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Abstract

Wediscussthequestionof how phenomenaof typecoercion (TC) canbeintegratedinto
NaturalLanguageGeneration(NLG). Theultimategoalis thegenerationof expressionsthat
instantiatetypecoercionin caseswheresuchexpressionsarethemostnaturalverbalization
for agivenpieceof information.

Our approachis an extensionof theSPUDNLG systemdevelopedby Matthew Stone.
Thissystemis well-suitedfor ourapproachbecauseit allowstheeasyformulationof syntax-
semanticsinterfaceconstraints(in the form of semanticallyannotatedfragmentsof TAG
syntaxtrees). Theseinterfaceconstraintsareindispensableto avoid overgenerationof TC
expressions.

TC is integratedin theNLG systemin thatweformalizeTCoperators thatprovideaddi-
tional optionsof generatingexpressionswith awell-formedsyntacticstructure(to verbalize
agivensemanticinput). TC operatorsarealsorepresentedby treefragmentsandaresubject
to conditionson linguisticandothercontext features.

1 Intr oduction

The issuewe aregoing to addressin our paperis the questionof how metonymy andrelated
phenomena(referredto asphenomenaof typecoercion) canbeintegratedinto NaturalLanguage
Generation(NLG). The ultimategoal is the generationof expressionsthat instantiatetype co-
ercionin caseswheresuchexpressionsarethe mostnaturalverbalizationfor a given pieceof
information.

Therelevanceof this goal is bestillustratedby way of examples.Imagineparentsworrying
aboutwhethertheir offspring have donetheir dutiesaspupils. Oneof the possibleinquiries
stemmingfrom thisworry wouldbe(1a),which is interpretedin thesamewayas(1b). However,
this lattervariantwouldbeveryoddin thegivencontext:

(1) (a) Haveyoufinishedyourhomework?

(a) Haveyoufinishedpreparingyourhomework?
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Similarly, theappropriateanswerto theGerman(2a)wouldbe(2b),andnotsomethinglike(2c):

(2) (a) Wo
where

ist
is

der
the

Wein?
wine

‘Whereis thewine?’

(b) Er
it

steht
is-standing

auf
on

dem
the

Tisch.
table

‘It is on thetable’ (lit: ‘it is standingon thetable’)

(c) Er
it

ist
is

in
in

Flaschen,
bottles

die
RELPR

auf
on

dem
the

Tisch
table

stehen
are-standing

‘It is in bottlesthatareon thetable’ (lit: ‘... arestandingon thetable’)

Theseexamplesillustrateatrendin naturallanguagetowardsbrevity of expressions.Eventu-
ally, theexplanationfor this trendcanbefoundin theGricean(Grice1975)conversationmaxim
‘be brief’, whichmakesonechoosethebrieferof two equallyinformativeexpressions.

This trendis strongenoughto enforcethechoiceof expressionsthatinstantiatetypecoercion
in caseslike (1) and(2). Theseexpressionsareshortbecausethey areincompletein thatpartof
the informationto be conveyed is not expressed.For instance,sucha bit of informationis the
factthatit is thepreparation of thehomework (andnot any otherpotentialactivity thatinvolves
homework) whosefinishingit at stake in (1a),or thefactthatit is not thewinebut its containers
thatarein anuprightpositionin (2b). World and/orcontext knowledgethenstepsin andprovides
thesepiecesof information.

From the viewpoint of naturallanguagegeneration,the goal is to take type coercioninto
accountin order to generatemaximally brief expressionsratherthan their more long-winded
alternatives. This meansin particularthat onemustbe able to divide a given input (semantic
information)into informationthat is to beverbalizedandinformationthatshouldbe left unex-
pressed,sinceit canbereconstructedfrom otherknowledgesources.

The paperis structuredasfollows. After a brief review of the phenomenonof TC from an
NLU perspective,weoutlinetheissuesto bedealtwith in NLG approachesthataimat including
TC. We thenoutline the SPUDNLG systemandshow in detail how onecan integrateTC in
theform of so-calledTC operators. Theseoperatorsprovide additionaloptionsof verbalizinga
givensemanticinput in termsof expressionsthatinvolve typecoercion.

2 Typecoercion fr om differ ent perspectives

In this section,we recapitulatethe phenomenonof type coercion. We will show that type co-
ercionfor NLG hasnot receivedmuchattention,hence,the issuesthatarecrucialhereremain
somewhat implicit in the literature. Instead,the literaturefocuseson type coercionfrom the
viewpointof naturallanguageunderstanding.
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2.1 Typecoercion in natural languageunderstanding

Type coercionis almostexclusively discussedasa problemof naturallanguageunderstanding
(NLU) in theliterature,e.g.,in paperslikeDölling (1992,1995),Pustejovsky (1995),Moensand
Steedman(1988),deSwart (1998),or Piñango(lume).

Formally, type coercioncan be characterizedby the schemaF
�
Op

�
A��� . I.e., ratherthan

applyinga functorF directly to its argumentA, first a TC operatorOp, which is not expressed
explicitly in theutterance,is appliedto A, thenF is appliedto theresultof this first application.
On thebasisof this schema,thechallengesposedby typecoercioncanbedividedin threeparts.

Thefirst taskis to identifyexpressionsthat mustundergo typecoercion. Characteristically,
thesesentenceshave no literal interpretationsince their semanticscomprisesa mismatching
functor-argumentpair (often dueto a violation of selectionrestrictions,e.g., in (2b)1, but this
neednotbethecase(seethediscussionof this point in Egg2000).

Second,onemustacquireinformationfromadditionalknowledgesourcesoverandabovethe
informationfrom thesyntaxandsemanticsof anexpressionin orderto obtainthefull interpre-
tationof anexpression.This informationis thenusedastheoperatorOp in the typecoercion.
E.g., in (1b) only world knowledgeaboutthe way in which pupils andhomework arerelated
providesthepieceof informationthat theendof thepreparation of thehomework is at stake in
this sentence.

The derivationof this additionalinformationin generalis at presentan unsolved issue,the
mostsystematicdiscussionof this issueis to be foundwithin the framework of theGenerative
Lexicon (GL) (Pustejovsky 1995). This framework tries to captureTC in termsof an enriched
semanticrepresentationof lexemes(especiallyof nounsandverbs),theso-calledQualia Struc-
ture (QS).TheQScomprisesstructuredinformationonadditionalfactsaboutentities,e.g.,their
origin andpurpose.TheGL framework furthermoreassumesprocessesof semanticcomposition
thatcanaccessthis structuredinformation.

Considerfor instancesentence(1a): herethefactthathomework comesinto beingby some-
onepreparingit givesustheclueto thefull interpretation.In theQSof thenounhomework, this
pieceof informationwouldfill theslot talkingabouttheorigin of homework.

Thefinal task,then,is theintegrationof thisadditionalinformationwith theresultof semantic
constructionto obtaina fully-fledgedinterpretationof theexpression.To put it moreformally,
onemustdistinguishthe relevant functor-argumentpair in the resultof semanticconstruction,
betweenwhich theoperatorOp is to beinserted.

The syntax-semanticsinterfaceplays a crucial role in this distinction, sinceit determines
the positionswherethis additionalmaterialis to be integratedwith the resultof semanticcon-
struction. E.g., in a TC caselike (3) [= (2b) with the anaphorit resolved], A is the VP se-
mantics(simplified to λxTHING � stand� � x��� on-table� � x� ), while F is the semanticsof the NP
(λP� !ySUBST � wine� � y��� P

�
y� ; here � !x � P �

x� expressesthe existenceof a uniqueentity in the
extensionof P):

(3) DerWein stehtaufdemTisch
1HerethesubjectNP fails to complyto theverb’s restrictionto NPsthatreferto thingswith amaximalaxis.
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Since(3) hasno well-formed literal reading,the operatorOp must bridge the mismatch
betweenthe incompatiblesortsSUBST[ance]andTHING. For (3), we assumean operatorthat
mapspropertiesP of containersontotheproperty(of substances)of having a containerwith the
propertyP. Here,CONT is a relationbetweencontainersandtheir content:

(4) λPλz� x � CONT
�
x 	 z�
� P

�
x�

Theresultinginterpretationof (3) is (5a),which claimstheexistenceof a uniquequantityof
wine whosecontaineris standingon thetable:

(5) (a) � !ySUBST � wine� � y�
��� xTHING � CONT
�
x 	 y�
� stand� � x��� on-table� � x�

(b) � !xTHING � � � ySUBSTCONT
�
x 	 y�
� wine� � y���
� stand� � x��� on-table� � x�

The mismatchbetweenthesesortscould alsobe bufferedby coercingthe semanticsof the
nouninto apropertyof things(thepropertyof beingacontainerof wine). Therelevantoperatoris
presentedbelow as(8). However, thisoptionwouldgivethewronginterpretation(5b) for (3): in
this semanticrepresentationtheuniquenesspresuppositionholdsfor wine containers.This does
not rule out thatthereareotherwine quantitiesaroundwhich arenot in containersthatstandon
the table,but this is in conflict with intuitionson (3). This unwantedinterpretationis barredin
thesynseminterface,sincetheinterfacedoesnot licensetheinsertionof atypecoercionoperator
at this position.

2.2 Typecoercion in natural languagegeneration

Takingthespeaker’s point of view, typecoercionis a meansof leaving information(which can
berecoveredby thehearerthroughcontext andworld knowledge)implicit. Thus,theproblem
that type coercionposesfor NLG is complementaryto the onesketchedfor NLU: the task is
to distinguishpiecesof informationthat areto be verbalizedfrom thosethat arenot. I.e., the
taskof NLG is thedivision of a giveninput (a semanticrepresentation)into F andA on theone
side (they are thenverbalized)andOp on the otherside (which is not). In this respect,type
coercionplaysasimilar role in NLG asellipsisor thephenomenonof indirectanaphor:in order
to obtainexpressionsthatsoundnatural,certainpartsof theinput to theNLG system(asemantic
representation)maynot beput into words(Rambow andHardt2001;Shaw 1998;Gardentand
Striegnitz2001).

E.g.,theinput to (1a)(omitting tenseandsentencemood)wouldbesomethinglike (6):

(6) 
 finish � � e	 hearer � 	 e� ��	 prepare� � e� 	 hearer � 	 x��	 homework � � x��	
of � � hearer ��	 x���

NLG thenwould have to singleout thesecondelementof this input asmaterialthatneed-
and,in fact,shouldnot - beverbalized.

Theroleof thesyntax-semanticsinterfacefor TC casesis consequentlynot thesamein NLP
andNLG. Ratherthanactingasa meansof fixing TC positionsin semanticrepresentationsof
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TC cases(which thencanbefilled in with extralinguisticallyderivedinformation),it constrains
TC positionsthatareassumedduringgeneration(whereextralinguisticallyderivablepartsof the
input are omitted from verbalization). More formally: potentialrealizationsof a given input
in termsof a TC expressionmust have a syntacticstructurethat licensesTC. Ideally, this is
modelledasanactualconstraint,ratherthanasafilter onalreadygeneratedexpressions.

As an examplefor this constrainingrole of thesyntax-semanticsinterface,considerfor in-
stancethe input to (3). The semanticsof the PPhasbeensimplified andonceagaintenseand
sentencemoodareneglected:

(7) 
 stand� � e	 x��	 container� � x��	 wine� � y��	 on-table� � x��	
contain� � e��	 x 	 y��	 uniquely identifiable� � y���

At a first glance,therearetwo waysof distinguishingmaterialthat neednot be verbalized
in (7). On theonehand,onecanspottheTC operator(4) thatmapspropertiesP of containers
onto the propertyof having a containerwith the propertyP in (7). Formally, the secondand
thepenultimateelementof (7) constitutethis operator:contain� � e� 	 x 	 y� expressesthe contain-
relationitself, while container� � x� matchesthepresuppositionof theoperator(thefirst element
of the contain-relationmustbe a container).Verbalizingall otherelementsof (7) givesus the
desiredexpression(3).

But on theotherhand,onemight alsoidentify thethird andthepenultimateof theelements
of (7) with theTC operator(8) thatis effective in (5b)and(9).

(8) λPλz� x � CONT
�
z	 x�
� P

�
x�

(9) Everybottlefroze

This operatoris kind of inverseto theonewe encounteredin (3), sinceit mapspropertiesP
of substancesontothepropertyof beingacontainerof asubstancewith thepropertyP, viz., (8).
CONTagainrelatescontainersandtheir content.

Oncemorecontain� � e� 	 x 	 y� would expressthe contain-relation,andwine� � y� would match
the presuppositionof the operatorthat the secondelementof the contain-relationmust be a
substance.However, the resultingverbalizationwould be somethinglike ‘The containersare
standingon thetable’,which is not thepreferredwayof gettingacrosstheinformationin (7). In
fact,thiswouldnotcommunicatethewholeof (7), sincetheinformationthatthereis wine in the
containerwould beomittedfrom verbalization.I.e., therewould bethedangerof losinga piece
of information,unlessthis piececanberetrievedfrom other(e.g.,contextual) sources.

Wewill show in section3.2thatrelatingTC potentialto syntacticconstituentstructurein the
syntax-semanticsinterfacebarsthesecond,unwantedoptionwithout any furtherassumptions.

TheNLG perspective on typecoercionforcesoneto tacklethequestionof what typecoer-
cion operatorsthereareright from the start. This questionis quite a challengefor analysesof
typecoercion,becauseof the fact that typecoercionis languageandevengenre-specific.E.g.,
the following sentencesareonly acceptablein French(Horacek1996)and in waiters’ jargon,
respectively. I.e., simply compilinga list of materialthatmaybeomittedfrom verbalizationin
NLG will notdo:
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(10) (a) Le Prix Goncourtestarrivé

(b) * ThePulitzerPrizehasarrived(in thesenseof ‘the winnerof...’)

(11) Thehamsandwichis waiting for hischeck(Nunberg 1979)

Worsestill, thecontext of anexpressionmay licensecasesof occasionaltypecoercionthat
wouldnotbeunderstandableoutof context:

(12) Max finishedDr Johnsontoday

(12) is not understandableasit stands.However, if we know that Max is an architectwho
wasassignedthejob of designingDr Johnson’snew house,theinterpretationof (12) is straight-
forward.

Due to the complementarytasksof NLU andNLG in the domainof type coercion,a mere
adaptationof proposedapproachesto typecoercion(fromtheNLU perspective)to NLG purposes
will not do. While onemay take over a generalframework of describingtypecoercionfor the
purposesof NLG, thetwo mainproblemsTC posesfor NLG arenotcoveredby NLU approaches
to TC.

First, onehasto tackletheproblemof identifying the materialthatneednot be verbalized.
Evenif thesyntax-semanticsinterfaceconstraintsthepossibilitieshere,theidentificationof po-
tentialTC operatorsin agiveninput for NLG presupposestheavailability of suitablemodelsfor
context andworld knowledgeandawayof accessingthem.

To answerthis problem,Horacek(1996)proposesusing the information of Pustejovsky’s
QualiaStructure(QS)to handlecasesof metonymy. While thestrategy of takingQSinformation
aspotentialreinterpretationoperatorsmight work in somecases,e.g.,(13),becausethepurpose
of bottlesis to containliquids,it is notavailablefor caseslike(14),sincenoqualefor winewould
introducethenotionof container:

(13) Améliedownedthebottle

(14) Amélie labeledthewine

In addition, this strategy can not yet model language-specificdifferencesin the rangeof
potentialmetonymy. To thisend,Horacekmusttakerecourseto explicit annotationsthatexpress
information like ‘in Germanor English,no coercionis available for begin with an objectNP
whoseheadis cigarette’.

Second,therearisesthequestionof theexactimplementationof theTC phenomenonin NLG.
It is necessaryto specifythestepin thegenerationprocesswherethedecisionto producea TC
or anon-TCrealizationfor agiveninput is made,wherethematerialthatneednotbeverbalized
is identified,andhow this is integratedwith therestof thegenerationprocess.

This issuesurfacesalsoin Horacek’s (1996)approach,which handlestheseparationof the
materialthat is not to be verbalizedwithin generalgenerationproceduresthat correlatespecif-
ically structuredpiecesof informationfrom the input with linguistic material(mostly lexemes,
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but alsoothermateriallike affixes). E.g., oneof theseprocedurescorrelatesa conceptfor an
eventualityof possessionwith its possessorroleandthebearerof this role into thenounowner.

In theseprocedures,piecesof theinput canbedeliberatelyomittedfrom verbalization.This
omissioncharacterizes,but is not restrictedto, casesof generatingTC expressions.It is eventu-
ally licensedby appropriatelydesignedlexical entries,in particular, by their QS.The licensing
conditionis thatpartof theinput structurematchesspecificpartsof a lexical entry. But this re-
quiresratherinvolvedsubproceduresof patternmatchingin orderto detectall relevantmatches.

In sum,thediscussionof TC in the literature,mostof which adoptstheviewpoint of NLU,
is usefulfor our goalin thatit outlinesbasicpropertiesof thephenomenonof TC. However this
discussiondoesnot cover the two main problemswe identified for the integrationof TC into
naturallanguagegeneration.

3 Not GeneratingTC Operators

In this section,we will expoundhow typecoercioncanbeaccountedfor in a naturallanguage
generationsystem.

Thesystemthatwe wantto implementour approachin is basedon theSPUDsystemdevel-
opedby Matthew Stone(StoneandDoran1997;Stoneet al. 2001). SPUDis a systemdealing
with the ‘how-to-say-it’ part (as opposedto the ‘what-to-say’ part) of NLG. It startsfrom a
communicativegoalandthenplansandrealizesa text achieving this goal. Its planningprocess
accessesdifferentlevelsof linguistic knowledge(syntactic,semantic,andpragmatic)aswell as
backgroundknowledgeto constructanutterancewhich takesconstraintsimposedby thegiven
situationinto account.

As opposedto many othersystemsdesignedfor dealingwith thistask,SPUDdoesn’t expecta
detailedrepresentationof thesemanticcontentof thetext thatis to beproduced,but startsfrom a
communicativegoal. Theexactsemanticsneededfor achieving thecommunicativegoal is built
in parallelwith the syntacticstructure. In this way, the decisionof what exactly the semantic
contenthasto look likecanbebasedon linguistic constraintsaswell asthecommunicativegoal
that is to be fulfilled. For an NLG approachto type coercionthat meansthat mechanisms̀a
la Horacek(1996),wherefragmentsof thesemanticcontentareeliminatedbeforeplanningthe
actualtext, is notpossible,sincethefull semanticcontentis simplynotavailableatthatpoint. So,
we will have to integratethedecisionof whetherto apply typecoercionor not into theprocess
of planning the text. In doing so, we can useinformation provided by the syntax-semantics
interfaceto constrainthechoiceonwheretypeshiftsarepossible.

We will now introducethegenerationsystem,beforewe proceedto presentour approachto
integratingtypecoercionin this system.

3.1 A GenerationSystem

SinceSPUDusesaTreeAdjoining Grammarwestartby giving abrief introductionto thisgram-
mar formalism. We thenshow how thedesignof SPUD’s lexicon connectssyntactic,semantic
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NP

Det

the

N � N

book

N

Adj

interesting

N*

initial trees auxiliary tree

Figure1: A TAG grammar

andpragmaticinformation. Finally, we illustratethe main mechanismsdriving the generation
process.

3.1.1 TreeAdjoining Grammar

For a precisedefinition of TreeAdjoining Grammars(TAGs) we refer the readerto Joshiand
Schabes(1997).In whatfollows,we only sketchthebasicpropertiesof TAG.

TheLexicon of a TAG consistsof trees,socalledelementarytrees, which arefragmentsof
parsetrees.Figure1 shows someexamplelexicon entries.Thesetreescanthenbecombinedto
form larger treestructuresby two operationscalledsubstitutionandadjunction, which we will
explainbelow.

TAG distinguishestwo typesof trees: initial trees,which areusedto encodethebasicsyn-
tactic frameof syntacticfunctors,andauxiliary trees,which encodemodifiers,e.g.,adjectives,
prepositionalphrases(PPs),or adverbs.Thedistinguishingpropertyof auxiliarytreesis thatthey
have a uniquefoot node(markedwith � ), i.e.,a frontier nodelabeledwith thesamecategory as
theroot of the tree. Furthermore,treesmaycontainsubstitutionnodes(markedwith � ), which
areleafnodeslabeledwith anon-terminalcategory.

The two operations,substitutionandadjunction,arethenusedto combinetreesinto bigger
trees. Intuitively, substitutioninsertsan initial treewith root category X at somesubstitution
nodewith category X in someother tree. Adjunction, on the otherhand,catersfor recursion
andpermitsinsertinganauxiliary treewith rootandfoot nodecategoryX atanodelabeledwith
categoryX in someothertree.Substitutionandadjunctionareillustratedin Figure2.

3.1.2 The Lexicon in SPUD

In the lexicon of SPUD,elementarytreesareassociatedwith semanticandpragmaticinforma-
tion (seeFigure 3). The lexical entry for the noun book, for instance,is associatedwith the
informationthatsomeentity x is a book,andthe lexical entry for the transitive verbfinish tells
us that thereis someevent e1 wherean entity x finishesa secondevent e2. SPUDusesa flat
semanticrepresentation(Hobbs1985;Copestake, Flickinger, andSag1999)andthesemantics
of acomplex treeis just theunionof thesemanticrepresentationsof theelementarytreesit con-
sistsof. Furthermore,elementarytreesmaybeassociatedwith pragmaticconstraints,suchasfor
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Substitution: NP

Det

the

N � N

book

�
NP

Det

the

N

book

Adjunction: NP

Det

the

N

book

N

Adj

interesting

N*

�
NP

Det

the

N

Adj

interesting

N

book

Figure2: Combiningtrees:Substitutionandadjunction

N � x�
book

S � e1 �
NP��� x� VP � e1 �

V � e1 �
finished

NP � e2 �
NP � x�

Det

the

N ��� x�

S: book
�
x� S: finish

�
e1 	 x 	 e2 � P: uniquelyidentifiable

�
x�

Figure3: Semanticandpragmaticinformationin thelexicon.
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instancethelexical entryfor thedefinitearticlethe. Thepragmaticconstraintsarealsocollected
asthetreeis built. A syntaxtreeis only licensedin a givensituationif its pragmaticconstraints
areall satisfiedby thediscoursecontext.

Thesyntax-semanticsinterfaceis encodedby associatingsyntacticconstituentswith seman-
tic entities.Theintuition behindthis is thataconstituentsomehow describesthesemanticentity
it is associatedwith. More precisely, nodesin theelementarytreearelabeledwith featurestruc-
tureswhereanattribute idx takesa variableover a semanticentity asvalue. In Figure3 this is
indicatedby labelingnodeswith � X � whereX is somevariableoverasemanticentity.

The entity associatedwith the S, VP, and V nodesin tree for finish, for example, is co-
referentialwith thefirst argumentof finish. It describesthefinishingeventitself, while theentity
associatedwith the subjectNP nodedescribesthe agentof the finishing eventandis therefore
co-referentialwith thesecondargumentof thesemanticpredicatefinish.

3.1.3 The GenerationStrategy

As saidabove, SPUDtries to constructanutterancewhich satisfiesa communicative goal in a
givensituation.Communicative goalsareof the form describe

�
e� wheree is anentity (usually

aneventor state)which thespeaker hasadditionalinformationabout.The taskis thento build
a sentencethat describese, i.e., whoseroot nodeis associatedwith e. The semanticcontent
of this utteranceis not fully determinedbeforethe sentenceplanningandrealizationstep,but
is extractedfrom thespeaker’s knowledgeaboute asit is neededby realization. It is however
possibleto specifypiecesof informationthatmustbeconveyedby theutterance.

We arenow goingto illustratehow thegenerationalgorithmworks. At this point we depart
from SPUD’soriginalarchitectureandassumethechart-basedgenerationalgorithmdescribedin
Striegnitz (2001),insteadof SPUD’sgreedysearchalgorithm.Thiswon’t makemuchdifference
for ourcurrentpresentation,but letsusproduceparaphrasesin caseswhereseveralverbalizations
arepossible.

The basicgenerationalgorithmcanbe outlinedasfollows: Given the communicative goal
describe

�
e�� selectthoseelementarytreesfrom thelexicon thatrealizepropertiesof e� for eachof them,do substitutionaslongasthereareopensubstitutionnodes� doadjunctionif thetreeis not semanticallycompleteandcontextually appropriate

Let’s have a look at an example. Assumethatwe startfrom the following input andback-
groundknowledge.

Goal: describee, where 
 finish
�
e	 a 	 e����	 write

�
e��	 a 	 b��	 1837

�
t ��	 e � t ����� �

Common Knowledge: 
 woman
�
a��	 named

�
a 	 ‘JaneAusten’��	 mansfieldpark

�
b��	 book

�
b� ����� �

First, thealgorithmselectstreesfrom the lexicon that realizesomepropertyof e. Thereare
(at least)two possibilitiesin the lexicon, which areshown in Figure4. As the semanticsgets
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S � e�
NP � � a� VP � e�

V � e�
finished

NP � � e���
S � e�

NP � � a� VP � e�
V � e���

finished

VPing � �
idx : e�
subj: a �

S: finish
�
E 	 X 	 E��� S: finish

�
E 	 X 	 E���

Figure4: Lexiconentriesrealizingfinishingevents.

matchedontothesemanticsprovidedby theinput thevariablesoversemanticentitiesassociated
with the nodesof the syntaxtreeget instantiatedaswell. The treeon the left subcategorizes
for aneventdenotingnounphrase(openNP substitutionnodeassociatedwith entity e� ). In this
example,it catersfor verbalizationslike JaneAustenfinishedthewriting/thecreationof Mans-
field Park in 1837. Theoneon theright hasanopenVP substitutionnode(alsoassociatedwith
e� ) andis usedin JaneAustenfinishedwriting MansfieldPark in 1837, for instance.Note that
bothtreessubcategorizefor someconstituentreferringto theevente� thatis to befinished.This
makesrealizationslike JaneAustenfinishedMansfieldPark, i.e., realizationsinvolving a type
shift, impossible.We will now explain themechanismsof how thesecondof thoseelementary
treescanbecompletedto form anutterancethatachievesthecommunicativegoal,while ignor-
ing how exactly this is doneby thechartbasedalgorithm. We want to point out, however, that
theotherparaphraseinvolving theotherlexiconentryfor finishcan,of course,alsobeextracted
from thechart.

Next, the opensubstitutionnodeshave to be filled. I.e., a noun phrasereferring to Jane
Austenanda verbphrasereferringto thewriting eventareneeded.They could for instancebe
realizedasfollows:

S  e!
NP  a!
PN

JaneAusten

VP  e!
V  e"#!

finished

VPing

V

writing

NP

PN

MansfieldPark

S: finish$ e% a % e"'& % write $ e" % a % b& % named$ a % ‘JaneAusten"(& %
mansfieldpark$ b&

Now we have a syntacticallycompletetree. No pragmaticconstraintsareunsatisfied,how-
ever, not all of thesemanticshasbeenconveyed.Thedateof thefinishingeventis still missing.
Sothealgorithmtriesto addthis missinginformationby adjunction,yielding thefollowing tree.
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S  e!
NP  a!
PN

JaneAusten

VP  e!
VP  e!

V  e" !
finished

VPing

V

writing

NP

PN

MansfieldPark

PP

P

in

NP

N

1837

S: finish$ e% a % e"'& % write $ e" % a % b& % named$ a % ‘JaneAusten"(& %
mansfieldpark$ b& % 1837$ t & % e ) t

3.2 TypeCoercion at the Syntax-semanticsInterface

We will now turn to integratingthepossibilityof not verbalizingtheTC operatorinto this gen-
erationsystem.

Similar to the strategy proposedby Egg (2000) and Pulman(1997) for interpreting type
coercingexpressions,the we proposeto introducepositionsat which type coercioncanoccur
thesyntax-semanticsinterface.We will startby showing how this intuition is incorporatedinto
the lexicon. Then,we will illustrateby meansof two exampleshow the generationalgorithm
worksafterthis lexical extension.Finally, we will briefly talk abouttheproblemof definingTC
operators.

3.2.1 TypeCoercion in the Lexicon

The basicideais that verbsspecify in their subcategorizationframethat at certainpositionsa
typeshift mayoccur. In thatcaseit is possiblethatanexpressiondescribinganentity different
from a semanticargumentis realizedin thepositionof this argument.This entity musthowever
berelatedto theoriginal argumentvia aTC operator.

So,we have to supplytwo sortsof information,namelywhere typecoercionmayoccurand
whatareviableTC operators.We accountfor this asfollows: First, we will mark thoseplaces
in the elementarytreesof our lexicon wherea shift in type canoccur. Thenwe will provide
elementarytreesthatcorrespondto coercionoperatorsandcarry thecontextual constraintsthat
restricttheuseof certainoperators.Proceedingin this way givesusa very fine grainedcontrol
over the situationsin which we allow type coercion. We can tune our generationsystemto
thedomainwe arein andavoid theovergenerationproblemthatwe have pointedout for more
generalapproaches.

Figure5 showsthelexical entryfor theverbfinishsubcategorizingfor anounphrasereferring
to theeventthathasbeenfinished.Thefeatureshift with thevaluefinish

�
E 	 X 	 E�*� indicatesthat

a type shift canoccurat this positionwhile handinginformationaboutthe entitiesinvolved in
thetypeshift down to thetreethatis substitutedat this node.

Coercioncanthenbetriggeredby substitutingelementarytreesasthosedepictedin Figure6
specifyingtheTC operatorastheirsemanticcontentandcontextual restrictionsontheuseof this
operatorin theirpragmaticconstraints.Let’slook attheleft tree.It changestheopensubstitution
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S � E �
NP � � X � VP � E �

V � E �
finished

NP � �
idx : E �
shift : finish

�
E 	 X 	 E���+�

Figure5: Typeshifting informationin thelexicon.

nodefrom onethatrequiresanNPreferringto E � to onethatrequiresanNPreferringto Y. This
TC operatortreecarriesthe semanticcontentread

�
E� 	 X 	 Y � (which is conveyed implicitly, i.e.

not verbalized)andis pragmaticallylicensedto beused,if it follows from thecommonground
plustheinformationgivenby theutterancethatY is abook.

In thecasewherethelink betweenE � andY is thatE � is a writing event in whichY is being
written (theright TC operatortreein Figure6) thepragmaticconstraintsarestricterin thatthey
alsorequirethatit is known to bothhearerandspeaker thatX is anauthor.

NP

NP, :  Y ! - idx : E "
shift : finish$ E % X % E".&0/ NP

NP, :  Y ! - idx : E "
shift : finish$ E % X % E"'&1/

S: read$ E" % X % Y&
P: Sem 2 book$ Y & S: write $ E" % X % Y&

P: Sem 2 book$ Y& & author$ X &
Figure6: Theelementarytreeswhich triggercoercion.

3.2.2 An Example

Now, let’s look at an exampleof how our generationalgorithmdealswith situationsin which
typecoercionis possible.

Assumethatwestartasbeforefrom thefollowing input andbackgroundknowledge.

Goal: describee, where 
 finish
�
e	 a 	 e� ��	 write

�
e� 	 a 	 b��	 1837

�
t ��	 e � t ����� �

Common Knowledge: 
 woman
�
a��	 named

�
a 	 ‘JaneAusten’��	 mansfieldpark

�
b��	 book

�
b� ����� �

In thefirst step,thealgorithmselectstreesfrom the lexicon that realizesomepropertyof e
suchasthis one:

S:  e!
NP:  a!
PN:  a!

JaneAusten

VP:  e!
V:  e!

finished

NP, : - idx : E "
shift : finish$ E % X % E".&0/

S: 3 finish$ e% a % e"#& % named$ a % ‘JaneAusten’& 4
13



It hasa opensubstitutionnodewhich requiresanNP referringto entity e� . In contrastto the
previousexample,however, producinga nounphraselike thewriting or theconstructionis not
the only possibility at this point, sincethis treealsolicensesthe substitutionof a TC operator
tree.Substitutingsucha tree,givesusthefollowing:

S:  e!
NP:  a!
PN:  a!

JaneAusten

VP:  e!
V:  e!

finished

NP:  e" !
NP:  b!

S: 3 finish$ e% a % e"5& % named$ a % ‘JaneAusten’& % write $ e" % a % b& 4
P: Sem 2 book$ b&�6 author $ a&

Theopensubstitutionnode,requiringanNPreferringto entityb canthenbefilled asfollows.

S:  e!
NP:  a!
PN:  a!

JaneAusten

VP:  e!
V:  e!

finished

NP:  e"#!
NP:  b!
PN:  b!

MansfieldPark

S: 3 finish$ e% a % e"#& % named$ a % ‘JaneAusten’& % write $ e" % a % b& %
mansfieldpark $ b&74

P: Sem 2 book$ b&86 author $ a&
Now, we have a syntacticallycompletetree.Thepragmaticconstraintsaresatisfiedaswell,

sincethecommonknowledgeentailsthatJaneAustenis anauthorandMansfieldPark a book.
As before,thesemanticshasnotbeenconveyedcompletely, though.Thiscanbefixedby adjoin-
ing themissinginformation:

S:  e!
NP:  a!
PN:  a!

JaneAusten

VP:  e!
VP:  e!

V:  e!
finished

NP:  e" !
NP:  b!
PN:  b!

MansfieldPark

PP

P

in

NP:  t !
N:  t !

1837

S: 3 finish$ e% a % e"#& % named$ a % ‘JaneAusten’& % write $ e" % a % b& %
mansfieldpark $ b& % 1837$ t & % e ) t 4

P: Sem 2 book$ b&86 author $ a&
14



3.2.3 Yet another example

For exampleslike(3), theintegrationof TC into thegenerationprocessis basedonanappropriate
formulationof lexical entriesfor verbsthatmayundergo TC. We setout from thetreefragment
thatis introducedby steht‘is standing’:

S:  e!- idx : x
shift : to y if container$ x&�6 contain$ e"9% x % y&0/ NP, VP:  e!

V:  e!
steht

PP, :  x!
S: 3 stand$ e% x&:4

Sincethe index of the subjectNP andthe first argumentof the stand-relationmustbe co-
indexed,it is not possibleto modeldirectly theintuition thatTC like in (3) would have to affect
theVP (ratherthanthesubjectNP; recallthediscussionof theseinstancesof TC in section2.1).
Theonly positionin thetreewhereit is possibleto positiontheTC treefragment(by substitution)
is below theNPnodein theabovefigure.This indirectwayof integratingTC into thegeneration
processis necessitatedby thestructureof theSPUDsystem.

Formally, the lexical entryof theverbspecifiesthis coercionpotentialin that it determines
the ‘shift’ valueof its subjectNP: coercionto anotherNP is possibleif this NP refersto the
contentof acontainer, which is theentity to which theoriginalNP refers.

TheTC operatoris thenmodelledby thefollowing treefragment:

NP

NP; : < z= > idx : x
shift : stand? x@A? eB B5@0C

S: D cont? x E z@A? eB5@:F
P: SemG container ? x@

This strategy begsthequestionof how we canfulfill our goalof usingsyntacticconstituent
structureto block thegenerationof inappropriateverbalizationsof a given input (asillustrated
on theexampleof (7) in section2.2). Thepoint hereis that theseverbalizationswould have to
bemodelledin termsof a TC treefragmentthat is inverseto theabove fragmentin that its top
nodewouldcarryanindex thatrefersto asubstance:

NP

NPH : I xJ K idx : z
shift : LMLNLPO

S: Q contR x S zTAR eU5T:V
P: SemW substanceR zT
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Sincenominal projectionsinherit the index of their NP mothernode, there is no way in
which suchan operatorcould be employed in order to derive the unwantedverbalizationthat
presumesthepossibilityof coercingthenoun.Sincethesynseminterfaceis encodedin thesetree
fragments,this is theway in which theinterfaceconstrainsthegenerationof TC expressions.2

The resultof this substitutionis given in thenext treestructure.Herethefirst argumentof
thestand-relationandtheindex of thelowersubjectNPnodearedifferent:

S:  e!
NP:  x!
NP, :  z! VP:  e!

V:  e!
steht

PP, :  x!
S: 3 stand$ e% x& % cont$ e" % x % z&74
P: Sem2 container $ x&

Finally, aftersubstitutingtheNPandPPnodes,theresultis thefollowing (somewhatsimpli-
fied in thePP):

S:  e!
NP:  x!
NP:  z!

Det

der

N:  z!
Wein

VP:  e!
V:  e!
steht

PP:  x!
auf demTisch

S: 3 wine$ z& % stand$ e% x& % cont$ e" % x % z& % on-table$ x&:4
P: Sem2 container $ x&

uniquelyidentifyable(z)

Thissatisfiesthegoalof describingtheeventualitye in asemanticallycompletefashion,i.e.,
all the materialin (7) is eitherverbalizedor canbe put down to TC operators.Note alsothat
theuniquenessconditionis checkedin theright way: it is uniquenessof a certainwine quantity
(whoseindex is z) thatis atstake in theproductionof (3), notof awinecontainer(with theindex
x).

3.2.4 A short note on where the TC operatorscomefr om

Wearguedthatonehasto take into accountcontext dependenceaswell asdomainandlanguage
specificityof type coercion,whenlooking at thephenomenonfrom an NLG perspective. This

2If generationever getsroundto dealingwith quantification,it is possibleto describethefact that theoperator
Op appliesto theverbsemanticsby type-raisingtheoriginal operatorOp:

(i) λ X λPY XZ$ Op $ P&M&
Thesemanticrepresentationafter applying(i) to thesemanticsof theNP andthenthe resultof this application

to the verbsemanticsis onein which the NP semanticsappliesto an applicationof Op to the verb semantics,as
desired.
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leadsto a quitefine graineddescriptionof operators,which furthermorevarieswith thedomain
of applicationandthelanguage.Theobviousquestionis: Wheredo theseoperatorscomefrom
andwho specifiesthem? Onepossibility is to usehand-craftedoperatorlexica, which could,
however, bequite tediousto built. A differentpaththatwe think is worth exploring is to derive
themfrom corpora.Lapata(2001)suggeststechniquesfor extractingoperatorsthataccountfor
the leeway in interpretingadjectiveslike fast (comparee.g. a fastplaneanda fast typist) from
corpora.It is straightforwardto transferthisapproachto thebegin/finishtypecasesof metonymy.

4 Conclusionand outlook

Context dependenceanddomainand languagespecificity restrict the possibilitiesof type co-
ercion. Whenlooking at type coercionfrom a naturallanguagegenerationpoint of view, this
cannotbe ignored,sinceotherwisethe systemwould overgenerateandapply type coercionin
situationswhereit is not appropriate.We have presentedan approachto generatingcoercing
expressionsthatdealswith this problemby usinghighly specializedtriggersdependingon syn-
tactic,semanticandcontextual informationfor typecoercion.

In actual implementedsystems,this will only work if thesetriggerscan be producedef-
ficiently for differentdomainsand languages.We think that deriving themfrom corporais a
promisingstrategy. Anotheropenpoint arethefactorsthatplay a role in determiningtypecoer-
cion. As Example12 in Section2.2shows,muchmoresophisticatedreasoningon thecontext is
necessaryto fully capturethephenomenon.Our systemprovidesaninterfaceto reasoningtools
andthereforein principleallows for this. However, it is not clear, yet,whatthedecidingfactors
exactly look likeandhow they canbecapturedformally.
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Dölling, J. (1995).Ontologicaldomains,semanticsortsandsystematicambiguity. Interna-
tional Journalof Human-ComputerStudies43, 785–807.

Egg, M. (2000).Flexible semanticconstruction: the caseof reinterpretation. Habilitation
thesis,UniversiẗatdesSaarlandes.
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