
KddressingI_andwidthIzontentionIinI
SMTIMulticoresIThroughIScheduling

%osuéI<eliu
%ulioISahuquillo
SalvadorIPetit

%oséI=uato

3xthI9nternationalIzonferenceIonISupercomputingIy9zS0
Munich.I6ermany.I3UEL

ERI9NTRO=UzT9ON

3RIzKUS#SIO<IP#R<ORMKNz#I=#6RK=KT9ON

HRIPROPOS#=ISz7#=U"#R

LRISz7#=U"#RI#VK"UKT9ON

MulticoreE processorsI areI theI commonI implementationI forI highI performanceI microprocessorsRITheI currentI industryI trendI
increasesI theI coreI countI inI eachI newI microprocessorI generation.I soI stressingI theI pressureI onI theI mainE memoryE
bandwidth.IwhichIconformsIoneIofItheImajorIperformanceEbottlenecksIofItheseIprocessorsR

9nI addition.I multithreadingI isI alsoI becomingI theI commonI processorI implementationRI TheI differentI processesI runningI
concurrentlyI onI anI SMTI coreI canI issueI instructionsI inI theI sameI cycle.I whichI areI executedI sharingI someI ofI theI coreI
resourcesRIKmongIthem.ItheI"EIcacheIand.Iparticularly.ItheIL2EbandwidthIareIcriticalIforItheIoverallIprocessorIperformanceRI
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9nIshort.ImostIresearchIworkIregardingIschedulingIhasItackled:
i0ImainImemoryIandI""zIbandwidthIcontention.Ior
ii0IresourceIsharingIonISMTIcoresR
7owever.I toI theIbestIofIourIknowledge.I thisI isI theI firstEproposalI thatIcombinesIbothIapproachesI toIdealEwithEbandwidthE
contentionEinEmultithreadedECMPsR

TheI performanceI evaluationI isI performedI inI anI IntelE XeonE E5645E processor.I whichI implementsI sixE dual:threadedE SMTE
cores.IwithIprivateI"EIandI"3IcachesIperIcoreIandIaIsharedI""zRITheIsystemIrunsIaI"inuxIdistributionIwithIkernelIHREERLR

ExperimentB1:

#achIbenchmarkI isIconcurrentlyI launchedIwithIfiveI instancesIofI
aI memoryNhungryI microbenchmarkI withI aI standaloneI mainI
memoryItransactionIrateIyTRMM0IofIVVItOusecRI

ObservationB1:

HalfE ofE theE benchmarksE sufferE aE performanceE degradationE
aboveE*.-EdueEtoEmainEmemoryEbandwidthEconstraintsR

MainNmemoryIbandwidthIcontentionIanalysis

"EIbandwidthIcontentionIanalysis
ExperimentB2:

TheI9PzIandItransactionIrateIinI"EIyTR"E0IofItwoI
benchmarksIareIcomparedIwhenItheyIrun:I
i0IIinIstandNaloneIexecutionIy<igureI3a0
ii0IsimultaneouslyIonItheIsameIcoreIy<igureI3b0

ObservationB2:

WhenE theE processesE runE simultaneously,E
theirEperformanceEcanEdropEnearE4.-.IasIcanI
beIobservedIuntilIsecondIVUR

ObservationB3:

ThereI isI aI connectionE betweenE theE L2E
bandwidthEandEIPCEofEtheEco:runnersE[E]RI<orI
instance.I whenI cactusADMI reducesI itsI TR"EI
yimplicitI inI itsI behavior0.I moreI bandwidthI isI
availableItoIh264ref.IresultingIinIaIgrowthIofI itsI
TR"EIandI9PzR

<igRIE:I9PzIdegradationIdueItoImainImemoryIbandwidthIcontentionR

<igRI3:I"EIbandwidthIandI9PzIofIh264refIandIcactusADMRI

ya0IStandaloneIexecutionIIIIIIIIIIIIIIIIyb0ISimultaneousIexecutionIonItheIsameIcoreI

TheI performanceI degradationI analysisI showsI theI suitabilityI ofI usingI aI bandwidthNawareI schedulingI algorithmI toI mitigateI contentionI andI improveI performanceRI TheE
proposedEalgorithmEconsistsEofEtwoEmainEsections:EprocessEselectionEandEprocessEallocationR

_eforeIrunningIaIworkload.I theIschedulerIcalculatesI theIW*_KV6_TR_MM.IwhichIrepresentsI theI
overallItargetITRMMIthatIshouldIbeIachievedIbyItheIprocessesIrunningIeachIquantumItoIbalanceItheI
mainImemoryItransactionsIoverItheIworkloadIexecutionR

TheI processE selectionI policyI dealsE withEmainEmemoryEbandwidthE contention.IselectingE theE
properI setI ofIprocessesE thatEwillE runE theE followingEquantumEwithE theEgoalEofEbalancingE theE
overallEmemoryErequestsEoverEtheEexecutionEtimeEofItheIworkloadEtoEminimizeEtheEcontentionq
<irst.I theI processI notI executedI forI longerI isI selectedI toI avoidI processI starvationRI Then.I theI
remainingI processesI areI selectedI usingI theI fitnessI functionRI ThisI functionI quantifiesI theI gapI
betweenI theI TRMMI requiredI byI aI givenI processI andI theI averageI bandwidthI remainingI forI eachI
unallocatedIhardwareIthreadRI

TheI processE allocationI policyI assignsE eachE selectedE processE toE aE coreE dealingE withE L2E
bandwidthEcontentionqITheIgoalIofI theIpolicyI isI toIbalanceI theI"EI requestsI thatIeachI"EIcacheI
hasI toI serveI eachI quantumRI 9nI thisI way.I theI "EI bandwidthI contentionI isI minimizedI andI theI
performanceIenhancedR
SinceI theI experimentalI platformI implementsI dualNthreadedI cores.I theI processesI canI beI easilyI
allocatedI byI sortingI theI processesI accordingI toI itsI TR"EI andI then.I reiteratively.I assigningI theI
processesIwithIhighestIandIlowestIbandwidthIutilizationItoItheIsameIcoreR
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K lgor i t hm E _andwidthNKware Scheduler

E: zalculate:

W * KV 6 T RM M /
N
p / U y K V 6 T R p

M M ∗T p 0
N
p / U T p

∗ m zP Us

3: w h i le there are unfinished processes do
H: 6ather T RM M and T R" E of t he processes run the last

quantum
L: Select t he process p at t he process queue head and set :

_W r em ai n / W * KV 6 T RM M − T Rp
M M

zPUr em ai n / m zP Us − E
V: w h i le m selected process 5 m zPUs do
j: Select t he processes p that maximizes:

<9T N#SSyp0 / E
_ W R em a i n

z P U R em a i n
− T R p

M M

b: Update _W R em ai n and zPUR em ai n
x: end w h i le
k: Sort t he selected processes in ascending T R" E

EU: w h i le there are unallocated processes do
EE: Select t he processes Ph ead and Pt a i l wit h maximum and

minimum bandwidth requirements
E3: Kssign Ph ead and Pt a i l t o t he same core
EH: end w h i le
EL: end w h i le

∑
∑

TheIdevisedIalgorithmIhasIbeenI implementedI inIaIuserNlevelIscheduler.IwhichIuses:I 90I theILinuxEsystemEcallsI toIdetermineEtheEprocessesEthatEwillE runEtheEnextE
quantum.IandI990ItheIcoreEaffinityEattributesItoIdetermineEtheEtargetEcoreEofEeachEprocessRIToIevaluateItheIperformanceIofItheIproposal.IaIsetIofItenEF4:benchmarkE
mixesIwasIdesignedRITheIperformanceIofItheIdevisedIalgorithmIisIcomparedIwithIthatIachievedIbyItheI"inuxIschedulerR

<igRIL:ISpeedupIofItheIharmonicImeanIofIweightedI9PzIrelativeItoI"inuxR

FigureE*IpresentsItheIspeedupsIachievedIbyItheIproposedIschedulerIusingItheIaverageEIPCEmetricEwithErespectEtoELinuxRITheEproposedEschedulerEimprovesELinuxE
inEallEtheEmixes.IwithIspeedupsIrangingIbetweenIL)ItoIaboveIj)RISinceItheIaverageI9PzImetricImeasuresIthroughput.ItheEresultsEshowEthatEtheEdevisedEschedulerE
mitigatesEtheEbandwidthEcontention.IwhichIresultsIinIaIsignificantIperformanceIincreaseR
FigureE4IpresentsItheIspeedupsIofItheIharmonicEmeanEofEweightedEIPCEmetric%IachievedIbyItheIproposedIschedulerIwithErespectEtoELinuxRINoteIthatIthisEmetricE
considersE fairnessI additionallyI toI performanceI sinceI theI harmonicI meanI tendsI toI decreaseI quicklyI asI theI gapI betweenI theI speedupsI growsRI Thus.I theI achievedI
speedups.IrangingIfromIaroundI3RV)ItoIaboveIL).IdemonstrateIthatItheEdevisedEschedulerEnotEonlyEreachesEgreaterEperformance,EbutEalsoEworksEfairerEthanEtheE
LinuxEschedulerq
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MainImemoryIandI"EIbandwidthIofI theIprocessesIareIupdatedIeachIquantumIusingIperformanceI
countersR
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