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Abstract

Thaumbeoigentandhexecutiotimaréwo
significanperformancéactoramobilagerpla nning.
Fewengentsausdowenetworkraffiandtonsum e
lesbandwidthRegardlessth@aumbeodgents used,
thexecutiotiméotasknudb&epmninimal, which
meanthatsetheninimatumbeadigentsnust not
impactontheexecutiontimeunfavorably.Asthe

populatioahenobilagerapplicatiodomain grows,
thenmportancehesévtactoralsmcreases.
Aftecarefutevievethesawdactorsywgropo se
two heuristialgorithmsofindingheninimahumber
otravelingagentdorretrievingnformationfrom a

distributedcomputingenvironmentwhilekeepingth e
latencyminimal Althoughagenplanning specifica Iy

MobileAgenPlanning MAP)jsjuitesimilatah e
famous Traveling Salesman Problem (TSP), agent
plannindnasdifferenbbjectivéunctiorironth aof
TSPTSRlealsvithoptimatotatoutingeostwhi le

MAP attemptto minimizéhexecutiotiméocomplete
taskoinformationmetrievallithipapenve uggest
thecost-effective MARalgorithmsBYKY land BYKY2,
whickcarbaisedrdistributednformatiorretrie val
systemtfinthéactorsmentionedboveithe enof
eaclalgorithm, 2O0PTavell-knowT SRalgorithmis
calledtooptimizeeachagent'slocalroutingpath.
ExperimentatesultsshowthaBYKY 2oroducesear

optimagderformanceThesalgorithmarenoreeal istic
andapplicabledirectlytatheproblem domainghan
thosefreviouw/orks.
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Iintroduction

Mobileagent technologyan reducenetworkraffic,
overcomeetworkatenciesand enhanceobustnesand
fault-tolerantapabilitiesf  distributedpplicationgl][6].
Onethemajopotentiaapplicatiorareagomo bile
agentinformationetrievalyhicinvolveacc esta

hugeamountofdataacrossanetwork]13][14][15].

Insteadfransmittinglatacrosshaetworkan agent
migratestothehostwherethedatabaseislocated,
performstdaskhereandhemeturngaheor iginal
hosbearingiesultT husthenobilegentam tilize

théandwidtioth@etworknucimorefficiently than
carbeachievedby accessinghdlistributeddatabase
remotelysinglireatonnectionT héotatompu tation
timetakencanbe shortened,especiallywhendata
transmissionghdottleneclotheask [2][3][11][16].
Inhislomain, information ispreadveseverahosts
anétowommofothesbostihgeograph ically
separatef®][10]Shoulthenobilagentberde retb
retrieveinformatiommformatioretrievadystemall

th@ertinenhodedavebaspecifiedandhese nodes
mudtéullgovered.

Thewumbeohgentand the executiotimeréwo
significanperformancdactorgmobilagenpla nning.

Usingfeweragentscausedowemetworkirafficand
consumeslessbandwidth. Agentsconsumenetwork
bandwidthwhertheyravebvethalesignatedset of
nodes.Badlyscheduledagentsiitinerariescancaus e

longeexecutiotimeagesultfiigheroutin gosts.
Thewumbeodgentsreated fodask alsanfluences
the totaloutingostClearlythgreateth@umber of

agentsreatedodaskthédnighetheveralt
costlmordetaeduce thisoverhead asvelbgo
providebettemperformance agentsnusbeschedule d

outing

beforghearesent. Researcthaseen carriecbubn
informatioretrievandgernlanningVevifl ocusn
agenplanningechniqueamformation retrievahatve
calMobildgerlannin@VAP).
Isompapersuchfl2MARabeenecognize d

adravelingalesmarroblen(iT SP)slaime that
thagent'taskwisitheodeghen theroblem
iseducetithelassical SPwhiciknowio b&P-

hardHoweverT SRindARiraifferenithal’ S P
dealswith the optimatotatoutingcostvithegiven
numbeof agentsyhereaMAP attemptsdo minimizéhe
executiontimetocompletetheinformationretrieva l.
Anothedifferencéhahgentsanisanyod enore
thanonceinMAP buthormallynoinT SP Being
differenfronj5and11]jwherésucceed-stopa gent



behavioisisedwealealvithfull-visitbehavio rn
whicthelanningoverathaodetbeisit ed.
Thewumbeoégentfodasishoulchobdixed ,
otherwise a trade-ofbetweerperformanceandouting
costannobenadeandonsequentlythepplicat ion
systemvoulahobdlexiblelnsteadywerydi ndhe
minimunmumbepégentsequiredwhilenaximizing
theperformance.Thesetwoobjectivesareextremely

importarimobilagertystemssincéhevhole system
musstatisfipotitonditionsfasteexecutioriime and
lowemnetworkrafficausetiggents.
Insteadémployinginrealisti@assumptionssol ve
th@roblenipolynomiaimeits preferabledryo
findeasonablbeuristisolutionsvenndethe NP-hard
conditionslrthigaper, wesuggestwaost-effective
MARigorithmeaame®YKY BAnd BYKY2Theygan
besedlistributethformatioretrievadystem #find
thevperformancéactors.  Althoughagrimargoal,
totaroutingcostsstillmportaniivARproble ms,
sincdlecidethéravelingmediagerall ocatedh
thelocahetwork Thusjisdesirabletatackle the
routingostaertaiegreeThissheeaso rihat
20PT asimpleT SPalgorithmijis employedinthe

proposedalgorithms.ltoptimizeseachagent'sloca I
routingpath.TheexperimentalresultsshowBYKY?2
produces a near optimal solution. Adopting these
algorithmghénformationetrievadystensan retaithe
begterformancavhilachieving a minimumoutingost
wittheninimumumbemgents.

IrBectior?, relatedvorkaralescribedSectior8
andsection 4lescribe the cost-effectiveMARproblem
and its algorithms, i.e., BYKY1, and BYKY2,
respectively.InSection5, experimentalresultsare
presenteénd analyzedandheaper's  conclusiongn
SectioB.

2. RelatetlVorks

Untitecenyearsthe
focusedorbymanyresearchers.
regardedswordinaryoutingroblersuclashe
The TSRglearlWNP-hard8]EffortssolveM AP
have been made using greedy methods, dynamic

MAPProblermmhasiobeen
Simplyjhasheen
TSP.

programmingetcT oeducéh@agenplanningrob lem
intgreedpdynamiprogrammingmanyssumption S
hatbenade.

Carefutonsideratiomushejivememployingh e

assumptions, since theylimitthe applicabilityand
extensibilitghé&leaBrewingtoesl. [Shrmulata
methodMAP namelythel ravelingAgenProblem

(TAP)whiclmnalogousthe TSR7], taecidehe

sequencefiodetwisiioninimizéhéotatx ecution
timeinttheesiredhformatiomoundT his formula
denotethahagentasoeturthéomeo dé at

anytimeduringitstoursuccessoccurs Wecallthi S
succeed-stop behavior. The other important agent
behaviothataméronT SBsnakingat the mostne
visitvhicimeanthagentaeverevisitodes.

Resource allocation is essentially an allocation
problem. MoizunjiL 7] explores how agents can
efficientlyspendtheirtimetravelingthroughoutt he
networkompletingetahskddposetherob leras
a traditional "traveling salesman" problem in an
environment where latencies, possibly stochastic,

represendistancesWhil¢hd SBENP-hardiioiz umi
usesdynamicprogrammingtosolvetheproblemin
polynomialmegssuminthdatencieareons tant.
WhileotlirectlyelatedanobilitWellmaret al.
uselynamiprogrammingaerivamlgorithnid ind
theshortesstochasticospathhrouglaetwork [10].
Theialgorithmoulth@pplietdoizumi‘grobl enf
the sequenceof the tasksdbeperformed iknown.
AdditionallyWellmaredlaugmenthealgorithm to
allopathefinementathalgorithm'ssetrav els.

3. Th€ost-Effectivédobildgent
Planning(CE-MAPProblem

Tabl&ummarizetheotationsedhipaper.

Symbols Description

N Numberiodesxcludinthbomeode

r Numberhobilagentemployeétiask

H Homeode

o Executiotiméoompletéask

hy,h, ... Nod@alentifiers

AnA,... . A Agentientifiers

tour Sequenceaiodesisitetigagent

Tour(A) tourdigent  Ag.g( iyiz...ivhere ij, 1< j<k

iaodndeantHt iniz,...iI0e toud ;

Comp(h) Computatiotimetode b

Ls(hi,hy) Shortedatenchetweenodes tand h
Union(S,....§) gcl)Jrr\gatenatlomf tourgvhere  S,...§epresent
TourT(S9) Routingme)amelgxecutiotimepr tous
First(S) Firgtntrgf  tou® j,e., i1

Last(9) Lastntrgf  toud j,e., ik

Tablé@\otationasedhipaper.

WéntroduceéhreémportandefinitiongTabld as
follows:
Definitiod (Théourdiagent: Tour(A)) Tour(As
théouodigent Awhicleonsistsdth@odesbe
visitefbyprocessingagent'taskorder
Definitio2 (Themalleskatency:  Lg(h,h)) Ly(hi,his
thesmallestatencypetweemodes  hand hywhichs
foundgvaluatinghehortegpaths[&etween pairs.



Definitio8 (Theouime:
TourT(S)=

[2* Ls(H, h) + Comp(hy), [TESET()Y P (a)
| TourT(SD) +TourT(S2) - Ls(H, First(SD) - Ls(H, Last(S2)) + Ls(First(SD), Last(S2), if S=(J(S15)......... (b)

TourT(S)

whereS51an®2 represent tours

Figurel (apxplainghalefinitior8-(a)Figurel (b)
representshanergingfwdours, Sand S2nto S
where Last(S1¥ |, Last(S2% ..Tour $onsistef
tweub-tours, SAnd SJhus, TourT(&efinetithe
additiomdthdéatenciesrom H, iy, ..., in, Handhe
computatiotimesgeacmodelf Sand Sarenerged

then TourT($asdeeconfiguredaccordancavith
definitioB-(b).

Right(s1) Left(s?)
0 SO

\\
. s1f @ @ ‘\ \

Figurm)unn(hergmg)urs

3.1.Problendefinition

Weassumdhaa  MAHNnodul&knowsghenetwork
statisticanthaistoryiaetworknonitoring service.
Thiservicenablesnobilagents@cquirdest route
informatiofothéaskT henobilagenroblem cabe

describedfollows:

MobileAgenPlanningProblem - Thereare n+1
nodes,(H,hy,hy,hs,...h)whereH itheomeodand
thethenumbersareode indexesEacmoddas
computationtimerequiredforamobileagentto
perfornthéaslahode hLatenciesothenobile
agentanovéetweereachode hand haralso
known-ath@omaode Hheomputatiotimeat
H,e. tisqudkerolhenobilagerprobleris
taninimizéhexecutiortime andheumbeof
mobilagents tsuccessfullgompletéhéask.

Asexpressedbelowtheexecutiortime( ocarbe

defineththéongest  routingme( TourTamongthe
nodesiagentawisitT hisomprisesetworka tency
froohomé¢ Hiph@odé¢ iplughexecutiotime on

it.

o=MaxTourT(h)}, 0<isn (@

Aolutiotthe MAPRroblerigindequencef
agentgovisithenodesthissolutiorconsisto the
minimuntota¢xecutionimend the numbeoégents
neededThissconsiderablhdifferenapproact rom
thaffl1].

Twomportantbjectives MARrettheninimum
executiontime;and2)the leastnetworkbandwidth
consumedbagentsT heninimunexecutiotiméor a
taskshosmalletharthabéspeciatasavhe n n
agentarsento  wlifferenhodesThereforeitotally
depend®ithenodehahashdargessunofat ency
andcomputationtime.  Thenumberofagentsaffects
networkandwidthT hereforeh@umberdigents foa
taskcannotefixed otherwisenctrade-offoetwee n

execution time and routing costis possible, and

consequenththsysterwoulddiélexibleThe refore,
werydindheninimunmumbegdgentsve needo
prepargudieforeendinthagentsyhilachie vinthe

minimuraxecutiotiméask.
Ougoatalecidehsequencehodefoeac h
mobileagentovisittheminimurmumbeofgents
neededantheninimuraxecutiotimé, e., dotask.
ThE€E-MARormallgefinedfollows.

Cost-EffectivéAP:

Minimizewr + > TourT(Tour(A))<J, 1<is<r @

I<isr

Subjedb
TourT(Tour(A))<d,1<i<r ®
|UTour(A )= n, Tour(A)(\Tour(A) = @,i # | 4
S=max(TourT(h )),1<i < n ©)
lexpressio2)et  \wealudargethathéotal

routingosthamelyhesunothéoutimesibthe
agentshaappearetthsecondernof2)Therefore,
expressioffas tweargetst) the minimumumbeof
agents;and2)theminimunoverhead,.e. thetotal
routingostT héine$ron(3)¢Sareonstraint$o r
thisbjectivéunctionexpressioi§3)heoutingo st
ofeachagentisalwayssmallerthanthis minimum,
namely drhisneanghatgivenaslcaralwayde
completedvithithe  minimumwhichsleterminedy
the@odavitthéargessunaiitencgndomputation
timeExpressioequirethatachodé@rocessed
exacthyonceSincehigproblenidNP-hardwe must
developost-effectiveolutionbasedheuristics.
Figur@(a3howsetworkonfiguratiothatame
partitionedintotwoparts.The weightof an edge
representstheexpected latencyfortheconnection
betweemainiodesTheomputatiotimemode



appearsonthecorrespondingnode. Theminimum
executiotimeevesmallethan 5@ns sincéhaode
Hathenaximumoutingostheonfiguration. The
executiontimeforode hjis 50ms (=10+30+10),
whereatheostfonodes and are 2insand 2%ns,
respectivelyHereheninimumumbecdgentfo the
examplées twol hérsigentoveraode hashowin
Figur@(bandheecon@gentoversodes hand h;
ashowirrigur@(c)l héotadxecutiotime s88ms
(=50+38Not¢hahsequencathéoutakebihe
secondagentis(  H,hg,hy,hy,H). Duetousageotthe
shortegpatveafpairdheecond agennakessef
adypasmthahathdireatonnectiobetween nodeh,
andhghus, Tour(Ad#h and Tour(Adh  3,hy).

() site
) Visited Site
O Processed Site

(a) ()
FiguréAexamplaetworkonfiguration

4. Th@ropose®lanninylethods

Irthishapterwesuggestwaost-effective MAP
methodmletaihssuminthauchetworktati sticas
théatencantbandwidtiathénkbetweehost sand
theloadoneachhostarecollectedbyanetwork
monitoringnodul@haystemyeouldbtaiml the
latenciesbetweenexistinginks Weassumethath e
networlatenciesanjalsassuméhahage ntare
creatednlhahomeandraeotlonedmtheno des.
Wedonotconsideranyprobabilityofsuccessin
retrievingheequirediatatacmodeasvasl onén
[11].

4.1.Preprocessingaplairshortegtath

Oneofour goalsistofindthelowerboundof
executiotime. Tha&wumbeoparticipatingugentsnust

naffedhitoweboundl héastesvayoom pleta
taskistosendagentsonebyonetoeachnode
simultaneouslyThenhexecutionimelependsot ally
otheslowest  linbetweemodandhomeThdime
valueompriseth@etworkatencandheomputa tion
timeHoveamwdindhdatencie ®élthgoss ible
pairgfiodesThigmasimplgobsinceve havéo
searchalthecombinatorialinkofinytwaselec ted
nodesWithouthisnformationtherémavayo find

thelowerboundoftheexecutiontime.To getthe
latencieohlpairoohodespumalgorithmspe fore

enteringhenaibodyprocesghall-pairshort est-path
algorithmandonstruashortest-latencypetwork  graph.
Refdbact&igur@(c)rhgrapshowaiypass o: 1y}
agentAlthoughhdatencyrthalirectinlbbetw een

nodeshand his 100ns thegeniabledakean
indirecttousf (H,hs,hy,hp,Hinsteadf  (H,hs,hy,H)The

costhdéormeis 38 mwhil¢heostthéatteis
128&1s Thiprocessequired@re-processingtag e
beforéhstansur algorithms.

4.2.Thalgorithms

Providingthatalthesmallestiatencyinformation
betweemnywmodes  rand h;, L(h,h)gsvailablas
describedth@reviousectionthalgorithnpr oceeds
afllows:

1Sorthenodesrdecreasingrdenthe
timefdach nodehwhicis TourT(h ;).

2Sethehreshold duitttheexecutiotimethe
firstodé@hsortedst.

FPartitiorthegivemetworknteseverapartd y
gatheringnodesdhathexecutiotimeéach
partdoesnotexceedthethresholdandouilda
routingatfoeacpartition.

ZRud SRlgorithrtoptimizeachoutingat h.

RAllocatandendagerfogacpartition.

routing

Wedevelopedwo  algorithmsnamedBYKY land
BYKY2haperformthesamedaskbutiseslightl y
differenpartitioningste@nethodT hewreli fferent
ithah&attemordynamithathéormer. BYKY1
triesdindhaexpossiblgartitiotgalcul atingll
thelatenciesalwaysfromhome,whereasBYKY2
searcheshenexnhoddrontheurrenhodevhere the
agentesidesThéirst  algorithnBYKY ipresenteéh
Figure3 Atheendbthealgorithmitallsr SP

programWeusghe€ OPTalgorithm [4] becausdts
simpleandeffective.ltproduces an asymptotically
optimaloutingatfioeaclyivemetworlpartiti onlf
morethanonenodehasthesame TourTvalue the
selectioagheodérbitrary.
Notehatacimodésrdereduecreasingrder of
theexecutiotimeofachourBYKY Jestimategh e
agentstravelingime  byaddinghecostsothenext
adjacensebhodesrthesortedistExceeding the
thresholdnoallowedealculatinghéraveli ngime.
Aslescribedbovethe  threshold@hexecutiotime
ahéirstodathsortedisT heosior eaclmode
isheostthe round-tripime fronmomeliwontrast,
BYKYaddsheosb#lifferensebhodesTh e
nodeselectedbyBYKY 2alwayshastheminimum



travelingiméronthéasaddeahodenotronin ome.
Thus theresultsofthesetwo algorithmsmayhave
differentoutingpath$ogyivermgentrFiguret ishe

algorithrfdBYKY 2.

Algorithmh. ThelanninglgorithBYKY1

1 Phasa. Sortinthaeodes

2  Sottheodestermof
decreasingrder

théoutimeT ourby

3 Lehsequencéh  ,5,hophgs, ... htheesulting
sequence

4  JourT(h L)

S Phasé. Planninggents

6 fdn

7 A

8 Tour(jphi

9 fdim

10 {

11 ifi igot “processedandourT(Union(A ;,

(hay) =0
12 Union(A, (haw);
13 mark as “processed”

15 Endhnefor-loop
16 A 3 tepminate
17  Bndf outerfor-loop

18 phas8. Optimizatioohgent'bcalath

19 Fopachgem
20 20PT(A)

Figur8Th8YKY algorithm

Algorithm 2. Th@lanninglgorithrBYKY1

1 Phasé. Samathehasdthdlgorithr.

2 Pphase. Planninggents

3 fdn

4

5 Tour(AF ¢

6 Select'unprocessedi wher@inimum

7 Union(Tour(4),(ha))nark  as “processed”

8 while(TRUE)

9 |

10 sortaodestermsfL s(haha)|l ¥ smnd
hig “unprocessedBincreasingrder

11 lethsequencéh g, hpy, ... .HDeheesulting
sequence

12 previous_k

13 fotoh

14 ifourT(Union(A jhy) <P

15 Union(A,h,dnark  @s “processed”
16 finlheralkx

17 breafor-loop

18 #ndf

19 #ndhnefor-loop

20 ffrevious_kreatvhile-loop

21 &ndkhile-loop
22 ifour(A F derminate
23 Enddutefor-loop

24 Phas8. Samathphase #&hdlgorithri.
FigurdTh&YKY2lgorithm

5. Simulation

5.1.Simulatioenvironment

Thesimulationdbasedmpractical perspectivef
the mobileagent  environment for the distributed
informatiorretrievabystemwhichmeanghasll the
simulatiommeasurementsin@ssumptionsrehosen  for
surroundingghatrenoreealisticNetworkopol ogy
anccomputatiortimeare¢hewamajomeasurement
factoréothsimulationTh@etworkopologis one of
théllowing:

Atheodearocatedub-networid AN)

Eaecbub-networlncludesxactlgnodé/NAN)

Eackub-networlncludemoréhannaode

(Clustered-WAN)

Thaetwork topologyselateddhevayvessign
théatencieseach  paiofiodega networkWheall
the nodethaigentmustisaraiocaub-net work
(LAN)weperceivehathestandardleviatiorof he
latencieghaexistbetweereactpainhodesn the
networkgergmallthisasehenlfacto wenust
taként@ccounisheomputationimdothe odes.
Thugheroblerspacérasticallyeducedn contrast,

idfthenodes arescatterecovermvidareaetwork
(WAN3uchthinterneth&atenciewibba rbitrary.
Inhicasethesearctspacethgroblenwould be
largetharthabthe€ormerThdastopology a

mixtureofthetwo(Clustered-WAN).Thistopology

consist®$everasub-networkslistributedvea wide
areanetworkliveehoosdwamodesithisopolo ay,
theynaye located ireithethesamesub-networlor
differemnesThughaumbegdgentaeededn abe
relatedput not necessarilysotahenumbeiosub-
networks.Insummary thelatenciesmeasurednthe
experimenfoathelifferentopologiearas listedh

Table.



Communicatioiype AveragéatenciRange
Intera-LAN 3ms 15ms
Inter-LAN 15ms 200ms
Tabl@.atencyanges

Weartlassifftheomputatiorbehaviorsntawo
typessimpleetrievajueryandomplexuerys imple
retrieval queryrequiresa  smallcomputationtime.
Headline newsgatheringothisypeComplexquery

suclasneta-searchequireselativeljargamo unof

computationtime.Thistypeofretrievalrequiresa n
extensive search and summarizing process. Simple
retrievajuerpagomputatiotimeangef 1~5@ns ,

whereasomplexguery consume$00~10,000nsTable
3 shows the "Clustered-WAN" configuration. The
numbersohodesarel3,1415andl6.Theyare
clusterethto fousubnetéclusters).

#flodes # d€lusters | Cluste€onfigurations
13 4 4+3+3+3
14 4 4+4+3+3
15 4 4+4+4+3
16 4 4+4+4+4

Tabl&umberiodeandlusteconfiguration

Theimulationvaperformedindethenvironment
describedfathre¢ypestbpologandwvé indsf
querywitHoudifferent numberohodesSincahe
optimakolutiorwithmorethanlnodes requiresa
tremendousamounbfearchspaceandime ands

difficutperforrmealityguexperimens performed
wittamaximunof.éodesinsteadwithug800
nodeshexperimentperformediindhaumb eof
agentsthdatencgosts consumedwathegentsand
thectuaplanningiméBYKYBndBYKY Zoa

giventask. Thisiscomparedwiththe worst-case
algorithrthdauncheamanggentatherare nodes.

Theimulatiowwaperformedthrediffererkin ds
ahachineSusparddntel PentiunB00MHwvith
64MIBRRAMandninteCellerob33MHwit64MB

RAMAlheesultgiathere@ngresentedronth ose
machinesveraveragedoefledth@verageompu ting
environmentNotehaatheomputingowencr eases,
thealculategerformancedefinitelymproves.
5.2.SimulatioResults
Tabléhowsh@umbeodgentandheotato st
requiretbeacbhombinatoriadonfiguratioraf oundly

three different algorithms: BYKY1, BYKY2, and
Optimal;numberofnodes;networktopology(LAN,

WAN Clustered-WAN)andquentype(Simpleand
Complex).

Theptimadolutionepresentthéaahahe imple
computationypeequiresnoreagentgharthabf the
complexnéathd ANconfigurationT hisbecau se
thesimpleoneonsumedesgimeg 1~50ms }harthe
complexong 500~10,000ms)lrthis casetheotal
computatiortimdsevenlydistributed Sincethet ask
musbeompletedindedixedatencythevumber of
agentdsclosetahenumberohodeshatprovide
informatioretrievedervices.

leontrastwhetheomputatiotime¢acinode is
larggcomplexquery)thdotatomputatiortimenm ay
dependuporsome nodeghatake largecomputation

timesThetthe agentswhicltoveth@thenodeshat
consuméessimecarvisimoreodesindethes ame
latencythugheyequire  feweagents.
#f Topo Query BYKY1 BYKY2 OPTIMAL
node: logy Type #agen: cost #agent cost #agent cost
AN Simple 12 2,720 12 2,720 12 2,720
Comple> 9 | 73,706 9 | 73725 9 | 73699
» AN Simple 10 5735 7 4,756 7 4,635
Comple> 8 | 56,661 7 | 56,226 7 | 56010
Clusterer | Simple 9 4,319 8 4,056 6 3,295
-WAN Comple> 6 | 39784 6 | 39,761 6 | 39,029
AN Simple 13 2,940 13 2,940 13 2,940
Comple> 10 | 82878 10 | 82,3897 10 | 82871
" AN Simple 12 6,139 10 5,309 9 5,130
Comple> 9 | 61,749 8 | 61,223 8 | 61,008
Clusterer | Simple 11 4,756 9 4,253 9 4,242
-WAN Comple> 7 | 44,399 7 | 44,002 7 | 43568
AN Simple 14 3,165 14 3,165 14 3,165
Comple> 7 | 58955 7 | 58897 7 | 58868
= AN Simple 11 6,903 9 5,639 7 4,851
Comple> 10 | 80581 9 | 79,981 9 | 79,550
Clusterer | Simple 10 5,128 9 4,658 9 4,512
-WAN Comple> 13 | 98,269 12 | 97,984 7| 97,826
AN Simple 15 3,389 15 3,389 15 3,389
Comple> 7 | 59,623 7 | 59557 7 | 59,520
" AN Simple 11 6,929 10 6,103 8 6,000
Comple> 10 | 85965 9 | 85328 9 | 84976
Clusterer | Simple 9 5,161 7 4,359 7 4,300
-WAN Comple> 13 | 99,771 12 | 99,688 12 | 99,618

TabldTheumbemgentantbtaiost

In generaltheClustered-WANequiredeweagents

thath& ANTh&VANatheniddIeT hisesult can
bexplaineththdifferencahe latenciethatxisgn
each networktopology. The latency ofinter-LAN
communicatiowvariesnoreharntra-LANatencyT he

Clustered-WANisamixtureolLANandnter-LAN

communicatiormesultingth®iggesimgajpe tween
nodesUndethidiasedimegapsomeagentspen d
thetimefewodewhilethersacovere latively
moreodedurintheamegiveamourttfmeNo tice
thatherésalifference resulting fronusinglifferent
algorithméthé ANT heesulsayshatthe LAN

configuratiortheomplex agenplanninglgorithndoes
natffect th@erformanceThusthisasehsimplest
wayaleploygentsnaypdsendragenteac h
node.



Inalcases BYKY 2performsslightiybetterthan
BYKY 1Theyliffemrhovitheyindhenexhodé 0
visirortheurrerpositiorBYKY hlwayselec tthe
farthestnodefromhome,whileBYKY 2selectsthe
nearestnodefromthecurrentnode.IntheLAN
configuration bothalgorithmdooksimilar. However,
theyshowdifferenbehaviorshetweenthe/VANand

Clustered-WANconfigurationsTheénformation  orthe
distancefiodérorhomalonenanpdbsuffi cient
fathealculatiorsincéheewodenapdie clos&o
theurrenhoderesultingriongetravetimé othe

newdistance. Consequently, BYKY lalwaysshows
performanceworsenequatdhabBYKY21m
networkwithnnodes BYKY lhastimecomplexity

O(nlogn)whildoBYKY Zhids O(n’logn)Aghe
networlsizgrowsthgapalgorithnexecution time
growslicontrastT ablé&howshaasheiumbe of

nodesincreases, thedifferencebetweenthosetwo
algorithmsdecreases.Thus wemaybeabletouse

BYKY ltheheapeondpertainonfigurations.
Figur8howtheequiredumberdigentfoth ree
different algorithmsBYKY1BYKY2andVorstThe
numbersdgentsBYKYhAndBYKYare 35%nd
46%ewethan  for th&Vorstasen  average.

360

10 20 30 40 50 60 70 B0 90 100 110 120 130 140 150 160 170 160 130 200 210 220 230 240 250 260 270 2A0 290 300
# of Nodes

‘ YKY! ——  —Worst

Figur&Comparisonthaumbemgents

Thealculatedoutingostarelepictedfigure 6.
BYKYhAndBYKY2educeheostiowrno 15%An
85%reductionintotalroutingcostisasignificant
enhancemeniagenplanningechnologylpartic ular,
theseperformanceenhancementscanbeobtainedby
allowingnlgevgecondbeforéaunchingheg ents.
Theomputation timefothalgorithmaréndicateih
TablélshowshaBYKY BndBYKY3pend 3.43
and5.92 secondsspectivelfoth800-nod€lustered-
WANonfigurationComparedth@erformancea sk
can attainthesetimeconsumptionsareacceptablen
everkinddgermlanningAsdicatedrigur éhe
result®BYKY AndBYKY areergimilat@ach
otheisincéhexperimeniperformedinde€lus tered-

WANNE€ompleguery-typeonditions.

M=K

a2

1020 90 40 50 G0 70 B0 S0 100 110 120 130 140 150 160 170 180 190 200 210 220 250 240 250 260 270 260 290 500
# of Nodes

[ w —

FiguréComparisoaheosts

#f nodes 10 20 30 40 50 60 70 80 90 100
BYKY1 0.00 (0.00 p.01 001 0.02 0.0 0.05| 0.07 | 0.10 [0.13
BYKY2 0.00 | 0.00 p.01 002 0.03 0.0 0.08| 0.12 | 0.17 [0.23

#fodes 110 120 130 140 150 160 170 180 190 200
BYKY1 016 | 021 p.27 033 042 0.5 0.62| 0.74 | 0.88 |1.03
BYKY2 0.30 (0.37 p.50 058 0.Y5 0.9 1.06| 1.29 | 1.50 [1.75

#iodes 210 220 230 240 250 260 270 280 290 300
BYKY1 119 |1.38 [.57 1476 2.01 22 2.49| 2.79 |3.07 [3.43
BYKY2 2.06 | 240 P70 305 348 3.9 4.36| 4.86 [542 [5.92

TablérhelanningmeBYKY an8YKY2

Itheeafutureaccordingthéruitsthe
researchonmobileagenttechnology,agreatmany
networkapplicationswilbedesignedandrunusing
mobilagentdihisvoricaextractefrorfrig uréit
iscleathathesuggested MAPmethodscarreduce
tremendouslytheburderorthenetworlotheheavy
trafficausetigmanynovinggents.

current

6. Conclusions

Weroposetwvo MARIgorithmghatabesedh
distributethformationetrievadystem thatsemobile
agents.Bysimulations weshowedthatasignifican t
improvementhasbeenmadebytheproposedcost-
effective MAPalgorithms.Weknowthe minimum
executiotimeabebtainedvheaageridep loyed
foeacmodeTheroposeglanninglgorithmgry to
fintheninimumumbeadgentsandhéotaio uting

costconsumedbyhosagentsvhil@reventinghéotal
executiortimgromexceedingheminimumImmost
casesalgorithnBYKY 2oundhear-optimadolutions  in
theaumbetdgentsThessolutiondrasticallg uown
theotatomputatiortimeothenformatiorretri eval
systemsingiobilagertechnology.
Experimentalparameterswerethecombinationsof
networkopologytheguertypé&informatione trieval
orachodeanth@aumber afiodesTheesultshow
thatvheralthenodesarérdocabreanetwork ,
regardlessthelegreethe problem'somplexitythe
requirechumbepfgentwaslimosthesameagh e
numberofnodes.  Consequently, complexplanning
algorithmsdonothave a significanteffectonthe
performancéhisonfigurationthiparticul araseq



goodtrategynighbéaunchingagenbdreackn ode.
Iatitherasesgtheomputatiotimedo dgrows,
and/aheetworlatenciearaatniformigist ributed,
morerecisalgorithmsuca8YKYan@8YKYare

highly recommended.

Inourexperiments weassumedthathesizesof
mobilagentsveréxedreacihnodeWeaialcu late
théatencyaluesncludinghe¢imeneededo transmit
thagentahsizednobilagent ibeingncreased
whileretrieval operations are performed, thenthe
effectivdbandwidttvariegrontinkdinkSince this
problerincludedhseveratonsiderations, wéave
prepared future works include various planning
mechanisms.
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