
__attribute__ccnoinline}}
int4addc}
{
444int4i;
444forc4i4=4j;4i4<4xjjjjjjj;4iSS4}
444{
444__asm__4__volatile__c64add44RjI4RxI4R[\n\t6
44444444444444444444444464add44RxI4R[I4R*\n\t6
44444444444444444444444464add44R[I4R*I4R5\n\t6
44444444444444444444444464add44R*I4R5I4R6\n\t6
44444444444444444444444464add44R5I4R6I4R7\n\t6
44444444444444444444444464add44R6I4R7I4R8\n\t6
44444444444444444444444464add44R7I4R8I4R9\n\t6
44444444444444444444444464add44R8I4R9I4Rj\n\t6
44444444444444444444444464add44R9I4RjI4Rx\n\t6
444444444444444444444444kkEEEcxjj4instructions4total}
44444444444444444444444};
444}
}
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WeEcreateEmicrobenchmarksEforEallEeventsEweEwishEtoEcharacterize1E
qorEanEaddEinstructionHEforEexampleHEweEcreateEaEprogramEwhoseE
runtimeEcomputationEisEcomprisedEalmostEentirelyEofEadds1EThenHE
knowingEtheEexactEnumberEofEinstructionsEexecutedEasEwellEasEtheE
averageEpowerEofEtheEprogramEallowsEusEtoEestimateEtheEenergyEperE
instruction1EEE

Naive1c

@nterchange1c

44for4ci4=4j4;4i4<4MSIZE4;4iSS}4{
4444for4ck4=4j4;4k4<4MSIZE4;4kSS}4{
444444for4cj4=4j4;4j4<4MSIZE4;4jSS}4{
44444444matrix_r[i][j]4=4matrix_r[i][j]4S
4444444444matrix_a[i][k]4M4matrix_b[k][j]}4;
444444}
4444}
44}

44for4ci4=4j4;4i4<4MSIZE4;4iSS}4{
4444for4cj4=4j4;4j4<4MSIZE4;4jSS}4{
444444float4sum4=4jEj4;
444444for4ck4=4j4;4k4<4MSIZE4;4kSS}4{
44444444sum4=4sum4S4
4444444444444cmatrix_a[i][k]4M4matrix_b[k][j]}4;
444444}
444444matrix_r[i][j]4=4sum4;
4444}
44};ardware-XasedE=xperimentalESetup

Software-XasedE=xperimentalESetup

3RMDDLKE
PipelineEStages

TheEVelaunayErefineEalgorithmEisEoneEofEmanyEapplicationsEthatE
weEareEworkingEtoEestimateEtheEpowerEconsumptionEof1ESoftwareE
controlledEZP@OEsignalsEallowEusEtoEdelimitEkeyEareasEofEcodeEinE
theEpowerEplot1

VifferenceE
dueEtoEcacheE
misses

RowEmajorEorderEtakesE
advantageEofEspatialE
locality
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j =xperientalESetup XLOOPSE5ompil' =nergyEMicrobenchmarks ReJ

=inarEVeizagaEandE5hristopherEXatten
5omputerESystemsELaboratory

SchoolEofE=lectricalEandE5omputerE=ngineeringE
3pplication-LevelE=nergyEModelingEforE=mbeddedEProcessors

Results

(x

5urrentEcomputingEdevicesEhaveEaEhighEdemandEforEbothEenergyE
efficiencyEandEperformance1E3lthoughEcontinuedEdevelopmentE
hasEledEtoEexponentialEincreaseEinEcomputationalEperformanceHE
highEperformanceEusuallyEcomesEatEtheEexpenseEofEenergyE
efficiencyHEwhichEisEwhyEdesignersEareEhighlyEinterestedEinE
studyingEthisEtrade-off1E@ngenuityEinEcomputerEdesignHEsuchEasE
introducingEmulticoreEprocessorsHEisEworkingEtoEallowE
computationalEperformanceEtoEdevelopEunhinderedEbyEpowerE
constraints1EToEaidEinEtheEendeavorEofEachievingEbothEhighE
performanceEandEhighEenergyEefficiencyHEthisEstudyEfocusesEonE
techniquesEtoE

TheEstudyEcomprisedEofEaERaspberryEPiEcontainingEtheEE
3RMDDLKUZq-SEprocessorEpoweredEbyEanE3gilentETechnologiesE
V5EPowerE3nalyzer1EThisEallowsEusEtoEcollectEdetailedEpowerE
consumptionEmeasurementsEofEtheERaspberryEPiEasEitEruns1

WeEhaveEaEhardware-basedEandEsimulator-basedEsetupEwhichE
providesEusEallEtheEinformationErequiredEtoEcharacterizeEtheE
energyEconsumptionEofEarchitecturalEevents1

ETheE3RME@S3EcontainsEhundredsEofEinstructions0EforEthisEstudyE
weEfocusedEonEtheEinstructionsEmostEpreeminentEinEtwoEmatrixE
multiplicationEalgorithms1

=nergyEperE=ventPowerE3nalyzerRaspberryEPi

ZP@OE

JVE9ED3

InstructionM/MEvent
NOP
3VV
5MP
LSL
MOV
MUL
RSX
SUX

XranchEMispredict
5acheEMiss

EnergyMperMInstructionM/MEvent
D'6EpU
Dj/EpU
D:'EpU
O:DEpU
D:'EpU
O/KEpU
D/KEpU
D/KEpU

Dj6DEpU
/jxD6^KEpUE

TheE3RMDDLKEprovidesEspecializedEhardwareEregistersEwhichE
canEbeEconfiguredEasEcountersEtoEmeasureEhardwareEeventsEsuchE
asEcacheEmissesEandEbranchEmispredictions1

TheseEperformanceEcountersEallowEusEtoEnotEonlyEverifyEtheE
validityEofEourEenergyEbenchmarksHEbutEalsoEprovidesEtheE
necessaryEstatisticsEtoEcalculateEmetricsEsuchEasEcacheEmissE
ratiosHEdataEdependencyEstallsEandEbranchEmispredictions1E

WeEuseEtheEtheEZemJEprocessorEsimulatorEtoEmeasureEdynamicE
instructionEcounts1ETheEstatisticsEprovidedEbyEZemJEallowEusEtoE
takeEourEenergyEtableEandEbeginEtoEaggregateEtheEenergyEusageE
perEinstructionEorEevent1EThusEweEcanEprovideEanEestimateEofEtheE
energyEconsumptionEofEtheEapplication1
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NaiveMMMMMMMMMMMMMMMM7.01MJMMMMMMMMMMMM7.5MJMMMMMMMMMMMMM7wMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

InterchangeMMMMM1.10MJMMMMMMMMMM1.25MJMMMMMMMMMMMM13wMMMMMMMMMMMM

MeasuredMMMMEstimatedMMMMMwError

MMMMMMMMMMMMMMMMMMMMMMaidMtheMdevelopmentMofMmoreMenergyMefficientM
software.


