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ABSTRACT

Virtualresourcesteamuptocreateacomputationalgrid,whichisusedincomputation-intensive
problem solving. A majority of these problems require high performance resources to compute
andgenerateresults,makinggridcomputationanothertypeofhighperformancecomputing.The
optimization in computational grids relates to resource utilization which in turn is achieved by
theproperdistributionofloadsamongparticipatingresources.Thisresearchtakesupanadaptive
resourcerankingapproach,andimprovestheeffectivenessofNDFSalgorithmbyschedulingjobs
inthoserankedresources,therebyincreasingthenumberofjobdeadlinesmetandservicequality
agreementsmet.Moreover,resourcefailureistakencareofbyintroducingapartialbackupapproach.
ThebenchmarkcodesofFastFourierTransformandMatrixMultiplicationareexecutedinareal
testbedofacomputationalgrid,setupbyGlobusToolkit5.2forthejustificationofpropositions
madeinthisarticle.
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1. INTRodUCTIoN

Task scheduling in appropriate resources and achieving balanced load in computational grid
environment(Foster,Kesselman&Tuccke,2001)arethetwomajorresearchareaswhichneedtobe
exploredmore.Thisismainlybecauseofheterogeneousnatureofgridandtechnologicalrequirement
ofcomputation-dataseparation.Computationalcapabilityofgridcanbeenormousifparticipating
resourcesremainwellcoordinatedbybrokerandeffectivetaskschedulingishighestprioritizedwork
forachievingbalancedloadacrossgrid.

NearestDeadlineFirstScheduled(NDFS)algorithm(Goswami&Das,neeDeSarkar,2014)
solvestheabovementionedproblemsaftertheefficiencyofthealgorithmhasbeenimprovedby
consideringaverage loadof each resourcealongwith its current load for apre-defined interval.
Saaty’sAnalyticHierarchyProcess(AHP)(Saaty,2008)hasbeenadaptedandimprovisedtorank
theparticipatingresources.Subsequentjobschedulingandloadbalancingingridarecompletedby
NDFS,thusmeetingtheServiceQualityAgreement(SQA)(Goswami&Das,neeDeSarkar,2014).
Anotherobjectiveof this researchwork is tomakeNDFSmorerobustby takingcareofsudden
possibleoccurrencesofresourcefailureingrid.Periodicalruntimebackuptonextadaptivelyranked
resourceensurescomplianceofapprovedSQA,whichwassignedbetweenbrokerandclient.Evenif
resourcefails,jobneednotberesubmittedinfaulttolerantNDFS,submittedjobresumesexecution
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fromlastbackeduppoint,intonextrankedresource.Hence,jobissubmittedbyclientonlyonce,
therebyreducingtotalexecutiontime.Thispaperputsthrustonsingleandmultiplejobexecution
inrealgridenvironmentthroughexecutionofbenchmarkcodes,namely,FastFourierTransform
and Matrix Multiplication. The experimental results are obtained for demonstration of balanced
workloadincomputationalgridalongwithoptimalsolutionforresourcefailurebycreatingtestbed
ofcomputationalgridthroughGlobusToolkit,andcomparingperformancewithotheralgorithms
inGridSim(Buyya&Murshed,2002).

Theorganizationofthispaperisasfollows:afterdiscussingrelevantworksbydifferentresearchers
ongridinsection2,improvisedNDFSalgorithmispresentedinsection3.Section4depictsresultsof
executionofbenchmarkcodesingridanddiscussionontheobtainedresults.Thepaperisconcluded
insection5.

2. RELATEd WoRKS

Therearemanychallengesassociatedwithcomputationalgrid,like,schedulingofjobsinappropriate
resources forsubsequentexecution, increasing thenumberofdeadlinemeets forsubmitted jobs,
balancingofworkloadingridandfaulttolerance.Importantrelatedworksinthisarenaofresearch
aresummarizedinthissection.

The loadbalancingprocessmust take into consideration thedynamic loadsofparticipating
resourcesofthegrid(AboRizka&Rekaby,2012).Jobschedulinghastoensurehighernumberof
deadlinesmeets, therebyimprovingtheperformanceof thegrid.In(Goswami&Das,2016),an
adaptiveexecutionschemehasbeenproposedwhichensuresguaranteedperformancewithrespect
toservicequalityagreements.

Thepropertiesofgeneraldistributedsystemisquitedifferentfromthatofcomputationalgrid
environment.Moreover,theclient-serverframeworkofgridproposedbyMichaelStal(Stal,1995)
doesnotsolvetheproblemof loadbalancingamongparticipatingresources ingrid.Various job
schedulingschemesingridhavebeendescribedin(KantSoni,Sharma&KumarMishra,2010).
X-Dimensionbinarytreedatamodel(AboRizka&Rekaby,2012)havelimitedsuccessinworkload
balancingamonggridresources.

Thisresearchworkdocumentsanapproachtoimprovetheperformanceofcomputationalgrid
byreducingthethenumberofjobdeadlinemissesandoverallmakespaningrid.Jobscheduling
in appropriate resources, being a multi-criteria-decision-making (MCDM) process, AHP model
(Saaty,2008)ofSaaty, supportingMCDM, isaugmented in this research.Thebroker schedules
submittedjobsinadaptivelyrankedresources,rankingbeingdonewithhelpofAHPmodel.This
adaptiveschedulingensuresperformanceimprovementofgridbysubsequentlyreducingnumberof
deadlinemissesandworkloadbalancingamongresources.Deadlineofindividualjobischosenasthe
prioritizationparameterforjobschedulinginNearestDeadlineFirstScheduled(NDFS)(Goswami
&Das,2015)algorithm,andGridSim(Buyya&Murshed,2002)simulationresultsshowthatNDFS
improvesgridperformance.Anothermilestoneachievedisthenumberofsubmissionbysingleclient,
onejobneedstobesubmittedonceonlybyclient,needofre-submissionbyclientisdoneawaywith,
brokertakescareofthepossiblere-submissionindifferentresourceingridandmonitorspreviously
signedSQAbetweenclientandbroker.ResourcerankingofNDFShasbeenrefinedinthisresearch
byincorporatingaverageloadoftheresource.

Resourcefailurecreatespossibilityofdeadlinemissesingrid.Multiplefaulttolerantapproaches
ingridhavebeenexploredin(Goswami&Das,neeDeSarkar,2014).Author’searlierresearchin
(Goswami&Das,neeDeSarkar,2014)dealtwith resource failureby introducing resubmission
approachwhichhadincurredoverhead.ThisresearchworkimprovestheperformanceofNDFSby
incorporatingpartialbackupapproachwithoutdilutingperformanceofthegrid.
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3. NdFS ALGoRITHM WITH FAULT ToLERANCE

3.1. Proposed Model of Resource Management
NDFSalgorithmperformsjoballocationingridbyadaptivelyrankingtheparticipatingresources.
Computationalgridenvironmenthitsacriticalscenariowhennumberofjobssubmittedbyclientsin
gridout-numbersthenumberofresources,andtheproposedmodelinthisworkofenhancedNDFS
withfaulttolerancedealswiththiscriticalsituationsuccessfully.

FollowingdiscussiondescribestheworkingofNDFS.

3.2. Job Submission and Resource Addition in Grid:
Client submits 5 parameters of itself along with job – number of processor cores, current CPU
utilization,CPUclockfrequency,currentutilizationofnetworkandcurrentRAMavailability.

#ofJobssubmittedtogrid:Jx,0≤x≤n (1)

#ofResourcesavailableingrid:Ry,0≤y≤m (2)

nandmaremaximumno.ofexecutable jobsandmaximumno.of resources thatcouldbe
supportedbygrid,respectively.

Assumptions:Jx>Ry (3)

3.3. Processing Phases
JobexecutionbyNDFSisinitiatedafterSQAissignedbetweenclient&broker,whichhappens
afterJobQueueispreparedbasedonJobweightageandadaptiveresourcerankingiscompletebased
onResourceweightage.Saaty’sAHPmodel (Saaty,2008) formulatescalculationof the twovaluable
parametersJobweightageandResourceweightage.

3.4. Allocation
JobweightageandResourceweightageneed tobemappedforallocationofoptimumnumberof jobs into
optimumnumberofavailableresourcesingrid,eventuallymaximumnumberofSQAsaremet.

Assignment:Max(Jx)➲Min(Ry) (4)

Jobweightage(Ja)<=Resourceweightage(Rb)

SQAverification,

Jx(Ct)<=Jx(dl) (5)

where,Jx(Ct)=completiontimeofjob,Jx
Jx(dl)=deadlineofjob,Jx

Successful allocation implies that, jobs (Jx) are scheduled to appropriate resources (Ry) and
SQAsaremet.
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3.5. Compliance of SQA
Thebrokerprocesses3phasesafterclientsuccessfullysubmitsjobingrid:

(i) Preparationofjobqueue
(ii)Rankingofresources
(iii)SQAendorsement

3.6. Preparation of Job Queue
JobweightageiscalculatedandresourcerankingisobtainedbythebrokerusingAHPdecisionmatrix
(Goswami&Das,2016).

From[14],

f(Jobweightage)=0.464x1+0.195x2+0.195x3+0.073x4+0.073x5 (6)

3.7. Ranking of Resources
Resourcerankingincomputationalgridhastosupportdynamicity,asbecauseloadsofparticipating
resourcescontinuouslychange.So,CPUAvailabiltyparametergetsamendedtoaccommodateboth
currentloadandaverageloadoftheresource:

CPUAvailability(x2)=(0.5*currentavailability+0.5*averageavailability) (7)

Hence,theequation(6)isredefinedaspresentedinequation(8):

f(Resourceweightage)=0.464x1+0.0975x21+0.0975x22+0.195x3+0.073x4+0.073x5 (8)

BrokercalculatesResourceweightage.HighestResourceweightagevaluedresourceisrankedasResrank=
1,nexthighResourceweightagevaluedresourcegetsResrank=2andsoon.According to their ranks,
resourcesareplacedonapriorityqueuebybroker.

3.8. SQA Endorsement
OnfindinghighervalueofResourceweightagecomparedtoJobweightageofsubmittedjob,bipartiteagreement
SQAissignedbetweenbrokerandclient.JobisallocatedtotheresourcewhoseResourceweightageis
immediatehighertoJobweightageofsubmittedjob.Brokersendsjobexecutionresultstotheclient,after
verificationandvalidationofSQA.

AbovediscussedstepsofproposedNDFSaredepictedinFigure1.

3.9. Enhancement of Efficiency of NdFS
Thisresearchalsoidentifiesthat,intheinstanceofaresourcefailureresultinginpossibledeadline
miss,insteadofresubmittingthejob,anotheroptimalsolutionispossible.Partialbackupistaken
duringexecutionofjob,toensuresystembecomesfaulttolerant.EfficiencyofNDFSisenhanced
withadditionoffaulttoleranceproperty.Duringexecutionofajob,ifresourcefails,possibilityof
meetingSQAwilldiminishdrasticallyafterjobisresubmittedtoanotherresource.Toincorporatefault
toleranceinNDFS,partialbackupprocessisintroducedwithinitializationfractionf,0<f<1,setat
0.3.Forensuringbackupandseamlessexecutionofjob,stateofthesystemofexecutingresourceat
30%,60%and90%executioncompletion,withthejobmirroredaswell,aretransmittedtonextranked
resource.Figure2representsstepstobefollowedtoembedthepropertyoffaulttoleranceinNDFS.
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FaulttolerantNDFSensures,incaseofresourcefailure,jobexecutiongetsresumedfromlast
backeduppoint,therbysavingonresubmissionandexecutiontime.

Implementationresultsofthealgorithm,byexecutingseveralbenchmarkcodeinstancesingrid
testbed,arepresentedinnextsection.

4. EXPERIMENTAL SETUP ANd RESULTS

TherealtestbedofcomputationalgridissetupusingGlobusToolkit5.2.Thesystemparametervalues
areretrievedbySIGARAPIthroughJava.Thetestbedconsistsofbroker,6clients,and5resources.

SpecificationsofClientnodes:DualCoreProcessor,2GBRAMand160GBHDD.
SpecificationsofBrokerandResources:QuadCoreProcessor,4GBRAMand500GBHDD.

4.1. Multiple Job Execution
Efficiencyof an algorithmworking in computational grid canonlybe certified if it canhandle
computation intensive jobs. To substantiate this, 3 instances of heterogeneous benchmark codes
ofFastFourierTransform(FFT)andanother3instancesofMatrixMultiplicationaresubmittedto
brokerfrom4clientsforpossibleexecutioninparticipating5resourcesinthegrid.

Thesequenceofoperationsfollows:

1. Client1(192.168.30.3)sends“FFT1.java”jobtoBrokeralongwithdeadlinespecification.
2. SystemparametersarefetchedfromClient1byBrokeralongwithallresourcesingrid.Jobweightage

ofsubmittedjobandResourceweightagevaluesofallparticipatingresourcesarecalculatedbyBroker.
3. BythistimeClient3(192.168.30.9)sends“FFT2.java”jobalongwithdeadlinespecificationto

Broker.
3.1AgainSystemparametersarefetchedfromClient3byBrokeralongwithallresourcesin

grid.JobweightageofsubmittedjobandResourceweightagevaluesofallparticipatingresourcesare
calculatedbyBroker.ThesevaluesaredepictedinTable1.

3.2SQAsaresignedbetweenBrokerandbothClient1andClient3,asbecausematchingvalues
ofJobweightageandResourceweightagehavebeenfound.

3.3Resource1isassignedFFT1.javaandResource4isassignedFFT2.java(presentedinTable
1),aspertheworkingprincipleofNDFS.SQAsaremet.

4. Client2(192.168.30.8)sends“MatMul1.java”jobtoBrokeralongwithdeadlinespecification.
4.1Resource5isassignedMatMul1.java[presentedinTable1]byfollowingtheworkingprinciples

ofNDFS,asalradydiscussedearlier.SQAisalsometinthiscaseaswell.
5. Client4(192.168.30.15)sends“MatMul2.java”jobtoBrokeralongwithdeadlinespecification.

5.1Resource3isassignedMatMul2.java[presentedinTable1]byfollowingtheworkingprinciples
ofNDFS,asalradydiscussedearlier.SQAisalsometinthiscase.

6. Lastly,Client5(192.168.30.16)andClient6(192.168.30.17)send“FFT3.java”and“MatMul3.
java”jobstoBroker.ByvirtueofworkingprincipleofNDFS,Resource1andResource2are
assignedthese2jobsrespectively(presentedinTable1).SQAsaremetinthese2casesaswell.

ExecutionoffaulttolerantNDFSversionisdiscussednext.

4.2. Single Job Execution with Fault Tolerance
AninstanceofbenchmarkcodeofMatrixMultiplication,“MatMul.java”,isexecutedingridtestbed
byfaulttolerantNDFS.Benchmarkcodeisexecutedforfourdifferentcases,asdepictedinTable2.
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4.3. Case I
Job, “MatMul.java”, is allocated to Resource2 to meet SQA as per non-fault tolerant NDFS, as
representedinFigure3.Executionissuccessfulwithoutresourcefailure,SQAismet.

Figure 1. Activity diagram of proposed NDFS
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4.4. Case II
Jobexecutionishaltedafterresourcefailsandjoballocationisdoneagain,resubmittedandthen
executionissuccessful.So,SQAcompliance isnotachievedbecauseofdeadlinemiss.Figure3
representsthisscenarioofNDFSwithoutfaulttolerance.

FaultTolerantNDFSsolvesthisproblem,caseIIIandcaseIVdescribethat.

4.5. Case III
Client2submitsMatMul.java,thematrixmultiplicationjob.Resource2,beingtheresourcewithhighest
rank,getstheallocationofthejobbyFaultTolerantNDFS.Resource1isnextrankedresource.This
caserepresentssuccessfuljobexecution,asdepictedinTABLE3.

• Aterjobexecutionis30%completeconsuming3.71seconds,backupistakeninresourcehaving
2ndrank,Resource1,bypausingexecutionatResource2,in0.61seconds.

Figure 2. Steps of fault tolerant NDFS

Table 1. Job Allocation by NDFS
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• Sameprocessisdoneafter60%and90%completionofexecution.
• Resource2completesfinal10%executionandClient2receivestheresultsviaBroker.
• ThoughFaultTolerantNDFSconsumesmoreexectiontimecomparedtoNon-FaultTolerant

NDFS,becauseofthebackupapproach,stillSQAismet.

4.6. Case IV:
Client2submitsMatMul.java,thematrixmultiplicationjob.ItisallocatedtoResource2,thehighest
rankedresource,byFaultTolerantNDFS.Resource1isnextrankedresource.Thiscaserepresents
successfuljobexecutioninspiteofresourcefailure.

• 30%executioniscompletedatResource2consuming3.72sec.Next,backupissenttoresource
having2ndrank,Resource1,byfurtherconsuming0.6sec.

• Resource2failsafter43%completionofexecutionbyconsuming1.62secmore.
• Resumptionofjobexecutionhappensfromlastback-uppointinResource1(2ndrankedresource),

andremainingexecution(70%)iscompletedbyResource1consuming10.37sec.
• SQAiscomplied.

Figure3presentsthisscenario.
FaultTolerantNDFSensuresefficientperformanceincomputationalgridenvironment,asithas

beenobservedindifferentscenariosthat,SQAiscompliedinCasesI,III,IVandwasnotcomplied
withinCaseII.

4.7. Performance Comparison
FaultTolerantNDFSissimulatedwithGridSim[4],themostwidelyusedgridenvironmentsimulation
tool.PerformanceofNDFS is comparedwith fewalgorithms,namely,WithoutLoadBalancing
(WLB),FastestProcessor toLargestTaskFirst(FPLTF),LoadBalancingonEnhancedGridSim
(LBEGS),Max-Min,andMin-Min.

Tables4-6alongwithFigures4-7presentcomparisonoftheabovementionedalgorithmswith
respecttovariousparameterssuchas,applicationexecutiontime,communicationoverheadandrate
offinishedGridlet.Processingentitynumberisconstantat200andnumberofGridletsisvaried.

Table 2. Different cases for demonstrating fault tolerant NDFS
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5. CoNCLUSIoN

Geographicallydispersedresourcesconstitutecomputationalgridenvironmentandtheseresources
havelargelyvariedworkloads.Ingrid,numberofjobexecution-deadlinemeetscanbeincreased
substantiallybyeffectivejobschedulingamongparticipatingresources,alsoresultinginbalanced
workloadacrossthegrid.Thistargetgetsachievedinthisresearchbyintroductionofaverageresource
loadalongwithcurrentresourceload,therebyimprovingtheefficiencyofNDFSalgorithm.Service
qualityagreementsaremetbyschedulingjobsintheadaptivelyrankedresources.Anotherdifficult
condition is encountered incomputationalgridenvironmentwhenexecuting resource fails.This
researchdealswiththisproblembyintroducingpartialbackupapproachbyFaultTolerantNDFS.The
computationalgridtestbedismadebyGlobusToolkit5.2.Benchmarkcodesofmultipleinstances
ofFastFourierTransformandMatrixMultiplicationareexecuted.Obtained resultsdemonstrate
balancedworkload incomputationalgridalongwith fault toleranceproperty implemented.This
researchconcentratestheimplementationinJavaandinfuturewillbeextendedto.NETframework
aswellusingAnekasoftware.

Figure 3. MatMul.java execution results for non-fault tolerant NDFS

Table 3. Job completion timestamp values of fault tolerant NDFS

ECT : Execution Completion Timestamp
BCT : Backup Completion Timestamp
ECFT : Execution Completion Final Timestamp
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Figure 4. Job execution by fault tolerant NDFS inspite of resource failure

Table 4. No. of Communication Overheads comparison
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Table 5. Makespan comparison

Table 6. Comparison of No. of finished Gridlets



International Journal of Web-Based Learning and Teaching Technologies
Volume 15 • Issue 1 • January-March 2020

84

Figure 5. Communication overhead comparison, PEs=200

Figure 6. Makespan comparison, PEs=200
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Figure 7. No. of finished gridlets comparison, PEs=200
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