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Abstract. This paper presentsthe generationmodule of the
speech-to-speechdialogue translationsystemVerbmobil. Sponta-
neousspeech,large multilingual vocabulary, difficulty of the trans-
lation task,robustnessandreal-timeconstraintsmake the designof
sucha modulevery challenging.In order to overcomethesediffi-
culties,we have developeda systembasedon a generalkerneland
the declarativity of the knowledgesources.This fully implemented
systemprovesthe practicalrelevanceof several techniquessuchas
constraint-solvingfor themicroplanningtaskor HPSG-to-TAGcom-
pilationfor syntacticrealization.In additionto thesuccessfuldeploy-
mentof our moduleinto theVerbmobilsystem,thekernelhasbeen
adaptedto otherdomainsandtasks.

1 Speech–to–SpeechDialogueTranslation

Speech-to-speechdialoguetranslationsystemstry to exploit the re-
centadvancesin speechandnaturallanguageprocessingto go be-
yond the languagebarrier. Their taskis the multilingual translation
of spontaneousspeechinput in order to allow several speakers to
discussfreely in their own languages.In practicethe dialoguesare
limited to restricteddomains.

In contrastto a text translationsystem,the processingof sponta-
neousspeechrequiresextendedfunctionalitiesin almostevery mod-
ule becausethesystemhasto beabledo dealwith, e.g.,ill–formed
and disfluent(hesitations,repetitions,repairs)speechinput. These
additionalfunctionalitieshaveastrongimpactonthegenerationtask
andraiseto severalspecificrequirements.

1.1 Requirementson Generation

While the macroplanningtask is importantand mandatoryin text
generation,it is limited in dialoguetranslation.Most of the related
problems,for instancesentencesegmentationand sentencemood
choice,havebeensolvedin thesourcelanguage.Onthecontrary, the
spontaneousspeechtranslationtaskleadsto specificrequirements:

� Robustness: Incompleteandnon-wellformedinput for the gen-
erationmodulecan result from spoken disfluencies,from faults
insideprevious processinglevel (speechrecognitionmodulefor
example)or from thetranslationtask.� Time constraints: Theusabilityof a dialoguetranslatordepends
on its acceptabilitywith respectto speed.� Portability : The generatorhasto cover a large vocabulary and
differentlanguages.

�
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Althoughthegenerationsystempresentedin thispapertacklesthese
constraintswithout being domain-dependent,they have beeninte-
gratedfirst in the real-world speech-to-speechdialoguetranslation
systemVerbmobil.

1.2 The Verbmobil system

TheVerbmobilprojectis a longtermresearcheffort: Startedin 1993
thesystemis reachingcompletionthis year. TheVerbmobilSystem
[12] aims to translatein spontaneously-spoken dialoguesrobustly
andbidirectionally for German/EnglishandGerman/Japanese.The
currentVerbmobilsystemis speaker-independentwith theability to
processlarge vocabularies (about 10,000words) for Germanand
English.Verbmobil works on specificdomains(negotiationsabout
schedulingappointments,travel planningandhotelreservations)and
cansupportdifferentvoicemediafrom face-to-facedialogueto cel-
lular phones.

Dueto thehigh complexity of this task,thesystemis subdivided
into 24 separatesubtasks(implementedmodules).Moreover, Verb-
mobil combinesdifferentapproachesto machinetranslation.A sim-
plified overall architectureof theVerbmobilsystemis presentedfig-
ure1.
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Figure 1. Simplifiedsystemarchitectureof thespeech-to-speech
translationsystem

The competitive translationsresultingfrom the differentparallel
processingpathsarepartlyassociatedwith confidencevaluesreflect-
ing their quality andthensentto a specialselectioncomponentthat
choosesthemostappropriateone.Heretheshallow translationpaths
serveasafall-backin orderto fulfill thestrongnecessityof a transla-
tion resultasfaraspossible.In additionto therequirementspresented
in theprevioussection,our practicalexperienceshows thatthereare
casesin which the input to thegenerationcomponentis impossible
to process.
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For an easy adaptationto other domains and languages,we
have emphasizedan organizationbasedon a general language-
independentkernel system and the declarativity of language-
dependentknowledgesources[3].

2 The Kernel Ar chitecture

2.1 The VM-GECO system

Thedeepprocessingin theVerbmobilsystemis basedon a pipeline
of moduleswhich usea uniqueinterfacelanguagethat incorporates
an interlinguasemanticrepresentationcalledVIT (VerbmobilInter-
faceTerm, see[5]). As a semanticrepresentation,the VIT gathers
informationaboutwhat is said/ what to say. It alsoincludesinfor-
mationabouthow it is said/ how to say(tense,aspect,prosody, sortal
restrictions,morpho-syntax).Sincediscourseplaysa centralpartfor
translationin dialogues,the model theoreticsemanticsis basedon
Kamp’s DiscourseRepresentationTheory(DRT, see[8]). Eachin-
dividual indicatedby someinput utteranceis formally represented
by adiscoursereferent. Informationabouttheindividual is encoded
within the DRS–condition, combininga predicatewith the chosen
discoursereferent.Relationsbetweendescriptionsof differentdis-
coursereferentsleadto a globalhierarchicalsemanticstructure.

The VerbMobil GEnerationCOmponent(VM-GECO) architec-
tureconsistsof four mainmodules(seefigure 2). Thefirst one,the
robustnesspreprocessingmodule, is dedicatedsolelyto robustnessin
thespecificspeech-to-speechtranslationtaskandwill befurtherdis-
cussedin thesection3.2.Wepresentin thenext sectionsthestandard
generationmoduleswhich aim to constitutea genericandportable
kernelfor real-timemultilingualgenerationon largevocabularies.
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Figure2. TheVM-GECOarchitecture

2.2 Micr oplanning

Theinput to themicroplanneris theoutputof Verbmobil’ssemantic–
basedtransfer. Themicroplannerhasto maptherelevantinformation
onto a sentenceplan that serversas input for the syntacticrealiza-
tion component.The VM–GECO sentenceplan consistsof lexical

items(plussomesyntacticinformation)andaspecificationof seman-
tic rolesconnectingthem.Theexampleinput to VM–GECOin Fig-
ure3 shows a pretty–printedrepresentationof partsof a VIT which
representsthetransferresultfor theGermaninput Wannbeginnt Ihr
Urlaub ? (“When doesyour vacationstart?”). Most relevantarethe
conditionsslotcontainingthesemanticpredicatesandtheconstraints
slotdefiningthedependenciesbetweentheelements.

The microplanner’s task is to plan the utteranceon a micro–
(i.e. a phrase–or sentence–)level (see,e.g. [6]). It has to decide
aboutsentencetypeselection,clauseconjunctionandsubordination
into longersentences,aggregation(elision)to remove redundancies,
themecontrol,focuscontrol,reference(anaphora)specification,lex-
ical selection,etc.Obviously, neitherof thesedecisionscanbemade
locally becauseof theirmultidirectionaldependencies.Thechoiceof
aninterrogativesentencerequiresan(at leastelliptical) verbalphrase
asheadof thesentence;nominalizationor thechoiceof passivevoice
dependon the resultof word choice,etc.Sincewe did not want to
preferoneorderof choicesover others,we conceived andrealized
microplanningby aconstraint systemsuitedto representundirected
relationsbetweenvariables.

Theadvantagesof aconstraintsystemdonotonly lie in thedeclar-
ativity of theknowledgesources.Having definedasuitablerepresen-
tationof theproblemto besolved,a constraint–basedapproachalso
establishesa testbedfor examining the pros and consof different
evaluationmethods,includingbacktracking,constraintpropagation,
heuristicsfor theorderof theinstantiationof variablevaluesetc.Al-
thoughsomenaive approachestowardssolving constraintsystems
suffer from inefficiency, the currentsystemhasacceptableruntime
andwe expectthat theaccurateexaminationof the taskwill leadto
theuseor developmentof a specialalgorithmwith even betterper-
formance.

vit(vitID(...), %Segment ID
[]), %WHG-String
index(l250,l234,i72), %Index
[start_v(l248,i72), %Conditions
arg1(l248,i72,i75),
nop(l240,h85),
quest(l249,h84),
time(l238,i73),
abstr_vacation(l247,i75),
pron(l242,i74),
poss(l244,i75,i74),
temp_loc(l239,i72,i73),
def(l245,i75,h87,h86),
whq(l235,i73,h83,h82)],

[in_g(l235,l237), %Constraints
...
leq(l234,h85),
...],

[s_class(l240,mp), %Sorts
...],

[ana_ante(i74,[i75,i69,i67,i66]), %Discourse
prontype(i74,third,std),
...],

[gend(i75,masc), num(i75,sg)], %Syntax
[ta_mood(i72,ind), %Tense and Aspect
...],

[...] %Prosody
)

Figure3. An ExampleVIT asinput to VM–GECO

In our approachthe representationof the microplanningprob-
lem asa CSP(ConstraintSolvingProblem)definesthevariablesof
the constraintnet – simplified spoken – as the setof all discourse
referents plus all predicatesfrom the input VIT. The domainsfor
eachvariablesarecomputedonline by applyingthe microplanning
rules,which arerepresentedaspattern–actionpairs.A patternis to
be matchedwith part of the input, the actiondescribesa bundleof
syntacticfeaturesrealizingthemessagepartin anadequateway. Ac-
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cording to the typesof variablesused,the microplanningrulesare
separatedinto thefollowing classes:

Content rules definethemappingfrom (groupsof) semanticpredi-
catesto syntacticfeaturesincludingtheirrelationsto complements
(e.g.lexical choice,filling of verbframes).

Relation rules definethe mappingof semanticrelations(informa-
tion concerningonediscoursereferent)to semantic/syntacticrela-
tionsbetweenlexical headsandmodifiers.

Hole rules definethemappingof underspecifiedquantifierandop-
eratorscopesto uniquesyntacticrelationsbetweentherespective
elements.

A part of the microplanningcontentrules for the semanticpred-
icate TIME is shown exemplarily in Figure 4. The first rule de-
scribesthe3:1–mappingof cooccurringpredicatesTIME, WHQ and
TEMP LOC to the lexical item when (WHEN1). The secondde-
scribesa1:1–mappingof thesemanticpredicateTIME to thelexical
item time (TIME N1) inheriting the numberinformation from the
syntaxslotof theVIT. In thesecondcase(whichshouldbeweighted
aslessadequate),theWHQ would beadditionallymappedto what,
the TEMP LOC predicateto at andthe global resultwould be “at
whattime”. Themicroplanner’sknowledgebasecontainsabout4500
contentrulesand160 relationrulesfor English,7000contentrules
and170relationrulesfor German.

Themainconstraintusedfor theCSis amatchingalgorithmwhich
filters out combinationsof variableinstantiationswith contradictory
(syntacticor semantic)specifications.Sincetheremaybedependen-
ciesover thewholesetof variablesit is definedasglobalconstraint
whichunfortunatelypreventsusfrom usingcommonapproachesfor
binaryCSPs.A secondconstraintfilters out solutionswhich do not
representconnectedgraphs.

;; ------- noun + whq entry
((TIME (L I) WHQ (L1 L H) TEMP_LOC (L2 I1 I)) ;pattern
(TIME (CAT ADV) (HEAD WHEN1))) ;body

;; ------- noun entry
((TIME (L I)) ;pattern
(TIME (CAT N) (HEAD TIME_N1) (NUM NUM(TIME)))) ;body

Figure4. ExampleMicroplanningContentRules

Up to now, weimplementedasimplebacktrackingmechanismfor
solvingtheCSP. Althoughthis approachis ratherprimitive our sys-
temshowed acceptableruntime(seeSection3.1).We expandedthe
algorithmby weightsfor theelementsof thedomainsin orderto sup-
port themicroplannerin filtering outanappropriatesentenceplanfor
a givenmessagefrom all possiblealternatives.All syntacticdescrip-
tionsareweightedwith respectto input,discoursecontext anddialog
situation.Sincetheremightbelocally optimalmappingsthatleadto
contradictionon a global level, the microplannershouldgenerally
usetheseweightsto direct the processof backtrackingor propaga-
tion.

Thereis a mechanismfor constraintsystemsthat helpsmeeting
the requirementof robustness:the constraint hierarchy. Working
with strengthsof constraintsenablesthedesignerof themicroplan-
ning knowledgebaseto formulatewhich constraintmustandwhich
shouldbefulfilled for realizinganadequateutterance.Furthermore,
variablelevelsof bothcorrectnessandacceptabilitycanbeencoded
sothatthey canbeadaptedon–lineto theneedsof thegivensituation
(e.g.reflectingtime pressure).

Currently, we aretestingseveralconstraintpropagationandback-

tracking mechanismsfor their suitability with respectto the mi-
croplanningtask.Although we have not yet completedthe design
of themicroplanner, we have gainedvaluableexperiencewith

� differentrepresentationsof theproblemandtheir advantagesand
disadvantagesfor the processesof mappingandconstraintsolv-
ing,� possibleinfluencesof theweightingof alternativeson theinstan-
tiationof variables,� theusageof constrainthierarchiesfor thesake of robustness,e.g.
by allowing for minorsemanticand/orsyntacticcontradictionsin
theoutput,and� thesuitabilityof incrementalconstraintsolvingtechniquesfor the
microplanningtask,

which will fastenour progressin developing constraint–basedmi-
croplanning.

2.3 Syntactic realization

Thesyntacticrealizationmodulegeneratesa string(richly annotated
for a concept-to-speechsynthesis)basedon thesentenceplanthatis
generatedby themicroplanner. At this point, word choiceis almost
complete.However, the sentenceplan doesnot include auxiliaries
whichareaddedin a first preprocessingphase.

2.3.1 Precompilationof HPSGresources

A lexicalizedformalismis bestsuitedto work onsuchstructuresand
we choseto take lexicalizationin theexisting grammarandlexicon
resources,namelyHPSGgrammars[10], onestepfurther by com-
piling theminto a tree-adjoininggrammar(TAG), [7], extendingthe
algorithmdescribedin [9].

Themainmotivationfor precompilationare:

� An HPSGgrammarwasalreadydevelopedwithin theVerbmobil
project.� Thesharingof resourcesis facilitatedby the fact thatHPSGand
TAG arecloselyrelatedformalisms,bothcharacterizedby strong
lexicalization.In bothformalisms,thegrammaris separatedfrom
thelexicon. It is basedon a finite setof lexical typesandthelex-
icon mapsentriesto their lexical type,stem,semanticpredicate,
etc.� TheTAG formalismis bettersuitedfor generation:Thecompila-
tion allows to identify largersubstructuresof theHPSGgrammar
that arenot context-dependent.Using the extractedpartial trees
resultsin gainsin efficiency comparedto run-timeconstructionof
thesetrees.� Thesyntacticrealizationonly needsto checksyntacticconstraints,
theHPSGgrammarcontainsa lot of additionalfeatureswhichare
notusedfor this task.

Thesizeof theresultingTAG grammar(2,350treesfor 359lexical
types)appearsto beapotentialdrawbackof thisapproach.However,
thereareseveralstagesof filtering duringsyntacticgenerationwhich
reducethesearchspacedrastically. Thefirst stepis theselectionof
theappropriatesubgrammarfor eachsentenceto begenerated:Since
theTAG/HPSGgrammaris lexicalized,only thosetreesareselected
thatareanchoredby oneof thecurrentlexical types.Thisreducesthe
subgrammarto anaverageof around10 treesperword.
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Figure5. Themainstepsof syntacticrealizationandtheknowledgesoures
used.

2.3.2 On-lineprocessing

Themainphasesof thesyntacticrealizerareshown in figure5.
As notedabove,apreprocessingphasemapsfrom theabstractsen-

tenceplanto theconcretesyntacticdependenciesasspecifiedby the
HPSGgrammarandthusby theTAG grammarcompiledfrom it.

Thenext phase,treeselectionis theabove-mentionedselectionof
a subgrammar. A lexicon lookupfor everyword in thesentenceplan
returnsthe setof all precompiledpartial phrasestructuretreesfor
its lexical type(i.e., theelementarytreesof theTAG grammar).The
chosenwordsin thesentenceplancarryadditionalinformation(such
asthe sentencetype,person,number, andgender)which is unified
into theelementarytrees.This representsa secondfilter andfurther
reducesthesetof applicableelementarytrees.

The corecombinationphaseis implementedasa guidedsearch.
Sincethe elementarytreesalreadyrepresentmaximalpartial struc-
tures,this phaseconsistsonly of thecombination(with theadjunc-
tion and substitutionoperationsof TAG) of elementarytrees.No
HPSGschemata(correspondingto context-freerules)needto beap-
plied at run-time.Furtherfiltering takesplaceduring treecombina-
tion, sincesomeadjunctionsandsubstitutionsfail dueto incompati-
ble featureinformation.

A final inflectionphaseusesthe stemsandthe featurestructures
for aninflectionalmorphologycomponent.Thisphaseis basedcom-
pletely on the structuresand tools taken from the HPSGgrammar.
Theresultingstring is thenannotatedwith therelevantsyntacticin-
formationfor theconcept-to-speechsynthesismodule.

2.3.3 AnExample

Figure6 shows someof thetreesusedin thesyntacticgenerationof
thephrase“Thursdaytheninth of July” .
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Figure 6. Resultingderived treefor “Thursdaytheninth of July”

Someof the treesavailable for the word “ninth” are shown in
figure7.
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Figure 7. Availabletreesfor theword “ninth”

Thesentenceplanis drawn asa treein figure8.

ninth (DAY_WORD)

the (DET) of (PREP_OF)

July (MONTH_WORD)

Figure8. Thesentenceplanfor theexamplesentence.

3 Implementation and Applications

In thissectionweswitchto practicalconsiderationsconcerningfacts,
specificproblemsandextendedfunctionalitiesof theimplementation
of ourgenerationmoduleinsidetheVerbmobilsystem.

3.1 Results

In order to give an impressionof the implementation,we present
heresomecharacteristicnumbersaboutit. Thevocabulary of Verb-
mobil consistsof about10,000words for English and Germanas
well asabout3,000wordsfor Japanesewhichareall coveredappro-
priately by the knowledgesourcesof the threegenerators(lexicon,
microplanningrules,lexicalization,inflection). Currently, the num-
ber of VIT’ s that follow the currentVIT definition is about60,000
for all threelanguages.

Theruntimeof our generatorsis limited externallyandindirectly
by a real–timefactorof 4 which is predefinedfor the overall sys-
temruntime.Dynamicallydependingon theremainingruntimethat
othermodulesleft, thegenerationmodulefits verywell into thegiven
time limit for typical sentences(anaverageruntimeof 0.5 secfor a
testsuiteof 1000inputswith sizebetween1 and45 semanticpredi-
cates).In orderto avoid time consumingnon–productive inevitable
timeouts,we additionally implementedheuristicsto predict the es-
timatedgeneratorruntime(dependingon the input size)which are
usedto stopthegenerationof input structureswhosepredictedrun-
time is out of theremainingtime limit. In suchcases,thetranslation
is automaticallyleft to theflat translationmodules(seeSection2.1).
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3.2 Rob
�

ustness

Due to the large numberof 24 differentmodulescloselycooperat-
ing inside the Verbmobil system,it turnedout in practicethat ro-
bustnessis a very importantconstraintinsidetheindividual modules
themselvesaswell asin generalto achieve robustspeech–to–speech
translationin Verbmobil.

To addressthis issue,we extendedthegenerationmoduleby a ro-
bustnesspreprocessingsubmodule[4] whosetaskis theidentification
(andcorrection,if possible)of problematicinputaccordingto known
setsof taskinherentandtechnicalproblems.Taskinherentproblems
manifestthemselvesasfaultswrt. the interfacelanguagedefinition
while technicalproblemsmostly concernmismatchesbetweense-
manticexpressionsandthecoverageof thegeneratorgrammar.

3.3 DialogueScripts and Result Summaries

The flexibility of our generatoras well as the numerousdifferent
modulesof Verbmobil have beenusedto implementan additional
systemfunctionalityof Verbmobilitself. It is theautomaticandmul-
tilingual generationof dialoguescripts[1] andresultsummaries[2]
of thedialogueswhichcouldberelatively easilyachievedby extend-
ing someof thesystemmodule’s functionalitiesappropriately.

The“DialogueModule”2 is responsiblefor theextractionandcol-
lectionof dialoguedatathatarerelevantfor thecontentsof dialogue
scriptsand result summaries,respectively. On the other hand,the
generationmoduleis responsiblefor distributingandenrichingthese
data to semanticrepresentationsof meaningfulsentencesor para-
graphsfor the desireddocument.Then,the multilingual generation
of theserepresentationscaneasilybeachievedby usingthesystem’s
language–specificgeneratorsaswell asthe system’s Transfercom-
ponent.

3.4 UNL

The adaptabilityof our kernel generationcomponent[3] to a dif-
ferent application that usesa very different semanticrepresenta-
tion formalism was proven inside the multilingual UNL3 project
(http://unl.ias.unu.edu).UNL is a language–independentsemantic
representationof textual documentsaimedto overcomethe interna-
tional languagebarrier. Currently, softwaretools(for generationand
analysis)for 12 differentlanguagesareunderdevelopmentbasedon
largecorporaof, e.g.,internationallaw textsandsoccergamereports.
Our part in this projectis the realizationandimplementationof the
Germangenerator.

Dueto our language–independentcoregeneratortheadaptationof
the generationcomponentto the UNL formalism decreasedto the
adaptationof the language–independentparts,namelythestructural
and lexical knowledgebasesof the microplanningcomponentand
appropriatedomain–specificextensionson thelexiconof thesyntac-
tic generator. TheaverageruntimepersentenceonaSUNULTRA–2
is lessthan0.5 secondsbasedon a testsuiteof about500sentences
andanaveragesentencelengthof 15 words.

�
Themaintaskof the“DialogueModule” is to modeltheuser’sdialoguebe-
havior includingthearrangementof adialoguememoryin orderto support
contextual translationproblemslike,e.g.,anaphoraresolution.	
UNL is the acronym for Universal NetworkingLanguage [11]. It is an
interlingua–basedapproachto semantics.

4 Conclusionsand Curr ent Work

In thispaperwehaveshown aportablemultilingualgenerationcom-
ponentthat is usedfor translationin speech–to–speechdialogues.
Thedialoguescenarioin Verbmobilhastheadvantagethatthegener-
ation taskbeginswith microplanningwhile all macroplanningdeci-
sionsareimplicitly madeby thedialoguepartnersthemselves.Onthe
otherhand,spontaneouslyspoken speechinput requiresadditional
effort for all systemmodulesto dealwith ill–formed (e.g.,ungram-
maticalor phrasal)input data.Additionally thenumerousintermod-
ular interfacessometimesproduceproblematicdatawhichcannotbe
processedfurther without corrections.Both of theseproblemsare
handledin ourspecialrobustnesspreprocessingmodule.

Ourcurrentwork mainlyconsistsmerelyin tuningour implemen-
tation for all three languagesEnglish,Germanand Japanese.The
speech–to–speechtranslationsystemVerbmobilhasalreadyreached
its full functionality. It hasalreadybeenpresentedsuccessfully;the
presentationscontinuouslyinclude major AI conferencessuchas,
e.g.,COLING, ECAI, ACL.
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