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ABSTRACT

Acacheplaysavitalroleinimprovingperformanceinthemulticoreenvironment,especiallythelast
levelcache(LLC).Theimprovementsinperformancearebasedontheblocksize,associativity,and
replacementpolicies.Mostofthepapersconcentrateontraditionalleastrecentlyused(LRU)-based
replacementpoliciesfortheirreplacementdecisions.Unfortunately,thereplacementdecisionsdo
notenhanceperformanceofthecacheasexpected.AnenhancedmodifiedpseudoLRUpolicyis
proposed,whichisanapproximationofLRU.Theproposedmethodologyusescounterstoenhancethe
confidenceofreplacementdecisionsbasedonthehistoryofthereplaceableblocksincache.Itisvery
clearfromthesimulationresultsthatthereplacementschemeproposedexhibitsbetterperformance
improvementintermsofmissratioofabout3%andenergyefficiencyofabout2%onaverage.
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INTROdUCTION

Theprocessingpowerandenergydissipationarethemajorconcernsnowadaysinthemulti-core
architectureandthusleadsthetechnologyfrontintoanewdimensioncalledLowpowerVLSI(Hanson,
H.et.al (June2003)).As in thecase,multipleprocessingcoreshave toperformtheiroperation
simultaneouslyorinparallelthatrequiresaneedforalargeamountofmemory,asthecapabilityof
memorydoesn’tincreaseinphasewiththemulticorechipsthatleadtoaccesslimitationstoprocessing
cores.Thecurrentresearchesarefocusingtowardstheefforttodesignmemoryhierarchiesthatwould
beefficient(Lahaet.al(2002).Thesedesignseliminatethegapintheperformanceofvariouscache
levels(Asaduzzaman,A.et.al(2009))thusreducingthecachelevelaccesses,inadditiontoitthe
timeonanaveragerequiredtoaccessthememoryisalsoquantifiablyreduced,thusimprovingthe
performanceofexecution.DeepinvestigationsareperformedbynumerousresearchesonLevel2
(L2)cachesforvariousreasons(Patidar,K.,2015).Theintroductionofthenewlevelenablessome
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numberofhitsinthecachelevelL2whichactuallyfollowsthesamedatamissesinthelevelL2ofthe
cache,whichishidden(FlautnerandK.,et.al(May2002g)).Thecachehelpstoutilizeparallelismat
theinstructionlevel(Carr,S.(1996))alongwiththeprocessor,toachieveexecutionofinstructions
inoutofordermode,therebydeterminingthecachelinesnoblockingevent.So,itisseriouslyhard
tohidethemisspenaltyofL2cache.InthecaseofconsideringtheoptimizationsofL1,thatresultin
shorterhittimes,iscomplexonthegroundsofexecutiontimeincomparisontothehitsinL2cache
(Anjana,J.G.,andPrasanth,M.(2014,May)).Replacementpolicyisanimportantelement,that
isrelatedtoallcachelevelsinamultilevelhierarchyofmemory.Theefficiencyofareplacement
dependsonmainly,thehitrateormissrateandsometimestheaccesslatency,bandwidthutilization
andresponsetimeofacachesystem.

ThelowermostlevelinthehierarchyofthefastestmemorycacheistermedasLastlevelcache
(LLC)inmodernprocessorsandallowsefficientoptimizationsonthecachewithsmarterreplacement
policies,becausethesearethemajorbottlenecksinimprovingtheperformancewhicharebeingshared
amongstthecores.SinceLLCsareconsideredasthehighlyassociativecache(Gutierrez,A.et.al
(2014)),whosesizeislargecomparedtootherlevelcaches,thereplacementpolicybecomesthekey
techniquetooptimizetheperformanceintermsofhitsandmisses,alsoensureseffectiveutilization
withmuchmoreenergyefficiency.

Allthetraditionalcachereplacementpoliciescomeinforcenowadayshasnoroomtoallocate
anecessaryblocktothecachelines.Amissinthecachelinedecideswhetherthereshouldbean
evictionornot.Theevictioncandidatesaredeterminedaccordingtotheprovisionsappliedbyvarious
replacementpolicies.Inexceptiontotherandompolicies,allotherpolicieswilldetectthecache
linetoberemovedtakingintoaccountof itsaccessfrequencies.ConsideringtheLeastRecently
Used(LRU)(Dan,A.andTowsley,D.(1990))replacement,aconsiderablenumberofstatusbits
areneededtoindicatewhetherthecacheblockisaccessedornotandupdatingisdoneaccordingly.
Owingtotheincreaseinnumberofbitscausedbysetassociativitybetweenthemainmemoryand
cache,resultsinincreaseincomplexityofcostandcomputation.Therandompolicyisusedasthe
bestwaytoreducethecomplexityassociatedwiththeLRU,mainlyinfindinganiteminthecache.
Allthosealgorithmsincreasethehardwarecomplexityalso.Mostofthemodernprocessorschoose
tousepseudoLRUtobringdownthecostofthehardwareandincreasethesystemperformanceby
theprocessofapproximatingthemechanismofLRU.Recentstudiesshowthatincorporatingthe
techniquesofLRUwithcertainlimitinassociativity,astheirperformanceoptimizationmethodas
farasreplacementpolicyisconcerned,fewofthemstartedworkingontheupgradationofLRUby
remodelingreplacementdecisions.Anapproachtothetree-basedPseudoLRUpolicyisproposedin
(Jiménez,D.A.(2013)),tomaintainthecacheeffectivelybyincorporatingacounter,whichincreases
theconfidenceintheevictionprocesssothatnoneoftheblocksarebeingreplacedunnecessarily.
ThispaperevaluatestheeffectivenessofPLRUpoliciesoverLRUbyincorporatingasimplecounter
tominimizethechangesinthetreestructure.Thisensuresthatthethrashingapplicationsaregetting
thenecessaryspaceinthecache.Simulationresultsshowthatitsperformanceisincreasedonan
overallbasiswhencomparedtoPLRU.

Thesubsequenttwosectionsofthepaperdescriberelatedworksandthemethodologyused.The
successivetwosectionsclearlyexplainthemethodproposedbytheauthorsandtheexperimental
setupwithitsappropriateresults.Theconclusionisdepictedinthefinalsection.

RELATEd wORKS

Traditionally,thereplacementdecisionsonacacheblock,thataremadedependonwhetherthecache
accessinthefutureresultedamissinanycacheline.Thehistoryofreplacementisstartedwiththe
famousbelady’soptimalpolicy(Belady,L.A.(1966))whichdiscardsthepagewhosenextaccessis
farthestinthefuture.Sayinginanotherway,thedecisionforreplacementismade,dependingonthe
valueofthereusedistance.Thereusedistanceiscalculatedbytakingthedifferenceinthevaluesof
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