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ABSTRACT

Cloudcomputinghasgrownexponentiallyintherecentyears.Datagrowthisincreasingdaybyday,
whichincreasesthedemandforcloudstorage,whichleadstosettingupclouddatacenters.Butthey
consumeenormousamountsofpower,usetheresourcesinefficiently,andalsoviolateservice-level
agreements.Inthispaper,anadaptivefuzzy-basedVMselectionalgorithm(AFT_FS)isproposed
toaddresstheseproblems.Theproposedalgorithmusesfourthresholdstodetectoverloadedhost
andfuzzy-basedapproachtoselectVMformigration.Thealgorithmisexperimentallytestedfor
real-worlddata,andtheperformanceiscomparedwithexistingalgorithmsforvariousmetrics.The
simulationresultstestifytotheproposedAFT_FSmethodistheutmostenergyefficientandminimizes
theSLAratecomparedtootheralgorithms.
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1. INTRoDUCTIoN

Theneedforcomputingresourcesisgrowingdaybydayduetotheavailabilityofcloud-basedservices.
Therefinementoftheseservicesispay-as-you-gomodality.Everincreasingthestoragedemands,
cloudserviceproviderslaunchedthewarehouse-sizedatacenters,forsatisfyingthecustomerneeds.
The cloud data centers provide computing services dynamically through Virtual Machine (VM)
technologies.Theyprovidefavorablecircumstancesforconsolidationandenvironmentalisolation.
NowadaysITcompaniesareshiftingfromtheirtraditionalCapitalExpenditure(CapEx-buythe
originalhardware)totheOperatingExpenditure(OpEx-usesharedcloudservicesandpayasone
usesit)(Monil&Rahman,2015).Initially,cloudserviceprovidersonlyfocusedontheuserdemands
anddidnotconsidertheamountofenergy.

Thereasonbehindthehighenergyconsumptionofdatacentersisnotonlythehighvolumeof
computingresourcesavailableandinefficientpowerusageofhardwaresbutalsotheinefficientuse
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oftheresources.Theproblemisthat,afixedrangeofpowerisgiventoallservers:Evenidleservers
consume70%oftheirpeakpower.Anothercrucialissueishighenergyconsumptionbycomputing
resourceslikerunningserverswhichemitasignificantamountofheat.Coolingtheoperationalservers
whichconsumeshighamountofpower.Therunningserversnotonlyproducetheheatenergy,they
alsoemitsasignificantamountofcarbon-di-oxide(CO2).

Theenergyinefficiencyisovercomebyusingvirtualizationtechnology.Itendorsescloudservice
providerstocreatemultipleVirtualMachines(VMs)orinstancesineachhostontheservers,that
improvestheutilizationoftheresources.Thereductioninenergyconsumptioncanbeachivedby
deputizing idle servers to sleep,orhibernationmodewhichevicts the idle system.Theprimary
objectiveistokeepminimumhostsactiveinthegiventime.TheVMconsolidationwillmigrate
VMsfromoverloadedhosttonormallyloadedhostwhichmayleadtoqualityofservicedegradation,
thatisServiceLevelAgreement(SLA)ViolationRate.Hencealgorithmsmustbedesignedinsuch
awaythattheynotonlyreduceenergyconsumptionbutalsoservedesiredQoS(likeSLA).There
aretwotypesofVMconsolidation.ThefirsttypeisknownasstaticVMconsolidationwhereVM
sizeissetupinasingledeedusingthepeakloaddemandoftheworkload.VMsareplacedinthe
samehostduringtheirentirelifetime.SettingtheVMsizeforthepeakloaddemandconfirmsthat
theVMwillnotbeoverloaded.However,sincetheworkloadscanpresentvariabledemandpatterns,
itcanleadtotheidlenessofthehost.Thesecondtypeisknownasdynamicconsolidationwhere
periodicalchangesintheworkloaddemandarecarriedoutineachVMandbasedonthattherequired
configurationchangesareperformed.

Dynamic consolidation is performed in two necessary steps. One is to migrate VMs from
underutilizedhostsandputthemintosleepmodetominimizethenumberofactivehosts.Another
step ismigratingVMsfromoverloadedhosts toavoidperformancedegradationwhichmay lead
toSLAviolationofthequalityofservicerequirements.Furthermore,livemigrationisthewayto
achieveenergyefficiency.ThemainadvantageoflivemigrationistheabilitytotransferVMbetween
thehostswithaneartozerodowntime.Intherealworld,thecomputationdemandisverydynamic,
forthatreasonthedecisiondependsonseveralcriteria.Thispaperfocusesonefficientselectionof
VMformigration.Afuzzy-basedVMselectionalgorithmisproposedtoachieveminimumenergy
consumptionandmaintaintheSLAviolationataminimallevel.

Theremainingsectionofthispaperisorganizedasfollows:Insection2,relatedworkshavebeen
discussed.Section3,explainstheproposedAFTmethodandAFT-FSbasedVMselectionalgorithm.
Section4,discussestheexperimentalsetup,experimentalresults,andcomparisonofenergy-aware
algorithms.Finally,section5concludestheworkwiththepossibilitiesoffutureimprovements.

2. RELATED woRKS

SeveralalgorithmshavebeenproposedforenergyefficientdynamicVMconsolidationinclouddata
centers.Theyaredesignedtoachieveminimumenergyconsumption,minimumSLAviolationrate,
dynamicVMmigration,andtheminimumnumberofactivehostsinagiventime.Indatacenters
energyconsumptionmanagementarebroadlyclassifiedintothreecategories:Dynamicperformance
scaling(Wu,Chang,&Chan,2014),(Wierman,Andrew&Tang,2009),Threshold-basedheuristics,
Predictionbasedonstatisticalanalysisofhistoricaldata,andothertechniques.

ThefirstcategoryisDynamicPerformanceScaling(DPS)(Wu,Chang,&Chan,2014),(Wierman,
Andrew,&Tang,A.,2009).Inthismethodsystemcomponentsareadjusteddynamicallytosavepower
consumptionandimprovetheperformanceofthedatacenter.Forexample,thesupplyvoltagecan
graduallydecreaseorincreaseandaccordinglytheCPU(i.e.,host)clockfrequencywillalsochange.
EvenDPSmethodcansavepowerwhentheresourceisnotfullyutilized.InDynamicVoltageand
FrequencyScaling(DVFS)technique(Hanson,Keckler,Ghiasi,Rajamani,Rawson&Rubio,2007),
DPSmethodisusedforsavingpower.DPSmethodisdividedintothreetypes.1)Interval-based
Method(Wu,Chang,&Chan,2014),-5]:ItgetstheCPUutilizationofhostsbyvaryingthethehosts’
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