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ABSTRACT

AstheincreasingITenergyconsumptionemergedasaprominentissue,computersystemenergy
consumptionmonitoringandoptimizationhasgraduallybecomeasignificant researchforefront.
However,mostexistingenergymonitoringmethodsarelimitedtohardware-basedmeasurementor
coarse-grainedenergyconsumptionestimation.Theycannotprovidefine-grainedenergyconsumption
data(i.e.,componentenergyconsumption)andhigh-scalabilityfordistributedcloudenvironments.
Inthisarticle,theauthorsfirststudywidely-usedpowermodelsofCPUs,memoryandharddisks.
Then,followinganinvestigationintodiskpowerbehaviorsinsequentialI/OandrandomI/O,they
proposeanimprovedI/O-modeawarediskpowermodelwithmultiplevariablesandthresholds.They
developedEnergyMeter,amonitoringsoftwareutilitythatcanprovideaccuratepowerestimateby
exploitingamulti-componentpowermodel.ExperimentsbasedonPCMarkprovethattheaverage
errorofEnergyMeterismerely5%underavarietyofworkloads
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1. INTRodUCTIoN

Statistically,worldwidedatacenterpowerconsumptionhasincreasedfrom700billiondegreesto
3300billiondegreesfrom2000to2007.By2020thefigurewillincreaseanother1trilliondegrees
(Green,2010).Only8.5percentofdata center executivesexpectdata center capacity to remain
adequateby2015.Soby2020,theconstructionofthedatacenterisatleasttwicethe2010scale,
reaching78billionUSdollars(DataCenterUsersGroup,2014).In2012,totaldatacenterpower
consumption inChina reached66.45billionkwh, accounting for1.8%of thenational industrial
electricityconsumption.ThisvalueisequaltothetotalannualelectricityconsumptioninTianjin,
whiletheThreeGorgespowergenerationbut78.3billionkwh(ICTresearchcompany,2012-2013).
Thedomesticdatacentercapacitymayalsoincreaseby5~8timesinthenext5years.Highenergy
consumptionindatacentersnotonlyleadstooverconsumptionofelectricityandsysteminstability,
butalsocausesnegativeenvironmentalimpact.

Highenergyconsumptioncomesfromtwoaspects:oneisthecorrespondinghardwaredevices
tostoreandprocessdata includingprocessor,memory,harddiskandotherservicecomponents;
theotheraspectistheenergyconsumptionoflarge-scalenetworktransferoverhead.Atpresent,the
mainresearchdirectionisoptimizingtheenergyconsumptionofhardwaredevices.Theincreasing
scaleofdatacentersmakestherapidgrowthofthenumberofphysicalequipment.Buttheaverage
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utilizationofeachserverislessthan50%(Barroso&Hölzle,2007).Inaddition,foreverywattof
electricityconsumedbythecalculationunit,anextraconsumptionof0.5to1wattisproducedbythe
coolingfacilities(Ranganathan,Leech,Irwin,&Chase,2006).Therefore,improvingtheutilization
ofserviceclustersandenergyefficiencyisanurgentissue.Asthefoundationforpower-efficient
systems, we need to develop an energy monitoring and management framework which includes
threekeyfeatures:1)fine-grainedenergymeasurementandmonitoringmethods;2)accurateenergy
modelingandanalysistopredictpowerconsumption;3)energy-savingoptimizationstrategiesand
algorithmstoreducepowerconsumption.

Themaincontributionofthisworkissummarizedasfollows.1)Theauthorsfirststudywidely-
usedpowermodelsofCPU,memoryandharddisk.2)Withaninvestigationintothediskpower
behaviorsinsequentialI/OandrandomI/O,weproposeanimprovedI/O-modeawarediskpowermodel
withmultiplevariablesandthresholds.3)TheauthorsdevelopedEnergyMeter(EM),amonitoring
softwareutilitythatcanprovideaccuratepowerestimatebyexploitingamulti-componentpower
model.ExperimentsbasedonPCMarkprovesthattheaverageerrorofEMismerely5%undera
varietyofworkloads.Therefore,thistoolcanwellsupportpower-awareschedulers(e.g.,Lin,Xu,
He&Li,2017;Hsu,Slagter,Chen&Chung,2014;Karthikeyan,Jayachandran&Venkataraman,
2015)tobuildgreendatacenters.

Theoutlineofthispaperisasfollows.Section2analyzestheresearchstatusofcurrentenergy
consumptionmeasurementsystem.Section3givesthearchitectureofEMandthedesignofenergy
model.Insection4,weillustratetheconcreteimplementationmethod.Thelastsectionpointsout
thatthecurrentEMcanbeusedastheslavenodeinthedistributednode,themanagercanusethe
laterdevelopedEMmasterprogramtocollectthedataforstatistics,sothatthewholemeasurement
systemcanbedistributedtothedistributedsystemClusterforenergyconsumptionmonitoring.

2. ReLATed woRK

Atpresent,mostenergyconsumptionmonitoringsoftwarearestillnotpopular.Thissectionfirst
analyzesthecurrentmainstreamenergyconsumptionmeasurementmethods.Andthenweintroduce
twoenergyconsumptionestimationsoftware:JoulemeterandPowerTOP.

2.1. energy Consumption Calculation Method
Inthepreviousstudy,theexistingmethodsofenergyconsumptioncanbesummarizedasfollows
(W.Lin&W.Wu,2016):Hardware-baseddirectmeasurementmethods(Shenyang,2013;Ofoegbu
&Udoh,2016),Energymodel-basedmethods,VirtualizationTechnology-basedmethods(Stoess,
Lang&Bellosa,2007)andsimulation-basedenergyconsumptionestimationmethods(Luo,Wu,
Tsai,Di&Zhang,2013).TheHardware-baseddirectmeasurementmethod ismainlyapplied to
traditionaldatacenters.Theexternalpowersupplyandthehost(orworknodes)areconnectedto
physicalinstrumenttoobtaincoarse-grainedenergyconsumptiondata.Themethodbasedonthe
energyconsumptionmodelmainlyobtainstheresourceutilizationratioandusesenergyconsumption
modeltocalculateenergyconsumption.Themeasurementbasedonvirtualizationtechnologyismainly
appliedtoenergymeasurementandmonitoringinvirtualenvironment,usingindirectmeasurement
mechanisms to monitor the energy consumption of VM. Simulation-based energy consumption
estimationmethodisdesignedforsimulatingcloudresourceschedulingandcloudtaskscheduling
process.Energymodel-basedmethodisamainstreammethodtocalculatetheenergyconsumption
ofcloudcomputingbecauseofitshighflexibilityandfinegranularenergyconsumption.

2.2. Joulemeter
Joulemeter (Michel& Jie,2010) is a toolwithmultiplepowermodels formeasuring thepower
consumptionofvirtualmachines,servers,desktops,laptopsandindividualprocesses.Itprovides
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