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Abstract

This paper discussesthe implementationusing mobile
agent and the performanceof the market computingto
allocatenetworkquality of servicemostefficiently, based
on users’ preference. Though the protection of users’
private preferenceand the efficient calculation are both
important, thesetwo requirementsoften contradict each
other.

By implementingQoSMarket, a market-basednetwork
resource allocation system,usingmobileagents,the com-
municationtime betweenagentsand an auctioneer, which
is the largest overheadin market computing,is reduced
dramatically whthout leekingusers’ privacy information.
Theresultof experimentsshowa mobileagentapproachis
more efficientthenothers,andtheoverheadof onemarket
computingcycle in this systemis about 450msec,which
meansthat thesystemachievessufficientefficiency.

1. Introduction

In usual networkssuch as the Internet, a numberof
userssharethe network resource,which causesthe users’
demandsfrequentlyconflict. In suchan environment,the
importanceof a communicationlink varies accordingto
the applicationand its usage,but network control policy
of ”best-effort” type, suchasCSMA/CD, fails to consider
suchanaspect.Whatwe needhereis a resourceallocation
policy that reflectsusersprivate preferenceand allocates
limited networkresourceefficiently.

We havealreadyproposedan approachwhich is based
on a competitiveprice mechanismexplainedby general
equilibrium theory [10]. In our model, the preferenceof
usersand the characteristicsof applicationprogramsare
representedby consumerandproduceragentsrespectively.
Eachagentupdatestheir bidsbasedon theprice of goods,
whichisdeterminedby thepricingmechanismof themarket
to balancedemandandsupply. A Paretooptimal resource
allocationis obtainedastheresultof theinteraction[2].

Our challengehere is to calculate such an efficient
resourceallocation in a practical length of time without
leaking users’ private information about preferencefor
applications.A market-basedalgorithmgenerallyconsists
of a large numberof iterationsto derive an equilibrium
that balancesthe demandandthe supplyof goods,which
resultsin a slow responseto the given environment. The
situation of the network used by a number of people,
however, changesdynamicallyaccordingto the changein
the usageof applicationprograms. This dynamicsallows
the allocationsystemonly a few secondsof delay at the
most.

In previousresearch[9], we appliedthe market-based
mechanisminto FreeWalk [5], a multimediadesktopmeet-
ing environmentwith sharedvirtual 3D space(Figure. 6),
andcontroledthe transmissionof pictures. In this exper-
iment, the whole allocation systemis implementedin a
singleprocessin orderto suppressthenumberof messages
exchangedvia networkandachieveda practicalquality of
allocationin real-time.This approach,however, makesthe
users’privatepreferencein its nature,leakto theauctioneer,
which is a partof the marketmechanismthat modifiesthe
priceaccordingto thedemand.

To resolvethisproblem,thispaperproposesanapproach
to implement a group of agentsas a mobile agent that
dynamicallychangesits placeto an appropriateposition.
By movingagentsto theserverwheretheinteractionamong
agentsis performed,the users’privacy is preservedwhile
keepingthesmallestdelayof theallocation.

We haveimplementeda market-basednetworkresource
allocation systemwith mobile agentson Windows NT,
and validated the above scenarioby performing several
experiments.

2. Market-Based Resource Allocation

In this section,we presentthe generalideaof market-
basednetworkresourceallocationandthealgorithmof the
marketcalculation.



2.1. QoS Market Model

Our approachto achieveefficient resourceallocation
by merging various preferencesof individual usersis to
introducea market mechanism. Below, we describethe
framework of our market-basedapplicationQoS control
asthe basisof the implementationissuesdiscussedin this
paper.

Thetwo basicideasto constructamarketmodelfor QoS
controlareasfollows.

1. UsersevaluateapplicationQoS,which is the quality
of serviceprovidedby networkapplicationprograms,
ratherthan the raw network resource,suchas band-
width, thattheyuse.

2. Wedistinguishthe“current”andthe“future” networks,
sothatinactiveuserscanobtaintheincentiveto transfer
their rights to usecurrentnetworkresourcesto other
activeusers,in exchangefor the rights to usefuture
networkresources.

Figure 1 showsthe marketmodel for applicationQoS
allocation.Therectanglesin thefigurerepresentthegoods
exchangedin the market. Thereare two typesof goods,
bandwidthandQoS,andeachof themisdividedintocurrent
and future goods. CBW and FBW standfor currentand
futurebandwidthrespectively, which arebothsharedby all
theusers.

The QoSof the communicationfrom userj to useri is
representedby ����� , and �	�	
��
� standsfor the QoSthat is
receivedby useri in thefuture. ThefutureQoSis assumed
to bea singlegoodfor simplifying themodel.

Thecirclesin thefigureareagents.Thoseon theleft are
consumeragentseachof which representsthe preference
of eachuser, and thoseon the right are produceragents,
eachof which representsthe conversionfrom bandwidth
into applicationQoSperformedby applicationprograms.

Thespecificsof thismodel,suchasthemodelingof user
preferenceandapplicationperformance,andtheevaluation
of resourceallocationby simulationhavebeenreportedin
ourpreviouswork [10].

2.2. Algorithm for Computing Equilibrium

In this market-model,thereare two typesof elements:
agentsand auctioneers. Figure 2 shows messagesex-
changedin the market. The underlyingmodelof network
usageis single-castcommunicationwith networkresource
reservationmechanism,suchasan intranetwith RSVP[1]
support.

A consumeragentrepresentsuser’spreference,which is
modeledasa utility function that takesa bunchof goods
consumedasits input andreturnsa highervaluefor more
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Figure 1. QoS Market Model

preferredbunch. There is a one-to-onecorrespondence
betweena userand a consumeragent. The userinforms
his/herpreferenceon applicationQoSto thecorresponding
consumeragent(preference message),which reflectsit
in theutility function,typically by changingcoefficientsin
the formula. Eachconsumeracts to acquirea bunch of
goodsthat maximizesthe valueof the utility function (we
call this valueasjust “utility ,” hereafter),by changingthe
bid for thegoodsin its interest.

A produceragentrepresentsthe characteristicof a net-
work applicationprogram,which transformsraw network
resourceinto a serviceto be consumedby the user. Thus,
thereis a one-to-onecorrespondencebetweena producer
agentanda servicethat is providedby an applicationpro-
gram. Note that multiple servicescan be providedby a
singleprogramand that a singleservicecanconsistfrom
multiple typeof networkresources.Thereis no one-to-one
correspondencebetweena programanda produceragent,
norbetweenaproduceragentandanysingletypeof network
resources.The transformationfrom network resourcesto
anapplicationserviceis modeledasa productionfunction,
which takesthe set of network resourcesas its input and
outputthecorrespondingservice.Whena servicestartsor
finishes,a userprovidesor erasesthe agentwhich is cor-
respondedtheservice(service message).Eachproducer
selectsits production level so as to maximize its profit,
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which is definedasthedifferencebetweenthe incomeob-
tainedby selling the servicesandthe cost to purchasethe
networkresources.

An auctioneerexistsfor eachgood. It adjuststhe price
of a goodbasedon thebid from consumersandproducers,
so as to balancesupplyanddemandof the corresponding
good.Theadjustedpriceis thensentto theagentsandused
by themto changetheirbid.

The market calculationin this model is performedas
follows (Figure3).

1. Theauctioneerreportspriceof goodstoagents(price
message)(l.3).

2. Each agent calculatessupply or demandof goods
basedon price information, to maximizetheir utility
or profit(l.4). They then report themto the auction-
eer(bid message).

3. Theauctioneeraggregatesthesupplyandthedemand
of goodsreportedbyagents(l.5),andraises(lowers)the
priceif thedemandis over(under)thesupply(ll.6–13).

4. If the differencebetweenthe supplyand the demand
is underthe threshold,which is decidedby users,the
calculationterminatesandthepriceexactlyreflectsthe
final allocationof networkresources(l.15).If not, the
auctioneerandtheagentsrepeatfrom 1.

1: repeat
2: begin
3: Actioneer reports price to agents;
4: Agent calculates supply or demand;
5: Auctioneer aggregates supply and demand;
6: if(supply over demand) then
7: begin
8: Auctioneer raises price;
9: end

10: if(supply under demand) then
11: begin
12: Auctioneer lowers price;
13: end
14: end
15: until(|supply - demand| > threshold);
16:
17: Agent calculates its share of bandwidth;
18: Agent reports it to QoS Client;

Figure 3. Market Calculation

5. Whenthecalculationterminates,eachproduceragent
calculatesits shareof networkresourcesbasedon the
final price,andreportsit to QoSClient to control the
communicationof the correspondingapplicationpro-
gram(resource message),which usesthe network
resourcesandprovidesservicesto users(l.17,18).

The allocation has to be recalculatedto adapt to the
dynamically changingenvironment,and thus the above
process(“calculationcycle” or just “cycle” hereafter)is re-
peatedoneveryrecalculation.If theoverheadof computing
equilibrium is large,resourceallocationcannotfollow the
changeof environment,not to mentionthat marketcom-
puting itself occupiesa considerablesizeof resourceboth
in thenetworkandcomputers.Therefore,theoverheadof
marketcomputingshouldbeassmallaspossible.

Theresource message,which is usedfor auctioneers
to reportresourceallocationto users,is transmittedwhen-
evertheauctioneersfinish calculation.Thepreference
messageis usedfor usersto report changesof their pref-
erenceto agents,while the service messageis used
for network applicationsto report the changesin the ser-
vices they provide to agents. The service messageis
transmittedwheneverthebehaviorof applicationprograms
changesaswell as the start of a new process. The num-
berof abovemessagesexchangedin themarketcomputing
is comparativelysmall comparedto the messagesdefined
below.

Thepricemessageis usedfor theauctioneersto report
thepriceof goodsto agents,andthebid messageis used
for agentsto report the supplyandthe demandfor goods.
Both of themaretransmittedwheneverprice of goodsare
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changed,thusthe numberof thesemessagesexchangedis
largestamongother messages(typically, 10 to 100 times
thenumberof agentsin a calculationcycle). To minimize
theoverheadof marketcalculation,reducingthenumberof
thesetwo typesof messageis effective.

3. Implementation

In the rest of this paper, we presentthe underlying
implementationissues,anddiscusstheimplementationwith
mobileagentsto ourmarket-basednetworkresourcecontrol
system.

3.1. Mobile Agent Approach

In our market-basedapproach,agentssendtheauction-
eerstheir bids, which are derivedfrom the preferenceor
theusageof networkapplicationprogramby users. Since
usersaredistributedover network,therearetypically two
possibleapproachesto implementtheagents.

The first oneis to implementeachagentin the hostof
the correspondinguser, which is calleddistributedimple-
mentationwith static agents(Figure 4(a), messagesin the
figurearethesameasfigure2) here. In this case,sincethe
calculationfor generatingbidscanbeperformedsimultane-
ously in their hosts,processorsin the networkareutilized
effectively. On theotherhand,asdescribedin theprevious
section,all the bid and the price messagestransmit-
ted betweenagentsand the auctioneersare performedas
networkcommunications,which causeslargeoverheadin
marketcomputing.

Weformulatethis overheadasfollows. Assumethatthe
numberof clientsis (*) , andthenumberof calculationcycles
necessaryfor marketto reachan equilibrium is (
+ . If the
timetosendandreceivepriceinformationof goodsis ,.-/ + �0)21 ,
the time thatagentscalculatethemostsuitablesupplyand
demandof goodsis ,43657198;: , thetime to transmitsupplyand
demandof goodsis ,<-= � - , the time for the auctioneersto
adjustpriceof goodsis ,*3?>;)@:A�CBD8E1D1 + , andthetimeto transmit
theresultsof calculationto usersis , + 1DFG>IHJ: , thenthetimeof
onecalculationcycle , F2:K3?:A�C) is givenasfollows.

,*F2:K3?:A�C)ML ( +EN , -/ + �C)G1PO ,
3?5�198;:O , -= � - O , 3?>;)@:A�CBD8Q191 +SR O ,T+ 1DFG>IH�: (1)

The secondapproachis to implement all the utility
functionsin the hostwheretheauctioneersreside. This is
calledcentralizedimplementation(Figure4(b)). In thiscase,
theutilizationof computationresourceisworsethanthefirst
approach,while thecommunicationcostis minimized.

Assumingthetimeto sendandreceivepriceinformation
of goods is , )/ + �C)G1 and the time to transmit supply and

demandof goodsis , )= � - , thenthe time of onecalculation
cycle , )2198;: + 36H��VU71 - is givenasfollows.

, )G1G8�: + 36HW�VU?1 - L ( + N , )/ + �C)G1PO ( ) , 3?57198;:O , )= � - O ,
3?>;)@:A�CBX8E1D1 + R O , + 1DF9>IH�: (2)

Thedifferenceof onemarketcalculationof equilibrium
time betweenthe caseof distributedimplementation(with
staticagents)andthecaseof centralizedimplementationis
givenasfollows.

, FG:K36:A�0)ZY , )G198;: + 3?H��VU61 - L[(
+ N , -/ + �C)G1 O , -= � -Y , )/ + �0)21 Y , )= � - Y N (4) Y 1RG,*3657198;:9R (3)

The balancebetweenthe time to transmitthe bid and
theprice messages,andthetime to derivebidsbasedon
the maximizationproblemsof the agentsdeterminewhich
approachis suitable. In currentnetwork environment,it
is obviousthat the former surpassesthe latter. This fact
makesthedistributedimplementationfar morecostly than
thecentralizedimplementation.

In thecentralizedimplementation,utility andproduction
functionsaredefinedstatically in the sameprocessas the
auctioneers(“marketserver” hereafter).Usersreporttheir
preferenceon applicationsby sendingcoefficientsto beset
in thefunctionsto theauctioneers.Althoughthis approach
is relatively simple, the availableutility function cannot
be changed,which preventsthe usersfrom settingvarious
typesof preference,thusthe systemdesignerhasto know
all thetypesof userpreference.

Sincethe privacy problemis seriousin the centralized
implementation,we examinethefollowing two approaches
by extending the distributed implementationwith static
agents.

1. Remoteagentapproach(Figure 4(c)) : Agents are
implementedin themarketserver, bututility functions
andproductionfunctionscanbechangeddynamically.
Userssendthe expressionsof utility and production
functionsto the marketserver. The expressionsare
interpretedby theremoteagents.

2. Mobile agentapproach(Figure 4(d)) : A group of
agentsis implementedasa mobileagentwhich keeps
utility functionsandproductionfunctionsinside,and
movesto auctioneer. Userssendtheir preferenceon
applicationsto their own agents.

Thefirst approachprovidesmoreflexibility thanthecen-
tralizedimplementation.However, this approachuncovers
the users’ private preference,which is not preferablein
thecontextof themarket-basedapproaches,whereminimal
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Figure 4. Implementation Model

information is sufficient to achievethe optimality of the
wholesystem.

The secondapproachconformsboth of aboverequire-
ments,flexibility andprivacy. It can implementdynamic
changeof userpreferenceandnetworkusageby nature,and
securityissuein mobile agentsystemshasbeendiscussed
extensivelyin theprecedingwork [7].

A mobile agentis a processobjectthat cantravel from
oneplacetoanotherin themiddleof itsexecutionpreserving
its context,andcontinueto run in thenewplace.A mobile
agentcaninteractwith theplaceit visitsorwith othermobile
agents.Someof suchenvironmentsprovidea bidirectional
authenticationmechanism,wherethe serversauthenticate
the agentsto protect themselvesagainstmaliciousagents
while theagentsauthenticatetheservers.

These features enables our market-basedallocation
mechanismto achieve the efficiency and the flexibility
of marketcalculationresolvingthe securityissuethat the
users’preferencemustbekeptprivate.

3.2. QoS Market

ThesystemcalledQoSMarketthatweimplementadopts
mobile agentsto solvethe problemof computingequilib-
rium shownin theprevioussubsection.

Below, weexplaintheconfigurationof QoSMarket,and
themessageinteractionsperformedin it.

Figure5 showsthe configurationandthe messageflow
of the system.Themessagesin the figure arethe sameas
figure 2. The systemconsistsof threetypesof processes
: QoSClient, Mobile Agent, andAuctioneer. The arrows

indicatetheinteractionamongthem,includingthemoveof
agentsandtheflow of information,suchasbids,priceand
resourceallocation.Their functionalityis asfollows.

1. QoSClient

A QoS Client locatesat eachuser’s local computer,
providesuser interfaceto obtain preferencefrom its
user. A QoS Client tells the user’s preferenceand
theusageof networkapplicationto thecorresponding
Mobile Agents. It also receivesthe result of market
computing, i.e., the allocation of network resource,
andcontrolsthetransmissionof dataperformedby the
networkapplicationprograms.

2. Mobile Agent

A Mobile Agent includesa consumeragentthat rep-
resentsits user’s preference,andproduceragentsthat
representapplication programs,and participatesin
market calculationgeneratingbids basedon current
price information. The move of a Mobile Agent to
the market server is done only once when its user
startsQoSClient. Theupdateof utility or production
functions is done by receiving parametersfrom the
correspondingQoSClient. A Mobile Agent informs
the current resourceallocation at the end of every
calculationcycle.

3. Auctioneer

Auctioneersresidein the marketserver, andperform
the adjustmentof the price of goods. In our current
system,they are implementedasa single threadthat
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handlesall the goods. The threadjudgesthe conver-
genceof theresourceallocation,andtells theendof a
cycleto all Mobile Agents.

All thesecomponentshavebeenimplementedon Win-
dowsNT, and,exceptfor the moveof mobile agents,the
network communicationare performedusing Microsoft’s
DistributedCOM(DCOM) technology, which extendsthe
ComponentObjectModel (COM) to supportcommunica-
tion amongobjectson differentcomputers

Eventhoughmanymobileagentsystemsarebeingdevel-
oped,suchasAglets,Odyssey, andVoyager[4, 3, 6], most
of them arebasedon Java,Tcl or other interpreters,thus
arenot suitablefor our applicationwherethe overheadin
computationiscritical. Wedecidedto implementasubsetof
amobileagentsystemwith theminimalsetof functionality,
usingMicrosoft’sActiveX technology, aComponentObject
Modeloptimizedfor anetwork,onWindowsNT. A groupof
agentsis implementedasanActiveX component,whichare
downloadedfrom theclient processesto themarketserver
andrun asa partof it.

At first, a mobileagentexistsasa DLL file, a Dynamic
Link Library, at eachclient. Whena userlogs in the QoS
Market,theusersendstheinformationabouthis/hermobile
agentto the marketserver. Thenthe marketserverdown-
loadstheDLL of mobileagent.Themarketserverlinks the
DLL dynamically, and initializes the mobile agent. After
this, the mobile agentcommunicatesthe QoSClient, and
receivesthe information about the preferenceof the user
andapplications,thenprovidesa consumerandproducers.
In marketcalculation,thecommunicationbetweenthemar-

ket serverandthe mobile agentis executedby the market
server’scalling a functionof themobileagent.

Becausethemobileagentby ActiveX is writtenin native
code,to know users’utility function,which is privacy, we
haveto analyzethecodeby reverseengineering,or presume
from theanswersof themobileagentto variousquestions.
Theseusuallyrequireagreatdealof time,andwethink this
mobileagentis secureenough.

Sincethecomponentof ActiveX moveswithoutcontext,
we do not assertthat this is an ideal mobile agentsystem.
Actually, this madeour designof the agentinteractionsa
little tricky, andwe think this is a temporary, but practical
enoughfor evaluatingthe feasibility of the mobile agent
approach. We plan to adoptother mobile agentsystems
with morerun-timeefficiencyin thefuture.

4. Experiment

Here, we examinethe performanceof QoS Market in
order to verify the mobile agentapproachto the market-
basednetworkresourceallocation.

4.1. Settings

To estimatethe systemperformance,we maketwo ex-
perimentsasfollows.

1. Theevaluationenvironmentconsistsof two PCswith
WindowsNT 4.0. Themarketserveris runningatHost
B. They areconnectedby 10MbpsEthernet,and the
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Figure 6. FreeWalk: A Multimedia Conferenc-
ing Tool

datahavebeenrecordedat HostA without themarket
server.

Two applicationson HostA communicateHostB, so
there are two communicationfrom Host A to Host
B. Thustherearefive goods,which areCBW, FBW,�7�
� 1, whichrepresentstheoneof thecommnunication
from HostA to HostB, � �
� 2, andFQoS.

To estimatethe systemperformance,we measured
the time for the calculationand the communication
performedin eachstageof a marketcalculationcycle.
This is to estimatethe differencebetweenthe mobile
agentapproachandthestaticagentapproach.

2. Evaluation environmentconsistsof three PCs with
WindowsNT 4.0. The FreeWalk, a multimediacon-
ferencingtool, is runningat eachhost,andthemarket
serveris runningat oneof them. Theyareconnected
by 10MbpsEthernet,andthedatahavebeenrecorded
at thetwo hostswithout themarketserver.

In this environment,only one user changehis/her
preference,while thepreferenceof theothertwo users
is kept unchanged.Sincetherearethreeusersin the
3D meetingspace,two networkservicesareprovided
to eachuser. The user inputs his/herpreferenceon
theseservicesasa ratioof their importance.

Theuserinputstwentytimesa randomratio of impor-
tanceof oneserviceevery threeseconds.A ratio of
importanceof anotherserviceis settherestratio.

To estimatethesystemperformance,we measuredthe
deviationin theresourceallocation,whichiscausedby
thedelayof marketcomputing.Whentheuserchanges
his/herpreference,thereis alwaysa certainamountof
delaybeforethe new resourceallocationthat reflects
the changeis derived. During this period, network

Table 1. The Times for Each Stage of the
Calculation

Static Mobile
Agent Agent
Approach(ms) Approach(ms),
� BD�?�C8;5 0 700, / + �C)21 86 0, 365�1G8�: 0.64 0.64, = � - 86 0,*3?>�)�:A�CBX8E1D1 + 0.2 0.2, + 19F9>IHJ: 82.75 82.75

EstimatedTotal
Timeof Market 3419.8 95.8
Computing

communicationis performedusingtheold allocation,
which causesthedatato betransmittedmore/lessthan
ideal amountin eachconnectionandto causelossin
theuser’sutility.

4.2. Results

Table1 showsthetime for eachstageof thecalculation.
The , / + �C)G1 , which is the time to transmit price from an
Auctioneer to a QoS Client via network, is as large as
0.86msec.Ontheotherhand,in themobileagentapproach,
thereis almostno overheadbecauseit canbe doneasan
inter-processcommunicationinsidethesamehost.Thetime
consumedby thecalculationin anagentandanauctioneer,,T3?57198;: and ,
3?>;)@:A�CBX8E1D1 + respectively, are the samein both
implementations. The time to sendthe allocation result
to QoSMarket via network, ,T+ 1DFG>IH�: , is 82.75msecin both
implementation.

Mobile agentapproachrequiresthetime to moveagents
in the networkother than thoseshownin Table1,and the, � BD�7�V8;5 , whichis themeantimefor amobileagentto move
from theQoSClient to themarketserveris about700msec.
This,however, doesnothavemuchimpactin theefficiency,
sincethemoveis performedonly oncein thelifetime of the
agentanddoesnot occurin eachof thecalculationcycle.

The total time of a market calculation cycle is then
estimatedby applyingtheseresultsto theequation1 and2
in Section3.1. Assuming( + L 20,thetimeof onecyclein
thestaticagentapproachis

, FG:K36:A�C) L 20N 83 O 0 � 64 O 83 O 0 � 2R O 83 L 3419� 8 NK��� R7�
while thatin themobileagentapproachis

, � B = �WHV1�L 20N 0 O 0 � 64 O 0 O 0 � 2R O 83 L 95� 8 NK��� R7�
7



Fromthis result,we concludethatthereis a largediffer-
encein theefficiencyof marketcalculationbetweenstatic/
mobileagentapproaches.

According to the result of the secondexperiment,the
averageoverheadis suppressed457.8msec,which means
thatthesystemachievespracticallysufficientefficiency.

We believesuperiorityof the mobile agentapproachto
the static agentapproachwill not be changedin several
years. Since the size of eachmessageis small enough
comparedto the total bandwidth, the delay in the trans-
missionof the messagesarecausedalmostexclusivelyby
the network latency. Thus, the performancewill not be
improvedmuchevenif the networktechnologyadvances,
becausesuchprogressis usually in bandwidthratherthan
in latency.

5. Conclusion

Theprotectionof users’privatepreferenceandtheeffi-
cientcalculationarebothimportantin themarketcomputing
toallocatenetworkqualityof servicemostefficiently, based
on users’preference.In this paper, we discussedthe im-
plementationof the market-basedapplicationQoScontrol
system,whichderivesoptimalresourceallocationbasedon
users’preference,from theviewpointof efficiency, flexibil-
ity andprivacy. To achievetheseobjectives,we proposed
anapproachbasedon mobileagenttechnology, andimple-
mentedtheQoSMarketsystemto validatethediscussion.

Fromtheexperimentalresults,we concludeasfollows/

1. Themobileagentapproachachievesfar moreefficient
calculationthanthe staticagentapproach,preserving
themeritsin flexibility andprivacy.

2. Our implementationsucceedsin respondingto the
changeof userpreferencefastenough,with thedelay
of approximately450ms,andcausesminimalcommu-
nicationoverheads.

In this paper, we assumedan intranetof averagesize.
Futureresearchwill covera large-scaleintranet,wherethe
performancemustbefurtherimprovedbecausethedelayby
networksbecomesmoreseriousin the processof resource
allocation.
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