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ABSTRACT

AmongthedifferentQoSmetricsandparametersconsideredincloudcomputingarethewaitingtime
ofcloudtasks,executiontimeoftasksinVM’s,andtheutilizationrateofservers.Theproposed
modelwasdeveloped toovercomesomeof thepitfalls in theexistingsystemsamongwhichare
sub-optimalmarkdowninthequeuelength,waitingtime,responsetime,andserverutilizationrate.
TheproposedmodelcontemplatesontheenhancementofthesemetricsusingaHybridMultiple
ParallelQueuingapproachwithajointimplementationofM/M/1:∞andM/M/s:N/FCFStoachieve
thedesiredobjectives.Aneotericsetofmathematicalequationshavebeenformulatedtovalidate
theefficiencyandperformanceofthehybridqueuingmodel.Theresultshavebeenvalidatedwith
referencetotheworkloadtracesofBitBrainsinfrastructureprovider.Theresultsobtainedindicate
thesignificantreductioninthequeuelengthby60.93percent,waitingtimeinthequeueby73.85
percent,andtotalresponsetimeby97.51%.
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INTRodUCTIoN

According to theNIST,cloudcomputing is elucidatedas anautomatic computingprototype for
enablingpervasive, agreeable andon-demand serviceaccess to an infinitepoolof customizable
computing resources that can be easily supplied and released with minimal overhead (Zhang et
al.,2010). It isacomputingmanifesto tomanageanddeliverservices toaconsiderablenumber
ofpeopleoveranetwork,particularlyontheinternet(Pradhanetal.,2016).Withtheadvancesin
internetandwebservicetechnologies,cloudcomputinghasemergedasapotentialinternet-based
utilityduringcurrenttechnologicalerahavingcapabilityofprovidingservicestoavastcollection
ofscalableusers.Ithasprovisionsofprovidingbothhardwareandsoftwareutilitiestogetherwith
developmentalplatformsandtestingtoolsasinfrastructureasaservice(IaaS),Softwareasaservice
(SaaS)andPlatformasaservice(PaaS),whileinternet-asa-service(iaaS)beingabackbone.From
technologicalperspectivetherearethreeprimaryactorsonthescene-CloudServiceProvider(CSP),
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CloudServiceConsumer(CSC)andtheinternet(Mishraetal.,2018;Buyyaetal.,2010;Voorsluys
etal.,2011).Internetbeingthecommunicationmedium,CSPprovidesnecessaryservicesinthe
formofrentedscalablevirtualmachinestoCSCatsomenominalpriceonguaranteedlevelsofQoS
asagreedbetween the twostakeholders inaproperdocumentedservice levelagreement (SLA).
Thetechniquesofvirtualizationmakesitpossibletotransformasingleuserphysicalmachineintoa
multipleofsharedmultiuservirtualmachineswithvariantofcomputingconfigurationsintermsof
operatingsystem,memory,CPUpower,Numberofcores,storage,SSD,operatingfrequency,network
bandwidthandmuchmore,henceenablingbetterresourceutilizationwithsmallwastages(Jainand
Choudhary,2016;AlouaneandElBakkali,2016;Rimaletal.,2009).

Technically,whenahugenumberofusertasksrequestingservicearriveatcloudserviceprovider,
thereisadirectconsequenceonthedeliverablequalityofserviceintermsofperformance,deadline,
cost,efficiency,profit,etc.,forbothproviderandconsumer.TopreserveQoSaccordingtoSLA
keepinginmindprovider’sturnoverandotherproviderassociatedmetricsitisessentialtogoforan
efficientsystemmodel.Thiscanbeachievedbyeitherdevelopinganefficientqueuingmodeloran
efficientSchedulingandallocationalgorithm(withorwithoutloadbalancingfeatures)orcombination
ofboth.Whilequeuingmodelsdealwithenhancementofqueuingmetricsbeforeactualexecutionof
usertasks,schedulingandallocationalgorithmsdealswithaugmentationofschedulingmetricsonce
theusertasksaresentforexecutiononvirtualmachines(VM’s)(Vilaplanaetal.,2014;Khazaeiet
al.,2011a;Takagi,1991).ThepresentpaperfocusesontheQueuingmodelapproachofimproving
QoSincloudcomputing.Thepaperdoesnotdealwithschedulingandallocationpartofreinforcing
theQoSmetricsincloudcomputing.Fromqueuingmodelperspective,thegenericcloudcomputing
architectureisbasedonthequeuingtheorymodel(Vilaplanaetal.,2014).

Thoughqueuingmodelincloudenvironmentcanbeappliedtoanyoftheservicesingeneral,
concentration is to focus on infrastructure-as-a-service utility model in specific, because IaaS
representsactualservicefacilitiesrequiredbycloudusersfortheirservice.Ghomiet-alproposeda
genericmodelofcloudcomputingwithversatilecomponentsintheircloudarchitecture(Ghomietal.,
2017).Withanalogytoqueuingtheory,eachcomponentofcloudcomputingmodelcanbethought
asadistinguishedelementofqueuingmodel.Asubstantialnumberofuserrequests(demanding
service)arriveatcloudarequeuedindatacentercontrollerandneedtobecompletedonVMsin
minimumfinitetime.FromqueuetasksarescheduledtooneormoreVMsforexecutionperformed
throughtaskscheduling.

Theobjectiveofproposedapproachistominimizelifespanofatask.Thelifespanofataskis
thetimeittakessinceitisgeneratedinthequeuetothetimeithasbeenaccomplishedandequals
tosumofqueuewaitingtimealongwithexecutiontimeneglectingtransmissiontimeinnetwork
media (which is a function of network bandwidth). This can be achieved by either minimizing
queuewaitingtimeorexecutiontime(throughscheduling)orboth.Thequeuewaitingtimecanbe
minimizedbyadoptinganefficientqueuingmodelandqueuingdisciplinewhileexecutiontimecan
beminimizedbyemployingarobustschedulingalgorithm.Thewaitingtimeforataskinaqueuein
turndependsonthelengthofthequeue.Soconverselytoreducethewaitingtime,queuelengthhasto
bereduced.Therefore,HMPQmodelisdevelopedtooptimizetheQoSmetricsincloudcomputing.
Thecontributionsofthisresearchworkaresummarizedasfollows:

Theminimalqueuelength,waitingtime,andresponsetimehavebeenachievedduetoaddition
ofthefactor sn indenominatorofthebaseequation,where‘s’isnumberofservingchannelsand
‘n’isnumberoftasksinthequeuingsystem.Theworkisbasedonpureanalyticalmodelingandis
hencecomputationallymoreefficientthansimulation.

Thepaperisorganizedasfollows.Section2summarizesrelatedworks;section3reviewsthe
queuingsystemtheory.TheHMPQmodelispresentedinSection4.Section5presentsmethodology
andmathematicalanalysisofHMPQmodel.ThedatacollectionandverificationaregiveninSection
6meanwhileSection7examinesresultsandperformanceanalysisofHMPQapproach.Section8
concludesourresearchworkandpointsoutfuturework.
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