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ABSTRACT

Dynamicresourceallocationofclouddatacentersisimplementedwiththeuseofvirtualmachine
migration.Selectedvirtualmachines(VM)shouldbemigratedonappropriatedestinationservers.
Thisisacriticalstepandshouldbeperformedaccordingtoseveralcriteria.Itisproposedtousethe
criteriaofminimumresourcewastageandservice-levelagreementviolation.Theoptimizationproblem
oftheVMplacementaccordingtotwocriteriaisformulated,whichisequivalenttothewell-known
mainassignmentproblemintermsofthestructure,necessaryconditions,andthenatureofvariables.
ItissuggestedtousetheHungarianmethodortoreducetheproblemtoaclosedtransportproblem.
Thisallowstheexactsolutiontobeobtainedinrealtime.Simulationhasshownthattheproposed
approachoutperformswidely-usedbin-packingheuristicsinbothcriteria.
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INTRODUCTION

ThereareincreasingdemandsonthedatacenterresourcesduetothegrowthofInternettraffic,the
emergenceof“bigdata”,thedevelopmentandspreadofcloudservicesandartificialintelligence
systems.Datacentersmustprovidesufficientresourcestohostedapplications,whichworkloadcan
varysignificantlyovertime.

Inordertoavoidperformancedegradation,dynamicreallocationofresourcesisused.Incloud
datacenters,resourceallocationisperformedbymovingvirtualmachines(VM)betweenphysical
servers.Thisprocessiscalledvirtualmachinemigration.Ifthemigrationoccurswithoutinterruption
of theVM, then thismigration iscalled“live”.Suchmigrationallowsdatacenters toguarantee
servicelevelagreements(SLAs),balancetheloadbetweenphysicalmachines(PM),andhostVMs
onfewerPMstoimproveoverallresourceutilizationandreduceresourcewastage.Serversreleased
bythisprocesscanbeturnedtolowerpowerstates(suchassuspendedorturnedoff)withthegoal
ofminimizingtheoverallpowerconsumption.
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In addition, information resources can be redistributed between different data centers in
accordancewiththeresourcedemand,forexample,duetotimezones.Thismakesuslookforefficient
andfastalgorithmsforresourceallocation,takingintoaccountthegrowingdimensionsofproblems.

Thispaperisdevotedtothedevelopmentofaneffectivealgorithmforplacingvirtualmachines
selectedformigrationonphysicalservers.Theprocessofdynamicresourceallocationincludesthree
stages:monitoringserversfordetectingcriticalsituations,VMselectionformigrationanddestination
serverselection(Xu,&Fortes,2011;Beloglazov,&Buyya,2012)

Thispaperfocusesonthethirdstage:destinationserverselectionforhostingvirtualmachines.
Theproblemofmulti-criteriaoptimizationissetandthemethodtofindthesolutionischosen.

Themaincontributionsofthispaperarethefollowing.

1. Formaldefinitionofmulti-criteriaoptimizationofvirtualmachineplacementintheformof
assignmentproblem.

2. ProposedmethodsallowedtofindexactsolutionoftheVMplacementprobleminrealtimeand
significantlyincreaseitsdimension.

3. CompetitiveanalysisofproposedsolutionwiththeFirstFitDecreasing(FFD),BestFitDecreasing
(BFD)heuristicsbasedonsimulationevaluation.

Thispaperisanextendedversionoftheconferencepaperpresentedatthe28thConferenceof
OpenInnovationsAssociation(FRUCT)(Toutovetal.,2021).Ithasbeensignificantlyexpanded
anddeepenedinthefollowingareas.

1. Thepaperpresentstheresultsoflarge-scalesimulationwitharealworkloadtracesusingthe
CloudSimtoolkit.Itisshownthattheefficiencyofproposedvirtualmachineplacementmethod
canbeseveraltimesgreatercomparedtotheFFDalgorithmbythecombinedESVmetric(energy
consumptionandviolationsofSLAagreements).

2. AdditionalexperimentswerecarriedouttocomparetheHungarianmethodandtheSimplex
methodinrelationtosolvingVMplacementproblem.

3. Restrictionsontheprocessorandmemoryresourcesofphysicalserversareaddedtotheproblem
statementandanalgorithmfortakingthemintoaccountisproposed.Intheinitialstatement,it
wasassumedthatallphysicalserverscouldhostanyvirtualmachine.

RELATED wORKS
Nowadays,IaaSprovidersmostlyrelyoneitherstaticVMprovisioningpolicies,whichallocatea
fixedsetofphysicalresourcestoVMsusingbin-packingalgorithms,ordynamicpolicies,capableof
handlingloadvariationsthroughliveVMmigrations.Thesepoliciescaneitherbereactiveorproactive,
and typically relyonknowledgeofVMresource requirements,eitheruser-suppliedorestimated
usingmonitoringdataandforecasting(Buyyaetal.,2018).Theseapproachescanbeappliedtogether
andincludedinthemainworkcycleonresourcemanagementinclouddatacenter(Toutov,2018).

TheauthorsofXuandFortes(2010),Vorozhtsovetal.(2015)Camatietal.(2014);Ferdauset.al
(2014)consideredstaticVMplacementusingbin-packingorknapsackstatementsofVMplacement
problem.TheseproblemsbelongtotheclassofNP-hardproblems.Therefore,inpracticegreedy
heuristicssuchasFFD,BFDandtheirmodificationsarewidelyusedfordestinationserverselection
toplacemigratingVMs(Beloglazov,&Buyya,2012;Gulatietal.,Zhu,2012;Moges,&Abebe,
2019,Alhammadi,&Vasanthi,2021).However,asVMconsolidationisaNP-hardproblem,greedy
approachesarenotguaranteedtogeneratenearoptimalsolutions.

Recently,AntColonyOptimization(ACO)metaheuristicsandgeneticalgorithmshavebeenused
toaddressbinpackingproblemandVMconsolidation(Xu,&Fortes,2011;Ferdausetal.,2014,
Felleretal.,2011,Gaoetal.,2013,Luetal.,2021,Saxenaetal.,2021).Virtualmachineplacement
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