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Abstract

The emening field of mobilecomputing(MC) studiessystemsn which compu-
tational componentsnay changelocations. In termsof hardware, mobile work is
usuallyacrossheterogeneousystemsn Web extendedby novel mobile devices. In
termsof software,mobile work technicallyinvolves mobile agentsandnew genera-
tion of middlewvare. However, in generaimobilework presentsa new challengeand
greatopportunitiego researchn softwareengineeringasawhole. In this paperwe
focusour attentionon processsupportfor mobile work, thatis animportantaspect
of software engineering.We present classificatiorand characterisatiof mobile
work mainly from theprocesgoint of view, andspecifytherequirement®f process
supportfor mobilework. Thelastpartof the papercompareshreeprocessentred
environmentsin regardsto mobility supportandidentifiestheir shortcomings.

Keywords: Mobile ComputingHeteiogeneousheb-base®ystemdylobile Agents,
Middleware, Softwae Processes

1 Intr oduction

In therecentyears,mobile computinghasgainedmoreandmoreattention.New technol-
ogy hasmadeit possiblefor peopleto move aroundon differentlocationswhile work-
ing and partsof the software systemchangelocation during execution. Traditionally;
portablePCshave beenthe working ervironmentfor mobile work, but smallercomputa-
tional devicessuchaspersonaldataassistant$PDAs) and mobile phonesarebecoming
increasinglyimportantas working ervironments. In this mobile world, it is necessary
to identify the new requirementsnobility introducesto processsupportneededn soft-
ware engineering.This paperclassifiesand characterisemobile work, identifiessome
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requirementsieededo provide processsupportfor mobile computing,andinvestigates
how theserequirementsarefulfilled in existing processentredervironments.

The paperis organisedasthe following: Section2 definesand describegnobile work,
anddiscusseslifferentkinds of mobile work. Section3 identifiesrequirementgo pro-
vide processsupportfor mobile work. Section4 describesriefly threeprocesscentred
ervironmentsandcomparesheirability to provide supporfor mobilework requirements.
Section5 summarisesndconcludeghe paper

2 Classificationand Characterisation of Mobile Work

Mobile work refersto systemsn which computationakomponentsnay changeloca-

tions[2]. Suchsystemsareextensiondo moretraditional\Web-basedlistributedsystems
dueto the rapid developmentof componentminiaturisation;high-speedvirelesscom-

munication,as well as mobile software agenttechnology Mobile work usually needs
informationsharingandactivity coordinationsoit canbe alsoregardedasa novel kind

of computer-supported cooperative work (CSCW) [3].

In traditional CSCWresearclcommunity mobile softwareagentshave receveda lot of
attention,whereagentamove alonga fixed network structure.The new issuesn mobile
work are the moving hardware, and hencethe moving of software agentsin dynamic
networks. The new researctproject MOWAHS at IDI/NTNU [1], asa successoof the
CAGIS projecton agent-base@SCW/[6, 9] alsoconductedat IDI/NTNU, addressethe
new researchssuegaisedby mobilework.

There are various kinds of mobile work, and nev form of mobile work continuesto
emepge every day Herewe try to cateyorisedifferentkinds of mobile work, sothatwe
canproceedn thenext sectionwith the processupportfor eachdifferentkind of mobile
work.

In [2], physicalandlogical mobilities are distinguishedon a coarselevel. Froma more
practicalpoint of view, we canrecognisahe following differentkinds of mobilework:

e Hardware Mobility : Computationahardware movesin physicalspace.We can
furtherrecognisehefollowing sub-catgories:

— FixedNetwork Herewe havethehardwareinfrastructureor traditionalWeb-
basedCSCW

— Mobile Hardware Attachedto Fixed Network Herewe have afixedcorenet-
work anda fringe of mobile hardware. The latter canbe connectedvia base
stations)to the corenetwork, or disconnectedworking alone).We canthink
outalot of examplesof this kind of mobile work: Notebookcomputersused
in travel; Cellulartelephonewith limited InternetaccessPDAs with built-in
wirelesscapabilities;Global positioningsystemssuchasinformation kiosks
connectedo afixednetwork, providing touristinformationto carsoveralow
powerwirelesslink.



— Tempoary Network Herewe have a network consistingof mobile hardware
exclusively andexisting in ashorttime for a particulartask. A goodexample
is that at a conferencewhereevery participanthasa laptop. Theselaptops
canform atemporarynetwork to facilitateconferencaliscussiorvia wireless
communicationAfter the conferencesucha network will stopexisting.

e Software Mobility on a Fixed Network: Computationaprocessesigrateinside
afixednetwork. Thiskind of mobilework includescodeon demandremoteevalu-
ation,andmorerecently mobile agents.Softwaremobility on afixed network has
beenstudiedfor years,andthe underlyingassumptiorhasbeenthe hardware sta-
bility. A consequencef this assumptions thatthe mobility spacereflectsdirectly
the structureof the underlyingnetwork.

e Combined Mobility : This representshe currenttrend of mobility, allowing mo-
bile softwareto migrateamongboth mobile andstationaryhardware. In this case,
the mobility spaceis morecomplicated.A goodexampleis the remoteaccesgo
databaséor emailsener): amobileagentmoving backandforth betweera (fixed)
emailseneranda mobile notebookcomputerthatis disconnecte@ndreconnected
to thesenerfrom timeto time. Evenwhenthe connections cut off, theuserof the
notebookstill canissuequerieqor sendemails) theagentresidingonthenotebook
computercollectsthequeriegor the sentemails);Whentheconnectioris resumed,
theagenimovesto thedatabassenerto executethequerieqor sendgheout-going
emailsandrecevesthe comingemails),while the notebookcanbe disconnected,;
Finally, whentheconnectionis reestablishedgain,theagentwill move backto the
notebookpresentinghe queryresults(or therecevedemails).

3 The Requirementsof ProcessSupport to Mobile Com-
puting

In the previous section,we distinguishhardware mobility from software mobility. Note
thatfrom the softwareengineeringooint of view, the two kinds of mobility presenguite
different perspecties. Hardware mobility, being possibledue to componentminiatur
isation and high-speedwirelesscommunication presentsend-usersiev opportunities,
advantagesand conveniencein their professionalwork anddaily life. But for software
engineerof distributedapplicationsjt represents very challengingnew target execu-
tion ervironment.On the otherhand,softwaremobility may be transparento end-users,
while giving a new designtool for the developersof distributedapplications.The aim of
the researchin software engineeringor mobility is to develop models;techniquesand
tools for this new generationof distributed systemsthat fulfil the requirementsof the
changedexecutionenvironmentsposedby hardware mobility. Softwaremobility canbe
regardedastheweaponin theresearch.

Various branchesof software engineeringare effected by mobility (formal modelling,
algorithms, security etc.). In this paper we focus on the processaspectof software
engineering. We would like to outline the requirementf processsupportfor mobile
work.



A softwake processs thetotal setof softwareengineeringactiities neededo transforma
users requirementsnto functioningsoftware. A softwae procesanodelis a frameawvork
providing the definitions,structures standardsandrelationshipsof the variousprocess
elementsothatcommontechnology methodsandmeasurementsanbe appliedby ary
softwareproject.

In general,all software developmentprojectsneedprocesssupportin termsof process
modelling, processarchitecture and processsupporttools. If the developmentis a co-
operatve effort (CSCW),the procesdecomanoreadvancedandcomplicatedjnvolving
new issuessuchasgroupawarenessmnulti-userinterfaces concurreng control,commu-
nicationandcoordinationwithin thegroup,sharednformationspaceandthe supportof a
heterogeneouspenernvironmentwhich integratesexisting single-usempplications.Fi-
nally, Mobile Work canberegardedasa novel type of CSCW while informationsharing
andactiity coordinationarealsoneededasin generalCSCW it opensanen dimension
of mobility of both hardware and software. Thus,the processsupportfor mobile work
will beevenmorecomplicated.

In the following, we will outlinetherequiremenbf processupportto mobilework. The
processupportwill bediscussedhn termsof processnodelling,processarchitectureand
processupporttools. For eachcategory, we will first outlinethegenericrequirementsor
all CSCW thenpoint outthe new challengesoncerningnobile work.

1. ProcessModelling

1.1 Genericfor all CSCW Procesanodelsdefineaction flow/eventsand com-
municationflow/events. We needa processmodelling language(PML) to
specify the models. Usually the PML allows object-orienteddefinitions of
proceslementqactuities, artifacts,resourcesetc) in a hierarchicalman-
ner (throughsub-typingand aggrejation, etc). Procesgnodelsare the ba-
sis for ary systematigprocessunderstandinganalysisand enaction. With-
out models,the processsupportcanonly be provided hereandthere,in an
ad-hocway. Basedon the processmodel, processelicitation, processplan-
ning/scheduling/enactiocanbe donesystematicallyin generalor evenauto-
matically (for strict process).

1.2 Specificfor Mobile Work: Herein additionto the genericprocessnodelling,
we needto modelmobility. Mobility Modelling consistsof threemain parts:

1.2.1 The unit of mobility : the smallestcomponenin the systemthatis al-
lowedto move. A naturalchoiceis to make the unit of mobility coincide
with theunit of execution.For hardware,aunit of mobility meansaphys-
ical device, while finer-grainedunits would be partsof devicesandun-
suitableto reasonablenodelling. For software,a unit of mobility means
amobile agent. Thoughin practicefiner-grainedunits (suchascodeon
demand)are penasie, their modelling presentsa challengeto research
community Eachunit of mobility in the systemshouldhave a statein
mobility modelling.

1.2.2 Thelocation: the positionof amobileunitin space.Thetypeof location
is affectedby the choiceof unit of mobility. For example,locationsfor
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moving devicescanbedescribedy theirphysicalcoordinatesfor mobile
agentsby the addresse®f their hosts,and for code fragmentsby the
processdentifiers. Locationcanbe modelledby a variablebelongingto
the stateof amobileunit.

1.2.3 Context changes Mobile computingis context-awarecomputing.Con-
ventionalcomputingfostersa staticcontext with no or small, predictable
changeswhile in mobile computingchangesn location may lead to
abruptandunpredictablechangesn the context. Note thatthe location
of a mobile unit cannotsolely determinethe context that the unit per
cewves,becausehe contet relieson otherfactorssuchasadministratve
domains.Formulationof context andmechanism$or managingcontext
changesremajorchallenges.

In orderto handlecontext changesthe modelmustsupportsomecoordi-
nationmechanisnthatcanspecifyhow theunit of mobility interactswith
its context separatelyrom thebehaiour of theunititself. Mobility poses
somenovel challengego coordination(e.g. context varieswith high fre-
gueng; traditionalnamingschemes- suchasinternetDNS — cannotbe
usedfor mobileagentsandfluid network).

2. ProcessAr chitecture

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

2.1.1 Facilitating the creation of a community memory
Theintra-projectmemoryfacilitatesmportantfeaturesn CSCW suchas
groupawarenessandchangananagemenb supportprocessvolution.

2.1.2 Supporting distrib ution of documents/vork/r esource/...
Thearchitectureshouldprovide supportfor transparentlglistributedpeo-
ple (staleholders,productusers,and SPEGs- Software Proces€Engi-
neeringGroups) artifacts,procesobjectsandexecutionbehaiour. Each
componenbdf the architecturgprocessespbjectstateandbehaiour, in-
terpretey userinterface,etc.) canbe accessedndexecutedby remote
usersthrougha standardhttp sener and may be physically locatedon
distributedmachineghroughoutheInternet.

2.1.3 Supporting integration with extemal tools
The architectureshould supportbi-directionalcommunicationbetween
internal objectsand external tools and services. API-basedintegration
canbesupportedy handlergJava applets) allowing bi-directionalcalls
to internalandexternalinterfacestools,andservices.

2.1.4 Being platform independent
To facilitate the installationand executionof a processsupportsystem,
the architectureshould be designedas a set of highly componentised,
lightweight,concurrenelementgasJava applets) to be usedacrosdif-
ferent platforms, easily transportedacrossthe WWW, or embeddedn
html pages.The architectureshouldalso provide an integratederviron-
mentfor operatiorandcommunication.



2.2 Specifidfor Mobile Work: We have seenfrom the above 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 computersaandhardwaremobility, theseassumptionsio not hold any
more,sothe processarchitectureshouldhave the following extra supporting
features:

2.2.1 Supportingheterogeneitpf computingdevices:aworkflow procesgrame-
work anda multi-agentarchitectureéhatcanrun on anythingfrom adesk-
top computerto amobile phone.

2.2.2 Supportingmobility, especiallythe following off-line facilities:

2.2.2.1 off-line workflow capacitiesor PDAs andmobile phones
2.2.2.2 synchronisatiometweerdifferentdevicesafterworking off-line
2.2.2.3 handlingworkflow changesvhendevicesareoff-line

3. ProcessSupport Tools

3.1 Genericfor all CSCW
The impactof modellingin CSCWis througha setof processsupporttools
including: Tools for group awarenessuchasa processnformation system
(PIS).With that,individualscanview pendingtasksandrequestsandfind ref-
erenceso supportingnformation,procesgorms, etc; Toolsfor information-
sharingandcoordinatiorto reduceandsolve conflictsoccurringin cooperatre
work; Toolsfor communicatiorandtoolsfor changemanagement.

3.2 Specifidor Mobile Work:
The impactof formal modellingin mobile computingis throughthe devel-
opmentof appropriateniddlevarethatrestsabove the operatingsystemand
providesdeveloperswith specialisednechanismsndservicesn ahighly in-
tegratedfashion. Middlewarespecialisedor mobility is a newv generatiorof
middlewvare. Hardware mobility and software mobility give rise of different
middleware:

3.2.1 Middlewar e for hardware mobility : The tasksfor this kind of middle-
wareinclude: detectingocationchangesspecifyingwhatbelongsto the
context of computation;relating location changego context modifica-
tions; determininghow the computationtself is affectedby the changes
in the context.

Notethatmiddlewarefor hardwaremobility shouldhideits work into the
underlyingruntime support,so that the hardware mobility canbe trans-
parentasmuchaspossibleto the developersof distributedapplication.

3.2.2 Middlewar e utilising software mobility : Middlewarewasoriginally in-
ventedby the earlierstudyof softwaremobility on a fixed network. The
more comprehensie conceptsof software mobility, asgivenin this pa-
per, provide higherlevel of abstractiorandflexibility thatenablecodeand
staterelocation. The next generatiorof middlevare shouldfully utilise
theadwantage®f softwaremobility to supportvaryinggrainsof mobility,
differentrebindingstrateyies,anddifferentarchitecturaktylesfor reloca-
tion, all in a single,uniform programmingnterface.
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4 Comparing threePCE in regardsto Mobility Support

In this section,we will comparethree PCE in regardsto mobility support. The three
ervironmentcomparedare the Endeaors workflow system,the Process\Wwhb workflow
system,andthe CAGIS PCE. The next threesubsectionsvill briefly describethe three
PCEsandthey will becomparedn regardsto therequirementsistedin section3.

4.1 Endeavors

Endeaorsis anopen distributed,extensibleprocessxecutionernvironmentdevelopedat

Universityof Californialrvine, andhasbeenlicensedoy Endeaors Technologyincorpo-
rated. It is designedo improve coordinationandmanageriatontrol of developmentby

allowing flexible definition, modelling, and executionof typical workflow applications.
Therearefive maincharacteristicfor Endeaors:

e Distrib ution Supportfor transparentlgistributedpeople artifacts procesobjects,
andexecutionbehaiour (handlersusingweb protocols.

e Integration Allows bi-directionalcommunicatiorbetweents internalobjectsand
externaltools, objects,andserviceghroughits openinterfacesacrossall levels of
thearchitectureMultiple programmindanguagesrealsosupportedhroughAPIs.

e Incremental Adoption Componentof the system(userinterfaces,interpreters,
andeditingtools), may be down-loadedasneededandno explicit systeminstalla-
tion is requiredto view andexecutea workflow-style process.

e Customisation and Reuselmplementedas a layeredvirtual machinesarchitec-
ture,andallows object-orientedxtensionf the architecturejnterfaces,anddata
formatsat eachlayer.

e Dynamic ChangeAllowsdynamicchangingof objectfieldsandmethodstheabil-
ity to dynamicallychangethe object behaiours at runtime, and late binding of
resourcesieededo executea workflow process.Processnterpretersaredynami-
cally createcasneeded.

The comparisonn this paperis basedon the University prototypeof Endeaors andnot
therecentcommerciakools. More detailsaboutthe Endeaors canbefoundin [5].

4.2 Process\Vé¢b

ProcessWhb([14] is aweb-intercebasedvorkflow systembasednthe Process\ge[8]

Integrator(producedby ICL) implementedy InformationProces$Group,University of
Manchester The web-interficeis provided throughthe ProcessWée Integratorapplica-
tion interface. ProcessWée Integrator createsan ervironmentenablingthe actiities of



peoplein anenterpriséo be coordinatedandintegratedwith the organisations comput-
ing facilities. A processmanagemensystembuilt usingthe Process\Wée Integratorhas
a client/serer structureandconsistof four maincomponenta&sshown in figure 1: User
Interface,Procesontrol Manager Processlescriptionin PML, andan ApplicationIn-

terface. The mostimportantcomponenbf Process\Wée Integratoris the Proces<Control
Manageil(procesengine) whichactsasthecentralsener. Its mainfunctionisto interpret
the PML descriptionof the process.To ensurethat processemay continueindefinitely,
the Proces<ControlManagethasbeenimplementedisinga persistenstoretechnology

User
Interface

Process
description Process
in PML Control

(process model) Manager
(process engine)

Application
Interface

A

Applicitions and tools

Figurel: Structureof Process\Wée Integrator

4.3 CAGIS PCE

The CAGIS PCEis designedo modelandenactcooperatre andindividual actiities that
canbedistributedover severalworkspacesandconsistof threesubsystems:

e CAGIS SimpleProcessis a workflow tool with a web-interfice, usedto model
processesonsistingof networks of actwities executedby individuals. For usersof
CAGIS SimpleProcesghe actvities will be shovn asweb-pageshatcancontain
awork descriptioninks to relevantdocumenbr tools, HTML-forms for entering
necessarynformation,or a Java applet. A processn CAGIS SimpleProcessan
consistof severalautonomougrocessragmentghatcanbedistributedoverseveral
workspacesA procesgragmentcanbeanything from onesingleactuity to several
relatedactvities. Hierarchicalworkspacegi.e., a tree structure)are usedmodel
the organisationexecutingthe processand CAGIS SimpleProceshassupportfor
moving procesdragmentdbetweerworkspacegbetweeruserslandbetweersites.
A moredetaileddescriptionof this workflow tool is foundin [10].

e CAGIS Distributed Intelligent Agent System(DIAS) takescareof cooperatre
actiities betweerworkspacesn the CAGIS PCEframework [13, 7, 4]. The soft-
wareagentdn CAGIS DIAS canbeusedto coordinateartifactsandresourcesne-
gotiateaboutartifactsandresourcesmonitorthe working ervironmentfor changes



or events provideinfrastructurdor brainstormingelectronicmeetingstradingser
vicesetc. CAGIS DIAS providestheinfrastructureor creatingcooperatingagents,
and consistsof four main components:Agents, Agent Meeting Places(AMPS),
WorkspacesandRepositories.

e CAGIS GlueSewer To enableCAGIS SimpleProcest interactwith the CAGIS
DIAS, we have built aCAGIS GlueSerer. The CAGIS GlueSereris amiddlevare
that usesa so-calledGlueModel,whererelationsbetweenprocessragmentsand
software agentsare defined. The GlueModelcanbe seenasa part of the process
modeldefiningrulesfor interactionbetweerpeopleor groupsof people but alsoas
ameta-modesinceit canspecifychange®f theprocessnodel.By usingasepaate
modelto describethe interconnectiorbetweenagentsandprocesdragmentsit is
possibleto useotherworkflow tools (e.g. than CAGIS SimpleProcessaswell as
otheragentsystems.This makesthe CAGIS PCEmore open-endedandreadyto
meetfuturechallengesTheGlueSererandthe GlueModelaredescribedn further
detailin [12].

A typicalinteractionbetweerthethreemaincomponents the CAGIS PCEis illustrated
in figure 2 andcanhave thefollowing sequence:

1. Theworkflow tool, CAGISSimplePocesswill reportits processtateto the CAGIS
GlueServer

2. The CAGIS GlueSeer thenlooks for cooperatie rules defining relationshipshe-
tweenprocesdragmentsandsoftwareagents.If a relationshipthat mapsthe cur
rentprocesstateis found,the CAGISGlueServewill initiate oneor moresoftware
agentsn the CAGISDIAS

3. Thesoftwareagentawill typically executecooperatie actvitieswhereseveralroles
areinvolved. Whenthe cooperatie effort hasterminateda resultwill bereported
to the CAGIS GlueServe(e.g. successfuhegotiation).

4. TheCAGISGlueServewill thenactivateareactiondefinedn the GlueModelspeci-
fiedfor theresult. Reactioncanbeexecutedn the CAGIS SimplePocessvorkflow
tool, the CAGISDIAS or in the CAGIS GlueServeitself.

A moredetaileddescriptionof the CAGIS PCEis presentedn [11].

4.4 Comparison of Mobility Support

The comparisorof mobility supportin the threePCEsdescribedabove is basedon the
requirementdisted in section3. Sincenoneof the PCEswe have comparedhasbeen
designednitially to supportmobile work, andwe have investigatedwvhatis lacking in
thisrespect.Table 1l presentghe resultsfrom comparingthe threePCEswith regardsto
mobility requirements.
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Figure2: The CAGIS PCEarchitecture

4.4.1 ProcessModelling

Fromthetable,we canseethatall PCEshave supportfor definingmodelsfor genericpro-
cesseasexpected.Thewaytheprocessearemodelledin thethreePCEshowevervaries.
In Endea&ors,processearemodelledasnetwork of actiities combinedwith artifactsand
resources.The processnodelsin Process\Wb arerepresente@sa setof roleswith in-
teractions.The interactiongepresentlata-andcontrol-flov betweerroles. CAGIS PCE
usesa combinedprocessnodellingapproactwhereindividual activities aremodelledas
actiities with pre-orderdependencieandcooperatie actvities arerepresentethy sev-
eral cooperatre agents. In addition, a GlueModelis usedto modelthe dependencies
betweeractvities andagents.

The abilities to modelmobile work are not so well supportedasfor generalprocesses.
In ProcessWhb, the processmodelling languagedoesnot facilitate specificsupportfor
mobile work. Endeaors and CAGIS PCE both give somesupportfor mobile work by
allowing partsof the processnodelto move betweersitesandexpressinghe locationof
themobileunit. In Endeaors,theexecutionof anactvity representedsanappletcanbe
movedto be executedocally. In CAGIS PCE,both procesdfragmentgrepresentingpne
or moreactvities) andsoftwareagentscanbe moved betweenwvorkspacesThelocation
for themobile unitis representedsan URL for bothEndeaorsand CAGIS PCE.None
of the PCEshasextensie supportfor context changegor mobile units.

4.4.2 ProcessAr chitecture

All PCEsprovide the mostnecessaryeaturesneededo provide agenericprocessarchi-
tecturefor cooperatre work suchas facilitating the creationof a communitymemory
supportingdistribution of artifacts, supportingintegration with external tools, and be-
ing platform independent.Integration of externaltools for clientsare ratherlimited in
ProcessWwb and CAGIS PCEwheremostof the userinteractionis provided througha
Web-bravser Endeaorsis alsothe only PCEthatis completelyplatform independent
(alsothesener), sinceit is entirelyimplementedn Java.
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Requirement Endeavors | Process\W¢b CAGIS PCE
1.1GenericProcesModelling Yes Yes Yes
1.2.1Unit of mobility Applet No Proc.frag./ Mob. agent
1.2.2Location URL No URL
1.2.3Contet changes No No No
2.1.1FacilitatingComm.Mem. Yes Yes Yes
2.1.2Distrib. of artifacts Yes Yes Yes
2.1.3Integr. externaltools Yes Onsener | Only Jara-appl./plug-ins
2.1.4a) Platformindep.sener Yes No No

2.1.4b) Platformindep.client Yes Yes Yes
2.2.1Hardwareindep. Partly Partly Partly
2.2.2.10ff-Line support No No No
2.2.2.25yncoff-line No No No
2.2.2.3WF change®ff-line No No No
3.1ProcessSupportTools Yes Yes Yes
3.2.1MiddlewareHW comp No No No
3.2.2MiddlewareSW mobile No No Partly

Tablel1: Comparisorof threePCEsin regardsto mobility support

Requirementsmeededor the processarchitectureor mobile work is ratherpoorly sup-
portedby thethreePCEs.All thePCEssupportavorkflow clientsthatcanrunondifferent
platforms,but smallermobiledevicessuchasPDAs andmobilephonesarenot supported.
Supportfor handlingoff-line workflow, synchronisatiorbetweerdevicesafterbeingoff-
line, andhandlingworkflow changesvhendevicesareoff-line arenot supportby ary of
the PCEs. The commercialversionof Endeaors hashowever capabilitiesto dealwith
suchproblems.

4.4.3 ProcessSupport Tools

All the PCEsprovide a setof procesgools or building blocksfor implementingtoolsfor
group awarenessfor sharinginformation, cooperatre actvities, changemanagement,
etc. Middleware for hardware mobility usede.g., to detectlocation changesare not
present. CAGIS PCE hassomelimited supportfor middlevare utilising software mo-
bility in the GlueSerer component.The GlueSerer makesit possibleto specifythatat
certainevents,partsof the processnodel(procesgragmentsshouldbe movedfrom one
workspaceo another In addition,this GlueSerer caninitiate mobileagents.

5 Conclusionsand Futur e Work

This paperhasidentified somerequirementgo supportmobile work. We have further
comparedhreeexisting PCEsin regardsto mobility supportandfound thatthey do not
provide the neededacilitiesto supportsuchwork. In anew projectcalledMObile Work
AcrossHeterogeneouSystemgMOWAHS), we will useCAGIS PCEasa startingpoint
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to a PCEthatis ableto supportmobile work. We will alsolook at otherexisting tech-
nology enablingmobile work. Only future experimentswill shav how usefula PCEfor
mobilework is, andrealisticscenarioshouldbe usedto evaluateour approach.
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