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ABSTRACT

Tobetterunderstandtaskfailuresincloudcomputingsystems,theauthorsanalyzefailurefrequency
oftasksbasedonGoogleclusterdataset,andfindsomefrequentlyfailingtasksthatsufferfromlong-
termfailuresandrepeatedrescheduling,whicharecalledkillertasksastheycanbeabigconcern
of cloud systems. Hence there is a need to analyze killer tasks thoroughly and recognize them
precisely.Inthisarticle,theauthorsfirstinvestigateresourceusagepatternofkillertasksandanalyze
reschedulingstrategiesofkillertasksinGoogleclustertofindthatrepeatedreschedulingcauseslarge
amountofresourcewasting.Basedontheaboveobservations,theythenproposeanonlinekillertask
recognitionservicetorecognizekillertasksattheveryearlystageoftheiroccurrencesoastoavoid
unnecessaryresourcewasting.Theexperimentresultsshowthattheproposedserviceperformsa
93.6%accuracyinrecognizingkillertaskswithan87%timingadvanceand86.6%resourcesaving
forthecloudsystemaveragely.
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INTRoDUCTIoN

Withitson-demandaccessingandpay-as-you-gomanner,cloudcomputinghasbeenanewparadigm
for providing computing resources. Nowadays, more and more organizations and companies in
differentareasdecidetoruntheirapplicationsoncloudsystemgradually.Higherdependabilityand
availabilityofcloudplatform isessential toensurequalityofservicesofapplications.However,
duetoitsever-increasingheterogeneous,distributionandlarge-scale,failuresaremorenormthan
expectationincloudcomputingsystem,whichleadstoahighdemandoncapabilityoffaulttolerance
andfastrecovery.Therefore,adeepunderstandingofthefailurepatterncanleadnotonlytoeffective
solutions,butalsotoabetterfulfillmentoftheobjectiveofhighdependability.

Amongdifferenttypesoffailuresincloudcomputingsystem,taskfailureisthemostbasicand
commononebecausetaskistheminimalschedulingunitrunningonasinglemachine.Todealwith
taskfailures,oneofthemosteffectivemethodisrescheduling(Soualhia,Khomh&Tahar,2015).
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However, therearesometasksbehaving likea“crash-loops”whichdeterministicallyfailshortly
afterexecutionwhilereschedulingrepeatedly(Reiss,Tumanov,Ganger,Katz&Kozuch,2012b).
Thesetasksmaydogreatharmtothecloudcomputingsystem,becausetheycontinuallycompete
for resourcesand thenwaste resourcesdue tofailure.Meanwhile, theysignificantly increase the
schedulingworkload.Asaresult,inthispaper,wecallthistypeoftasks“killertask.”

Tobetterunderstandkillertask,wedevelopastudyonGoogleclusterworkloadtraces1,which
containtheworkloadmeasurementsof25Mtasksof650Kjobsonmorethan12,000nodesduring
aonemonthperiod.InGooglecluster,eachtaskrepresentsexecutionandresourceallocationunit
ofjob,andisscheduledontoasinglemachine.Weanalyzefailurefrequencyoftasksandfindthat
some taskssuffer fromcontinual failuresandrepeated rescheduling, forexample,wefind1,151
tasksexperiencingmore than500 timesof failuresand reschedulingduring their lifetime.After
analyzingthecharacteristicsandreschedulingstrategiesofthesetasks,weproposeanonlinekiller
taskrecognitionservicetohelpcloudsystemsrecognizekillertasksautomaticallyandproactively,
tosavecomputingresourcesandpromotethestabilityofthecloudsystem.

Priorstudiesonfailuresofcloudcomputingsystemsfocusoncharacterizationofjobfailures
(Chen,Lu&Pattabiraman,2014a),serverfailures(Garraghan,Townend&Xu,2014;Birke,Giurgiu,
Chen,Wiesmann&Engbersen,2014)andfailureprediction(Chen,Lu&Pattabiraman,2014b;Rosa,
Chen&Binder,2015a).Tothebestofourknowledge,wearethefirsttorecognizekillertasksand
performonlinerecognitionattheirearlystage.Wemakethefollowingcontributionsinthispaper:

• ExploringkillertasksbyanalyzingfailurefrequencyoftasksinGoogleclusterandrevealing
theircharacteristics;

• Investigatingresourceusagepatternofkillertasksandnon-killertasksandidentifyingdifferences
betweenthem;

• DisclosingreschedulingstrategiesofkillertasksperformedinGoogleclusterandevaluating
theirpositiveandnegativeimpactsquantitatively;

• Proposingframeworkofonlinekillertaskrecognitionservicethatmakeuseofresourceusage
timeseriestorecognizekillertasksattheearlystageoftheiroccurrence;

• Implementingtheprototypeofproposedserviceandverifyingitwithexperiments.Theresults
showthatitcanpreciselyrecognizekillertaskswith93.6%ofaccuracyandprovidecloudsystem
anaverageof633minutestotakeproactiveactions,with86.6%ofresourcesaving.

Therestofthispaperisorganizedasfollows.Section2presentstherelatedwork.Insection3,
weanalyzefailurefrequencyoftaskstofindkillertasks,followedbyinvestigationandcomparison
ofresourceusagepatternofkillertasksandnon-killertasks.Thetimeseriesbasedonlinerecognition
serviceofkillertasksisproposedinSection4.Section5presentstheexperimentalresultsandbenefits
fromkillertaskrecognition,followedbythediscussioninSection6.Section7concludesourwork.

ReLATeD woRK

Google Trace Analysis
TherehavebeenmanyanalysiseffortsfocusingontaskeventsandresourceusageintheGoogle
tracedata.Reissetal.(2012a)revealtheheterogeneityanddynamicityofmachinesandworkloads
inGooglecluster.Theyalsofindthatmanylonger-runningjobshaverelativelybetterresourceusage
predictability.Mishraetal.(2010)characterizeresourceusageoftasksandproposeak-meansbased
methodoftaskclassification.TheyfindthatmostoftheCPUandmemoryareconsumedbyaminority
oflongerrunningtasks.Dietal.(2013)characterizeGoogleapplicationsfromtheperspectiveoftask
eventsandresourceusage.TheyfindthatresourceutilizedbyperapplicationfollowsatypicalPareto
principle.Theythenconductapplicationclusteringviaanoptimizedk-meansalgorithmandfind
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