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ABSTRACT

TheamountofRDFdatabeingpublishedontheWebisincreasingatamassiverate.MapReduce-based
distributedframeworkshavebecomethegeneraltrendinprocessingSPARQLqueriesagainstRDF
data.Currently,queryprocessingsystemsthatuseMapReducehavenotbeenabletokeepupwith
theincreaseofsemanticannotateddata,resultinginnon-interactiveSPARQLqueryprocessing.The
principalreasonisthatintermediatequeryresultsfromjoinoperationsinaMapReduceframework
aresomassivethattheyconsumeallavailablenetworkbandwidth.Inthisarticle,theauthorspresent
anefficientSPARQLprocessingsystemthatusesMapReduceandHBase.Thesystemrunsajob
optimizedqueryplanusingtheirproposedabstractRDFdatatodecreasethenumberofjobsandalso
decreasetheamountofinputdata.TheauthorsalsopresentanefficientalgorithmofusingMap-side
joinswhilealsousingtheabstractRDFdatatofilteroutunneededRDFdata.Experimentalresults
showthattheproposedapproachdemonstratesbetterperformancewhenprocessingquerieswitha
largeamountofinputdatathanthosefoundinpreviousworks.
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1. INTRoDUCTIoN

With thedisseminationof theResourceDescriptionFramework (RDF) and theSPARQLquery
language,thenumberoforganizationsthatuseRDFtopublishdataontheWebisgrowing,andthe
totalamountofRDFdatathathavebeenpublishedisalsoincreasingatastaggeringrate.RDFdata
andSPARQLqueryhavebeenusedinawiderangeoftasks,suchassemanticstreamprocessing
(Barbierietal.,2009;Chunetal.,2017),spatiotemporalqueryprocessing(Huetal.,2015;Jaziriet
al.,2015;Eometal.,2017)andanalyzingontologicalmodels(Riveroetal.,2015),etc.

ProcessingSPARQLqueriesagainstalargevolumeofRDFdataisachallengingtask.Most
oftheconventionalmethodscenterondevelopingscalableRDFqueryengines.RDFstoreslike
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Jena(Carrolletal.,2004),RDF-3X(Neumannetal.,2010),3store(Harrisetal.,2003),Hexastore
(Weissetal.,2008),SW-Store(Abadietal.,2009)andSesame(Broekstraetal.,2002)usea
centralizedapproach.AstheamountofRDFdataincreases,itisbecominghardertostoreand
processthemonasinglemachine.ThereisalsoadistributedapproachtostoringRDFdatain
adistributedrelationaldatabasesystem,inwhichSPARQLqueriescanbeconvertedtoSQL
versions(Husainetal.,2011).RDFstoreslikeSHARD(Rohloffetal.,2010)andHadoopRDF
(Husainetal.,2011)useadistributedcomputingsystemtostoreRDFdataacrossnumerous
machines(Huangetal.,2011;Picalausaaletal.,2012).MostofthesesystemsuseHadoopto
executejoinsbetweensubsetsofRDFdata.Theshufflingstageandlargenetworkusagebetween
theMapandReducestagesofaMapReduceframeworkresultinperformancedecreaseinthe
conventionalReduce-sidejoins.Toovercometheperformancedegradation,MAPSIN(Schätzleet
et al., 2012) andRDFChain (Choi et al., 2013) introduceMap-side joins toSPARQLquery
processing. There still exists the issue of large network usage when several jobs are needed
toexecuteaquery.So,TriAD(Gurajadaetal.,2014)adoptsa join-aheadpruningviagraph
summarizationtoprunetriplesaheadofjoinoperations.

Overall,thefollowingissuesexistwiththeconventionalmethods:

• The existence of shuffling phase and network overload between the Map and Reduce
phases of a MapReduce framework. Shuffling causes traffic due to a large amount of
intermediateresults;

• Theperformanceissueofsavingintermediateresultstoadisk.WhenmovingfromaMap
phase toaReducephase, the intermediate results shouldbesaved toadiskbefore the
Reducephase,resultinginanumberofdiskI/Os.ThediskI/Oisamajoroverheadthat
shouldbeavoided;

• Theincreasingnumberofjobstoexecuteaquery.Whenexecutingacomplexorlongrunning
query,multiplejobsmaybeneededforthequerytobecarriedoutsuccessfully.Whenmultiple
jobsareconnectedsequentially,boththefirstandsecondissuesoutlinedabovemayoccur.

WeproposeanefficientMap-sidejoin-processingapproachthatusesMapReduceandHBase
torunajoboptimizedqueryplan,whichusesourproposedabstractRDFdatatofilterintermediate
results.Themaincontributionsoftheproposedmethodareasfollows:

• DesignanefficientHBaseschema,whichholdsallthedataforaspecificjoinvariableinasingle
row.Theschemaallowsformultipletriplepatternswiththesamejoinvariablestobeevaluated
inonejob.PartitioninformationisencodedintotheschematoloadadjacentRDFdata;

• ReducethenumberofjobsinaMapReduceframeworkbyusingajoboptimizationalgorithm;
• Usepartitioninformationtocreateafilteranduseittoreducetheinputsizeofamapjob;
• Demonstratethattheproposedmethodperformsbetterwhenprocessingquerieswithalarge

amountofinput,comparedwiththeconventionalmethod.

The paper is organized as follows. Section 2 gives a basic introduction to the background
knowledgeandSection3presentsadiscussionofrelatedwork.Section4and5showtheproposed
architectureofoursystemandexplaintheRDFdataloadingandqueryprocessing.Section6presents
comparisonswiththeconventionalmethod.Section7summarizesconclusionsandmakesplansfor
futurework.

2. BACKGRoUND

Thissectionintroducesanoverviewofthekeytechnologiesrelatedwiththeproposedapproach.
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