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ABSTRACT

Cloudcustomerstendalwaystooverestimatetheirresourcerequirementsandthus,theyutilizeonly
aportionoftheallocatedresourcewhichgivesanopportunityforcloudproviderstooversubscribe
their resources.Oversubscription is apowerful technique that leveragesunused resourceswhich
improvestheprofitofcloudproviderswhileminimizingcostforcustomers.However,thebenefitsof
thistechniquearewithoutinherentrisks:itincreasesthepossibilityofoverload.Thisarticleproposes
anautonomousarchitecturethatusesmemoryoversubscriptiontomaximizeresourcesutilization
rate.ThisarchitectureuseslivemigrationofVMsaswellasnetworkmemoryastwostrategiesto
mitigateoverloadgeneratedbyoversubscription.
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INTROdUCTION

Resource capacity planning is becoming a big challenge for cloud providers when modern
applicationsrequireahugeamountofresources.Toadaptwiththeenvironmentswhereresources
aredynamicallyrequestedandreleased,conventionalapproaches thatoverprovisionVMswith
a large amount of resources to meet these requirements can induce several problems such as
underutilizationoftheseresourcesinmostcases.Oversubscriptionisanadequatetechniquethat
deploysmoreVMsasmuchaspossible.Thistechniquebecomesfeasiblesincecustomerstendto
overestimatetheirresourcerequirements.Itcanalleviatetheproblemofresourceunderutilization
which allows minimizing resource provisioning costs while meeting customers’ needs. This
techniquehasinevitablysomerisks:itcanincreasethepossibilityofoverloadespeciallywhenthe
oversubscriptionsratiosarenotmanagedcarefully.

In this paper, we present an autonomous architecture that improves the resource utilization
ratethroughthetechniqueofmemoryoversubscription.Theoverloadinducedbythistechniqueis
mitigatedbytwotechniques:LiveMigrationandNetworkMemory.Thefirststrategyconsistsoflive
migratingsomeVMsfromanoverloadedhosttoanunderloadedonewithoutinterruptinganyone.
Thelatterconsistsonusingtheglobalmemoryoftheclusterasaremotepagingreplacingthedisk
swappingasithasabestperformance(nanosecondvs.microsecond)(Baset,Wang,&Tang,2012).
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LivemigrationisatechniquelargelyusedtoimproveserviceperformancesinanIaaSCloud.
Itprovidessignificantbenefits,suchasminimizingtheServiceLevelAgreement(SLA)violations
and insuring the quality of service (QoS). Although several live migration algorithms had been
implemented,theydonotaddressthemigrationcost.Here,ourproposalaimstooptimizethemigration
costwhichisanimportantconcern.

Ontheotherside,theprotocolRDMA(RemoteDirectMemoryAccess)isusedtomitigatethe
overloadduetooversubscriptionifthenetworkmemorystrategyisdecided.Thisprotocolallowsto
transferdatawithoutinvolvingtheCPUorcacheforbothsourceandtargethosts.

Fortheoversubscriptionratio,unliketraditionalstrategiesusing,eitherstaticratiosordepending
onlyofthelocalhostcapacity,weadoptadynamicoversubscriptionone,takingintoaccountthe
freememoryofthelocalhostaswellasthatavailableonremotehostsofthecluster.Thisratiois
dynamicallymanagedbyreportingtheamountofoversubscribedmemoryinrealtime.

Simulation results show the effectiveness of our proposal -in term of improving service
performance-comparedwiththeuseoflivemigrationaloneasatechniquetomitigateoverload.

Ourcontributionconsistsessentiallyon:

• Maximizingresourceutilizationrateintheclusterwiththetechniqueofoversubscriptionby
adoptingarealtimeanddynamicoversubscriptionratio;

• Improvingserviceperformancebyleveragingtheglobalmemoryoftheclustertroughthenetwork
asatechniquetomitigatetheoverloadatanyhostviatheremotepagingtechnique.

The remainder of this paper is organized as follows: In Section 2, a brief description of
oversubscriptionisintroducedinthecontextofCloudComputing.Section3describessomerelated
workinthefieldofoversubscriptionandoverloadmitigationstrategies.Insection4weproposean
autonomousarchitecturethatmitigatesmemoryoverloadbythetwotechniquesdescribedabove.To
validateourproposedapproach,wepresentoursimulationstudyinsection5.Finally,inSection6
weconcludeourpaperbyspecifyingsomefuturework.

OVeRSUBSCRIPTION IN CLOUd COMPUTING

Oversubscription(Alsocalledovercommitmentoroverbooking)isatechniqueofferingmore
resourcesthanactuallyavailableassumingthatmostcustomerswouldnotconsumetheirentire
allocatedportion,whichincreasestheresourceutilizationrateandsubsequentlyincreasesthe
profitsofproviders(Householder,Arnold,&Green,2014).Thistechniqueisusedinseveral
fields.Forinstance,airlinecompaniessellmoreticketsthantherealnumberofseatsinorder
tomaximize thefillingrate incaseofdiscontinuanceofcertaincustomers. If thenumberof
customersappearsmorethanexpected,theywillbemovedtoanotherflightortransmittedto
anothercompany.Anotherexampleisthehealthcareindustry,whenclinicsoverbookthepatient
appointment scheduling considering that patients have different now-show probabilities for
minimizingthepatient’swaitingtimeontheonehand,andthedoctor’sidletimeandovertimeon
theotherhand.Notingthatthistechniquemayresultinaclinicovercrowdingwithhighnumber
ofwaitingpatientsanddoctor’sovertime(Zacharias&Pinedo,2013).

InCloudComputingOversubscriptionisaresourcemanagementtechniquewherethesumof
allocatedresources(CPU,memory,storage,bandwidth,etc.)exceedstherealcapacityofthephysical
host,assumingthatcustomerswillnotusetheentireoftheirallocatedresourcesortheywouldnot
usethematthesametime.

Thistechniquedevotesmoreresourcesthanisactuallyavailableonphysicalmachineshosting
asetofapplications(Caglar&Gokhale,2014).Oversubscriptioncanbebothontheproviderside
andonthecustomerside.Inthispaper,wefocusonoversubscriptionatprovider’slevel,whoshares
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