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ABSTRACT

Hugeamountsofdataarecollectedinnumerousindependentdatastoragefacilitiesaroundtheworld.
However,howthedataisdistributedbetweenphysicallocationsremainsunspecified.Downloading
allofthedataforthepurposeofprocessingisundesirableandsometimesevenimpossible.Various
methodshavebeenproposedforperformingdataminingtasks,butthemainproblemisthelackof
anobjectivestrategyforcomparingthem.Theauthorspresentcurrentresearchonanovelevaluation
platformfordistributeddatamining(DDM)algorithms.Theproposedplatformopensupanewfield
toevaluatealgorithmsintermsofthequalityoftheresults,transferused,andspeed,butalsoforthe
useofanon-uniformdatadistributionamongindependentnodesduringalgorithmevaluation.This
workintroducesa‘datapartitioningstrategy’termreferringtoaspecific,notnecessarilyuniformdata
distribution.Abriefevaluationforthreeclusteringalgorithmsisalsoreportedshowingtheusability
andsimplicityofidentifyingdifferencesinprocessingwiththeuseoftheplatform.
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INTRoDUCTIoN

Various data mining methods have been presented in our world for many years. They play an
importantroleinourlives,inboththebusinessandscientificdomains.Thecontinuousgrowthof
datacollectedintheworldincreaseseveryday,evenreachingasizeontheorderofzettabytes(where
aZBis1021B)(Chenetal.,2014).Itisestimatedtoreachfrom168(Khattaketal.,2019)to175
(Alnoukari,2020)ZBby2025.Moreover,countlessdevicesthatformtheInternetofThings(IoT)
producequintillionsofbytes(1018B)(Dobre&Xhafa,2014)ofdataeverydayaswell.Infact,500
ZBofdatawasgeneratedfromsuchIoTsourcesin2020(Mirzaetal.,2021)duetotheirnumber.The
numberofsuchdevicesincreases,andthedatacannotbestoredinoneplacebecauseofhardware
andnetworklimitations.Ontheotherhand,multipleindependentdatacenterscollectsuchdatafor
differentinstitutionsandcompanies.Therefore,newalgorithmsandmethodsarerequiredtoenable
newfindingsinthislargeanddistributedamountofdata.Distributeddatamining(DDM)hasbeen
gainingimportanceinrecentyears,withvariousmethodsimplemented(Ganetal.,2017).Depending
onthedomainofstudy,theseapproachesarecalledCollaborativeSystems(e.g.,Zhouetal.,2010)
orDDMmethodsandframeworks.Suchprocessingmethodsshouldprovidebothqualityresultsand
processingperformancewhilepreservingtheprivacyoftransferreddata.
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MuchresearchonapplicationsimplementingvariousalgorithmsworkinginaSpark(Zahariaet
al.,2012)clusterhasbeendone.However,suchprocessingrequiresaspecificclusterenvironmentand
doesnotprovidecontrolovertheprocessinganddatatransferbetweennodes.Becauseofthislackof
control,whichwillbediscussedlater,customapproachesandframeworksareusuallyimplemented
utilizingwell-knownworker-nodecommunicationarchitectures,suchascentralizedorpeer-to-peer
(P2P).Onaccountofthisexpansion,forseveralyearsagreatefforthasbeendevotedtothestudy
ofdistributedclustering,classification,andotherdataminingmethods.Oneofthefirstexamples
ispresentedbyAouadetal.(2007),andanewersolutionispresentedbyBendechacheandKechadi
(2015).DistributedclassificationmethodshavebeenstudiedbyNavia-Vázquezetal. (2006)and
Foreroetal.(2010)andhaveevenbeenstudiedexplicitlyinthenetworksecuritydomain(Huetal.,
2013).Itisworthnotingthatrecently,severalauthors(Foreroetal.,2010;Xuetal.,2015;Jiaetal.,
2016)havepointedouttheimportanceofpreservingprivacyinDDMprocessing.Thisprocessing
concept,however,isnotlimitedtothepreviouslymentionedtypesofalgorithms;italsoappliesto
othermethods,likefrequentitemsetmining,etc.Nevertheless,forthepurposesofthiswork,wedo
notfocusonthesetopics.

Inrecentyears,researchintowhatwasdescribedintheprevioussection—arealindependent
distributedapproachworkinginacooperativeway—hasbecomeverypopular.Duetodatadistribution,
suchanapproachhasgainedstronginterest,creatinganewpathofdevelopmentalongsidecluster-
calledapplicationslikeSpark.Thisproblemisstronglyrelatedtoorchestrationchallengesbasedon
thechosencommunicationarchitectureratherthanhorizontalapplicationscalinginordertoincrease
theoverallcomputationalperformancewithdataexchangebetweennodes.Severalarchitecturesare
alreadyusedinwhichsmallindependentcomputationalnodescreatetheglobalprocessingresult,
notexposingalloftheirdatainfavorofpartialresults.Infact,insuchanapproach,theglobalmodel
beingpreparedfrommultiplemeta-modelsisalsocalled,intheagentsystemliterature,theagent
andartifactparadigm(Omicinietal.,2008).Intheextremeexampleofthisapproach,theagentnode
maycontainknowledgeonlyaboutaspecificsliceofthewholedataset.Incooperationwithother
independentnodes,itisabletodealwithacompletesetofpreviouslyunknownsamplesarriving
intothesystem.Thosesamplesmightbeunknownanomaliesorclustersforclusteringtasks,new
classesofsamplesforclassification,orevenassociatedrulesdiscoveredbyothernodes.Thanksto
suchcooperativework,everynodecanbetterrespondtothenewdatathatisapplied.Depending
onthearchitecture,therecanbeacentralizedexecutionwithonecentralcoordinator(Januzajetal.,
2004;Markiewicz&Koperwas,2019),fullydistributednodecooperation,orahierarchicalmethod
forresultsaggregation(Zhouetal.,2010;Bendechacheetal.,2019).Ourcurrentresearchisfocused
onacentralizedplatform,andtherefore,inthispaper,thisapproachhasbeenemphasized.Thisisdue
tothefactthatthisapproach,withminimaleffortandapproximation,isadaptabletothehierarchical
conceptaswell,whichwillbementionedlater.

Previously described methods and approaches are extensively used in subsequent studies.
However,thereisanongoingdiscussionconcerninghowtoverifythecorrectnessofanalgorithm
inastandardway.Theneedarisestotestitagainstothermethodsinsimilarconditions.Itisalsonot
easytofindaproperdatasettoevaluateagivenmethod.Nevertheless,whenthedatasetispresent,
onequestionthatisstillunansweredishowtoscattersuchdatatoshowthatthealgorithmworks
withoutauniformdatadistribution.Thatiswhyinthispaper,anewtechniquethatimprovesdistributed
dataminingmethodsevaluationhasbeensuggested.Noanalystcanbecertainofacomprehensive
datarepresentationateveryindependentnodeintherealworld.Therearecountlesspossibilitiesto
spreadanentiredatasetamongmultiplenodes.Atypicalalgorithmevaluationisperformedusing
a random, uniform data distribution or a cross-validation method. For strongly unbalanced sets,
thenumberofclasssamplesduringscatteringisusuallyalsoconsideredtosimulateanevenclass
distribution.However,inacompletelydistributedenvironment,theentiredatasetcannotbeaccessed
orisdeliberatelyrestrictedforprivacyreasons.Inordertofullyexaminethealgorithm,thealgorithm
shouldalsobeevaluatedonaspecificdatadistributioninspiteoftypicalscenarios.Thenon-typical
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