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Abstract. Theladvancelof! fternetland[]prsonal domputernetworkshasled(to [an/explosion ofl
informationavailablel on(line[ from[ thousands ofl new[ sources.[ However,  this/ phenomenal]
offers(great promise/(forlobtaining/and [sharing/diverse information conveniently, butl ltey/also!
present| alserious| challenge.[ Thelsheer multitude,diversity, and dynamicl naturelofl on'linel |
information source makes!findingland accessing/any(specific/pieceloflinformation extremely! |
difficult.0

Thel mobilel agent technologyl provides[anlalternativel wayl tol assist! /lte[ user!in[ finding!
relevantl Web [ bsed [ information.  Theusel ofl mobilel agents[ in[this[kind[| 6 applications!]
represents! al novell approachl and! | ptentially solves[ mostl bofl the! problems| that exist[in!]
centralized [client/server[solutions, (becausetheylarelprograms/with [d persistent/identitylwhich![
moves|around a/networkland(can/communicate with[this[environment and other agents. 'Wel |
present[ al possible! solution! for! this/ problem:[ the! Datal Agent[ system! [[al mobilel ] gentl|
application for(the(retrieval [ofldistributed(structured/informationlin(alscenario | 6 several[on[
line[bookstores.[ This[ | gstem[was! developed!for[Web based![ | tbtributed [access! tol database! |
systems/based on(Javalbased mobile! Igents. This[paper(describes/the[project/architecture! ladl
its[implementation 'that’ sibased [on IBM "s[Aglets'Workbench. It(also [emphasizes[the obtained! |
results[ with[ thel severall experiments! realized, concluding' that/1ite implementation[of! thel
system shows|thatlits[performancelis[comparable(to, @nd/inl[Some[ 'ase[outperforms/the( harrent[ |
approach. [
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1 Introduction
0

ThelCvariouskindsoflinformation [availableCon[the CTWorld CTWide[Web "are “often[poorly
organized,[often/existlin non(textform,(and [increaselin[gantityldaily. [Significantlamounts(ofl
timead [éffortlare commonlymeeded [fo findlinteresting land relevant[ tiformationonthe Web. [
Nowadays, (themostmodel for(distributed [sources(isthe¢lientServer model.[This[paradigm [
divides/theldistributedapplication[¢odelinto thelserver[part providing fixed[services atl el
server/machine( Iad the ¢lient part[temotely requesting them.[However, thisprocess maybe!’
extremely/complex ‘andlit[¢an 1 bléven[worse if theclientland [Server(sites/belong[fo [different[
administration[ ] dmains.[So, 'welcan[say/that[finding andcombining theltelevant/information[
islbecoming(aldtical fask [ 'nevadays. [
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Inlthislpaper, ithe mobilelagentapproachlto thisproblem/is/discussed. [Software[ Igentsican( |
belused[tointegrate distributed [Sources|into(a/global [System. Tolillustratelit, we present[ ltel
DatalAgents/ System/[[2][+- almobile[ ! gent[based | pototypelfor[the retrieval of! distributed
structured linformationlinlalscenariolofl severall onllinebookstores. Thelproposed(system[is'
basedonla’grouplofiagents(that ry'to find simultaneously thelusers’ [interest/products/in'the
several[virtualplaces known I plthem, [presenting the resultslinlan homogeneousway. []

Inlthe temainder(oflthis/paper, we provide backgroundlin'the dreaoflagents/(sections/2[
and (]} [introduce!the[ | echitecture’ and [implementation[project/and (| dcuss/theperformance!
evaluation/oflthe Datal Agents| 'ystem[(section4). Finally, welconcludelwitha discussion/of’
futuredirectionsof'this work[(section(5).["

2 Previous Research

Software ! gentslhavebecome(verylpopular(in(thellast/six[ ] o'so years.[They'havebeenused !
successfully(tofilter[information, ‘match peoplewith/similar/interests 'and [automate [repetitive |
behavior. More [tecently, thelcapabilities/oflagentshavebeen @pplied [to [électronicl lemmerce, [ |
promising[altevolution in[the[waylWwelconduct[ransactions. Onelofl theselexamples is(the
Andersen/Consulting’sBargain Finder. Thislisalsophisticated [ |hoker/designed to aid in[ loline
shopping dpplications by/gathering information, from(9 websites, and [delivering/the price[ Jad
shipping terms[oflaUertain [ god requested bylthexiser [1].[]

[IMLikeBargain Finder and othersgstems based [on[collaborative filtering[technology[16], [
Firefly[12] helpsiconsumers/find [products. However, instead | 6 ‘iftering [ 1 poducts/based on!
features, [Firefly[tecommends[products(vial Jalautomated “‘word [0f'mouth”fecommendation
mechanism(called "collaborativefiltering.  The[8ystemfirstl compares[al shopper’s product(’
ratings(with [thoseloflothershoppers. [After[identifying [the shopper’s“nearest meighbors”((i.e., [
users|with similartaste), [thesystem/recommendsproducts/thatneighbors had(rated highlybut(
which( thel shopper[mayl notl et havel rated, potentiallyl resulting[ in[ serendipitous/ finds. [
Essentially, Fireflyfuses(thelopinions[ofTlike minded[] pople tol éferJlacommendations. The
system [i§ ised [to recommend [commodityproducts” schlasmusicl Jad books, asiwellasharder!’
tolcharacterize [products_sch asweb [pages restaurants. ]

[ITAs[we’velseen, therelarel severallagent based [applications/that/help the user to/find[the
wanted information/on(the web, buthowever, we’ve found @ few applications[17],[ 18] which ]
uselmobilel gents for distributed [databaselaccess. Because 01! this, the mainpurposelof this[]
paper(is[tolook athow the thobile[ 'gent paradigm/can/improve some/distributed  ldtabase( ad |
informationretrieval related [problems, [such(as/theperformance oflan/é commerceprototype. [

3 Background Material

3.1 Mobile Agents

Withitheldevelopmentlofinetwork technology, [the whole [ lomputing environment/has/changed '
profoundlyland ] bcomehighly[distributed, T heterogeneousland ] ginamic. [ Traditional (][]
client/server L(/S) modellcannotlonger meetthe eedsoficomplicated [distributed [computing ]
becauseloflits/inflexibility. [!

Mobile SoftwarelAgent[((MSA)lis(anew!(distributed ¢omputingmodel(that/can meet the
needs[ofl current’ computinglenvironment. [ In[ C/S[model, computing éntities[are[staticland [
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passive,[ butlinlMSA [model, they  can migrate and finish computing andare implemented |
throughlagent/migration and linteraction. [9] [

A[Mobile[Agent(has(theinique [hility(fo fransport/itself idm(onesystem [in d metwork to ]
another. This(abilityallowsalmobileIgent ¢ moveltoalsystem that/contains/anlobjectwith
which thellgent[Wants folinteractland[then(to take[dvantage oflbeing in[the samelhostlor(]
network as[thelobject.[After[its[ Jsbmission, [éachlinobilelagent proceedsautonomouslyland
independently ofTthel $ending[¢lient. 'When[the | gent/teachesla server,[it[is[delivered tolan]
agent! Jexecutionl Jenvironment.[ | Then,ifl /the[Jagent| Ipossesses! /necessary’ lauthentication!’
credentials, [ its[executable partslare started. Tolaccomplishlits task, the mobilelagent[can!!
transportlitselfl tolanother[ server, [ spawn/newagents, and interact/with[other agents. Upon![]
completion, [ the[ mobilel] gent[ delivers! the  results' tol the sending/Iclient’ or[ to ‘another[!
server.[3,4](]

Inlorderfor(these agentsfo exist[within alSystem[orfo themselves form alsystem they
require( lal framework[ for implementation ‘and“lexecution.[ This[lis[ knownas[the[| gent[!
environment.

3.2 Agent Environments

Several[implementations oflmobilelagentshavebeen[developed [during[the lastfewyears.
Somel ofl them[ support mobilel| gents programmed [inlinterpretedlanguageslsuchlas' TCL,[!
Python, Perl, Scheme([119,120,(21]. Mostloflagents gstems|drebased onJaval[l10,22,23,24].0
[1MDTherelare[ | alarge mumberoflagent building[packages on/themarket that allowusers[fo "
attempt[ dbuild [and manage(their(0wnagents(and agent/systems. First, and [ /pobably foremost’
islthe TabrizlAgentWarepackage from(General Magic[4], whichexecutesand hanages agent |
basedapplications__on[ servers, and[ Tabriz_|/Agent[ Tools  for[ creating[ agent[ applications[]
deployable/onWeb [sites.

(110 [General Magic Inc. [invented[the thobileIgent[and [created [Telescript, [the firstidommercial
mobile[] gent[system. Based [on'alproprietary languageland network [architecture, [ Telescript(
had(alshort! ife. In[response/to [the popularity(ofithe Internet/and [later the[steamroller/success! |
oflthe(Javallanguage, General Magic/decided [to reimplement/the mobilelagent/paradigm infits
Javalbased [Odyssey. This[Jgstem [effectivelylimplements/the Telescript'conceptslin(theshapel
oflJavallasses. Theltesultlis/a Javal llass(library/that(énables/developers!to(create their[own
mobile Jgentl@pplications. [

(110 [ObjectSpace's[Voyageris(a platform[ for/agent énhanced [distributed 'computing(inJava. [
While Voyager[providesLan[ extensive_setLof object messaging capabilities, it also Lallows[]
objects/tolmovelaslagentsiin/the metwork. Youldan[say/that Voyagercombines/the properties
offalJavalbased[] bject tequest.broker[with[thoseloflalmobile[agentsystem. In[this[way,]
Voyager allowsJavalprogrammers|to [¢reate network [applications using | bth(traditional land [

agent/énhanced [distributed [ pogramming techniques.
amgod

3.2.1 IBM Aglets: Java Mobile Agent Technology

ThelAglets[Software Developer Kit((ASDK) [ ]0] was/developed [at IBM Research LLaboratory!
in(Japan. It [is[d framework [for [programming mobile Hetwork agents/in[Java. From(a/technical ]
pointlofl view, the[IBM’s mobile agent[called *“aglet”(agilelapplet), [islallightweight Javal]
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object that/¢anmove automosuly fromlone Jomputerhost[ dlanotherforléxecution, carrying!
along/its program(code Jnd [state [ siwell [@s/the So farobtained data.[]

UnlikeIalapplet’s’ sort/and/boring periodlofléxecution, anlaglet/¢an[exist[and [execute!
tasks[forever. Onelofl the[main' | dferences between/anlaglet'and the simple/mobile Jode of! |
Javal pplets, listhelitinerary/that[ sicarried 'along[with the[ |glet. By having(d/travelplan, aglets!
arel¢capable ofl roaming/thelInternet/collectinglinformationfrom many!places. Thelitinerary!
canl change dynamically[ giving[the[] glet[the[ sense of’ selflgoverningland!thellook of an(]
intelligent/agent/(that(oficourse/is/in thehands/ofithe[programmer).[

Anlaglet[can(beldispatched fo [anyremote (host Hat[supports the Java Virtual Machine.
This/tequires from![the remote host[ d| | Ave preinstalled[Tahiti, a tiny aglet server[program!(
implementedlin(Java_ind provided byltheAglet Framework. A running(Tahiti server listensto |
thehost’sports forincoming(aglets, (captures them, [and [providesthem With [an[agletcontext
(i.e.,[@an[agentléxecution environment) in (which [they[can run their[code from the[statethat it |
was!halted [before(they were! dispatched. [ Within its[context, anlaglet/¢cancommunicate[with[ |
otherlaglets,  collect locall | iformation[_and[when[ convenient halt[iits_execution_and[bel!
dispatchedfo lanotherHost. [An'aglet can also be  loned ordisposed.

O

4 DATA AGENTS SYSTEM

4.1 System Architecture

Elcommercelis/becoming(an/attractivemeans o f conducting/business.[Atlpresent, numerous!
web/sites[offer [productsforpurchaselover thelInternet. [However, noneof these(sites/is[fruly!’
automated, [as[humanlintervention/is(tequired|for browsing, [selecting and(ordering[ | poducts. !
Moreover, suchsites/areléssentially/passive(catalogs/ofiproducts/and prices, (with thechanisms[’
forCaceiving [Inders [from buyers. [

Thelagents for[electronicl ] ommerce considered in/this ¢ontext/are thoselthat[Somehow!
help [the users[to shoplwer(the Internet. Thistype oflagent, (called shopping agent, thaylcarryl
out'several(tasks,such/(as: [fo (Help [the[user decide what(product/should [Be[purchased; [ ¢(make!
suggestions(based( | ofits knowledge (oflits[owner;  d[find loutnew things, discounts/and [special [
prices; to [find stores that(sellthe desired [ | poductior(service,[@mong (other things. [

InT7 oder[to$how![ the[ feasibility 0flthe searchl process forstructuredand dtributed’
informationthroughthe mobilel Igents[fechnology, this/paperproposes/thedevelopmentoflal’
multiagent” and[ mobile system[ called[*Data Agents”inlthel] ontext[ 0fl several *“onlline”[’
bookstores. Thelgoallisto [dccelerate [the retrieval lofldistributed [structured information. [This is! |
achieved bylimproving the phaseloflthe process ofldatalselection, in which thelagents tun(]
parallellamong(the(servers(telated [to them[and at[ ltelend returning [with(alllthe information(’
requested (by/theluser, (without! e need tolmakelal alllto/each/oneloflthe servers! Isparately. !
Thelinformation( ] btained [is/then] pesented in[aluniform and[] rganized Wway. Using[thel’
information/thus(presented [by/the system, lit/ismuch!/easier for the userto (choose a product!
with themost(satisfactorycharacteristics. [

Among(thepossiblefunctions/described [above, [the DataAgents/Agentisintended to Help
find the stores that sell the(desired [product/and|to list[ lte [prices/ofitheproducts found.[ |

Theloperation/ofitheprototypelto [achieve thislobjectiveis/thefollowing:[ |
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e user selects the specific product and the desired characteristics of that product (these
characteristics will be the restrictions for the search);

e the purchase agent searches for products with the desired characteristics among
products of that type;

e as a result of the search, Data Agents sends an e-mail or shows a screen to the user with
a list of products, their respective prices and where they can be found.

The following architecture is proposed to enable the Data Agents system to have the
functionality mentioned above and, in the future, to be applied to many products and stores.

Components:
_,:.-5...._._.....\--,@
S o b e e
Module |77 Module | o .-ﬁ@ Agents
i L e < aiy

Figure1=Project/Architecture’]

O
The system consists of three main components: (i) Interface Module, (ii) Control Module,
and (iii) Purchase Agents. What follows is a detailed list of the system components:

O

InterfaceModule: this is the component through which the user contacts the system and
places his order. This module is also responsible for presenting the result obtained by the
group of agents to the user.

“Title”, “author” ,“price range” and "type of itinerary" are the information that the user
must provide to the Interface Module so that it may request the Control Module to create and
dispatch the purchase agents according to the restrictions imposed by the user.

There are three possibilities of choices for itineraries:

a. one agent for each server: According to the quantity of servers registered in the
system, one agent is created for each server and dispatched to do its task. When each agent
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arrives/atlits(destiny, [it[does!its[Search, send[the Tesult/as[amessage fo [Control Module Tad [’
"dies".[]

b.lonly one agent that visits all the servers:[Itlis[¢reated onlylone agent! Hat haslinlits(]
travellplan/the [ lddresses/oflalllservers. Itiwill [go [to all[servers, one By/one, do the search, send [ |
thelresultlas/message/to Control Module! ad["dies" (at(last[visited [server. [ |

c. one agent that goes through the servers until to find the first occurrence:Ttlis[created
onlylone(dgent[ Itat[contains(in(its/fravel [plan/theaddresses(oflall servers. Butlitwill (tavelfo
next/server/onlylif/doesn'tfind[dnybook [at former server, that[ § [thelagent[ iavelsuntil fo find [
the first/occurrence [that satisfies [the[user’s/order. ]

Aslson/as/thelresultimanager( & lomponent ofithel Jontrolihodule) [dompilesall answers! |
received, it/sends/these( lmaswers/to/thelinterface ' module so that(theylare/deliveredto the user:[ |
on'thelscreen([Orviale mail.[]

Control Module:[This'modulelis/tesponsible[for[the ¢reation and[teleaselof purchase!’
agents[to [begin/the searchrequested [bylthe buyer. This[modulelalsolaggregates the tesults
found by/the different [agents. Therelis'al Jontrol module(foreéachltype of[product/availablelin!’
thelsystem, e.g. [d[ lentrol module for books[and(adifferentonefor (CDs. [T

After[Jaceiving the user’s[fequirements fromthelinterface module, the [Control[Module
creates(thegents(according to[such requirementsland sends/them tothe ddresses available[ ‘@ |
a/Storage Structure. [

Storage Structurelislalhash structure that/ contains/theaddresses oflthel[Various[|tores
associated (with [the(system. There[isalstoragestructure forleachtypelofiproduct researched by! |
thelsystem. [T/

When(the[ControlModulereceives(arequest[ d'send [an/dgent, the latterlis ¢reated [n/the !
“aglet” layer[according[to user's[tequirements and(fravels through the [runtime(layer, which
converts the[lgentlinto [an(arrayloflbytesland Such array, lonlits[turn, [passes _on o the [ATP
layer(=-[Agent[Transfer Protocol, to [besent(toits[destination. Thisprotocol, (then, Builds[aBit[
stream” [ that[Icontains[ both[! gnerall] iformation,[/suchl aslthelsystem[ name, Jand[lits_!
identification, [suchlas/the “*bytemay” [resulting from! the runtime layer. [

Uponlreturning to the([server(with the information froml[its' |sarch,léach 'purchasel |gent!
sends/its[contents[fo the ResultManager ControlModule), so [that the ResultsManagermay!
aggregate[ JH[@nswers[0btained land [sendthem[fo [the ihterfacehodule. [

Purchase Agents : Make! lontactwith(thelstores/by'accessing/their(databases, placelthe!’
orderandlinterpret’ te! laswers/generated, convertingthem [into(a/formatthat[ Slunderstoodby!
thelJentrolimodule. Beforelproceeding to [their destination, the Igents/are( Jlodedin bit/stream:| |
the first[segments_ are general [information, suchlas[the[] gent’s identification, and the last[
segment/is the (byteldrray, [theldgent per(se:[codend[state.[The goallofithe  gents[isto[check [
thelinformationfound attheir(destination/address, selecting | oly/thelinformation(¢onsidered! |
relevantand recommended[ accordingto[thelpre/determined(tules. Suchlinformation shalll’
represent[ e basis ofl rules'tol] blused [by[the[| gent ld[makel  ppropriate decisions’in thel
processloflévaluation(ofithe items/found. [

With this architecture, [the éxtension[oflthis[Tgstem[fo [deal (withmew [products’and mew
stores(is'simple, @lthough it smecessary'to build @ lontrol thodule for€éachmew [product. [

So,[several tesources/about! te/same typeloflinformation(could [ blorganized/in' dferent
groupsland(could (be laswered (by!alspecificimember(ofitheprotptype/(bookshops, CDIshops, !
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newspapers).[Thisfact would dallow algreat/and better ision[to ‘the user, Because, [in/this Way, |
helcan/compare thelprices ofithe [several[products ofitheweb. [

4.2 Project Implementation

This/projectiwasbasedon(an eéxperiment/donefoinvestigated [and [test[the [suitabilityloflusing
mobile[] gentslin‘aldistributed [and (multiplataform environment ¢ producealSolutiontolal’
purchaselorderlinla’globalimarket.ThelScenariois[based ] ot process[veryl¢onventionalland
commonTMowadays:[the search/oflbooks/in [ lirtualbookshops. ThelDatalAgents! ‘ystem uses(a
parallel[querylarchitecturein [l oder[fo [query(pricing [and [availability of user(specified (books. T
Thelsystem/then'combinesthe(filtered resultsdas @ 'summary(fo ‘the user, [finding ‘the [Bestprice!
and [providing[aunifiedinterface for[different Wendors, [thusmegating(the meed [for the userfo
navigate fo differentstores/and [1dal with Separateuser interfaces. T

Thelmodel architecturelis(¢haracterized [by/thepresencel |ad linteraction[ | 6 threeltypes of! |
agents: [

Purchase agent(=(is[the onlyimobile lomponent [oflthe model; litravels/through the met !
untillarrivelat[the hosts[Where does!the Wanted [searches.[Each[purchaselagent when it[is[]
created, [itreceives(all the (necessary/datalto/do the search.[After aceiving|it, this/agent[starts[
its[trip[towards[the first host[ ofits[address(list. 'Whenlit[arrives/at'eachhostldefined in(its!
itinerary, [ the[ purchase[| gent’ executes! thel lista() method, that{ does! thel| ennection with!
databasellocallyland (] desthelquery. After[laceiving/theltesult, the purchaselafent$endal’
message to [controlmodule that(has ds(alargument!avector with(all (the[data from[donelqueryL
converted into [@/string.[]

Control agent/-it! lsicreated bylthelinterface agent.(It/is[tesponsible/for/the  lontrol’and!’
creation[ of! thel quantityl ofl hecessaryl purchase! | gentslinl agreement’ with!thetequeriments! |
received(from[thelinterfacelagent. Afterlits/creation, [the controllagent creates dldatalstructure! |
forleach/purchase’ |gentwithin the drivers((that willlbeused), the host/location (atp [address), |
thelusersland[the passwords. Next,[itlis[¢created [l alWwaitlinterface thatlindicates[thel¢ontrol’
modulelwaslcreated [and/it/is waiting[for the return[ J6purchase( /gents. [ |

Interface Agent-itlis[the first(agent that/is/created. It[presents/a/graphic interface where!
theluser(specifies theldatal for[the search and[creates[the ] ontrollagent providing to it el
search[parameters/through the messages. !

Thelinteractionamong/(the agents/works/through(alseries(oflprecoded messages/that'can !’
orl¢cannot/havelanylargument[ ] for[the agent. Forléxample:[the message | “eminho” haslas!’
argument 'the vector|thatlindicates the[places/that/the purchase Igenthas/to! 'isit/(its[itinerary), |
whilelthe message!iniciar”indicates/that[ Helpurchase | gent has/tolstart[its[triptoldolthel’
searches. ]

So, [with(the[]gents organized [this[Way, [only the[purchase[ | gent[travels/over the net/+[it[]
goes!tothe hostwherelit does[thesearch(locally’and [afterwards!it'sendstheresults obtained
throughlthe met. Thelwholeprocess/is! tarted with the  eationloflinterfacemodulelthat(creates! |
algraphiclinterface where the iser specifies hispreferences to [the search. [The Control Module !
when teceives(theuserrequirements, [it (¢reates (dne ormorel | gents, [converts'them/in/dn array! |
oftbytes. [This(arraylispassed [fo the[ATP dayer LA gent[Transfer [Protocol) inlorder o itican be !
sent[d[its[destiny. This/protocolbuilds, so,a bit/stream[that has[general information, [such(as(’
system(and lidentificationame( ad [the arraylofbytes origined from runtime layer. [
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Eachlpurchaselagent[Whenteturns to[source host, sendslall[ts contents(to thelcontroll’
moduleJomponent, Result(Manager. [Atterwards, [this[component can(aggregate dll[answers
obtained(andsend themfo [theinterface odule. Thelinterfacemodule, [perise, [sendsithe result [
toltheiser (byle maillor Bylscreen. 1]

4.3 Performance Evaluation

Alsimulation’environment/ was[ developedlinlorder tolimplement[andtest/the Datal Agent
system[and (establish(a basic structure of programmingin(adistributed [System. The [operation
systemused!it[wasWindows NT4.0(and all[the/¢codelines were written [in[Javaland [ASDK
library. The fests wereldone/at [Gomputers: Pentium(23 3,64 MbRAM, with the JDK1.1.7A.[

Thelproposed systemlacts/in[alsimulated [éenvironment[ofl searching oflbookslover(the
Internet. ' The[main/goal[lsito ‘énable ahighldegreeloflautomation & dternetmarket. [Atlany!’
time, [ al userl canl delegate! tasks[ tolalhandler[ agent. Suchltask(is/to/look!forl good![ &fers!|
matching(d(certain interest. Even[ifithe user(is[0ff'line, he[ | calbenoptified [aboutl Helordered!
querylthrough e mail. (]

Theleéntity(telationship (modellused (by(this(system[and(availablelin éachhostlis[a simple
model with[four(tables: AUTORES (“authors™), [GENEROS [(“genders”),[LIVRO_AUTOR[
(“book_author”)[and[LIVROS(“books”). [ Thelqueryisdone, [in[fact, intheltables: autores, |
livrosLand ivro_autor. [ To test[lite operation of JDBCLc¢alls, lit Was used [ theLACCESS and [
MICROSOFTISQLISERVER7.0softwares. [

Thelperformance! ealuation/is based (onléxecutiontime(0f'the [purchaseslagentslaccording
tothreetypes[oflitineraries(dvailablelin/this[ 'gstem. It Wwas evaluated [theltime that  tese[ Igents!
take(folarrive/thedata Sources,[dothesearchland [send(the[results tothe lontrolmodule. The!
results(presented (at( Itetable(1 wererepresented in/milliseconds. [[1!

Table 1. medium execution time of the purchases agents

Quantity of . j -

Bookshops Itinerary 1 | Itinerary 2 | Itinerary 3
5 988 1800 110
10 1044 1998 232
25 3558 5282 492

Forlalbetter comprehension6ithe table,we onsider: Il

itinerary(1 Tlone [ gent[for€ach(server;/T

itinerary(2 [onlylone gent that(visits/all the(servers; [

itinerary(3 onegent that(goes[through theservers intil to find the firstidccurrence. ]

Theltable1 [shows that Htelagent behavior ¢change | onsiderably(with[thekangelof the
typeloflitinerary. [But! Ieldifferencelofl performance!(considering/thespeed( | 6 thelagents)is! |
morel meaning[ between! the!itineraries' 2 and[ | 3 Butl considering! the[tesults/ qualityl oflthe!
search(realized, (welhave(tolaccept[ Hatl Ite results/obtained bylthe [ |gentswiththelitineraries/1 [
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and[] 2are[more[¢omplete. [Ofl¢ourselthat[ He[processingtimelisdifferent depending | n/thel’
itineraryused. But, Wwelcan[conclude that iflwe have lintil “dnServers forthe[ gents(visit, the
system workswell.[]

Wel ol lhveto/emphasizelthat/with[thelitinerary(2, [the [@answer time grows/quicklylwhen
the[number/oflbookshops! islgreat. It[happens/because, in this/case, [ the mobilelagents have! |
their(size[ldded that becomes!/difficult ltemigration.[Concerning(to[itinerary(3, [it/is[obvious[]
that(this[typel oflitinerary has[the[minor[ processing[time,[because,in[this[case, the agent!]
returns (to (the[/kentmachine When it findsthe first'0ccurrence that satisfies[the user. [

Finally, ‘dnalyzing the xecuting time['ad[the information(received(quality, we [ camotice
that[ Helitinerary[1[ gyes[a[Ibetter answer because we have several (purchase agents(working[
together(to [dttend the[userlinterests. [

5 Discussions and Future Work

Inlthislpaper, welhave/introduced [dnew @pproach forideveloping/client/serverlapplications(on! |
the[Web( ] sing[Java mobilelagents. The[Datal Agents[ ] ystem!Tis[anlassistant[softwarelthat(’
automates and énhances[the(fask 1 6 ifidinglinteresting[and [televant[offers. (It[ mplements/an(’
application[folinvestigatelandfest[ He[convenienceloflusing the mobilelagent@chnologylatlal’
distributed [énvironment. [Thislapplicationlisablelof o ffering[informationservices Where[the
agents[underuser’s/thumb, Tiberating him/of doing[routine[tasks[oflsearching information(at[ |
common bookshops, thatlare, [in/general, limited[at( lte/space! Jad ‘time. [ |

Thelproposed|[system supports'dnew! | wy/for web based [database! Jacess whichlis[ lsown![
tolbel(a) (extremely(flexible, [it[(was veryleasilyladapted [fo work under(the[¢lient/agent/server
computational/paradigm;/(b) ore/scalable, extending it[ d/supportthultidatabasesystemswas[
easywhilelitmotlonlymaintained (butlalso lincreaded fits [performance benefits. [ ]

Thelimplementation [ 16thesystem(also [showed [that[ ibutperformed/the  Terrentlapproach.
Thelresultsobtained 'were considered [acceptable, [duefo [the/information filtering (be executed [
onlthe(server where(the resourcesarelocated. [This circumstance leads(to [@[significant reduced !
network Toading.[The[project demonstrated/its €ffectivenessdver(alspecifiapplicationcontext. ]
Welan(say'that[ ltemobile Igent/technologyldfferstiews@pproaches/in(distributed computing
especially forlefficient/exploitation ofldistributed [ dta/sources.! |

Almobilelagentl system!isl one! where  user! programs! (agents) may! voluntary fom[one!
computer/(host) to[another.[Asldgentsmovethrough(the network, ‘they¢consume(tesources|at!
eachhost(that itey(visit. [Thevaluelofimobile agent [System[is[dependent(onlagents’ [@bility fo
migrate[from‘onelhost[d[another[on[the metwork. Hosts providinglaccess to[ isitinglagents/’
exposel lthemselves[ 'to [ Jadditionalload[land risk. [ Researches  Jabout[Ja[risks[‘and[Icosts/|
compensation/through(alsystem marketlestablishment(canbel Jensidered [as[one of ourfuture!
works. Ttl¢could[ blimplemented [al market system[Wwhere mobile[] gents[buy computational ]
resources. This[mechanism(couldlact d[controllmobilelagents’ esourceJonsumption(due/to!’
thel finite[ currencyl supplylavailable(to anylagent. Additionally, [agents/ could[sell their[own![ ]
services/to ! ser, (Hosts, and [otheragents. Moreldetails/in([6].

Althoughthe negotiationprocess' doesn’t have been! considered/inlthis work, it/is[an
excellent[¢andidate[for alfuture investigation in this project. [Forléxample, [the negotiation!’
processwith Games/Theory([Gould bBeused.[7,8][]
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Othersuggestion/itiwould [be the implementation 0 flanfintelligentmodulelthatpermitsithe
DatalAgents[Igstem, (besidesoflthe conventional Search, [ imakes(suggestions foltheuser. Thel
developmentlofithisfintelligent modulebased ‘onlinference mechanismbased [0 Tulesand the
thepossibilityloflexistence ofimore than one kind [oflproductid[ ! blinvestigated [are tasks/that [
would[1bhopefullinthel Teolution[6thiswork. [

Inlanylcase, thelexperimentations convinced [ sl thatlagents[¢an[ | blVery useful (tolsolvel’
everyday/problems!(file(transfer, batch [ Igeries). It slup to us[to [write behavior(that/are going |
tolsolvelmorelchallengingproblems. [
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