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ABSTRACT

Recently,worksonintegratingHTMwithSTM,calledhybridtransactionalmemory(HyTM),have
been intensively studied.However, the existingworks consider only thepredictionof a conflict
betweentwotransactionsandprovideastaticHTMconfigurationforallworkloads.Tosolvethe
problems,theauthorsproposeahybridtransactionalmemoryschemebasedonbothabortprediction
andanadaptiveretrypolicy,calledHyTM-AP.First,theHyTM-APcanpredictnotonlyconflicts
betweenconcurrentlyrunningtransactions,butalsothecapacityandotherabortsoftransactionsby
collectingtheinformationoftransactionspreviouslyexecuted.Second,theHyTM-APcanprovidean
adaptiveretrypolicybasedonmachinelearningalgorithms,accordingtothecharacteristicofagiven
workload.Finally,throughtheexperimentalperformanceanalysisusingtheSTAMPbenchmark,the
HyTM-APshows12~13%betterperformancethantheexistingHyTMschemes.
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1. INTRoDUCTIoN

Parallelqueryprocessingalgorithmshaverecentlybeenstudiedforefficientdatabasemanagement,
suchasspatialdatabase,skylinecomputationanddatawarehousing(Andrzejewski&Boinski,2015;
Endres&Kießling,2015;Bellatreche,Cuzzocrea,&Benkrid,2012).Forparallelalgorithms,alockisa
well-knownsynchronizationmechanismusedforsharedmemoryinmultithreadedprograms.However,
developing software that correctly uses locks is notoriously challenging; therefore, transactional
memory(TM)hasbeenproposedasanattractivealternativetolock-basedsynchronizationschemes
(Herlihy&Moss,1993).Unlikelock-basedapproaches,whereprogrammersidentifyshareddataand
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specifyhowtosynchronizeconcurrentaccesstoit,theTMparadigmneedsonlytoidentifywhich
portionsofthecodemustbeexecutedatomically,insteadofconsideringhowatomicityshouldbe
achieved(Pankratius&Adl-Tabatabai,2011).TMcanbeclassifiedintotwocategories:software
transactionalmemory(STM),wheretransactionsareimplementedinthesoftware,andhardware
transactional memory (HTM), where transactions are implemented in the cache. STM tends to
performpoorlyatlowormediumthreads,ascomparedwithfine-grainedlockingtechniques.On
theotherhand,HTMhasbeendevelopedtomanageconflictsbetweentransactionsonmultithreads
usingacachecoherenceprotocol.

HTMisveryefficient,buthassomerestrictions.First,thesizeofatransactionislimitedtothe
HTM.TheIntelHaswellarchitectureislimitedtothesizeoftheL1cache(256KB).Thisimpliesthat
itisimpossibletoexecuteadatabasetransactionasanHTMtransaction.Second,whenatransaction
failsduetoconflicts,thecachecanbeclearedbytheoperatingsystem(OS)usingcontextswitching
inthequantumcycle.Thus,large-sizedtransactionsmightbeabortedatanytime.Finally,because
HTMhasabest-effortnature,Intel’sRTM(RestrictedTransactionalMemory)doesnotguaranteethat
transactionswillevercommitinhardware,evenintheabsenceofconflicts.Therefore,programmers
mustprovideasoftwarefallbackpathincaseofahardwaretransactionabort.

Toovercometheselimitations,hybridtransactionalmemory(HyTM),theintegrationofHTM
withSTM,hasbeenintensivelystudied.HyTMprocessesread-onlyorshorttransactionsusingHTM,
whilelongtransactionsareprocessedusingSTM.First,Dalessandroetal.(2011)proposedahybrid
versionoftheefficientNOrecSTM(Dalessandro,Spear,&Scott,2010),calledHybridNOrec.The
NOrecSTMrequiresminimalinstrumentationtoensuretheconsistencyofactivetransactionsfor
validation.WhenatransactionfailsduringitsexecutionusingHTM,theHybridNOrecgoesinto
asoftware-basedfallbackpath.Second,Calciu,Gottschlich,Shpeisman,Herlihy,&Pokam(2014)
proposedahybrid transactionalmemory (Invyswell) thatuses Intel’sRTMas theHTMand the
modifiedversionofSTM(Dalessandro,Spear,&Scott).Whenahardwaretransactionfails,Invyswell
usesasoftware-basedfallbackpath.ThisprocessisdescribedinmoredetailinSection2.3.

However,theexistingHyTMschemeshavethefollowinglimitations.First,theydonotsupport
theabortpredictionoftransactions.Eventhoughtwoconcurrenttransactionshaveahighconflict
probability,theyattempttoexecutetransactionsusingHTMasmanytimes(asagivennumberof
retries)beforeforwardingtransactionstoSTMoraserialexecution.Thus,itcausesthedegradationof
overalltransactionexecutionperformance.Second,theydonotprovidetheoptimalHTMparameter
settingforvarioustypesofworkloads.Third,theydonotprovideanefficientmemorymanagement
techniquebecausethememorypoolformemoryallocation/freeisusedbasedonalockmechanism
toprocesstransactions.Asaresult,theefficiencyoftransactionprocessingdegradesasthenumber
ofthreadsinthemulti-corein-memorydatabaseincreases.

Toaddressthisproblem,weproposeahybridtransactionalmemoryschemebasedonbothabort
predictionandanadaptiveretrypolicyformulti-corein-memorydatabases.Inin-memorydatabases,
therearevarioustypesofworkloadsthathavemultipleattributesandproperties.Forexample,because
agenericapplicationgenerallycontainsshorttransactionsthatperformcomplexcomputations,the
applicationrequiresasmallernumberofretries.Ontheotherhand,aK-meansclusteringalgorithm
requiresalargenumberofretriesforstableperformance.Hence,asolutionwithastaticconfiguration
cannotyieldthebestperformanceacrossallpossibleworkloads.

Thus,ourstudywasundertakenandprovidesthefollowingcontributions:

• Weproposeahybridtransactionalmemoryschemebasedonbothabortpredictionandadaptive
retrypolicy(calledHyTM-ARP)formulti-corein-memorydatabases.

• Weprovideanabortpredictionalgorithmthatpredictednotonlyconflictsbetweenconcurrently
runningtransactions,butalsothecapacityandotherabortsoftransactions.

• Weprovideanear-optimalHTMconfigurationsettingusinganadaptiveretrypolicybasedon
machinelearningalgorithms,accordingtothecharacteristicsofagivenworkload.
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