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ABSTRACT

In theBigDatawarehousecontext,acolumn-orientedNoSQLdatabasesystemisconsideredas
thestoragemodelwhichishighlyadaptedtodatawarehousesandonlineanalysis.Indeed,theuse
ofNoSQLmodelsallowsdatascalabilityeasilyandthecolumnarstoreissuitableforstoringand
managingmassivedata,especiallyfordecisionalqueries.However, thecolumn-orientedNoSQL
DBMSdonotofferonlineanalysisoperators(OLAP).TobuildOLAPcubescorrespondingtothe
analysiscontexts,themostcommonwayistointegrateothersoftwaresuchasHIVEorKylinwhich
hasaCUBEoperator tobuilddatacubes.Byusing that, thecube isbuiltaccording to therow-
orientedapproachanddoesnotallowtofullyobtainthebenefitsofacolumn-orientedapproach.In
thisarticle,thefocusistodefineacubeoperatorcalledMC-CUBE(MapReduceColumnarCUBE),
whichallowsbuildingcolumnarNoSQLcubesaccordingtothecolumnarapproachbytakinginto
accountthenon-relationalanddistributedaspectswhendatawarehousesarestored.
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INTRODUCTION

Thedatawarehouseisadatabaseforonlineanalyticalprocessing(OLAP)toaiddecision-making.
Itisdesignedaccordingtoadimensionalmodellingwhichhasforobjectivetoobservefactsthrough
measures, also called indicators, according to the dimensions that represent the analysis axes
(Inmon,1992).It isoftenimplementedintherelationaldatabasemanagementsystem(RDBMS)
(Chaudhuri&Dayal,1997)ThankstotheOLAP(On-LineAnalyticalProcessing),theuserscan
createmultidimensionalrepresentationsrelatedtotheparticularanalysiscontextsincompliancewith
thespecificneeds,accordingtothecriteriawhichtheydefine,calledhypercubesorOLAPcubes
(Chaudhuri&Dayal,1997).Cubecomputationproducesaggregationsthatarebeyondthelimitsof
theGroupby(Grayetal.,1997).Forexample,inthecaseofcalculationofthesum,itcomputesina
multidimensionalwayandreturnssub-totalsandtotalsforallpossiblecombinations.Thisinvolves
performanceofallaggregationsaccordingtoalllevelsofhierarchiesofalldimensions.Foracube
withthreedimensionsA,BandC,theperformedaggregationsrelatetothefollowingcombinations:
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(A,B,C),(A,B,ALL),(A,ALL,C),(ALL,B,C),(A,ALL,ALL),(ALL,B,ALL),(ALL,ALL,
C),(ALL,ALL,ALL).The(A,B,C)combinationcorrespondsasthelowest(least)aggregatelevel
ofthecube,andtherestareconsideredasthehighaggregatelevels.Theadventofthebigdatahas
creatednewopportunitiesforresearcherstoachievehighrelevanceandimpactamidchangesand
transformationsinhowwestudyseveralsciencephenomena.CompanieslikeGoogleandMicrosoft
areanalyzinglargevolumesofdataforbusinessanalysisanddecisions,whichimpacttheexisting
andthefuturetechnologies(Gandomi&Haider,2015).

However,unusualvolumesofdatabecomeanissuewhenfacedwiththelimitedcapacitiesof
traditionalsystems,especiallywhendatastorageisinadistributedenvironmentwhichrequiresthe
useofparalleltreatmentasMapReduceparadigm(Dear&Ghemawat,2004).Tosolveapartofthis
issue,othermodelshaveappearedsuchasthecolumn-orientedNoSQL(NotOnlySQL)whichgivesa
datastructuremoreadequatetothemassivedatawarehouses(Bhogal&Choski,2015).Inthebigdata
warehousescontext,acolumn-orientedNoSQLdatabasesystemisconsideredasthestoragemodel
whichishighlyadaptedtodatawarehousesandonlineanalysis(Rabuzin&Modruan,2014).Indeed,
thestorageofdatacolumnbycolumnallowsvaluesbelongingtothesamecolumntobesharedinthe
samediskspacewhichimprovesthecolumnaccesstimeenormouslywhentheaggregateoperations
areperformed.Furthermore,thenon-relationalaspectthatcharacterizestheNoSQLmodelwhen
dataarestoredallowstodeploydataeasilyinadistributedenvironment(Jerzy,2012).

TobuildOLAPcubescorrespondingtotheanalysiscontexts,themostcommonwayistointegrate
othersoftwaressuchasHIVEwhichhasaCUBEoperatortobuilddatacubes.Byusingthat,the
cubeisbuiltaccordingtotherow-orientedapproachanddoesnotallowtofullyobtainthebenefits
ofacolumn-orientedapproach.Tosolvethisproblem,weproposeanaggregationoperator,called
MC-CUBE(MapReduceColumnarCUBE)whichallowsOLAPcubestobecomputedaccordingto
thecolumnarapproachfrombigdatawarehousesimplementedbyusingcolumn-orientedNoSQL
model.MC-CUBEimplementstheinvisiblejoin,usedbythecolumnarRDBMS(Abadietal.,2008),
inordertocomputeaggregationfromseveraltablesandextendittotakeintoaccountallpossible
aggregationsatdifferentlevelsofgranularityofthecube.Todealwithverylargedata,MC-CUBE
usestheMapReduceparadigmwhenhandlingdatastoredinadistributedenvironment.

WehaveevaluatedtheperformanceofMC-CUBEoperatoronstarschemabenchmark(SSB)
(O’Neil et al., 2007), implemented within the column-oriented NoSQL DBMS HBase11 using
Hadoop22.TheHBaseDBMSandtheHadoopplatformwerechosenbecauseoftheirdistributed
contextwhichwasnecessaryforstoringandanalyzingbigdata.

Therestofthispaperisorganizedasfollows.Section2givesarelatedwork.Section3introduces
basicconceptsaboutcolumnarNoSQLDatawarehouse.Section4explainsthecolumnarapproach
thatweproposeforbuildingadatacube.Section5introducestheMC-CUBEoperatorandshows
theexecutionphasesthroughanexample.Section6showsperformanceresultsandexemplifiesof
MC-CUBEoperatorwhenOLAPcubesareperformed.Finally,Section7concludesthepaperand
suggestssomepossibledirectionsforfutureresearchwork.

ReLATeD WORK

Bigdatahaveleddatawarehousestowardstodistributedenvironmentstostoreandtoanalyzethe
largeamountofdata.Sincethecolumnstoragehasoutperformedtherowstorage,severalresearch
projectsbasedonthecolumnarrelationalmodelhavebeencommercializedsuchasInfoBright
(Iezak&eastwood,2009),Brighthouse(Iezaketal.,2008),Vectorwise(Zukowskietal.,2012),
MonetDB(Idreosetal.,2012),SAPHANA(Farberetal.,2012),Blink(Barberetal.,2012),and
Vertica(Lambetal.,2012).ThesesystemshaveledlegacyRDBMSvendorstoaddcolumnarstorage
optionstotheirexistingengines(Larsonetal.,2012).However,therelationalmodelthatisoften
usedforstoringdatawarehouseshasshownitslimits.Indeed,theuseofdistributedsolutionsbased
ontherelationalmodelisascostlyastheimplementationofthereferentialintegrityconstraints
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