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ABSTRACT

CloudcomputinghasbecomeabusinessmodelandorganizationslikeGoogle,Amazon,etc.are
investinghugecapitalonit.Theavailabilityofmanyorganizationsinthecloudhasposedachallenge
forclouduserstochooseabestcloudservice.Toassistthecloudusers,wehaveproposedaMCDM-
basedcloudserviceselectionframeworktochooseabestserviceproviderbasedonQoSrequirement.
ThecloudserviceselectionmethodsbasedonTOPSISsuffersfromrankreversalproblemasitranks
optimalserviceprovidertonon-optimalonadditionorremovalofaserviceprovideranddeludesthe
clouduser.Therefore,arobustandefficientTOPSIS(RE-TOPSIS)-basednovelframeworkhasbeen
proposedtorankthecloudserviceprovidersusingQoSprovidedbythemandclouduser’spriority
foreachQoS.Theproposedframeworkisrobusttorankreversalproblemanditseffectivenesshas
beendemonstratedthroughacasestudyperformedonarealdataset.Sensitivityanalysishasalso
beenperformedtoshowtherobustnessagainsttherankreversalphenomenon.
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INTRODUCTION

Cloudcomputingplaysavitalroleforstart-upsaswellassmallenterprisestostarttheirbusiness
withlowcapitalinvestment.Itisanewformofutilitycomputingthatdeliverscomputingresources,
storage,software,platform,etc.on-demandtothecustomersovertheinternetonpayasperusagelike
otherutilities(e.g.gas,Internetdata,electricity,etc.).Italsoprovidesscalable,ubiquitous,reliableand
dynamicservicestocustomerstofulfilltheirrequirements.Itsservicesarebroadlycategorizedinto
threemajorareas-SoftwareasaService(SaaS),PlatformasaService(PaaS)andInfrastructureasa
Service(IaaS).SaaSprovidesready-madeapplicationsforuselikecustomerrelationshipmanagement
(CRM)(Cusumano,2010),Gmail,Saleforce.com,etc.PaaSprovidesanenvironmentorplatform
likeGoogleAppEngine(Ciurana,2009),WindowsAzureCloudServicestodevelopapplications
ontopofit.IaaSprovidescompute,network,andstorageservicesforhostingtheapplications.The
majorIaaSserviceprovidersareAmazonWebServices(AWS),IBMBluemix,Rackspace,Google
ComputeEngine,etc.

Cloudcomputing isboon formediumand small enterprisesas theydonothave to invest a
largeamountofcapitalontheirinfrastructuresetupandmaintenance.Theyhavetoonlyfocuson
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theirinnovationandbusinesspolicyascomputingresources,storage,network,platforms,etc.are
availableatacompetitivecostonasubscriptionbasisandresourcesaremaintainedbythecloud
serviceproviders(CSPs).Italsoprovidesthefreedomtothebusinesscommunityfromscalability
andelasticity(Shojafar,2016)perspectiveasservicesarescalablewithinaminutebasedondemand.
Duetotheabovebenefits,manycompanieslikeCoursera,Siemens,Netflix,etc.(AWSCustomer
Success,2018)aremanaginganddevelopingtheirservicesonthecloud.Itisalsomotivatinglarge
enterpriseslikeGoogle,IBM,Microsoft,etc.tomovetheirbusinesstocloudduetoitsaccessibility
atanytimeandanyplace.Itsusageisgrowingataveryfastrateasitsusersarefromtheindividual
leveltosmallenterprisestobigorganizations.Buttherearealotofchallengestomoveapplications
tocloudaseachapplicationhasspecificrequirementslikeresponsetime,security,availability,etc.
So,beforemovingtheapplicationstothecloud,thereisaneedtoselectthebestCSPthatcould
fulfillthespecificrequirementoftheapplication.

Asthereisascopeofalotofprofitincloudcomputinginupcomingfutureduetoitsgrowing
use,manybigorganizationslikeMicrosoft,Google,IBM,Amazon,etc.haveinvestedhugecapital
andstartedprovidingcloudservices.Therefore,foraclouduser,ithasbecomeadifficulttaskto
chooseanappropriateCSPavailableinthemarketlikeAWS,IBMBluemix,GoogleCloud,Salesforce,
MicrosoftAzure,etc.accordingtotheirrequirementsastheyareprovidingsimilarQoSatdifferent
costandperformance.TherearemanyCSPsthatprovideoneservicelikecomputingatlowercost
andstorageatahighercostthantheothers.SomeCSPsalsochargeadifferentcostforaservicebased
onregionslikeAWSEC2(Varia,2011)hasdifferentpricingforEC2instancesbasedontheregion
whereitislocated.AlltheCSPsarecompetingbasedonQoSprovidedbythem.

So,theselectionofrightCSPasperclouduserrequirementisachallengingtaskasthereare
manyCSPs in themarketand itsselectiondependsonmanyfunctionalandnon-functionalQoS
requirements.Therefore,thereisaneedforaframeworkthatcanassisttheclouduserinefficientand
accuratewaytoselecttherightCSPandrankthem.Inthiscontext,thereisaneedforidentification
ofstandardQoSmetricsforcloudservicesandarankingalgorithmtorankCSPsbasedonQoS.
To identify the standard QoS metrics, the leading global organizations of the world formed a
consortiumnamedCloudServicesMeasurementsInitiativeConsortium(CSMIC)(SMIframework
2019)toidentifytheQoSmetricsforservicesprovidedbyCSPs.CSMICproposedaframework
calledServiceMeasurementIndex(SMI),whichhassevenmajorQoSmetricslikeAccountability,
Financial,Usability,Performance,Agility,Assurance,andSecurity&Privacy.Further,theydivided
eachmetricintovarioussub-metricstodescribeeachoneindetail.Thesemetricsareusedbycloud
userstocomparevariousCSPs.

TherankingofCSPsbasedonvariousQoSisanMCDMproblem.Therearemanyworks(Garg
etal.,2013;Baranwal&Vidyarthi,2016;Sidhu&Singh,2017;Tripathietal.,2017;Kumaretal.,
2017;Kumaretal.,2018;Lee&Seo,2016;Liuetal.,2016;Rădulescu&Rădulescu,2017;Basu&
Ghosh,2018;Al-Faifietal.,2019;Abdel-Bassetetal.,2018;Jatothetal.,2019)basedonMCDM
techniqueslikeTOPSIS,AnalyticHierarchyProcess(AHP),AnalyticNetworkProcess(ANP),rank
voting, ELimination and Choice Expressing Reality (ELECTRE), VIKOR and Simple Additive
Weighting(SAW)torankthecloudservicesinliterature.ThecloudservicerankingbasedonTOPSIS
methods(Kumaretal.,2018;Rădulescu&Rădulescu,2017)suffersfromtherankreversalproblem
asstudiedbyvariousauthors(Wang&Luo,2009;Luce&Raiffa,1957;GarcíaCascales&Lamata,
2012).TherankreversalproblemalterstherankingofanoptimalCSPintonon-optimalCSPonthe
additionorremovalofaCSPinthecloudservicerepository.Thiscausesthecloudusertolosetheir
trustincloudserviceselectiontools.

Therefore,inthispaper,wehaveproposedacloudserviceselectionframeworkbasedonRE-
TOPSISmethodtoselectthebestCSP,whichisrobusttorankreversalproblemandmoreefficient
thanTOPSISbasedcloudserviceselectionframeworks.TheRE-TOPSIShasbeenusedtorankthe
variousCSPsbasedonQoSprovidedbythem.WehavealsodefinedthevariousmetricsoftheSMI
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