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ABSTRACT

Withtheincreaseinhigh-performancecomputingplatformsize,itmakesthesystemreliabilitymore
challenging,andsystemmeantimebetweenfailures(MTBF)maybetooshorttosupplyatotalfault-
freerun.Thereby,toachievegreaterbenefitfromthesesystems,theapplicationsmustincludefault
tolerancemechanismstosatisfytherequiredreliability.Thismanuscriptfocusesongridcomputing
platformthatexposestotwotypesofthreats:crashandsilentdatacorruptionfaults,whichcausethe
application’sfailure.Thismanuscriptalsoaddressestheproblemofmodelingresourceavailabilityand
aimstominimizetheoverheadofcheckpoint/recovery-faulttolerancetechniques.Modelingresources
faultshascommonlybeenaddressedwithexponentialdistribution,butthatisn’tfullyrealisticforthe
transienterrors,whichappearrandomly.Inthemanuscript,theauthorsuseWeibulldistributionto
expresstheserandomfaultstocreatetheoptimaltimetosavecheckpoints.
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INTRodUCTIoN

A Grid is a collection of distributed computing resources which work together and connect by
internettoresolvethelargeparallelcomputations(Nandhini,2013;Foster&Kesselman&Nick&
Tuecke2008)however,allthatwideningandthehugenumberofthenodesinvolvedhascreated
greatchallengestoachievereliabilityinthislargeenvironment(Dabrowski,2009;Avizienis&Jean-
Claude&Brian,2001;Jafar&J-L.,2004).Theprobabilityofthefailureismuchgreaterthanin
traditionaldistributionplatforms(suchaswhichuseslocalcommunicationnetwork),andthefailure
ofresourcesleadstostopordeviationofservice(Avizienis&Jean-Claude&Brian,2001).Itis,
therefore,necessarytoinvestigatetheparallelapplicationoffaulttoleranttechniques.

Faulttoleranceisstudiedtomaintainthedeliveryofcorrectserviceintheexistenceofactive
faults(Kaur&Singh,2014).It isgenerallyimplementedbyerrordetectionandlaterapplication
recovery.Gridsystemisexposedtodifferenttypesoffaults,thatmaketheGridunabletoprovide
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itsservicesproperly, includingpermanentfaultsandtransientfaults(Gramacho,2009;Haider&
Babar,2016).Apermanentfaultwillremaininthesystemuntilreplacementorrepairofthedisabled
componentandthenrecoverytheapp.Ontheotherhand,atransientfaultappears,disappearsand
willmaybeneveroccursagainintheoverallofsystemlifetime(Gramacho,2009;Kaur&Singh,
2014;Menychtas&Kleopatra,2012).Themajordifferencebetweenthetwotypesoffaultsisthat
the permanent faults are determined immediately when it occurs, and system will rollback to a
correctpreviousstate,whilethetransientfaultscanoccurandstrikethedatainsidetheapplication
withoutdetection.Sotransientfaultcouldpropagatesfromonesystem’scomponenttoanother,and
itremainssountilitisactivated(oncetheresourcewiththeerrorisusedbythesystemtodosome
computations)(Menychtas&Kleopatra,2012).Transientfaultaffectinternalprocessorcomponents,
particularlyinmodernprocessorsthathaveauxiliarymemoriesandinternalbuses.

InourresearchwewilladdressestotwospecialtypesoffaultsthatattacktheGridcomputing:
crashfault(asanexampleforpermanentfaults),thatshowsaconstantbehaviorofsystemduringthe
work,eitherfailureorworkatforamoment(Neocleous&Marios&Paraskevi&Evangelos,2006).

SilentDataCorruption(SDC)(asanexamplefortransientfaults)themostdangerousoutcomeof
atransientfaults(Gramacho,2009),won’tstopanyapplicationexecutionandmightonlybenoticed
bytheusersifthefinalresultgeneratedbytheapplicationdiffersfromtheexpectedresult.

Inourmanuscript,weproposethatthecommunicationslayeristobeprotectedfromthosefaults,
whichmeansthatthesefaultshaveaneffectontheapplayer.

Tothebestofourknowledge,Checkpointing/Recovery(C/R)isthemostpopularfaulttolerance
technique(Haider&Babar,2016;Jafar&J-L.,2004).However,intherecentyears,researchershave
developedthistechniquetocoverallsystemlevels,andusedmulti-levelsofcheckpointing(Benoit
&Cavelan&Robert&Sun,2018;Di&Bouguerra&Bautista-Gomez&Cappello,2014;Mohror&
Moody&Bronevetsky&Supinski,2013).Eachlevelofcheckpointingdealwithspecialfault,where
faultratedecreaseswhenwegotohigherlevels.C/Rcreateasaveofapreviouscorrectstateinthe
stablememoryatthefree-faultperiod,itrecoversfromsaveincaseofasystemfailure(Jafar&J-L.,
2004;Kaur&Singh,2014).Thisdefinitionisusuallyusedfordealthecrashfault.TodealwithSDC
faultwewillstudyin-memorycheckpointscoupledwithverificationmechanismtodetectthaterror
(Benoit&Cavelan&Robert&Sun,2018;Benoit&Cavelan&Robert&Sun,2016),whichmeans
notneededtoadditionalcostforstablestorageprocess.Wewouldexplainthedifferencebetween
twotypesofstorageinenvironmentmodelparagraph.

Usingthecurrentlyavailableresilienceprocedures,newchallengescreated,isthehugeoverhead
forcheckpointandverificationtechniquesonfree-faultexecution,therebyittookalongtimetofinish
executionofanapplication.Toavoidsuchscenariosandtogetanoptimalexecutiontimeforparallel
applications inGridcomputing,wemust introduceanaccurateanalyticalstudyingfor resilience
techniquebehavior.Wedealwithdataflowapplicationswhichconsistoftasksexecutedinparallel
andothertasksmayimplementsequentiallyandformingthecriticalpath(Jafar&Krings&Gautier,
2008).Inthispaper,wearegoingtointroduceamathematicalmodelfortheparallelapplications
executiontimeinpresencesoftwostudiedfaultsandvalidcheckpoints/recoverytechniquesforfault
tolerancecoupledwithverification,wehavebeenabledetermineanoptimaltimetoperformsave
thetwotypesofcheckpoints,inordertominimizethetotalexecutiontimeofparallelapplication.

RELATEd WoRKS

Inthepastdecades,thereisalotofresearchesfocusingonthefault-tolerantproblem,whichplayan
important role tomaintainhigh reliabilityof thesystems.But in theearlier studies, therewasa
tendencytoanalyzetheperformanceofthesetechniques,togetthemostbenefitfromthemandto
reducetheirassociatedoverhead(Ahmed&Hasan&Tahar,2016;Benoit&Cavelan&Robert&
Sun,2016;Benoit&Cavelan&Ciorba&LeFèvre,&Robert,2019;Benoit&Raina&Robert,2014;
Liu&Nassar&Leangsuksun&Naksinehaboon&Paun&Scott,2008;Munir&Antoon&Gordon-
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