
DOI: 10.4018/JDM.2018010103

Journal of Database Management
Volume 29 • Issue 1 • January-March 2018


Copyright©2018,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



43

QGLG Automatic Energy Gear-
Shifting Mechanism with Flexible QoS 
Constraint in Cyber-Physical Systems:
Designing, Analysis, and Evaluation
Xindong You, Beijing Institute of Graphic Communication, Tsinghua University, Beijing, China

Yeli Li, Beijing Institute of Graphic Communication, Tsinghua University, Beijing, China

Zhenyang Zhu, Hangzhou Dianzi University, Hangzhou, China

Lifeng Yu, Hithink RoyalFlush Information Network Co., Ltd, Hangzhou, China

Dawei Sun, School of Information Engineering, China University of Geosciences, Beijing, China

ABSTRACT

Thisarticledescribeshowwiththecontinuousexpansiononthevolumeofdataproducedbysensors
inCyberPhysicalSystems,thescaleofthecloudstoragesystemhasbecomelarger.Thiswilllead
totheproblemsofahighenergyconsumptionrateandalowutilizationbecomingaseriousissue.
Inordertoenhancetheeffectiveenergyconsumption,reducetheinvalidenergyconsumption,and
supplymoreflexibleQoSforusersinCPS,thisarticleproposesanautomaticenergygear-shifting
mechanismwithflexibleQoSconstraints(QGLG).TheQGLGpredictssystemloadofthefollow-up
periodthroughasupportvectormachinemodel.Accordingtothecurrentsystemload,thepredicted
load,andtheflexibleQoS,QGLGautomaticallyup-shiftsanddown-shiftsamongnodes.Substantive
resultsfromthesimulationexperimentsdoneonGridSimshowthattheQGLGcanachieveenergy
consumptionreductionwhilesatisfyingtheuser’sflexibleQoSrequirements.Comparedwithasimilar
energy-reducingmechanism,QGLGhasitsobviousadvantagewhenconsideringtherequirements
ofuserwithenergysavednotwithstanding.
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INTRoDUCTIoN

Cyber-PhysicalSystemsarethenext-generationsmartbutcomplexsystems,theyintegratemultiple
techniques, includingcloudcomputing,communicationandautomaticcontrol.CPSwill support
varietyof intelligentapplicationsandservices inmanyfields,suchas transportation,healthcare,
entertainmentandcityinfrastructure(Liuetal.,2017).InCPS,sensorsandmobiledevicescollecta
varietyofinformationfromphysicalenvironment,whichresultinginhugeamountofdatagenerated.
Gartnerforecastthattherewillbe20.4billionsensorsordevicesthatareconnectedworldwidein
2020.ThelargescaleofdatavolumewillbestoredinCloudStorageSystem,whichformsmoreand
moredatacenters.Datacentersconsumeahugeamountofenergyresourcesevenwitharisingtrend.
Accordingtostatistics,theenergyconsumptionofCloudStorageSystemaccountsfor27%to40%
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ofthedatacenter.However,thehighenergyconsumptionratewithalowstorageutilization(35%
approximatelyonly).Themismatchbetweenenergyconsumptionandstorageutilizationprovides
alargespacereductioninenergyconsumptionincloudstoragesystem.Therefore,howtorealize
energyproportionallyhasreceivedmoreandmoreattentions(Duyetal.,2010).

Atpresent,therearemanyresearchworksrelatedtoreducethetotalenergyconsumption,various
energy-savingtechnologiesareemployedinCloudStorageSystem.Substantiallyexperimentresults
showthatcomparedtothecloudstoragesystemwithoutanyenergy-savingtechnology,thetechnologies
employedenergy-savingcanreducealotofenergyconsumptioncertainly.Therestillhasthespace
toreducetheenergyconsumption.Furthermore,mostoftheenergy-savingtechnologieshavenot
fullyconsideredtheflexibleQoSrequestoftheusers.However,withmoreandmoreusersstoretheir
dataonthecloudstoragesystem,users’requirementsareever-changing.Therefore,howtosatisfythe
ever-changingQoSoftheusersistheotherdemandofthecloudstoragesystem.Aimingtoreduce
energyconsumptionandtosatisfytheflexibleQoSoftheuser,thispaperproposedtheautomatic
energygear-shiftingmechanismwithflexibleQoSconstraint inCloudStorageSystem(QGLG).
TheflexibleQoScanbeexpressedbytheDeadline,BudgetandtheBenefitFunction,whichcanbe
implementedasTimePrior(TP),CostPrior(CP),andBenefitFunctionbased(BF).QGLGpredicts
thenumberoftasksinthefollow-upperiodthroughthesupportvectormachinepredictionmodel.
AccordingtotheflexibleQoSoftheuserandthepredictedsystemloadofthenextperiod,QGLG
dynamicallyshiftsdifferentsuitablegearsamongthestoragenodes.

RELATED woRK

CyberPhysicalSystemsareincreasinglydeployedoverthecloudinawiderangeofapplications,
includingsmartgrids,sensing,computation,storageandotheroperations,allofthemgeneratea
largenumberheterogeneousdatawithvaryingvolume,velocity,variety,andvalue.Nearrecently,
therearesomepublicationdiscusstheresearchissuesinCyber-PhysicalSystems(Choietal.,2017).
Usersneedtocommunicatewiththecloudtoconducttransactions,suchassellingandbuyingenergy
viaabackbonearchitecture.Therefore,EnergymanagementisagrandresearchchallengesinCyber
PhysicalCloudSystems,andhasadirectimpactonenvironment.Howtoensuretheenergyisconsumed
intelligentlyinCloudStorageSystemswillbemainconcernbothinacademiaandindustryfield.

In the past several years, energy efficient problem in Cloud Storage Systems of CPS have
attractedsomeresearchers’concern.In2016GeorgeetalpresentconceptincreatingaCyberPhysical
System(CPS)inordertochangeorganizations’wayofconsumingenergy.Marcelopresentedan
intelligentcontrolstrategyforimprovingenergyefficiencyofacommercialbuildingusingamulti
-agentsystemarchitecture(Simoesetal.,2012).Ontheotherhand,inthepasttenyears,thereisa
massofresearchworkfocusedonenergysavingwhileemployingdifferenttechniques,suchasdata
classification(Rinietal.,2010,Xie,2008),dataplacement(Leatal,2013,Ramana,R2015),data
replicating(Linetal.,2013,Boruetal.,2015),combinedwithdynamicvoltagemanagement(Zhuet
al.,2005)orschedulingtechniques(Jiaetal.,2016).Dynamicdataaggregationalgorithmforgreen
cloudcomputingisproposedinliterature(Yang,etal2012).Accordingtothedataaccesspattern,the
dataandthenodesareaggregatelystoreddynamically.Bymanagingthepowerstateofthestorage
nodes,theenergyconsumptioncanbereducedwiththeconsiderationofQoS.Aimtoreducethe
energyconsumptionincloudstoragesystems,Dr.Longdesignedthestaticanddynamicfilelayout,
replicaanddatalayoutpolicies(Long,2014).AnenergyconsumptionmodelisbuiltbyWuetal
(Wuetal.,2013).Virtualmachine’senergyconsumptionisestimatedbythestatisticalmethodwhose
errorsmaybe3%-6%.Accordingtothemodel,avirtualmachineschedulingalgorithmisproposedto
improvethesystem’senergyefficiency.Relationshipbetweenpowerconsumptionandinfrastructure
components is investigated by in (Luo et al., 2012). A resource scheduling strategy is designed
accordingtooptimizationmethodsonenergyefficiency.Junaddresstheenergyandlatencyefficient
accessofwirelessXMLstream.Theyproposeanoveldistributedindexstructureandaclustering
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