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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.



 

 

20 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/hytm-ap-hybrid-transactional-memory-

scheme-using-abort-prediction-and-adaptive-retry-policy-for-

multi-core-in-memory-databases/299555

Related Content

Modeling and Querying Temporal Data
Abdullah Uz Tansel (2005). Encyclopedia of Database Technologies and Applications

(pp. 373-377).

www.irma-international.org/chapter/modeling-querying-temporal-data/11175

A Case Study of the Use of the Viable System Model in the Organization of

Software Development
Peter Kawalekand David Wastell (2002). Advanced Topics in Database Research,

Volume 1 (pp. 120-134).

www.irma-international.org/chapter/case-study-use-viable-system/4325

Adaptive XML-to-Relational Storage Strategies
Irena Mlynkova (2009). Handbook of Research on Innovations in Database

Technologies and Applications: Current and Future Trends  (pp. 852-859).

www.irma-international.org/chapter/adaptive-xml-relational-storage-strategies/20771

Business Data Warehouse: The Case of Wal-Mart
Indranil Bose (2009). Selected Readings on Database Technologies and Applications

(pp. 112-133).

www.irma-international.org/chapter/business-data-warehouse/28549

Semantic Enrichment in Knowledge Repositories: Annotating Semantic

Relationships Between Discussion Documents
Chih-Ping Wei, Tsang-Hsiang Chengand Yi-Chung Pai (2006). Journal of Database

Management (pp. 49-66).

www.irma-international.org/article/semantic-enrichment-knowledge-repositories/3347

http://www.igi-global.com/article/hytm-ap-hybrid-transactional-memory-scheme-using-abort-prediction-and-adaptive-retry-policy-for-multi-core-in-memory-databases/299555
http://www.igi-global.com/article/hytm-ap-hybrid-transactional-memory-scheme-using-abort-prediction-and-adaptive-retry-policy-for-multi-core-in-memory-databases/299555
http://www.igi-global.com/article/hytm-ap-hybrid-transactional-memory-scheme-using-abort-prediction-and-adaptive-retry-policy-for-multi-core-in-memory-databases/299555
http://www.igi-global.com/article/hytm-ap-hybrid-transactional-memory-scheme-using-abort-prediction-and-adaptive-retry-policy-for-multi-core-in-memory-databases/299555
http://www.irma-international.org/chapter/modeling-querying-temporal-data/11175
http://www.irma-international.org/chapter/case-study-use-viable-system/4325
http://www.irma-international.org/chapter/adaptive-xml-relational-storage-strategies/20771
http://www.irma-international.org/chapter/business-data-warehouse/28549
http://www.irma-international.org/article/semantic-enrichment-knowledge-repositories/3347

