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Abstract

This paperdescribeshow theCAGIS environmentcanbeusedto managework-processes,cooperative pro-
cesses,andhow to shareandcontrol informationin a distributed,heterogeneousenvironment. We have useda
conferenceorganisingprocessasa scenarioandappliedour CAGIS environmenton this process.The CAGIS
environmentconsistsof threemainparts:a documentmanagementsystem,aprocessmanagementsystem,anda
transactionmanagementsystem.

Keywords: Web-basedsoftwareengineering,Internetcomputing:JAVA, XML, Intelligent agentsoftware,
Databasesystems,Documentmodelling,Processmodelling,Transactionmodelling.

1 Intr oduction

After the introductionof the Internet,moreandmoreprojectsare taking placein heterogeneousenvironments
whereboth people,informationandworking processesaredistributed. Work is often dynamicandcooperative
andinvolvesmultiple actorswith differentkindsof needs.In thesesettingsthereis a needto helppeoplecoordi-
natetheir activities, sharedocumentsandinformation,andto managethe accessto sharedresources.While the
web makes it fairly easyto distribute information, the web itself doesnot containexplicit mechanismsto plan
andcoordinateactivities andtasks,organise,describeandclassifyinformation,or controlaccessto - andensure
consistency of - projectdocuments.

In theabsenceof ”web-librarians”thatcanfulfil suchtasks,the usersthemselvesoftenhave to figureout ad
hocsolutionsfor doingthis. To helptheusers,what is neededis a smallsetof powerful, easy-to-useandflexible
tools that may be readily configuredto supportthe taskat hand. The CAGIS project - Cooperative Agentsin
the Global InformationSpace- aimsto supportsuchtasksby usinga combinationof softwareagentsandsmall
web-accessibletools.

Thispaperdescribeshow ourCAGISenvironment,describedin section2,addressesthechallengesor problems
givenabove. In section3, we presenta conferencescenarioto make theproblemsandchallengesmoreconcrete,
andtheCAGISenvironmentis appliedto thisscenarioin section4. Section5 discussesourapproachandconcludes
thepaper.

2 The CAGIS envir onment

TheCAGIS environmentconsistsof threemaincomponents:A systemfor handlingof distributeddocumentsand
documentunderstanding,asystemfor supportingcooperativeprocessesin adistributedenvironment,andaflexible
transactionmanagementsystemfor shared,distributedresources.The following threesub-sectionswill describe
our effort in theseresearchareasmorein details.

2.1 Documentmodelsand tools

Documentspublishedon thewebhaveto beorganised,classifiedanddescribedto facilitatelaterretrieval anduse.
Oneof themostchallengingtasksis thesemanticclassification- therepresentationof documentcontents.This is
usuallydoneusinga mixtureof text-analysismethods,a carefullydefined(or controlled)vocabulary or ontology,
aswell asaschemefor applyingthisvocabularywhendescribingadocument.TheCAGISdocumentmodeltoolset

�
Dept.of ComputerandInformationScience,Norwegian University of ScienceandTechnology(NTNU), N-7491Trondheim,Norway.

Phone:+4773594485,Fax: +4773594466,Email: heri/alfw/brase@idi.ntnu.no

1



helpsthe usersof a projectgroupto do this semi-automatically, by way of a domainmodelexpressedin a con-
ceptualmodellinglanguageandby usingtext analysistoolsasaninterfaceto performtheactualclassificationand
search.In otherwords,weusea conceptualmodelasa basisfor creatingmeta-datadescriptions(figure1). These
meta-datadescriptionsmaythenbeaccessedthroughour java-modelviewer thatenablessearchandbrowsingof
documentsthroughastandardwebbrowserenvironment.
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Figure1: Conceptualmodellingfor meta-datadescriptions

Fundamentalto ourapproachis theuseof aconceptualmodellinglanguageto defineandvisualisethedomain
specificvocabulary to beusedin theclassificationandretrieval process.Conceptualmodellinglanguagescontain
theformalbasisthatis necessaryto defineaproperontology, yetat thesametimethey offer avisualrepresentation
thatallowsusersto take part in themodelling,andto readandexploredocumentsby interactingdirectly with the
models. The conceptualmodellinglanguagemay thusbe usedthroughoutthe entireprocessof classifyingand
retrieving documentson the web. In our approach,we usethe Referentmodel language[2] that is an ER-like
languagewith strongabstractionmechanismsandsoundformalbasis.

Our approachmaybedescribedasa three-stepprocess:Domain Model Construction,DocumentClassifica-
tion andBrowsing& Retrieval- outlinedbelow.

Domain Model Construction: Conceptualmodellingis mainlyamanualprocess.However, ourdomainmodels
must be somewhat relatedto the text of the documentsto be classified,so we constructour model with some
aid from a textual analysistool. A referencesetof documentsfrom thedomainis run througha word frequency
analysistool, which producesa list of high frequency termsfrom thesedocuments.Thesetermsarethentakenas
input candidatesfor theactualconceptualmodellingtask. This is a manualandcooperative taskperformedby a
selectedsetof users.In orderto preparethefinisheddomainmodelfor laterdocumentclassification,we thenadd
lexical linguistic informationto themodel,i.e. themodelis enhancedby addingatextualdefinitionandaterm-list
for eachof theconceptsin themodel. Theterm-list is a list of synonymsandconjugationsfor eachconceptthat
will beusedwhenmatchingdocumenttext againstmodelconcepts.

DocumentClassification: Documentsareclassifiedby selectingdomainmodelfragmentsthatreflectthedocu-
mentcontent.This is performedsemi-automaticallyby matchingthedocumenttext againsttheterm-listsfor each
conceptin the model. Conceptsfound in the documentarethenshown to the userasa selectionin a graphical
modelviewer andthe usermay manuallyrefinethe classificationby selectinganddeselectingconceptsandre-
lations. Whentheuseris satisfied,theselectedmodelfragmentis translatedinto RDF-XML serialisationsyntax
(ref) andis storedasan”ObjectDescriptorFile” (ODF)pointingto thedocumentin question.Theuseralsohasto
provide a selectedsetof propertiesfor thedocument,suchasits author, title etc. Theseattributesarealsostored
within theODF.

Browsing and Retrieval: In orderto retrievedocuments,theusersentera naturallanguagequeryphrasewhich
is matchedagainstthe conceptualmodel in a similar way as in the classificationprocess. The domainmodel
conceptsfound in this searchphrase(if any) areextractedandusedto searchthe storeddocumentdescriptions.
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Usersmaythenrefinetheir searchby interactingwith themodel.Founddocumentsarepresentedaslist in a Web-
browserinterfaceby usingthestoreddocumentattributes.We alsohave anenhanced”documentreader”,that is,
whenreadinga document,all thetermsin thedocumentthatmatcheda modelconceptis markedasa hyper-link
pointingto thedefinitionthemodelconcept.

Thelayeredarchitectureof ourdocumenttool is shown in figure2. As mentioned,themainpartsof thesystem
aretheweb-enableduserinterfaceanda setof servletsrunningon a standardweb-server.
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Figure2: Overview of systemarchitecture

.

� Theuserinterfaceis centredarounda Java-basedReferent-modelviewer. As mentioned,usersmayinteract
with themodel,exploreconceptdefinitionsandrelations,andthenusetheviewerdirectlyin orderto perform
bothclassificationandretrieval.

� TheJavaservletsdefinetheoverall functionalityof thesystem.They areinvokedfrom themodelviewerand
coordinatethelinguistic toolsincorporatedinto thesystem.

� At an”intermediary”layer, betweentheservletsandtheweb-server, weuseanumberof linguistictoolsanal-
ysenaturallanguagephrasesandgive thenecessaryinput to constructdomainvocabulariesandclassifyand
retrievedocuments.TheWord frequency analyserfrom WordSmithis a commerciallyavailableapplication
for countingword frequenciesin documentsandproducingvariousstatisticalanalyses.A Finnishcompany,
Lingsoft,hastwo toolsfor analysingnominalphrasesandtaggingsentencesneededfor theclassificationand
retrieval of documents.A smallerPrologapplicationfor analysingrelationsbetweenconceptsin a sentence
is beingdevelopedinternallyat the university. This applicationassumesa disambiguatedtaggedsentence
andproposerelationsbetweentheconceptson thebasisof classification-specificrules.As analternative to
thetaggerandtherelationanalyser, we areconsideringa parserlinkedto anextensivesemanticlexicon.

� Finally, thedocumentsandtheirclassificationsarestoredat thewebserver in HTML/TXT andXML format.
Thedomainmodelis alsostoredin XML andcanbecontinuouslymaintainedto reflectthevocabularyused
in the documentsbeingaddedto the documentcollection. The linguistic tools reston lexical information
thatis partly storedin XML andpartly integratedwith thetoolsthemselves.

A moredetailedpresentationof ourapproachandthesystemis givenin [13, 14]

2.2 Processmodelsand tools

A processcentredenvironment(PCE)prototypehasbeendevelopedto give processsupportto distributed,coop-
erativeprocessesin CAGIS.TheCAGISPCEconsistsof threemaincomponents:

Workflow Systemsupporting Distrib uted Mobile Processes This workflow systemis usedto modelsimple,
repeatableworkflow processes,and the systemoffers agenda-browserfor the end-users.The workflow system
allowsaninstanciatedworkflow modelto bedistributedasseveralprocessfragmentsondifferentworkspaces.One
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benefitof this is thepossibility to adapttheworkflow to local environmentalconditions.Theworkflow instances
are definedasXML-files locatedin the local workspaces,and canbe changedany time. The ability to move
workflow instancesduringenactment,canbeusedfor reallocationof activities,dealingwith exceptions(someone
responsiblefor aparticularactivity is sick),anddelegationof work. TheWorkflow systemis implementedin Perl,
providing a CGI-interfacethrougha web-server. For a moredetaileddescription,see[15, 16].

The ProcessModelling Language(PML) for the workflow systemdefinesa processassetof activities that
canhave pre-orderrelationshipsbetweenthemspecifiedin XML syntax. An activity canspecifya setof pre-
links identifying what activities to be executedbefore,andpost-linksidentifying activities to be executedafter
the activity currentactivity. The pre- andpost-linkscanbe written asURLs, andallow thereforethe processto
be distributedover several workspaces.Every activity definition specifiesa codepart. This codepart is simply
HTML, andcanbe usedto simple presenttext, to specify a form, or to start a Java-applet. The term process
fragmentis usedto namea groupof activities in a workspace,which is onepartof thewholeprocess.A process
fragmentis specifiedby a name,a workspace(location),anda list of referencesto activities.

Software Agents to support Dynamic, Cooperative Processes While the workflow systemdescribedabove
takescareof simple,repeatableprocess,we usesoftwareagentsto supportmorecooperative anddynamicpro-
cesses.Softwareagentstypically takescareof inter-workspace(inter-group)activities asnegotiationactivities
(e.g.,aboutof resourceallocation),coordinationof artifactsandworkflow elementsbetweenworkspaces,brain-
storming,voting,markedsupport(in amulti-company scenario,wecanperceivethatagentsactasbuyerandsellers
of services),etc.Our multi-agentarchitectureconsistsof four mainelements:

� AgentsAn agentis setup to achieveamodestgoal,characterisedby autonomy, interaction,reactivity to en-
vironment,aswell aspro-activeness.Wehaveidentifiedthreemaintypesof agents:(1) Work agentsto assist
in localproductionactivities,(2) Interactionagentsto assistwith cooperativework betweenworkspaces,and
(3) Systemagentsto give systemsupportto otheragents.Interactionagentsaremobile,while systemand
work agentsarestationary.

� WorkspacesA workspaceis a temporarycontainerfor relevant datain a suitableformat to be accessed
by tools, togetherwith the processing(work) tools. It canbe private,aswell asshared.Files storedin a
repositorycanbecheckedin andout to a workspace.

� Agent Meeting Place(AMP) AMPs arewhereagentsmeetandinteract.AMPs provideagentssupportfor
doing efficient inter-agentcommunication.Therecanbe different typesof AMPs for differentpurposes.
EachAMP will have a definedontology, which the agentshave to follow. We canperceive specialAMPs
for negotiation,coordination,informationexchange,sellingandbuyingservicesetc.

� RepositoriesRepositoriescanbeglobal,local,or distributed,andarepersistentstorageof data.Experience
Basesareonespecifictypeof repositorywe canusein our multi-agentarchitectureto supportcommunity
memory.

Themulti-agentarchitectureis implementedin Java, usingIBM Aglets framework to provide mobileagents,
KQML is usedfor inter-agentcommunication,and ORBIX CORBA is usedto offer communicationto other
applicationsandotheragentsystems.More detaileddescriptionof the multi-agentarchitecturecanbe found in
[19, 11, 7].

Agent-Workflow GlueServer TheAgent-Workflow GlueServerprovidesinteractionbetweentheworkflow sys-
temandthemulti-agentsystem.A glue model in XML definestherelationshipbetweenworkflow elementsand
softwareagents.The GlueServer will offer servicesfor a workflow activity to trigger an agentandvice versa.
TheGlueServer is implementedin Java, andORBIX CORBA is usedto facilitatecommunicationwith theagent
systemandworkflow systems.More informationabouttheGlueServercanbefoundin [18, 4].

Figure3 showsa simplifiedillustrationof how thedifferentcomponentsin theCAGIS PCEinteract.In figure
3, therearetwo workspaces,eachrunninga workflow tool with a local workflow model. In reality, this workflow
tool canbeshared,andthelocalworkflow modelsin thetwo differentworkspacescanhaverelationshipsbetween
them. The figure illustratestwo differentways that softwareagentscan interactwith workspaces.In the first
way, theagentscaninteractdirectly with theuserin theworkspaces,usinga graphicaluserinterfaceto configure
and interactwith the agents. In the secondway, the userdoesnot interactwith the software agentsdirectly.
All interactionwith softwareagentsgoesthroughtheGlueServer andthe workflow tool. Theworkflow tool can
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Figure3: TheCAGIS ProcessCentredEnvironment

activateanagent,or anagentcanactivatetheworkflow tool. Thefigurealsoshowsthatagentscanbeusedto access
repositories,but workspacescanalsoaccessfiles in therepositorydirectly (not shown explicitly in thefigure).

2.3 Transaction modelsand tools

A transactionis a basicwork unit or a programsegmentexecutedto performsomefunctionor taskby accessing
andmanipulatinga shareddatabase.Transactionmodellingconcernswith capturingthe essentialcharacteristics
of transactions.In general,theseincludetransactionbehaviour andappliedconstraints.

Transactionmodellingin CAGISwasmotivatedbasedontheassumptionthatdatabasesystemswill beusedas
resourcemanagementsystems.Themainpurposeof thetransactionsystemis thento controlandmanageaccess
to a sharedresource,andto make surethat this accessis doneaccordingto prespecifiedconsistency preservation
constraints. This sectionbriefly describesour effort in developing a transactionframework and a transaction
managementsystemfor cooperatingagents.

The transaction specification framework We have proposeda transactionframework to reasonandspecify
customised,applicationspecifictransactionmodels[10].

Themainpurposeof this framework is to provide a configurabletransactionmodels.This allows a userand
applicationdependentcustomisationof transactionmodels.This is crucialto adjusttherequireddegreeof control
to beprovidedthroughthetransactions.Somesituationmay, for instance,requirestrict controlfor thecorrectness
of datato bepossibleto preserve,othermayseecontrolasjust aburden,andsoon.

Theframework is divided into two mainparts:Transactioncharacteristicsspecificationandtransactionexe-
cutionspecification.

Thecharacteristicsspecificationis usedto definethemainpropertiesof theactualtransaction:ACID properties,
relationshipamongtheinvolvedtransactions,adoptedcorrectnesscriteria(which is partly user-definedandpartly
prespecified),andappliedpolicies(i.e. rulesdefiningwhatconcurrency controlmechanism(s)to beused,andhow
andunderwhichconditionto usethem).It is staticallydefinedandmustbedonebeforethedesignatedtransactions
areexecuted.The executionspecificationdefineshow the transactionexecutionis to be performed,in termsof
compositionof managementoperations(e.g.,begin, commit, delegateandso on) andregular accessoperations
(e.g.,read,write, andsoon). Theexecutionspecificationmustconformto theformer, andhassomefixed initial
operations,while theremainingoperationscanbeadjustedat run-time.

In this respect,theCAGIS transactionframework distinguishesbetweenstaticandruntimedynamicspecifica-
tions.Comparedwith relatedframeworks,suchasACTA [5], ASSET[3], andTSME[6], themaindifferenceis on
thedynamicity. Sucha propertyis importantsinceit is not alwayspossibleto predictall aspectsof applicationin
advance.This is particularlyrelevantwhentakingsoftwareagentsaswell ascooperativework into consideration.

A detailedpresentationof this transactionframework is givenin [10].

The transaction managementsystem A systemfor thespecificationaboveis depictedin Figure4. It is divided
into two maincomponents;a specificationenvironmentanda runtimemanagementsystem.

� The specificationenvir onment providesa facility for a transactionmodeldesignerto specifythecharac-
teristicsof transactionsasneeded.Thesameenvironmentalsoallows a userto specifya setof operations
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to be run by a transaction.Both of the aforementionedspecificationsaredonein XML. A specialXML
parseris usedto validatespecifications,againsttheprespecifiedDTD. This parsertransforms(1) thespeci-
ficationof characteristicsinto aninternalrepresentationof transactioncharacteristics,and(2) theexecution
specificationinto a setof operations.They bothareusedby thetransactionmanagerto controlandmonitor
transactionexecutions.Furtherthetransactionspecificationsarekept in a specificationdatabase.To avoid
redundantspecifications,the specificationenvironmentprovidesa browsing facility to allow the designer
to check,if thetransactioncharacteristicsarealreadyin thespecificationdatabase.This impliesthat future
adjustmentscanbeperformedwithout needingto do thespecificationfrom scratch.Finally, if changesare
made,the designeris askedwhetherthecurrentspecificationis to be savedasa new versionor to replace
theold one.

� The runtime managementsystemconsistsof a transactionmanageranda resourcemanagementsystem.
Thetransactionmanager is responsibleof managingthe specificationandexecutionof transactions,and
to ensurethat any transactionexecutionis doneaccordingto the specifiedcharacteristics.For example,
if an ACID model is defined,it will enforceatomicandisolatedexecution. Correspondingly, if property
atomicity is relaxed,thenthesamemanagerwill ensurethatany failurewould not necessarilycauseglobal
rollback. Instead,partial abortcanbe issued.Now, asshown in Figure4, the transactionmanageragain
consistsof a specificationmanagerandanexecutionmanager. Thespecificationmanager is responsibleof
controllingall necessaryrepresentationsfrom thespecificationenvironmentarecomplete.In otherwords,it
hasto make surethatthespecificationof transactioncharacteristicscanbesupportedandthatall necessary
semanticsarerepresented.If sucha specificationis not fully satisfiableit will eithernotify thedesignerand
askhim/herto adjustthespecification,or it will choosea closestsupportedspecificationthatcanbefound
in thespecificationdatabase.Otherwise,it makesthecharacteristicsinformationavailableto theexecution
manager. Then,this manageris now responsibleof ensuringthat thetransactionsareexecutedconsistently
with respectto thetransactioncharacteristicsandtheexecutioninformation.Basedon thespecification,the
executionmanagerissuesthenecessaryandsuitabletransactionmanagementoperations.Thismeans,thatit
issuesbegin, abort or commit, andothermanagementoperationsthattheuserhasspecified.

Theresource managementsystemis responsibleof managingandproviding systemresourcesfor running
transactions.It alsomaintainstheexecutioninformationof therunningtransactionsandusesthis to handle
transactionabortsandsystemrecovery. Finally, theresourcemanagementsystemis responsibleof making
surethatcommittedresultsarekeptin apersistentstore.

Thetransactionmanagementsystemdescribedabovewasimplementedin aworkingprototype[12, 8] based
on Java andthe IBM Aglet-workbench.It hasservedasa test-bedfor the transactionspecificationframe-
work.
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3 Conferencescenario

This sectiondescribesbriefly a conferenceorganisingprocesswe areusingasa scenario,previouslypresentedin
[9]. Thesevenmainactivitiesof theconferenceorganisingprocessareshown in bold-facein next paragraph.

First the ProgramChair will initialize the processby Planning and announcing the conference. People
wantingto attendto theconferencewill submittheir papers,andPCmemberswill Record submitted papersas
well asinformationabouttheauthors.Then,Reviewerswill be chosenbasedon their expertise,andthePaper
reviewing starts. The PC memberswill thenCollect reviewing results, anda review meetingwill be held to
Determine acceptanceof papers. Acceptedpaperswill then be Grouped into sessionsand a final program
includinga time-tablefor conferencesessionswill beproduced.

Final
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Schedule

Schedule
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Comm ittee

Select papers

& 

Plan Session

Suggest

Sessions

Program Chair

Accep ted  
Papers

G rouped  
Papers
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 Subject (keywords)
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Figure5: GroupAcceptedPapersinto Sessions

In this paper, wewill focuson thelastmainactivity GroupAcceptedPapers into Sessions. Figure5 shows the
two mainsub-activitesof thisactivity.

SuggestSessions ProgramChair is responsiblefor this activity, and it canbe decomposedinto theseprocess
steps:

1. Match all papersagainsa documentmodeldefiningtermsandexpressions,andthe relationshipsbetween
themfor theresearchdomain.

2. Suggestsessiondivisionaccordingto subjects
3. Createa preliminarysessionschedule
4. SetUp SessionCommittees(from Programcommitteemembers)

Selectpapers& Plan Sessions All membersof SessionsCommitteesareresponsiblefor thisactivity, andit can
bedecomposedinto theseprocesssteps:

1. Determinesessionsubject& goals:An initial Sessiondescriptionwill containsessionsubjectandgoals.
2. Checkpapersfor session:SessionsCommitteemembersshouldmarkpapersrelevantfor asessionto notify

their interest.Paperswill bemarked”possible”.
3. Paperallocation:If papersaremarkedby severalSessionCommittees,SessionCommitteesmustnegotiate

aboutwho is goingto getthepaper. Papersallocatedto a sessionwill bemarked”taken”.
4. Checktimeslotfor session:Eachsessioncommitteewill markthetimeslotfor thesession.
5. Sessionallocation:Sessionsthathave thesametimeslotwill negotiate.Whenall sessionsareallocated,the

resultwill beaddedto thesessiondescription.Thesessiondescriptionwill now have thestate”final” .
6. Publishsessiondescription: EachSessionCommitteewill publish their sessiondescriptionto the other

SessionCommitteesandProgramChair.

In this paperwe assumethat the Programcommitteememberswill be distributedon differentlocationsand
the work with organisingthe conferencewill be doneonly throughcomputerinteraction(without any physical
meetings).
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4 The CAGIS envir onmentapplied on the scenario

Thissectionoutlineshow theCAGISenvironment,consistingof toolsandmodelsto supportdocuments,processes
andtransactions,canbeappliedon thescenariodescribedin section3. Our suggestedarchitectureto supportthis
scenariois shown in figure6.

Thetwo mainactivitieswe arefocusingon,SuggestSessionandSelectpapers& Plan Session, areexecuted
by theProgramChairandtheSessionsCommitteesrespectively. In oursolutionwehavethereforchosento model
the scenariousing one workspacefor ProgramChair and one workspacefor eachSessionCommittees. Each
workspacehasa localprocessdefinedin aprocessmodel,andaworkflow tool thatenactsthisprocessmodel.The
processmodelsaredefinedaccordingto theprocessstepsdefinedfor SuggestSessionsandSelectpapers& Plan
Sessionasgivenin section3.
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Figure6: TheCAGIS framework appliedon thescenario

The ProgramChair’s first processstepis to divide all papersaccordingto their topic. This is doneby using
the Document classificationtool to matchall papersagainstthe domainmodel. Thedomainmodeldefinesthe
vocabulary of keywords,extractedfrom the preliminaryconferencetopicsandfrom the submittedpapers.The
matchingof papersagainstthedomainmodelis visualisedin thedocumentmodelviewer, andtheProgramChair
mayinteractwith themodelviewer to achievethepropersubjectdivisionof papers.

The Workflow tool will herenotify the GlueServer that will initialise a documentagent that may be usedto
accessthedocumentsthroughthedocumentservlet.In thetwo next processsteps,theworkflow tool will present
ProgramChair with necessarydocumentsand tools for creatinga preliminary sessionscheduleandsettingup
sessioncommittees.WhensessioncommitteesareselectedamongPCmembers,thesessioncommitteemembers
will benotifiedthroughemaildescribingwhatsessioncommitteeto attendandwhatworkspaceto access.

The SessionCommitteeswill thenstartto work in their workspacesaccordingto the processmodelenacted
by theworkflow tool (rememberthatall conferenceorganisingwork will bedonedistributedon computers).First
they have to determinesessionsubject& goals,the workflow tool will notify the GlueServer that will initialise
brainstormingagentsfor eachsessioncommitteemember. Theresultof this brainstormingprocesswill endasan
initial sessiondescriptionwrittenby sessionchair. Thenext stepof theprocesswill befor thesessioncommittees
to choosewhatpapersto bein thesession.Heretheworkflow tool notifiestheGlueServerto initialisepaperselect
agents. The paperselectagentswill retrieve informationaboutavailablepapers,andlet the sessioncommittees
mark interestof papers.Thepaperselectagentswill thenmarkpapersin thePaper record in therepository(see
figure 5). The result from markingpaperswill be returnedto the GlueServer. If papershave beenmarked by
severalsessioncommittees,negotiationagentswill beinitiatedto negotiateaboutwhatsessionis goingto getthe
paper. If thenegotiationprocessgoesinto adeadlock,ProgramChairwill benotified,andhe/shewill makeafinal
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decision.Thenext step,is for thesessioncommitteeto markatimeslotfor thesession.Thisprocessworksexactly
like paperselection,but sessionselectionagentswill beusedinstead.Whenall sessioncommitteeshave selected
their timeslots,thefinal sessiondescriptionis publishedto all, andthefinal conferenceprogramcanbeproduced.

The transaction manager is responsibleof managingthe integrity of thedocumentin the repository, andto
ensurethatagentsaccomplishingtheir taskalwaysleavesthesystemin aconsistentstate.Basedonthedescription
above, the sessioncommitteesshareboth the scheduledocumentandthe paperrecord. Therefore,conflictsare
likely to occur. Thereareseveralpossibilitiesto solve this problem.For example,onemayprovide anexclusive
lock for eachaccess,thusprohibitingotherto seeany changesuntil theprocessis finished.This mayhoweverbe
unacceptablesinceit mightdelaythesessionarrangementprocess.An otherpossibilityis thatinsteadof hindering
othersessioncommitteesfrom total access,readpermissionis provided read. This allows othercommitteesto
seethe intermediatechanges,and thereforeeasestheir decisionprocess.An other scenarioagainis to permit
simultaneousupdates(i.e., write/write conflict). However, achieving consistency is possibleonly if the system
supportsmultiple-versionhandling,with a sophisticatedmergingmechanismto captureall possiblechanges.

Next, tasksto supportthe sessionselectionprocessareassignedto agents.As mentioned,this may involve
documentaccesstoo. To allow thetransactionmanagementsystemto ensureconsistency, all agentmethodinvo-
cationsinvolving repositoryaccessaremanagedaspartof transactionexecution.Thisalsoensuresthatconflicting
documentaccessis managedproperly. Moreover, supposethat a transactionconsistingof several agentmethod
invocationsis initiatedby theGlueServer. Then,assumethatoneof theinvolving agentsfails, for example,while
selectingpapersfrom thepaperrecord. Using traditionalACID transactions,this would causea global rollback,
thusdiscardingall changesmadeso far, andkilling all associatedagents.However, if a lot of efforts have been
invested,thento startall tasksfrom scratchmaybe expensive. To copewith this, we modeleachagentmethod
invocationasa subtransactionof thatexecutedby theGlueServer. Therefore,insteadof abortingthe transaction
andkilling all involvedagents,thetransactionmanagerallows thefailing agentto just undosomeof its changes.
Otheragentsmayproceedasnormal.

5 Conclusion

ThispaperhaspresentedtheCAGIStoolsetandits applicationsto aconferenceorganisationscenario.TheCAGIS
toolsetconsistsof a setof separatetoolsthatmaybeusedtogetherto providesupportfor cooperativework across
theweb. Thethreemajorcomponentsof CAGIS aretheWorkflow tool, theDocumentclassificationtool andthe
Transactionmanager. Eachof thesetools is implementedin trueWebstyle, i.e. they arebuilt arounda standard
Webserver anduseXML asa datastorageandinterchangeformat. Thesetoolsmayall beconfiguredaccording
to theactualsituationanduse.TheWorkflowtool allows for thecreationof individual workspacesto supportthe
activitiesof theworkflow, in addition,theworkflow tool offerstheability to enactthepartof theprocessmodelthat
theworkspacesupports.Thedocumentclassificationtool usesa domainspecificvocabulary, the domainmodel,
createdby theusersto classifyandsearchfor documents.The transactiontool offerssupportfor thespecification
and executionof customisedandapplication-specifictransactionmodels. The transactionmanagerthus offers
the ability to designthe requiredcorrectnesscriteria and to defineand executetransactionsthat enforcethese
criteriasonsharedresources.Centralto oursystem,andbindingtheindividual toolstogether, is aGlueServer. The
GlueServer, configuresasetof softwareagentsthatcanactivatethedifferentCAGIStools.Thegluemodeldefines
therelationsbetweenthe individual workflow elementsthatmayresidein differentworkspacesandthesoftware
agentsthatmay be usedto accessthe individual tools. This way, the variouscomponentsof the CAGIS toolset
maybeusedtogetherin orderto providesituationspecificcooperativesupport.

OurCAGISenvironmentis notonly applicableto conferenceorganisationprocesses.TheCAGISenvironment
canbe usedto supportany processwherepeopleareworking together, andwherepeopleand informationare
distributed.Examplesof suchprocessescanbecooperativesoftwareengineeringprocesses,distributededucational
processes,distributedorganisingprocesses,processesof selling andbuying merchandiseson the web etc. All
theseprocessesarecharacterisedwith distribution of peopleandinformation,andrequirepeopleto interactand
cooperateto reachthegoalof theprocess.

Furthermore,whencombiningthetools in theCAGIS environment,we enhancethefunctionalityof onespe-
cific CAGIS tool. In [1], anexampleof how thedocumentmodelsandtoolscanenhancetheCAGIS multi-agent
architectureis given.Thedocumentmodelsandtoolsarehereusedto modeltheagentontology, which definethe
languagesoftwareagentscanspeak.In [17], thetransactionmodelsandtools(in thispapercalledworkspaceman-
ager)offer a way managingconsistency of changingworkflow models.This meansthat theCAGIS environment
offersa selectionof tools,which canbeusedin differentcombinationsto give specificsupport.Futurework will
investigatemorethoroughlywhattoolsto pick for differentscenarios.
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