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Abstract

Theemerging field of mobilecomputing(MC) studiessystemsin which compu-
tationalcomponentsmay changelocations. In termsof hardware,mobile work is
usuallyacrossheterogeneoussystemsin Webextendedby novel mobiledevices. In
termsof software,mobilework technicallyinvolvesmobileagentsandnew genera-
tion of middleware.However, in generalmobilework presentsa new challengeand
greatopportunitiesto researchin softwareengineeringasa whole. In this paper, we
focusour attentionon processsupportfor mobilework, that is an importantaspect
of softwareengineering.We presenta classificationandcharacterisationof mobile
work mainly from theprocesspointof view, andspecifytherequirementsof process
supportfor mobilework. Thelastpartof thepapercomparesthreeprocesscentred
environmentsin regardsto mobility support,andidentifiestheir shortcomings.

Keywords: MobileComputing, HeterogeneousWeb-basedSystems,MobileAgents,
Middleware, Software Processes

1 Intr oduction

In therecentyears,mobilecomputinghasgainedmoreandmoreattention.New technol-
ogy hasmadeit possiblefor peopleto move aroundon different locationswhile work-
ing and partsof the software systemchangelocation during execution. Traditionally,
portablePCshavebeentheworking environmentfor mobilework, but smallercomputa-
tional devicessuchaspersonaldataassistants(PDAs) andmobilephonesarebecoming
increasinglyimportantasworking environments. In this mobile world, it is necessary
to identify the new requirementsmobility introducesto processsupportneededin soft-
wareengineering.This paperclassifiesandcharacterisesmobile work, identifiessome
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requirementsneededto provide processsupportfor mobile computing,andinvestigates
how theserequirementsarefulfilled in existingprocesscentredenvironments.

The paperis organisedasthe following: Section2 definesanddescribesmobile work,
anddiscussesdifferentkinds of mobile work. Section3 identifiesrequirementsto pro-
vide processsupportfor mobilework. Section4 describesbriefly threeprocesscentred
environmentsandcomparestheirability to providesupportfor mobilework requirements.
Section5 summarisesandconcludesthepaper.

2 Classificationand Characterisation of Mobile Work

Mobile work refersto systemsin which computationalcomponentsmay changeloca-
tions[2]. Suchsystemsareextensionsto moretraditionalWeb-baseddistributedsystems
due to the rapid developmentof componentminiaturisation;high-speedwirelesscom-
munication,as well asmobile softwareagenttechnology. Mobile work usually needs
informationsharingandactivity coordination,so it canbealsoregardedasa novel kind
of computer-supported cooperativework (CSCW) [3].

In traditionalCSCWresearchcommunity, mobilesoftwareagentshave receiveda lot of
attention,whereagentsmove alonga fixednetwork structure.Thenew issuesin mobile
work are the moving hardware, and hencethe moving of software agentsin dynamic
networks. The new researchprojectMOWAHS at IDI/NTNU [1], asa successorof the
CAGIS projecton agent-basedCSCW[6, 9] alsoconductedat IDI/NTNU, addressesthe
new researchissuesraisedby mobilework.

Thereare variouskinds of mobile work, and new form of mobile work continuesto
emerge every day. Herewe try to categorisedifferentkindsof mobilework, so thatwe
canproceedin thenext sectionwith theprocesssupportfor eachdifferentkind of mobile
work.

In [2], physicalandlogical mobilitiesaredistinguishedon a coarselevel. Froma more
practicalpoint of view, wecanrecognisethefollowing differentkindsof mobilework:

� Hardware Mobility : Computationalhardwaremovesin physicalspace.We can
furtherrecognisethefollowing sub-categories:

– FixedNetwork: Herewehavethehardwareinfrastructurefor traditionalWeb-
basedCSCW.

– Mobile Hardware Attachedto FixedNetwork: Herewe have a fixedcorenet-
work anda fringe of mobilehardware. Thelattercanbeconnected(via base
stations)to thecorenetwork, or disconnected(working alone).We canthink
out a lot of examplesof this kind of mobilework: Notebookcomputersused
in travel; Cellular telephonewith limited Internetaccess;PDAs with built-in
wirelesscapabilities;Global positioningsystemssuchasinformationkiosks
connectedto afixednetwork, providing touristinformationto carsovera low
powerwirelesslink.
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– Temporary Network: Herewe have a network consistingof mobilehardware
exclusively andexisting in a shorttime for a particulartask.A goodexample
is that at a conferencewhereevery participanthasa laptop. Theselaptops
canform a temporarynetwork to facilitateconferencediscussionvia wireless
communication.After theconference,suchanetwork will stopexisting.

� Software Mobility on a Fixed Network : Computationalprocessesmigrateinside
afixednetwork. Thiskind of mobilework includescodeondemand,remoteevalu-
ation,andmorerecently, mobileagents.Softwaremobility on a fixednetwork has
beenstudiedfor years,andtheunderlyingassumptionhasbeenthehardwaresta-
bility. A consequenceof this assumptionis thatthemobility spacereflectsdirectly
thestructureof theunderlyingnetwork.

� Combined Mobility : This representsthe currenttrendof mobility, allowing mo-
bile softwareto migrateamongbothmobileandstationaryhardware. In this case,
the mobility spaceis morecomplicated.A goodexampleis the remoteaccessto
database(or emailserver): amobileagentmoving backandforth betweena(fixed)
emailserverandamobilenotebookcomputerthatis disconnectedandreconnected
to theserver from time to time. Evenwhentheconnectionis cutoff, theuserof the
notebookstill canissuequeries(or sendemails),theagentresidingonthenotebook
computercollectsthequeries(or thesentemails);Whentheconnectionis resumed,
theagentmovesto thedatabaseserverto executethequeries(or sendstheout-going
emailsandreceivesthecomingemails),while thenotebookcanbe disconnected;
Finally, whentheconnectionis reestablishedagain,theagentwill movebackto the
notebookpresentingthequeryresults(or thereceivedemails).

3 The Requirementsof ProcessSupport to Mobile Com-
puting

In theprevioussection,we distinguishhardwaremobility from softwaremobility. Note
thatfrom thesoftwareengineeringpoint of view, thetwo kindsof mobility presentquite
differentperspectives. Hardware mobility, being possibledue to componentminiatur-
isation and high-speedwirelesscommunication,presentsend-usersnew opportunities,
advantagesandconveniencein their professionalwork anddaily life. But for software
engineersof distributedapplications,it representsa very challenging,new targetexecu-
tion environment.On theotherhand,softwaremobility maybetransparentto end-users,
while giving a new designtool for thedevelopersof distributedapplications.Theaim of
the researchin softwareengineeringfor mobility is to develop models;techniquesand
tools for this new generationof distributed systemsthat fulfil the requirementsof the
changedexecutionenvironmentsposedby hardwaremobility. Softwaremobility canbe
regardedastheweaponin theresearch.

Variousbranchesof software engineeringare effectedby mobility (formal modelling,
algorithms,security, etc.). In this paper, we focus on the processaspectof software
engineering.We would like to outline the requirementsof processsupportfor mobile
work.
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A softwareprocessis thetotalsetof softwareengineeringactivitiesneededto transforma
user’s requirementsinto functioningsoftware.A software processmodelis a framework
providing the definitions,structures,standards,andrelationshipsof the variousprocess
elementssothatcommontechnology, methodsandmeasurementscanbeappliedby any
softwareproject.

In general,all softwaredevelopmentprojectsneedprocesssupportin termsof process
modelling,processarchitecture,andprocesssupporttools. If the developmentis a co-
operativeeffort (CSCW),theprocessbecomemoreadvancedandcomplicated,involving
new issuessuchasgroupawareness,multi-userinterfaces,concurrency control,commu-
nicationandcoordinationwithin thegroup,sharedinformationspaceandthesupportof a
heterogeneous,openenvironmentwhich integratesexisting single-userapplications.Fi-
nally, Mobile Work canberegardedasanovel typeof CSCW: while informationsharing
andactivity coordinationarealsoneededasin generalCSCW, it opensa new dimension
of mobility of both hardwareandsoftware. Thus,the processsupportfor mobile work
will beevenmorecomplicated.

In thefollowing, we will outlinetherequirementof processsupportto mobilework. The
processsupportwill bediscussedin termsof processmodelling,processarchitecture,and
processsupporttools.For eachcategory, wewill first outlinethegenericrequirementsfor
all CSCW, thenpoint out thenew challengesconcerningmobilework.

1. ProcessModelling

1.1 Genericfor all CSCW: Processmodelsdefineaction flow/eventsand com-
municationflow/events. We needa processmodelling language(PML) to
specify the models. Usually the PML allows object-orienteddefinitionsof
processelements(activities, artifacts,resources,etc.) in a hierarchicalman-
ner (throughsub-typingandaggregation,etc.). Processmodelsare the ba-
sis for any systematicprocessunderstanding,analysisandenaction. With-
out models,the processsupportcanonly be provided hereand there,in an
ad-hocway. Basedon the processmodel,processelicitation, processplan-
ning/scheduling/enactioncanbedonesystematicallyin generalor evenauto-
matically(for strict process).

1.2 Specificfor Mobile Work: Herein additionto thegenericprocessmodelling,
weneedto modelmobility. Mobility Modelling consistsof threemainparts:

1.2.1 The unit of mobility : the smallestcomponentin the systemthat is al-
lowedto move. A naturalchoiceis to make theunit of mobility coincide
with theunit of execution.For hardware,aunit of mobility meansaphys-
ical device, while finer-grainedunits would be partsof devicesandun-
suitableto reasonablemodelling.For software,a unit of mobility means
a mobileagent.Thoughin practicefiner-grainedunits (suchascodeon
demand)arepervasive, their modellingpresentsa challengeto research
community. Eachunit of mobility in the systemshouldhave a statein
mobility modelling.

1.2.2 The location: thepositionof amobileunit in space.Thetypeof location
is affectedby thechoiceof unit of mobility. For example,locationsfor
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movingdevicescanbedescribedby theirphysicalcoordinates,for mobile
agentsby the addressesof their hosts,and for codefragmentsby the
processidentifiers.Locationcanbemodelledby a variablebelongingto
thestateof amobileunit.

1.2.3 Context changes: Mobile computingis context-awarecomputing.Con-
ventionalcomputingfostersastaticcontext with no or small,predictable
changes,while in mobile computingchangesin location may lead to
abruptandunpredictablechangesin the context. Note that the location
of a mobile unit cannotsolely determinethe context that the unit per-
ceives,becausethecontext relieson otherfactorssuchasadministrative
domains.Formulationof context andmechanismsfor managingcontext
changesaremajorchallenges.
In orderto handlecontext changes,themodelmustsupportsomecoordi-
nationmechanismthatcanspecifyhow theunit of mobility interactswith
its context separatelyfrom thebehaviour of theunit itself. Mobility poses
somenovel challengesto coordination(e.g. context varieswith high fre-
quency; traditionalnamingschemes– suchasInternetDNS – cannotbe
usedfor mobileagentsandfluid network).

2. ProcessAr chitecture

2.1 Genericfor all CSCW: Processarchitecturemustpossessthe following fea-
turesto supportCSCWin general:

2.1.1 Facilitating the creation of a community memory
Theintra-projectmemoryfacilitatesimportantfeaturesin CSCW, suchas
groupawareness,andchangemanagementto supportprocessevolution.

2.1.2 Supporting distrib ution of documents/work/r esource/...
Thearchitectureshouldprovidesupportfor transparentlydistributedpeo-
ple (stakeholders,productusers,andSPEGs– Software ProcessEngi-
neeringGroups),artifacts,processobjectsandexecutionbehaviour. Each
componentof thearchitecture(processes,objectstateandbehaviour, in-
terpreter, userinterface,etc.) canbe accessedandexecutedby remote
usersthrougha standardhttp server and may be physically locatedon
distributedmachinesthroughouttheInternet.

2.1.3 Supporting integration with external tools
The architectureshouldsupportbi-directionalcommunicationbetween
internal objectsandexternal tools andservices. API-basedintegration
canbesupportedby handlers(Javaapplets),allowing bi-directionalcalls
to internalandexternalinterfaces,tools,andservices.

2.1.4 Being platform independent
To facilitate the installationandexecutionof a processsupportsystem,
the architectureshouldbe designedas a set of highly componentised,
lightweight,concurrentelements(asJava applets),to beusedacrossdif-
ferent platforms,easily transportedacrossthe WWW, or embeddedin
html pages.The architectureshouldalsoprovide an integratedenviron-
mentfor operationandcommunication.
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2.2 Specificfor Mobile Work: We have seenfrom theabove list thata lot of soft-
ware mobility hasbeeninvolved. However, thereare someunderlyingas-
sumptions:uniform type of client devices,on-line work only in a network,
andthe stability of the network. With drifting away of computingfrom tra-
ditional computersandhardwaremobility, theseassumptionsdo not holdany
more,so theprocessarchitectureshouldhave the following extra supporting
features:

2.2.1 Supportingheterogeneityof computingdevices:aworkflow processframe-
work andamulti-agentarchitecturethatcanrunonanythingfrom adesk-
topcomputerto amobilephone.

2.2.2 Supportingmobility, especiallythefollowing off-line facilities:
2.2.2.1 off-line workflow capacitiesfor PDAs andmobilephones
2.2.2.2 synchronisationbetweendifferentdevicesafterworkingoff-line
2.2.2.3 handlingworkflow changeswhendevicesareoff-line

3. ProcessSupport Tools

3.1 Genericfor all CSCW:
The impactof modellingin CSCWis througha setof processsupporttools
including: Tools for groupawarenesssuchasa processinformationsystem
(PIS).With that,individualscanview pendingtasksandrequests,andfind ref-
erencesto supportinginformation,processforms,etc.; Toolsfor information-
sharingandcoordinationto reduceandsolveconflictsoccurringin cooperative
work; Toolsfor communicationandtoolsfor changemanagement.

3.2 Specificfor MobileWork:
The impactof formal modelling in mobile computingis throughthe devel-
opmentof appropriatemiddlewarethat restsabove theoperatingsystemand
providesdeveloperswith specialisedmechanismsandservicesin a highly in-
tegratedfashion.Middlewarespecialisedfor mobility is a new generationof
middleware. Hardwaremobility andsoftwaremobility give rise of different
middleware:

3.2.1 Middlewar e for hardware mobility : Thetasksfor this kind of middle-
wareinclude:detectinglocationchanges;specifyingwhatbelongsto the
context of computation;relating location changesto context modifica-
tions;determininghow thecomputationitself is affectedby thechanges
in thecontext.
Notethatmiddlewarefor hardwaremobility shouldhideits work into the
underlyingruntimesupport,so that thehardwaremobility canbe trans-
parentasmuchaspossibleto thedevelopersof distributedapplication.

3.2.2 Middlewar eutilising softwaremobility : Middlewarewasoriginally in-
ventedby theearlierstudyof softwaremobility on a fixednetwork. The
morecomprehensive conceptsof softwaremobility, asgiven in this pa-
per, providehigherlevelof abstractionandflexibility thatenablecodeand
staterelocation. The next generationof middlewareshouldfully utilise
theadvantagesof softwaremobility to supportvaryinggrainsof mobility,
differentrebindingstrategies,anddifferentarchitecturalstylesfor reloca-
tion, all in asingle,uniformprogramminginterface.
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4 Comparing thr eePCE in regardsto Mobility Support

In this section,we will comparethreePCE in regardsto mobility support. The three
environmentcomparedare the Endeavors workflow system,the ProcessWeb workflow
system,andthe CAGIS PCE.The next threesubsectionswill briefly describethe three
PCEsandthey will becomparedin regardsto therequirementslistedin section3.

4.1 Endeavors

Endeavorsis anopen,distributed,extensibleprocessexecutionenvironmentdevelopedat
Universityof CaliforniaIrvine, andhasbeenlicensedby EndeavorsTechnologyIncorpo-
rated. It is designedto improve coordinationandmanagerialcontrolof developmentby
allowing flexible definition, modelling,andexecutionof typical workflow applications.
Therearefivemaincharacteristicsfor Endeavors:

� Distrib ution Supportfor transparentlydistributedpeople,artifacts,processobjects,
andexecutionbehaviour (handlers)usingwebprotocols.

� Integration Allows bi-directionalcommunicationbetweenits internalobjectsand
externaltools,objects,andservicesthroughits openinterfacesacrossall levelsof
thearchitecture.Multiple programminglanguagesarealsosupportedthroughAPIs.

� Incr emental Adoption Componentsof the system(user interfaces,interpreters,
andeditingtools),maybedown-loadedasneeded,andno explicit systeminstalla-
tion is requiredto view andexecuteaworkflow-styleprocess.

� Customisation and ReuseImplementedas a layeredvirtual machinesarchitec-
ture,andallows object-orientedextensionsof thearchitecture,interfaces,anddata
formatsat eachlayer.

� Dynamic ChangeAllowsdynamicchangingof objectfieldsandmethods,theabil-
ity to dynamicallychangethe object behaviours at runtime, and late binding of
resourcesneededto executea workflow process.Processinterpretersaredynami-
cally createdasneeded.

Thecomparisonin this paperis basedon theUniversityprototypeof Endeavorsandnot
therecentcommercialtools.More detailsabouttheEndeavorscanbefoundin [5].

4.2 ProcessWeb

ProcessWeb[14] is aweb-interfacebasedworkflow systembasedontheProcessWise[8]
Integrator(producedby ICL) implementedby InformationProcessGroup,Universityof
Manchester. The web-interfaceis provided throughthe ProcessWise Integratorapplica-
tion interface. ProcessWise Integratorcreatesan environmentenablingthe activities of
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peoplein anenterpriseto becoordinatedandintegratedwith theorganisation’s comput-
ing facilities. A processmanagementsystembuilt usingtheProcessWise Integratorhas
a client/server structureandconsistof four maincomponentsasshown in figure1: User
Interface,ProcessControlManager, Processdescriptionin PML, andanApplicationIn-
terface.Themostimportantcomponentof ProcessWiseIntegratoris theProcessControl
Manager(processengine),whichactsasthecentralserver. Itsmainfunctionis to interpret
thePML descriptionof theprocess.To ensurethatprocessesmaycontinueindefinitely,
theProcessControlManagerhasbeenimplementedusingapersistentstoretechnology.

   User
Interface

Application
 Interface

Applications and tools

  Process
description
  in PML

(process model)

   Process
   Control
  Manager

(process engine)

Figure1: Structureof ProcessWiseIntegrator

4.3 CAGIS PCE

TheCAGISPCEis designedto modelandenactcooperativeandindividualactivities that
canbedistributedoverseveralworkspaces,andconsistsof threesubsystems:

� CAGIS SimpleProcessis a workflow tool with a web-interface,usedto model
processesconsistingof networksof activitiesexecutedby individuals.For usersof
CAGIS SimpleProcess,theactivities will beshown asweb-pagesthatcancontain
a work description,links to relevantdocumentor tools,HTML-forms for entering
necessaryinformation,or a Java applet. A processin CAGIS SimpleProcesscan
consistof severalautonomousprocessfragmentsthatcanbedistributedoverseveral
workspaces.A processfragmentcanbeanythingfrom onesingleactivity to several
relatedactivities. Hierarchicalworkspaces(i.e., a treestructure)areusedmodel
theorganisationexecutingtheprocess,andCAGIS SimpleProcesshassupportfor
moving processfragmentsbetweenworkspaces(betweenusers)andbetweensites.
A moredetaileddescriptionof this workflow tool is foundin [10].

� CAGIS Distrib uted Intelligent Agent System(DIAS) takescareof cooperative
activities betweenworkspacesin theCAGIS PCEframework [13, 7, 4]. Thesoft-
wareagentsin CAGIS DIAS canbeusedto coordinateartifactsandresources,ne-
gotiateaboutartifactsandresources,monitortheworkingenvironmentfor changes
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or events,provideinfrastructurefor brainstorming,electronicmeetings,tradingser-
vicesetc.CAGISDIAS providestheinfrastructurefor creatingcooperatingagents,
and consistsof four main components:Agents,Agent Meeting Places(AMPs),
Workspaces,andRepositories.

� CAGIS GlueServer To enableCAGIS SimpleProcessto interactwith theCAGIS
DIAS, wehavebuilt aCAGISGlueServer. TheCAGISGlueServer is amiddleware
that usesa so-calledGlueModel,whererelationsbetweenprocessfragmentsand
softwareagentsaredefined.The GlueModelcanbe seenasa part of the process
modeldefiningrulesfor interactionbetweenpeopleor groupsof people,but alsoas
ameta-modelsinceit canspecifychangesof theprocessmodel.By usingaseparate
modelto describethe interconnectionbetweenagentsandprocessfragments,it is
possibleto useotherworkflow tools (e.g. thanCAGIS SimpleProcess)aswell as
otheragentsystems.This makestheCAGIS PCEmoreopen-ended,andreadyto
meetfuturechallenges.TheGlueServerandtheGlueModelaredescribedin further
detail in [12].

A typical interactionbetweenthethreemaincomponentsin theCAGISPCEis illustrated
in figure2 andcanhave thefollowing sequence:

1. Theworkflow tool,CAGISSimpleProcess, will reportits processstateto theCAGIS
GlueServer.

2. The CAGIS GlueSever thenlooks for cooperative rulesdefiningrelationshipsbe-
tweenprocessfragmentsandsoftwareagents.If a relationshipthatmapsthecur-
rentprocessstateis found,theCAGISGlueServerwill initiateoneor moresoftware
agentsin theCAGISDIAS.

3. Thesoftwareagentswill typically executecooperativeactivitieswhereseveralroles
areinvolved. Whenthecooperative effort hasterminated,a resultwill bereported
to theCAGISGlueServer(e.g.successfulnegotiation).

4. TheCAGISGlueServerwill thenactivateareactiondefinedin theGlueModelspeci-
fiedfor theresult.Reactionscanbeexecutedin theCAGISSimpleProcessworkflow
tool, theCAGISDIASor in theCAGISGlueServeritself.

A moredetaileddescriptionof theCAGIS PCEis presentedin [11].

4.4 Comparisonof Mobility Support

The comparisonof mobility supportin the threePCEsdescribedabove is basedon the
requirementslisted in section3. Sincenoneof the PCEswe have comparedhasbeen
designedinitially to supportmobile work, andwe have investigatedwhat is lacking in
this respect.Table1 presentstheresultsfrom comparingthethreePCEswith regardsto
mobility requirements.
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CAGIS SimpleProcess CAGIS DIAS

CAGIS GlueServer

Figure2: TheCAGISPCEarchitecture

4.4.1 ProcessModelling

Fromthetable,wecanseethatall PCEshavesupportfor definingmodelsfor genericpro-
cessesasexpected.Thewaytheprocessesaremodelledin thethreePCEshowevervaries.
In Endeavors,processesaremodelledasnetwork of activitiescombinedwith artifactsand
resources.The processmodelsin ProcessWeb arerepresentedasa setof roleswith in-
teractions.Theinteractionsrepresentdata-andcontrol-flow betweenroles.CAGIS PCE
usesa combinedprocessmodellingapproachwhereindividualactivities aremodelledas
activities with pre-orderdependenciesandcooperative activities arerepresentedby sev-
eral cooperative agents. In addition, a GlueModel is usedto model the dependencies
betweenactivitiesandagents.

The abilities to modelmobile work arenot so well supportedasfor generalprocesses.
In ProcessWeb, the processmodelling languagedoesnot facilitatespecificsupportfor
mobile work. Endeavors andCAGIS PCEboth give somesupportfor mobile work by
allowing partsof theprocessmodelto movebetweensitesandexpressingthelocationof
themobileunit. In Endeavors,theexecutionof anactivity representedasanappletcanbe
movedto beexecutedlocally. In CAGIS PCE,bothprocessfragments(representingone
or moreactivities) andsoftwareagentscanbemovedbetweenworkspaces.Thelocation
for themobileunit is representedasanURL for bothEndeavorsandCAGIS PCE.None
of thePCEshasextensivesupportfor context changesfor mobileunits.

4.4.2 ProcessAr chitecture

All PCEsprovide themostnecessaryfeaturesneededto provide a genericprocessarchi-
tecturefor cooperative work suchas facilitating the creationof a communitymemory,
supportingdistribution of artifacts,supportingintegration with external tools, and be-
ing platform independent.Integrationof external tools for clientsareratherlimited in
ProcessWeb andCAGIS PCEwheremostof the userinteractionis provided througha
Web-browser. Endeavors is alsothe only PCEthat is completelyplatform independent
(alsotheserver),sinceit is entirelyimplementedin Java.
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Requirement Endeavors ProcessWeb CAGIS PCE
1.1GenericProcessModelling Yes Yes Yes
1.2.1Unit of mobility Applet No Proc.frag. / Mob. agent
1.2.2Location URL No URL
1.2.3Context changes No No No
2.1.1FacilitatingComm.Mem. Yes Yes Yes
2.1.2Distrib. of artifacts Yes Yes Yes
2.1.3Integr. externaltools Yes On server Only Java-appl./plug-ins
2.1.4a)Platformindep.server Yes No No
2.1.4b) Platformindep.client Yes Yes Yes
2.2.1Hardwareindep. Partly Partly Partly
2.2.2.1Off-Line support No No No
2.2.2.2Syncoff-line No No No
2.2.2.3WF changesoff-line No No No
3.1ProcessSupportTools Yes Yes Yes
3.2.1MiddlewareHW comp No No No
3.2.2MiddlewareSWmobile No No Partly

Table1: Comparisonof threePCEsin regardsto mobility support

Requirementsneededfor the processarchitecturefor mobile work is ratherpoorly sup-
portedby thethreePCEs.All thePCEssupportsworkflow clientsthatcanrunondifferent
platforms,but smallermobiledevicessuchasPDAs andmobilephonesarenotsupported.
Supportfor handlingoff-line workflow, synchronisationbetweendevicesafterbeingoff-
line, andhandlingworkflow changeswhendevicesareoff-line arenot supportby any of
the PCEs. The commercialversionof Endeavors hashowever capabilitiesto dealwith
suchproblems.

4.4.3 ProcessSupport Tools

All thePCEsprovide a setof processtoolsor building blocksfor implementingtoolsfor
group awareness,for sharinginformation, cooperative activities, changemanagement,
etc. Middleware for hardware mobility usede.g., to detectlocation changesare not
present. CAGIS PCE hassomelimited supportfor middlewareutilising softwaremo-
bility in theGlueServer component.TheGlueServer makesit possibleto specifythatat
certainevents,partsof theprocessmodel(processfragments)shouldbemovedfrom one
workspaceto another. In addition,this GlueServercaninitiate mobileagents.

5 Conclusionsand Futur eWork

This paperhasidentifiedsomerequirementsto supportmobile work. We have further
comparedthreeexisting PCEsin regardsto mobility supportandfound that they do not
provide theneededfacilitiesto supportsuchwork. In a new projectcalledMObile Work
AcrossHeterogeneousSystems(MOWAHS), wewill useCAGIS PCEasastartingpoint
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to a PCEthat is ableto supportmobile work. We will alsolook at otherexisting tech-
nologyenablingmobilework. Only futureexperimentswill show how usefula PCEfor
mobilework is, andrealisticscenariosshouldbeusedto evaluateourapproach.
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