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Abstract

This paperoutlinesa high-level designof how softwae
agents can be usedcombinedwith an existing CAGIS
ProcessCentied Environmentto deal with evolution of
distributed, fragmentedworkflow models. Our process
cented ervironmentallows processfragmentsof the
sameworkflow modelto be locatedin workspaceghat
are geagraphically distributed. Theseprocessragments
canbechangdindependentlyn local workspacesaus-
ing consistencyproblems. We proposeto use softwae
mobile agents,offering awarenessservicessolvingcon-
flicting updatesof processfragment. Our solutionis il-
lustratedusingsomescenarios.

Keywords: Processcented ervironments, softwae
agents, workflow model consistency workflow model
evolution, distribution, fragmentation.

1 Intr oduction

Dealing with evolution of workflow processess not a
trivial matter One simple solution to this problemis
to have one centralisedvorkflow model, that cannotbe
changedafterit is instanciatedln practicejt is however
hardto follow a procesghat cannotchange.Most pro-
cessedave uncertaintiesandit is thereforeimpossible
to modeleverythingcorrectin advanced.Iln our CAGIS
Proces<LentredErnvironmentwe have proposeda work-
flow tool wherethe workflow modelis distributedinto
smallerpartscalled processfragments which canindi-
vidually be changedocally. This givesusersthe oppor
tunity for local adoptionsandthereforemakesthework-
flow modelrepresentatiogloserto thereal processAll
this freedomcan also causeproblemswith keepingthe
workflow modelconsistentTypical processhangesan
be re-arrangingthe orderfor when activities shouldbe
executed,addingnew actiities, removing or merge ac-
tivities, changingthe contents(code)of an actiity, re-
allocatingactvities, andre-schedulingctiities.

In [4], Nguyenet al. presentsresultsfrom studying
processchangesin developmentprojectsin a Norwe-
gianbankingsoftwarehouse.Theseprocesshangesare
causinglate projectdeliveriesandbadresourceandcost
estimates. The four mosttypical reasondor changing
the developmentprocesswere: (1) Customer postpo-
nent The customerrequestsunexpectedpostponingof
the start date, causinga forward adjustmentof the en-
tire projectplan/schedule(2) Customer delay The cus-
tomer delayswith delivering documentge.g. require-
ments) causinge-allocatiorof alreadyscheduledctivi-
tiesandforthcomingdependenéctivities. (3) Customer
misunderstanding The customemisunderstander ig-
noresimportantdetailsin theinitial requiremenspecifi-
cation causingbackward adjustmentbr rework of com-
pletedactvities. (4) Customer revision The customer
issuesnew or revisedrequirementslueto betterinsight
to the problemdomaincausingforward adjustmentby
introducingadditionalactiities to incorporatenew or re-
visedfeatures.

In [11], we presentwork on how cooperationsupport
canbeimprovedin a configurationmanagemerngystem
dealingwith consisteng problemswhenchangingdoc-
uments. This problemis quite similar to dealingwith
consisteng of workflow models put thelatterareamore
complicatednatter Workflow modelsdefinehow people
work in anorganisationandhow peoplearesupposedo
cooperateChange®f workflow modelswouldtherefore
oftenaffect on how peopleareorganised.Theseaspects
arenot sorelevantdocumentonsisteng arein focus.

Most work on maintainingconsisteng in workflow and
processystemdasbeenfocusingon databasandtrans-
actionsupportfor thesesystems.In [2] describingCoo,
Godartproposeso uselongtransaction$o sase interme-
diateresults,andthat several softwareprocessesanac-
cesstheseintermediataesultswithout violating the cor-
rectnesgriterionfor thetransactionintermediateesults
are managedas three different consisteng levels; sta-
ble, semi-stableandunstable TransCoop/CoAcf7] is
anotherwork in this researctareawherethe motivation



wasto overcomethe limitationsimposedby the useof a
standardACID model. The requirementdor the trans-
actionmodelweredefinedby usingfour applicationsce-
narios:Cooperatieauthoring(ad-hogprocessesylesign
for manufcturing(structuredactiities), software engi-
neering(semi-structuregrocessespandworkflow (auto-
matedbusinesgprocesses)CoAct usesadvancedtrans-
action models, and operationsare exchangedbetween
workspacesn steadof exchangeof dataasin Coo.

2 The CAGIS ProcessCentred Environ-
ment

In 1997, a projectcalled Coopegtive Agentsin Global

Information Space(CAGIS) [5] was started. A main

goalsof the CAGIS projectwas to seehow heteroge-
neous distributedwork could be supported.As an out-

come of this project, we have implementeda process
centredervironment (PCE) prototypeto give process
supportto cooperatie software engineering CSE) pro-

cessesThe CAGIS PCEconsistsof threemain compo-
nents:

¢ Workflow Systemsupporting Distrib uted Mobile
Processed his workflow systemis usedto model
simple,repeatablevorkflow processesandthesys-
tem offers agenda-bravserfor the end-users.The
workflow systemallows an instanciatedworkflow
modelto bedistributedasseveralprocesgragments
on differentworkspaces. One benefitof allowing
several instancesof a workflow modelto be dis-
tributedandfragmentedver severalworkspacesis
the possibility to adaptthe workflow to local envi-
ronmentalconditions. The workflow instancesare
definedasxmi-files locatedin thelocalworkspaces,
andcanbe changedary time. The ability to move
workflow instancegluring enactmentcanbe used
for reallocationof actiities, dealing with excep-
tions (someoneaesponsibldor a particularactivity
is sick),anddelegationof work. For amoredetailed
descriptionsee[8, 9].

The ProcessModelling Language(PML) for the
workflow systemdefinesa processas setof activ-
ities that can have pre-orderrelationshipshetween
them specifiedin XML syntax. An activity can
specifya setof pre-linksidentifying whatactiities
to be executedbefore,andpost-linksidentifying ac-
tivities to be executedafter the actwity this partic-
ular activity. The pre- and post-links can be writ-
tenasURLs, andallow thereforethe procesgo be
distributedover severalworkspacesEvery activity
definition specifiesa code part. This codepartis
simply HTML, and canbe usedto simple present

text, to specifyaform, or to starta Java-applet.The
term processfragmentis usedto namea group of
actiities in a workspacewhich is one part of the
whole process.A procesdragmentis specifiedby
aname,a workspaceglocation),anda list of refer
encedo actiities.

Software Agents to support Dynamic, Cooper-

ative ProcessesWhile the workflow systemde-
scribedabove takescareof simple,repeatablgro-

cess,we use software agentsto supportmore co-

operatve and dynamicprocessesSoftware agents
typically takescareof interworkspaceactiities as
negotiation actiities (e.g., aboutof resourceallo-

cation),coordinationof artifactsandworkflow ele-

mentsbetweenwvorkspacesbrain-stormingyoting,

marked support(in a multi-compaly scenario,we

canperceve thatagentsact asbuyer andsellersof

services)etc. Our multi-agentarchitectureconsists
of four mainelements:

— Agents An agentis setup to achiese a mod-
estgoal, characterisedy autonomy interac-
tion, reactvity to ervironment,aswell aspro-
activeness. We have identified three main
types of agents: (1) Work agentsto assist
in local productionactvities, (2) Interaction
agents to assistwith cooperatie work be-
tweenworkspacesand (3) Systemagentsto
give systemsupportto otheragents. Interac-
tion agentsaremobile,while systemandwork
agentsarestationary

— WorkspacesA workspaces atemporarycon-
tainerfor relevantdatain a suitableformatto
beaccessety tools(processingoolsandoth-
ers). It canbeprivate,andshared Filesstored
in arepositorycanbe checledin andoutto a
workspace.

— Agent Meeting Place (AMP) AMPs are
whereagentsmeetand interact. AMPs pro-
vide agentssupportfor doing efficient inter-
agentcommunication.Therecanbe different
typesof AMPs for different purposes.Each
AMP will have a definedontology which the
agentshaveto follow. We canperceve special
AMPs for negotiation,coordination,informa-
tion exchangesellingandbuying servicestc.

— Repositories Repositoriescan be global, lo-
cal, or distributed,andarepersistenstorageof
data. ExperienceBasesare one specifictype
of repositorywe canusein our multi-agentar-
chitectureto supportcommunitymemory

More detaileddescriptionof the multi-agentarchi-

tecturecanbefoundin [12, 6, 3].



e Agent-Workflow Glue Sewver The Agent-
Workflow Glue Sener facilitatesmeansto specify
how the workflow system and the multi-agent
system shall interact. A glue model defines
the relationship betweenworkflow elementsand
software agents. The Glue Sener will therefore
provide support,sothata workflow activity trigger
an agentand vice versa. More information about
the Glue Sener canbefoundin [10, 1].
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Figure 1. The CAGIS Process Centred En-
vironment

Figurel shovsasimplifiedillustrationof how thediffer-
entcomponentén the CAGIS PCEinteract.In Figurel,
therearetwo workspaceseachrunninga workflow tool
with a local workflow model. In reality, this workflow
tool canbe sharedandthelocal workflow modelsin the
two differentworkspacesanhave relationshipdetween
them. Thefigureillustratestwo differentwaysthatsoft-
ware agentscan interactwith workspaces.In the first
way, the agentscaninteractdirectly with the userin the
workspacesiisinga graphicaluserinterfaceto configure
andinteractwith the agents.In the secondway, the user
doesnot interactwith the software agentsdirectly. All
interactionwith software agentsgoesthroughthe Glue
Sener and the workflow tool. The workflow tool can
activatean agent,or an agentcanactivate the workflow
tool. The figure also shows that agentscan be usedto
accesgepositoriesput workspacesanalsoaccesdiles
in therepositorydirectly (notshavn explicitly in thefig-
ure).

3 The Problemscenarios

Currentversionof our CAGIS PCEhasno restrictingfor
usergo evolve workflow modelsduringenactmentThis
meansthat every usercan in principle changehis/her

definition of the workflow processn his/herworkspace.

Sincethe definition of the workflow modelis specified

in XML (alsoinstance®f theworkflow model),youcan
simply changeheworkflow modelusingatext-editor. In
our CAGIS PCE,a workflow modelcanconsistseveral
processfragmentsthat can be updatedand distributed
separatelyThismeanghataworkflow modelcanbedis-
tributed over several workspacesas processfragments,
and eachprocessragmentcan be changedocally. By
allowing this, we give freedomfor the every user of
the workflow systemto adopttheir local procesgo their
daily practise.Typically local adoptioncould be to, add
new actiities, re-arrangethe order for when actuvities
aregoingto be executedto changecode(HTML) of an
activity anactivity (make it morecloseto reality), make
a betterestimateof time-consumptioretc. By allowing
thesdocalchangesvithoutputtingary restrictionst will
be very hardto ensureconsisteng for the whole work-
flow model. For instanceto re-arrangethe execution-
orderof actvities in oneworkspace could causeprob-
lemsfor actiities in otherworkspacesaving pre/post-
orderlinks to theseactvities. Also if multiple instances
of the sameactiity get changeddifferently in various
workspacesit will be hardto know what versionis the

correctone.
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Figure 2. Organisational hierarchy used in
the scenarios

In therestof this sectionwe will look at somescenarios
that identifiesdifferentworkflow accessoliciesfor an

organisationas shawvn in Figure2. The organisationis

responsibleor executingvariousresearchexperiments,
andis hasavery simplestructureconsistingof oneman-

ager two project managerdor projectl andproject2,

andthreeprojectmembersn eachproject.

Notethatthe shapeof theorganisatioris createdo make
it easietto illustratethedifferentscenarios.

3.1 Scenariol: Anarchy

The Manager wantsall the project membersin project
1 and 2 to do the sameexperimentin parallel. This
meansthat the Manager distributes the processfrag-



ment Parallel-Experiment to the project managers
ProjectManagerl andProject Manager2. ProjectMan-
agerl is not quite hapy with the workflow defini-
tion of how Parallel-Experiment should be executed,
and (s)he makes changesto it (makes a new version
Parallel-Experiment versionPMgrl). Theprojectman-
agersdistribute their two differentversionsof Parallel-
Experiment to their respectie projectmembers.Some
projectmembers(both in project1 and 2) are not still
happy with how the procesgragmentis defined andcre-
atestheir own versionsof it.

In this scenario,we have a very chaotic situationwith
mary differentversionsof what shouldbe copiesof the
sameprocessragment. As a resultthe experimentwill
be executedin differentmannersandit will be hardto
know whatis the correctversionto be used.Evenworse,
if actvities for oneprojectmembetave beendependent
on otheractvities for anothemprojectmember it would
be likely that changesn oneworkspacewould corrupt
thewholeworkflow model.

3.2 Scenario2: Exclusiveupdateononeprocess
fragment

As for scenarioin section3.1, the Manager wantsto
do the sameexperiment,but this time the procesdrag-
ment Parallel-Experiment canonly be updatedin one
workspaceat a time. Whenthis projectstarts,only the
Manager canmake changedo the processragment. If
for instanceProjectManagerl wantsto make changeso
the procesdragment the Manager mustgive the permit
to changeit to Project Managerl. In this fashion,the
procesdragmentcanonly be changedn oneworkspace
atatime.

Although, this scenariois not as chaotic as last sce-
nario, thereare also problemsto be solved for this sce-
nario. What happensf the processragmentParallel-
Experiment is changedduring the execution of this
project? How shouldthe changedepropagated?

3.3 Scenario 3: Exclusive update on related
procesdragments

In this scenario,the three project membersin project
1 and 2 are responsibleof differentpart of the experi-
ment. Thismeanghattheprocessragmentdor thethree
projectmembersill notbeexecutedn parallel,buteach
projectmemberhasactuities that are dependenbn the
otherprojectmembers’activities. The processragment
Inter vened-Experiment consiststhereforof threepro-
cessfragmentsthat areinterrelated. Sinceit is only al-
lowed for one workspaceto changea group of process
fragmentsthat have inter-relationshipspnly the project

managersandthe Manager can make changes.Typical
dependenciebetweenprocessfragmentsare here pre-
orderrelationshipsbetweeractiities.

Here problems can occur if Project Managerl
makes changesto the processfragment Inter vened-
Experiment, and Project Manager2 doesnot. Should
two differentversionsof the procesgragmentbeallowed
during enactment? What versionto be usedfor later
similar projects?

3.4 Scenario4: Exclusive access

The Manager wantsto executea one-persormexperiment
definedin the processragmentSolo-Experiment This

processfragmentis distributed to Project Manager2.

ProjectManager 2 executeghis procesfragmentusing
theworkflow system After doingthe Solo-Experiment,

Project Manager2 recogniseghat the processragment
hasto be changedo adoptsomeernvironmentalcondi-
tions,andit is thendistributedto ProjectMember2.2

In thisscenariopnly oneworkspacecanaccess process
fragmentat atime. This meanghatonly oneworkspace
can read and/or updatea processfragmentsimultane-
ously This cooperatie protocolensureghe consisteng
of the procesdragment,but also puts mary limitations
for how it canbe used. It is not a problemfor how to
propagatechangessincethereis always only one in-
stanceof the procesdragmentaround.

3.5 Scenariob: Level-basedaccess

The ProjectManagerl hasdecidedthathis threeproject
membersonly have exclusive read/updateaccess(see
section3.4) to the processragmentSolo-Experiment
This meansthat only one project membercan access
(read and/or update)the processfragment simultane-
ously Onelevel up in the organisationahierarchy the
projectmanagerdiave decidedto have exclusive update
accesgseesection3.2) for the processfragmentSolo-
Experiment. This meansthat both Project Managerl
and Project Manager2 can get read accessto process
fragmentSolo-Experiment, but only one of them can
updateit. ProjectManager2 hasdecidedthathis project
memberscan do what-ever they want with the process
fragment(anarchyseesection3.1).

This scenariaillustratesthat it is possibleto have dif-
ferentaccesooliciesfor differentgroupsin the organ-
isation. Thereis however oneimportantrestrictionfor
how differentaccesgoliciescanbe used: A workspace
must at leasthave as strict accesspolicy asits parent
workspaceWe canidentify four levelsof accesgolicies
accordingto strictnesg1 is moststrict, 4 is leaststrict):



1. Exclusive accesgsection3.4)

2. Exclusive updateonrelatedprocessragmentgsec-
tion 3.3)

3. Exclusive updateon oneprocesdragment(section
3.2)

4. Anarchy(section3.1)

If for instance,Manager at the top in the organisation
hierarchyhasdecidedo have exclusive acces®naspe-
cific procesdragment,the restof the organisatiomneed
to do the same.A problemworking in this manneris if
onepartof the organisationvantsto changetheir access
policies,this canalsocausechange®n higherandlower
levelsin the organisation.

4 AwarenessAgents dealing with Work-
flow Evolution

Fromthe scenariosn section3, we have identifiedfour
acces9olicies that shouldbe supportedn the CAGIS
PCE. The consisteng problemsin the threeleaststrict
accesolicies (2-4) mustbe addressedndsolved. To
solve consisteng problems we needa workspaceaman-
ager to take careof versioningof procesdragmentsas
well as accesgestrictionsand awarenessservices In
Figure 3, anoverall designof the workspacemanageis
illustrated.
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Figure 3. lllustration of the workspace man-
ager

The figure shavs how the workspacemanageiinteracts
with the repository and different workspaces. In the

repository workflow templatesand modelsare stored,
aswell asmodelof how the workspacesre organised.
Nestedransactionsrresupported¢hroughtheworkspace
managerand the repository Processragmentscan be

movedbetweenworkspacesmanagedy theworkspace

manager In addition, we needawarenesssupportto
dealwith consisteng problems.We suggesusingsoft-
wareagentdo provide awarenesservicesandto resole
modelconsisteng problems.

Therestof this sectiondescribedow the supportfor the
five scenarioglescribedn section3 is supportecby the
workspacamanagerandsoftwareagents.

4.1 Support for scenariol

In scenarial, thereareno accessestrictionsfor a spec-
ified processfragments. All workspacescan readand
changethis procesfragmentasmuchthey want. As the
workspacemanagersupportsnestedtransactionscon-
sisteny can be obtainedby solving consisteng prob-
lemson onelevel in the workspacehierarchyat a time
(bottom-up).Whene.g.,in theworkspacePM1.1checks
outtheprocesdgragmentSolo-Experimentfor updating,
andtheworkspace$M1.2andPM1.3have checledout
thesamedragmentfor read,nothinghappenslf however,
PM1.2 also checksout Solo-Experiment for updating,
thereis a conflict betweenthe workspaces$M1.1 and
PM1.2. The workspacemanagemwill then activate the
awarenesserviceby sendingtwo negotiation agentsto
the respectie workspaces.The negotiationagentswill
notify the usersin workspacePM1.1 and PM1.2 about
theaccesgonflict, andoffer themthreeoptionsto solve
theproblem:

1. Only one actor is allowed to update the process
fragment: Initiate a negotiation aboutwho is go-
ing to gettheaccesdo updatethe processragment
Solo-Experiment If one of the involved parties
doesnot want this kind of negotiation, one of the
solutionsbelony mustbeused.

2. Synchronise the changes: Initiate coordination
agents which will helpthe userssynchroniseheir
changedy makingchangewisible for all involved
actors.If somechangesreconflicting, negotiation
agentsare usedto solve thesesituation. The syn-
chronisationis supportedhroughmeme tools that
identify conflicting partsof the XML-file defining
the procesdragment.

3. Synchronise when finished: This means that
both workspacesipdatesthe processragmentin-
dependently However, when the processfrag-
mentis checled backto the repositorythroughthe
workspacemanagerchangesnustbe memgedor a
new separatesersionof the fragmentmustbe cre-
ated.

Another situation we have to take care of, is when
changesaremadeto e.g.,two inter-relatedprocessrag-
mentsin two differentworkspacesThis situationcanbe



dealtusingthesamethreesolutionsasshovn above. One
of theinvolvedworkspacegangive away updateaccess
to aprocesgragmentthechangesn thetwo workspaces
canbesynchronisegmeaninghechangesnadeto apro-
cessfragmentin one workspacewill be visible in the
otherandvice versa.

4.2 Support for scenario2

In scenario2, only oneworkspacecould changea spe-
cific procesdragmentat a time. Herewe have to deal
with, how the changesf a processragmentshouldbe
propagatedo the restof organisation.Whena process
fragmenthas beenupdated,all other workspaceshat
have checled out the sameprocessfragmentfor read,
mustbe notified. The workspacemanagemwill activate
updateagentsnotifying all involvedworkspaceshatthe
procesdragmenthasbeenupdatedandaskthemif they
want to usethe new version of the processfragment.
If the organisationhas as a policy to always use the
mostrecentversionof processfragments,the usersin
workspacesvill beforcedto updateheprocesgragment
by the updateagents.Therearethreechoicesof update

policy:

1. Ignore update Involved workspaceswill be noti-
fied, but the procesdragmentswill not be updated.
This meansthat the changesf processragments
will only be propagatedvhena new similar project
is started.

2. Update at will It is up to the usersif they want
to updatethe procesdragmentor not. This means
thatdifferentversionsof the procesdragmentis al-
lowed,andcould causesomeconsisteng problems.

3. Forcedto update It will alwaysbethe mostrecent
versionof procesdragmentsused.

4.3 Support for scenario3

Here we have to solve the problem om propagating
updatedversionsof inter-related processfragmentsto

workspaceshaving older versionsof the sameprocess
fragments. The solution is basically the sameas de-

scribedin section4.2, but eitherall of the inter-related
processragmentsareupdatecbr noneareto ensurecon-

sisteng. If this policy is not followedandonly a few of

the involved processragmentsare updated negotiation
agentwill beusedto decideif theupdateshouldbe can-
celledor if every involved processragmentshouldbe

updated.

4.4 Support for scenario4

Whenthereis only one personhaving accesgbothread
and write) to a processfragmentat time, consisteng
problemscanoccur The biggestproblemwith this ap-
proachis thatprocessragmentswill betotally lockedfor
atime. Whena userin a workspacewantsto checkout
aparticularprocesdragmentthatis exclusively checled
outby anothertheworkspacananagewill sendanotifi-
cationagent Thenotificationagenwill giveinformation
aboutwho haschecled out this procesfragment,when
it waschecledout. The notificationagentcould alsobe
triggeredby the user to checkfor how long this process
fragmentwill belocked. Thenotificationagentwill then
asktheuserthathasaccess$o theprocesgragment(or an
agentrepresentinghisuser)aboutwhen(s)hebelievedto
befinishedby thejob.

4.5 Support for scenario5

In this scenariowe lookedat whathappenedf different
accesyolicieswereusedin an organisation.A central
resultin scenariowasto keepconsisteng by forcing a
workspaceto have at leasthave as strict accessolicy
asits parentworkspaceaccordingto the four levels of
strictnessaslistedin section3.5.

If atonelevel in theworkspacehierarchysomebodyde-
cidesto go for a more strict accesgolicy, all the sub-
workspacesmustadhereto this change.If this organi-
sationis basedon democraticprinciples,the workspace
managewhenbeingalertedaboutthe changeof access
policy, will activatevotingagents which will askall in-
volvedworkspaceo changego amorestrictaccespolicy
or not. Basedon theresultof this voting, theaccesgol-
icy will be changedor not. If democratigorinciplesare
notused peoplecanbeforcedto changeaccesgpolicy. In
ary caseif achangewill take place,all theinvolvedpar
tieswill be notified by naotificationagentsandbe asled
if they arereadyto changeaccespolicy. Thisis doneto
ensurehattheall involved partieshave adoptedhe new
accesgolicy (checledin procesdragmentsetc.),andis
readyto change.

If at onelevel in the workspacehierarchy somebody
wantsto go for a lessstrict accessolicy, this will not
affect the sub-workspaceshut rather workspaceson a
higherlevel. A negotiationprocesanustbe initiated to
getanagreemento go for a lessstrict accesgolicy. In
a democraticorganisationyoting agentscanbe usedto
reachan agreementFor a morestrictly hierarchicalor-
ganisation,the managerat the top could make the de-
cision to make a changeof accesgolicy or not. If the
accesgolicy is changedaffectedworkspacenustbeno-
tified by notificationagents but thereis no needto wait



for peopleto adaptto the new policy. Peoplecanwork
asbefore,or they canupdateprocesdragmentdn aless
strictmanner

5 Implementation of awarenessagents

So far we have only identified the typesof agentsthat
couldbeusedto provide awarenessupportfor workflow

consisteng. Theseagentsarenegotiationagent,coordi-
nationagentupdateagentnotificationagentandvoting

agent. Theseagentswill communicatén Agent Meet-
ing Place§AMPSs) usingKQML to specifythe commu-
nication. We have definedthe following performatives
(speech-acts)sedby agentsask-if tell, un-tell, register

andunregister. Theregisterandunregisterperformatves
areusedto registerto AMPs. Our multi-agentarchitec-
ture,offersahigh-level Java API usedto programagents.
The API provides methodsfor moving agentsbetween
AMPs andworkspacescommunicatewith otheragents,
(un)registerin AMPs, clone agentsetc. Graphicaluser
interfacesfor agentsare supportedhroughJasa Swing

classesandour multi-agentarchitectureoffer graphical
userinterfacesto manageagentsn workspacesandad-
ministrationof AMPs.

6 Conclusion

In this paperwe have looked at how software agents
can be usedto provide awarenesssupportfor solving

consisteng problemsof distributed workflow models.
We have identified the necessanagents,and the func-

tionality theseagentsshould provide. Today we have

only programmedaimpleprototypesof theseagentsand
they arenotfully integratedinto thewhole CAGIS PCE.
The workspacemanagerthasalso to be completed,be-

fore our approactcanbe more extensibletested. These
testswill be basedon real-life industrialscenariosand
involve modelling of workflow, aswell asimplementa-
tion of awarenessgents Futureresearchwill give more
detailedexperienceaisingsoftwareagentsor providing

workflow modelconsisteng.

Acknowledgement
I would like to thank Reidar Conradifor giving useful com-
mentson the paper andHeri Ramampiardor giving me useful
advicesfor this paper

References

[1] Bjern Haalenstad. GlueSerer, supportfor integrating
workflow-systemawith interactize agents. Technicalre-
port, Norwegian University of Scienceand Technology

(NTNU), March2000. TechnicalReport,Dept. of Com-
puterandinformationScience.

[2] ClaudeGodart. Coo: A transactiormodelto supportco-
operationsoftwaredeveloperscoordination.In 4th Euro-
peanSoftwae EngineeringConfeence pages361-379,
GarmischGermary, 1993.LNCS 717.

[3] AndersAasHansserandBard SmidsrgdNymoen.DIAS
Il - Distributed Intelligent Agent Systemll. Technical
report,Norwegian University of ScienceandTechnology
(NTNU), January2000. TechnicalReport,Dept.of Com-
puterandinformationScience.

[4] Minh Nguyen,Alf Inge Wang,andReidarConradi. To-
tal Software ProcessModel Evolutionin EPOS. In Pro-
ceesingdCSE’97 Boston,USA, May 1997.

[5] CAGIS project. Cooperatie agentsin global informa-
tion spacevebpageweb: http://wwwidi.ntnu.noA-cagis,
July 1997.

[6] GeirPrestgard, AndersAasHanssenSnorreBrandstad-
moen,andBard SmidsrgdNymoen. DIAS - Distributed
Intelligent Agent System. Technicalreport, Norwegian
University of Scienceand Technology (NTNU), April
1999. TechnicalReport, Dept. of Computerand Infor-
mationScience387p.

[7] Rolf A. de By andWolfgangKlas and Jari Veijalainen.
TransactionManagementSupportfor Coopeative Appli-
cations Kluwer AcademicPublishers1998.

[8] Alf Inge Wang. Experiencepaper: Using XML to im-
plementa workflow tool. In 3rd AnnuallASTED Inter-
national ConfeenceSoftwae Engineeringand Applica-
tions ScottsdaleArizona, USA, 6-8 October1999.

[9] Alf Inge Wang. Supportfor Mobile Software Processes
in CAGIS. In SeventhEuropeanWorkshopon Softwae
ProcessTechnolayy, KaprunnearSalzhurg, Austria, 22-
25 February2000.

[10] Alf IngeWang,ReidarConradi,andChunnianLiu. Inte-
gratingWorkflow with InteractingAgentsto supportCo-
operatve Software Engineering. Submittedto Software
EngineeringandApplications’2000(SEA2000).

[11] AIf Inge Wang, Jens-OttoLarsen,Reidar Conradi, and
Bjgrn Munch. Improving CooperationSupportin the
EPOS CM System. In Volker Gruhn, editor, Proc.
EWSPT’'98London,18-19.Sept.1998 pagel?, Septem-
ber1998.

[12] AIf Inge Wang, ChunnianLiu, and ReidarConradi. A
Multi-Agent Architecturefor Cooperatre Software En-
gineering.In Proc. of TheEleventhinternationalConfer
enceon Softwae Engineeringand Knowled@ Engineer
ing (SEKE’99) pagesl-22 KaiserslauternGermary, 17-
19Junel999.



