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Abstract. Effective use of the vast quarntity of information now available on
the web will requirethe useof “SemanticWeb” markuplanguagesuchasthe
DARPA AgentMarkup LanguagegDAML). Suchlanguagewill enablethe au-
tomatedgatheringandprocessingf muchinformationthatis currentlyavailable
but insufficiently utilized. Effectively, suchlanguage will facilitatethe integra-
tion of multi-agentsystemawith the existing informationinfrastructure As part
of ourexplorationof SemantidVebtechnoloy, andDAML in particularwe have
constructedTTALKS, a web-basedystemfor automaticandintelligent notifi-
cationof informationtechndogy talks. In this paper we describethe ITTALKS
systemanddiscusshe numerows waysin which the useof SemantidWeb con-
ceptsandDAML extendits ability to provide anintelligentonline serviceto both
thehumancommurity andthe agentsassistinghem.

1 Intr oduction

With the vastquantityof informationnow availableon the Interret, thereis a needto
manag this information by markirg it up with a semantidanguag, suchas DARPA
AgentMarkup Langwage (DAML) [26], andusingintelligent searchenginesjn con-
junctionwith ontdogy-basedmatching to provide more efficient and accuratenfor-
mationsearchresults.The aim of the SemantidMebis to make the presenweb more
machire-readale, in orderto allow intelligentagentgo retrieve andmanipuate perti-
nentinformation. The key goal of the DAML programis to develop a Semantic/Veb
markip languag that providessufficient rulesfor ontolagy development[20] andthat
is sufficiently rich to suppat intelligentagentsandotherapgications[22,32]. Todays
agentsarenottightly integratedinto thewebinfrastricture.If ourgod is to have agents
actingupm and conversingabou web objects,they will have to be seamlesslynte-
gratedwith the web, andtake adwartageof existing infrastructurewheneer possible
(e.g.,messagsendiry, security authetication,directoryservicesandapplicdion ser
vice framenorks).We believe thatDAML will becentralto therealizationof this goal.
In suppat of this claim, we have constructedreal, fieldedapplication ITTALKS,
which suppats userandagentinteractia in the domainof talk discovery. It alsopro-
videsa simpleweb-diveninfrastricturefor agen interactian. In addtion, ITTALKS
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Rules
Trust
Data

Data ‘ Proof °
Self- Logic = £
desc. 58
doc. ‘ Ontology Vocabulary a &

\ RDF + RDF Schema
XML + NS + XML Schema
Unicode ‘ URI

Fig. 1. Tim Berners-Lees vision of the SemantidWeb is founded on a basethatincludesURIs,
XML andRDF

senesasa platfom for designimg and pratotyping the software compamentsrequire

to enabledevelopersto createintelligert software agentscapableof understandig

andproassinginformationandknowledgeencodd in DAML andothersemantically
rich markuplanguags. To date,we have focusedon develgping the suppat andin-

frastructue requiral for intelligent agentsto integrateinto an ervironmert of web

browses, seners, application sener platfoms, and associateduppoting languages
(e.g.,WEB/SQL,WEBL), protocds (e.g.,SSL,S/MIME, WAP, eSpeak)serviceqe.g,

LDAP) anduncerlyingtechndogies(e.g.,Java, Jini, PKI).

Onthesurface ITTALKS is awebportaloffering accesso informationabou talks,
seminarsand colloguia relatedto information techndogy (IT). It is organizedarourd
domairs, which typically representevent hostingorganizatiors such as universities,
researcHabaatoriesor prafessionalgroups, andwhichin turn arerepreseted by in-
depenlentwebsites.ITTALKS utilizesDAML for its knowledge baserepresentation,
reasonig, and agentcommuication. DAML is usedto markup all the information,
whichis storedin aknowledgebaseto provide additicnal reasonig capabilitiesother
wise unavailable.With informationderotedin a semanticallymachineundestandable
format, the computer candeduceadditinal information,a taskwhich is difficult in a
traditioral datatasesystem.For example,if both ITTALKS andthe useragreeon a
comma semanticsthe ITTALKS web portal canprovide not only the talks that cor
respoid to the users profile in termsof interesttime, andlocationconstraintsbut can
furtherfilter thelT eventsbasedbninformationabou the users persoml schedie, in-
ferredlocationatthetime of thetalk, distanceandcurrent traffic patterrs, etc.ITTALKS
canalsodynanically updatethe users prdfile with incremetal learningof the users
usagepatterrs.

ITTALKS demorstrateghe power of markip languagessuchasDAML for the Se-
manticWeb,drawing onits ability to represenbntdogies,agen contenanguagesand
its ability to improve thefunctionality of agentontheweh We have develgpedDAML-
encoedontolagiesfor describingavent,tempaal, spatial persoial, andcorversational
information,which enableusto represehall requred knovledgein a DAML-encodé
format. Moreover, theseontdogies enalte us to execue a computer undestandable
corversation.In addition we have createdseveral DAML-encodedclassificationon-
tologies,which provide us with additinal reasoningcapabilitiesin orderto find the
bestmatchingIT talksfor a particdar user Furthemore,in the ITTALKS application



ary webpagepresentednthe I TTALKS websitescontairs thenecessarinformation
for anagentto retrieve the DAML-encodeddescriptionof this pageaswell asthecon-
tactinformationof aresponsibleagen in orderto provide more effective corversation.
ITTALKS thusprovideseachagentwith the capabilityto retrieve andmanipuate any

ITTALKS-relatednformationvia awebsiteinterfaceor throughadirectagent-teagent
corversation Hence by combiring the feature of currerily existing webapplicdions
with the DAML-basedknowledgeandreasoimg capaliities, ITTALKS presentatrue
SemantidNVebapplicdion.

2 Background

DAML isasemantidanguayebeingdevelopedby aconsatium of U.S.-basedcademic
andbusinesgesearchrs®, which officially began in August200, to addresshe cur-
rentweb’s limitationsin providing machinereadableandmoreimportantly machire-
interpretable,informationover the Intemet. The goal of DAML is to enablethe trans-
formation of the currently humanorierted web, which is largely usedas a text and
multimeda repositoryonly, into a SemantidVeb asenvisionedby Berners-lee[4, 3].
This processinvolves the augnentationof web pageswith additioral informationand
datathatareexpressedn away thatfacilitatesmactine understandig [21, 23].

DAML is built uponthe capaliities of analreadyexisting syntacticlanguage the
Extendable Markup Language (XML) [19], and of the ResourceDescription Frame-
work and ResourceDescriptionFrameavork Schena (RDF/S)[16,18,17,36]. These
areXML applicatimsthatprovide a nunberof preliminay semantidacilitiesrequirel
in therealizationof the SemantidVebvision.

XML wasdevelopedby the World Wide Web Consortium(W3C) asa standardor
alternatve dataencodng on the Interret thatwasprimarily intendedfor machne pro-
cessingMoreover, XML is anapplicationprofile of the StandardseneralizedMarkup
Langwage(SGML), andis therefae basedon a well-definedandwell-understoodsyn-
tacticlangua@. The XML standardprovidesthe necessarynears to declae anduse

! visit the DAML Programofficial websiteatht t p: / / www. dani . or g/ .

<daml:class rdf:ID="Animal"> <daml:class rdf:ID="Female">
<rdfs:label>Animal</rdfs:label> <rdfs:subClassOf rdf:resource="#Animal" />
<rdfs:comment>An Example</rdfs:comment> <daml:disjointWith rdf:resource="#Male" />

</daml:Class> </daml:Class>

<daml:Class rdf:ID="Male"> <daml:Class rdf:ID="Man">
<rdfs:subClassOf rdf:resource="#Animal"/> <rdfs:subClassOf rdf:resource="#Person" />

</daml:Class> <rdfs:subClassOf rdf:resource="#Male" />

</daml:Class>

Fig. 2. An exampleof DAML-encodedknowledge.
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Fig. 3. A screenshidepictingthe main pageof the ITTALKS system.

simple datastructues, which are storedin XML docunentsandwhich are machire-
readale. Subseqantly, theinformationmadeavailablein thesedocumentscanbe pro-
cessear translatednto additioral XML documentsto provide theapprgriateform for
humanundestanding suchastext-to-voice, graphcs or HTML conversion.However,
sinceXML is definal only at the syntacticlevel, machins cannad be relied upm to
unamliguously determire the correctmeanimg of the XML tagsusedin a given XML
document.Consequaetly, XML is not suitableas a desiredlangwagefor representing
comple knowledge.

As aresult,the W3C Consortiumhasdeveloped RDF/Swith the goal of address-
ing the XML deficiendes by addingformal semanticson the top of XML. Thesetwo
standard provide the represetation frameworks for describingrelationshig amorg
resoures in termsof namedpropertiesand values,which are similar to represeta-
tion frameworks of semantimetworks andrudmentaryframelanguagessuchasRDF
SchemaYet, bothstandadsarestill very restrictedasa knowledgerepresetationlan-
guage dueto thelack of suppot for variebles,geneal quariification, rules,etc.

DAML is anattemptto build uponXML andRDF/Sto producea langwagethatis
well suitedfor building the SemanticWeh It follows the samepathfor representing
dataandinformationin adocunentasXML, andprovidessimilar rulesanddefinitions
to RDF/S.In addition DAML alsoprovidesrulesfor describimg furtherconstraims and
relationslips amory resouces,including cardnality, domainandrangerestrictiors, as
well asunion disjunction inverseandtransitve rules. DAML is, therefae, an effort
to develop a universalSemantidWeb markup languag thatis suficiently rich to pro-
vide machires not only with the capaliity to readdatabut alsowith the capability
to interpretandinfer over the data.DAML will enalte the developmentof intelligent
agentsandapplications thatcanautonanouslyretrieve andmanipuate informationon
thelnterng andfrom the SemantidNVeb of tomarow.



3 ITTALKS

As partof UMBC'’s role in the DAML Progam,we have develgpedITTALKS; aweb
portalthatoffersaccesgo informationabouttalks,seminarsgolloquia, andotherinfor-
mationtechnolagy (IT) relatedevents.ITTALKS providesuserswith numeousdetails
describirg the IT events,including location spealer, hosting organization and talk
topic. More importantly, ITTALKS alsoprovidesagentswith theability to retrieve and
manipuate information storedin the ITTALKS knowledgebase.Below, we discuss
variows aspect®f thesystemin more detail.

Unlike otherwebservices| TTALKS emplog/s DAML for knowledgebaseepresen
tation,reasoningandagen commnunication Theuseof DAML to represetinformation
in its knonvledgebase,n conjunctionwith its usefor interchangeake type ontolagies
asdescribedn Section5.6, enablesnoresophisticatedeasonig thanwould otherwise
beavailable.For examge, asimplerrepesentatiorschemanight beableto providethe
userwith talksbasecdn interesttime andlocation.WhenbothI TTALKS andtheuser
agreeonacomma semanticsthe ITTALKS webportal will beableto perfom further
filtering, basedon more soptisticatedinferen@. In addition to enharwing knovledge
represetation and reasoning DAML is usedfor all commuication,includng sim-
ple messageandqueriesusingthe ITTALKS definedontdogy. Moreover, ITTALKS
offers the capabilityfor eachuserto usehis/herpersoml agentto comnunicatewith
ITTALKS on his/herbehalfandprovide a higherlevel of service.

3.1 Users

ITTALKS canbe usedanorymotsly, or, more effectively, with persomlizeduserac-
courts. Usershave the optionto registerwith ITTALKS eitherby enterirg information
manudly via webforms, or by providing the location(URL) of a universallyaccessi-
ble DAMLized persmal prdfile, which includesinformation suchastheuserdocation
his/herinterestsand cortact details,aswell asa scheduleThis schedulemight be as
rudimentaryasalist of availabletime periads for given days, or could eveninclude a
detailedscheduldor eachday. Subsegently, this informationis usedto provide each
userwith a persmalizedview of the site, displayingonly talks that matchthe users
interestsaandor schedule.

SinceDAML is notyetin widespreadise,ITTALKS providesatool for creatinga
DAML personalprofile. Currerly, the tool constrets a profile containirg only items
usedby the ITTALKS system.However, we believe that the profile, in oneform or
anothe, will ultimatelyprovide a uniqgueanduniversal pointfor obtairing persoml in-
formationabaut the user notjust for ITTALKS, but for all informationneedsandwill
includeary sortof informationthe userwould like to shareIn thefuture all services
that require persoml informationaboutthe usershoud accesghe sameuserprofile,
eliminatingthe needfor the userto repeatedlyenterthe sameinformationfor a multi-
tudeof servicesWe believe thatthe new standardor XML Signatue andEncryption
unde developmert may provide a mectanismby which userscanhave somecontiol
over accesdgo partsof their profile.
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3.2 Domains

To suppot our vision of a universalresouce for theinternatioral IT researcltommu
nity, ITTALKS is organizedarourd domains,which typically represeheventhosting
organizationsuch as universities,researcHabordories or prafessionalgroys. Each
domainis represeted by a separateveb site andis independentlymaintainedby a
modeator who can, amongother things, definethe scopeof the doman and dele-
gateto otherregisteredusersthe ability to edit talk entries.For exanple, the st an-

ford.ittal ks. org doman might be configuredto include only talks hostedat
Stanfod University. On the otherhard, anotler domain,sri . i t t al ks. or g, might
be configuedto include notonly talksabou SemantidVebtopicsthatareheldat SRI,
but alsothoseat Stanfad, aswell asary talks within 15 mile rangeof the SRI facility
in Palo Alto.

3.3 Access

ThelTTALKS systems accessibleitherto userdirectly viatheweb,or to agens act-
ing on their behalf The web portal providesnumeousfeatues,includingregistration
searchentry anddomainadministratio. An agent-lasedinterfaceallows interactian
with useragentsor otherservices.

Human Interface. Theweb portal allows a userto browse desiredinformationin a
variety of formats,to provide the highestdegreeof intergperability It pernits auserto
retrieve informationin DAML, standardHTML forma, whichincludesa shortDAML
anndation for DAML- enabledweb crawlers, or WML [11] forma, which suppmrts
WAP enabledphores. The ITTALKS web portal alsohasthe ability to geneate RDF
Site Summay (RSS)[34] files for certainqueriesTheseRSSfiles canthenbeusedfor
variows extemal purposes,suchasdisplayng upcaming talks on a depatmentalweb
sitefor someparticdar universityor doman.



Agent Interface. To provide accesdor agen basedservices|TTALKS makesuse
of Jackal[12], a conmunicationinfrastrucure for Java-basedgens developedby our
researchgroup at UMBC. Jackalis a Java package,which providesa compgehensie
commuicationsinfrastriwcturewhile maintainng maximum flexibility andeaseof inte-
gration Theheartof Jackals asimplecorversatiorsystemservingto maintaincontext
for concurentthread of corversationwhile providing a guidefor judging behaioral
corre¢nessandmodelirg the actionsof otheragerts. Jackalprovidesfacilitiesfor cre-
atingandmanipuating userdefined corversationstructuesof arbitray extent. Jackal
hasavery modular, looselycoupledarchite¢ure,designedo suppat maximal concu-
rengy amongcompnents acconplishedwith the useof multiple threadsandbuffered
interfacesbetweersubsystemdts conciseAPI allows for compehensie specification
of messageequests,andfor blodking or non-ocking messageetrieval. Currently it
facilitatesthe useof KQML agentcommunicationlangwage[14] andemplg/s asophis-
ticatedprotocd for agentnamirg, addessingandidentity (KNS). Additionaly it is in
theprocesof adaping to the FIPA standard$l5, 2]. In addition ourresearchgrowp, in
coorerationwith otheruniversities,is developing a DAML ontdogy for the necessary
corversatiorprotocds.

3.4 Agents

In order to exterd the capaliities of the systemwe have defineda nunber of agents
thatsuppat the opeationof ITTALKS. Somecanbe seenassuppating servicegsuch
asexterral informationservices)while othes we assumewill exist in the geneal en-
vironmentin thefuture.

ITTALKS Agent. ThelTTALKS agentis a front-endfor the ITTALKS system.It
interactswith ITTALKS throudh the sameweb-tasedinterface as human users,but
communicatesvia an ACL with otheragens on the web, extendng the systems ac-
cessibility At presentthe agentdoes not suppat ary adwencedfunctionality, but acts
primaily asagatevayfor agentaccess.

User Agents. Onelongtime goalof agentresearchis thatuserswill berepresentean-
line by agers thatcanservicequeiesandfilter informationfor them.While ITTALKS
doesnot requite that suchagentsexist, we recogrize the addedpower that could be
gaina by the useof suchagentsTherefae, ITTALKS suppats interactionwith User
Agentsaswell astheirhumancounterparts TheUserAgentthatwe have developedun-
derstand DAML, suppots sophisticatedeasonig, andcommunicatesvia a standad
agentcommunicationlanglage.Reasonings accomfishedwith theuseof the XSB, a
logic programning anddeductve databassystermfor Unix andWindows developedat
SUNY Story Brook.

Calendar Agent. Although a useragentmay containthe necessarknonledgeabout
its users schedulewe believe that it will benefitfrom assigningthe calenar-based
factsand prefeencesto a separateagent- the calendr agent.This enalbes the user
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agentnotonly to consultthe usercalendarbut alsoto usethe sameprotocad to consult
othercalendaragentshat may represehotherusersor groupsthe userbelong to. In

addition the calendaragentmay only representabstractiorto alreadyexisting infras-
tructure, suchasMicrosoft Outlook [33] or otherdeskt@/sener applicatiors. Finally,

the calendr agentmay alsobe usedto representa room andthusallow for re-useof

thesameprinciplesof participationscheduliig aswell aseventscheduling

Classifier Agent. ITTALKS usesa Classifier(or recanmenar) Agentthatis invoked
whena useris enteringa new talk. Basedon the talk’s abstractthe Classifierreturns
ACM ClassificatiorHierarcty Classificatiomumiersalongwith arank in descendig
order Using a local table of classificatiomnumbersandnames)TTALKS suggestso
theusertenpossibletopics.

MapQuest Agent. The MapQuestAgentis a wrapperagentthat allows ITTALKS
to make useof exterral serviceslt interactsdirectly with agents(e.g the ITTALKS
agentUserAgents),andacceptsequetsfor informationsuchasthedistancebetween
two known locations.It thenphrasesan appr@riaterequestto the MapQuestsystem
[29], parsesthe results,and geneatesan appopriaterespoise. Note that this agent
couldbegenericly nameda DistanceAgent,andmake useof ary externalservice(or
combirationof several,asneedeil

3.5 Ontologies

The ITTALKS systemis basedon a setof ontologes? that are usedto descrike talks
andthethings associatewvith them,e.g.,people placestopicsandinterestsschedules,
etc. Figure5 shavs someof the dependencieghat exist amongtheseontolodes. The
ontolagies are usedin the represetation and processingof DAML descriptims and

2 http://daml.umbc.edu/dalogies



alsoas“concepual schemata’agairst which the databasendvarious software APIs
arebuilt.

We have develgpeda gereral ontolagy for describingthe topics of arbitray talks
andpapes. Using this, we have implemened an ontolagy to describeT relatedtalks
basedon the ACM’s Compuer Classiftation System.In addtion, we currerily are
developing a DAML ontdogy for IT talks basedon a portion of the OpenDirectory;
andareconsideing addtional classificationrontdogies.Figure7 sketchessomeof the
major classesand propertiesin theseontolaies. Thesetopic ontolagies are usedto
describetalks aswell asthe users’intereststhroughout the system.This includesan
automaed talk classificationfor which we have obtaineda training collectionfor the
ACM CCSandarealsogeneratig anOpenDirectoly trainingcollectionto develop the
necessargompaents.In addition the DAML ontologeswill give ausertheability to
addadditiond assertiongn DAML to further characterizéheirinterestsLastly, we are
alsoin the proeessof developing a semi-autanatedcomponert thatcanmaptopicsin
oneontolayy into topicsin anothe, by utilizing userspecificmappng believesandby
taking adwentageof thefactthatnodes in eachontolagy have anassociatedollection
of text. This compaentis further descriledin Section5.4.

3.6 DataEntry

Currently ITTALKS requiresthat information abouttalks be manuallyenteredvia a
webform interface,or be availablein a DAML descriptio availableat a given URL.
Although we have madethis processas simple as possible(e.g., by suppating au-
tomatic form comgetion usinginformationfrom the knowledge baseand the users
DAML profile)it is still atime consumig processTherebre,we aredevdoping a fo-
cusedweb spiderto collect talk announcemets from opensourcs on the weh This
spiderwill identify key informationitemsusingatext extradion systemandwill au-
tomatically add information to the ITTALKS knowledgebase.We are working with
the Lockheed-Martinresearchgroyp on the above task,andwill usetheir AeroText
informationextradion system1].

3.7 Architecture

The current implemetation of ITTALKS usesa relationaldatabae, in comhbnation
with awebsener, to provide useraccesgo the system.To enableagens to accesshe
systemthe I TTALKS providesaninterfacefor agen-baseccommunication.

Database. The main software packa@s that are usedin the ITTALKS systemare
the MySQL relatioral datalasesoftwareanda comhbination of Apacheand Tomcatas
theweb porital seners.The conterts of the ITTALKS knowledgebaseare storedin a
databasevhoseschemas closelymappedto our ontolagiesdescribingevents,peope,
topicsandlocations We have choserMySQL becaus®f its known reliability, andbe-
causene requred softwarewith alicensethatallows usto make the ITTALKS packag
availableto additioral acaderit andcomrercialinstitutiors.



Web Sewer. As statedabore, for our web, we have chosera combiration of Apache
and Tomcat.This enableausto presenthe IT talk descriptimsto the userusingJasa
servletsand JSPfiles, which dynamically geneate requestednformationin DAML,
XML, HTML, RSS,and WML formats.The current ITTALKS implementation can
provide information suitablefor viewing on either a standard computerbasedor a
WAP-enablectellularphae.

Extensions. In addition we arecurrerily emplg/ing the Jackalagentcommunication
infrastricture developed at UMBC andthe Lockheed-Martin's AeroText information
extraction systemin order to facilitate ITTALKS-useragen interactionandthe auto-
matedext extraction, respectrely. We arein the procesof modifying Jackato provide
suppat for FIPA ACL interoperability. Also, we areconsideing the possiblereplae-
mentof MySQL with native XML datatasesoftwaresuchasdbXML.

4 Scerarios

We descrile herea coupe of typical interactiors that illustrate someof the features
of ITTALKS. Thefirst involvesdirectuseby a humanuser andthe secondadwnced
featuregrovidedthrough theuseof agents.

4.1 Human Interaction

In this first scenaripa user Jim, learnsfrom his colleagiesaboutthe existenceof the
ITTALKS webporital asa sourceof IT relatedeventsin his area;Jim is affiliated with
Stanfod University.

Jim directshis browserto thewww. i t t al ks. or g main page.Seeinga link to
stanford.ittal ks. org (aStanfad ITTALKS domain) heselectst, andis pre-
sentedwith a new pagelisting upconing talksthatarescheduledt Stanford SRl and
otherlocationswithin a 15-mile radius (the default distancdor the Stanforddorain).

Jim browsesthe web site, viewing annaincenentsfor various talks matchinghis
interestsandprefaredlocations(asprovidedin his explicit searchqueres).He is im-
pressedhathecanseethetalk informationnotonly in HTML, butalsoin DAML, RSS
andWML formats.Findingatalk of potertial interestto a colleagie, Jim takesadwan
tageof theinvitation featue, which allows him to sendaninvitational e-mailto ary of
his friendsfor ary of thelistedtalks. Finally, usingthe persomlizelink on the bottan
of the page,Jim createshis own ittalks.olg main page,by providing the URL of his
DAML-encodedprofile. This customizedpage listing talks basedon his preferences,
will beJim’s entranceo the ITTALKS sitewherever herretumns.

4.2 AgentInteraction

This scenaricassumesghatuserJim hasalreadyregisteredwith ITTALKS, andhasleft
instructiors with the systento be notified of the occurenceof certaintypesof talks.

In the courseof operdion, ITTALKS discovers thatthereis anupcaning talk that
mayinterestlim,andof which Jim hasnotbeennotified Basedoninformationin Jim’s
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prefeenceswhich have beenobtainel from his online, DAML-encodedprofile and
from information entereddirectly, ITTALKS optsto notify Jim’'s User Agentdirectly.
Thisis dorevia ITTALKS own agentwhichforwards the messagesingan ACL.

Uponreceving thisinformation,Jim’s UserAgentneed to know more;it consuts
with Jim’s Calendaragentto deternine his availability, andwith the MapQuestagent
to find the distancefrom Jim’s predcted location at the time of the talk. Somemore
sophisticatednteractiors might take placeat this time; for exanple, the Calendarand
Useragentamaydecideto alterJim’s schedie, andproceedo cortacttheUseragen of
someotherindividual. In addition the Useragentmayrequesmoreinformationabout
the spealer andthe event by contactingothe agentsor web sites,suchas CiteSeer
basedagent5, 30,6], to obtainmoreinformationnecessario make adecision Finally,
aftermakirg thisdecisiontheUserAgentwill sendanatificationbacktothel TTALKS
agentindicating thatJimwill/will notplanto attend.ThelTTALKS agentwill makethe
appreriateadjustmets atthe ITTALKS site.

In a more comgex interaction scheme,Jim maybeemplo/edby aresearchgroup
which possessea limited fundng andis therefae enfacing a policy thatallows only
oneresearchr at a time to attenda particdar IT event. As a result, the Useragent
canna decideon Jim’s participation until it successfullyinteractswith otheragents
represeting Jim’'s emplo/er and colleagees. Therebre, the decisionwhetheraryone
from theresearchyroup couldattendtheIT evert andthe further electionof the group
represetative requilesaninteractionof agentvirtual community.

Froma slightly different persgective, the Useragentwill alsobendit from partic-
ipatingin virtual communities thanksto recommendatims it obtainsfrom otherUser
agentsOneUseragentmayrecanmendan|T eventgiven its owner’s expeaiencesrom
attendinga pasttalk of thesamespealer. AnotherUseragentmaydecideto sharecom-
parisors of two competing timesandlocationsfor anidertical IT evert. Yet anotler
Useragentmay simply shareits owner's intensiors on attendinga particdar IT event.
Thus,eachmembeiof thevirtual community canprofit from theseandmary otherpos-
itive andnegaive recomnendatiois, andreflectthesesocialfiltering method in its own
decisions.



Finally, in a ‘Smatt Office’ scenarig25,7], the ITTALKS agen may also be di-
rectly contactirg anagen represeting thelocationwherea givenIT evert will beheld.
This ‘room’ agentmay thenusevarying servicediscovery techriques|[8, 35] to locate
a prgector presentd in theroom andinform it to pre-cwnload the powerpointpre-
sentatiorbeforethespealer arrival. Moreover, the ‘room’ agemn mayalsotry to contact
additioral agentsin the IT evert vicinity to decreaseossiblenoiselevel from other
roons andto verify thata ‘hallway agenthasreqestedenoud refresimentsduring
thelT event.

5 Benefits of DAML

We believe thatITTALKS benefitssignificantlyfrom its useof a semantianarkip lan-
guage suchas DAML. DAML is usedto specify ontdogiesthat we useextensvely
in our system.It is alsousedfor persmal prdfiles, andasan agentcontentlangua@.
Without DAML, specifying schedies, interestsandassertionsabou topicswould be
very difficult. In ITTALKS, a usercanspecifythataccordng to the usera couge of
topicsareequialentor relatedor dissimilag etc. Thiswill allow ITTALKS to tailor the
searchingof talks to the usersneeds As an agen contentlanguage, DAML provides
moreflexible semanticshanKIF or othercontern languageshatcurrently provide syn-
tax only. The ultimate benefitof usingDAML thenlies in the ability of ITTALKS to
independentlyinteractwith ary DAML- capableagen without the needof a humansu-
pervision Consequetty, all thesebendits, whicharedescribedn furtherdetailsbelow,
enablemore efficientinteractionbetweerthe systemandits users)et thembe humans
or softwareagets.

5.1 Interoperability Standard

As anintergperabilitylayer, DAML allowstheconten of ITTALKS to beeasilyshared
with otherapgicationsandagentsFor examge, a Centaurusoommanaerager [25]
couldwatchITTALKS for eventshappeningin a room for which it is responsiblén
orderto enalte betterschedulingDAML alsoactsasan interogerability standarcal-
lowing othersitesto make theirtalksavailablefor inclusianin ITTALKS by publishirg
annaincemets markedupin ourontdogy.

5.2 Agent Communication Language

DAML andACLs canbesuccessfullyntegrated DAML docunentswill betheobjects
of discousefor agerts thatwill create accessmodify, enrichandmanag DAML doc-
umentsasawayto disseminatendshareknowledge.Agentswill needto comnunicate
with oneanotter notonly to excharge DAML documentsbut alsoto exchangeinforma-
tional attitudesabou DAML documents.Usingan Agent CommuicationLanguwages
(ACL) agetts can“talk” abou DAML documents.Integrating ACL work andconcepts
with a universe of DAML contentis our first goal. Using DAML asanagentcortent
languagewill addmoremeaningo themessage.



5.3 Distributed Trust and Belief

Agentsfacea difficult prodem of knowing whatinformationsourcege.g.docunents,
web pages,agents)to believe andtrust in an open,distributed and dynamic world,
and how to integrate and fuse potentially cortradictory information. DAML can be
usedo suppat distributedtrustandreputdaion managemen{24,27,28]. Thiswill form
the basisof alogic for distributedbelieftransferthatwill enablemoresophsticated,
semanticallydrivenrule-tasedechniqesfor informationintegrationandfusion

We aremakirg useof DAML’s expressvenessandemploying it to describesecurity
policies,credatials andtrustrelationshig, which form the basisof trustmanagment.
Thesepoliciescontainmore semanticmeaning allowing different policiesto beinte-
gratedandconflictsto be resohedrelatively easily Also, it will be possiblefor other
applicatimsto interprettheagert’s credentials,e.g.authorizaion certificatescorrectly,
makingthesecredetials universal.

Similarly, describimg beliefsandassociatindgevelsof trustwith thesebeliefsis more
straightfoward and the deduction of belief is uniform by different applicaions and
services.

5.4 DataEntry Support

ITTALKS suppots intelligert form filling, makirg it easierfor usersto enterandedit
informationin their profiles,andalsoto enterandedit talk announcemers andother
basicinformation.In addition we provide automaticform filling whenan editortries
to enterinformationabou an entity (e.g atalk, personroom) thatalreadypresentn
theknowledgebase.

Entering Talks. In orderto make ITTALKS successfulaswe needto make it aseasy
aspossiblenew talk descriptimsto be enterednto the system We areaddessingthis
prodem usingthreecomgimentaryappoachesanenkancedwebinterface,acceptiigy
marlked up anrouncenents,andautomaed text extraction.DAML playsa key rolein
thefirst two andis thetarget representatiorfor thethird.

Enhancing the Web Interface. We have usedseveraltechniqiesto enhaice the web
form interfacefor enterirg talk annaincemats. Oneof the simplestandmosteffective
is to recogize thensomeof the informationbeingenteredabou an objectsuchasa
personaroomor anorganization hasalreadybeenenterednto the ITTALKS system
andto “preill” theremainingpartsof the form from our storedinformation.For ex-
ample,mosttalks at an organizatio aregivenin a small numter of roons. Oncethe
complée information abaut a particula room (e.g.,room numker, building, address,
seatingcapacity longituce andlatitude,A/V equpment,networking connetion, etc.)
hasbeenenteredor onetalk, it neednotbeenteredagain

Although the currentimplementationof this doesnot directly use DAML, its use
cansuppat a moregeneralizedsersion of a web form-filling assistantThe appioach
depenlsontwo ideas:(i) taggirg webform widgetswith DAML descriptios of what
they representand (i) capturirg depandenciesamorg dataitemsin DAML and (iii)
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Fig. 7. The Ontologiesusedby IITALKS arerelatively simple,suchasthe topicsontology used
to describealk topicsanduserinterests.

compiling thesedepadenciesnto anappopriateexecuion form (e.g, JavaScriptpro-
cedues)thatcandrive thewebform interface.

In addition, we planto investigatethe possibility of a multi-modal suppot, where
usercanenternew information via standad keyboard input aswell asthrough voice
recogiition means.Here, we understandthat when presentig the userwith a new
form, the userwill be allowedto useherown voice to enterdatain eachfield. Then
uponsubmittionof voice-filled form, ITTALKS will try to infer the meanimg of the
recoraedsourd, obtainadditioral informationbasedn theknowledge andrulesstored
in ITTALKS systemandpresenbacktheusemwith atext-prefilled form for verification
purposesThisenhaeementwill thenallow ITTALKS to providetalk entrysuppat for
deviceswith limited keyboardfunctionality, suchasPDAs or cellularphores.

Text Classification. For ITTALKS to filter talk announcemets on topic matcheswe
neecdto knaw the appopriatetopicsfor eachtalk. Initially, we requred thatuseraman-
ually selectapprgriatetopic categoriesfrom a webinterfaceto the ACM CCShierar
chy. This turnsout to be a dawnting taskrequiring the userto navigatein a hierachy
of nearly300topics,mary of which abait whosemeaninghe will notbe sure.Some
userswill facea similar prodem in trying to selecttopicsto charaterizetheir own in-
terestsUltimately we would lik e to usemorethatonetopic hierardy to classifyboth
talk topicsanduserinterestge.g, ACM CCSandOpenDirectorynoces),whichmakes
the prodem evenmoredifficult for our users.

To addessthis prokdem, we have built anautomatictext classifierthatcansuggest
termsin a hierarcly that are appopriatefor classifyinga talk basedon its title and
abstractThe classifierpackagausedwasfrom the Bag Of Words (BOW) toolkit [31]
by Andrew McCallumat CMU. Thislibrary providessupprt for awide variety of text
classificationandretrieval algoithms. We usedthe Naive Bayesalgorithm, which is
widely usedin the classificationliterature fairly effective, andquick to learnthe 285
classesn our testcollection We planto usethe sameclassificationagentto suggest
interesttermsfor usershasedn thetext found by searchingheirwebpages.
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In additionto classifyingtext into a particdar ontolagy atatime, we arealsodeve-
opingatool for mappirg amorg multiple ontolagies.Suchtool will, for exanple, allow
eachuserto selecther prefared topic ontdogy on the fly, andthe ITTALKS system
will thenimmediaely adaptandpresenthe personbized filtering resultsaccordng to
this ontolagy. As a prototype of the mappng tool, we have chosena semi-autmatic
apprach, whereinuser can manually selectrelatiors amorg specifictopics accress
theontologes (“landmarks”), e.g.broaler, narraver, andsimilar. Subsegently, there-
mainingmapping areautomaticallycompuedvia a comhination of the userspecified
relationsandour automatictext classifierusingtraining setsof documnentsfor the on-
tologies.Theautomatednapper thenoperatesn thefollowing manrer:

Considertwo topic ontologes A and B, eachof which is a strict hierachy. Each
nodein eachhierachy (A1, As, ..., A,), (B1, Bs, ..., Bn,) hasasetof exemgary doc-
umentghathave alreag beenclassifiedasbeingassociateavith thatnoce. Let parert ;
bethe parent of node: andtext; bethestringof all thetext associateavith noce . We
have usedatext classifierto build a classifierfor ontdogy A andandheronefor ontd-
ogy B. Theclassifierfor ontology A is built takinganarbitrarystring S to beclassified
andcompuing the function S, (.S, 4;) for eachnodeA; in ontdogy A. The classifier
for ontology B computes Sy (.S, B;). Thesesimilarity scorescould further be normal-
ized asreal numbkersbetweern0 and 1. Thesetwo classifiersareusedto computetwo
raw topic similarity matricesS M, (A;, B;) andS My, (A;, b;), for eachpair of nodes,
onefrom ontdogy A andonefrom ontolagy B. Therdore,

SMab(Ai: Bl) = Sb(text(Ai)a BJ)

SMyo(Ai, Bj) = Sa(text(Bj), A;)

Onesimpleway to compute the similarity of topic i in ontology A to topic j in
ontolagy B would beto obtaina weightedsumof thesetwo measurs:



Sab(Ai,Bj) =W % SMab(Ai,Bj) + (]. — W) X SMba(Ai,Bj)

In thisway, thesimilarity betweertwo nodes canbe computedby takingaweighed
sumof theirraw similarity obtainedrom the classifier To furtherimprove mappng re-
sults,thetheraw similarity scoresarecombnedwith thesimilarity scoresof thenodes’
paretts andchildren,which enaltesthe systemto compue a morepreciserelationsbe-
tweeneachpair of nodes. Finally, the computedrelatiors are corvertedinto a DAML
file, which is then madepublicly available to be accessibldoy ITTALK S and other
SemantidNVebapplicdions.

Accepting Mark ed Up Announcements. Oneof the simplestwaysto enternew talk
annaincemetsis to provide themasadoaimentthatis alreadymarledup. Thecurrent
ITTALKS interfaceallows oneto entera URL for atalk announcementhatis assumed
to bemarledupin ontologesthatITTALKS undestandsCurrerly, thesearejustthe
“native’ ontdogiesthatwe have built for this applicatia. In generaljf sometalk an-
nourcementsvereavailablewith semantianarky usingotherontologes, it might be
possibleto provide rulesandtransfomationthatcoud mapor partially maptheinfor-
mationinto theITTALKS ontdogies.We expectthat,asthe SemantidVebdevelops, it
will be moreandmorelikely thattalk anrouncenentswith somemeanindul markup
will befound ontheweh

Automated Information Extraction from Text. We would like to be ableto pro-
cesstalk annauncematsin plaintext or HTML andautomatically identify andextract
the key informationrequred by ITTALKS. This would allow usto fill the ITTALKS

databasewith information obtainel from annaincemaets delivered via email lists or
found on the weh The proldem of recaynizing and extractirg information from talk
annaincemets hasbeenstudiedbefae [13,10] mostlyin the context of usingit asa
machire learningapplication We aredeveloping ainformationextractionusethe Aero-
text [1, 9] systemthat canidentify andextractthe informationfound in a typical talk
annaincemehand usethis to automatically prodice a versionmarked up in DAML

which canthenbeenteedin the I TTALKS database.

5.5 UserProfiles

We usepersonaprofilesto help ITTALKS meetthe requrementsof individual users.
A prdile is a widely accessiblesoure of informationabaut the user marked DAML,

to which otherservicesandindividualscanrefer. In the future, sucha prdfile may be
usedby all web-basederviceghatthe userwantsto accessTheprofilewill ultimately
provide a unigue anduniversal point for obtainingpersonainformationaboutthe user
for all servicespreventingthe needfor duplication andpotentialincorsistenciesThis
profile canbe easily shared and with the useof DAML, will allow more expressve
conten for schedies, prefeencesandinterestsThe notion of a persoml profile anda
useragentarecloselylinked; a usermight have oneor the other or both. The profile



would likely expressmuchof the information that might be encoedin a useraget’'s
knowledgebase.Corversely, an agen would likely be able to answerqueries about
informationcontairedin aprofile.

5.6 Modularity

With theuseof DAML, we candefineseveralontologesfor topicsandswitchbetween
themwith ease.Furthernore, to restrictthe retrieval results,a usercanperfam the

searchwith respecto a certainsetof ontolodes, suchasthe ACM or OpenDirectory

Classification.

5.7 Application Scalability Support

As ITTALKS becomeghe centralrepositoryof IT relatedinformationfor various re-
searchinstitutesthe ITTALKS knowledgebasewill be distributedamongnumerous,
and possiblyapriai-unknown, locatiors in orderto provide a higher scalability and
reliability suppot. Yet,it will beimperatie thatusersandagentsiotberequredto in-
teractwith all locatiors in orderto find or manipuate the desirednformation.Instead,
we ervision thateachuserager will interactwith only onelTTALKS agentwhichin
turnwill beableto efficiently locateandmanagehedistributedI TTALKS information.
For this, we believe thata systemof DAML- enabledagentsanactasanintermedate
betweerthedistributeddatabases.

6 Future Directions

Sincemostusersdo not currerily have personhagentswe have beendeveloping one
that can be usedwith this system.It is our goal, however, that ITTALKS be ableto
interactwith externd agentsof ary type. The agentwe are developing reasos about
theusersinterestsschedles,assertionsanduseshe MapQuestagentto figureoutif a
userwill beableto attendaninterestingalk on a certaindate.

We aredevelopingaframeavork to useDAML in distributedtrustandbelief. DAML
expressiononawebpage thatencoesa statemenbr otherspeectactby anagentare
signedto provide authenticatia andintegrity. We areworking on an ontology to de-
scribepermissionspbligationsandpoliciesin DAML andallow agent¢o make state-
mentsaboutanddelegate them.

In orderto make the procesf dataentry moreefficient, we aredevelopinga fo-
cusedwvebspiderwhichwill collecttalk annauncematsfrom sourceonthewebandto
identify thekey informationin theseannouncementsisingatext extradion systemThe
spiderwill addall found andrelevart informationto the ITTALKS knowledgebase.

7 Conclusion

Effective useof the vastquantity of informationnow availableon thewebnecessitates
semanticmarkyp suchas DAML. With the useof suchatool, we canenablethe au-
tomatedor machire-facilitatedgatheing and processingof muchinformationthatis



currently lostto us.ITTALKS, our systemfor autormatic andintelligentnotification of

Information Techrology talks, demanstrateghe value of DAML in a variety of ways.

DAML is usedthroughoutthe ITTALKS systemfrom basicknowledgerepresentation,
to interagen communication.
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