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ABSTRACT

Resourcedescription framework(RDF) inherentlysupportsdatamergers fromvarious resources
intoasinglefederatedgraphthatcanbecomeverylargeevenforanapplicationofmodestsize.This
resultsinsevereperformancedegradationintheexecutionofRDFqueries.AseveryRDFquery
essentiallytraversesagraphtofindtheoutputofthequery,anefficientpathtraversalreducesthe
executiontimeofRDFqueries.Hence,querypathoptimizationisrequiredtoreducetheexecution
timeaswellasthecostofaquery.QuerypathoptimizationisanNP-hardproblemthatcannotbe
solvedinpolynomialtime.Geneticalgorithmshaveproventobeveryusefulinoptimizationproblems.
Theauthorsproposeahybridgeneticalgorithmforquerypathoptimization.Theproposedalgorithm
selectsan initialpopulationusing iterative improvement, thus reducing the initial solutionspace
forthegeneticalgorithm.Theproposedalgorithmmakessignificantimprovementsintheoverall
performance.Theyshowthattheoverallnumberofjoinsforcomplexqueriesisreducedconsiderably,
resultinginreducedcost.
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INTRODUCTION

Cloudcomputingisarelativelynewparadigmthatprovidesextensiveservicestovariouscustomers
(Ziebelletal.,2019).Thedata-intensiveapplicationrunningonCloudmaybenefitfromthemachine-
understandableSemanticWebtechnologies(Hossainetal.,2019).

Thesemanticwebtechnologieshaverecentlygainedattentiontowardsproposingviablesolutions
toCloud-computingrelatedproblems(Elzeinetal.,2018).Themachine-understandablerepresentation
ofinformationhasopenednewparadigms(Olakanmi&Dada,2019).Thisscenariohasopenednew
potentialstoresearchersandscientistsinmanaginglargeamountsofdatainthebestpossibleand
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availablewaysusingtherecentarchive(Ali,2019),processandexecutionmechanism(Bellinietal.,
2015;Leeetal.,2013;Silvaetal.,2013).

Thecurrentchallengesrelatedtobigdataanditsemergencehavecomplicatedefficientdata
managementduetotheexponentialgrowthofdata(Acostaetal.,2017;Siowetal.,2017;X.Wang
etal.,2015).ThecurrentCloudresourcesseeminsufficienttomanagelargedatarepositoriesand
extractknowledgefromthem(Herzfeldtetal.,2019).Althoughcompaniesareprovidingexcellent
servicesintermsofdataarchive,applicationdeployments,andfactfindingsfromexistingdata,still
keepinginmindthecurrentexplosionofdata,weneedmorerobustandresilientsolutionstowards
bettermanagementofClouddata(Destefanoetal.,2016;Wuetal.,2019).SemanticWebtechnologies
provideonepossiblesolutiontotheproblem,Severalresearchershaveusedthesetechnologiesin
solvingsimilarproblems(Fangetal.,2016;Niknia&Mirtaheri,2015;Srinivasuluetal.,2015).

Thecyberphysicalsystemconceptshaveintroducednewplatformsintheformoftheindustry
4.0revolution(S.Wangetal.,2016).ThecurrentneedtointegrateCloudcapabilitiestoalignwith
theindustry4.0standardsispracticallyrealized(AlZu’bietal.,2020)(Tewari&Gupta,2020)(H.
Wangetal.,2020)(D.Lietal.,2019)(Bhushan&Gupta,2019).Besides,theintrusionofbigdata
generatedfromindustry-relatedobjectshasresultedinnewchallengesforresearcherstodeviserobust
querycontrolandmanagementmechanisms(Liaoetal.,2016;Samanthulaetal.,2015;Verginadiset
al.,2017).Additionally,thesmartcitiesconceptenablesthesmartdevicestogeneratemanyqueries
relatedtoeachsmartcitynotion.Attimes,weneedtoprioritizethequeriesthatdemandimmediate
attention;forinstance,thequeriesrelatedtofire,temperate,explosivedetectionandnaturaldisaster
alarms,etc.Suchhighpriorityqueriesaremixedwith lowpriorityqueriesgeneratedfromother
objectsofsmartcities(Liuetal.,2016;Radyetal.,2019;Yeetal.,2018).Sincethesmartdevicesare
beingcontrolledthroughnetworkresourcesandbeingmanagedbyCloudapplications,thesemantic
webtechnologiesmayoffergreathelpinidentifyingandaddressingthepotentialqueriesfromlow
priorityqueries(Kaoutaretal.,2018;Niknia&Mirtaheri,2015;Srinivasuluetal.,2015).

ResourceDescriptionFramework(RDF)isasimpledatamodel.Itsbasicbuildingblockisa
subject-predicate-objecttriple,calledastatement.Astatementconsistsofaresource,property,and
value.Valuescaneitherberesourcesorstringliterals.Thesestatementscanbevisualizedusingan
RDFgraph,alsocalledasemanticnetwork.Itisadirectedgraphwithlabelednodesandarcs;the
arcsareproducedfromtheresource(subjectofthestatement)tothevalue(objectofthestatement)
andknownaspredicates.

RDFqueryisusedtoretrieveandmanipulatedatastoredinRDFformat.Itcanbevisualized
asatreewhereleafnodesrepresentinputs(sources),andinternalnodesspecifyrelationalalgebra
operations,enablingausertospecifybasicretrievalrequestsonthesesources(Stuckenschmidtet
al.,2005).Toretrievetherequireddata,thenodescanbeorderedinnumerousways,allproducing
thesameresult.Thedifferentordersinwhichthesepossiblesolutionsforretrievalofdataneededare
executedareknownasqueryplansorquerypaths.RDFqueryissolvedinthesamemannerasqueries
inrelationaldatabases,i.e.,bydividingtheQueryintoseveralsub-queries.Attheend,resultsofall
sub-queriesarecombinedwiththehelpofjoinoperatorsandarereferredtoaschainqueries.Most
ofthetime,bushyandrightdeepquerytreesaregivenpreferencesinanRDFdatastore(Steinbrunn
etal.,1997).Theinnerrelationofeachjoinisabaserelation.Inbushytrees,baserelationscanbe
joinedwiththeresultsofearlierjoins.Right-deeptrees,whichareasubsetofbushytrees,require
theleft-handjoinoperandstobebaserelations.Figures1and2showanexampledepictingconcepts
(R1,R2,R3,R4,R5,R6,R7)bybushyandright-deeptrees.

Queryoptimizationistheprocessofidentifyingtheaccessplanwiththeminimumcost(time
takentogetalltheanswers).

Thecostofaquerydependsontheorderofjoinsofsub-paths.Optimalorderofjoinswillgive
minimumpricebyreducingtheoverallresponsetime.

Aqueryisdividedintosub-parts,whoseresultsarethencombinedwiththehelpofjoinoperators.
JoinorderingisanNP-hardproblem,whichcannotbesolvedwithtraditionalalgorithms’support
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