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Abstract. This paperaimsto investigatehe useof mobile agentgor serviceprovisionin mobile
computingervironments. A quantitatve modeland experimentaimeasurementare performed
to compareJava RMI and mobile agentsin the specialcontextof softwaredownloading. The
resultsshav thatsignificantperformancemprovement&anbe obtainedusingmobile agents.In
addition,two agent-basesdervicespamelyServiceDownloadandServiceDiscovery areproposed
toillustratethe benefitsof usingmobileagentgor serviceprovisionandtheir potentialimpactson
mobilecomputingervironments.

1. Introduction

Mobile computingrefersto distributedcomputingsystemghat enablepeople
to acceswariousdistributednetwork servicesaryplaceandarytime. Mobile
computinghasbecomepossiblewith the convergenceof mobile communica-
tionsandcomputeitechnologies.

In futuremobilecomputingsystemsmobileuserswill beableto accessilarge
variety of servicessupportedy variousnetworkandserviceproviders. They
will have the possibilityto invokethemvia handheldportableterminalseven
whenmaoving andwith thesamefacility ason their desktopstations.Themain
goal of our work is the designof a softwareplatform for serviceprovision
in mobile computingervironments. This platformwill allow the mobile sub-
scribersto downloadservicesinto their mobile deviceswhich canvary from
handheldsmalldeviceswith limited capabilitiesmobile phonesPDAs, ...) to
powerful terminals(laptops).

Mobile computingervironmentscanbedistinguishedrom classicalwired en-
vironmentddy their verylimited, variableandasymmetridandwidth frequent
andprolongeddisconnectionsgeographicaimobility, severeresourceestric-
tionsand complex datamanagement[PB94294]. Unlike their wired coun-
terparts,designof softwarefor theseervironmentsshouldconsiderall these
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constraints.Consequentlynev softwaretechniqueshouldbe developedand
mary systemintegrationeffectshave to beaddressedThedesignof asoftware
platformfor serviceprovisionis possiblythe mostprominentin mobile com-
puting ervironments.Currently mostdistributedsystemslesignedor mobile
ervironmentsarebasedn classicacommunicatiorparadigmdike RPC(Re-
moteProceduré€all)[Sri94 andJavaRMI (RemoteMethodinvocation)[jar99].
Mobile agentshave recevedimportantattentionin thelastfew yearsasa new
programmingparadigmof widely distributedandheterogeneousystems.
Commonly amobileagentis definedasanindependensoftwareprogramthat
actson behalfof auserandhelpshim to performtasks.Mobile agentcancarry
out their tasksautonomouslhandregardlessof the applicationthat dispatched
them. This capability thatis at the coreof mary of theadwantagethe mobile
agentrovide,is particularlyusefulin mobilecomputingervironmentsvhere
the constraintdmposedby the mobile terminalsandcommunicatiorinks of-
tenforcethe userto disconnecfrom the network. In this casea mobileagent
canbeunleashedhto the networkto performsometaskson behalfof theuser
who meanwhileis totally disconnectedResultscanbe eventuallygatheredy
the useruponreconnection.

Thecombinatiorof mobileagentsandmobilecomputingervironmentssounds
promising,becausé& seemghatmobileagentssouldovercomehetypicaland
inherentrestrictionsof mobile environments. This paperaimsto investigate
the useof mobileagentdor serviceprovision and,in particular analysegheir
applicability in softwaredownloadingand servicediscovery. The choiceof
this conceptfor serviceprovision is motivatedby a quantitatve modelanda
performanceavaluationwhich comparethe agentmodelto the client-serer
modelrepresentety Java RMI. The resultsof the evaluationshaw thatsig-
nificant performancamprovementscan be obtainedusing mobile agentsfor
servicedownloading. Mobile agentsperformbetterwhenthe sizeof the ser
vice to be downloadedis very large andin caseof a large numberof service
providersto be contactedn orderto downloadthe bestservicecorresponding
to theusers needs.

In addition, two agent-basedcenariosare proposedn this paper: Service
DownloadandServiceDiscovery. Theaimis to highlight the benefitsof mo-
bile agentsjn particulay their efficiengy andflexibility in the developmentof
enhancedervices.

The remainderof this paperis organisedasfollows. Section2 presentghe
main characteristicef RMI andmobileagentgparadigmdor softwaredown-
loading. Section3 providesa quantitatvemodelthatdeterminesheconditions
in which the mobile agentsoutperformRMI. Section4presentgxperimental
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measuremen&ndananalysiof obtainedesults.Sections describesomere-
latedworksregardingthecomparisorof mobileagentswith variousdistributed
communicatiorparadigms.Section6 presentour work within MOBIVAS !

projectand presentswo agent-basedervicesto demonstratehe benefitsof
mobileagentdor serviceprovision. We concludethe papetin Section?.

2. JavaRMI/Mobile Agents - Background

One of the main issuesin the developmentof a comprehense distributed
softwareplatformfor serviceprovisionis the choiceof the technologywhich
shouldsupportsucha platformwhile meetingits overall requirementsin the
following sectionsye will focuson softwaredownloadingwhichis oneof the
mostimportantaspecbf serviceprovision.
Softwaredownloadingoperatiorconsist®f moving servicegrom serviceprov-
idersto the mobile terminalwherethey canbe executed. Thus, the mobile
terminalshouldoffer an ervironmentableto supportservicedownloadingfa-
cilities aswell asserviceexecutioncapabilities.

The first steptowardsthe definition of a downloadingervironmentfor mo-
bile terminalswasthe WAP (WirelessApplicationProtocol)standard[wapihat
enablednternetcontentand servicesgpresentedn the webto be accessedy
wirelessterminals. The mainideaof WAP wasto addresshe constraintof
a wirelesservironmentand adaptexisting Internettechnologyto meetthese
constraints.However, possibilitiesofferedby WAP arelimited to download
textual dataand sometelephory primitives. WAP cannot provide userswith
multimediainteractive andenhancedervicedo beexecutedn theirterminals.
In this section,we presenthe main characteristicef mobile agentsand Java
RMI models. The useof mobile agentsand Java RMI for serviceprovision
(in mobile communicationervironments)waswidely investigatedn a large
numberof industry sponsoredand EuropeanACTS (AdvancedCommunica-
tionsTechnologieandServicesprojectssuchasClimate[cl], Montage[mon],
Amase[amf Cameleon[cai . . .

In the following sections,we investigatethe use of mobile agentsand Java
RMI modelsfor softwaredownloading. We derive a quantitatve modeland
carryout experimentaimeasurement® comparebothapproaches.

It is worth stressinghat our platform shouldallow mobile usersto download
serviceson a large variety of mobile deviceseven on smalldevices(with lim-
ited capacities). This fact is not in contradictionto the choiceof Java and

IMOBIVAS: DownloadableMOBIle Value-AddedServicesthrough Software Radio and
SwitchinglntegratedPlatforms,is anEuropearST project. URL at: http://mobvas.cnl.di.uoa.gr
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mobile agentwhich are mostly developedin Java) assupportsor software
downloading.Indeed,t appearslearlythatthe currenttrendof bothconstruc-
torsand networkprovidersin mobilecommunicationgield is towardsequip-
ping mobile deviceswith afull Java executionervironment.Thisis motivated
by the fact that Java offers mary interestingadwantagesuchasits standard
interfaces(API) andits dynamicbehaiour. In the future few years,mobile
deviceswill beprobablysomuchpowerful thatthey will beableto holdafull
JVM withoutary constrainbor limit.

2.1. JavaRMI

Java RMI is the Java RPC mechanism.It hasthe advantageover traditional
RPCsystemghatit is a partof Java objectorientedapproach.

RMI is a simpleanda directmodelfor distributedcomputatiorwith Java ob-
jects. It providesa uniform objectdesignatiormechanisnhenceenablingto
invoke a methodon a given object, whatever its location, by usinga unique
globalreference.

One of the centraland uniquefeatureof RMI is its ability to downloadthe
byte codeof an objectclassif the classis not definedin the recever’s virtual
machine. The type andthe behaiour of an object, previously available only
on a simplevirtual machine canbe transmittedto anothey possiblyremote,
virtual machine.RMI passe®bjectsby their true types,so the behaiour of
thoseobjectsis not changedvhenthey aresentto anothewirtual machine.
TheRMI designergxtendedheconcepbf clasdoadingtoincludetheloading
of classedrom FTP senersandHTTP seners. This is a powerful extension
asit meansthat classescanbe deployedin one, or only few places,andall
nodesn aRMI systenwill beableto gettheproperclassilesto operate RMI
supportgthis remoteclassloadingmarshallingthroughthe RMIClassLoader .
If aclientor aseneris runningon a RMI systemandseeghatit mustioada
classfrom aremotelocation,it callsRMIClassLoadeto do this task.
JavaRMI is aremoteproceduresall protocolwhich supportsemoteclasdoad-
ing but cannotbe usedsolelyfor softwaredownloading.Indeed whendesign-
ing a softwaredownloadingsystem,we would like to have the flexibility to
controlwherearemoteobject(or service)uns.In theabsolutewhenaremote
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

TheveryreasorRMI makesit easyto build somedistributedapplicationscan
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makeit difficult to move objectsbetweenlVMs. Whenwe declarethatan ob-

jectimplementghejava.rmi.Remote interface RMI will preventit from being
serialisedand sentbetweenJVMs asa parameter Insteadof sendingtheim-

plementatiorclassfor a java.rmi.Remotédnterface,RMI substituteghe stub
class. Becausehis substitutionoccursin the RMI internalcode,one cannot
interceptthis operation.

The designof a softwaredownloadingsystemusingRMI, needsa manualse-
rialisationof the remoteservicebeforeits sendingto the remoteJVM. This
requiresmorecodingbelov RMI level andcanleadto extra codingandmain-
tenance.

2.2. Mobile Agents

Themobileagent(MA) concepis a promisingandaninnovative approactor
softwaredownloadingsupport.Commonly a mobileagentis definedasanin-
dependentoftwareprogranthatis ableto move fromasenerto another[FLP93
GKNT96]. A Java Appletcanbe seenasan exampleof a very limited mobile
agent.

The mobile agentparadigmis differentfrom other mobile code paradigms
sincethe associatednteractionsinvolve the mobility of the existing compu-
tational component. In other words, while in the classicalcommunication
paradigmge.g. remoteevaluationandcodeon demand)the focusis on the
transferof codebetweerncomponentsin the mobile agentparadigma whole
computationatomponenis movedto a remotesite, alongwith its state,the
codeit needsandsomeresourcesequiredto performthetask[Lan98].
Themainfunctionalityof amobileagentsystemis to provide transparentode
migration. Generally this is supportedoy a primitive that encapsulatethe
needednechanism$or moving the agentcode its dataandpossiblyits state.
Most of currentJava-basednobile agentsystemssupportweekmigration. In
this caseonly the agentcodeandits dataare moved to the remotehostto be
executedthere.

Strongmigrationimplies the transportof the agentcode,data,andexecution
state.This meanghatanagentcansuspendts executionat anarbitrarypoint,
move itself to anothemachine andresumesxecutionon the nev machineat
the exact point at which it left off. Only somemobile agentsystemsprovide
this capabilitybecaus®f its subsequertteariness.

The processhehindthe agentmigrationconsistsin transformingthe codeof
theagent,its data(andits state)into anintermediatdormatto betransported
acrosghenetworkandrestartednaremotehost.In Javabasedigentsystems,
theintermediatdormatis theresultof the Object Serialization technique Java
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arrangegshe users sourceprogramsin classeswvhich generatebytecodesat

compilation. Whenthe agenttravels throughthe network, its bytecodeand

thoseof all objectscreatedr usedby it aresentto theremotehost. Thesender
wrapsthisbytecoden aspeciaktructurepy usingtheobjectserializatiortech-
nigue. Therecever "deserialises'’it to recoer the bytecodeof the agentand

its classes Beforethe bytecodes used,a specificClassLoadeis invokedto

retrieve the correspondinglass.

In mostof currentmobileagentsystemstheagentmigrationprocesss encap-
sulatedin a single primitive which providestransparenchiding implementa-
tion detailsfrom theapplicationdevelopers.

3. A Quantitative M odel

In this section,we evaluatein which conditionsthe mobile agentmodelout-
performsJava RMI model. After a descriptionof the consideredscenariowe
presenin depththe quantitatve modelandexperimentresults.

In our scenariowe areinterestedn evaluatingthe effect of softwaredown-
loadingontheclient systemcapacityin particular thedownloaddurationand
its implication.

A relevantchallengingssuein mobileserviceprovisionis enablingtheuserto
locatethe desiredservicebetweersereral serviceofferedby a setof seners.
In our scenariowe assumehatthe client wantsto retrieve a serviceproposed
by anumberof serviceproviders.Eachof theseserviceprovidersoffersaspe-
cific versionof thesameservice We assumehateachsenerpossessespecific
datadescribingeachserviceit offers.

To beableto retrieve the bestversionof thedesiredservice the client hasfirst
to retrieve from the senersthe datadescribingeachserviceversion. Then, it
processeshesedatain orderto selectthe versionwhich matchesestto the
users needsOncetheversionis chosentheclientdownloadsthe service.

==

Figurel: Java/RMI model versus M obile Agent M odel
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In caseof Java RMI model, the client makesa seriesof remoteprocedure
calls. Eachcall entailstwo kinds of messages the client sendgto the sener
a requestwhich containsthe identificationof the desiredservice;the sener
senddo theclientaresponseavhich containghe datadescribingherequested
service(figure 1). Thus,assuminghatwe have n seners, the client should
sendandreceve atotal of 2n messages.

Themobileagentmodelonly requiressendingthe messagé¢hattransportshe
agentfrom theclientto thefirst senerandthen,betweertheotherseners(fig-
urel). Hence,if nis the numberof seners, (n+1) messageare exchanged
betweerall stations.

Our quantitatve modelis basedon two elementaryfunctions. The first one
evaluatesRMI andMA modelsin termsof communicatiorcosttime, andthe
secondnein termsof datadownloadingtime.

It is worthstressindhatthecommunicatiortosttimeis thetotaltime for estab-
lishingthe communicatiorbetweerthe clientanda sener withoutconsidering
thetime expendedfor datadownloading. Thesetwo elementaryfunctionsare
definedto makeeasietthe formulaselaboration.

3.1. JavaRMI| Model

UsingJava RMI model,eachsener providesaremoteinterfacewhich enables
the client, providing the nameof a service,to obtainthe datadescribingthe
requestedervice.

RMI supportstwo classeghatimplementa remoteinterface. Thefirst class,
whichis thebehaiour, runsonthesener. Thesecondlassactsasa proxyfor
theremotemethodandrunsontheclient.

In orderto get the datadescribingthe serviceto be downloaded,the client
shouldmakea remotecall to eachsener. During this call, the client should
first downloadthe remotemethodproxy andthenuseit to invoke the remote
method.

Communication Cost

In RMI model, the time to obtainthe final responsdrom one
sener is the sumof the communicatiorestablishmentime, and
the time of proxy (stub) downloading, and the time of remote
methodinvocation,andthetime of the senerresponse.

As the sameremoteprocedurenterfaceis usedin eachsener,
theproxyis downloadedo the clientonly duringthefirst remote
call (from thefirst sener). In our formulas,the proxy download
durationtime is denotedby 7,,,., andthe communicatiortime
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betweertheclientandeachsener?, withoutthe proxy download
durationtime, is equalto 2t,, wheret, is the time of the estab-
lishmentof the communicatiorbetweenra client anda sener (or
betweera sener andaclient).

Consideringn seners,thetotal communicatiorcosttime is given

by:

(1) Compm1 = 2nto + Torozy

Figure2: Communication Cost in JavaRM| Model

Data Downloading Time

The client hasto downloadthe sameamountof datafrom each
sener. The time to obtain the final responsdrom one sener
is equalto the communicatiorcosttime, plus the time t of data
downloading®. Obviously, thetime t depend®n datasize.
Thus,thetotal datadownloadingdurationis givenby:

(2) Uhnr = n(2t0 + t) + Toroxy

2Thecommunicatiorcosttime is consideredhe samefor all serversontactedy theclient.
3We assumehat datadownloadingtime is similar whatever the serverto be contactedoy the
client.
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Figure3: Downloding Timein JavaRMI M odel

3.2. Mobile Agent M odel
Using the mobile agentmodel, the client sendsan agentto negotiate* with
eachsenerin orderto retrieve the bestservicematchingthe users needs.

Communication Cost
In this case we evaluatethetime the agenttakesto move from a
sener to anotherwithout retrieving the data. This time is given

by :
3) Poman = (1 + D)t

' st

t’
9
o S2

b
Sn to

Figure4: Communication Cost in Mobile Agent M odel

4Thenegotiatiortime betweerthe agentandeachserveris considereaegligible.
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wheret, representshe agentmigrationtime. To simplify the
formulas,we assumehatthe agenttakesthe sametime to travel
from theclientto a sener, andfrom a senerto another

Data Downloading Time

At first, let us considera generalcase.We assumehatthe agent
moves from a sener to anotherand retrievesthe sameamount
of datafrom eachsener. If we notet the downloadtime of this

amountof data,thenthe total downloadingtime for n senersis

givenby :

(4) oy =to+ (tg+1) + ...+ (t, + nt)

t’ st

tot+t

’
+
t’otnt $2

Sn g2t

Figure5: Downloading Timein M obile Agent M odel

(5) iy = (n+1) (%t + tg>

In our scenariothe mobile agenthasto downloadthe dataonly once. We
assumehattheagentiransportshesedatafrom thelastsener. Thetotal down-
loadingtime is thengivenby :

(6) thar = (n+ 1)tg +1
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3.3. Comparaison between RM| amd mobile agents

In this section,we investigatethe relationshipbetweernthe datadownloading
time andthe numberof senerssothatMA modelis moreefficient that RMI
model.

TheMA modeloutperformsRMI model,if the datadownloadingtimein case
of RMI modelis largerthatthe onein MA model. Accordingto equations?
and®, this conditioncanbeexpressedy :

7) n(2to + 1) + Tproay > (n+ 1)ty +1

We thenderive thefollowing relationexpressinghe numberof senersasa
functionof thedatadownloadingtime::

t+ (to = Tyrozy)

(®) "2y (2to — ty)

Notethatt, and7},.., areconsideredsconstanandthedatadownloading
time canbe expressedasa functionof the datasize (DataSize) andnetwork
throughput{T'h). Equation8 canthenbeexpressedy :

DataSize + (té) — Tprozy).Th

©) DataSize + (2tg — t,).Th

In the sameway, from (6) we derive the following relationsexpressingthe
datadownloadingtime asa functionof the numberof seners:

(10) t > (té) — Qto)n + (té) — Tproxy)
- n—1
(11) DataSize > (“o = o)+ (tlo - Tpmw)) Th
n —

A first analysisof equatior9 shows thatthe datasizeturnsarounda lower
limit whenthe numberof senersbecomedarge. This meanghatfor a given
datasizewhich turnsaroundthis limit, MA modeloutperformsRMI modelif
thenumberof sener becomedarge (is beyonda certainvalue).
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4. Experimental measurementsand results analysis

A more detailedanalysis,basedon experimentalmeasurementss given in
the following sections. Our experimentshave beenperformedon a network
composedf SunUltra-5 5.8 workstationsunderSolaris3.6.1 System. The
link usedis a 100 Mbit/s Ethernet. All experimentsdescribedn this paper
have beenperformedwith Java ervironmentusing JDK1.2 and Grasshopper
mobile agentgplatform (a well-known mobile agentsystem[gra].

4.1. Quantitative model analysis

The quantitative model describedabore hasbeeninstantiatedon the exper
imental ervironmentto determinethe valuesof the constantcoeficientsin
equatior9 and11,in particularthevaluesof t'0 andTproxy. Thus,by varying
the datasize in equation9, we obtainthe numberof senersfor which MA
modeloutperformsRMI model(figure 7). Figure6 shawvs the variationof the
numberof senersaccordingo equationl1todeterminehe datasizefor which
MA modeloutperformsfRMI model.

Resultsshovn in figure 6 and7 leadto the following remarks:

- For a smallamountof datato be downloadedthroughthe network,the
MA modelneedsanimportantnumberof senersto performbetterthan
RMI model.

- Corversely for asmallnumberof seners,mobileagentgerformbetter
whenthesizeof datais large. Thus,themorethedatasizeincreasesthe
lessthe numberof senersto be contacteds neededsothat MA model
outperformsRMI model.

- Fromagivennumberof senersandwhenthedatasizeto bedownloaded
is aroundthelowerlimit, mobileagentsarebetterthanRMI whateverthe
numberof senersto bevisited.

In thefinal analysis,we canpoint out that mobile agentsperformbetterthan
RMI wheneitherthe numberof senersor thedatasizeis large.

4.2. RMI/MA performance analysis

In this section,we presenthe experimentalresultswhich are aimedat com-
paring MA and RMI modelsfor servicedownloadingand at validating the
mathematicainodeldescribedbore.

Figures8, 9, 10 and 11 plot the variation of the downloadingdurationas a
function of the downloadeddatasizeby consideringespectiely 1, 4, 6 and9
seners.
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Figure6: Server Number as function of Data Size (theoritical model)
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Whenconsideringone sener (figure 8), the resultsshav that RMI performs
betterthanMA for both measurementandtheoreticalresults. The reasons
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that, in caseof RMI model, besideghe servicedescribingdatato be down-
loaded the clientalsodownloadsthe stub(the proxy of theremoteprocedure)
; whereasn MA model,the mobile agentcodeis transportedwice between
the client andthe sener. Since,in our scenariothe codesize of the mobile
agentis muchgreatetthanthe stub,RMI modeloutperformdMA modelwhat-
ever thesizeof datato bedownloaded.

However, in concordancevith the mathematicamodelandaccordingto the
experimentalervironment,whenthe numberof senersis higherthan4, the
MA modelis moreefficient thanRMI modelif the downloadeddatasize ex-
ceedsa given value (119418bytesin caseof 6 seners). This confirmsour
conclusion®btainedfrom the mathematicainodelanalysis,n particulay the
fact that mobile agentsperformbetterthan RMI when either the numberof
senersor downloadeddatasizeis large.

However, we obsenre, in all curves, that experimentalmeasurementdo not
matchexactly the theoreticalmodelwhenthe datasizeis very large. An in
depthinvestigatiorshows thatthis is dueto thewaytheoperatingsystenman-
agesthefile systemanddatatransferbetweerthe memoryandthedisk (cache
management).

In conclusionwe cansaythat mobile agentsmakeclearimprovementsover
RMI in caseof softwaredownloadingespeciallyif we are interestedn de-
creasingthe responsdime when downloadingan importantamountof data
throughthe network,or whenvisiting alarge numberof seners.

5. Related work

While mary researchersvestigatedhedevelopmeniof mobileagentsystems,
very few proposed quantitatie evaluationof this technologythroughactual
measuremerih areallarge scaleervironment,alongwith anevaluationof the
basicmechanism#volvedin theimplementatiorof suchsystems.

Authorsin [CPV97] give somehintsaboutthe proces®f selectinghesuitable
communicatiorparadigmfor a given distributedapplication. They consider
differentcommunicationparadigmshamelyclient-serer, remoteevaluation,
codeon demandand, mobile agents. They investigatea simple performance
modelconsideringaninformationretrieval application.The authorsarguethat
thereis no bestsolutionto selectthe suitablecommunicatioomodelwhende-
signinga distributedapplication. Rather the bestsolutionhasto be found on
thebasisof a carefulevaluationof the applicationrequirementsigainsthe pe-
culiarfeaturesf eachparadigm.
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Figure8: RMI/MA Comparaison (1 server)

In [], the authorsproposean analyticalmodelthat examinesthe claimedper
formancebenefitsof mobile agentsover client-serner modelfor retrieving in-
formationon behalfof mobile users. They evaluatedthe modelby focusing
on the responsdime asthe metric of interest. The resultsshow that, it is not
clearthatmobileagentsarealwayspreferableo client-serer or vice versa,n
particular if for agivenquery the codesizeof the mobileagentis largerthan
client-sererrequessize.

In [IH99], a performanceavaluationhasbeencarriedoutto comparemobile
agentandclient-serer paradigms.This evaluationwasperformedn Java en-
vironmentusing respectrely RMI, the Aglets platform [agl] and a minimal
mobileagentplatformthatthe authorsdeveloped.

In orderto evaluatethe interestof mobileagentstwo datamining applications
wereselectedTheagentamove amongdifferentmachinesn orderto look for
informationon behalfof their users.In oneof theseapplicationsthe role of
theagentis to compresshe documentdo betransferredn orderto reducethe
amountof datato be sent. The performancevaluationrevealsthatthe useof
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Figure9: RMI/MA Comparaison (4 servers)
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Figure10: RMI/MA Comparaison (6 servers)
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Figurell: RMI/MA Comparaison (9 servers)

mobile agentscanleadto a significantimprovementespeciallywhenthe mo-
bile agentwhichintensively communicatesiith asener, movesto thatsener.
Thiswork, asours,comparelava RMI to mobileagentsandconfirmourresults
eventheconsideredpplicationsaredifferent.

Thework presenteih [OK99] aimsto studythepossibilityof introducingmo-
bile agentsto updatenetworknodesMIBs (Managementn formationBase)
in the context of networkmanagementiomain. A comparatie performance
studyof aclient-senerandanagentbasedapplicationis presentedResultsof
the experimentalmeasurementshav thatthe mobile agentparadigmdemon-
stratesbetter performancehan the client-serer when the numberof nodes
increasesBesideghesignificantreductionof bandwidthutilisationtheagents
provide, they carry out additionaltaskssuchasfailure detectionand routing
improvement.

The works presentedn this sectiontied partly our work asfar asthey com-
pare quantitatively mobile agentand client/serer paradigms. However, the
performancemeasuredh eachwork dependsremendouslpnthetypeof the
applicationdomainfor which the studywasachie/ed.

A decisionconcerninghe choiceof thesuitablesupportfor servicedownload-
ing basedon theseworkswasnot sufiicientin itself. This leadsusto achieve
thecomparatie studybetweernMA andRMI.
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6. Agent based service provision

In this sectionwe presenburwork within the MOBIVAS projectanddescribe
two agent-basedervicedor serviceprovision: ServiceDownloadingandSer
vice Discovery.

Ourwork waspartly motivatedby the participationto MOBIVAS project.Our
aimwithin this projectis the developmentof a comprehensk distributedsoft-
wareplatformthatsupportghe provision of downloadableservicedo the sub-
scribersof amobilecommunicatiometwork.

The softwaredownloadingplatform that we proposecombinestwo comple-
mentarytechnologiesJava andmobile agents.In sucha solution,somecom-
municationswill be achiered usingthe facilities provided by Java (e.g. RMI).
Serviceandplatformfunctionalitywill beimplementedasicallyin Java. The
useof mobile agentscan complementhis solution by facilitating and opti-
misingthedevelopmenbf specifictasks.However, asagentmiddlewareis re-
sourcademandingtheagentplatformcanbeinstalledonly in thecorenetwork,
the serviceprovidersand, on somespecificterminal classegPDAs, laptops)
whereit is realisticto expectenoughcomputationahndmemoryresourceso
hostthemobileagentsoftwareplatform. Even,asstatedoreviously, in thenear
future,mobiledeviceswill beprobablysomuchpowerful thatthey will beable
to hold afull JVM withoutary constraintor limit.

6.1. Software downloading scenario

In our model of serviceprovision, a specificcomponent,Service Manager
(SM), is definedin the core networkto control the downloadingprocedure
betweerServiceProvidersandthe mobileterminal.

At thecorenetwork,amobileagentplatformcanprovide accesso two station-
ary agentsnamelythe ServiceProvider Agent(SFA) andthe TerminalService
downloadingAgent(TSA).

The ServiceProvider Agent allows the creationof mobile agentswhich are
sentto the ServiceProvidersto downloadserviceshandlesheincomingmo-
bile agentsandinteractswith them. This configurationbasedon stationary
agentsallowsto limit theincomingagentgo directly accesgsheresourcesnd
henceprotectthe ServiceManagerfrom themaliciousagents.
TheTerminalServicedownloadingAgentis responsibldor theinteractionbe-
tweenthe ServiceManagerandtheterminalfor servicedownloadingpurpose.
Whenreceving a servicedownloadingrequest(stepl on figure 12), the Ser
viceProvider AgentcreatesamobileagentalledMobile Provider Agent(MPA)
which containsall theinformationto identify theserviceatthe ServiceProvider
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level (2). Onceit hasjoinedthe ServiceProvider (3), the agentfirst recovers
the servicecodeandthenupdatesdts itinerary (4). An itineraryis associated
with eachmobile agent;it is definedasa sequencef placeaddressethrough
whichtheagentgoesto reachits final destination.

As mentionedbefore,anagentplatformis requiredanddeployednto thecore
network(ServiceManagerandServiceProviders)andpossiblyin theterminal
if thelatterhassufficientresourceso hostthe platform.

In caseof a resourceconstrainederminal (mobile phone,for example),the
final destinationis the ServiceManager Oncearrived to the ServiceMan-
ager(5), theMobile Provider Agentis takenin chage by the TerminalService
downloadingAgent,which useshe RMI capabilityto downloadthe serviceto
themobileterminal(7).

SPA TSA

Software Downloading Scenario

Service Download Request (1)

Mobile Provider Agent
(MPA) Creation (2)

Go MPA (3)

Service Recovery (4)

) Return MPA (5)

Y

Service Storage (6)
(if the terminal is disconnected)

Service Download Response (using Mobile Agents or RMI) (7)

<&
Y

Figure12: Software Downloding M essage Sequence

TheTerminalServicedownloadingAgenthandlegshedownloadingbetween
the ServiceManagerandthe mobileterminalandprovidesseveral benefits:if
theterminalis disconnectedthe Terminal ServicedownloadingAgent stores
theservicein the ServiceManageruntil theterminalreconnectso the network
andthe downloadingprocesss triggered(6).

In caseof a PDA or a Laptop,the final destinationof the mobile agentis 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 Servicedownloading Agent capabilitiescan also be
usedif theconnectiorbetweertheServiceManagerandtheterminalis broken
for ary reasor(6).

This scenarigpresentseveral benefits:first, an ongoinginteractionbetween
the ServiceManagerand the ServiceProvider is not neededsincethe MA
transportsll theparametersequiredfor servicedownloading.In addition,the
ServiceManagerdelggatesthe downloadingtaskto the MA andit doesnot
have to wait for the serviceprovider responses.This mechanisnenablego
decreaséoththeloadatthe ServiceManagerandtheresponsdimein caseof
large numberof servicedownloadingrequestsare simultaneouslysentto the
ServiceManager

6.2. Servicediscovery whileroaming scenario

Anotherfield wheremobile agentscanplay a significantrole is intelligentin-
formationretrieval. A relevant challengingissuein mobile serviceprovision
is enablingthe userto locatethe desiredservicebetweenpossiblythousands
of servicesavailablefrom the operator In the caseof roaming,this problem
becomesven morecomple. The subscribemay needservicesot available
from its homeoperator(e.g. specificinformationfor the countryor city heis
currentlylocated).Moreover, it is highly desirableor him to find the services
bestsuitedto his needs(in termsof QoS, price, content)amongthe services
offerednotjustby theservingnetwork,but by agroupof operatorge.g.all the
operatorsn the countrywhereheis currentlyroaming).

The proposedigent-basedcenaridor addressinghisissueis presentedh the
following.

When a roaming userwishesto accesshe discovery service, he formu-
latesarequesby anappropriaténterface.Thisinterfaceincludesanadwanced
searchacility, enablingthe specificatiorof detailedrequirementdjke service
descriptiondesirabléQoSandprice. After thesearctformis completedit can
be submittedto the servingServiceManager(1) whosethe ServiceProvider
Agentcreatesa mobileagentcalledServiceDiscovery Agent(SDA) (2).

This ServiceDiscovery Agent moves consecutiely to a numberof Service
Managersn differentnetworks’® (3,5) andsearchesor servicesnatchingthe
userrequestmongthe serviceofferedby the correspondingperatorsin the
simplestcase,only the homeand servingnetwork ServiceManagerswill be

5 A prior contractuabgreemenbetweermobile operatorss requiredto makethis possible.
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\ MT \ \Home SM\ ‘Visited SM\ \Visited SM\ \Visited SM\ \Visited SM\

SPA [ SPA | [sPA | --- [ sPA | [ SPA ]
\ [ [ [

Service Discovery Scenario while roaming

Service Discovery Request (1

Service Discovery Agent
(SDA) Creation (2)

Go_SDA (3)

Negotiation between the SDA and
the local SPA (4)

Go SDA(5)

Negotiation between the SDA and
the local SPA

Go_SDA )
Ntimes

Go SDA

Negotiation between the SDA and
the local SP.

Service Discovery Response (using Mobile Agents or RMI) (6)

Figurel3: Message Sequence for Service Discovery While Roaming

visited. The agentpossessethe intelligencerequiredto performnegotiation
with eachServiceProvider Agentof visited ServiceManagersandretrieve the
bestmatchego the users needs(4). This negotiation could include search
refiningandintelligentservicefiltering, accordingto userpreferenceandter-
minal capabilities.

After concludingthe search(or potentially only after finding a satisfactory
match),the agentreturnsthe resultsasynchronouslyo the user(possiblyvia
the ServiceManager)jn the form of alist of servicedescriptionsandthe cor
respondindinks for serviceaccesg6).

Theabove scenarids attractive for severalreasonsThe mostimportantis that
it correspondsxactly to thescenaricdhatwe developedin section3 for evalu-
atingthemobileagentmodelcomparedo RMI modelandin whichwe proved
that mobile agentsoutperformJava RMI when either the numberof seners
or the amountof datato be downloadedis large. Moreover, in this scenario,
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therequiredtaskis performedasynchronouslyThereis no needto maintaina
networkconnectiorover the unreliableandcostly wirelesslink for thewhole
durationof thetask.

7. Conclusion and futurework

Thework presentedn this paperaimsto investigatethe useof mobile agents
in serviceprovision for mobile environments. The mobile agentapplicability
for softwaredownloadingis assessetly several performancemeasurements
which compareRMI andMA models.

The resultsof this evaluationshav that mobile agentsprovide a significant
performancemprovement,especiallywhenthe numberof senersto visit in-
crease®r whentheamountof datato downloadis large.

Basedon theseconsiderableesultsandin orderto illustratethe possibility of
usingmobileagentdor serviceprovision, two enhance@gent-basedervices,
namelyservicedownloadandservicediscosery wereproposed.

The work presentedn this paperis still underway. Our main perspectie
is the developmentof a serviceprovision platform for mobile computingen-
vironmentsbasedexclusively on mobile agenttechnology In this paper we
investigatedhe useof this technologyonly for softwaredownloadingwhich
representsneof themainrequirement®f sucha platform.
Agent-basedevelopmentsof the remainingrequirementsuchservicecus-
tomisation,serviceprovision while roaming,userandterminal mobility, and
serviceadaptabilityandreconfigurabilityconstitutea part of our future work.
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