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1. Intr oduction

Thispaperdescribesa TAG–based(JoshiandSchabes,1997),template–basedapproachto NaturalLanguage
Generation.It extendsthe ideaof lexicalizationto wholephrases,similar in style to therepresentationof idioms
in a TAG grammar. In additionto this, thereis a secondtypeof templates:partialderivations.

Thefirst phasein the generator, drivenby planningrules,producesa derivationtreewhich is thenusedin a
straightforwardrealizerto createthederivedtree.This treeis thenthebasisfor theinput to aConcept–To–Speech
synthesiscomponent(Schweitzer, BraunschweilerandMorais,2002).

Thereare two basicmethodsfor constructingthesetwo kinds of templates.The first andpreferredone is
basedonanexistinggrammarwherethetemplatesrepresentshortcutsthatwouldbeusedfor reasonsassimplicity,
efficiency, or becausethe existing grammardoesnot containan interfaceto the representationlanguage,e.g.,
semantics,that is usedas the generator‘sinput. The secondmethodwhich is usedso far in the SMARTKOM

project (Wahlster, ReithingerandBlocher, 2001) is necessarywhen no suitablegrammarexists. It allows for
an approachsimilar to rapid prototyping: only the templatesthat areneededarespecifiedandthe templatesare
initially keptaslargeaspossible.Only in the following developmentsteps,the templatesaremadesmallerand
smaller, eventuallythemselvesbecominga grammar.

Thefollowing sectionsbriefly presenttheSMARTKOM projectandthegeneratorarchitecture.Thentheuseof
fully specifiedtemplatesis discussedin this context, includingtheir usefor concept–to–speechsynthesis.Finally
wepresentthecurrentwork, includingsometoolsthatareunderdevelopment.

2. The SmartKom Project

SMARTKOM is a multi-modal,dialoguesystemcurrentlybeingdevelopedat severalacademicandindustrial
partners(seewww.smartkom.org). Userinputmodalitiesarespeech,includingprosody, variousgestures,1 and
aninterpretationof theuser‘sfacialexpression.Thesystemoutputis acombinationof graphicalpresentationsand
an animated,talking agent,Smartakus,plus variousexternaleffectssuchascontrolling a VCR, sendinge-mail,
queryingdatabasesetc.

Thekey ideabehindthesystemis to developa kernelsystemwhich canbeusedwithin severalscenariosand
applications.Currentlythereexist threesuchscenarios– public, home, andmobile– with anumberof applications
suchasEPG(electronicprogrammingguide),scanningandsendingdocuments,routefinding, etc. They all are
differentin their externalappearancebut sharemostof the basicprocessingtechniques.The systemdepictedin
Figure1 is the“public scenario”system.Within this scenario,anintelligentkiosk is developedwith which oneis
ableto accessthevariousapplications.Developmentis mainly for German,but someapplicationsarealsoported
to English.

2.1. Ar chitecture

Figure2 shows the overall architectureof the generationsystemwhich follows a straightforward classical
pipelinedesign.On theinterfacesto inputandoutput,XSLT stylesheettransformationsadaptthevariousformats,
while internally therearetwo importantsub–components:Preplan,a simpleplanningenginethatmapsfrom the
presentationgoalsto derivation treesand a TAG componentthat implementsTAG treeswith their operations,
includingfull featureunification.

Preplanis a top–down rule expandingplanner, implementedin Java. Ruleshave associatedconstraintsthat
canreferto knowledgebasesthatareconstructedfrom theinput to thegenerator. Theplannerthenmatchesparts
of this input to selectappropriatetemplates(i.e., partialderivationtrees)andfills themwith datafrom the input.

1. analyzedthroughaninfraredcamera,thusobliteratingtheneedfor a touchscreen.
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Figure1: Multi-modal interactionwith thesystem.

e.g., the nameof the useris taken from the input and insertedinto an existing tree for a name,overwriting an
uninstantiatedlexical item in this tree.
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Figure2: Classicalpipelinearchitectureof thegenerator.

3. Fully SpecifiedTemplates

Thedesigndecisionto usetemplate–basedgenerationin SMARTKOM, is drivenby practicalconsiderations:
First,generatoroutputwasneededasearlyaspossiblein theproject.Sincethereareanumberof non–overlapping,
but well–definedapplicationsin SMARTKOM, output for a new applicationhasto be createdin a short time,
suggestingthe useof templates.On the otherhand,simplestring concatenationis not sufficient. E.g., for in-
tegratingConcept–to–Speechinformation,especiallyin the way the synthesiscomponentof SMARTKOM is de-
signed(Schweitzer, BraunschweilerandMorais,2002),calls for anelaboratesyntacticrepresentation,i.e., phrase
structuretreeswith features,to guide the decisionson prosodicboundaries.At leastsince(Reiter, 1995) (also
see(Becker andBusemann,1999)), the useof templatesand“deeprepresentations”is not seenasa contradic-
tion. Pickingup on this idea,thegenerationcomponentin SMARTKOM is basedon fully lexicalizedgeneration
(Becker, 1998),packingwhole partsof a sentencetogetherinto one fully specifiedtemplate, representingthem
not asa stringbut ratherasa partialTAG derivationtree. Seealsofigure3. All nodesin theTAG treescarry top
andbottomfeaturestructures,see(Vijay-Shanker, 1987),which alsocontaindiscourseinformationasneededfor
concept–to–speechsynthesis.Thecurrentsetupusesfully inflectedforms,but this is dueto bechangedsoonand
the changeswill be minimal. A call to a morphologymodulewill get inflectional informationfrom the feature
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structuresandsteminformationfrom theleaf as,e.g.,in (Becker, 1998).
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Figure3: Derivationtreewith CTS(Concept–to–Speech)markup.Eachellipseis a fully specifiedtemplate.The
sentence–planningprocesscombinessuchtemplatesto a completederivationtree.

3.1. Specifyingonly Relevant Representations

With this approachto specify intermediatelevels of representation(which commonlyonly exist inside the
NLG module), the questionremainswhetherall levels of representationhave to be specified. Clearly, this is
desirable,but not necessaryin SMARTKOM. Thusonly the level of dependency andphrasestructurearerepre-
sentedfully. Dependency is necessaryto guidethe top–down generationapproach,phrasestructureis necessary
for (Concept–to–)speechsynthesis.However, thereis nothingpreventingthelaterinclusionof otherlevelsof rep-
resentation,e.g.,addinga level of semanticrepresentation(e.g.,(JoshiandVijay-Shanker, 1999))which might be
usedby a sentenceaggregationcomponent.

3.2. Dependencyand Speech–Markup

Specifyingtemplateson the level of derivation treesratherthanon derived treesor evenstringshasseveral
advantages.In the context of Concept–to–Speechsynthesis,it is necessaryto addmarkupto partsof the string.
Thiscanbedoneeasilyby addingtheinformationto thecorrespondingnodein thederivationtreefrom whereit is
percolatedandautomaticallydistributedto thecorrespondingpartsof theutterancewhenconstructingthederived
treeandthestringfrom thederivationtree.Suchmarkuprelatesto partsof theoutputthathaveto (de-)emphasized,
partsthatreferto objectsin thegraphicalpresentationandmustbecoordinatedwith apointinggesture.

Figure3 showsaderivationtreewith speech-relevantmarkuponsomenodes.Besidesmereconveniencein the
markup2 theadditionalpower of TAG allows thedistribution of semanticallyconnectedmarkupto discontinuous
partsin thefinal string.Sinceformalcomplexity is averydifferentissuein generationthanin parsing,weareopen
to the useof extensionsfrom thestandardTAG formalismasin (Rambow, 1994)or (GerdesandKahane,2001)
whichmight benecessaryfor German.

3.3. Toolsand Curr ent Work

Currentlywe have editorsavailablefor the planningrulesandthe TAG-treetemplates.Both build on XML

2. E.g.,XML-style openingandclosingparenthesescanbeintegratedinto thetreesandthusarerealizedby a singlemarked
nodevs.thesituationin aclassicalcontext–freebasedstring-expandingtemplategenerator, whereopeningandclosingelements
have to bedenotedindependently–atypical sourcefor errors.
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representationsof theknowledgebasesandpresentthemin aneasilyaccessibleformat: a directorystructure3 as
known from theWindowsExplorerfor thesetof treesanda graphicaltreeeditorfor theTAG-trees.4

Currentwork is centeredaroundaddingtemplatesfor new applicationsandhasshown thatmanaginga large
setof templatescanbeproblematic.Eventuallywe hopeto switchto thefirst developmentmethodasmentioned
in theintroduction:We planto extendtherule editorwith a TAG-parser. To adda new templateto thegenerator,
theuserwill thentypein anexamplesentence,have it parsed,selectthecorrectparse,mark (delete)thevariable
parts,keepingthefixedpartandaddtheremainderof therule. Thusrulescanbecreatedwithouteverwriting trees
by hand.5

Figure4: Thegrammarandtreeeditortools.
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3. implementedwith JTree
4. A transformationof theXTAG grammarinto theXML formatis in theworks,themainproblemis parsingandtranslating
thefeatureequations.Eventuallythefeaturemacrosneedto beincorporatedinto theeditor, too.
5. Whichwill alsoavoid inconsistenciesin thesetof templates.


