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Abstract.  This paper presentsthe generationmodule of the
speech-to-speectiialogue translation system Verbmobil. Sponta-
neousspeechlarge multilingual vocalulary, difficulty of the trans-
lation task, robustnessand real-timeconstraintsmalke the designof
sucha modulevery challenging.In orderto overcomethesediffi-
culties,we have developeda systembasedon a generalkerneland
the declaratvity of the knowledgesourcesThis fully implemented
systemprovesthe practicalrelevanceof several techniqguesuchas
constraint-solvindor themicroplanningaskor HPSG-to-AG com-
pilationfor syntactiaealizationIn additionto thesuccessfulleplay-
mentof our moduleinto the Verbmobilsystem the kernelhasbeen
adaptedo otherdomainsandtasks.

1 Speech-to—Speecbialogue Translation

Speech-to-speedtialoguetranslationsystemsdry to exploit there-
centadwancesin speechand naturallanguageprocessingo go be-
yondthe languagebarrier Their taskis the multilingual translation
of spontaneouspeechinput in orderto allow several spealkrs to
discussfreely in their own languagesln practicethe dialoguesare
limited to restricteddomains.

In contrastto a text translationsystem the processingf sponta-
neousspeechrequiresextendedfunctionalitiesin almostevery mod-
ule becausehe systemhasto be abledo dealwith, e.g.,ill-formed
and disfluent (hesitations repetitions,repairs)speechinput. These
additionalfunctionalitieshave a strongimpactonthe generatiortask
andraiseto several specificrequirements.

1.1 Requirementson Generation

While the macroplanningask is importantand mandatoryin text
generationijt is limited in dialoguetranslation.Most of the related
problems,for instancesentencesggmentationand sentencemood
choice have beensolvedin thesourcdanguageOnthecontrary the
spontaneouspeechranslatiortaskleadsto specificrequirements:

e Robustness Incompleteand non-wellformedinput for the gen-
erationmodule canresultfrom spolen disfluenciesfrom faults
inside previous processindevel (speectrecognitionmodulefor
example)or from thetranslationtask.

e Time constraints: The usability of a dialoguetranslatordepends
onits acceptabilitywith respecto speed.

e Portability : The generatorthasto cover a large vocahulary and
differentlanguages.
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Althoughthegeneratiorsystempresentedh this papertacklesthese
constraintswithout being domain-dependenthey have beeninte-
gratedfirst in the real-world speech-to-speediiialoguetranslation
systemVerbmaobil.

1.2 The Verbmobil system

TheVerbmobilprojectis alongtermresearcteffort: Startedn 1993
the systemis reachingcompletionthis year The Verbmobil System
[12] aimsto translatein spontaneously-spek dialoguesrobustly
and bidirectionallyfor German/Engliskand German/Japanes&he
currentVerbmobilsystemis speakr-independenwith the ability to
processlarge vocahilaries (about 10,000 words) for Germanand
English. Verbmobil works on specificdomains(negotiationsabout
schedulingappointmentsiravel planningandhotelresenations)and
cansupportdifferentvoice mediafrom face-to-acedialogueto cel-
lular phones.

Dueto the high compleity of this task,the systemis subdvided
into 24 separatesubtaskgimplementednodules).Moreover, Verb-
mobil combinedifferentapproacheso machinetranslation A sim-
plified overall architectureof the Verbmobilsystemis presentedig-
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Figurel. Simplifiedsystemarchitectureof thespeech-to-speech
translationsystem

The competitie translationgresultingfrom the differentparallel
processingathsarepartly associateavith confidencevaluesreflect-
ing their quality andthensentto a specialselectioncomponenthat
chooseshe mostappropriateone.Herethe shallav translationpaths
sene asafall-backin orderto fulfill thestrongnecessityf atransla-
tionresultasfaraspossibleln additionto therequirementpresented
in the previous section,our practicalexperienceshavs thatthereare
casesn which theinputto the generatiorcomponenis impossible
to process.



For an easy adaptationto other domains and languages,we
have emphasizedan organizationbasedon a generallanguage-
independentkernel system and the declaratiity of language-
dependenknowledgesourced3].

2 The Kernel Ar chitecture
2.1 TheVM-GECO system

The deepprocessingn the Verbmobilsystemis basedon a pipeline
of moduleswhich usea uniqueinterfacelanguagehatincorporates
aninterlinguasemantiaepresentatiogalledVIT (Verbmobilinter
faceTerm, see[5]). As a semanticrepresentationthe VIT gathers
informationaboutwhatis said/ whatto say It alsoincludesinfor-
mationabouthow it is said/ how to say(tenseaspectprosodysortal
restrictionsmorpho-syntax)Sincediscourseplaysa centralpartfor
translationin dialoguesthe modeltheoreticsemanticds basedon
Kamp's DiscourseRepresentatioifheory (DRT, see[8]). Eachin-
dividual indicatedby someinput utteranceis formally represented
by adiscourser eferent. Informationabouttheindividualis encoded
within the DRS—condition, combininga predicatewith the chosen
discoursereferent.Relationsbetweendescriptionsof differentdis-
coursereferentdeadto a globalhierarchicakemanticstructure.

The VerbMobil GEnerationCOmponent(VM-GECO) architec-
ture consistsof four main modules(seefigure 2). The first one,the
robustnesgreprocessingnodule is dedicatedsolelyto robustnessn
thespecificspeech-to-speedtanslationtaskandwill befurtherdis-
cussedn thesection3.2.We presentn thenext sectionghe standard
generationrmoduleswhich aim to constitutea genericand portable
kernelfor real-timemultilingual generatioron large vocahularies.
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Figure2. TheVM-GECO architecture

2.2 Microplanning

Theinputto the microplanneis the outputof Verbmobils semantic—
basedransfer Themicroplanneihasto maptherelevantinformation
onto a sentenceplan that senersasinput for the syntacticrealiza-
tion componentThe VM-GECO sentenceplan consistsof lexical

Natural LanguageProcessing

402

items(plussomesyntacticdnformation)andaspecificatiorof seman-
tic rolesconnectinghem.The exampleinputto VM-GECOin Fig-
ure 3 shaws a pretty—printedrepresentationf partsof a VIT which
representthetransferresultfor the Germaninput Wannbeginnt lhr
Urlaub ? (“When doesyour vacationstart?”). Most relevantarethe
conditionsslotcontainingthesemantigredicatesndtheconstraints
slotdefiningthedependenciebetweerthe elements.

The microplanners task is to plan the utteranceon a micro—
(i.e. a phrase-or sentence—)evel (see,e.g.[6]). It hasto decide
aboutsentencaype selection clauseconjunctionandsubordination
into longersentencesaggregation(elision)to remore redundancies,
themecontrol,focuscontrol,referencganaphoragpecification]ex-
ical selectiongtc. Olviously, neitherof thesedecisionscanbe made
locally becausef their multidirectionaldependencie§.hechoiceof
aninterrogatve sentenceequiresan(atleastelliptical) verbalphrase
asheadof thesentencenominalizatioror thechoiceof passie voice
dependon the resultof word choice,etc. Sincewe did not wantto
preferoneorderof choicesover others,we conceved andrealized
microplanningoy aconstraint systemsuitedto representindirected
relationsbetweervariables.

Theadwantage®f aconstrainsystendonotonly lie in thedeclar
ativity of theknowledgesourcesHaving defineda suitablerepresen-
tation of the problemto be solved, a constraint—basedpproachalso
establishes testbedfor examining the pros and consof different
evaluationmethodsjncluding backtracking constraintpropagation,
heuristicsfor the orderof theinstantiationof variablevaluesetc. Al-
thoughsomenaie approachesowards solving constraintsystems
suffer from inefficiengy, the currentsystemhasacceptableuntime
andwe expectthatthe accurateexaminationof the taskwill leadto
the useor developmentof a specialalgorithmwith even betterper
formance.
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Figure3. An ExampleVIT asinputto VM-GECO

In our approachthe representatiorof the microplanningprob-
lem asa CSP(ConstraintSolving Problem)definesthe variablesof
the constraintnet — simplified spolen — asthe setof all discourse
referents plus all predicatesfrom the input VIT. The domainsfor
eachvariablesare computedonline by applyingthe microplanning
rules,which arerepresente@s pattern—actiorpairs. A patternis to
be matchedwith part of the input, the action describesa bundle of
syntacticfeaturegealizingthe messag@artin anadequatevay. Ac-
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cordingto the typesof variablesused,the microplanningrules are
separatedhto thefollowing classes:

Contentrules definethe mappingfrom (groupsof) semantigredi-
catedo syntactideaturesncludingtheirrelationsto complements
(e.g.lexical choice filling of verbframes).

Relation rules definethe mappingof semanticrelations(informa-
tion concerningonediscourseeferent)to semantic/syntacticela-
tionsbetweerlexical headsandmodifiers.

Hole rules definethe mappingof underspecifiedjuantifierandop-
eratorscopedo uniquesyntacticrelationsbetweertherespectie
elements.

A part of the microplanningcontentrules for the semanticpred-
icate TIME is shavn exemplarily in Figure 4. The first rule de-
scribeghe 3:1-mappingf cooccurringoredicateg IME, WHQ and
TEMP_LOC to the lexical item when (WHEN1). The secondde-
scribesa 1:1-mappingf the semantiqredicateT IME to thelexical
item time (TIME_N1) inheriting the numberinformation from the
syntaxslotof theVIT. In thesecondtasg(which shouldbeweighted
aslessadequate)the WHQ would be additionallymappedo what
the TEMP_LOC predicateto at andthe global resultwould be “at
whattime”. Themicroplannes knowledgebasecontainsabout4500
contentrulesand 160 relationrulesfor English, 7000 contentrules
and170relationrulesfor German.

Themainconstrainusedfor theCSis amatchingalgorithmwhich
filters out combinationf variableinstantiationsvith contradictory
(syntacticor semanticspecificationsSincetheremaybe dependen-
ciesover thewhole setof variablesit is definedasglobal constraint
which unfortunatelypreventsusfrom usingcommonapproachefor
binary CSPs.A secondconstrainffilters out solutionswhich do not
representonnectedyraphs.

noun + \Alnq
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ECAT (HEAD TIME_N1) (NUM NUMTIME))))  body

LOC (L2 11 1)) ;Battern

Figure4. ExampleMicroplanningContentRules

Up to now, we implementeda simplebacktrackingnechanisnfor
solvingthe CSP Althoughthis approachis ratherprimitive our sys-
tem shaved acceptableuntime (seeSection3.1). We expandedhe
algorithmby weightsfor theelementof thedomainsn orderto sup-
portthemicroplannein filtering outanappropriatesentencglanfor
agivenmessagérom all possiblealternatves.All syntacticdescrip-
tionsareweightedwith respecto input, discourseontext anddialog
situation.Sincetheremight belocally optimalmappingghatleadto
contradictionon a global level, the microplannershouldgenerally
usetheseweightsto direct the processof backtrackingor propaga-
tion.

Thereis a mechanisnfor constraintsystemsthat helpsmeeting
the requirementof robustnessthe constraint hierarchy. Working
with strengthsf constraintseenableghe designerof the microplan-
ning knowledgebaseto formulatewhich constraintmustandwhich
shouldbefulfilled for realizingan adequatestteranceFurthermore,
variablelevels of both correctnessandacceptabilitycanbe encoded
sothatthey canbeadaptedn-lineto the needf thegivensituation
(e.g.reflectingtime pressure).

Currently we aretestingseveral constraintpropagatiorandback-
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tracking mechanismdor their suitability with respectto the mi-
croplanningtask. Although we have not yet completedthe design
of themicroplannerwe have gainedvaluableexperiencewith

o differentrepresentationsf the problemandtheir advantagesand
disadwantagedor the processesf mappingand constraintsolv-
Ing,

e possibleinfluencesof the weightingof alternatveson theinstan-
tiation of variables,

o theusageof constrainthierarchiedor the sale of robustnesse.g.
by allowing for minor semanticand/orsyntacticcontradictionsin
theoutput,and

o thesuitability of incrementatonstrainsolvingtechniquedor the
microplanningask,

which will fastenour progressn developing constraint—basechi-
croplanning.

2.3 Syntacticrealization

Thesyntacticrealizationmodulegeneratea string (richly annotated
for a concept-to-speectynthesispasedn the sentencelanthatis
generatedy the microplannerAt this point, word choiceis almost
complete.However, the sentenceplan doesnot include auxiliaries
which areaddedn afirst preprocessinghase.

2.3.1 Precompilationof HPSGresouces

A lexicalizedformalismis bestsuitedto work on suchstructuresand
we choseto take lexicalizationin the existing grammarandlexicon
resourcespamelyHPSGgrammardq10], one stepfurther by com-
piling theminto a tree-adjoininggrammanTAG), [7], extendingthe
algorithmdescribedn [9].

Themainmotivationfor precompilatiorare:

e An HPSGgrammarwasalreadydevelopedwithin the Verbmobil
project.

e The sharingof resourcess facilitatedby the factthatHPSGand
TAG arecloselyrelatedformalisms,both characterizedby strong
lexicalization.In bothformalisms the grammaiis separatedrom
thelexicon. It is basedon afinite setof lexical typesandthe lex-
icon mapsentriesto their lexical type, stem,semanticpredicate,
etc.

e TheTAG formalismis bettersuitedfor generationThe compila-
tion allows to identify larger substructuresf the HPSGgrammar
that are not contet-dependentlUsing the extractedpartial trees
resultsin gainsin efficiengy comparedo run-timeconstructiorof
thesetrees.

e Thesyntactiaealizationonly needgo checksyntacticconstraints,
theHPSGgrammarcontainsalot of additionalfeaturesvhich are
notusedfor this task.

Thesizeof theresultingTAG grammar(2,350treesfor 359lexical
types)appearso be a potentialdravbackof thisapproachHowever,
thereareseveralstagef filtering duringsyntacticgeneratiorwhich
reducethe searchspacedrastically The first stepis the selectionof
theappropriatesubgrammafor eachsentencéo begeneratedSince
the TAG/HPSGgrammaiis lexicalized,only thosetreesareselected
thatareanchoredy oneof thecurrentlexical types.Thisreduceshe
subgrammato anaverageof around10 treesperword.
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Figure5. Themainstepsof syntacticrealizationandtheknowledgesoures
used.

2.3.2 On-lineprocessing

Themainphase®f thesyntacticrealizerareshavn in figure5.

As notedabove,apreprocessinghasemapsfrom theabstracsen-
tenceplanto theconcretesyntacticdependencieasspecifiedby the
HPSGgrammarandthushby the TAG grammarcompiledfrom it.

Thenext phasetreeselections the abose-mentionedselectionof
asubgrammarA lexicon lookupfor every word in the sentencelan
returnsthe setof all precompiledpartial phrasestructuretreesfor
its lexical type (i.e., the elementarytreesof the TAG grammar).The
chosenwordsin thesentenc@lancarryadditionalinformation(such
asthe sentencaype, person,numbey andgender)which is unified
into the elementanytrees.This represents secondilter andfurther
reduceghe setof applicableelementarytrees.

The core combinationphaseis implementedas a guidedsearch.
Sincethe elementarytreesalreadyrepresentmaximal partial struc-
tures, this phaseconsistsonly of the combination(with the adjunc-
tion and substitutionoperationsof TAG) of elementarytrees.No
HPSGschematgcorrespondingo contet-free rules)needto be ap-
plied at run-time. Furtherfiltering takes placeduring tree combina-
tion, sincesomeadjunctionsandsubstitutiongail dueto incompati-
ble featureinformation.

A final inflection phaseusesthe stemsandthe featurestructures
for aninflectionalmorphologycomponentThis phasds based-om-
pletely on the structuresandtools taken from the HPSGgrammar
Theresultingstringis thenannotatedvith the relevant syntacticin-
formationfor the concept-to-speectynthesisnodule.

2.3.3 AnExample

Figure6 shavs someof thetreesusedin the syntacticgeneratiorof
thephraseThursdaythe ninth of July”.

of July

Figure6. Resultingderived treefor “Thursdaytheninth of July”
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Someof the treesavailable for the word “ninth” are shavn in
figure7.
N P
/\
N PP DET N
ninth nir‘nh
P
DERV N N
/\
N PPy | N N *
ninth ninth

Figure7. Auvailabletreesfor theword “ninth”

Thesentencelanis dravn asatreein figure 8.

ninth (DAY_WORD)

the (DET) of (PREP_OF)

July (MONTH_WORD)

Figure8. Thesentence@lanfor theexamplesentence.

3 Implementation and Applications

In this sectionwe switchto practicalconsiderationsoncerningacts,
specificproblemsandextendedunctionalitiesof theimplementation
of our generatiormoduleinsidethe Verbmobilsystem.

3.1 Results

In orderto give an impressionof the implementationwe present
heresomecharacteristimumbersaboutit. The vocahulary of Verb-
mobil consistsof about10,000words for English and Germanas
well asabout3,000wordsfor Japaneswhich areall coveredappro-
priately by the knowledgesourcesof the threegeneratorglexicon,
microplanningrules, lexicalization,inflection). Currently the num-
ber of VIT' s that follow the currentVIT definitionis about60,000
for all threelanguages.

Theruntimeof our generatorss limited externally andindirectly
by a real-timefactor of 4 which is predefinedfor the overall sys-
temruntime.Dynamicallydependingon the remainingruntimethat
othermoduledeft, thegeneratiomodulefits very well into thegiven
time limit for typical sentencegan averageruntimeof 0.5 secfor a
testsuiteof 1000inputswith sizebetweenl and45 semanticpredi-
cates).In orderto avoid time consumingnon—productie inevitable
timeouts,we additionallyimplementedheuristicsto predictthe es-
timatedgeneratorruntime (dependingon the input size) which are
usedto stopthe generatiorof input structuresvhosepredictedrun-
time is out of theremainingtime limit. In suchcasesthetranslation
is automaticallyleft to theflat translatiormodules(seeSection2.1).

T. Becker, A. Kilger, P. Lopez and P. Poller



3.2 Robustness

Due to the large numberof 24 differentmodulesclosely cooperat-
ing inside the Verbmobil system,it turnedout in practicethat ro-
bustnesss a very importantconstraininsidetheindividual modules
themselesaswell asin generato achieve robustspeech—to—speech
translationin Verbmobil.

To addresshis issue we extendedthe generatiormoduleby aro-
bustnespreprocessingubmodulg4] whosetaskis theidentification
(andcorrection|f possible)f problematianputaccordingo knovn
setsof taskinherentandtechnicalproblems Taskinherentproblems
manifestthemseles asfaultswrt. the interfacelanguagedefinition
while technicalproblemsmostly concernmismatchesetweense-
manticexpression@andthe coverageof the generatogrammar

3.3 Dialogue Scripts and Result Summaries

The flexibility of our generatoras well as the numerousdifferent
modulesof Verbmobil have beenusedto implementan additional
systenfunctionality of Verbmobilitself. It is theautomaticandmul-
tilingual generatiorof dialoguescripts[1] andresultsummarieg2]
of thedialoguesvhich couldberelatively easilyachieved by extend-
ing someof the systemmodules functionalitiesappropriately

The“Dialogue Module is responsibldor theextractionandcol-
lectionof dialoguedatathatarerelevantfor the contentsf dialogue
scriptsand result summariesyespectiely. On the other hand,the
generatiormoduleis responsibldor distributing andenrichingthese
datato semanticrepresentationsf meaningfulsentence®r para-
graphsfor the desireddocumentThen,the multilingual generation
of theserepresentationsaneasilybeachiezed by usingthe systems
language—specifigeneratoraswell asthe systems Transfercom-
ponent.

3.4 UNL

The adaptabilityof our kernel generationcomponent3] to a dif-
ferent applicationthat usesa very different semanticrepresenta-
tion formalism was proven inside the multilingual UNL® project
(http://unl.ias.unu.edu)UNL is a language—independestmantic
representationf textual documentsaimedto overcometheinterna-
tionallanguagebarrier Currently softwaretools (for generatiorand
analysis)or 12 differentlanguagesreunderdevelopmenthasedon
largecorporeof, e.g.,internationalaw textsandsocceigamereports.
Our partin this projectis the realizationandimplementatiorof the
Germangeneratar

Dueto our language—independetiregeneratothe adaptatiorof
the generationcomponento the UNL formalism decreasedo the
adaptatiorof the language—independeparts,namelythe structural
and lexical knovledge basesof the microplanningcomponentand
appropriatadlomain—specifiextensionson thelexicon of the syntac-
tic generatarTheaverageruntimepersentencena SUN ULTRA-2
is lessthan0.5 secondsasedon a testsuiteof about500 sentences
andanaveragesentencéengthof 15 words.

2 Themaintaskof the“Dialogue Module” is to modelthe users dialoguebe-
havior includingthe arrangementf a dialoguememoryin orderto support
contextual translationproblemdike, e.g.,anaphoraesolution.

3 UNL is the acrorym for Universal NetworkingLanguae [11]. It is an
interlingua—basedpproacto semantics.
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4 Conclusionsand Curr ent Work

In this papemwe have shavn aportablemultilingual generatiorcom-
ponentthat is usedfor translationin speech-to—speedhialogues.
Thedialoguescenaridn Verbmobilhastheadwantagehatthegener
ationtaskbegins with microplanningwhile all macroplanningleci-
sionsareimplicitly madeby thedialoguepartnershemseles.Onthe
otherhand, spontaneouslgpolen speechinput requiresadditional
effort for all systemmodulesto dealwith ill-formed (e.g.,ungram-
maticalor phrasal)input data.Additionally the numerousntermod-
ularinterfacessometimegproduceproblematicdatawhich cannotbe
processedurther without corrections.Both of theseproblemsare
handledn our specialrobustnesgpreprocessingiodule.

Our currentwork mainly consistanerelyin tuningourimplemen-
tation for all threelanguagesEnglish, Germanand JapaneseThe
speech—to—speettanslationsystemVerbmobilhasalreadyreached
its full functionality It hasalreadybeenpresenteduccessfullythe
presentationgontinuouslyinclude major Al conferencesuchas,
e.g.,COLING, ECAI, ACL.
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