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Abstract

Moderndialogandinformationsystemsarein-

creasinglybasedon distributed componentar-

chitecturesto cope with all kinds of hetero-
geneity and to enable e xible re-useof ex-

isting software components. This contriku-

tion presentsheMULTIPLATFORM testbechsa

powerful frameawork for thedevelopmeniof in-

tegratedmultimodaldialogsystemsThe paper
provides a generalovervien of our approach
andexplicatesits foundations.It describesad-

vancedsampleapplicationsthat have beenre-

alizedusingtheintegrationplatformandcom-

paresour approacho relatedworks.

1 Motivation

One central elementof researchin the eld of intelli-
gentuserinterfacess the constructiorof advancedhatu-
ral languageandmultimodaldialog systemghatdemon-
stratethe high potentialfor morenaturalandmuchmore
powerful human-computeinteraction. Although lan-
guagetechnologyalreadyfound its way into fundamen-
tal software products—asxempli ed by the Microsoft
SpeechSDK (softwae developmentkit) for Windows
andthe Java SpeechAPI (application programmingin-
terface—the developmentof novel researciprototypes
still constitutesa demandingchallenge. State-of-the-art
dialogsystemsombinepracticalresultsfrom variousre-
searchareasandtendto berathercomplex softwaresys-
temswhich can not simply be realizedas a monolithic
desktopcomputerapplication. More elaboratesoftware
designsarerequiredin orderto assemblédneterogeneous
componentsnto anintegratedandfully operationabkys-
tem(Kluteretal., 2000).

A typical researchproject involves several or even
mary work groupsfrom differentpartnerseadingto a
broadspectrumof practicesandpreferenceshatgovern
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thedevelopmenbf softwarecomponentsln particular a
commonsoftware platformfor the constructiorof anin-

tegrateddialog systemoften needsto supportdifferent
programminglanguagesand operatingsystemsso that
alreadyexisting software can be re-usedand extended.
Taking into accountthe potentialcostsit is usually not
feasibleto startanimplementatiorfrom scratch. Another
importantaspects the useof rapid prototypingfor accel-
eratedprogressvhichleadsto frequentchangesn design
andimplementatiorasthe projectunfolds.

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

2 Anatomy of the Testbed

The MULTIPLATFORM testbedin its diverseinstantia-
tionscompriseghe softwareinfrastructurethatis needed
tointegrateheterogeneoutialogcomponentitoacom-
plete system.Built on top of opensourcesoftware (Wu
andLin, 2001),thetestbedSDK offersAPIs aswell asa
large setof toolsandutilities to supporthewhole devel-
opmentprocess,including installationand distribution.
Thefollowing sectiongrovideanoverview of thetestbed
anddescribehe designprinciplesthatgovernits realiza-
tion.

10ur currentwork in the context of the Smartkom project
is beingfundedby the GermanFederalMinistry for Education
andResearctiBMBF) undergrant01 IL 905K?7.



2.1 Architecture Framework

A distributedsystemconstituteghe naturalchoiceto re-
alizeanopen, e xible andscalablesoftwarearchitecture,
ableto integrateheterogeneousoftwaremodulesimple-
mentedin diverseprogramminglanguagesand running
on differentoperatingsystems.In our projectwork, for
example,we encounterednodulesfor SunSolaris,GNU
Linux, and Microsoft Windows written in Prolog and
Lisp, asclassicalAl languagesaswell asin common
corventionalprogramminglanguagedike C, C++, and
Java.

The testbedframawvork is basedon a componentar-
chitecture(Hopkins, 2000) and our approachassumes
modularizationof the dialog systeminto distinctandin-
dependensoftware modulesto allow maximumdecou-
pling. Theselarge-grainedcomponents—ranginfrom
more basic modulesthat encapsulateaccesso specic
hardwaredevicesto complex componentsvhich mayin-

clude entire application-speci csubsystems—constitute

self-containedapplicationswhich are executedas sepa-
rateprocesseyr evenprocesgyroups.Theprinciplebe-
hind this view is to considersoftware architectureon a
higherlevel of abstractiorasmodularizationis not con-
cernedwith decompositioron thelevel of componenti-
brariesin a speci ¢c programminganguage.Continuous
evolution is one of the driving forcesbehindthe devel-
opmentof novel dialog systems.The creationof a com-
ponentizedsystemmalestheintegratedsystemeasierto
maintain.In awell-designedsystemthe changeswill be
localized,andsuchchangeganbe madewith little or no
effectontheremainingcomponentsComponentintegra-
tion and deploymentare independentf the component
developmentife cycle,andthereis no needto recompile
or relink theentireapplicationwhenupdatingwith anew
implementatiorof acomponent.

The term middlevare (Emmerich,2000) denotesthe
speci ¢ software infrastructurethat facilitates the in-
teractionamongdistributed software modules,i.e. the
softwarelayer betweerthe operatingsystem—including
the basiccommunicatiomprotocols—andhe distributed
componentshatinteractvia the network. Thetestbedas
acomponenplatformenablesnter-procescommunica-
tion and provides meansfor con guring and deploying
theindividual partsof the completedialogsystem.

Our middleware solutiondoesnot excludeto connect
additionalcomponentsluring systemexecution. Sofar,
however, the testbeddoesnot offer speci ¢ supportfor
dynamicsystemre-con gurationat runtime. In our ex-
perienceijt is acceptabl@ndevenbene cial to assume
stable,i.e. a static but con gurable, architectureof the
userinterface componentswithin a speci ¢ systemin-
stantiation.It is obviousthatad hocactivationandinvo-
cationof servicesconstitutesanimportantissuein mary
applicationscenariosjn particularinternet-baseappli-

cations.We proposeo hide suchdynamicaspectsvithin
the application-speci cpartsof the completesystemso
thatthey do not affect the basiccon guration of the dia-
log systemitself.

The detailsof the speci ¢ componentarchitectureof
differentdialogsystemsvary signi cantly andanagreed-
uponstandardarchitecturevhich de nesade nite mod-
ularizationsimply doesnot exist. Neverthelessye found
it helpful to usea well-de ned namingschemeanddis-
tinguishthe following categoriesof dialog systemcom-
ponentsvhendesigninga concretesystemarchitecture:

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

Analyzer: Modules that further processrecognized
userinput or intermediaryresultson a semanticlevel.

Suchcomponents$ncludein particularmodality-speci ¢
analyzerandmediafusion.

Modeller: Active knowledgesourceshat provide ex-

plicit modelsof relevant aspectsof the dialog system,
like for examplediscoursenemory lexicon, or asuitable
modelof theunderlyingapplicationfunctionality.

Generator: Knowledge-basedomponentswvhich de-

termine and control the reactionsof the dialog system
throughthe transformationof representatiorstructures.
This includesthe planning of dialog contributions and
application-centricactiities as well as ssion of mul-

tiple modalitiesand media-speci cgeneratorse.g., for

text andgraphics.

Synthesizer: Media-speci ¢ realization components
thattransformgeneratedtructuresnto percevable out-
put. A typical exampleis a speectsynthesicomponent.

Device: Connectomodulesthatencapsulataccesgo
ahardwarecomponentik e,for example microphoneand
soundcardfor audioinput or a camerasystemthat ob-
senestheuserin orderto identify facialexpressions.

Sewice: Connectorcomponentshat provide a well-
de ned link to some application-speci cfunctionality.
Service modules depend on the speci c application
scenarioand often encapsulateompleteand comple
application-speci csubsystems.

2.2

Nowadays a very broadspectrumof practicaltechnolo-
giesexiststo realizecommunicatiorbetweerdistributed
softwaremodules.Techniquedik e remoteprocedurecall
andremotemethodinvocation,which follow the client-
sener paradigm, have long beenthe predominantab-
stractionfor distributedprocessingln this programming
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model,eachcomponentasto specifyandimplementa
speci ¢ API to make its encapsulatefunctionalitytrans-
parently available for other systemmodules. Only re-
cently, theneedfor scalability e xibility, anddecoupling
in large-enterpris@nd Internetapplicationshasresulted
in a stronggenerakrendtoward asynchronousnpessage-
baseccommunicationin middlewvaresystems.

In accordancewith the long-standingdistinction be-
ing madein Al betweenproceduralvs. declaratve rep-
resentationsye favor message-orienteshiddlevare as
it enablesmore declaratve interfacesbetweenthe com-
ponentsof a dialog system. As illustratedby a hybrid
technologylike SOAP, the simple object accessproto-
col, whereremotecalls of object methodsare encoded
in XML messageghe borderlinebetweena procedural
and a declaratve approachs ratherdif cult to draw in
general. Our own data-orientednterface speci cations
will bediscussedn moredetailin section3.

For message-basedmmunicationtwo mainschemes
canbedistinguished:

Basic point-to-point messagingemploys unicast
routingandrealizeghenotionof adirectconnection
betweermessagsendeilndaknown recever. This
is the typical interaction style used within multi-
agentsystemgWeiss,2000).

The more general publish/subscribeapproachis
basedon multicastaddressing.Insteadof address-
ing oneor severalreceversdirectly, thesendeipub-
lishesa noti cation on a namedmessage&ueue so
thatthe messageanbe forwardedto a list of sub-
scribers. This kind of distributedeventnoti cation
malkesthe communicatiorframeawork very e xible
asit focuseson the datato be exchangedandit de-
couplesdata producersand dataconsumers. The
well-known conceptof a blackboardarchitecture,
which hasbeendevelopedin the eld of Al (Erman
etal., 1980),follows similarideas.

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

The MULTIPLATFORM testbedincludesa message-
orientedmiddleware. The implementationis basedon
PVM, which standsfor parallel virtual madine (Geist
etal., 1994). In orderto provide publish/subscribenes-
sagingon top of PVM, we have addedanothersoftware
layer called PCA (pool communicatiorarchitectui). In
thetestbedcontet, thetermdatapool is usedto referto
namedmessagejueues Every singlepool canbelinked
with a pool dataformat speci cationin orderto de ne
admissiblemessageontents.

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

poolstructurere ects ourclassi cationinto differentcat-
egoriesof dialog components.The pool namestogether
with the modulenamedde ne thebackbondor the over-
all architectureof thedialogsystem.

Themessagingystemis ableto transferarbitrarydata
contentsaandprovidesexcellentperformanceharacteris-
tics. To give a practicalexample,it is possibleto perform
atelephonecorversatiorwithin a multimodaldialogsys-
tem. Messagehroughpubn standard®Cswith Intel Pen-
tium Il 500MHz CPUis off-handsufcient to establish
areliablebi-directionalaudioconnectionwhereuncom-
pressedaudio dataare being transferredas XML mes-
sagesn real-time.A typical multimodaluserinteraction
of about10 minutesdurationcaneasilyresultin a mes-
sagelog that containsfar more than 100 Megabytesof
data.

The so-calledmodule manajer provides a thin API
layer for moduledeveloperswith languagebindingsfor
the programminglanguageghat are usedto implement
speci ¢ dialogcomponentsilt includestheoperationse-
quiredto accesshecommunicatiorsystemandto realize
an elementarycomponeniprotocol neededor basicco-
ordinationof all participatingdistributedcomponents.

2.3 TestbedModulesand Of ine Tools

In addition to the functional componentf the dialog
system, the runtime ervironmentincludesalso special
testbedmodulesn supportof systemoperation.

The testbedmanayer componentor TBM for short,
is responsiblefor systeminitialization and activatesall
distributedcomponentpertainingto a given dialog sys-
temcon guration. It formsthe counterparfor functional
modulego carryouttheelementaricomponenprotocol,
whichis neededor propersystemnstart-up controlledter-
minationof processesndrestartof single components,
or acompletesoftresetof the entiredialogsystem.

Thefreelycon gurabletestbedsUI constitutesasepa-
ratecomponentvhich providesa graphicaluserinterface
for theadministratiorof arunningsystem.n Figurel the
speci c testbedGUI of the SMARTKOM system(cf. Sec-
tion4.2)is shovn asanexample.The GUI basicallypro-
vides meansto monitor systemactiity, to interactwith
thetestbedmanagerandto manuallymodify con gura-
tion settingsof individual componentsvhile testingthe
integratedsystem.

A further logging componentis being employed to
save a completeprotocolof all exchangednessagefor
laterinspection Flexible replayof selectegool datapro-
videsa simple,yet elegantand powerful mechanisnfor
the simulation of small or complex partsof the dialog
systemin orderto testanddelug componentsiuringthe
developmentprocess.

Anotherimportantdevelopmenttool is a genericdata
viewer for the onlineandof ine inspectionof pool data.



Figure 1: TestbedadministrationGUI and dataviewer.
Currentlyactive componentsare highlightedusinga dif-
ferentbackgrounccolor. The dataviewer windows pro-
vide acompactisplayof selectecool data.

Further of ine tools include a standardizedbuild and
installation procedurefor componentsand utilities for

the preparationof software distributions and incremen-
tal updatesiuringsystemntegration. Additional project-
speci ¢ APIs andspeci cally adaptedutilities arebeing
developedandmadeavaliableasneeded.

3 High-level Interfacesfor Dialog System
Components

Instead of using programminginterfaces, the interac-
tion betweendistributed componentswithin the testbed
framawork is basedon the exchangeof structureddata
throughmessagesThe communicatiorplatformis open
to transferarbitrary contentsbut carefuldesignof infor-
mation o w andaccuratespeci cationof contentformats
constituteessentiaklementof our approach.
Agentcommunicatiodanguagesike KQML (Finin et
al., 1994)andFIPA ACL (Pitt andMamdani,1999)are
not a naturalchoicein our contet. In general,large-
scaledialog systemsare a mixture of knowledge-based
andcorventionaldata-processingomponentsA further
aspectrelatesto the pool architecture which doesnot
rely on unspeci ¢ point-to-pointcommunicationbut on
aclearmodularizatiorof datalinks. The speci cationof
thecontentformatfor eachpoolde nesthecommonlan-
guagethatdialogsystemcomponentsiseto interoperate.

3.1 XML-based Data Interfaces

Over the lastfew years,the so-calledextensiblemarkup
language hasbecomethe premierchoicefor the e xible

de nition of application-speci cdataformatsfor infor-
mationexchange. XML technology which is basedon
standardizedpeci cations progressegapidly andoffers
anenormousspectrunof usefultechniquesandtools.

XML-basedlanguagesle ne an external notationfor
the representatiorof structureddata and simplify the
interchangeof complex databetweenseparateapplica-
tions. All suchlanguagessharethe basic XML syn-
tax, which de nes whetheran arbitrary XML structure
is well-formed,andthey arebuild uponfundamentaton-
ceptdlik e elementandattributes A speci c markuplan-
guageneeddo de ne the structureof the databy impos-
ing constrainton the valid useof selectecelementsand
attributes. This meanghatthelanguagesenesto encode
semanti@spect®f the datainto syntacticrestrictions.

Variousapproachefave beendevelopedfor the for-
mal speci cation of XML-basedlanguages. The most
prominentformalismis calleddocumentypede nition.
A DTD basicallyde nesfor eachallowedelementall al-
lowedattributesandpossiblytheacceptablattributeval-
uesaswell asthe nestingand occurrence®f eachele-
ment. The DTD approachhowever, is more and more
supersedetly XML Schema.Comparedwith the older
DTD mechanisma schemade nition (XSD) offerstwo
main advantages:The schemaditself is also speci ed in
XML notationandthe formalismis far more expressie
asit enablesnoredetailedrestrictionsonvalid datastruc-
tures. This includesin particularthe descriptionof el-
ementcontentsand not only the elementstructure. As
aschemaspeci cationcanprovide awell-organizedype
structuret alsohelpsto betterdocumenthedetailsof the
dataformatde nition. A humanfriendly presentatiorof
the communicationinterfacesis animportantaid during
systemdevelopment.

It shouldbenotedthatthedesignof anXML language
for the external representatiorof complex data consti-
tutesa non-trivial task. Our experienceis that design
decisionshave to be madecarefully For example,it is
betterto minimize the useof attributes. They arelimited
to unstructuredlataandmayoccurat mostoncewithin a
singleelement.Preferringelementsover attributesbetter
supportsthe evolution of a speci cation sincethe con-
tent model of an elementcan easily be rede nedto be
structuredandthe maximumnumberof occurrencesan
simply beincreasedo morethanone. A further princi-
ple for a well-designedXML languagerequiresthatthe
elementstructurere ects all detailsof theinherentstruc-
ture of the representedlata, i.e. textual contentfor an
elementshouldbe restrictedto well-de ned elementary
types.Anotherimportantguidelineis to applystrictham-
ing rulessothatit becomesasierto graspthe intended
meaningof speci ¢ XML structures.

From the point of view of componentdevelopment,
XML offers various techniquesfor the processingof



<intentionLattice>

[
<hypothesisSequences>
<hypothesisSequence>
<score>
<source> acoustic  </source>
<value> 096448 </value>
</score>
<score>
<source> understanding </source>
<value> 091667 <value>
</score> 4
<hypothesis>
<discourseStatus>
<discourseAction> set </discourseAction>
<discourseTopic><goal> epg_info </goal></discourseTopic>

Confidence in the Speech
Recognition Result

Confidence in the Speech
Understanding Result

[..]
<event id="dimg68">
<informationSearch id="dim869">
<pieceOfinformation> —_ !
<broadcast id="dim863">
<avMedium>
<avMediumid="dim866">
<avType> featureFIm </avType>
<title> Dieinnere Sicherheit ~ <fitle>

Planning Act

[..] )
</hypothesisSequence> Object Reference

’ ;IhypothesisSequenc&p
<fintentionLattice>

Figure2: Partial M3L structure.The shavn intentionlat-
tice representshe interpretatiorresultfor a multimodal
userinput that can be statedas: “I would like to know
moreaboutthis[ ].”

transferreccontentstructures. The DOM API makesthe
dataavailable asa generictree structure—thedocument
objectmodel—in termsof elementsand attributes. An-
other interestingoption is to employ XSLT stylesheets
to exibly transformbetweenthe external XML format
usedfor communicatiorandagiveninternalmarkuplan-
guageof thespeci c componentTheuseof XSLT makes
it easierto adapta componento interfacemodi cations
and simpli es its re-usein anotherdialog system. In-
steadof working on basicXML structuredike elements
and attributes, XML databinding canbe usedfor a di-
rect mappingbetweenprograminternal data structures
andapplication-speci cXML markup.In this approach,
thelanguagespeci cationin form of aDTD or an XML
Schemais exploited to automaticallygeneratea corre-
spondingobjectmodelin agivenprogrammindanguage.

3.2 Multimodal Markup Language

In the contet of the SMARTKOM project (see sec-
tion 4.2) we have developedM3L (Multimodal Markup
Languagepsa completeXML languagehat coversall
datainterfaceswithin this comple< multimodal dialog
system. Insteadof using several quite different XML
languagedor the variousdatapools,we aimedat anin-
tegratedand coherenlanguagespeci cation, which in-
cludesall sub-structureshat may occuron the different
pools. In orderto make the speci cation processman-
ageableandto provide a thematicorganizationthe M3L
languageade nition hasbeendecomposedhto about40
schemaspeci cations.

Figure2 shavs anexcerptfrom atypical M3L expres-
sion. Thebasicdata o w from userinputto systemoutput

continuouslyaddsfurther processingesultsso that the
representationaitructurewill bere ned step-by-stepln-
tentionally M3L hasnotbeendevisedasageneridknowl-
edgerepresentatiodanguage,which would require an
inferenceenginein every single componentso that the
exchangedstructurescan be interpretedadequately In-
steadyery speci ¢ elementstructuresareusedto corvey
meaningon the syntacticlevel. Obviously, not all rele-
vantsemanticaspectsanbe coveredon the syntaxlevel
using a formalismlike DTD or XSD. This means that
it is impossibleto excludeall kinds of meaninglesslata
from the languagede nition andthe designof aninter
facespeci cationwill alwaysbea sortof compromise.

Conceptuataxonomiegprovide the foundationfor the
representatiorof domain knowledge as it is required
within a dialog systemto enablea naturalcorversation
in the given applicationscenario. In orderto exchange
instantiatecknowledgestructuresbetweerdifferentsys-
tem componentghey needto be encodedin M3L. In-
steadof relying on a manualreproductionof the under
lying terminologicalknowledgewithin the M3L de ni-
tion we decidedo automatehattask. Ourtool OiL2XSsD
(Gurevychetal., 2003)transformsanontologywrittenin
OIL (Fenseletal., 2001)into an M3L compatibleXML
Schemade nition. The resulting schemaspeci cation
capturegshe hierarchicalstructureand a signi cant part
of the semanticof the ontology For examplein Figure
2, therepresentationf the eventstructureinsidethe in-
tentionlattice originatesfrom theontology Themainad-
vantageof this approachis thatthe structuralknowledge
availableon the semantidevel is consistentlymappedo
thecommunicatiorinterfacesandM3L caneasilybe up-
datedasthe ontologyevolves.

In additionto the languagespeci cationitself, a spe-
ci ¢ M3L API hasbeendeveloped,which offersa light-
weight programminginterfaceto simplify the process-
ing of suchXML structureswithin the implementation
of acomponentCustomizedestbedutilities lik e tailored
XSLT stylesheetdor the genericdataviewer aswell as
several othertools are provided for easierevaluationof
M3L-basedprocessingesults.

4 SampleApplications

Our frameawvork andthe MULTIPLATFORM testbedhave

beenemployed to realize various natural languageand
multimodal dialog systems. In addition to the re-

searctprototypesnentionechere MULTIPLATFORM has
also beenusedas an integration platform for inhouse
projectsof industrial partnersandfor 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-pointcommunicationdid not prove to be scal-



able(Kluteretal., 2000). Thetestbechasbeenenhanced
in the context of the SMARTKOM project and was re-
cently adaptedfor the Comic system. As describedn
the previous sections,the decisive improvementof the
currentMULTIPLATFORM testbeds, besidesa morero-
bust implementation,a generalizedarchitectureframe-
work for multimodaldialogsystemsandtheuseof XML-
baseddatainterfacesas exampli ed by the Multimodal
Markup LanguageM3L.

4.1 VERBMOBIL

VERBMOBIL (Wahlster 2000)is a spealer-independent
and bidirectional speech-to-speeckranslation system
that aimsto provide usersin mobile situationswith si-
multaneousdialog interpretationservicesfor restricted
topics. The systemhandlesdialogsin three business-
oriented domains—includingappointmentscheduling,
travel planning,and remotePC maintenance—angro-
vides contet-sensitie translationsbetweenthree lan-
guagegGerman English,Japanese).

VERBMOBIL follows a hybrid approachthatincorpo-
ratesboth deepandshallav processingschemesA pe-
culiarity of thearchitecturds its multi-engineapproach.
Five concurrentranslationsenginespasedon statistical
translationcase-basettanslation substring-basettans-
lation, dialog-acthasedranslationandsemantidransfer
competeo provide completeor partialtranslatiorresults.
The nal choiceof thetranslatiorresultis doneby a sta-
tistical selectionmodule on the basisof the con dence
measureprovidedby thetranslationpaths.

In additionto astationaryprototypefor face-to-acedi-
alogs,a anothetinstancehasbeenrealizedto offer trans-
lation servicewia telephongKirchmannetal., 2000).

The nal VERBMOBIL demonstratoconsistsof about
70distributedsoftwarecomponentshatwork togethetto
recognizespolen input, analyzeandtranslateit, and -
nally utterthetranslation.Thesemodulesareembedded
into an earlierversionof the MULTIPLATFORM testbed
usingalmost200datapools—replacingereralthousand
point-to-pointconnections—tanterconnecthe compo-
nents.

4.2 SMARTKOM

SMARTKOM is a multimodal dialog systemthat com-
bines speech,gesture,and facial expressionsfor both,
userinputandsystemoutput(Wahlsteretal., 2001). The
systemaimsto provide ananthropomorphiandaffective
userinterfacethroughits personi cationof an interface
agent.Theinteractionmetaphoiis basedntheso-called
situated delegation-orientedlialog paradigm.The basic
ideais, thatthe userdelegatesa taskto a virtual commu-
nicationassistantvhich is visualizedasa life-lik e char
acter The interface agentrecognizeshe users inten-
tions and goals,asksthe userfor feedbackif necessary

Application
Layer

. Public:
Multimodal . cinema,

Dialog Phone,
Backbone

Mobile:
Car and
Pedestrian
Navigation

Fax,
Mail,
Biometrics
Home:

_ Consumer Electronics

SmartKom-Mobile

SmartKom-Public

SmartkKom-Home

Figure3: SMARTKOM kernelandapplicationscenarios.
Smartakusthe SMARTKOM life-lik e characteiis shavn
in thelower left corner

accessethe variousserviceson behalfof the user and
presentsheresultsin anadequatenanner

The currentversionof the MULTIPLATFORM testbed,
including M3L, is usedas the integration platform for
SMARTKOM. The overall systemarchitectureincludes
about40differentcomponentsAs shavn in Figure3, the
SMARTKOM projectaddressethreedifferentapplication
scenarios.

SMARTKOM PuBLIC realizes an advanced multi-

modalinformationandcommunicatiorkioskfor airports,
train stations,or other public places. It supportsusers
seekingfor informationconcerningmovie programs pf-

fersresenationfacilities,andprovidespersonalizedom-
municationservicesusing telephone fax, or electronic
mail.

SMARTKOM HOME senesasa multimodalportalto
informationservices.Using a portablewebpad the user
is able to utilize the systemas an electronic program
guide or to easily control consumerelectronicsdevices
likea TV setor a VCR. Similarto thekiosk application,
the usermay alsousecommunicatiorservicesat home.
In thecontext of SMARTKOM HOME two differentinter-
actionmodesaresupportecandthe useris ableto easily
switchbetweerthem. In lean-forwad modecoordinated
speechandgesturenput canbe usedfor multimodalin-
teractionwith the system.Lean-bag&ward modeinstead
is constrainedo verbalcommunication.

SMARTKOM MoOBILE 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,0or UMTS connectvity.



Figure4: AdaptedtestbedGUI for the ComIcC system.

4.3 Comic

Comic? (ConversationalM ultimodal | nteractionwith
Computers)is a recentresearchprojectthat focuseson
computerbasedmechanismf interactionin coopera-
tive work. One speci ¢ sampleapplicationfor ComMic
is a designtool for bathroomswith an enhancednulti-
modalinterface. Themaingoalof the experimentalvork
isto shav thatadvancedmultimodalinteractioncanmake
suchatool usablefor non-expertsaswell.

Therealizationof the integratedComic demonstrator
is basedon the MULTIPLATFORM testbed.Figure4 dis-
playsthe controlinterfaceof the multimodaldialog sys-
tem. On theinput side,speechandhandwritingin com-
bination with 3-dimensionalpen-basedjesturescan be
employed by the user On the output side, a dynamic
avatarwith synthesizedacial, headandeye movements
is combinedwith task-relatedyraphicalandtextual infor-
mation. In additionto multiple input and output chan-
nels, there are componentghat combine the inputs—
taking into accountparalinguisticinformationlik e into-
nationandhesitations—anthterpretthemin the context
of the dialog, plan the application-speci cactionsto be
taken and nally split the output information over the
availablechannels.

5 RelatedWork

Gcsl, the Galaxy Communicatosoftwareinfrastructure
(Senef et al., 1999),is an opensourcearchitecturefor
the realization of natural languagedialog systems. It
canbe describecdhsa distributed, message-basedlient-
sener architecture which hasbeenoptimizedfor con-
structingspolen dialog systems.The key componenin
thisframaworkis acentralhub,whichmediatesheinter-
actionamongvarioussenersthatrealizedifferentdialog
systemcomponentsThe centralhub doesnot only han-
dle all communication@mongthe sener modulesbut is

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

alsoresponsibléo maintainthe o w of controlthatde-
terminesthe processingvithin the integrateddialog sys-
tem. To achieve this, the hub is ableto interpretscripts
encodedn a specialpurpose,run-time executablepro-
gramminglanguage.

The Gcsl architecturds fundamentallydifferentfrom
ourapproachWithin theMuULTIPLATFORM testbedhere
exists no centralizedcontroller componentwhich could
becomea potentialbottleneckfor more complex dialog
systems.

OAA, the Open Agent Architecture (Martin et al.,
1999), is a framework for integratinga community of
heterogeneousoftware agentsin a distributed environ-
ment. All communicatiorand cooperatiorbetweenthe
differentis achieved via messagegxpressedn ICL, a
logic-basedieclaratve languagecapableof representing
naturallanguagesxpressions Similar to the Gesi archi-
tecture,a sort of centralizedprocessingunit is required
to control the behaior of the integratedsystem. So-
called facilitator agentsreasonaboutthe agentinterac-
tions necessaryor handlinga given complex ICL ex-
pression,i.e. the facilitator coordinateshe actities of
agentdor the purposeof achieving higherlevel, complex
problem-solvingobjectves. Sampleapplicationsbuilt
with the OAA framawork alsoincorporatedechniqueso
usemultiple input modalities.The usercanpoint, speak,
draw, handwrite,or even usea standardgraphicaluser
interfacein orderto communicatewith a collection of
agents.

RAGs (Cahill etal., 2000)doesnot addresghe entire
architectureof dialog systemsand multimodal interac-
tion. The RAGS approachwhich standsfor Reference
Architecturefor GenerationSystems focusesnsteadon
naturallanguagegeneratiorsystemsandaimsto produce
anarchitecturakpeci cationandmodelfor the develop-
ment of new applicationsin this area. RAGS is based
onthewell-known three-stag@ipelinemodelfor natural
languageayeneratiorwhichdistinguishe®etweercontent
determinationsentenceplanning,andlinguistic realiza-
tion. The maincomponenbdf the RAGS architecturds a
datamodel,in the form of a setof declaratve linguistic
representationg/hich cover the variouslevels of repre-
sentationthat have to be taken into accountwithin the
generationprocess. XML-based notationsfor the data
modelcanbe usedin orderto exchangeRAGS represen-
tationsbetweendistributed components.The reference
architecturds openregardingthe technicalinterconnec-
tion of the differentcomponent®f a generatiorsystem.
Onespeci cally supportedsolutionis the useof a single
centralizeddatarepository

6 Conclusion

MULTIPLATFORM provides a practical framework for
large-scalesoftware integrationthat resultsfrom the re-



alizationof variousnaturallanguageand multimodaldi-
alogsystemsThe MULTIPLATFORM testbeds basecbn
anopencomponenarchitecturavhichemplo/smessage-
passingo interconnectlistributedsoftwaremodules We
proposeto operationalizanterface speci cationsin the
form of anXML languageasaviableapproactio assem-
ble knowledge-basedswell asconventionalcomponents
into anintegrateddialog system.Thetestbedsoftwareis
currentlybeingrefactoredandwe areplanningto make it
publicly availableasopensourcesoftware.

More than one hundredmoduleshave alreadybeen
usedwithin the MULTIPLATFORM testbed.Sofar, how-
ever, thesalialogsystencomponentsirenotfreely avail-
able for public distribution. The availability of pre-
fabricatedmodulesaspart of the testbedsoftwarewould
alsoenablethird partiesto develop completedialog sys-
tem applicationsthroughthe reuseof provided standard
components.

In additionto the softwareinfrastructurethe practical
organizatiorof theprojectconstitutesa key factorfor the
successfutealizationof anintegratedmultimodaldialog
system. Stepwiseimprovementand implementationof
the designof architecturedetailsandinterfacesnecessi-
tatesan intensve discussiorprocesghat hasto include
all participantsvho areinvolvedin therealizationof sys-
temcomponentén orderto reachacommonunderstand-
ing of theintendedsystenbehaior. Independenintegra-
tion expertsthatfocuson the overall dialog systemhave
provento be helpful for the coordinationof this kind of
actiities.

References

Lynne Cabhill, Christy Doran,RogerEvans,RodgerKib-
ble, Chris Mellish, Daniel Paiva, Mike Reape Donia
Scott,andNeil Tipper. 2000. EnablingResource&har
ing in LanguageGeneration:An AbstractReference
Architecture. In Proc. of the 2nd Int. Conf on Lan-
guage Resoucesand Evaluation Athens,Greece.

Wolfgang Emmerich. 2000. Software Engineeringand
Middleware: A Roadmap.n Proc. of the Conf onthe
Future of Softwae Engineeringpagesl17-129ACM
Press.

Lee D. Erman,FrederickHayes-RothVictor R. Lesser
and D. Raj Reddy 1980. The Hearsay-lISpeech-
UnderstandingSystem: Integrating Knowledge to
Resole Uncertainty ACM Computing Surves
12(2):213-253.

Dieter Fensel Frankvan Harmelen,lan Horrocks,Deb-
orah L. McGuinness,and Peter F. Patel-Schneider
2001. OIL: An OntologylInfrastructurefor the Seman-
tic Web. IEEE IntelligentSystemsl6(2):38—45.

Tim Finin, Richard Fritzson, Don McKay, and Robin
McEntire. 1994. KQML asan Agent Communica-
tion Language.In Proc. of the 3rd Int. Conf on Infor-
mationand Knowledg Management pagesA56—463.
ACM Press.

Al Geist, Adam Beguelin, Jack Dongorra, Weicheng
Jiang,RobertManchek,andVaidy Sunderman1994.
PVM: Parallel Virtual Machine A User's Guide and
Tutorial for Networled Parallel Computing MIT
Press.

IrynaGurevych, SteinMerten,andRobertPorzel.2003.
Automatic creation of interface speci cations from
ontologies. In Proc. of the HLT-NAACL'03 Work-
shopon the Softwae Engineeringand Architecture of
Languaye Technology System¢SEALTS) Edmonton,
Canada.

JonHopkins. 2000. ComponentPrimer. Communica-
tionsof the ACM, 43(10):27-30.

HeinzKirchmann,AlassaneNdiaye,andAndreasKl iiter.
2000. From a Stationary Prototypeto Telephone
TranslationServices. In Wahlster(Wahlster 2000),
pagess59-669.

AndreaKluter, AlassanéNdiaye,andHeinzKirchmann.
2000. VerbmobilFrom a Software EngineeringPoint
of View: SystemDesignandSoftwarelntegration. In
Wabhlster(Wahlster 2000),page$535-658.

David L. Martin, Adam J. Cheyer, and Douglas B.
Moran. 1999. The Open Agent Architecture: A
Framevork for Building Distributed Software Sys-
tems.AppliedAtrti cial Intelligence 13(1-2):91-128.

JeremyPitt andAbe Mamdani.1999. SomeRemarkson
the Semanticof FIPA's Agent Communication_an-
guage. Autonomousigentsand Multi-Agent Systems
2(4):333-356.

StephanieSenef, RaymondLau, and JosephPolifroni.
1999. Organization,Communicationand Controlin
the Galaxy-1l CorversationalSystem. In Proc. of Eu-
rospeeh'99, pagesl271-1274BudapestHungary

Wolfgang Wahister Norbert Reithinger and Anselm
Blocher 2001. Smartkom: Multimodal Communi-
cation with a Life-Like Character In Proc. of Eu-
rospeeh’'01, pagesl547-1550Aalborg, Denmark.

Wolfgang Wahlster editor  2000. Verbmobil: Foun-
dations of Speeh-to-Speek Translation Springer
Berlin.

Gerhard Weiss, editor  2000. Multiagent Systems:
A Modern Approad to Distributed Arti cial Intelli-
gence MIT Press.

Ming-Wei Wu andYing-Dar Lin. 2001. OpenSource
Software Development: An Overview. Computer
34(6):33-38.



