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Abstract

Moderndialogandinformationsystemsarein-
creasinglybasedon distributedcomponentar-
chitecturesto cope with all kinds of hetero-
geneity and to enable�e xible re-useof ex-
isting software components. This contribu-
tionpresentstheMULTIPLATFORM testbedasa
powerful framework for thedevelopmentof in-
tegratedmultimodaldialogsystems.Thepaper
provides a generaloverview of our approach
andexplicatesits foundations.It describesad-
vancedsampleapplicationsthat have beenre-
alizedusingthe integrationplatformandcom-
paresourapproachto relatedworks.

1 Moti vation

One central elementof researchin the �eld of intelli-
gentuserinterfacesis theconstructionof advancednatu-
ral languageandmultimodaldialogsystemsthatdemon-
stratethehigh potentialfor morenaturalandmuchmore
powerful human-computerinteraction. Although lan-
guagetechnologyalreadyfound its way into fundamen-
tal software products—asexempli�ed by the Microsoft
SpeechSDK (software developmentkit) for Windows
andthe Java SpeechAPI (applicationprogrammingin-
terface)—the developmentof novel researchprototypes
still constitutesa demandingchallenge.State-of-the-art
dialogsystemscombinepracticalresultsfrom variousre-
searchareasandtendto berathercomplex softwaresys-
temswhich can not simply be realizedas a monolithic
desktopcomputerapplication. More elaboratesoftware
designsarerequiredin orderto assembleheterogeneous
componentsinto an integratedandfully operationalsys-
tem(Kl üteret al., 2000).

A typical researchproject involves several or even
many work groupsfrom differentpartners,leadingto a
broadspectrumof practicesandpreferencesthatgovern

thedevelopmentof softwarecomponents.In particular, a
commonsoftwareplatformfor theconstructionof anin-
tegrateddialog systemoften needsto supportdifferent
programminglanguagesand operatingsystemsso that
alreadyexisting software can be re-usedand extended.
Taking into accountthe potentialcostsit is usuallynot
feasibleto startanimplementationfrom scratch.Another
importantaspectis theuseof rapidprototypingfor accel-
eratedprogresswhichleadsto frequentchangesin design
andimplementationastheprojectunfolds.

Over the last ten yearswe have beenconcernedwith
the realization of various complex distributed dialog
systems. A practical result of our long-term work as
a dedicatedsystemintegration group is the so-called
MULTIPLATFORM testbed1 (Multiple LanguageTarget
Integration Platform for Modules) which provides a
powerful andcompleteintegrationplatform. In this con-
tribution, we will report on the experiencegained in
the constructionof integratedlarge-scaleresearchpro-
totypes. The resultsobtainedso far will be presented
andtheunderlyingprinciplesof ourapproachwill bedis-
cussed.

2 Anatomy of the Testbed

The MULTIPLATFORM testbedin its diverseinstantia-
tionscomprisesthesoftwareinfrastructurethatis needed
to integrateheterogeneousdialogcomponentsintoacom-
pletesystem.Built on top of opensourcesoftware(Wu
andLin, 2001),thetestbedSDK offersAPIs aswell asa
largesetof toolsandutilities to supportthewholedevel-
opmentprocess,including installationand distribution.
Thefollowingsectionsprovideanoverview of thetestbed
anddescribethedesignprinciplesthatgovernits realiza-
tion.

1Our currentwork in the context of the SmartKom project
is beingfundedby theGermanFederalMinistry for Education
andResearch(BMBF) undergrant01 IL 905K7.



2.1 Ar chitectureFramework

A distributedsystemconstitutesthenaturalchoiceto re-
alizeanopen,�e xible andscalablesoftwarearchitecture,
ableto integrateheterogeneoussoftwaremodulesimple-
mentedin diverseprogramminglanguagesand running
on differentoperatingsystems.In our projectwork, for
example,we encounteredmodulesfor SunSolaris,GNU
Linux, and Microsoft Windows written in Prolog and
Lisp, as classicalAI languages,as well as in common
conventionalprogramminglanguageslike C, C++, and
Java.

The testbedframework is basedon a componentar-
chitecture(Hopkins,2000)andour approachassumesa
modularizationof thedialogsysteminto distinctandin-
dependentsoftwaremodulesto allow maximumdecou-
pling. Theselarge-grainedcomponents—rangingfrom
more basicmodulesthat encapsulateaccessto speci�c
hardwaredevicesto complex componentswhichmayin-
cludeentireapplication-speci�csubsystems—constitute
self-containedapplicationswhich areexecutedassepa-
rateprocesses,or evenprocessgroups.Theprinciplebe-
hind this view is to considersoftwarearchitectureon a
higher-level of abstractionasmodularizationis not con-
cernedwith decompositionon thelevel of componentli-
brariesin a speci�c programminglanguage.Continuous
evolution is oneof the driving forcesbehindthe devel-
opmentof novel dialogsystems.Thecreationof a com-
ponentizedsystemmakesthe integratedsystemeasierto
maintain.In a well-designedsystem,thechangeswill be
localized,andsuchchangescanbemadewith little or no
effectontheremainingcomponents.Componentintegra-
tion anddeploymentare independentof the component
developmentlife cycle,andthereis noneedto recompile
or relink theentireapplicationwhenupdatingwith anew
implementationof acomponent.

The term middleware (Emmerich,2000) denotesthe
speci�c software infrastructurethat facilitates the in-
teractionamongdistributed software modules,i.e. the
softwarelayerbetweentheoperatingsystem—including
the basiccommunicationprotocols—andthe distributed
componentsthatinteractvia thenetwork. Thetestbedas
a componentplatformenablesinter-processcommunica-
tion andprovidesmeansfor con�guring and deploying
theindividualpartsof thecompletedialogsystem.

Our middlewaresolutiondoesnot excludeto connect
additionalcomponentsduring systemexecution. So far,
however, the testbeddoesnot offer speci�c supportfor
dynamicsystemre-con�gurationat runtime. In our ex-
perience,it is acceptableandevenbene�cial to assumea
stable,i.e. a static but con�gurable, architectureof the
user interfacecomponentswithin a speci�c systemin-
stantiation.It is obviousthatadhocactivationandinvo-
cationof servicesconstitutesanimportantissuein many
applicationscenarios,in particularInternet-basedappli-

cations.We proposeto hidesuchdynamicaspectswithin
the application-speci�cpartsof the completesystemso
that they do not affect thebasiccon�gurationof thedia-
log systemitself.

The detailsof the speci�c componentarchitectureof
differentdialogsystemsvarysigni�cantly andanagreed-
uponstandardarchitecturewhich de�nesa de�nite mod-
ularizationsimplydoesnotexist. Nevertheless,wefound
it helpful to usea well-de�ned namingschemeanddis-
tinguishthe following categoriesof dialog systemcom-
ponentswhendesigninga concretesystemarchitecture:

Recognizer: Modality-speci�c componentsthat pro-
cessinput dataon the signal level. Examplesinclude
speechrecognition,determinationof prosodicinforma-
tion, or gesturerecognition.

Analyzer: Modules that further processrecognized
user input or intermediaryresultson a semanticlevel.
Suchcomponentsincludein particularmodality-speci�c
analyzersandmediafusion.

Modeller: Active knowledgesourcesthat provide ex-
plicit modelsof relevant aspectsof the dialog system,
like for examplediscoursememory, lexicon,or asuitable
modelof theunderlyingapplicationfunctionality.

Generator: Knowledge-basedcomponentswhich de-
termineand control the reactionsof the dialog system
throughthe transformationof representationstructures.
This includesthe planningof dialog contributions and
application-centricactivities as well as �ssion of mul-
tiple modalitiesandmedia-speci�cgenerators,e.g., for
text andgraphics.

Synthesizer: Media-speci�c realization components
that transformgeneratedstructuresinto perceivableout-
put. A typical exampleis a speechsynthesiscomponent.

Device: Connectormodulesthatencapsulateaccessto
ahardwarecomponentlike,for example,microphoneand
soundcardfor audio input or a camerasystemthat ob-
servestheuserin orderto identify facialexpressions.

Service: Connectorcomponentsthat provide a well-
de�ned link to someapplication-speci�cfunctionality.
Service modules depend on the speci�c application
scenarioand often encapsulatecompleteand complex
application-speci�csubsystems.

2.2 Inter -ProcessCommunication

Nowadays,a very broadspectrumof practicaltechnolo-
giesexists to realizecommunicationbetweendistributed
softwaremodules.Techniqueslikeremoteprocedurecall
andremotemethodinvocation,which follow the client-
server paradigm,have long beenthe predominantab-
stractionfor distributedprocessing.In this programming



model,eachcomponenthasto specifyandimplementa
speci�c API to make its encapsulatedfunctionalitytrans-
parentlyavailable for other systemmodules. Only re-
cently, theneedfor scalability, �e xibility , anddecoupling
in large-enterpriseandInternetapplicationshasresulted
in a stronggeneraltrendtowardasynchronous,message-
basedcommunicationin middlewaresystems.

In accordancewith the long-standingdistinction be-
ing madein AI betweenproceduralvs. declarative rep-
resentations,we favor message-orientedmiddleware as
it enablesmoredeclarative interfacesbetweenthe com-
ponentsof a dialog system. As illustratedby a hybrid
technologylike SOAP, the simpleobject accessproto-
col, whereremotecalls of object methodsare encoded
in XML messages,the borderlinebetweena procedural
anda declarative approachis ratherdif�cult to draw in
general. Our own data-orientedinterfacespeci�cations
will bediscussedin moredetail in section3.

For message-basedcommunication,two mainschemes
canbedistinguished:

� Basic point-to-point messagingemploys unicast
routingandrealizesthenotionof adirectconnection
betweenmessagesenderandaknown receiver. This
is the typical interactionstyle usedwithin multi-
agentsystems(Weiss,2000).

� The more general publish/subscribeapproachis
basedon multicastaddressing.Insteadof address-
ing oneor severalreceiversdirectly, thesenderpub-
lishesa noti�cation on a namedmessagequeue,so
that the messagecanbe forwardedto a list of sub-
scribers.This kind of distributedeventnoti�cation
makesthe communicationframework very �e xible
asit focuseson thedatato beexchangedandit de-
couplesdata producersand dataconsumers. The
well-known conceptof a blackboardarchitecture,
which hasbeendevelopedin the�eld of AI (Erman
et al., 1980),followssimilar ideas.

Compared with point-to-point messaging, pub-
lish/subscribe can help to reduce the number and
complexity of interfaces signi�cantly (Kl üter et al.,
2000).

The MULTIPLATFORM testbedincludes a message-
orientedmiddleware. The implementationis basedon
PVM, which standsfor parallel virtual machine (Geist
et al., 1994). In orderto provide publish/subscribemes-
sagingon top of PVM, we have addedanothersoftware
layercalledPCA (pool communicationarchitecture). In
thetestbedcontext, thetermdatapool is usedto referto
namedmessagequeues.Every singlepool canbelinked
with a pool dataformat speci�cation in order to de�ne
admissiblemessagecontents.

In the different dialog systemswe designedso far,
typical architecturepatternscan be identi�ed since the

poolstructurere�ects ourclassi�cationinto differentcat-
egoriesof dialogcomponents.Thepool namestogether
with themodulenamesde�ne thebackbonefor theover-
all architectureof thedialogsystem.

Themessagingsystemis ableto transferarbitrarydata
contentsandprovidesexcellentperformancecharacteris-
tics. To giveapracticalexample,it is possibleto perform
atelephoneconversationwithin amultimodaldialogsys-
tem.MessagethroughputonstandardPCswith Intel Pen-
tium III 500MHz CPUis off-handsuf�cient to establish
a reliablebi-directionalaudioconnection,whereuncom-
pressedaudio dataare being transferredas XML mes-
sagesin real-time.A typical multimodaluserinteraction
of about10 minutesdurationcaneasilyresult in a mes-
sagelog that containsfar more than 100 Megabytesof
data.

The so-calledmodulemanager provides a thin API
layer for moduledeveloperswith languagebindingsfor
the programminglanguagesthat areusedto implement
speci�c dialogcomponents.It includestheoperationsre-
quiredto accessthecommunicationsystemandto realize
an elementarycomponentprotocolneededfor basicco-
ordinationof all participatingdistributedcomponents.

2.3 TestbedModulesand Of�ine Tools

In addition to the functional componentsof the dialog
system,the runtime environment includesalso special
testbedmodulesin supportof systemoperation.

The testbedmanager component,or TBM for short,
is responsiblefor systeminitialization and activatesall
distributedcomponentspertainingto a givendialogsys-
temcon�guration. It formsthecounterpartfor functional
modulesto carryout theelementarycomponentprotocol,
whichisneededfor propersystemstart-up,controlledter-
minationof processesandrestartof singlecomponents,
or a completesoft resetof theentiredialogsystem.

Thefreelycon�gurabletestbedGUI constitutesasepa-
ratecomponentwhichprovidesagraphicaluserinterface
for theadministrationof arunningsystem.In Figure1 the
speci�c testbedGUI of theSMARTKOM system(cf. Sec-
tion4.2) is shown asanexample.TheGUI basicallypro-
videsmeansto monitor systemactivity, to interactwith
the testbedmanager, andto manuallymodify con�gura-
tion settingsof individual componentswhile testingthe
integratedsystem.

A further logging componentis being employed to
save a completeprotocolof all exchangedmessagesfor
laterinspection.Flexible replayof selectedpooldatapro-
videsa simple,yet elegantandpowerful mechanismfor
the simulationof small or complex partsof the dialog
systemin orderto testanddebugcomponentsduringthe
developmentprocess.

Anotherimportantdevelopmenttool is a genericdata
viewer for theonlineandof�ine inspectionof pool data.



Figure1: TestbedadministrationGUI anddataviewer.
Currentlyactive componentsarehighlightedusinga dif-
ferentbackgroundcolor. Thedataviewer windows pro-
videacompactdisplayof selectedpooldata.

Further of�ine tools include a standardizedbuild and
installation procedurefor componentsand utilities for
the preparationof software distributionsand incremen-
tal updatesduringsystemintegration.Additionalproject-
speci�c APIs andspeci�cally adaptedutilities arebeing
developedandmadeavaliableasneeded.

3 High-level Interfaces for Dialog System
Components

Insteadof using programminginterfaces, the interac-
tion betweendistributedcomponentswithin the testbed
framework is basedon the exchangeof structureddata
throughmessages.Thecommunicationplatformis open
to transferarbitrarycontentsbut carefuldesignof infor-
mation�o w andaccuratespeci�cationof contentformats
constituteessentialelementsof our approach.

AgentcommunicationlanguageslikeKQML (Finin et
al., 1994)andFIPA ACL (Pitt andMamdani,1999)are
not a naturalchoice in our context. In general,large-
scaledialog systemsarea mixture of knowledge-based
andconventionaldata-processingcomponents.A further
aspectrelatesto the pool architecture,which doesnot
rely on unspeci�c point-to-pointcommunicationbut on
a clearmodularizationof datalinks. Thespeci�cationof
thecontentformatfor eachpoolde�nesthecommonlan-
guagethatdialogsystemcomponentsuseto interoperate.

3.1 XML-based Data Interfaces

Over the last few years,theso-calledextensiblemarkup
language hasbecomethepremierchoicefor the �e xible

de�nition of application-speci�cdataformatsfor infor-
mationexchange.XML technology, which is basedon
standardizedspeci�cations,progressesrapidlyandoffers
anenormousspectrumof usefultechniquesandtools.

XML-basedlanguagesde�ne an externalnotationfor
the representationof structureddata and simplify the
interchangeof complex databetweenseparateapplica-
tions. All such languagessharethe basic XML syn-
tax, which de�nes whetheran arbitrary XML structure
is well-formed,andthey arebuild uponfundamentalcon-
ceptslikeelementsandattributes. A speci�c markuplan-
guageneedsto de�ne thestructureof thedataby impos-
ing constraintson thevalid useof selectedelementsand
attributes.Thismeansthatthelanguageservesto encode
semanticaspectsof thedatainto syntacticrestrictions.

Variousapproacheshave beendevelopedfor the for-
mal speci�cation of XML-based languages.The most
prominentformalismis calleddocumenttypede�nition.
A DTD basicallyde�nesfor eachallowedelementall al-
lowedattributesandpossiblytheacceptableattributeval-
uesaswell as the nestingandoccurrencesof eachele-
ment. The DTD approach,however, is moreandmore
supersededby XML Schema.Comparedwith the older
DTD mechanism,a schemade�nition (XSD) offers two
main advantages:The schemaitself is alsospeci�ed in
XML notationandthe formalismis far moreexpressive
asit enablesmoredetailedrestrictionsonvaliddatastruc-
tures. This includesin particularthe descriptionof el-
ementcontentsandnot only the elementstructure. As
aschemaspeci�cationcanprovideawell-organizedtype
structureit alsohelpsto betterdocumentthedetailsof the
dataformatde�nition. A humanfriendly presentationof
thecommunicationinterfacesis an importantaid during
systemdevelopment.

It shouldbenotedthatthedesignof anXML language
for the external representationof complex dataconsti-
tutesa non-trivial task. Our experienceis that design
decisionshave to be madecarefully. For example,it is
betterto minimizetheuseof attributes.They arelimited
to unstructureddataandmayoccuratmostoncewithin a
singleelement.Preferringelementsoverattributesbetter
supportsthe evolution of a speci�cation sincethe con-
tent model of an elementcan easily be rede�ned to be
structuredandthemaximumnumberof occurrencescan
simply be increasedto morethanone. A further princi-
ple for a well-designedXML languagerequiresthat the
elementstructurere�ects all detailsof theinherentstruc-
ture of the representeddata, i.e. textual contentfor an
elementshouldbe restrictedto well-de�ned elementary
types.Anotherimportantguidelineis to applystrictnam-
ing rulesso that it becomeseasierto graspthe intended
meaningof speci�c XML structures.

From the point of view of componentdevelopment,
XML offers various techniquesfor the processingof
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Figure2: PartialM3L structure.Theshown intentionlat-
tice representsthe interpretationresult for a multimodal
userinput that canbe statedas: “I would like to know
moreaboutthis [

�

].”

transferredcontentstructures.TheDOM API makesthe
dataavailableasa generictreestructure—thedocument
objectmodel—in termsof elementsandattributes. An-
other interestingoption is to employ XSLT stylesheets
to �e xibly transformbetweenthe externalXML format
usedfor communicationandagiveninternalmarkuplan-
guageof thespeci�c component.Theuseof XSLT makes
it easierto adapta componentto interfacemodi�cations
and simpli�es its re-usein anotherdialog system. In-
steadof working on basicXML structureslike elements
andattributes,XML databinding canbe usedfor a di-
rect mappingbetweenprograminternal datastructures
andapplication-speci�cXML markup.In this approach,
the languagespeci�cationin form of a DTD or anXML
Schemais exploited to automaticallygeneratea corre-
spondingobjectmodelin agivenprogramminglanguage.

3.2 Multimodal Markup Language

In the context of the SMARTKOM project (see sec-
tion 4.2) we have developedM3L (Multimodal Markup
Language)asa completeXML languagethat coversall
data interfaceswithin this complex multimodal dialog
system. Insteadof using several quite different XML
languagesfor thevariousdatapools,we aimedat an in-
tegratedandcoherentlanguagespeci�cation, which in-
cludesall sub-structuresthat may occuron thedifferent
pools. In order to make the speci�cation processman-
ageableandto providea thematicorganization,theM3L
languagede�nition hasbeendecomposedinto about40
schemaspeci�cations.

Figure2 showsanexcerptfrom a typicalM3L expres-
sion.Thebasicdata�o w from userinputto systemoutput

continuouslyaddsfurther processingresultsso that the
representationalstructurewill bere�ned step-by-step.In-
tentionally, M3L hasnotbeendevisedasagenericknowl-
edgerepresentationlanguage,which would require an
inferenceenginein every single componentso that the
exchangedstructurescanbe interpretedadequately. In-
stead,veryspeci�c elementstructuresareusedto convey
meaningon the syntacticlevel. Obviously, not all rele-
vantsemanticaspectscanbecoveredon thesyntaxlevel
usinga formalism like DTD or XSD. This means,that
it is impossibleto excludeall kindsof meaninglessdata
from the languagede�nition andthe designof an inter-
facespeci�cationwill alwaysbea sortof compromise.

Conceptualtaxonomiesprovide thefoundationfor the
representationof domain knowledge as it is required
within a dialog systemto enablea naturalconversation
in the given applicationscenario. In order to exchange
instantiatedknowledgestructuresbetweendifferentsys-
tem componentsthey needto be encodedin M3L. In-
steadof relying on a manualreproductionof the under-
lying terminologicalknowledgewithin the M3L de�ni-
tion wedecidedto automatethattask.Ourtool OIL2XSD

(Gurevychetal.,2003)transformsanontologywritten in
OIL (Fenselet al., 2001)into an M3L compatibleXML
Schemade�nition. The resultingschemaspeci�cation
capturesthe hierarchicalstructureanda signi�cant part
of thesemanticsof theontology. For examplein Figure
2, the representationof theeventstructureinsidethe in-
tentionlatticeoriginatesfrom theontology. Themainad-
vantageof this approachis that thestructuralknowledge
availableon thesemanticlevel is consistentlymappedto
thecommunicationinterfacesandM3L caneasilybeup-
datedastheontologyevolves.

In additionto the languagespeci�cation itself, a spe-
ci�c M3L API hasbeendeveloped,which offersa light-
weight programminginterfaceto simplify the process-
ing of suchXML structureswithin the implementation
of acomponent.Customizedtestbedutilities liketailored
XSLT stylesheetsfor the genericdataviewer aswell as
several other tools areprovided for easierevaluationof
M3L-basedprocessingresults.

4 SampleApplications

Our framework andthe MULTIPLATFORM testbedhave
beenemployed to realizevariousnatural languageand
multimodal dialog systems. In addition to the re-
searchprototypesmentionedhere,MULTIPLATFORM has
also beenusedas an integration platform for inhouse
projectsof industrialpartnersandfor our own commer-
cial projects.

The �rst incarnationof MULTIPLATFORM arosefrom
the VERBMOBIL projectwherethe initial systemarchi-
tecture, which relied on a multi-agent approachwith
point-to-pointcommunication,did not prove to be scal-



able(Kl üteret al., 2000).Thetestbedhasbeenenhanced
in the context of the SMARTKOM project and was re-
cently adaptedfor the COMIC system. As describedin
the previous sections,the decisive improvementof the
currentMULTIPLATFORM testbedis, besidesa morero-
bust implementation,a generalizedarchitectureframe-
work for multimodaldialogsystemsandtheuseof XML-
baseddatainterfacesasexampli�ed by the Multimodal
MarkupLanguageM3L.

4.1 VERBM OBI L

VERBMOBIL (Wahlster, 2000) is a speaker-independent
and bidirectional speech-to-speechtranslation system
that aims to provide usersin mobile situationswith si-
multaneousdialog interpretationservicesfor restricted
topics. The systemhandlesdialogs in three business-
oriented domains—includingappointmentscheduling,
travel planning,andremotePC maintenance—andpro-
vides context-sensitive translationsbetweenthree lan-
guages(German,English,Japanese).

VERBMOBIL follows a hybrid approachthat incorpo-
ratesboth deepandshallow processingschemes.A pe-
culiarity of thearchitectureis its multi-engineapproach.
Five concurrenttranslationsengines,basedon statistical
translation,case-basedtranslation,substring-basedtrans-
lation,dialog-actbasedtranslation,andsemantictransfer,
competeto providecompleteor partialtranslationresults.
The�nal choiceof thetranslationresultis doneby a sta-
tistical selectionmoduleon the basisof the con�dence
measuresprovidedby thetranslationpaths.

In additionto astationaryprototypefor face-to-facedi-
alogs,a anotherinstancehasbeenrealizedto offer trans-
lationservicesvia telephone(Kirchmannetal., 2000).

The�nal VERBMOBIL demonstratorconsistsof about
70distributedsoftwarecomponentsthatwork togetherto
recognizespoken input, analyzeandtranslateit, and�-
nally utter thetranslation.Thesemodulesareembedded
into an earlierversionof the MULTIPLATFORM testbed
usingalmost200datapools—replacingseveralthousand
point-to-pointconnections—tointerconnectthe compo-
nents.

4.2 SM ARTK OM

SMARTKOM is a multimodal dialog systemthat com-
binesspeech,gesture,and facial expressionsfor both,
userinput andsystemoutput(Wahlsteret al., 2001).The
systemaimsto provideananthropomorphicandaffective
userinterfacethroughits personi�cationof an interface
agent.Theinteractionmetaphoris basedon theso-called
situated,delegation-orienteddialogparadigm.Thebasic
ideais, thattheuserdelegatesa taskto a virtual commu-
nicationassistantwhich is visualizedasa life-lik e char-
acter. The interfaceagentrecognizesthe user's inten-
tions andgoals,asksthe userfor feedbackif necessary,

Multimodal
Dialog

Backbone

Home:
Consumer Electronics

EPG

Public:
Cinema,
Phone, 

Fax,
Mail, 

Biometrics

Mobile:
Car and
Pedestrian
Navigation

Application

Layer

SmartKom-Mobile

SmartKom-Public

SmartKom-Home

Figure3: SMARTKOM kernelandapplicationscenarios.
Smartakus,the SMARTKOM life-lik e characteris shown
in thelower left corner.

accessesthe variousserviceson behalfof the user, and
presentstheresultsin anadequatemanner.

The currentversionof the MULTIPLATFORM testbed,
including M3L, is usedas the integration platform for
SMARTKOM. The overall systemarchitectureincludes
about40differentcomponents.As shown in Figure3, the
SMARTKOM projectaddressesthreedifferentapplication
scenarios.

SM ARTK OM PUBL I C realizes an advanced multi-
modalinformationandcommunicationkioskfor airports,
train stations,or other public places. It supportsusers
seekingfor informationconcerningmovie programs,of-
fersreservationfacilities,andprovidespersonalizedcom-
municationservicesusing telephone,fax, or electronic
mail.

SM ARTK OM HOM E servesasa multimodalportal to
informationservices.Usinga portablewebpad,theuser
is able to utilize the systemas an electronicprogram
guide or to easily control consumerelectronicsdevices
like a TV setor a VCR. Similar to thekiosk application,
the usermay alsousecommunicationservicesat home.
In thecontext of SMARTKOM HOME two differentinter-
actionmodesaresupportedandtheuseris ableto easily
switchbetweenthem.In lean-forward modecoordinated
speechandgestureinput canbeusedfor multimodalin-
teractionwith thesystem.Lean-backward modeinstead
is constrainedto verbalcommunication.

SM ARTK OM M OBI L E usesa PDA as a front end,
which can be addedto a car navigation systemor is
carriedby a pedestrian.This applicationscenariocom-
prisesserviceslike integratedtrip planning and incre-
mentalrouteguidancethrougha city via GPSandGSM,
GPRS,or UMTS connectivity.



Figure4: AdaptedtestbedGUI for theCOMIC system.

4.3 COM I C

COMIC2 (ConversationalMultimodal Interactionwith
Computers)is a recentresearchproject that focuseson
computer-basedmechanismsof interactionin coopera-
tive work. One speci�c sampleapplicationfor COMIC

is a designtool for bathroomswith an enhancedmulti-
modalinterface.Themaingoalof theexperimentalwork
is to show thatadvancedmultimodalinteractioncanmake
sucha tool usablefor non-expertsaswell.

Therealizationof the integratedCOMIC demonstrator
is basedon the MULTIPLATFORM testbed.Figure4 dis-
playsthecontrol interfaceof themultimodaldialogsys-
tem. On the input side,speechandhandwritingin com-
bination with 3-dimensionalpen-basedgesturescan be
employed by the user. On the output side, a dynamic
avatarwith synthesizedfacial,headandeye movements
is combinedwith task-relatedgraphicalandtextual infor-
mation. In addition to multiple input and output chan-
nels, there are componentsthat combinethe inputs—
taking into accountparalinguisticinformationlike into-
nationandhesitations—andinterpretthemin thecontext
of the dialog, plan the application-speci�cactionsto be
taken and �nally split the output information over the
availablechannels.

5 RelatedWork

GCSI, theGalaxyCommunicatorsoftwareinfrastructure
(Seneff et al., 1999), is an opensourcearchitecturefor
the realizationof natural languagedialog systems. It
canbedescribedasa distributed,message-based,client-
server architecture,which hasbeenoptimizedfor con-
structingspokendialogsystems.The key componentin
this framework is acentralhub,whichmediatestheinter-
actionamongvariousserversthatrealizedifferentdialog
systemcomponents.Thecentralhubdoesnot only han-
dle all communicationsamongtheserver modulesbut is

2seehttp://www.hcrc.ed.ac.uk/comic/

alsoresponsibleto maintainthe �o w of control that de-
terminestheprocessingwithin the integrateddialogsys-
tem. To achieve this, the hub is ableto interpretscripts
encodedin a specialpurpose,run-time executablepro-
gramminglanguage.

TheGCSI architectureis fundamentallydifferentfrom
ourapproach.Within theMULTIPLATFORM testbedthere
exists no centralizedcontrollercomponentwhich could
becomea potentialbottleneckfor morecomplex dialog
systems.

OAA, the Open Agent Architecture(Martin et al.,
1999), is a framework for integrating a communityof
heterogeneoussoftwareagentsin a distributedenviron-
ment. All communicationandcooperationbetweenthe
different is achieved via messagesexpressedin ICL, a
logic-baseddeclarative languagecapableof representing
naturallanguageexpressions.Similar to theGCSI archi-
tecture,a sort of centralizedprocessingunit is required
to control the behavior of the integratedsystem. So-
called facilitator agentsreasonaboutthe agentinterac-
tions necessaryfor handlinga given complex ICL ex-
pression,i.e. the facilitator coordinatesthe activities of
agentsfor thepurposeof achieving higher-level,complex
problem-solvingobjectives. Sampleapplicationsbuilt
with theOAA framework alsoincorporatedtechniquesto
usemultiple input modalities.Theusercanpoint,speak,
draw, handwrite,or even usea standardgraphicaluser
interfacein order to communicatewith a collection of
agents.

RAGS (Cahill et al., 2000)doesnot addresstheentire
architectureof dialog systemsand multimodal interac-
tion. The RAGS approach,which standsfor Reference
Architecturefor GenerationSystems,focusesinsteadon
naturallanguagegenerationsystemsandaimsto produce
anarchitecturalspeci�cationandmodelfor thedevelop-
ment of new applicationsin this area. RAGS is based
on thewell-known three-stagepipelinemodelfor natural
languagegenerationwhichdistinguishesbetweencontent
determination,sentenceplanning,andlinguistic realiza-
tion. Themaincomponentof theRAGS architectureis a
datamodel,in the form of a setof declarative linguistic
representationswhich cover the variouslevels of repre-
sentationthat have to be taken into accountwithin the
generationprocess. XML-basednotationsfor the data
modelcanbeusedin orderto exchangeRAGS represen-
tationsbetweendistributedcomponents.The reference
architectureis openregardingthe technicalinterconnec-
tion of thedifferentcomponentsof a generationsystem.
Onespeci�cally supportedsolutionis theuseof a single
centralizeddatarepository.

6 Conclusion

MULTIPLATFORM provides a practical framework for
large-scalesoftwareintegrationthat resultsfrom the re-



alizationof variousnaturallanguageandmultimodaldi-
alogsystems.TheMULTIPLATFORM testbedis basedon
anopencomponentarchitecturewhichemploysmessage-
passingto interconnectdistributedsoftwaremodules.We
proposeto operationalizeinterfacespeci�cationsin the
form of anXML languageasaviableapproachto assem-
bleknowledge-basedaswell asconventionalcomponents
into anintegrateddialogsystem.Thetestbedsoftwareis
currentlybeingrefactoredandweareplanningto makeit
publicly availableasopensourcesoftware.

More than one hundredmoduleshave alreadybeen
usedwithin the MULTIPLATFORM testbed.So far, how-
ever, thesedialogsystemcomponentsarenotfreelyavail-
able for public distribution. The availability of pre-
fabricatedmodulesaspartof thetestbedsoftwarewould
alsoenablethird partiesto developcompletedialogsys-
tem applicationsthroughthe reuseof providedstandard
components.

In additionto thesoftwareinfrastructure,thepractical
organizationof theprojectconstitutesakey factorfor the
successfulrealizationof anintegratedmultimodaldialog
system. Stepwiseimprovementand implementationof
the designof architecturedetailsandinterfacesnecessi-
tatesan intensive discussionprocessthat hasto include
all participantswhoareinvolvedin therealizationof sys-
temcomponentsin orderto reachacommonunderstand-
ing of theintendedsystembehavior. Independentintegra-
tion expertsthat focuson theoverall dialogsystemhave
provento be helpful for thecoordinationof this kind of
activities.

References

LynneCahill, ChristyDoran,RogerEvans,RodgerKib-
ble, Chris Mellish, Daniel Paiva, Mike Reape,Donia
Scott,andNeil Tipper. 2000.EnablingResourceShar-
ing in LanguageGeneration:An AbstractReference
Architecture. In Proc. of the 2nd Int. Conf. on Lan-
guageResourcesandEvaluation, Athens,Greece.

WolfgangEmmerich. 2000. SoftwareEngineeringand
Middleware:A Roadmap.In Proc.of theConf. on the
Futureof SoftwareEngineering, pages117–129.ACM
Press.

Lee D. Erman,FrederickHayes-Roth,Victor R. Lesser,
and D. Raj Reddy. 1980. The Hearsay-IISpeech-
UnderstandingSystem: Integrating Knowledge to
Resolve Uncertainty. ACM Computing Surveys,
12(2):213–253.

DieterFensel,Frankvan Harmelen,Ian Horrocks,Deb-
orah L. McGuinness,and Peter F. Patel-Schneider.
2001.OIL: An OntologyInfrastructurefor theSeman-
tic Web. IEEEIntelligentSystems, 16(2):38–45.

Tim Finin, Richard Fritzson, Don McKay, and Robin
McEntire. 1994. KQML as an Agent Communica-
tion Language.In Proc.of the3rd Int. Conf. on Infor-
mationandKnowledge Management, pages456–463.
ACM Press.

Al Geist, Adam Beguelin, Jack Dongorra, Weicheng
Jiang,RobertManchek,andVaidy Sunderman.1994.
PVM: Parallel Virtual Machine. A User's Guideand
Tutorial for Networked Parallel Computing. MIT
Press.

IrynaGurevych,StefanMerten,andRobertPorzel.2003.
Automatic creation of interface speci�cations from
ontologies. In Proc. of the HLT-NAACL'03 Work-
shopon theSoftware EngineeringandArchitecture of
Language Technology Systems(SEALTS), Edmonton,
Canada.

JonHopkins. 2000. ComponentPrimer. Communica-
tionsof theACM, 43(10):27–30.

HeinzKirchmann,AlassaneNdiaye,andAndreasKl üter.
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