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Abstract

We discusghe questionof how phenomenaf typecoerion (TC) canbeintegratedinto
NaturalLanguageseneratior{NLG). Theultimategoalis the generatiorof expressionshat
instantiatetype coercionin casesvheresuchexpressiongrethe mostnaturalverbalization
for agivenpieceof information.

Our approachis an extensionof the SPUDNLG systemdevelopedby Matthev Stone.
This systemis well-suitedfor ourapproactbecausd allowstheeasyformulationof syntax-
semanticgnterface constraints(in the form of semanticallyannotatedragmentsof TAG
syntaxtrees). Theseinterface constraintsareindispensabléo avoid overgeneratiorof TC
expressions.

TCisintegratedin theNLG systemin thatwe formalize TC opemators thatprovide addi-
tional optionsof generatingexpressionsvith awell-formedsyntacticstructure(to verbalize
agivensemantidnput). TC operatorsarealsorepresentetly treefragmentsandaresubject
to conditionson linguistic andothercontet features.

1 Intr oduction

The issuewe are going to addressn our paperis the questionof how metorymy andrelated
phenomenéreferredio asphenomenaf typecoeicion) canbeintegratedinto NaturalLanguage
GenerationNLG). The ultimategoal is the generationof expressionghat instantiatetype co-
ercionin casesvheresuchexpressionsare the mostnaturalverbalizationfor a given pieceof
information.

Therelevanceof this goalis bestillustratedby way of examples.Imagineparentsworrying
aboutwhethertheir offspring have donetheir dutiesas pupils. One of the possibleinquiries
stemmingrom thisworry would be (1a),whichis interpretedn thesameway as(1b). However,
this lattervariantwould bevery oddin the givencontext:

Q) (a) Have youfinishedyour homevork?
(a) Have youfinishedpreparingyour homewvork?



Similarly, theappropriateanswerto the German(2a)would be (2b),andnot somethindik e (2c¢):

(2) (a) Wo ist der Wein?
where is the wine
‘Whereis thewine?’

(b) Er steht auf dem Tisch.
it is-standingon the table
‘It isonthetable’ (lit: ‘it is standingonthetable’)

(c) Er ist in Flasdcen, die auf dem Tisch stehen
it is in bottles RELPR on the table are-standing
‘It isin bottlesthatareonthetable’ (lit: ‘... arestandingonthetable’)

Theseexampledllustrateatrendin naturallanguageowardsbrevity of expressionsEventu-
ally, theexplanationfor thistrendcanbefoundin the Gricean(Grice 1975)corversationmaxim
‘be brief’, which makesonechoosehe brieferof two equallyinformative expressions.

Thistrendis strongenoughto enforcethe choiceof expressionghatinstantiateypecoercion
in casedike (1) and(2). Theseexpressionsareshortbecausehey areincompletein thatpartof
the informationto be corveyedis not expressed.For instance sucha bit of informationis the
factthatit is the preparation of the homevork (andnot ary otherpotentialactiity thatinvolves
homevork) whosefinishingit atstalein (1a),or thefactthatit is notthewine but its containes
thatarein anuprightpositionin (2b). World and/orcontext knowledgethenstepsn andprovides
thesepiecesof information.

From the viewpoint of naturallanguagegenerationthe goal is to take type coercioninto
accountin orderto generatemaximally brief expressiongatherthan their more long-winded
alternatves. This meansin particularthat one mustbe ableto divide a given input (semantic
information)into informationthatis to be verbalizedandinformationthat shouldbe left unex-
pressedsinceit canbereconstructedrom otherknowledgesources.

The paperis structuredasfollows. After a brief review of the phenomenomf TC from an
NLU perspectie, we outlinetheissuego bedealtwith in NLG approachethataimatincluding
TC. We thenoutline the SPUDNLG systemand shaw in detail how one canintegrateTC in
theform of so-calledTC operators. Theseoperatorgrovide additionaloptionsof verbalizinga
givensemantidnputin termsof expressionghatinvolve type coercion.

2 Type coercion from differ ent perspectives

In this section,we recapitulatethe phenomenorof type coercion. We will shaw that type co-
ercionfor NLG hasnot receved muchattention,hence the issueshatare crucial hereremain
somavhatimplicit in the literature. Instead,the literaturefocuseson type coercionfrom the
viewpoint of naturallanguageunderstanding.



2.1 Typecoercionin natural languageunderstanding

Type coercionis almostexclusively discussedsa problemof naturallanguageunderstanding
(NLU) in theliterature,e.qg.,in paperdike Dolling (1992,1995),Pustejesky (1995),Moensand
Steedmarf1988),de Swart (1998),or Pifiango(lume).

Formally, type coercioncan be characterizedy the schemaF (Op(A)). l.e., ratherthan
applyingafunctorF directly to its agumentA, first a TC operatorOp, which is not expressed
explicitly in the utteranceis appliedto A, thenF is appliedto theresultof thisfirst application.
Onthebasisof this schemathe challengeposedby type coercioncanbedividedin threeparts.

Thefirst taskis to identify expressionghat mustundego type coercion. Characteristically
thesesentencediave no literal interpretationsince their semanticscomprisesa mismatching
functorargumentpair (often dueto a violation of selectionrestrictions,e.qg.,in (2b)!, but this
neednot bethe case(seethediscussiorof this pointin Egg2000).

Secondpnemustacquire informationfromadditionalknowled@ souicesoverandabovethe
informationfrom the syntaxandsemanticof an expressionn orderto obtainthe full interpre-
tation of anexpression.This informationis thenusedasthe operatorOp in the type coercion.
E.g.,in (1b) only world knowledgeaboutthe way in which pupils and homevork arerelated
providesthe pieceof informationthatthe endof the prepamation of thehomevork is at stake in
this sentence.

The derivation of this additionalinformationin generalis at presentan unsohedissue,the
mostsystematiaiscussiorof this issueis to be foundwithin the framework of the Geneative
Lexicon (GL) (Pustejosky 1995). This framework triesto captureTC in termsof anenriched
semantiaepresentationf lexemes(especiallyof nounsandverbs),the so-calledQualia Struc-
ture (QS). The QS comprisesstructurednformationon additionalfactsaboutentities,e.g.,their
origin andpurpose The GL frameavork furthermoreassumegprocessesf semanticcomposition
thatcanaccesghis structurednformation.

Considerfor instancesentencgla): herethefactthathomevork comesnto beingby some-
onepreparingt givesustheclueto thefull interpretationin the QS of thenounhomaevork, this
pieceof informationwouldfill theslottalkingaboutthe origin of homewvork.

Thefinal task,then,is theintegrationof thisadditionalinformationwith theresultof semantic
constructionto obtaina fully-fledgedinterpretationof the expression.To put it moreformally,
one mustdistinguishthe relevant functorargumentpair in the resultof semanticconstruction,
betweenwhichtheoperatorOp is to beinserted.

The syntax-semanticsiterfaceplays 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 resolhed], A is the VP se-
mantics(simplified to Axryng-Stand (X) A on-table’(x)), while F is the semanticof the NP
(AP3lysysst-win€'(y) A P(y); here3d!x.P(x) expresseghe existenceof a uniqueentity in the
extensionof P):

(3) DerWeinstehtaufdemTisch

IHerethe subjectNP fails to complyto theverb’s restrictionto NPsthatreferto thingswith amaximalaxis.




Since (3) hasno well-formed literal reading,the operatorOp must bridge the mismatch
betweenthe incompatiblesortssusst[ance]and THING. For (3), we assumean operatorthat
mapspropertiesP of containerontothe property(of substance)f having a containemith the
propertyP. Here, CONT is arelationbetweercontainersaandtheir content:

(4)  APAZAX.CONT(x,2) A P(x)

Theresultinginterpretatiorof (3) is (5a), which claimsthe existenceof a uniquequantity of
wine whosecontaineris standingonthetable:

(5)  (a) 'ysusst-Win€ (y) A Ixring.CONT(X,y) A stand (x) A on-table’ (x)
(b) IxrHinG-(FYsussTCONT(X,y) Awin€/(y)) A stand () A on-table’ (x)

The mismatchbetweenthesesortscould alsobe buffered by coercingthe semanticof the
nouninto apropertyof things(thepropertyof beinga containeiof wine). Therelevantoperatoiis
presentedbelon as(8). However, this optionwould give thewronginterpretation5b) for (3): in
this semantiaepresentatiothe uniquenespresuppositiomoldsfor wine containersThis does
notrule out thatthereareotherwine quantitiesaroundwhich arenotin containerghatstandon
thetable,but thisis in conflict with intuitionson (3). This unwantedinterpretations barredin
thesynseminterface sincetheinterfacedoesnotlicensetheinsertionof atypecoercionoperator
atthis position.

2.2 Typecoercionin natural languagegeneration

Takingthe spealer’s point of view, type coercionis a meansof leaving information (which can
be recoreredby the hearerthroughcontext andworld knowledge)implicit. Thus,the problem
that type coercionposesfor NLG is complementaryo the one sketchedfor NLU: the taskis

to distinguishpiecesof informationthat areto be verbalizedfrom thosethatarenot. l.e., the

taskof NLG is thedivision of a giveninput (a semantiaepresentationnto F andA ontheone
side (they arethenverbalized)and Op on the other side (which is not). In this respecttype

coercionplaysasimilarrole in NLG asellipsisor the phenomenoof indirectanaphorin order
to obtainexpressionshatsoundnatural,certainpartsof theinputto theNLG system(asemantic
representationinay not be put into words(Rambav andHardt2001; Shav 1998; Gardentand
Striegnitz 2001).

E.g.,theinputto (1a) (omitting tenseandsentencenood)would be somethindik e (6):

(6) {finish’(e,hearer’,€),preparée (¢, hearer’, x),homework’(x),
of’ (hearer’,x)}
NLG thenwould have to singleout the secondelementof this input asmaterialthat need-
and,in fact,shouldnot - beverbalized.

Therole of the syntax-semanticmterfacefor TC casess consequentlyotthesamen NLP
andNLG. Ratherthanactingasa meansof fixing TC positionsin semanticepresentationsf
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TC casegwhich thencanbefilled in with extralinguisticallyderivedinformation),it constains
TC positionsthatareassumediuringgeneratior{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
modelledasanactualconstraintratherthanasafilter on alreadygenerate@xpressions.

As an examplefor this constrainingrole of the syntax-semanticeterface,considerfor in-
stancethe input to (3). The semanticof the PP hasbeensimplified andonceagaintenseand
sentencenoodarengylected:

(7) {stand(e,x),container' (x),win€'(y),on-table/(x),
contair' (€, x,y), uniquely_identifiable’ (y) }

At afirst glance,therearetwo waysof distinguishingmaterialthat neednot be verbalized
in (7). Ontheonehand,onecanspotthe TC operator(4) thatmapspropertiesP of containers
onto the propertyof having a containerwith the propertyP in (7). Formally, the secondand
the penultimateelementof (7) constitutethis operator:contain’ (€, x,y) expresseshe contain-
relationitself, while container' (x) matcheshe presuppositiorof the operator(the first element
of the contain-relatiormustbe a container). Verbalizingall otherelementsof (7) givesusthe
desiredexpression3).

But on the otherhand,one might alsoidentify the third andthe penultimateof the elements
of (7) with the TC operator(8) thatis effectivein (5b) and(9).

(8) APAZIX.CONT(zx) A P(x)
(9) Everybottlefroze

This operatoris kind of inverseto the onewe encounteredh (3), sinceit mapspropertiesP
of substancesntothe propertyof beinga containerof a substancevith the propertyP, viz., (8).
CONT againrelatescontainersandtheir content.

Oncemorecontain' (€, x,y) would expressthe contain-relationandwine’(y) would match
the presuppositiorof the operatorthat the secondelementof the contain-relationmust be a
substance.However, the resultingverbalizationwould be somethinglike ‘The containersare
standingonthetable’, whichis notthe preferredway of gettingacrosgheinformationin (7). In
fact,thiswould notcommunicatehewholeof (7), sincetheinformationthatthereis winein the
containemwould be omittedfrom verbalization.l.e., therewould be the dangerof losing a piece
of information,unlesshis piececanberetrievedfrom other(e.g.,contetual) sources.

We will shav in section3.2thatrelatingTC potentialto syntacticconstituenstructuren the
syntax-semanticsiterfacebarsthe secondunwantedoptionwithout any furtherassumptions.

The NLG perspectie on type coercionforcesoneto tacklethe questionof whattype coer
cion operatorghereareright from the start. This questionis quite a challengefor analysesof
type coercion,becausef the factthattype coercionis languageandeven genre-specifick.g.,
the following sentencesre only acceptablen French(Horacek1996)andin waiters’ jargon,
respectrely. l.e., simply compiling a list of materialthat may be omittedfrom verbalizationin
NLG will notdo:



(10) (a) Le Prix Goncourtestarrivé
(b) * ThePulitzerPrizehasarrived(in the senseof ‘the winnerof...)

(11) Thehamsandwichis waiting for his check(Nunbeg 1979)

Worsestill, the context of anexpressiommay licensecasef occasionatype coercionthat
would not be understandableut of context:

(12) Max finishedDr Johnsortoday

(12) is not understandablesit stands.However, if we know that Max is an architectwho
wasassignedhejob of designingDr Johnsors new house theinterpretatiorof (12) is straight-
forward.

Due to the complementaryasksof NLU andNLG in the domainof type coercion,a mere
adaptatiorof proposedpproacheto typecoercion(fromtheNLU perspectie)to NLG purposes
will not do. While onemay take over a generalframenork of describingtype coercionfor the
purpose®f NLG, thetwo mainproblemsI'C posedor NLG arenotcoveredby NLU approaches
toTC.

First, onehasto tacklethe problemof identifying the materialthat neednot be verbalized.
Evenif the syntax-semanticsterfaceconstraintdhe possibilitieshere,theidentificationof po-
tential TC operatorsn agiveninputfor NLG presupposethe availability of suitablemodelsfor
context andworld knowledgeanda way of accessinghem.

To answerthis problem, Horacek(1996) proposesausing the information of Pustejorsky’s
Qualia Structue (QS)to handlecase®f metorymy. While thestratgy of takingQSinformation
aspotentialreinterpretatioroperatorsmight work in somecasese.g.,(13), becausehe purpose
of bottlesis to containliquids, it is notavailablefor casesik e (14), sinceno qualefor winewould
introducethe notionof container:

(13) Amélie downedthebottle

(14) Amélielabeledthewine

In addition, this stratey can not yet model language-specifidifferencesin the rangeof
potentialmetorymy. To this end,Horacekmusttake recourseo explicit annotationgshatexpress
informationlike ‘in Germanor English, no coercionis available for begin with an object NP
whoseheadis cigarettée.

Secondthereariseghequestiorof theexactimplementatiorof the TC phenomenoim NLG.
It is necessaryo specifythe stepin the generatiorprocessvherethe decisionto producea TC
or anon-TCrealizationfor agiveninputis made wherethe materialthatneednotbeverbalized
is identified,andhow thisis integratedwith therestof thegeneratiorprocess.

This issuesurfacesalsoin Horaceks (1996) approachwhich handlesthe separatiorof the
materialthatis not to be verbalizedwithin generalgeneratiorprocedureshat correlatespecif-
ically structuredpiecesof informationfrom the input with linguistic material(mostly lexemes,



but also other materiallik e affixes). E.g., one of theseproceduresorrelatesa conceptfor an
eventualityof possessiomwith its possessarole andthe bearerof this role into thenounowner.

In theseprocedurespiecesof the input canbe deliberatelyomittedfrom verbalization.This
omissioncharacterizedyut is notrestrictedto, casesf generatingl' C expressionslt is eventu-
ally licensedby appropriatelydesignedexical entries,in particular by their QS. The licensing
conditionis thatpartof the input structurematchesspecificpartsof alexical entry But thisre-
quiresratherinvolvedsubproceduresf patternmatchingin orderto detectall relevantmatches.

In sum,the discussiorof TC in theliterature,mostof which adoptsthe viewpoint of NLU,
is usefulfor our goalin thatit outlinesbasicpropertiesof the phenomenowf TC. Howeverthis
discussiondoesnot cover the two main problemswe identified for the integrationof TC into
naturallanguagegeneration.

3 Not Generating TC Operators

In this section,we will expoundhow type coercioncanbe accountedor in a naturallanguage
generatiorsystem.

The systemthatwe wantto implementour approachn is basedonthe SPUDsystemdevel-
opedby Matthen Stone(StoneandDoran1997; Stoneetal. 2001). SPUDIs a systemdealing
with the *how-to-say-it’ part (as opposedto the ‘what-to-say’ part) of NLG. It startsfrom a
communicatve goalandthenplansandrealizesa text achieving this goal. Its planningprocess
accessedifferentlevels of linguistic knowledge(syntactic,semanticandpragmaticlaswell as
backgroundknowledgeto constructan utterancewhich takes constraintamposedby the given
situationinto account.

As opposedo mary othersystemslesignedor dealingwith thistask,SPUDdoesnt expecta
detailedrepresentationf the semanticcontentof thetext thatis to be producedhut startsfrom a
communicatve goal. The exactsemanticsieededor achiezing the communicatie goalis built
in parallelwith the syntacticstructure. In this way, the decisionof what exactly the semantic
contenthasto look like canbe basedn linguistic constraintsaswell asthe communicatie goal
thatis to be fulfilled. For an NLG approachto type coercionthat meansthat mechanisms
la Horacek(1996),wherefragmentsof the semanticcontentare eliminatedbeforeplanningthe
actualtext, is notpossible sincethefull semanticontentis simply notavailableatthatpoint. So,
we will have to integratethe decisionof whetherto apply type coercionor notinto the process
of planningthe text. In doing so, we canuseinformation provided by the syntax-semantics
interfaceto constrainthe choiceon wheretype shiftsarepossible.

We will now introducethe generatiorsystem beforewe proceedo presenour approacho
integratingtype coercionin this system.

3.1 A Generation System

SinceSPUDusesa TreeAdjoining Grammarwe startby giving abrief introductionto this gram-
marformalism. We thenshav how the designof SPUDS lexicon connectssyntactic,semantic
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Figurel: A TAG grammar

and pragmaticinformation. Finally, we illustratethe main mechanismslriving the generation
process.

3.1.1 TreeAdjoining Grammar

For a precisedefinition of Tree Adjoining GrammargTAGs) we refer the readerto Joshiand
Schabe$1997).In whatfollows, we only sketchthe basicpropertiesof TAG.

The Lexicon of a TAG consistsof trees,so calledelementarytrees which arefragmentsof
parsetrees.Figurel shovs someexamplelexicon entries. Thesetreescanthenbe combinedto
form larger tree structuredoy two operationscalled substitutionand adjunction which we will
explain below.

TAG distinguisheswo typesof trees:initial trees,which areusedto encodethe basicsyn-
tactic frame of syntacticfunctors,andauxiliary trees,which encodemodifiers,e.g.,adjectves,
prepositionaphrasegPPs)or adwerbs.Thedistinguishingpropertyof auxiliary treesis thatthey
have a uniquefoot node(markedwith x), i.e., afrontier nodelabeledwith the samecategory as
theroot of the tree. Furthermorefreesmay containsubstitutionnodes(marked with |), which
areleaf nodedabeledwith a non-terminalkateyory.

Thetwo operationssubstitutionandadjunction,arethenusedto combinetreesinto bigger
trees. Intuitively, substitutioninsertsan initial tree with root cateyory X at somesubstitution
nodewith category X in someothertree. Adjunction, on the otherhand,catersfor recursion
andpermitsinsertinganauxiliary treewith rootandfoot nodecateyory X atanodelabeledwith
category X in someothertree. Substitutionandadjunctionareillustratedin Figure?2.

3.1.2 The Lexiconin SPUD

In the lexicon of SPUD, elementarytreesareassociatedavith semanticand pragmaticinforma-
tion (seeFigure 3). The lexical entry for the nounbook for instance,is associatedvith the
informationthat someentity x is a book, andthe lexical entry for the transitve verbfinishtells
us thatthereis someevente; wherean entity x finishesa secondevente,. SPUD usesa flat
semantiaepresentatioiHobbs1985; Copestak, Flickinger, and Sag1999)andthe semantics
of acompl treeis justtheunionof the semantiaepresentationsf the elementarytreesit con-
sistsof. Furthermoreglementaryreesmaybeassociateavith pragmatiaconstraintssuchasfor
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Figure2: Combiningtrees:Substitutionandadjunction
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Figure3: Semanti@andpragmatidnformationin thelexicon.



instancethelexical entryfor thedefinitearticlethe The pragmaticconstraintsarealsocollected
asthetreeis built. A syntaxtreeis only licensedn a givensituationif its pragmaticconstraints
areall satisfiedby the discoursecontext.

The syntax-semantiasiterfaceis encodedy associatingyntacticconstituentsith seman-
tic entities. Theintuition behindthis is thata constituensomehav describeshe semanticentity
it is associateavith. More precisely nodesn the elementarytreearelabeledwith featurestruc-
tureswherean attribute idx takesa variableover a semanticentity asvalue. In Figure 3 this is
indicatedby labelingnodeswith (X) whereX is somevariableover a semantientity.

The entity associatedvith the S, VP, andV nodesin tree for finish, for example,is co-
referentialwith thefirst agumentof finish It describeshefinishingeventitself, while the entity
associateavith the subjectNP nodedescribeghe agentof the finishing eventandis therefore
co-referentialvith the secondargumentof the semantigredicatefinish

3.1.3 The Generation Strategy

As saidabove, SPUDtriesto constructan utterancewhich satisfiesa communicatve goalin a
givensituation. Communicatie goalsareof the form describée) wheree is anentity (usually
aneventor state)which the spealer hasadditionalinformationabout. The taskis thento build
a sentencdahat describes, i.e., whoseroot nodeis associatedvith e. The semanticcontent
of this utteranceds not fully determinedbeforethe sentencelanningandrealizationstep,but
is extractedfrom the spealer’s knowledgeaboute asit is neededoy realization. It is however
possibleto specifypiecesof informationthatmustbe corveyedby the utterance.

We arenow goingto illustratehow the generatioralgorithmworks. At this point we depart
from SPUDS original architectureandassumehe chart-basegeneratioralgorithmdescribedn
Striegnitz (2001),insteadof SPUD’s greedysearchalgorithm. Thiswon’t make muchdifference
for our currentpresentationbut letsusproduceparaphraseis casesvhereseveralverbalizations
arepossible.

The basicgeneratioralgorithm can be outlinedasfollows: Giventhe communicatre goal
describge)

e selectthoseelementaryreesfrom thelexiconthatrealizepropertiesof e
e for eachof them,do substitutionaslong asthereareopensubstitutiomnodes
e doadjunctionif thetreeis not semanticallycompleteandcontetually appropriate

Let’s have alook at an example. Assumethat we startfrom the following input and back-
groundknowledge.

Goal: describee, where{finish(e a, €), write(€¢,a,b), 1837t), eCt...}
Common Knowledge: {womar{a), nameda, ‘JaneAusten), mansfieldpark(b), bookb)...}

First, thealgorithmselectdreesfrom the lexicon thatrealizesomepropertyof e. Thereare
(at least)two possibilitiesin the lexicon, which areshowvn in Figure4. As the semanticgyets

10



S{e /S@

~
NPl (@) VP (e NP| (@) VP (e "
Ve NPL(e) VE) VPnel | G |
finished finished '
S:finish(E, X, E') S:finish(E, X, E)

Figure4: Lexicon entriesrealizingfinishingevents.

matchedntothe semanticprovidedby theinputthevariablesover semantientitiesassociated
with the nodesof the syntaxtree getinstantiatedaswell. The treeon the left subcatgorizes
for aneventdenotingnounphraseopenNP substitutionnodeassociateavith entity €). In this
example,it catersfor verbalizationdik e Jane Austenfinishedthe writing/the creationof Mans-
field Park in 1837. The oneontheright hasanopenVP substitutionnode(alsoassociatedvith
€) andis usedin Jane Austenfinishedwriting MansfieldPark in 1837, for instance.Note that
bothtreessubcatgorizefor someconstituenteferringto theeventé thatis to befinished.This
malkesrealizationdlik e Jane AustenfinishedMansfieldPark, i.e., realizationsinvolving a type
shift, impossible.We will now explain the mechanism®f how the secondof thoseelementary
treescanbe completedo form anutterancehatachiezesthe communicatve goal, while ignor-
ing how exactly this is doneby the chartbasedalgorithm. We wantto point out, however, that
the otherparaphras@volving the otherlexicon entryfor finish can,of course alsobe extracted
from thechart.

Next, the opensubstitutionnodeshave to be filled. I.e., a noun phrasereferringto Jane
Austenanda verb phrasereferringto the writing eventareneeded.They could for instancebe
realizedasfollows:

S (e
NP ( \ VP (@)
PN \% (/e’) VPing

| |
JaneAusten finished \/ NP
|

1
writing PN
|
MansfieldPark

S: finish(e a,€),write(¢/,a,b),nameda, ‘ JaneAisterh),
mansfieldpark(b)

Now we have a syntacticallycompletetree. No pragmaticconstraintsare unsatisfiedhow-
ever, notall of the semanticrasbeencorveyed. The dateof thefinishingeventis still missing.
Sothealgorithmtriesto addthis missinginformationby adjunction yielding thefollowing tree.
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JaneAusten V (e’) Vng P NP
finished V' NP in N
wri'Eing PIN 18|37
MansfileIdPark

S: finish(e a,€),write(€,a,b),nameda, ‘ JaneAuster),
mansfieldpark(b),1837(t),eCt

3.2 Type Coercion at the Syntax-semanticdnterface

We will now turn to integratingthe possibility of not verbalizingthe TC operatorinto this gen-
erationsystem.

Similar to the stratgyy proposedby Egg (2000) and Pulman(1997) for interpreting type
coercingexpressionsthe we proposeto introducepositionsat which type coercioncanoccur
the syntax-semanticsiterface. We will startby shaving how this intuition is incorporatednto
the lexicon. Then,we will illustrate by meansof two exampleshow the generatioralgorithm
works afterthis lexical extension.Finally, we will briefly talk aboutthe problemof definingTC
operators.

3.2.1 Type Coercionin the Lexicon

The basicideais that verbsspecifyin their subcatgorizationframe that at certainpositionsa
type shift may occur In thatcaseit is possiblethatan expressiondescribingan entity different
from a semantiargumentis realizedin the positionof this agument.This entity musthowever
berelatedto the original aggumentvia a TC operator

So,we have to supplytwo sortsof information,namelywhere type coercionmay occurand
whatareviable TC operators.We accountfor this asfollows: First, we will markthoseplaces
in the elementarytreesof our lexicon wherea shift in type canoccur Thenwe will provide
elementantreesthat correspondo coercionoperatorsandcarry the contextual constraintghat
restrictthe useof certainoperators.Proceedingn this way givesusa very fine grainedcontrol
over the situationsin which we allow type coercion. We cantune our generationsystemto
the domainwe arein andavoid the overgeneratiorproblemthat we have pointedout for more
generabpproaches.

Figure5 shavsthelexical entryfor theverbfinishsubcatgorizingfor anounphraseeferring
to the eventthathasbeenfinished. The featureshift with the valuefinish(E, X, E’) indicatesthat
a type shift canoccurat this positionwhile handinginformationaboutthe entitiesinvolvedin
thetypeshift down to thetreethatis substitutedat this node.

Coercioncanthenbetriggeredby substitutingelementaryreesasthosedepictedn Figure6
specifyingthe TC operatorastheir semanticontentandcontectual restrictionson theuseof this
operatoiin their pragmaticconstraintsLet’'slook attheleft tree. It changesheopensubstitution
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_s )
NP | (X) VP (E)

A idx: FE
V(& NP [shift: finish(E, X, E)
finished

Figure5: Type shifting informationin thelexicon.

nodefrom onethatrequiresan NP referringto E’ to onethatrequiresanNP referringto Y. This
TC operatortree carriesthe semanticcontentread E', X, Y) (which is corveyed implicitly, i.e.
not verbalized)andis pragmaticallylicensedto be used.,if it follows from the commonground
plustheinformationgivenby theutterancehatY is abook.

In the casewherethelink betweerE’ andY is thatE’ is awriting eventin which is being
written (theright TC operatortreein Figure6) the pragmaticconstraintsarestricterin thatthey
alsorequirethatit is known to bothhearerandspealer that X is anauthor

NP - . NP - .
AN AN
| AN idx: FE | AN idx: FE
NPL: (Y) shift: finish(E,X,E) NPL: (Y) shift: finish(E, X, E’)
S:readE', X,Y) S:write(E', X,Y)
P:Sem— book(Y) P:Sem— bookY) & author(X)

Figure6: Theelementartreeswhichtriggercoercion.

3.2.2 An Example

Now, let's look at an exampleof how our generatioralgorithm dealswith situationsin which
type coercionis possible.
Assumethatwe startasbeforefrom thefollowing input andbackgroundknowledge.

Goal: describes, where{finish(e, a,€), write(¢,a,b), 1837t), eCt...}
Common Knowledge: {womarta), nameda, ‘JaneAusten), mansfieldpark(b), bookb)...}

In thefirst step,the algorithmselectdreesfrom the lexicon thatrealizesomepropertyof e

suchasthis one:
S: {e)

NP: (a) VP:\(e)
PN: (a) \I/: (e) NPJ: [

JaneAusten finished

idx: FE
shift: finish(E,X,E’)

S: {finish(e,a,€), nameda, ‘JaneAusten)}
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It hasa opensubstitutionnodewhich requiresan NP referringto entity €. In contrasto the
previous example,however, producinga nounphrasdik e the writing or the constructionis not
the only possibility at this point, sincethis tree alsolicensesthe substitutionof a TC operator
tree.Substitutingsuchatree,givesusthefollowing:

s

NP: {a) VP: (€)
| SN
PN: (a) V: {e) NP: (¢)
| | |
JaneAusten finished NP: (b)

S: {finish(e,a,¢), nameda, JaneAusten), write(¢/.a,b)}
P:  Sem— bookb) A author(a)

Theopensubstitutiomnode requiringanNP referringto entity b canthenbefilled asfollows.

s

NP: (a) VP: (e
| SN
PN: (a) V: (e NP: (€)
JaneAusten  finished NP: (b)
PN: (b)

MansfieldPark

S: {finish(e,a,€), nameda, ‘JaneAusten), write(¢,a,b),
mansfieldpark(b) }
P: Sem— bookb) A author(a)

Now, we have a syntacticallycompletetree. The pragmaticconstraintsare satisfiedaswell,
sincethe commonknowledgeentailsthat JaneAustenis an authorand MansfieldPark a book.
As before thesemanticdiasnot beencorveyedcompletelythough.This canbefixedby adjoin-
ing themissinginformation:

S:“g\
|
PN: (a) VP: (€ PP
I e ~ 7/ N\
JaneAusten  V: (€ NP: (€) P NP: (t)
| I | |
finished NP: (b) in N: (t)
| |
PN: (b) 1837
I
MansfieldPark
S: {finish(e,a,€), nameda, JaneAusten), write(¢,a,b),
mansfieldpark(b), 1837t), eC t}
P:  Sem— bookb) A author(a)
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3.2.3 Yetanother example

For exampledik e (3), theintegrationof TC into thegeneratiorprocesss basednanappropriate
formulationof lexical entriesfor verbsthatmayundego TC. We setout from the treefragment
thatis introducedby steht‘is standing’:

S: (e)
NP¢/ \VP: (e)
V: (e)/ \PPJ,: (x)
sttlaht

idx: X
shift: toyif containefx) A contain(e,x,y)

S: {standex)}

Sincethe index of the subjectNP andthe first algumentof the stand-relatiormustbe co-
indexed, it is not possibleto modeldirectly the intuition that TC like in (3) would have to affect
the VP (ratherthanthe subjectNP; recallthediscussiorof theseinstance®f TC in section2.1).
Theonly positionin thetreewhereit is possibleto positionthe TC treefragment(by substitution)
is below the NP nodein theabovefigure. Thisindirectway of integratingTC into thegeneration
processs necessitatetly the structureof the SPUDsystem.

Formally, the lexical entry of the verb specifieshis coercionpotentialin thatit determines
the ‘shift’ value of its subjectNP: coercionto anotherNP is possibleif this NP refersto the
contentof a containeywhich s the entity to which theoriginal NP refers.

The TC operatoris thenmodelledby thefollowing treefragment:

NP-
N

| No idx: X

| shift: standx)(¢")

NP}: (2)

S: {contx,2)(¢)}
P: Sem- cortainer(x)

This strateyy begsthe questionof how we canfulfill our goal of usingsyntacticconstituent
structureto block the generatiorof inappropriateverbalizationf a giveninput (asillustrated
on the exampleof (7) in section2.2). The point hereis thattheseverbalizationsvould have to
be modelledin termsof a TC treefragmentthatis inverseto the above fragmentin thatits top
nodewould carryanindex thatrefersto a substance:

NP -
| \\» [ idx: z ]
NP <X) shift: ...
S: {cont(x,2)(¢')}
P: Sem-— subsance?)
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Since nominal projectionsinherit the index of their NP mothernode, thereis no way in
which suchan operatorcould be employed in orderto derive the unwantedverbalizationthat
presumeshepossibilityof coercingthenoun. Sincethesynseninterfaceis encodedn theseree
fragmentsthis is theway in which theinterfaceconstrainghe generatiorof TC expressions.

Theresultof this substitutionis givenin the next tree structure. Herethe first agumentof
the stand-relatiorandtheindex of thelower subjectNP nodearedifferent:

NPJ: (2) V: (e) PRL: (x)
st<|aht

S: {stande x),cont(€,x,2)}
P: Sem- cortainer(x)

Finally, aftersubstitutingghe NP andPPnodestheresultis thefollowing (someavhatsimpli-
fiedin the PP):

NP: {x) VP: (e)
I - ~N
NP: (2) V: (€) PP: (x)
7/ AN 1 |
Det N: (2 steht  aufdemTisch
| |
der Wein

S:  {wingz),stande,x),cont(€,x,z), on-table(x) }
P: Sem- cortainer(x)
uniquelyidentifyable(z)

This satisfieghe goalof describingthe eventualitye in asemanticallicompletefashionj.e.,
all the materialin (7) is eitherverbalizedor canbe put down to TC operators.Note also that
theuniquenessonditionis checledin theright way: it is uniqguenes®sf a certainwine quantity
(whoseindex is 2) thatis at stake in theproductionof (3), not of awine container(with theindex

X).

3.2.4 A short note on where the TC operators comefrom

We arguedthatonehasto take into accountcontext dependencaswell asdomainandlanguage
specificity of type coercion,whenlooking at the phenomenorirom an NLG perspectie. This

2If generatiorever getsroundto dealingwith quantificationit is possibleto describethe factthatthe operator
Op appliesto theverbsemanticdy type-raisingthe original operatorOp:
(i) APAP.P(Op(P))
The semantiaepresentatiomfter applying (i) to the semanticof the NP andthenthe resultof this application
to the verb semanticds onein which the NP semanticappliesto an applicationof Op to the verb semanticsas
desired.
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leadsto a quite fine graineddescriptionof operatorsyhich furthermorevarieswith the domain
of applicationandthe language The obvious questionis: Wheredo theseoperatorcomefrom
andwho specifiesthem? One possibility is to usehand-craftecoperatorlexica, which could,
however, be quite tediousto built. A differentpaththatwe think is worth exploring is to derive
themfrom corpora.Lapata(2001)suggestsechniquedor extractingoperatorghataccountor
theleeway in interpretingadjectveslik e fast (comparee.g. a fastplaneanda fasttypist) from
corpora.lt is straightforwardto transferthisapproactio thebegin/finishtypecase®f metorymy.

4 Conclusionand outlook

Contet dependencand domainand languagespecificity restrictthe possibilitiesof type co-
ercion. Whenlooking at type coercionfrom a naturallanguagegeneratiorpoint of view, this
cannotbe ignored,sinceotherwisethe systemwould overgenerateand apply type coercionin
situationswhereit is not appropriate. We have presentedan approachto generatingcoercing
expressionghatdealswith this problemby usinghighly specializedriggersdependingon syn-
tactic,semantiandcontectual informationfor type coercion.

In actualimplementedsystems this will only work if thesetriggerscan be producedef-
ficiently for differentdomainsandlanguages.We think that deriving them from corporais a
promisingstratgy. Anotheropenpointarethefactorsthatplay arole in determiningtype coer
cion. As Examplel2in Section2.2 shavs, muchmoresophisticatedeasoningnthe context is
necessaryo fully capturethe phenomenonOur systemprovidesaninterfaceto reasoningools
andthereforein principleallows for this. However, it is not clear yet, whatthe decidingfactors
exactly look like andhow they canbe capturedormally.
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