiscomputation.

2.2 Grammatical Framework

Bareargumentphrasesconstitutea non-headdaughter(the fragment),the
remaininginformationfor the interpretationbeingprovided primarily by the
contextual features.Following (Sag,1997;Ginzburg andSag,2000),phrases
areclassifiednotonly in termsof theirphrasaltype(headedness), but alsowith
respectto the further dimensionof clausalityQ . Figure 1.1 shows a multi-
dimensionaltype hierarchy, whereclausesare divided into (amongothers)
declarative clauses(decl-cl), which denoteSOAs, and interrogative clauses
(int-cl) denotingquestions. Eachmaximal phrasaltype inherits from both
theheadednessandtheclausalitydimension.This classificationallows us to
specifysystematiccorrelationsbetweenclausalconstructiontypesandtypes
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phrase

clausality headedness

clause non-clause non-hd-ph hd-ph

core-cl rel-cl hd-cmp-phhd-sbj-phRSR*R
imp-clexcl-cl decl-clint-cl bare-arg-ph

bare-decl-cl bare-wh-cl

Figure 1.1. Multi-dimensionaltypehierarchy

of semanticcontent. Fragmentsareassignedto a subtypeof the type bare-
arg(ument)-ph(rase). Bareargumentphrasesarespecifiedto constitutea non-
headdaughter(thefragment),theremaininginformationfor theinterpretation
beingprovided primarily by thecontextual features.Theclausalcontent,no-
tablythenucleusof the

� � � , whichin aheadedclausewouldbeinheritedfrom
theheaddaughter, is hereconstructedfrom the

�,�!�-".#�%�&
. Theconstituentin

theantecedentpickedup by
�'��()"$%!���

links thebarephraseto theappropriate
argument-role,andenforcescategorial identity. Thetypeconstraintassociated
with thesupertypebare-arg-ph is asfollows.

bare-arg-ph T2333333333333334

��� � �-� 6O<����� �VU-� � �WU � % � ( �� �+��� 2334 �,�!�-".#�%�&XU�� � �XU � % � ( ��'��(O"$%!��� Y � �	� ������ �VU N@� &��	� / Z
HJIIK

��[ &-"$&����!� \]Y � �	� ��+��� �^U N_� &���� / Z�`

HJIIIIIIIIIIIIIIK
It requiresunificationof the � % � (a�	%�� (propositionalcore)valueof the

� ���-"#�%!&
with the � % � (a��%�� valueof the ����� �+� � � featureof thepropositionor

questionof which thebareargumentis thenon-headdaughter. Similarly, the
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�'��()"$%!���

andthe non-headdaughterfeaturesof the bare
phraseareunifiedto insuresyntacticcategorial parallelism.

Weposittwo subtypesof bare-arg-ph: bare-decl-clfor ‘short answers’and
bare-wh-clfor sluices.Thesesubtypesarealsosubtypesof theclausalitytypes
decl-cland int-cl, respectively. By type inheritanceit follows thatbare-decl-
cl denotesa SOA and that the information in the constraintfor bare-arg-ph
holds.Theonly information,beyondthatinheritedfrom bare-arg-phanddecl-
cl, which remainsto be specifiedconcernsthe scopingof quantifiersandthe
amalgamationof semanticrestrictions.

If thebarephraseis (or contains)a quantifier b , then b getsscopedin
wider thanthe(optionallyexisting,alreadyscopedin) quantifiersof the
contextually salientquestion(

�,�!�-".#�%!&
).

Thesetof (semantic)restrictionson theindex c of thebareclauseis the
unionof therestrictionson c in

� ���-".#�%!&
andthosecontributedby the

barephrase.

Theconstraintparticularto bare-decl-clis, hence,thefollowing:

bare-decl-cl T23333333333333333333334

����� �WU9� � � Y #�%-� � �-� � d ��-������� / e P Z
� �+���

2333334 �,�!�-".#�%�&
233334 0 �������5� f > N_� &���� Q GSg� � � Y #�%-� � �-� ��-������� / Z

HJIIIIK
H IIIIIK

��[ &-"$&����!� \ 2334 ����� � Y N_� &���� Q�-�����+� P Z��� � �-� � set(qf)

H IIK `

H IIIIIIIIIIIIIIIIIIIIIK
As with bare-decl-cl, thetypebare-wh-clinheritsasignificantpartof its speci-
ficationthroughbeingasubtypeof bare-arg-phandint-cl. Theconditionsthat
arespecificto bare-wh-clpertainto quantifiersandrestrictions.

Thewidestscopingquantifierb in
�,�!�-".#�%!&

’s
#�%-� � ��� list is removed

from the
#�%-� � �-� list of thecontentof a bare-wh-cl. Thus,thewidest

scopingquantifier, if any, in the openpropositionof the questionafter
resolutionwill bewhicheverquantifier, if any, waspreviouslyscopedjust
narrower than b .
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Thesetof (semantic)restrictionson theindex c of thebarewh-phraseis
theunionof therestrictionson c in

�,�!�-".#�%!&
with therestrictionson c

contributedby thebarephrase.

Theconstraintparticularto bare-wh-clis, hence,thefollowing:

bare-wh-cl T2333333333333333333333333333334

����� � 23334 0 �������5� hi j YkN_� &���� ��-�����+� � e / ZOl mn� � �XU�#�%-� � �-� P
HJIIIK

� �o���
2333333333334
�,�!�-".#�%!&

2333333334
0 �������1� 6)<
� � �WU-#�%-� � �-�p\ Q 234 non-neg-qf-relN_� &���� ��-������� / HJIK `

d P list(qf)

H IIIIIIIIK����(O"$%!���^U-��� � �-� Q

HJIIIIIIIIIIIK
�![ &!"*&����!� \ 24 ��� � �-� Y N_� &���� ��-�����+� � Z HK `

HJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIK
Wegivetheresultof resolvingfragment(2a). After parsingtheantecedent (1)

andthe fragmentphrase,the resolutionprocedureyields theAttribute-Value-
Matrix (AVM) in figure 1.2. The AVM satisfiesthe constraintsmentioned
above, as the � % � (a�	%�� valueof the entireclausefor which the barephrase
is a non-headdaughteris structuresharedwith

�,�!�-".#�%!&
’s � % � (q�	%�� via 1 ,

categorial parallelismis ensuredvia 6 , andthesemanticrestrictions 2 and
3 have beenamalgamatedinto the

�-�o�����
valueof thephrase.Thegenerator

usesAVMs like this to setup its templatesandfillers.

3. Generationof Fragment Paraphrases

Template-basedapproachesto NL generationhave provedusefulin various
systems(seee.g. (Reiter, 1995;Becker and Busemann,1999)). Theseap-
proachesareparticularlyappropriatein systemswherelarge partsof the text
to begeneratedremainfixedin someway, or arepartially determinedprior to
generation.An inspectionof thefollowing dialogueindicatesthat this is true
for thegenerationof fragmentparaphrases:

(12) Thepersonneldepartmentwonderswho theCEOhired.
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233333333333333333333333333333333333333333334

bare-decl-clr�s)tqu v)w , x�yDz�{D|.}~}�y'� , � w } w.� yDz]������ S[fin]� tqu ����� t � Y ua� ���D� � � �� ����� � � � � Z
�����)�

233333333333333333334

� �a�)�@� �)�
233333334
questionr � � � � � f >F� u)� ��� � G$g� t � 24 u)� ����� � � � hire( � , � )� ����� � � � named( � , jones) , person( � ) � HK

HJIIIIIIIK
���a�D� � � � 2333334

r�s)tqu v�¡�¢ |9������ £ NP[nom]� tqu � 24 � u)� ��� �� ����� � � person( � ) � HK
HJIIIIIK

H IIIIIIIIIIIIIIIIIIIK
u)s)� � � � � � \ 2333334

r�s)tqu¤v)w , x�y.z�{�|.}~}�y'� , � w } wD� yDz]������ £� tqu � 24 � u)� ��� �� ����� � � � personnelmanager( � ) � HK
HJIIIIIK `

HJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIK
Figure 1.2. Resolutionof (2a): A personnelmanager hiredJones.
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(13) (a) Johnthinksastudent.
(b) JohnthinkstheCEOhireda student.

(14) (a) Who?
(b) Which studentdid theCEOhire?

(15) (a) Thestudentwhopassedall tests.
(b) TheCEOhiredthestudentwhopassedall tests.

Theparaphrase(13b)is acombinationof partsof thefragmentanswer(13a)
andtheantecedentclause(12). It is worth notingat this point thatdialogues
with consecutive fragmentanswersor questions(suchas the oneabove) are
recursive in nature.Theparaphrase(15b) for instancecontainsmaterialfrom
theinitial clauseof thediscourse.JustconsideringtheantecedentWho?andthe
fragmentthestudentwhopassedall testsitself is not sufficient to generatethe
fragment’s paraphrase.It is necessaryto insurethatsomepartsof thedialogue
(in this casethe CEO hired ...) arecarriedover from oneparaphraseto the
other, while otherpartshave to bemodifiedwith respectto thefragment(such
aswhich studentandthestudentwhopassedall tests). Thissuggeststheuseof
templatesfor thefixedpartsthathave to becarriedover, andof fillers for the
partsthatmight requiremodificationwithin thetemplates.

Unliketemplate-basedgenerationsystemswherethetemplatesaredefinedin
advance,ouralgorithmusesdynamicallycreatedtemplates.Thetemplatesare
not fixedin advance,but mustbeconstructeddynamicallyfrom thedialogue.
In a dialoguesuchas (12)–(15)the templatesare built oncefor a specified� �!�!"$#�%!&

at thevery beginningandremainspecifieduntil thedialogueends.
More precisely, every changein the

� ���-".#�%!&
forcesa recomputationof the

templates.Anotherdynamicfeatureconcernsthefiller. After eachutterance,
thefiller isupdatedandcombinedwith oneof thetemplatestoyield theintended
paraphrase.Thisenablesustoupdatetheparaphrasesin asequenceof questions
andfragmentanswers.

The main point in using this template-fillermechanismis that it permits
the reuseof constituents/syntactic structurethat arealreadyavailable. Since
the surfacestringsareaccessiblefrom the userinput, and the syntacticand
semanticinformationis availablefrom theparseandfragmentinterpretation,it
is usefulto exploit theseresources.Ourgeneratorperformsshallowgeneration
by recycling alreadygivendatawithoutusingdeepsemanticknowledge.

We now considerthe dynamicconstructionof the templatesandfillers in
greaterdetail. Essentially, the templatescorrespondto different paraphrase
schemaof the

�,�!�-".#�%!&
, while thefillers correspondto thefragments.

3.1 Identifying the Templates

In (12)–(15)theSHARDSsystemidentifiesthequestionWhodid theCEO
hire? asthemaximalquestionunderdiscussionandwhoasthesalient utterance.
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Wecanseethatacertainconstituent of the
�,�!�-".#�%�&

–namelydidtheCEOhire
–reappearsin modifiedformsin theparaphrases(13)–(15)(b):Theparaphrases
(13b) and(15b) containthis componentin Subject-Verb-Object(SVO) order
(theCEOhired...). Theparaphrase(14b)howevercontainsthiscomponentin
Subject-Auxiliary-Inversion (SAI) form(

:':':
did theCEOhire). Tohandlethese

phenomenaouralgorithmconstructstwodifferenttemplates:thetemplate¥§¦©¨�ª
for theSVO caseand ¥ ¦k«*¬ for theSAI case.

Bothtemplatescontainaslot(representedby ­ ) whichdeterminestheposi-
tion thatthefiller will occupy. In theexampleaboveweindicatedthisposition
with threepoints.For thedialoguein (12)–(15)thetemplatesare¥ ¦©¨Sª¤® ¯a°	±³²a´	µ¶°+·�¸¹±qº ­¥�¦k«*¬ ® ­ º�·Oº»¯)°�±³²)´	µ¶°�· ¸�±
3.2 Identifying the Filler

Thedialoguecontainsthefollowing progressionfrom the
����(O"$%!���

who in
(12) to thefinal bareNP answerthestudentwhopassedall testsin (15):¼ ��½ who¾¼ �§½ a student¾¼ � ½ which student¾¼ �9½ thestudentwhopassedall tests

We generatethe paraphrasesof the correspondingfragmentsby substituting
thefillers ¿ � to ¿ P for theslotsin thecorrespondingtemplates.For instance
substituting¿ / for theslotin ¥§¦k«*¬ (whichwewrite ¥§¦k«*¬ C ¿ / E ) yieldstheintended
paraphrase(14b).

Eachfragmentproducesanupdateof theprecedingfiller. E.g. thefiller ¿ � is
updatedby thefragmentwhoof (14a)to ¿ / . Thefinal selectionof thetemplate
andits compositionwith thefiller dependson theentirefragmentclauseand
not on thefragmentalone.In (13), for instance,we have to prefix Johnthinks
to ¥§¦©¨�ª C ¿ � E to gettheintendedresult.

4. An Implemented Systemfor Fragment Resolutionand
ParaphraseGeneration

Oneof thesystem’smaintasksis thecomputationof the
�,�!�-".#�%�&

. This is
accomplishedby computinga list of possible

� �!�!"$#�%!&
candidatesfrom the

parsedutterances.After thesystemhasidentifiedafragment,it ismatchedwith
the

�,�!�-".#�%!&
candidates.Fromthematchingcandidatesoneis selectedand

thefinal fragmentresolutioncantake placeaccordingto theconstraintsgiven
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in section2. Thisresemblesalgorithmsfor anaphoraresolution,whereasetof
possibleantecedentsis computedandeachof themis matched(i.e. checkedfor
agreement)with theanaphorunderconsideration.As in thecaseof anaphora
resolution,whereambiguityarisesdueto several possibleantecedents,there
maybeseveral

�,�!�-".#�%!&
candidateswhich canbematchedwith a fragment.

Add presentSHARDSselectsthemostrecent
� �!�!"$#�%!&

candidateof appro-
priatesemantictypefor thefragment.However, astheexamplein (16)indicates
thisstrategy will notalwayssucceed.

(16) (a) Why did Mary arrive early?
(b) I can’t tell you!
(c) Why can’t you tell me?
(d) Ok, if youmustknow – to surpriseyou.

The utteranceof (16c) addsthe new
� ���-".#�%!&

candidatecorrespondingto
Whycan’t youtell me?to thecandidatelist. However, thenext utterance(16d)
containsa fragmentanswerwhichhasto beresolvedwith respectto the

� ���-"#�%!&
introducedby (16a).We arein theprocessof developinga morerefined

procedurefor ranking
�,�!�-".#�%�&

candidatesandselectingthehighestvalued
of thecandidatelist.

Theentiresystemof fragmentresolutionandgenerationis implementedin
PrologusingProFIT (Erbach,1996)asa formalismto handletyped feature
structures.Thecompletesystemconsistsof five maincomponents.Thecom-
ponentsI-IV constitutetheSHARDSsystem(Ginzburg et al., 2001). V is the
paraphrasegenerator.

I. HPSGGrammar. This is a substantiallymodifiedversionof thegrammar
employedby(GregoryandLappin, 1999),butusingthetypesandfeatures
mentionedin Section2.

II. DialogueRecord. Whena clausehasbeenparsedits AVM is converted
into a transitive network of Mother-Daughter-Relations(the MDR list)
andthenstoredin a dialoguerecord. If theclausecontainsa fragment,
componentIII ( À1��� ������� ResolutionProcedure)is invoked to resolve
thefragment.Otherwisea list of

�,�!�-".#�%�&
candidatesis computedas

follows: At first, all subclausesof the clauseare identified. Thenall����� �+� � � featuresof eachof thesesubclausesareextractedandadded
to the

� �!�!"$#�%!&
candidatelist asa furthercomponentof thedialogue

record.By addingnew candidatesto thelist weareableto keeptrackof�,�!�-".#�%�&
s from preceedingutterances.

III. À1��� ������� ResolutionProcedure. Thisassignsvaluesfrom thedialogue
recordto the

�,�!�-".#�%�&
and

����(O"$%!���
featuresof thecurrentclauseas

follows: Foreachelementin the
�,�!�-".#�%!&

candidatelist the
����(O"$%!���

is
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computedfrom thesignwhosecontentprovides
�,�!�-".#�%!&

by applying
theconditionsgiven in section2. Themostrecent

�,�!�-".#�%!&
element,

whichyieldsa
����(O"$%!���

thatis compatiblewith thefragmentis selected
asthevalueof the

� �!�!"$#�%!&
feature.

Thefollowing shortdialogueshows how thecheckfor compatibilityof�'��(O"$%!���
andfragmentenablesusto selecttheappropriate

� �!�!"$#�%!&
.

(17) A boardmemberaskswhohiredJones.
(18) (a) Peterwonderswho.

(b) Peterwonderswhich board memberaskswhohiredJones.
(19) (a) PeterthinkstheCEO.

(b) PeterthinkstheCEOhiredJones.

In componentII two
�,�!�-".#�%!&

candidatesarecomputed,corresponding
toDoesaboard memberaskwhohiredJones?andWhohiredJones?. In
componentIII thetwo

�'��()"*%��+�
saboard memberandwhoarecomputed

from the
�,�!�-".#�%!&

candidates,respectively. As thefirst one(beinga
propernounphrase)canonly bematchedwith thefragmentwhoin (18a)
andthe secondone(beinga wh-phrase)canonly be matchedwith the
fragmentthe CEO in (19a),the appropriate

�,�!�-".#�%!&
with respectto

thefragmentis selected.Thusthefinal paraphraseswill beasshown in
(18b)and(19b).

IV. Fragment ResolutionProcedure. This computesthesemantics(i.e. the����� �+� � � ) of thecurrentfragmentclausefrom its
�,�!�-".#�%!&

and
�'��()"%!���

valuesaccordingto thetypeconstraintsspecifiedin section2.

V. ParaphraseGenerator. After the resolutionprocedurehasbeenapplied,
the generatoris called with the antecedentclausein the form of the
MDR list andthe resolved fragmentclausein the form of an AVM. It
computesthetemplates,updatesthefillers, andreturnstheparaphraseof
thefragmentclause.

4.1 Implementation of the GenerationAlgorithm

ThegeneratortakesAVMs asarguments(alist of AVMs in fromof theMDR
list correspondingto the antecedentand the AVM of the resolved fragment
clause)andreturnstheparaphraseof thefragmentclausein theform of aword
string. The MDR list argumentenablesthe generatorto searchthe parseof
the antecedentclauseefficiently, e.g. for the auxiliary in SAI clausesor for
someverbalhead,etc. Theoperations(suchasdeletionor substitutionof an
element)thatthegeneratorperformsarecarriedout on thesurfacestrings,i.e.
on thevaluesof the 0	[���� features.Thegeneratorextractsthe 0	[���� valuesof
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theAVMs for theantecedentclauseandthefragmentclausein theinitial phase
of generationandperformsits operationsnot on their AVMs but just on these
surfacestrings. All operations– thoughguidedby the informationin thefull
AVMs – aresimplestringmanipulations.

If thegeneratoris calledfor thefirst time (or whenthe
�,�!�-".#�%�&

changes,
e.g.whenanew dialoguestarts), it computesthetwotemplatesandthefirstfiller¿ � , usingtheantecedentclauseandthe fragment,accordingto the following
algorithm:

Initialize.

1 Identify the
�'��(O"$%!���

andstoretheAVM asfirst filler ¿ � .
2 Identify the

�,�!�-".#�%�&
anddeletethe

����(O"$%!���
to gettheAVM ÁÂb .

3 Computethetemplates¥§¦k«*¬ and ¥�¦©¨Sª from ÁÃb andstorethem:

(a) If ÁÂb is in SVO order, storeit as ¥�¦©¨Sª , compute¥§¦©«$¬ , andinsert
theslots;else

(b) ÁÃb is in SAI order, storeit as ¥�¦k«*¬ , compute¥�¦©¨Sª , andinsertthe
slots.

Thesetupof thetemplatesrequiresaconversionfrom aclausein SVO orderto
onein SAI orderor vice versa.If theclauseis in SVO order, theverbalhead
hasto besearched,anappropriateauxiliary hasto be insertedinto thestring,
andthebaseform of theverbhasto besubstitutedfor its inflectedform. If the
conversionhasto bedonein theotherdirection,thentheauxiliary is identified
anddeleted,andtheinflectedform of theverbis substitutedfor its baseform.

The insertionof the slot at the appropriateposition in the SVO template
requirestheidentificationof theverbalheadwhichsubcategorizesfor the

�'��()"%!���
. After thisverbhasbeenfound,theslot is insertedat thepositionthatthe�'��()"*%��+�

would occupy. E.g. if the
����(O"$%!���

is thesubject,thentheslot is
insertedimmediatelyin front of this verb. In thecaseof theSAI templatethe
slot is insertedat thebeginningof thetemplatejust in front of theauxiliary. As
mentionedabove,thesearchfor daughterssuchastheverbalheadscanbedone
efficiently by going throughtheMDR list, which hasalreadybeencomputed
for theSHARDSdialoguerecord(cf. componentII above).

Oncethe templatesaresetup, the generatorupdatesthe filler ¿�Ä to ¿�Ä;Å �
accordingto the type of the fragment. Below we refer to the clausewhich
containsthefragmentas ¿ÇÆ .

UpdateFiller.

1 If thefragmentof ¿�Æ is awh-phrase,substitutewhich for thedeterminer
in thefiller ¿�Ä ; else,
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2 substitutethefragmentfor ¿�Ä .
To accomplishthe first caseof filler updatethe AVM correspondingto the
storedfiller ¿�Ä is searchedfor its determiner. Thenwhich is substitutedfor this
determiner. Thesecondcaseis straightforward.

After thefiller hasbeenupdatedthegeneratoris readyto computethecom-
pleteparaphraseÈ�Ä;Å � . Let É standfor theconcatenationof stringsand Ê for
theemptystring. We write ¥ C ¿ E for the resultof substituting¿ for the slot­ in thetemplate¥ . Thus ¥ C Ê E is theresultof deletingtheslot from ¥ . The
compositionof templateandfiller dependson theclause¿�Æ , which contains
thefragment.

Compositionof templateand filler.

1 If ¿�ÄËÅ � is awh-phrase

(a) If ¿�Æ consistsjustof thefragment,then È�ÄËÅ � ® ¥§¦k«*¬ C ¿�ÄËÅ � E ; else,

(b) substitute¿ ÄËÅ � ÉÌ¥ ¦©¨Sª C Ê E for thefragmentin ¿�Æ to get È ÄËÅ � ;
else,

2 substitute¥§¦©¨�ª C ¿�ÄËÅ � E for thefragmentin ¿�Æ to get È�ÄËÅ � .
Theif-thencascadetakescareof thepossiblewordordersandspecificallyof the
frontingof wh-phrases.1(a)handlesfrontedwh-phrasesin SAI constructionsof
wh-questionssuchasWhichstudentdid theCEOhire?. Case1(b)handlescases
wherethewh-questionis embedded,asin Thepersonneldepartmentwonders
which studenttheCEO hired. Case2 generatesthe SVO orderin embedded
andnon-embeddedcases([Johnthinks] theCEOhireda student.).

Oncethefiller andthetemplatehavebeensetup, thecompositionof thesetwo
componentsis achievedby simplestringconcatenation.We insureagreement
of thefiller andthetemplatebysupplyingtheslotwith thecorrespondingagree-
mentfeaturesof thetemplateandcheckingthemwhenthefiller is insertedÍ .
4.2 The Generator at work

Basic Examples. We will now illustrate the generationalgorithmwith
threebasicexamples,which correspondto the threecasesof the compostion
procedure.Thefollowing dialogueyieldsaninstanceof a non-embeddedwh-
sluiceandthuscorrespondsto case1(a)of thecompositionprocedure.

(20) Mary likesastudent.

(21) Who?

The first time the generatoris called the argumentsarea parse(in the form
of the MDR list) of the antecedentclause(20) and an AVM of the parsed
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and interpretedfragmentclause(21). As this is the first call, the templates¥ ¦©¨Sª and ¥ ¦©«$¬ aregeneratedin theinitializationprocedurein thewaydescribed
above. SHARDSidentifiesMary likesa studentasthemaximalquestionunder
discussionand a studentas the salientutterance. Thus the first filler ¿ � is
setto a studentandthetemplatesarecomputedfrom Mary likes, which is the
maximalquestionunderdiscussionafterdeletionof thesalientutterance.After
initialization thesituationis asfollows:¿ � ® ÎÐÏ�¯aÑ	º�±OÒ¹¯¥§¦©¨�ª ® Ó	Î)¸�ÔWÕ�· Ö�±�Ï ­¥§¦k«*¬ ® ­ º¹×q±�ÏØÓ	Î)¸qÔÐÕ�· Ö�±
Immediatelyafterthis initial computationthefiller is updatedto¿ � ®VÙq°�·qÚ�°ÛÏ�¯aÑ�º¹±OÒ¹¯
in case1 of theupdateprocedure,becausethefragmentis thewh-phrasewho.
As thefiller isawh-phraseandthefragmentclauseconsistsjustof thefragment,
case1(a)of thecompositionprocedureis invoked andthefinal paraphraseis
computedas È � ®VÜq°+·�Ú�°ÛÏ ¯)Ñ	º¹±�Ò�¯³º�×�±	ÏÝÓ�Î)¸qÔÐÕ�·�Ö	±	Þ

In thefollowing dialoguethewh-sluiceis embedded.

(22) Mary likesastudent.
(23) Johnwonderswho.

Asthe
� �!�!"$#�%!&

, the
����(O"$%!���

, andthefragmentarethesameasin theprevious
example,theresultsaftertheinitializationandupdateof thefiller arethesame.
However, asthefragmentisembedded,case1(b)of thecompositionis invoked.¿ � ÉÌ¥§¦©¨�ª C Ê E ®VÙq°�·qÚ�°ÛÏ�¯aÑ�º¹±OÒ¹¯^Ó�ÎO¸�ÔÐÕ¹· Ö	±	Ï is substitutedfor thefragment
who in thefragmentclauseJohnwonders who. Thefinal resultisÈ � ®Ðß)×�°�ÒWÙ�×OÒ	º�±a¸oÏØÙq°+·�Ú�°àÏ ¯aÑ�º¹±�Ò�¯^Ó	Î)¸�ÔÐÕ¹· Ö�±�Ï9á

Thefollowingdialogueillustratestheapplicationof case2of thecomposition
procedure. As this caseworks for non-embeddedas well as for embedded
fragments,we indicateJohnthinksasbeingoptional.

(24) Who doesMary like?
(25) [Johnthinks]astudent.

In (24)doesMary like is identifiedasthe
� ���-".#�%!&

andwhoasthe
�'��()"*%��+�

.
Thereforetheinitializationprocedureyieldsthefollowing results.¿ � ® Ùa°�×¥ ¦©¨�ª ® Ó	Î)¸�ÔWÕ�· Ö�±�Ï ­¥§¦k«*¬ ® ­ º¹×q±�ÏØÓ	Î)¸qÔÐÕ�· Ö�±
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Theupdateof thefiller yields ¿ � ®WÎÃÏ�¯aÑ�º¹±OÒ¹¯
accordingto case2 of theupdateprocedure.Finally, this filler andthe SVO
templatearecomposedtoÈ � ®ãâ$ßO×O°�Ò³¯a°�·�Ò¹Ö+Ï�äVÓ	Î)¸�ÔWÕ�· Ö�±�ÏVÎÐÏ�¯aÑ	º�±OÒ¹¯
in case2 of thecompositionprocedure,becausethefiller is notawh-phrase.

Consecutive Paraphrasesand Multiple Embeddings. The algorithm
is capableof generatingparaphrasesof consecutive fragmentsas shown in
dialogue(12)–(15).After initialization thesituationis asfollows:¿ � ® Ùq°	×¥�¦©¨Sª ® ¯a°	±³²a´	µ¶°+·�¸¹±qº ­¥ ¦k«*¬å® ­ º�·Oº»¯)°�±³²)´	µ¶°�· ¸�±
Theupdateof thefiller yields¿ � ®WÎÐÏ ¯)Ñ	º�±OÒ�¯ :
As thefiller is notawh-phrase,case2of thecompositionprocedureappliesand¥�¦©¨Sª C ¿ � E ®X¯)°�±³²a´�µ¶°�· ¸�±qº³ÎÐÏ ¯aÑ�º¹±�Ò�¯ is substitutedfor a studentin (13).
Thefinal paraphraseisÈ � ®Ðß)×O°qÒW¯a°+·�Ò�Ö�ÏÝ¯)°�±³²a´�µ¶°�· ¸�±qºXÎÐÏ�¯aÑ�º¹±OÒ¹¯
Thenext call of thegeneratorwith (13)astheantecedentclauseand(14)asthe
fragmentclauseleadsto anupdateof ¿ � to¿ / ®VÙq°�·qÚ�°ÛÏ�¯aÑ�º¹±OÒ¹¯
asthefragmentis whoand Ùq°+·�Ú�° is substitutedfor thedeterminerÎ in ¿ � . As¿ / is a wh-phraseandthe fragmentclauseconsistsjust of the fragmentwho,
case1(a)of thecompositionprocedureis considered.È / ®VÜq°�·qÚ�°æÏ�¯aÑ	º�±OÒ¹¯»º�·�º»¯a°	±³²a´	µ¶°+·�¸¹±	Þ
After thelastcall of thegenerator, thefiller ¿ / is updatedto¿ P ®»¯)°�±ÂÏ�¯aÑ	º�±OÒ¹¯^Ùq°	×èçoÎ	ÏqÏO±aºWÎ�ÕqÕV¯�±�Ï�¯+Ï
andthefinal paraphraseis computedasÈ P ®^é)°�±³²a´�µ¶°�· ¸�±qºV¯a°�±ÂÏ�¯aÑ�º¹±OÒ¹¯^Ùq°	×èçoÎ�Ï�ÏO±aºWÎ�ÕqÕV¯�±	Ï ¯+Ï
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This algorithmworksproperlywith examplesthatcontainmultiple embed-
dings,asin thecaseof the following antecedentclause,wherethewh-phrase
occursoutsideof thematrix clausethesystemadministrator thinks....

(26) Peterwonderswhothesystemadministratorthinksdeletedthefiles.

(27) (a) Thewebmasterbelievesastudent.
(b) Thewebmasterbelievesthesystemadministrator thinksa stu-

dentdeletedthefiles.

(28) (a) Who?
(b) Which studentdoesthesystemadministrator thinkdeletedthe

files?

SHARDSidentifiesthe questionWhodoesthe systemadministrator think
deletedthefilesasthemaximalquestionunderdiscussionandwhoasthesalient
utterance(andthe first filler ¿ � ). Thereforethe antecedentclause(26) gives
riseto thetwo templates¥§¦©¨�ª ® ¯)°�±ÐÏ�Ô+Ï ¯¹± êÛÎ)º�ê!·�Ò�·�Ï ¯�¸�Î)¯¹×a¸¯)°�·�Ò�Ö�Ï ­ º�±¹Õq±)¯�±aºV¯a°	±»ë�·)Õq±�Ï¥§¦k«*¬ ® ­ º¹×q±�ÏÝ¯)°�±ÂÏ�Ô+Ï ¯¹± êàÎ)º�ê-·�Ò�·�Ï ¯q¸	Î�ì¯¹×a¸»¯)°�·�Ò�ÖXº¹±�Õq±a¯¹±qº^¯)°�±»ë	·aÕq±	Ï

The first updateof the filler yields ¿ � ®íÎÂÏ ¯aÑ�º¹±�Ò�¯ , andthe paraphrase
(27b) is generatedon case2 of the compositionprocedure.In the next turn¿ � is updatedto ¿ / ®îÙa°�·qÚ�°æÏ ¯)Ñ	º�±OÒ�¯ , and case1(a) of the composition
procedureleadsto (28b).

Polar Questions. Thealgorithmis ableto produceparaphrasesof answers
to polarquestionsquitestraightforwardly.

(29) DoesPeterthink theCEOhiredastudent?

(30) (a) Yes.
(b) PeterthinkstheCEOhireda student.
(c) No.
(d) Peterdoesnot think theCEOhireda student.

Asthepolarquestion(29)isanSAI constructionwecanjust runtheprocedure
for settingupthetemplatesonit. Thiswill compute¥§¦@¨Sª andsincethe

����(O"$%!���
is emptyin thecaseof polarquestions,nothingwill bedeleted,andnoslotwill
be inserted.Theresultwill be theparaphrase(30b). A smalladditionto this
proceduremakes it possibleto generatethe paraphrasesof negative answers
suchas(30c)aswell.
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The generatorcanproduceparaphrasesfor all phenomenathat the parser
andtheresolutionprocedureof SHARDScurrentlyhandle.ThesearebareNP
fragmentsandbarewh-sluices,embeddedfragmentsandpolarquestionsof the
kind illustratedin theprecedingsections.

5. Conclusionand Futur eResearch

MostworkonNL generationsuchas(Shieberetal.,1990;Kay, 1996;McKe-
own, 1985;Nicolov andMellish, 2000)hasformulatedtheproblemin abstract
termsas the productionof a lexical string to encodea semanticrepresenta-
tion. Wehavesituatedgenerationwithin thecontext of dialogueinterpretation,
specificallyfragmentresolution. In doingso,we have beenableto eliminate
muchof the indeterminacy which characterizesclassicalgenerationsystems
by exploiting therich syntacticandphonologicalinformationproducedin the
courseof dialogueinterpretation.

While thereareundoubtlygenerationproblemsto whichthisapproachdoes
not apply, the work describedheredoessuggestthe possibility of efficient
generationthroughtheexploitationof theresultsof dialogueinterpretationin
animportantclassof NL applications.

Theresearchon thesystemwe introducedin theprecedingsectionsis part
of a largerprojectof dialoguemanagementatKing’sCollege,London.Weare
extendingoursystemin severaldirections.Weplanto incorporatethehandling
of ellipsisstructures(VP-ellipsisandgapping)into theSHARDSsystem,and
thegenerationcomponentwill bedevelopedtodealwith theseconstructions.In
addition,wearecurrentlydoingcorpuswork with theBritish NationalCorpus,
which will eventually result in a typology of fragmenttypes. We will use
the examplesof ellipsis that we find in this corpusto evaluateand improve
our generationsystem.We arealsoin theprocessof extendingthe lexicon to
achievebroadercoverageforourparserandfragmentinterpretationcomponents
(Purver, 2001).
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Notes
1. In caseslikethisone,Who?mayaswell beaclarificatoryquestiononJones, meaningWhoisJones?.

See(Ginzburg, 2001)for anaccountof clarificatoryellipsiswithin thegeneralHPSGframework assumed
here. A procedurefor recognizingclarificatoryquestionfragmentsis beingdevelopedon thebasisof this
account.

2. Currentlyour systemis not capableof handlingellipsisstructures.But aswe point out in the last
section,weareextendingit to dealwith thesecases.

3. In thefollowing wewill use’ ï¹ð'ñ�òËó�ô�õ ’ asanabbreviation for ’maximalquestionunderdiscussion’
aswell asfor thecorrespondingHPSGfeature

4. ö©ð�÷�ò;ô�ø�ø canalso be a set containingmore thanoneelementin contexts where ï¹ð'ñ�òËó�ô�õ is a
multiplequestionasin A: Whoarrivedwhen?B: Jo at 5, Mustafaat 7.

5. Ginzburg andSag(2000)actuallytreatbarefragmentsasheaddaughters.Forsimplictyof exposition
we retain the typedfeaturesystemwhich we employ in our currentimplmentationof SHARDSandthe
paraphrasegenerator. It would not bedifficult to revisethis systemin accordancewith theanalysisof bare
phrasespresentedin (Ginzburg andSag,2000).

6. It will benecessaryto refineour agreementcheckingprocedureto dealwith mismatchesin number
andtense,asin (i) and(ii) respectively.

(i) (a) Who is presentingthereport?

(b) JohnandMary.

(ii) (a) Who haswritten theprogram?

(b) Mary will.
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