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MOBILE AGENTS: A SUITABLE SUPPORT FOR
SERVICE PROVISION IN MOBILE COMPUTING

ENVIRONMENTS

OUAHIBA FOUIAL, NADIA BOUKHATEM, ISABELLE DEMEURE

Abstract. This paperaimsto investigatetheuseof mobileagentsfor serviceprovisionin mobile
computingenvironments. A quantitative modelandexperimentalmeasurementsareperformed
to compareJava RMI andmobile agentsin the specialcontextof softwaredownloading. The
resultsshow thatsignificantperformanceimprovementscanbeobtainedusingmobileagents.In
addition,twoagent-basedservices,namelyServiceDownloadandServiceDiscovery,areproposed
to illustratethebenefitsof usingmobileagentsfor serviceprovisionandtheirpotentialimpactson
mobilecomputingenvironments.

1. Introduction

Mobile computingrefersto distributedcomputingsystemsthatenablepeople
to accessvariousdistributednetworkservicesanyplaceandanytime. Mobile
computinghasbecomepossiblewith theconvergenceof mobilecommunica-
tionsandcomputertechnologies.
In futuremobilecomputingsystems,mobileuserswill beableto accessa large
varietyof servicessupportedby variousnetworkandserviceproviders. They
will have thepossibilityto invokethemvia handheld,portableterminalseven
whenmoving andwith thesamefacility ason theirdesktopstations.Themain
goal of our work is the designof a softwareplatform for serviceprovision
in mobilecomputingenvironments.This platformwill allow themobilesub-
scribersto downloadservicesinto their mobiledeviceswhich canvary from
handheldsmalldeviceswith limited capabilities(mobilephones,PDAs, ...) to
powerful terminals(laptops).
Mobile computingenvironmentscanbedistinguishedfrom classicalwireden-
vironmentsby theirverylimited,variableandasymmetricbandwidth,frequent
andprolongeddisconnections,geographicalmobility, severeresourcerestric-
tionsandcomplex datamanagement[PB94, FZ94]. Unlike their wired coun-
terparts,designof softwarefor theseenvironmentsshouldconsiderall these
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constraints.Consequently, new softwaretechniquesshouldbedevelopedand
many systemintegrationeffectshaveto beaddressed.Thedesignof asoftware
platformfor serviceprovision is possiblythemostprominentin mobilecom-
putingenvironments.Currently, mostdistributedsystemsdesignedfor mobile
environmentsarebasedon classicalcommunicationparadigmslike RPC(Re-
moteProcedureCall)[Sri94] andJavaRMI (RemoteMethodInvocation)[jav99].
Mobile agentshave receivedimportantattentionin thelast few yearsasa new
programmingparadigmof widely distributedandheterogeneoussystems.
Commonly, amobileagentis definedasanindependentsoftwareprogramthat
actsonbehalfof auserandhelpshim to performtasks.Mobileagentscancarry
out their tasksautonomouslyandregardlessof theapplicationthatdispatched
them.This capability, thatis at thecoreof many of theadvantagesthemobile
agentsprovide,is particularlyusefulin mobilecomputingenvironmentswhere
theconstraintsimposedby themobileterminalsandcommunicationlinks of-
tenforcetheuserto disconnectfrom thenetwork.In this case,a mobileagent
canbeunleashedinto thenetworkto performsometasksonbehalfof theuser,
who meanwhileis totally disconnected.Resultscanbeeventuallygatheredby
theuseruponreconnection.
Thecombinationof mobileagentsandmobilecomputingenvironmentssounds
promising,becauseit seemsthatmobileagentscouldovercomethetypicaland
inherentrestrictionsof mobile environments. This paperaimsto investigate
theuseof mobileagentsfor serviceprovisionand,in particular, analysestheir
applicability in softwaredownloadingandservicediscovery. The choiceof
this conceptfor serviceprovision is motivatedby a quantitative modelanda
performanceevaluationwhich comparethe agentmodel to the client-server
modelrepresentedby Java RMI. The resultsof the evaluationshow thatsig-
nificant performanceimprovementscanbe obtainedusingmobile agentsfor
servicedownloading.Mobile agentsperformbetterwhenthe sizeof theser-
vice to bedownloadedis very largeandin caseof a large numberof service
providersto becontactedin orderto downloadthebestservicecorresponding
to theuser’sneeds.
In addition, two agent-basedscenariosareproposedin this paper: Service
DownloadandServiceDiscovery. Theaim is to highlight thebenefitsof mo-
bile agents,in particular, their efficiency andflexibility in thedevelopmentof
enhancedservices.
The remainderof this paperis organisedas follows. Section2 presentsthe
maincharacteristicsof RMI andmobileagentsparadigmsfor softwaredown-
loading.Section3 providesaquantitativemodelthatdeterminestheconditions
in which the mobile agentsoutperformRMI. Section4presentsexperimental
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measurementsandananalysisof obtainedresults.Section5 describessomere-
latedworksregardingthecomparisonof mobileagentswith variousdistributed
communicationparadigms.Section6 presentsour work within MOBIVAS

�
projectandpresentstwo agent-basedservicesto demonstratethe benefitsof
mobileagentsfor serviceprovision. Weconcludethepaperin Section7.

2. Java RMI/Mobile Agents - Background

One of the main issuesin the developmentof a comprehensive distributed
softwareplatformfor serviceprovision is thechoiceof the technologywhich
shouldsupportsucha platformwhile meetingits overall requirements.In the
followingsections,wewill focusonsoftwaredownloadingwhichis oneof the
mostimportantaspectof serviceprovision.
Softwaredownloadingoperationconsistsof movingservicesfromserviceprov-
iders to the mobile terminalwherethey can be executed. Thus, the mobile
terminalshouldoffer anenvironmentableto supportservicedownloadingfa-
cilities aswell asserviceexecutioncapabilities.
The first steptowardsthe definition of a downloadingenvironmentfor mo-
bile terminalswastheWAP(WirelessApplicationProtocol)standard[wap]that
enablesInternetcontentandservicespresentedin the web to be accessedby
wirelessterminals. The main ideaof WAP wasto addressthe constraintsof
a wirelessenvironmentandadaptexisting Internettechnologyto meetthese
constraints.However, possibilitiesofferedby WAP are limited to download
textual dataandsometelephony primitives. WAP cannot provide userswith
multimediainteractiveandenhancedservicesto beexecutedin their terminals.
In this section,we presentthemaincharacteristicsof mobileagentsandJava
RMI models. The useof mobile agentsandJava RMI for serviceprovision
(in mobile communicationenvironments)waswidely investigatedin a large
numberof industrysponsoredandEuropeanACTS (AdvancedCommunica-
tionsTechnologiesandServices)projectssuchasClimate[cli], Montage[mon],
Amase[ama], Cameleon[cam], �����
In the following sections,we investigatethe useof mobile agentsand Java
RMI modelsfor softwaredownloading. We derive a quantitative modeland
carryout experimentalmeasurementsto comparebothapproaches.
It is worth stressingthatour platformshouldallow mobileusersto download
servicesona largevarietyof mobiledevicesevenon smalldevices(with lim-
ited capacities). This fact is not in contradictionto the choiceof Java and�

MOBIVAS: DownloadableMOBIle Value-AddedServicesthrough SoftwareRadio and
SwitchingIntegratedPlatforms,is anEuropeanIST project.URL at: http://mobivas.cnl.di.uoa.gr
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mobile agents(which aremostlydevelopedin Java) assupportsfor software
downloading.Indeed,it appearsclearlythatthecurrenttrendof bothconstruc-
torsandnetworkprovidersin mobilecommunicationsfield is towardsequip-
ping mobiledeviceswith a full Java executionenvironment.This is motivated
by the fact that Java offers many interestingadvantagessuchas its standard
interfaces(API) andits dynamicbehaviour. In the future few years,mobile
deviceswill beprobablysomuchpowerful thatthey will beableto holda full
JVM withoutany constraintor limit.

2.1. Java RMI

Java RMI is the Java RPCmechanism.It hasthe advantageover traditional
RPCsystemsthatit is a partof Java objectorientedapproach.
RMI is a simpleanda directmodelfor distributedcomputationwith Java ob-
jects. It providesa uniform objectdesignationmechanismhenceenablingto
invoke a methodon a givenobject,whatever its location,by usinga unique
globalreference.
One of the centralanduniquefeatureof RMI is its ability to downloadthe
bytecodeof anobjectclassif theclassis not definedin thereceiver’s virtual
machine.The typeandthe behaviour of anobject,previously availableonly
on a simplevirtual machine,canbe transmittedto another, possiblyremote,
virtual machine.RMI passesobjectsby their true types,so the behaviour of
thoseobjectsis not changedwhenthey aresentto anothervirtual machine.
TheRMI designersextendedtheconceptof classloadingto includetheloading
of classesfrom FTPserversandHTTP servers. This is a powerful extension
as it meansthat classescanbe deployedin one,or only few places,andall
nodesin aRMI systemwill beableto gettheproperclassfiles to operate.RMI
supportsthis remoteclassloadingmarshallingthroughthe RMIClassLoader.
If a client or a server is runningon a RMI systemandseesthat it mustloada
classfrom aremotelocation,it callsRMIClassLoaderto do this task.
JavaRMI is aremoteprocedurecall protocolwhichsupportsremoteclassload-
ing but cannotbeusedsolelyfor softwaredownloading.Indeed,whendesign-
ing a softwaredownloadingsystem,we would like to have the flexibility to
controlwherearemoteobject(or service)runs.In theabsolute,whenaremote
objectis broughtto life on a particularJVM, it will remainon thatJVM. It is
not possibleto sendthe remoteobjectto anothermachinefor executionat a
new location. RMI makesit difficult to have the option of runninga service
locally or remotely.
Thevery reasonRMI makesit easyto build somedistributedapplicationscan
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makeit difficult to move objectsbetweenJVMs. Whenwedeclarethatanob-
ject implementsthejava.rmi.Remote interface,RMI will preventit from being
serialisedandsentbetweenJVMs asa parameter. Insteadof sendingthe im-
plementationclassfor a java.rmi.Remoteinterface,RMI substitutesthe stub
class. Becausethis substitutionoccursin the RMI internalcode,onecannot
interceptthis operation.
Thedesignof a softwaredownloadingsystemusingRMI, needsa manualse-
rialisationof the remoteservicebeforeits sendingto the remoteJVM. This
requiresmorecodingbelow RMI level andcanleadto extra codingandmain-
tenance.

2.2. Mobile Agents

Themobileagent(MA) conceptis a promisingandaninnovativeapproachfor
softwaredownloadingsupport.Commonly, a mobileagentis definedasanin-
dependentsoftwareprogramthatis abletomovefromaserverto another[FLP98,
GKN

�
96]. A Java Applet canbeseenasanexampleof a very limited mobile

agent.
The mobile agentparadigmis different from other mobile codeparadigms
sincethe associatedinteractionsinvolve the mobility of the existing compu-
tational component. In other words, while in the classicalcommunication
paradigms(e.g. remoteevaluationandcodeon demand),the focusis on the
transferof codebetweencomponents,in themobileagentparadigm,a whole
computationalcomponentis moved to a remotesite,alongwith its state,the
codeit needs,andsomeresourcesrequiredto performthetask[Lan98].
Themainfunctionalityof amobileagentsystemis to providetransparentcode
migration. Generally, this is supportedby a primitive that encapsulatesthe
neededmechanismsfor moving theagentcode,its dataandpossiblyits state.
Most of currentJava-basedmobileagentsystemssupportweekmigration. In
this caseonly the agentcodeandits dataaremoved to theremotehostto be
executedthere.
Strongmigrationimplies the transportof the agentcode,data,andexecution
state.This meansthatanagentcansuspendits executionatanarbitrarypoint,
move itself to anothermachine,andresumeexecutionon thenew machineat
theexact point at which it left off. Only somemobileagentsystemsprovide
thiscapabilitybecauseof its subsequentheaviness.
The processbehindthe agentmigrationconsistsin transformingthe codeof
theagent,its data(andits state)into anintermediateformatto betransported
acrossthenetworkandrestartedonaremotehost.In Javabasedagentsystems,
theintermediateformatis theresultof theObject Serialization technique.Java
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arrangesthe user’s sourceprogramsin classeswhich generatebytecodesat
compilation. Whenthe agenttravels throughthe network, its bytecodeand
thoseof all objectscreatedor usedby it aresentto theremotehost.Thesender
wrapsthisbytecodein aspecialstructure,by usingtheobjectserializationtech-
nique. The receiver ”deserialises”it to recover thebytecodeof theagentand
its classes.Beforethebytecodeis used,a specificClassLoaderis invokedto
retrieve thecorrespondingclass.
In mostof currentmobileagentsystems,theagentmigrationprocessis encap-
sulatedin a singleprimitive which providestransparency hiding implementa-
tion detailsfrom theapplicationdevelopers.

3. A Quantitative Model

In this section,we evaluatein which conditionsthe mobile agentmodelout-
performsJava RMI model. After a descriptionof theconsideredscenario,we
presentin depththequantitativemodelandexperimentresults.
In our scenario,we are interestedin evaluatingthe effect of softwaredown-
loadingon theclient systemcapacity, in particular, thedownloaddurationand
its implication.
A relevantchallengingissuein mobileserviceprovisionis enablingtheuserto
locatethedesiredservicebetweenseveralservicesofferedby a setof servers.
In ourscenario,weassumethattheclientwantsto retrieve a serviceproposed
by a numberof serviceproviders.Eachof theseserviceprovidersoffersaspe-
cific versionof thesameservice.Weassumethateachserverpossessesspecific
datadescribingeachserviceit offers.
To beableto retrieve thebestversionof thedesiredservice,theclienthasfirst
to retrieve from theserversthedatadescribingeachserviceversion. Then,it
processesthesedatain order to selectthe versionwhich matchesbestto the
user’s needs.Oncetheversionis chosen,theclientdownloadstheservice.

Figure1: Java/RMI model versus Mobile Agent Model
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In caseof Java RMI model,theclient makesa seriesof remoteprocedure
calls. Eachcall entailstwo kindsof messages: theclient sendsto theserver
a requestwhich containsthe identificationof the desiredservice;the server
sendsto theclienta responsewhichcontainsthedatadescribingtherequested
service(figure 1). Thus,assumingthat we have n servers, the client should
sendandreceive a totalof 2n messages.
Themobileagentmodelonly requiressendingthemessagethattransportsthe
agentfrom theclient to thefirst serverandthen,betweentheotherservers(fig-
ure1). Hence,if n is the numberof servers, (n+1) messagesareexchanged
betweenall stations.
Our quantitative model is basedon two elementaryfunctions. The first one
evaluatesRMI andMA modelsin termsof communicationcosttime,andthe
secondonein termsof datadownloadingtime.
It is worthstressingthatthecommunicationcosttimeis thetotaltimefor estab-
lishingthecommunicationbetweentheclientandaserver withoutconsidering
thetime expendedfor datadownloading.Thesetwo elementaryfunctionsare
definedto makeeasiertheformulaselaboration.

3.1. Java RMI Model

UsingJava RMI model,eachserver providesaremoteinterfacewhichenables
the client, providing the nameof a service,to obtainthe datadescribingthe
requestedservice.
RMI supportstwo classesthat implementa remoteinterface.The first class,
whichis thebehaviour, runsontheserver. Thesecondclassactsasaproxyfor
theremotemethodandrunson theclient.
In order to get the datadescribingthe serviceto be downloaded,the client
shouldmakea remotecall to eachserver. During this call, the client should
first downloadthe remotemethodproxy andthenuseit to invoketheremote
method.

Communication Cost
In RMI model, the time to obtain the final responsefrom one
server is the sumof the communicationestablishmenttime, and
the time of proxy (stub) downloading,and the time of remote
methodinvocation,andthetimeof theserver response.
As the sameremoteprocedureinterfaceis usedin eachserver,
theproxy is downloadedto theclientonly duringthefirst remote
call (from thefirst server). In our formulas,theproxy download
durationtime is denotedby

�����
	���

andthe communicationtime
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betweentheclientandeachserver � , without theproxydownload
durationtime, is equalto ����� , where ��� is the time of the estab-
lishmentof thecommunicationbetweena client anda server (or
betweenaserver anda client).
Consideringn servers,thetotalcommunicationcosttime is given
by:

��� � 	���������� � �!���#" � �$��	���

(1)

Figure2: Communication Cost in Java RMI Model

Data Downloading Time
The client hasto downloadthe sameamountof datafrom each
server. The time to obtain the final responsefrom one server
is equalto the communicationcosttime, plus the time t of data
downloading% . Obviously, thetime t dependsondatasize.
Thus,thetotaldatadownloadingdurationis givenby:

�������� � ��&'��� � "(��)*" �+�$��	���

(2)

,
Thecommunicationcosttime is consideredthesamefor all serverscontactedby theclient.-
We assumethatdatadownloadingtime is similar whatever theserverto becontactedby the

client.
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Figure3: Downloding Time in Java RMI Model

3.2. Mobile Agent Model

Using the mobile agentmodel, the client sendsan agentto negotiate . with
eachserver in orderto retrieve thebestservicematchingtheuser’sneeds.

Communication Cost
In this case,we evaluatethetime theagenttakesto move from a
server to anotherwithout retrieving the data. This time is given
by :

� � � 	���/0� � &'�1"324)5��6�(3)

Figure4: Communication Cost in Mobile Agent Model7
Thenegotiationtimebetweentheagentandeachserveris considerednegligible.
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where � 6� representstheagentmigrationtime. To simplify the
formulas,we assumethat theagenttakesthesametime to travel
from theclient to a server, andfrom a server to another.

Data Downloading Time
At first, let usconsidera generalcase.We assumethat theagent
moves from a server to anotherand retrieves the sameamount
of datafrom eachserver. If we note � thedownloadtime of this
amountof data,thenthe total downloadingtime for n serversis
givenby :

� �/0� � �$6� "3&��$6� "(��)*"98:8;84"3&��$6� "<�=��)(4)

Figure5: Downloading Time in Mobile Agent Model

� �/>� � &'�1"92�) ? �!�� "(� 6�$@(5)

In our scenario,the mobileagenthasto downloadthedataonly once.We
assumethattheagenttransportsthesedatafrom thelastserver. Thetotaldown-
loadingtime is thengivenby :ACBDFEHGJILKNMPO�QLA5RS!MTA
(6)
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3.3. Comparaison between RMI amd mobile agents

In this section,we investigatethe relationshipbetweenthe datadownloading
time andthenumberof serversso thatMA modelis moreefficient thatRMI
model.
TheMA modeloutperformsRMI model,if thedatadownloadingtime in case
of RMI modelis larger that theonein MA model. Accordingto equations2
and6, this conditioncanbeexpressedby :

K�IVUWA S MXA5Q0MZY;[�\5]_^�`�abILKcMdO�QLA RS!MTA
(7)

We thenderive thefollowing relationexpressingthenumberof serversasa
functionof thedatadownloadingtime :

Kea A>MdIfA RShgTY [�\5]i^$` QAjMPIVUWA S g�A RS Q(8)

Notethat
A RS and

Y [�\5]_^�`
areconsideredasconstantandthedatadownloading

time canbeexpressedasa functionof thedatasize
IVkclmA5l;npoLqsr�Q

andnetwork
throughput

ItY�u Q
. Equation8 canthenbeexpressedby :

Kva kclmA5l;n�oVqwr*MPIfA RSxgXY:[�\5]i^$`;Q � Y�ukclmA5l;npoLqsr*MPILU�A S gyA RS Q � Y�u(9)

In thesameway, from (6) we derive the following relationsexpressingthe
datadownloadingtimeasa functionof thenumberof servers:

Aza IfA RSxg{U�A S QCK�M|I}A RSxg�Y;[�\5]i^$`;QKcgdO(10)

kcl�A5l;n�oLqsr#a�~ IfA RS g{U�A S QCK�M|I}A RS g�Y [�\5]i^$` QKcgdO � � Y�u(11)

A first analysisof equation9 shows that thedatasizeturnsarounda lower
limit whenthenumberof serversbecomeslarge. This meansthat for a given
datasizewhich turnsaroundthis limit, MA modeloutperformsRMI modelif
thenumberof server becomeslarge(is beyonda certainvalue).
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4. Experimental measurements and results analysis

A more detailedanalysis,basedon experimentalmeasurements,is given in
the following sections.Our experimentshave beenperformedon a network
composedof SunUltra-5 5.8 workstationsunderSolaris3.6.1System. The
link usedis a 100 Mbit/s Ethernet. All experimentsdescribedin this paper
have beenperformedwith Java environmentusingJDK1.2andGrasshopper
mobileagentsplatform(a well-knownmobileagentsystem[gra].

4.1. Quantitative model analysis

The quantitative modeldescribedabove hasbeeninstantiatedon the exper-
imental environmentto determinethe valuesof the constantcoefficients in
equation9 and11, in particularthevaluesof t’0 andTproxy. Thus,by varying
the datasize in equation9, we obtain the numberof servers for which MA
modeloutperformsRMI model(figure7). Figure6 shows thevariationof the
numberof serversaccordingto equation11todeterminethedatasizefor which
MA modeloutperformsRMI model.
Resultsshown in figure6 and7 leadto thefollowingremarks:

- For a small amountof datato bedownloadedthroughthe network,the
MA modelneedsanimportantnumberof serversto performbetterthan
RMI model.

- Conversely, for a smallnumberof servers,mobileagentsperformbetter
whenthesizeof datais large.Thus,themorethedatasizeincreases,the
lessthenumberof serversto becontactedis neededsothatMA model
outperformsRMI model.

- Fromagivennumberof serversandwhenthedatasizeto bedownloaded
is aroundthelowerlimit, mobileagentsarebetterthanRMI whateverthe
numberof serversto bevisited.

In thefinal analysis,we canpoint out thatmobileagentsperformbetterthan
RMI wheneitherthenumberof serversor thedatasizeis large.

4.2. RMI/MA performance analysis

In this section,we presentthe experimentalresultswhich areaimedat com-
paring MA and RMI modelsfor servicedownloadingand at validating the
mathematicalmodeldescribedabove.
Figures8, 9, 10 and11 plot the variationof the downloadingdurationas a
functionof thedownloadeddatasizeby consideringrespectively 1, 4, 6 and9
servers.
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Figure6: Server Number as function of Data Size (theoritical model)

Figure7: Data Size as function of Server Number(theoritical model)

Whenconsideringoneserver (figure 8), the resultsshow that RMI performs
betterthanMA for both measurementsandtheoreticalresults.The reasonis
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that, in caseof RMI model,besidesthe servicedescribingdatato be down-
loaded,theclientalsodownloadsthestub(theproxyof theremoteprocedure)
; whereasin MA model,the mobileagentcodeis transportedtwice between
the client andthe server. Since,in our scenario,the codesizeof the mobile
agentis muchgreaterthanthestub,RMI modeloutperformsMA modelwhat-
ever thesizeof datato bedownloaded.
However, in concordancewith the mathematicalmodelandaccordingto the
experimentalenvironment,when the numberof servers is higherthan4, the
MA modelis moreefficient thanRMI modelif thedownloadeddatasizeex-
ceedsa given value(119418bytesin caseof 6 servers). This confirmsour
conclusionsobtainedfrom themathematicalmodelanalysis,in particular, the
fact that mobile agentsperformbetterthanRMI wheneither the numberof
serversor downloadeddatasizeis large.
However, we observe, in all curves, that experimentalmeasurementsdo not
matchexactly the theoreticalmodelwhenthe datasize is very large. An in
depthinvestigationshowsthatthis is dueto thewaytheoperatingsystemman-
agesthefile systemanddatatransferbetweenthememoryandthedisk(cache
management).
In conclusion,we cansaythat mobile agentsmakeclearimprovementsover
RMI in caseof softwaredownloadingespeciallyif we are interestedin de-
creasingthe responsetime when downloadingan importantamountof data
throughthenetwork,or whenvisiting a largenumberof servers.

5. Related work

While many researchersinvestigatedthedevelopmentof mobileagentsystems,
very few proposeda quantitative evaluationof this technologythroughactual
measurementin areallargescaleenvironment,alongwith anevaluationof the
basicmechanismsinvolvedin theimplementationof suchsystems.
Authorsin [CPV97] givesomehintsabouttheprocessof selectingthesuitable
communicationparadigmfor a given distributedapplication. They consider
differentcommunicationparadigmsnamelyclient-server, remoteevaluation,
codeon demandand,mobile agents.They investigatea simpleperformance
modelconsideringaninformationretrieval application.Theauthorsarguethat
thereis nobestsolutionto selectthesuitablecommunicationmodelwhende-
signinga distributedapplication.Rather, thebestsolutionhasto befoundon
thebasisof a carefulevaluationof theapplicationrequirementsagainstthepe-
culiar featuresof eachparadigm.
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Figure8: RMI/MA Comparaison (1 server)

In [], theauthorsproposeananalyticalmodelthatexaminesthe claimedper-
formancebenefitsof mobileagentsover client-server modelfor retrieving in-
formationon behalfof mobile users. They evaluatedthe modelby focusing
on the responsetime asthe metricof interest.Theresultsshow that, it is not
clearthatmobileagentsarealwayspreferableto client-server or vice versa,in
particular, if for a givenquery, thecodesizeof themobileagentis largerthan
client-server requestsize.
In [IH99], a performanceevaluationhasbeencarriedout to comparemobile
agentandclient-server paradigms.This evaluationwasperformedin Java en-
vironmentusing respectively RMI, the Aglets platform [agl] and a minimal
mobileagentplatformthattheauthorsdeveloped.
In orderto evaluatetheinterestof mobileagents,two dataminingapplications
wereselected.Theagentsmove amongdifferentmachinesin orderto look for
informationon behalfof their users.In oneof theseapplications,the role of
theagentis to compressthedocumentsto betransferredin orderto reducethe
amountof datato besent.Theperformanceevaluationrevealsthat theuseof
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Figure9: RMI/MA Comparaison (4 servers)

Figure10: RMI/MA Comparaison (6 servers)
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Figure11: RMI/MA Comparaison (9 servers)

mobileagentscanleadto a significantimprovementespeciallywhenthemo-
bile agent,whichintensivelycommunicateswith aserver, movesto thatserver.
Thiswork,asours,compareJavaRMI to mobileagentsandconfirmourresults
eventheconsideredapplicationsaredifferent.
Thework presentedin [OK99] aimsto studythepossibilityof introducingmo-
bile agentsto updatenetworknodesMIBs (ManagementIn formationBase)
in the context of networkmanagementdomain. A comparative performance
studyof a client-serverandanagentbasedapplicationis presented.Resultsof
theexperimentalmeasurementsshow that themobileagentparadigmdemon-
stratesbetterperformancethan the client-server when the numberof nodes
increases.Besidesthesignificantreductionof bandwidthutilisationtheagents
provide, they carry out additionaltaskssuchasfailure detectionandrouting
improvement.
The works presentedin this sectiontied partly our work as far as they com-
parequantitatively mobile agentand client/server paradigms. However, the
performancesmeasuredin eachwork dependstremendouslyonthetypeof the
applicationdomainfor which thestudywasachieved.
A decisionconcerningthechoiceof thesuitablesupportfor servicedownload-
ing basedon theseworkswasnot sufficient in itself. This leadsus to achieve
thecomparative studybetweenMA andRMI.
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6. Agent based service provision

In thissection,wepresentourwork within theMOBIVAS projectanddescribe
two agent-basedservicesfor serviceprovision: ServiceDownloadingandSer-
vice Discovery.
Ourwork waspartlymotivatedby theparticipationto MOBIVAS project.Our
aim within thisprojectis thedevelopmentof acomprehensive distributedsoft-
wareplatformthatsupportstheprovisionof downloadableservicesto thesub-
scribersof a mobilecommunicationnetwork.
The softwaredownloadingplatform that we proposecombinestwo comple-
mentarytechnologies:Java andmobileagents.In sucha solution,somecom-
municationswill beachievedusingthefacilitiesprovidedby Java (e.g.RMI).
Serviceandplatformfunctionalitywill beimplementedbasicallyin Java. The
useof mobile agentscan complementthis solutionby facilitating andopti-
misingthedevelopmentof specifictasks.However, asagentmiddlewareis re-
sourcedemanding,theagentplatformcanbeinstalledonly in thecorenetwork,
the serviceprovidersand,on somespecificterminalclasses(PDAs, laptops)
whereit is realisticto expectenoughcomputationalandmemoryresourcesto
hostthemobileagentsoftwareplatform.Even,asstatedpreviously, in thenear
future,mobiledeviceswill beprobablysomuchpowerful thatthey will beable
to holda full JVM withoutany constraintor limit.

6.1. Software downloading scenario

In our model of serviceprovision, a specificcomponent,ServiceManager
(SM), is definedin the core network to control the downloadingprocedure
betweenServiceProvidersandthemobileterminal.
At thecorenetwork,amobileagentplatformcanprovideaccessto two station-
ary agentsnamelytheServiceProviderAgent(SPA) andtheTerminalService
downloadingAgent(TSA).
The ServiceProvider Agent allows the creationof mobile agentswhich are
sentto theServiceProvidersto downloadservices,handlestheincomingmo-
bile agentsand interactswith them. This configurationbasedon stationary
agentsallowsto limit theincomingagentsto directly accesstheresourcesand
henceprotecttheServiceManagerfrom themaliciousagents.
TheTerminalServicedownloadingAgentis responsiblefor theinteractionbe-
tweentheServiceManagerandtheterminalfor servicedownloadingpurpose.
Whenreceiving a servicedownloadingrequest(step1 on figure12), theSer-
viceProviderAgentcreatesamobileagentcalledMobileProviderAgent(MPA)
whichcontainsall theinformationto identify theserviceattheServiceProvider
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level (2). Onceit hasjoinedthe ServiceProvider (3), the agentfirst recovers
theservicecodeandthenupdatesits itinerary (4). An itinerary is associated
with eachmobileagent;it is definedasa sequenceof placeaddressesthrough
whichtheagentgoesto reachits final destination.
As mentionedbefore,anagentplatformis requiredanddeployedinto thecore
network(ServiceManagerandServiceProviders)andpossiblyin theterminal
if thelatterhassufficient resourcesto hosttheplatform.
In caseof a resourceconstrainedterminal (mobile phone,for example),the
final destinationis the ServiceManager. Oncearrived to the ServiceMan-
ager(5), theMobile ProviderAgentis takenin chargeby theTerminalService
downloadingAgent,whichusestheRMI capabilityto downloadtheserviceto
themobileterminal(7).

Figure12: Software Downloding Message Sequence

TheTerminalServicedownloadingAgenthandlesthedownloadingbetween
theServiceManagerandthemobileterminalandprovidesseveralbenefits:if
the terminalis disconnected,theTerminalServicedownloadingAgentstores
theservicein theServiceManageruntil theterminalreconnectsto thenetwork
andthedownloadingprocessis triggered(6).
In caseof a PDA or a Laptop,the final destinationof themobileagentis the
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userterminal. The Mobile Provider Agent movesthe codefrom the Service
Provider to the mobile terminal(possiblyvia the ServiceManager)(5,7). In
this case,the Terminal ServicedownloadingAgent capabilitiescan also be
usedif theconnectionbetweentheServiceManagerandtheterminalis broken
for any reason(6).
This scenariopresentsseveral benefits:first, an ongoinginteractionbetween
the ServiceManagerand the ServiceProvider is not neededsincethe MA
transportsall theparametersrequiredfor servicedownloading.In addition,the
ServiceManagerdelegatesthe downloadingtaskto the MA and it doesnot
have to wait for the serviceprovider responses.This mechanismenablesto
decreaseboththeloadat theServiceManagerandtheresponsetimein caseof
large numberof servicedownloadingrequestsaresimultaneouslysentto the
ServiceManager.

6.2. Service discovery while roaming scenario

Anotherfield wheremobileagentscanplay a significantrole is intelligent in-
formationretrieval. A relevant challengingissuein mobileserviceprovision
is enablingthe userto locatethe desiredservicebetweenpossiblythousands
of servicesavailablefrom the operator. In the caseof roaming,this problem
becomesevenmorecomplex. Thesubscribermayneedservicesnot available
from its homeoperator(e.g. specificinformationfor thecountryor city he is
currentlylocated).Moreover, it is highly desirablefor him to find theservices
bestsuitedto his needs(in termsof QoS,price,content)amongthe services
offerednot justby theservingnetwork,but by agroupof operators(e.g.all the
operatorsin thecountrywhereheis currentlyroaming).
Theproposedagent-basedscenariofor addressingthis issueis presentedin the
following.

When a roaminguserwishesto accessthe discovery service,he formu-
latesarequestby anappropriateinterface.This interfaceincludesanadvanced
searchfacility, enablingthespecificationof detailedrequirements,like service
description,desirableQoSandprice.After thesearchform is completed,it can
be submittedto the servingServiceManager(1) whosethe ServiceProvider
Agentcreatesa mobileagentcalledServiceDiscovery Agent(SDA) (2).
This ServiceDiscovery Agent moves consecutively to a numberof Service
Managersin differentnetworks� (3,5)andsearchesfor servicesmatchingthe
userrequestamongtheservicesofferedby thecorrespondingoperators.In the
simplestcase,only the homeandservingnetworkServiceManagerswill be�

A prior contractualagreementbetweenmobileoperatorsis requiredto makethispossible.
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Figure13: Message Sequence for Service Discovery While Roaming

visited. The agentpossessesthe intelligencerequiredto performnegotiation
with eachServiceProviderAgentof visitedServiceManagersandretrievethe
bestmatchesto the user’s needs(4). This negotiationcould include search
refiningandintelligentservicefiltering, accordingto userpreferencesandter-
minalcapabilities.
After concludingthe search(or potentially only after finding a satisfactory
match),theagentreturnsthe resultsasynchronouslyto the user(possiblyvia
theServiceManager),in theform of a list of servicedescriptionsandthecor-
respondinglinks for serviceaccess(6).
Theabove scenariois attractivefor severalreasons.Themostimportantis that
it correspondsexactly to thescenariothatwedevelopedin section3 for evalu-
atingthemobileagentmodelcomparedto RMI modelandin whichweproved
that mobile agentsoutperformJava RMI wheneither the numberof servers
or the amountof datato be downloadedis large. Moreover, in this scenario,
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therequiredtaskis performedasynchronously. Thereis no needto maintaina
networkconnectionover theunreliableandcostlywirelesslink for thewhole
durationof thetask.

7. Conclusion and future work

Thework presentedin this paperaimsto investigatetheuseof mobileagents
in serviceprovision for mobileenvironments.Themobileagentapplicability
for softwaredownloadingis assessedby several performancemeasurements
whichcompareRMI andMA models.
The resultsof this evaluationshow that mobile agentsprovide a significant
performanceimprovement,especiallywhenthe numberof serversto visit in-
creasesor whentheamountof datato downloadis large.
Basedon theseconsiderableresultsandin orderto illustratethepossibilityof
usingmobileagentsfor serviceprovision,two enhancedagent-basedservices,
namelyservicedownloadandservicediscovery wereproposed.
The work presentedin this paperis still underway. Our main perspective
is the developmentof a serviceprovision platformfor mobilecomputingen-
vironmentsbasedexclusively on mobile agenttechnology. In this paper, we
investigatedthe useof this technologyonly for softwaredownloadingwhich
representsoneof themainrequirementsof sucha platform.
Agent-baseddevelopmentsof the remainingrequirementssuchservicecus-
tomisation,serviceprovision while roaming,userandterminalmobility, and
serviceadaptabilityandreconfigurabilityconstitutea partof our futurework.
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