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Abstract. The designfocus of the TocorimeApicu integratedsearchenginebuilds
uponnew approachesandtechniquesassociatedwith evolutionarycomputationto im-
prove the precisionandrecall mechanismsof existing informationretrieval systems
within popularsearchengines.The interactionsof thefour majorcomponentsof en-
ginesarefacilitatedthroughtheuseof a hierarchicalcommunicationtopologywhich
partitionsthenodesof adistributedcomputingsysteminto subclusters.Thehierarchi-
cal communicationtopologyis basedonaninformationecosystemmodeleduponand
incorporatingthe socialstructureof honeybees—thisproviding mechanismsfor the
efficient sharingof information.

1 Introduction

The informationsharing/communicationmodelassociatedwith TocorimeApicu 1 research
effort [18, 17, 16] incorporatesaspectsof theuniquebehavior exhibitedby inhabitantsof a
honeybeecolony [9, 11] in relationto their externalenvironment,including their relationto
otherhoneybeecolonies.Theseaspectsareemployed to adequatelysearchand index por-
tionsof theWeb for valuableinformationby viewing theWWW asan informationecosys-
tem.Ultimately, resultingin a comprehensiveeventmanager(EM) model[2], thehoneybee
model[14] removescommunicationlimitationsinherentin currentmethodologiesby provid-
ing the basisfor informationsharingmechanisms.This modelcanbe extendedby treating
eachsubcluster—basedonthenodesassociatedwith eachmanager,

�����
in theEM model—as

asetof queensanddrones.
Various techniquesare employed to continuouslydisperseforagerswithin the honey-

beeinformationsharingmodel to serve the needsof an existing colony in their searchfor
thelocationof ever-changingfood sources(time-dependentinformation)which areproneto
changedrasticallyover a relatively shortperiodof time in a mannersimilar to requesting
informationfrom aremotesitewithin theInternetasshown in Figure1. Webpageretrieval is
accomplishedwithin theTocorimeApicu engineby theHTML ResourceDiscovery (HRD)
system[16] andWebpageparsingby theInformationSharingIndexing (ISI) system[18,17].
The foragersmark food sourcesaswell asthepathto the food sourcein orderto formulate
customizedroutes[16,13, 10]. Thismethodologyhastheability to discovernew ISPsaswell
asnew sub-hostproviding servicesto new andexistingWebclientswhichresultin fasterdis-
coveryof new andupdatedWebpages.

1Theword ���	�
����
������ meaning“spirit”[7 ], comesfrom anancientAmazonIndianlanguage.����
���� comes
from theLatin ����
�� ���"!$#��%���%� meaning“honeybeeculture” or “the studyof honeybees.” Thephrase���	�
����
��&�����
��
� is usedas“in thespirit of beeculture.”
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Figure1: The WWW asan informationecosystemasviewed by the TocorimeApicu HRD systemWeb dis-
patchers.

2 The Problem

Most of the currentengines[12] provide its userswith varied results—thisdependingon
thetypeof producer—this in turn leadingto thecouplingof link analysis,human-basedcat-
egories,andautomatedspideringtechnology. The result is overlappingpages/information.
Several of theseenginesareproducersaswell asconsumersof pre-compiledsetsof Web
pages.The uniquequalitiesof crawler-basedsystemscoupledwith the resultsof human-
editorsprovidesan assortmentof informationsources,this further aggravating the taskof
indexing for theconsumerengineswhich attemptto eliminatepageduplicationin thequery
results.Inevitably, this processshouldleadto diversitywhich maybeapparentin thequery
resultsassociatedwith varioussearchstrings.

Theuseof link analysis—whichis basedontheWebpageshaving beenclicked/accessed
by variouspastusersof particularengines—allows variousserversto handledifferentcat-
egories reflective of regional user interest.Such an approachis the underlying focus of
Google[8] wheretheshortcomingsof link analysis[12] arebasedonWebpageconnectivity
whichhasbeenpredictedasbelongingto oneof thesecategories:

1. Corepages—30percentof theWebpagesareconsideredinterconnectedandeasyto find
by their Internetconnectionlinks.

2. Originatingpages—24percentof theWebpagescannotbeaccessedfrom thecorepages
but arelinkedto them.

3. Destinationpages—24percentof theWebpagescanbeaccessedfrom thecorepagesbut
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Figure2: Web pageconnectivity asviewed by the TocorimeApicu informationecosystem.Solid lines show
Webpageconnectivity asviewedby Google.

arenot linkedto them.

4. Disconnectedpages—22percentof theWebpagesaredisconnectedfrom thecorepages.

3 The Simulate Honeybee Ecosystem

3.1 TheInformationEcosystem

The creationof an information ecosystem,which emulatesselectedaspectsof distributed
honeybee colonies,incorporatesthree distinct hierarchicallevels of biological organiza-
tion [4, 5, 19] usingthemethodologiesof evolutionarycomputation(EC) [17] andEM: the
population,the organismic,and the geneticlevels. The EM modelprovides the meansby
which thevariousinteractionswithin andbetweenlevelsof theecosystemcantakeplace.

The restrictionsplacedon the ecologicalsystemwere: 1) the processof evolutionary
searchmustagreewith biological facts,even if non-biologicalsearchtechniquesaremore
effective,and2) theinformationecosystemmustbeassimpleor primitiveaspossible.These
restrictionscorrespondto theevolutionaryprocessesincorporatedin biologicalspecies,en-
abling themto solve problemstypified by chaos,chance,temporality, andnonlinearinter-
activity [5, 3]. Figure2 presentsWeb pageconnectivity asviewed by the TocorimeApicu
informationecosystem.
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Figure3: A snapshotof theexpandablesearchspacefor overlappingNNCsasviewedby theISI system.

3.2 TheHierarchical Levelsof Honeybees

Thesocialhierarchyof honeybees[11, 9] resultsfrom environmentalinfluences—ecological
andphysiological,geneticpotentiality, andsocialconditions(regulations)of thecolony. So-
cial insectsarecharacterizedby 1) cooperationamongadultsin broodcareandnestconstruc-
tion, 2) overlappingof at leasttwo generations,and3) reproductivedivisionof labor—queen
specializesin egg laying andworkersin broodcare.Theevolutionarysearchstrategy of this
systeminitiatesuniquecharacteristicsof thehoneybeemodel—itsspatialorganizationalong
with speciesspecifity, thisin turninfluencingthepatternof geneflow, andthereforethesearch
strategy.

The methodologyof EC providesmechanismsto facilitate the requirementsneededto
model the organicevolution of purposive behavior [6] which incorporatesvariousaspects
of honeybees.Organicevolution requires:1) a systemof storedinformation,2) a systemof
transferringinformationfrom onegenerationto thenext, 3) a systemof mutationof stored
information,and4) a systemof translationsof the geneticinformationinto a form against
which valuejudgmentsaremade.Purposebehavior hastwo aspectswhich are:1) theability
to specifyanintrinsicpurposeand2) elaboratingapatternof behavior thatis directedtowards
achieving a specifiedpurpose.Theevolution of purposive behavior is achievedby requiring
1) stochasticfluctuationsto breaktheimpasseof indeterminacy and2) theactionsassociated
with theselectionoperator. Theoutcomeof thisprocessis adeterministicsequenceof events
resultingin astochasticprocesswhichsetsabasicallyindeterminatesysteminto oneof many
possiblepathways.



Table1: Cumulativeaccesslog summariesfor Webprobedispatchers.

Item Web probe dispatchers

Startdate 15 Oct 2001
Stopdate 28 Jan2002
Durationin days 105days
Durationin weeks 15 weeks
Simultaneousprobe 128
transmissions
Total requests 48193332.0
Avg requestsperday 458984.1
HTML serverslocated 75367

4 Overview of the Tocorime Apicu Information Sharing (IS) System

4.1 WebPage IndexingComponents

Restrictedandfreebreedingwereimplementedby theformulationof anexpandablesearch
space(Figure3) which formsadaptivesubclusters.Thesearchspaceshown in thefigurede-
pictsa snapshotof the locationof drifter nodeswith respectto seednodes.Theseednodes
arerepresentedassmallcirclesandthedriftersassmall rectangles.Eachspecieseedrepre-
sentsthebasisof asubgroupif it exists.A subgroupis formedwhenoneor moredriftersare
within a givenradiusof a seedforming nearestneighbors.Eachseedusesthesameradius.
An extensionof this approachbetterreflectsthebiologicalmodel,allowing theseedradius
to increase/decreasebasedon thedecayof its pheromones[13, 10]. Supersedureemulation
occurswhentwo or moreseedsarenearestneighborsforming overlappingnearestneighbor
clusters(NNCs).Whena singledrifter is a nearestneighborof two disjoint seeds,this node
maybeselectedto shareinformationtwice basedon theexistenceof oneor morecompeting
drifters.

4.2 WebForagingComponents

The Web probes,scouts,andforagersareresponsiblefor retrieving externaldata.The raw
externaldatafiles arereducedto raw HTML files in the first passthat containno padding
or HTML headerinformation[15], suchasdateof last modificationor dateto expire. The
resultingraw HTML file is equivalent to the information presentedto the userby her/his
chosenWeb browser. The raw external file containsinformation that can be usedby the
advancedmechanisms,which, themselvesarecomponentsof somepopularbrowsers.

The secondpasson the raw HTML file occursduring the tag parsingprocess;this is a
componentof the ISI system.The datato be usedin thesemechanismsis filtered during
the first passin order to assurethat the appropriatewrappersexist. Wrappersusedby the
HRD foragersfilter outdocumentsthatmaynotbein Englishor follow incorrectHTML for-
mat.Currently, thesearchengineis unableto performany languagetranslations.TheHRD
dispatcherscommunicatewith theISI dispatchersvia their respectivegroupmanagers.Like-
wise,theISI dispatcherscommunicatewith thebrowserreportinginterface(BRI) dispatchers
throughtheir respectivemanagerinterfaces.



Table2: Stochasticmeasuresassociatedwith Webprobedispatchers.

Week I�J0K�L INM�O�L�L P(M,i) R(z) I(M,i,z)

1 0.04548 0.01734 0.00004 115127.0 230253.9
2 0.03687 0.01312 0.00003 153503.4 460510.1
3 0.03962 0.01610 0.00004 115127.0 460507.8
4 0.04210 0.01705 0.00004 115127.0 460507.8
5 0.04194 0.01595 0.00004 115127.0 690761.7
6 0.04078 0.01361 0.00003 153503.4 1074523.6
7 0.04025 0.01309 0.00003 153503.4 1228027.0
8 0.04184 0.01595 0.00004 115127.0 1036142.6
9 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

5 Experimental Results

5.1 HRD ExperimentalEnvironment

TheHRD systemsearchedtheInternetfor thoseISPshostingWebservices[17] for a totalof
fifteenweekswhich includedthreeU.S.holidays—Thanksgiving,Christmas,andNew Years
(seeTable1). Thestartdatewas15 October2001andthe terminatingdatewas28 January
2002with one-weekdatacollectionperiodsthatspanfrom Mondayto Monday.

The goalof this studywasto testthe run-timeenvironmentassociatedwith dispatchers
anddeterminethe limitations in executingtheHRD network probingsoftwarefor extended
periodsof time. The HRD systemwas testedusingHP Pavilions with seven 733MHz (20
Gigabytesof memory)andone766 MHz (30 Gigabytesof memory)Intel Celeronproces-
sors,128 MB SDRAM, and Intel Pro/100+Server AdapterEthernetcards,connectedvia
two D-Link DSH-1610/100dualspeedhubswith switchesthrougha 144Kbpsrouter. The
dispatchertestswererun usingRedHat Linux release7.0(Guiness).

5.2 WebProbeDispatchers

Usageof stochasticmeasurements[16] provides insight into the efficiency of the system
andthusreflectsperformancedegradations.Thelocalizedfitness,PRQ0SUT � of eachversionof the
probedispatcherperweekis presentedin Table2. Thenumberof independentrunsrequired
to achieve anefficiency of V"VXW �ZY\[+]X^_� showedmoderatevariations.Thestandarddeviation
for

Y\[`]X^
and a [��b��c��	]"^

was21612.3and475118.8,respectively. Thevaluesassociatedwith
PRQ0SUT aredependenton thenumberof probesperweek,thusreflectingthecollisionswithin the
LAN andTTL associatedwith thereleasedprobes.Thesuccessfitness,P�d+e_T�T � which is also
basedontheweeklysumof all four dispatchers,determinestheeffectivenessof locatingISPs
thathostHTML services.



Table3: Webscoutdispatcherresultsfor customizedrouting.

Web scout dispatcher
ISP response results Node 0 Node 1 Node 2 Node 3 Totals

Numberof DNSnameresolutions 9262 6774 6821 5870 28727
(dispatcherresultcodeY)
Numberof QoSrequests 9502 9180 9587 9326 37595
(basedon RSstatisticplots)
Periodictasks 240 2406 2766 3456 8868
(recurringQoSrequests)
Numberof customizedroutes 1422 1127 1003 1112 4664
(successfulretrievals)

Thecorrespondingnumberof projecteddispatchers,a [`�f��cg�	]X^_�
is notcomputedasavalue

independentof thefuturecollectionperiod.Thevalueprojectsthenumberof dispatchersre-
quired to correctshortcomingsof the currentdispatchers.The numberof requiredweeks,Y\[+]X^_�

neededto achieve thetargetedprobabilitywas92.1thousandweeksfor collectionpe-
riods 11, 13, and14. A projectedvalueof 115.1thousandweeksis requiredfor collection
periods2, 4, 5, 6, 9, 12, 15, and16. The remainingcollectionperiodsrequired153.5thou-
sandweeks.Thenumberof dispatchersneededfor collectionperiod2 wasprojectedas0.2
million. Collectionperiods3, 4, and5 will require0.5million dispatchers.Collectionperiods
7, 8, 9, 11,12,13,and14will requirebetween1.0and1.5million dispatchers.Collectionpe-
riods10,15,and16will requirebetween1.5and1.9million dispatchers.Theseresultsshow
someconsistency betweenthe distinct collectionperiods.This suggeststhat increasingthe
LAN throughputto theInternetshouldreduceall projectedcollectionperiodsanddispatcher
requirements.

5.3 WebScoutDispatchers

TheRSstatisticresultsin theTable3 differ from thereferencesusedasthebasisof this ap-
proach[16] sincethelargerRSstatisticsvalueimpliesasmallerdegreeof self-similarity. RS
statisticsmeasurementsareperiodicallyusedto determinethedegreeof congestionalongthe
pathto achosenISP, aswell aswithin thechosenISP. Theretrieval of raw datafiles removes
theISPfrom thelistsof periodictaskswhicharethenretested.Thefeasibility testsarebased
on thereleaseof scoutsto eachISP in orderto performtheself-similaritycomputations.A
congestionthresholdwasusedto determinefeasibility results,indicating4544customized
routes.All of the customizedroutescontainedat leastonescoutthat did not returnwithin
its allocatedTTL. Thesetime-outsreflectpossiblecongestionin the LAN, LAN+WAN, or
WAN.

Thescoutdispatcherresultsareshown in Table3. Thetotal numberof DNS namereso-
lutions28727.Theincreaseis dueto theextendedcollectionperiodanddispatcherimprove-
ments[16].



Table4: ISPresponsesto Webforagersinquiriesbasedon customizedrouting.

Web forager dispatcher
Week ISP response results Node 0 Node 1 Node 2 Node 3 Totals

Week1-15 Numberof customizedroutes 9262 6774 6821 5870 28727
(retrieval of raw datafiles)

Week16 Raw HTML pages 690 536 548 557 2331
Accessforbiddenpages
—Firewall pages 21 27 44 31 123
—Webmail pages 110 144 129 155 538
—403forbiddenpages 4 3 5 4 16
—404not found 0 0 2 2 4
Usefulraw HTML pages 555 362 368 365 1650

Week17 Raw HTML pages 732 591 455 555 2333
Accessforbiddenpages
—Firewall pages 75 10 28 17 130
—Webmail pages 214 144 216 173 747
—403forbiddenpages 3 1 0 1 5
—404not found 1 1 0 1 3
Usefulraw HTML pages 439 435 211 363 1448

Totals Raw HTML pages 1422 1127 1003 1112 4664
Accessforbiddenpages
—Firewall pages 96 37 72 48 253
—Webmail pages 324 288 345 328 1285
—403forbiddenpages 7 4 5 5 21
—404not found 1 1 2 3 7
Usefulraw HTML pages 994 797 579 728 3098

5.4 WebForager Dispatchers

Use of the customizedroutesproducedraw datafiles which were not always useful.The
raw HTML pageswere the resultsof the file being validatedby pre-parsingthe raw con-
tents,whichareacomponentof theISI system.Thepre-processingmayresultin NULL files
which were discarded,thus indicating that either the HTML format was incorrect,or that
thedesignerusednon-Englishtags.Othernon-usefulpagesindicateda firewall or Webmail
login (accessforbidden)HTML pagebut wereretainedin thesestudies.

Table4 presentsthecorrespondingratios: hRikj0lmW � honpjqnXW � hrlsjqt"W � and hruZjqV"W for the for-
agerdispatchers,respectively. The cumulative dispatcherratio for this versionwas honZjqv"Wwj
Theresultsreflecttheuseof filters thateliminateda hostof raw HTML pagesthroughim-
plementationof thefirst passof thetwo-passparser[18] requiredby theTocorimeApicu ISI
system.

6 Related Work

A searchalgorithmtermed“optimizationwith marriagein honeybees”(MBO) [1] emulated
thematingbehavior of bees.Thesimulatedbehavior in this approachreliedon the in-flight
aspectof themating-flightof queens.Thevariable-speedflight of thequeenwasviewedasa
setof transitionsin astatespacein whichthequeenmateswith adifferentdroneateachstate



probabilistically.
By effectively sharing/disseminatinginformation among individuals, swarm strate-

gies[14] incorporatemechanismstosolveoptimizationproblems.Thisapproachincorporates
species’seedswhich form thenucleusof acollectionof randomindividuals.Eachindividual
swarmmembercommunicateswith its nearestneighbors(NN) in orderto improvetheir per-
formanceandobtaintheinformationrequiredin searchingfor theoptimumamong/insmaller
groups(alsoknown asafterswarmsin honeybeeterminology).

Selectionpressureon subpopulationsis reducedwhen the “migration interval” for an
applicationis random.This approachfacilitatesimplementationof the methodologyof the
SBGA [19] algorithm.Thecontinuouscreationof subpopulationsleadsto variouscombina-
tions of individualswith similar geneticmakeups.This resultsin shifts in the genespace,
which, in turn, facilitatetheexplorationof thedisparateregionsof thesearchspace.

An antcolony optimization(ACO)approach[13, 10] for theresourceconstrainedproject
schedulingproblem(RCPSP)wasimplementedto simulatethepheromonetrails associated
with eachant.Theuseof thepheromonetrail requiredtheimplementationof heuristicsthat
determinetherateof pheromonedecay(evaporation).

7 Conclusion

Thecreationof anartificial ecosystemwithin theInternetprovidesanadaptivesearchmodel
which hastheability to evolveandkeeppacewith theInternet’sevolutionandfurtherdevel-
opment.Theexponentialgrowth of relatedWebdocumentspresentsIR problemsfor existing
and newly developedengines.The IR problemsare magnifiedas the existing enginesset
new goalsfor incorporatingdocumentsthatdo not comprisethegroupof pagesconsidered
the coreof Internetrelateddocuments.The communicationpatternswithin this simulated
systembenefitfrom theadaptivecommunicationandhierarchicalhabitsof honeybees.
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