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Abstract. The designfocus of the Tocorime Apicu integratedsearchenginebuilds
uponnew approacheandtechniquesssociatedvith evolutionarycomputatiorto im-
prove the precisionandrecall mechanism®f existing informationretrieval systems
within popularsearchenginesThe interactionsof the four major component®f en-
ginesarefacilitatedthroughthe useof a hierarchicacommunicatiortopologywhich
partitionsthenodesof a distributedcomputingsysteminto subclustersThehierarchi-
cal communicatiortopologyis basedn aninformationecosystenmodeleduponand
incorporatingthe social structureof hong/bees—thisproviding mechanismgor the
efficient sharingof information.

1 Introduction

The information sharing/communicatiomodel associatedvith TocorimeApicu ! research
effort [18, 17, 16] incorporatesaspectof the uniquebehaior exhibited by inhabitantsof a
hone/beecolory [9, 11] in relationto their externalervironment,including their relationto
otherhone/beecolonies.Theseaspectsare employed to adequatelysearchand index por-
tions of the Web for valuableinformationby viewing the WWW asaninformationecosys-
tem. Ultimately, resultingin a comprehensie eventmanage(EM) model[2], the honeg/bee
model[14] removescommunicatiodimitationsinherentin currentmethodologie®y provid-
ing the basisfor information sharingmechanismsThis modelcanbe extendedby treating
eachsubcluster—basednthenodesassociateith eachmanager)/;, in theEM model—as
asetof queensanddrones.

Varioustechniquesare employed to continuouslydisperseforagerswithin the honegy-
beeinformation sharingmodelto sere the needsof an existing colory in their searchfor
thelocationof ever-changingfood sourcegtime-dependentformation)which areproneto
changedrasticallyover a relatively short period of time in a mannersimilar to requesting
informationfrom aremotesitewithin the Internetasshown in Figurel. Webpageretrieval is
accomplishedvithin the TocorimeApicu engineby the HTML ResourceDiscovery (HRD)
systen{16] andWebpageparsingoy thenformationSharingindexing (ISI) systen{18, 17].
The foragersmark food sourcesaswell asthe pathto the food sourcein orderto formulate
customizedouteg 16, 13, 10]. Thismethodologyhastheability to discovernew ISPsaswell
asnew sub-hosproviding servicego new andexisting Webclientswhich resultin fasterdis-
covery of new andupdatediVeb pages.

Theword Tocorime, meaning'spirit’[7 ], comesfrom anancientAmazonindianlanguage Apicu comes
from the Latin apis cultura, meaning‘honeybeeculture” or “the studyof honeybees' The phrasel ocorime
Apicu is usedas‘in thespirit of beeculture?
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Figure 1: The WWW asan information ecosystenasviewed by the Tocorime Apicu HRD systemWeb dis-
patchers.

2 TheProblem

Most of the currentengines[12] provide its userswith varied results—thisdependingon
thetype of produces—thisin turnleadingto the couplingof link analysishuman-basedat-
egories,and automatedspideringtechnology The resultis overlappingpages/information.
Several of theseenginesare producersaswell as consumerf pre-compiledsetsof Web
pages.The unique qualities of crawler-basedsystemscoupledwith the resultsof human-
editorsprovides an assortmenbf information sourcesthis further aggravating the task of
indexing for the consumeenginesvhich attemptto eliminatepageduplicationin the query
results.Inevitably, this processshouldleadto diversitywhich may be apparenin the query
resultsassociatedavith varioussearchstrings.

Theuseof link analysis—whichs basednthe Webpageshaving beenclicked/accessed
by variouspastusersof particularengines—allas varioussenersto handledifferentcat-
egoriesreflectve of regional userinterest. Such an approachis the underlying focus of
Google[8] wheretheshortcoming®f link analysig12] arebasedn Web pageconnectvity
which hasbeenpredictedasbelongingto oneof thesecateyories:

1. Corepages—3@ercenif the Webpagesareconsiderednterconnecte@ndeasyto find
by their Internetconnectiorinks.

2. Originatingpages—24ercentof the Web pagesannotbe accessefrom the corepages
but arelinkedto them.

3. Destinationpages—24ercenif theWebpagesanbeaccesseffom thecorepagesut
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Figure 2: Web pageconnectvity asviewed by the TocorimeApicu informationecosystemSolid lines shav
Web pageconnectvity asviewedby Google.

arenotlinkedto them.

4. Disconnecteghages—22ercenbof the Webpagesaredisconnectedrom thecorepages.

3 The Simulate Honeybee Ecosystem
3.1 ThelnformationEcosystem

The creationof an information ecosystemyhich emulatesselectedaspectsof distributed
honeg/bee colonies, incorporatesthree distinct hierarchicallevels of biological organiza-
tion [4, 5, 19] usingthe methodologie®f evolutionarycomputation(EC) [17] andEM: the
population,the organismic,andthe geneticlevels. The EM model provides the meansby
which thevariousinteractionswithin andbetweerevelsof the ecosystentantake place.

The restrictionsplacedon the ecologicalsystemwere: 1) the processof evolutionary
searchmustagreewith biological facts,evenif non-biologicalsearchtechniquesare more
effective,and2) theinformationecosystenmustbe assimpleor primitive aspossible These
restrictionscorrespondo the evolutionaryprocessefcorporatedn biological speciesgn-
abling themto solve problemstypified by chaos,chance temporality and nonlinearinter-
actwity [5, 3]. Figure 2 present3Neb pageconnectvity asviewed by the TocorimeApicu
informationecosystem.
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Figure3: A snapshobf the expandablesearchspacefor overlappingNNCsasviewedby thelS| system.

3.2 TheHierarchical Levelsof Hong/bees

Thesocialhierarchyof hong/beeq11, 9] resultsfrom ervironmentalinfluences—ecological
andphysiological geneticpotentiality andsocialconditions(regulations)of the colory. So-
cial insectsarecharacterizethy 1) cooperatioramongadultsin broodcareandnestconstruc-
tion, 2) overlappingof atleasttwo generationsand3) reproductve division of labor—queen
specializesn egg laying andworkersin broodcare.The evolutionarysearchstratay of this
systeminitiatesuniquecharacteristicef the hongsfbeemodel—itsspatialorganizationalong
with speciespecifity thisin turninfluencingthepatternof geneflow, andthereforethesearch
strateyy.

The methodologyof EC provides mechanismgo facilitate the requirementsieededo
model the organic evolution of purposve behaior [6] which incorporatesvariousaspects
of hong/bees.Organicevolution requires:1) a systemof storedinformation,2) a systemof
transferringinformationfrom one generatiorto the next, 3) a systemof mutationof stored
information,and4) a systemof translationsof the geneticinformationinto a form against
whichvaluejudgmentsaremade.Purposebehaior hastwo aspectsvhich are: 1) the ability
to specifyanintrinsic purposeand?) elaboratinga patternof behavior thatis directedtowards
achieving a specifiedpurpose.The evolution of purposve behaior is achiezed by requiring
1) stochastidluctuationsto breaktheimpasseof indeterminag and?2) theactionsassociated
with theselectionoperator The outcomeof this processs a deterministicsequencef events
resultingin astochastigprocessvhich setsa basicallyindeterminatesysteminto oneof mary
possiblepathways.



Tablel: Cumulatize accesdog summariegor Web probedispatchers.

| Item | Web probe dispatchers |
Startdate 150ct2001
Stopdate 28Jan2002
Durationin days 105days
Durationin weeks 15weeks
Simultaneougrobe 128
transmissions
Totalrequests 48193332.0
Avg requestperday 458984.1
HTML senerslocated 75367

4 Overview of the Tocorime Apicu Information Sharing (IS) System
4.1 WebPage Indexing Components

Restrictedandfree breedingwereimplementedy the formulationof an expandablesearch
spacgFigure3) which formsadaptve subclustersThe searchspaceshavn in the figure de-
picts a snapshobf the locationof drifter nodeswith respecto seednodes.The seednodes
arerepresentedssmall circlesandthe drifters assmall rectanglesEachspecieseedrepre-
sentgthe basisof a subgroupf it exists.A subgrougs formedwhenoneor moredriftersare
within a givenradiusof a seedforming nearesneighbors Eachseedusesthe sameradius.
An extensionof this approachbetterreflectsthe biological model,allowing the seedradius
to increase/decreasmsedon the decayof its pheromone$13, 10]. Superseduremulation
occurswhentwo or moreseedsarenearesheighbordorming overlappingnearesneighbor
clusters(NNCs).Whena singledrifter is a nearesheighborof two disjoint seedsthis node
may be selectedo shareinformationtwice basedon the existenceof oneor morecompeting
drifters.

4.2 WebForaging Components

The Web probes,scouts,andforagersare responsibléor retrieving externaldata.The raw
external datafiles arereducedto raw HTML files in the first passthat containno padding
or HTML headerinformation[15], suchasdateof last modificationor dateto expire. The
resultingraw HTML file is equialentto the information presentedo the userby her/his
chosenWeb browser The raw external file containsinformation that can be usedby the
advancedmechanismsyhich, themselesarecomponent®f somepopularbrowsers.

The secondpasson theraw HTML file occursduring the tag parsingprocessthisis a
componentof the ISI system.The datato be usedin thesemechanismss filtered during
the first passin orderto assurethat the appropriatewrappersexist. Wrappersusedby the
HRD foragerdilter outdocumentshatmaynotbein Englishor follow incorrectHTML for-
mat. Currently the searchengineis unableto performary languageranslationsThe HRD
dispatchersommunicatevith thelSI dispatchersia their respectre groupmanagerslLike-
wise,thelSI dispatchersommunicatevith the browserreportinginterface(BRI) dispatchers
throughtheir respectre manageinterfaces.



Table2: Stochastieneasuregssociateavith Web probedispatchers.

| Week | floc | fsucc | P(M vl) | R(Z) | I (M ,i,Z) |
0.04548| 0.01734| 0.00004| 115127.0f 230253.9
0.03687| 0.01312| 0.00003| 153503.4| 460510.1
0.03962| 0.01610| 0.00004| 115127.0| 460507.8
0.04210| 0.01705| 0.00004| 115127.0| 460507.8
0.04194| 0.01595| 0.00004| 115127.0| 690761.7
0.04078| 0.01361| 0.00003| 153503.4| 1074523.6
0.04025| 0.01309| 0.00003| 153503.4| 1228027.0
0.04184| 0.01595| 0.00004| 115127.0| 1036142.6
0.05023| 0.01819| 0.00003| 153503.4| 1535033.7
10 0.03905| 0.01463| 0.00005| 92101.1| 1013112.1
11 0.04024| 0.01502| 0.00004| 115127.0| 1381523.4
12 0.04035| 0.01683| 0.00005| 92101.1| 1197314.4
13 0.04244| 0.01702| 0.00005| 92101.1| 1289415.5
14 0.04215| 0.01687| 0.00004| 115127.0| 1726904.3
15 0.03919| 0.01599| 0.00004| 115127.0| 1842031.2
Mean — — — | 120755.5| 1041771.3
SD — — — | 21612.3| 475118.8
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5 Experimental Results
5.1 HRD ExperimentaEnvironment

The HRD systemsearchedheInternetfor thoselSPshostingWebserviceqd17] for atotal of
fiteenweekswhichincludedthreeU.S. holidays—Thanksging, ChristmasandNew Years
(seeTablel). The startdatewas 15 October2001andthe terminatingdatewas 28 January
2002with one-weeldatacollectionperiodsthatspanfrom Mondayto Monday

The goal of this studywasto testthe run-time ervironmentassociatedvith dispatchers
anddeterminethe limitationsin executingthe HRD network probingsoftwarefor extended
periodsof time. The HRD systemwas testedusing HP Pavilions with seven 733MHz (20
Gigabytesof memory)andone 766 MHz (30 Gigabytesof memory)Intel Celeronproces-
sors,128 MB SDRAM, and Intel Pro/100+Sener Adapter Ethernetcards,connectedvia
two D-Link DSH-1610/100dual speechubswith switchesthrougha 144 Kbpsrouter The
dispatchetestswererun usingRedHat Linux releaser.0 (Guiness).

5.2 WebProbeDispatdiers

Usageof stochasticmeasurementfl6] providesinsight into the efficiency of the system
andthusreflectsperformancealegradationsThelocalizedfitness,f;,., of eachversionof the
probedispatcheperweekis presentedn Table2. The numberof independentunsrequired
to achieve an efficiengy of 99%, R(z), shaved moderatevariations.The standarddeviation

for R(z) andI(M,i,z) was21612.3and475118.8respectiely. The valuesassociatedvith

fi.c aredependendnthenumberof probesperweek,thusreflectingthe collisionswithin the
LAN andTTL associatedvith the releasegrobes.The succesditness, f,..., whichis also
basedntheweeklysumof all four dispatchersjeterminesheeffectivenes®f locatingISPs
thathostHTML services.



Table3: Web scoutdispatcheresultsfor customizedouting.

Web scout dispatcher
I SP response results NodeO | Node1 | Node2 | Node3 | Totals

Numberof DNS nameresolutions 9262 6774 6821 5870 | 28727
(dispatcheresultcodeY)

Numberof QoSrequests 9502 9180 9587 9326 | 37595
(basedn RS statisticplots)

Periodictasks 240 2406 2766 3456 | 8868
(recurringQoSrequests)

Numberof customizedoutes 1422 1127 1003 1112 | 4664

(successfutetrievals)

Thecorrespondingumberof projecteddispatchers] (M, i, z), is notcomputedasavalue
independenof thefuture collectionperiod. The valueprojectsthe numberof dispatcherse-
quiredto correctshortcomingsof the currentdispatchersThe numberof requiredweeks,
R(z), neededo achieve the tamgetedprobability was92.1thousandveeksfor collectionpe-
riods 11, 13, and 14. A projectedvalue of 115.1thousandwveeksis requiredfor collection
periods2, 4,5, 6,9, 12,15, and16. The remainingcollection periodsrequired153.5thou-
sandweeks.The numberof dispatchersieededor collectionperiod2 wasprojectedas0.2
million. Collectionperiods3, 4, and5 will require0.5million dispatchersCollectionperiods
7,8,9,11,12,13,and14 will requirebetweerl.0andl1.5million dispatchersCollectionpe-
riods10,15,and16 will requirebetweerl.5and1.9million dispatchersTheseresultsshov
someconsisteng betweenthe distinct collection periods.This suggestghat increasingthe
LAN throughputo the Internetshouldreduceall projectedcollectionperiodsanddispatcher
requirements.

5.3 WebScoutDispatdiers

The RS statisticresultsin the Table 3 differ from the referencesisedasthe basisof this ap-
proach[16] sincethelarger RS statisticsvalueimpliesa smallerdegreeof self-similarity RS
statisticaneasurementgreperiodicallyusedto determinghe degreeof congestioralongthe
pathto achosen SR, aswell aswithin thechosernSP. Theretrieval of raw datafiles removes
thelSPfrom thelists of periodictaskswhich arethenretestedThefeasibility testsarebased
on thereleaseof scoutsto eachlSP in orderto performthe self-similarity computationsA
congestionthresholdwas usedto determinefeasibility results,indicating 4544 customized
routes.All of the customizedroutescontainedat leastone scoutthat did not returnwithin
its allocatedTTL. Thesetime-outsreflectpossiblecongestionn the LAN, LAN+WAN, or
WAN.

The scoutdispatcheresultsareshavn in Table3. Thetotal numberof DNS namereso-
lutions28727.Theincreasas dueto the extendedcollectionperiodanddispatchermprove-
ments[16].



Table4: ISPresponsetn Webforagersinquiriesbasedn customizedouting.

Web forager dispatcher
Week I SP response results NodeO | Node1 | Node2 | Node3 | Totals
Week1-15 | Numberof customizedoutes 9262 6774 6821 5870 | 28727
(retrieval of raw datafiles)
Week16 Rav HTML pages 690 536 548 557 | 2331
Accesdforbiddenpages
—Firewall pages 21 27 44 31 123
—Webmail pages 110 144 129 155 538
—403forbiddenpages 4 3 5 4 16
—404notfound 0 0 2 2 4
Usefulraw HTML pages 555 362 368 365 | 1650
Week17 Raw HTML pages 732 591 455 555 | 2333
Accesdorbiddenpages
—Firewall pages 75 10 28 17 130
—Web mail pages 214 144 216 173 747
—403forbiddenpages 3 1 0 1 5
—404 notfound 1 1 0 1 3
Usefulraw HTML pages 439 435 211 363 | 1448
Totals Rav HTML pages 1422 1127 1003 1112 | 4664
Accesdorbiddenpages
—Firewall pages 96 37 72 48 253
—Webmail pages 324 288 345 328 | 1285
—403forbiddenpages 7 4 5 5 21
—404notfound 1 1 2 3 7
Usefulraw HTML pages 994 797 579 728 | 3098

5.4 \WebForager Dispatders

Use of the customizedroutesproducedraw datafiles which were not always useful. The
raw HTML pageswere the resultsof the file beingvalidatedby pre-parsingthe raw con-
tents,which areacomponentf thelSI systemThepre-processingrayresultin NULL files
which were discardedthus indicating that eitherthe HTML format was incorrect,or that
thedesigneusednon-Englishtags.Othernon-usefulpagesndicateda firewall or Web mail
login (accesdorbidden)HTML pagebut wereretainedn thesestudies.

Table4 presentghe correspondingatios: 15.4%, 16.6%, 14.7%, and18.9% for the for-
agerdispatchersrespectiely. The cumulatve dispatcherratio for this versionwas 16.2%.
The resultsreflectthe useof filters that eliminateda hostof raw HTML pagesthroughim-
plementatiorof thefirst passof thetwo-pasgarse18] requiredby the TocorimeApicu ISI
system.

6 Redated Work

A searchalgorithmtermed-optimizationwith marriagein hong/bees”(MBO) [1] emulated
the matingbehaior of bees.The simulatedbehaior in this approaclrelied on the in-flight
aspecbf the mating-flightof queensThevariable-speeflight of thequeenwasviewedasa
setof transitiongn a statespacan whichthequeemmateswith a differentdroneat eachstate



probabilistically

By effectively sharing/disseminatingnformation among individuals, swarm strate-
gies[14] incorporatenechanism#o solve optimizationproblemsThisapproachncorporates
species’seedshich form the nucleusof a collectionof randomindividuals.Eachindividual
swarmmembercommunicatesvith its nearesneighborgNN) in orderto improve their per
formanceandobtaintheinformationrequiredin searchingor theoptimumamong/insmaller
groups(alsoknown asafterswarmsin honeg/beeterminology).

Selectionpressureon subpopulationss reducedwhen the “migration interval” for an
applicationis random.This approacHhacilitatesimplementatiornof the methodologyof the
SBGA [19] algorithm.The continuouscreationof subpopulationgeadsto variouscombina-
tions of individualswith similar geneticmakeups.This resultsin shifts in the genespace,
which, in turn, facilitatethe explorationof the disparateegionsof the searchspace.

An antcolory optimization(ACO) approact13, 10] for theresourceconstrainegroject
schedulingoroblem(RCPSP)wasimplementedo simulatethe pheromondrails associated
with eachant. The useof the pheromondrail requiredthe implementatiorof heuristicsthat
determineherateof pheromonealecay(evaporation).

7 Conclusion

Thecreationof anatrtificial ecosystemwithin the Internetprovidesanadaptve searchmodel
which hasthe ability to evolve andkeeppacewith the Internets evolution andfurtherdevel-
opment.Theexponentialgrowth of relatedWebdocumentpresentsR problemdor existing
and newly developedengines.The IR problemsare magnifiedas the existing enginesset
new goalsfor incorporatingdocumentghat do not comprisethe group of pagesconsidered
the core of InternetrelateddocumentsThe communicationpatternswithin this simulated
systembenefitfrom the adaptve communicatiorandhierarchicahabitsof hone/bees.
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