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Abstract

Dynamicstructured adaptivemeshre�nement(SAMR)
techniquesalong with theemergenceof thecomputational
Grid offer thepotentialfor realisticscienti�c andengineer-
ing simulationsof complex physicalphenomena.However,
the inherent dynamicnature of SAMRapplicationscou-
pledwith theheterogeneityanddynamismof theunderlying
Grid environmentpresentsigni�cant research challenges.
This paperpresentsproactiveruntimepartitioning strate-
giesbasedonperformancepredictionfunctionsthatareex-
perimentallyformulatedin termsof systemparameterssuch
asCPU load andavailablememory. Theseproactivepar-
titioning strategiesform a part of theGridARMautonomic
frameworkwhich enablesself-managing, self-adapting, and
self-optimizingSAMRapplicationson the Grid. Experi-
mentalevaluationof the proactiveschemesusing the 3-D
Richtmyer-Meshkov compressible�uid dynamicskernelfor
differentsystemcon�gurationsandworkloadsdemonstrates
theimprovementin overall runtimeperformance.

1 Intr oduction

Theemergenceof thecomputationalGrid andthepoten-
tial for seamlessaggregation,integration,andinteractions
hasmadeit possibleto conceiveanew generationof realis-
tic, scienti�c andengineeringsimulationsof complex phys-
ical phenomena.Thesenext-generationGrid applications
will provide new andimportantinsightsinto complex sys-
temssuchasinteractingblackholesandneutronstars,for-
mationsof galaxies,subsurface�o ws in oil reservoirs and
aquifers,anddynamicresponseof materialsto detonation.

Dynamically adaptive simulationsbasedon structured
adaptive mesh re�nement (SAMR) techniquescan yield
highly advantageousratios for cost/accuracy when com-
paredto methodsbasedon staticuniform approximations,
andcanbeeffectively usedto enablelarge-scale,physically
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realistic scienti�c and engineeringsimulations. SAMR
techniquesstartwith a coarsebasegrid with minimumac-
ceptableresolutionthatcoverstheentirecomputationaldo-
main. As thesimulationprogresses,regionsin thedomain
requiring additional resolutionare identi�ed and are dy-
namically re�ned. Parallel/distributed implementationsof
SAMR applicationsleadto interestingresearchproblemsin
dynamicresourceallocation,data-distributionandloadbal-
ancing,andcommunicationandcoordination.Furthermore,
theunderlyingGrid infrastructureis dynamicandheteroge-
neousin nature. As a result, con�guring, managing,and
optimizingtheexecutionof dynamicSAMR applicationsto
exploit the underlyingcomputationalpower of the hetero-
geneousGrid environmentremainsa signi�cant challenge.

Thispaperpresentsproactiveruntimepartitioningstrate-
giesbasedonperformancepredictionfunctionsto optimize
the performanceof SAMR applicationsin distributedand
dynamicGrid executionenvironments. In theseenviron-
ments,applicationperformancemay be severely degraded
due to changesin the available CPU, network load, and
memoryresources.The performancepredictionfunctions
presentedin thispaperareexperimentallyformulated[6] in
termsof the currentsystemstateparametersandestimate
theexpectedperformanceof a particularapplicationdistri-
bution, given the currentsystemstate. ThoughCPU load,
availablememory, andbandwidthare the primary system
parametersconsideredhere,the samestrategiescanapply
to otherparameterssuchascachesizeetc.,oncetheperfor-
mancefunctionis obtained.Thepartitioningstrategiesthen
usethe performancefunctionsto identify a redistribution
of theapplicationdomainthataddresseschangesin system
stateandavailableresources,andmaximizesperformance.

Theseproactive partitioning strategies form a part of
theGridARM autonomicruntimeframeworkwhichenables
self-managing,self-adapting,and self-optimizing SAMR
applicationson the Grid. Experimentalevaluation of
the proactive schemesusing the 3-D adaptive Richtmyer-
Meshkov compressible�uid dynamics kernel (RM3D1)

1RM3D hasbeendevelopedby Ravi Samtaney aspartof thevirtual test
facility at theCaltechASCI/ASAPCenter.



for differentsystemcon�gurationsandworkloadsdemon-
stratestheimprovementin overall runtimeperformance.

Therestof this paperis organizedasfollows. Section2
presentsan overview of the GridARM framework and its
components.Section3 detailstheproactive runtimeparti-
tioning strategiesfor distributedSAMR applications.Sec-
tion 4 describestheexperimentalevaluationof theproactive
schemesfor differentsystemcon�gurationsandworkloads.
Section5 presentsconcludingremarksandfuturework.

2 GridARM Autonomic Framework

The overall goal of the GridARM autonomicruntime
framework is to reactively andproactively manageandop-
timize SAMR applicationexecutionusing currentsystem
andapplicationstate,online predictive modelsfor system
behavior andapplicationperformance,andan agentbased
control network. The framework managesphysicalGrid
resources,allocatesthem “on-demand”,andspatially and
temporallymapsvirtual resourcesto physicalnodes. The
conceptualGridARM framework, shown in Figure1, has
three components: (1) servicesfor monitoring Grid re-
sourcecapabilitiesand applicationdynamicsand charac-
terizing themonitoredstateinto applicationunits; (2) per-
formanceanalysismoduleanddeductionenginethatdefine
theappropriateoptimizationstrategy basedonruntimestate
andpolicies;and(3) autonomicruntimemanagerwhich is
responsiblefor hierarchicallypartitioning,scheduling,and
mappingapplicationunitsontoavailableresources,andtun-
ing executionwithin theGrid environment.

Themonitoringcomponentwithin theGridARM frame-
work is responsiblefor detectingconditionsunderwhich
the parametersaffecting the applicationexecutiondeviate
from their acceptablebehavior or operation.For example,
applicationperformancemay degradeseverely due to in-
creasedcomputationaland/ornetwork load, low available
memory, or dueto softwareor hardwarefailures.Thechar-
acterizationof currentstateis thenusedto drive thepredic-
tiveperformancefunctionsandmodelsthatcanestimateits
performancein the nearfuture. The performanceanalysis
moduleis responsiblefor describingthebehavior of a sys-
tem component,subsystemor compoundsystemthrough
PerformanceFunctions,developedin previousresearch[6].
The deductionenginedeterminesthe appropriateapplica-
tion recon�gurationstrategy andthe resourcesrequiredto
repartitionwork andoptimizeSAMR performance.

The work presentedin this paperbuilds on earlierGri-
dARM efforts on application-senstive partitioning [1, 3],
system-sensitivepartitioning[5], Pragmainfrastructure[4],
andadaptive runtimemanagement[2, 6]. Thefocusof this
paperaretheproactiveruntimepartitioningstrategiesbased
onperformancepredictionfunctions,formulatedfrom mon-
itoredsystemstateparameters,to optimizetheperformance

of SAMR applicationsin Grid environments.

3 ProactiveSAMR Partitioning Strategies

Distributed SAMR applications are CPU-intensive,
memory-intensive,andbandwidth-intensiveprograms.The
applicationperformancemay degradeseverely due to in-
creasedCPUand/ornetwork loads,andwith reducedavail-
able memory. To optimize applicationperformance,the
runtimepartitionerusescurrentsystemparametersobtained
usingresourcemonitoringagents,currentapplicationstate,
andperformancefunctionsto repartitiontheentireapplica-
tion domainamongprocessorsduringruntime.Theoverall
model is as follows. Supposethat the work is to be dis-
tributedamong� processors.
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representsthecombinedwork partitioningratio
of processori de�ned as follows. The work W
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to the ith processorcanbe computedas �
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whereW is thetotalwork. Thecombinedwork partitioning
ratio cannow be computedusingsysteminformation, i.e.
CPUload,availablememoryandnetwork load.

�
	

�
���

�

	

�

���

�

�

	

�

���

���

	

�

�

(2)

where
	

�

�

,
	

�

�

and
	

�

�

arework partitioningratiobasedon
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The applicationand systemstateson eachprocessorare
monitoredat runtime. In the caseof SAMR applications,
applicationstateis de�ned in termsof thecurrentlevelsof
re�nement, the number, shape,andaspectratio of the re-
�ned patchesand the dynamismof the application[1, 3].
SystemstateincludesCPU availability, availablememory,
andlink bandwidth. The runtimepartitionerusesapplica-
tion con�guration, stateinformation, and the appropriate
performancefunction to calculatethecombinedwork par-
titioning ratio

�
	

�

for eachprocessorat runtime. These
ratiosarethenusedto redistribute the applicationdomain
amongprocessorsin subsequenttime-steps.

The frequency for monitoring applicationand system
state,recomputingsystemcapacity, andrepartitioningthe
applicationdependson the rate of system/applicationdy-
namicsand SAMR adaptation. There are three extreme
casesin equation(2), which leadto threedifferentstrate-
giesfor work partitioning.
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Figure 1. Conceptualmodelof theGridARM framework

� CPU-basedruntimepartitioning: When
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� This strategy parti-
tions the work amongprocessorsbasedon their CPU
loadstatus.

� Memory-basedruntime partitioning: When
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and
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� This strategy
partitionsthe work amongprocessorsbasedon their
availablememory.

� Bandwidth-basedruntimepartitioning: When

�

� is 1
and
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� are 0,
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becomes
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. This strat-
egypartitionsthework amongprocessorbasedontheir
link bandwidth.

3.1 CPU­basedRuntime Partitioning

Theperformanceof parallelSAMR applicationsin time-
sharedsystemsmaydegradedueto multi-programming.It
hasbeenobservedthattheexecutiontimeof acomputation-
intensive programlinearly increaseswith the numberof
jobssharingthesameprocessor. To optimizetheSAMR ap-
plicationperformance,ourCPU-basedpartitioningstrategy
usestheCPU currentload andapplicationstateto reparti-
tion thework amongprocessors.

3.1.1 CPU PerformanceFunction Model

PerformanceFunctions(PF)describesthebehavior of sys-
tem or application in terms of changesin one or more
of its attributes. We cancharacterizethe relationshipbe-
tweenthe executiontime of a SAMR applicationand its

attributes-applicationwork and re�nement level asa time
performancefunction
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��� . By usingtheper-
formancefunction,we canestimatethetime to �nish work
W at re�nement level LV for an AMR applicationon one
processorif this processoris dedicatedto it. If this proces-
sor is sharedwith otherapplications,theAMR application
wouldexperiencelongerdelay. Let L

�

betheloadindex for
processori, which is representedby the lengthof theCPU
waiting queue.In sucha multiprogrammingcase,theexe-
cution time of the AMR applicationcanbe estimatedasa
functionof theCPUload,applicationwork andre�nement
level asfollows:
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Thetimeperformancefunctionfor RM3D isempiricallyde-
�ned asfollows:
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where �

�

is heuristiccoef�cient derivedfrom our previ-
ousresearch[2].

3.1.2 Work Partitioning Algorithm

Theaverageexecutiontimesof anAMR applicationon all
processorscanbeestimatedasfollows.
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To improve the applicationperformance,the execution

timeshouldbeasequalaspossibleonall processors.In do-
ing so, thework partitioningratio of eachprocessoris ad-
justedat runtimesuchthat their executiontime during the
next time stepswill beidenticalwithin anacceptabletoler-
ance.Theadjustmentfactorassociatedwith eachprocessor
is de�ned as, �
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whereT
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(t) is theestimatedexecutiontime for processori
at time stept; T

 #"%$

(t) is the averageestimatedexecution
time for all processorsat time stept.

Oncetheadjustmentfactoris determined,we cancom-
puteCPU-basedwork partitioningratio of processori for
thenext time stepasfollows:
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To make surethat thesumof partitioningratioson all pro-
cessorsis equalto 1, thenew ratio is normalizedasfollows:
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3.2 Memory­basedRuntime Partitioning

Theperformanceof distributedSAMR applicationsmay
degradeon heavily loadedprocessorsthathave little avail-
ablememorybecausepagefaultsoccur frequently. Thus,
the memory-basedpartitioning strategy optimizesperfor-
manceby minimizing the numberof pagefaultsandbal-
ancingwork amongprocessors.

3.2.1 Memory Function Model

Using a memoryfunction model, the memoryusageof a
SAMR applicationcanbecharacterizedas:
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� � (10)

whereAM is theamountof memoryusedby a givenwork
W of theAMR application.

The memoryfunction for theRM3D applicationis em-
pirically de�ned asfollows.
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where: �

� = 8187.5036;�
� = 0.1348959memoryneeded

for eachprocessoratruntimebasedonthecurrentworkload
assignedto eachprocessor. In whatfollows,wedescribethe
algorithmusedto proactively partitionthework amongthe
processorsaccordingto memoryavailability.

3.2.2 ProcessorGrouping

In order to ef�ciently repartition the work among the
processors,the memory-basedstrategy must �rst identify
which processorsareheavily loaded,lightly loaded,or in
between.Consequently, we divide theprocessorson which
theapplicationis runninginto differentgroupsaccordingto
their availablephysicalmemoryspace.

Let M

�

be the amountof available physical memory
spaceon processori, i=1,.. . ,K. We usetwo-level threshold
MT � andMT � to describethememorycharacteristicof pro-
cessors.If its availablememoryM

�

is lessthanMT � , pro-
cessori is heavily loadedandpagefaultsoccurfrequently.
If M

�

is greaterthanMT � , processori is lightly loadedand
pagefaultsrarelyoccur. If M

�

is betweenMT � andMT � ,
processori is moderatelyloadedandpagefaultsoccuroc-
casionally. Accordingto the amountof availablememory
M

�

andtwo-level thresholdMT � andMT � , processorscan
begroupedinto thefollowing threegroups.

� Lowmemorygroup(X 
 � : If M

�

� MT � , processori
is in groupX 
 whichhaslittle availablememory. The
numberof processorsin groupX 
 is representedby
N 
 .

� High memorygroup(X � � : If M

�


 MT � , processor
i is in groupX � which haslargeamountof available
memory. The numberof processorsin group X � is
representedby N �

� Border memorygroup(X): If M

�

is betweenMT � and
MT � , processori belongsto groupX. The numberof
processorsin groupX is representedby N.

To optimizetheexecutionof theapplication,somework on
theprocessorsin groupX 
 shouldbetransferredto thepro-
cessorsin groupX � andthework of theprocessorsin group
X shouldbekeptunchanged.Thiswill leadto betterperfor-
mancedueto reductionin numberof pagefaults.Thereare
threeimportantcasesthathave to bedealtwith.

� Certain processorshave too little available memory
andcertainprocessorshave excessavailablememory,
i.e. bothN � andN 
 aregreaterthanzero.

� Someprocessorshave excessavailablememorywhile
no processorshave little available memory. N � is
greaterthanzeroandN 
 is equalto zero.

� Certainprocessorshave little availablememorywhile
no processorshave excessavailablememory. N 
 is
greaterthanzeroandN � is equalto zero.

In the �rst case,the work assignedto processorsin group
X 
 shouldbepartiallytransferredto theprocessorsin group
X � . In the secondcase,there are processorswith ex-
cessavailablememorybut no processoris heavily loaded.
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Thereforethework assignmentof all processorswould not
change. In the third case,there is an absoluteshortage
of memorybut no processorhasexcessavailablememory.
Thus,we keepthecurrentassignmentof work unchanged.

3.2.3 Work Partitioning Algorithm

After identifying the amountof availablememoryin each
processoranddividing theminto groups,onemustcalculate
how muchwork shouldideally be transferredfrom group
X 
 to groupX � . Let W 
 be the whole work assignedto
processorsin groupX 
 .
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To avoid overloadtheprocessorsin groupX � , we initially
transferpartof thewholework W 
 . WeuseP � to represent
the transferringpercentageandthe work to be transferred
is � 


�

�

� . The remainingwork on processorsin group
X 
 is �
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� . To balancethe work transfer, the
work shouldbemovedto processorsin group

�

� asevenly
as possible. So we de�ne U 
 as the unit of work being
transferredto oneprocessor.

�




�

� 


�

�

�

�

�

(13)

In orderto achieve thedesiredoptimization,a processorin
groupX � mustguaranteethatits availablememoryspaceis
greaterthanMT � afterit acceptsthework transfer. In doing
so, it mustestimatethe memoryusageof its currentwork
W

�

andthememoryusageof its work afterthetransfer. Let
thework of processori after the transferbeW

�

�

and �

�

�

�

�

�
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�


 . For RM3D application,thesetwo memoryusages
canbe estimatedby using the memoryfunction shown in
Equation(10). In orderto guaranteeits availablememory
greaterthanMT � afterthetransfer, thefollowing condition
mustbemetfor eachprocessorin groupX � .
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We sort theprocessorsin groupX � in theascendingorder
of available memoryM

�

.Thus we checkwith the proces-
sorhaving leastavailablememory�rst. Thentheprocessor
with the secondleastavailablememoryis checked andso
forth. In what follows,we will analyzethebehavior of the
algorithmin termsof four cases:

Uponsubstituting�
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 into (13), we check
for processori in groupX � if conditionin (13)canbemet.

1. Case1: If the condition in (13) cannotbe met, we
reducethesizeof thework to betransferred.Let P� be
thereductionpercentageandthework to betransferred
then becomes
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condition in (13) againby substituting�
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(a) Case1-1: If the conditioncanbe met, the new
work of processori after the transferwould be
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 .

(b) Case1-2: If the condition still cannotbe met,
morereductionwouldbemade.If afterthewhole
unit of work U 
 is reducedandtheconditionstill
cannotbemade,whichmeansprocessori cannot
acceptany additionalwork, the currentwork of
processori would bekeptunchanged�

�

�

�

�

�

.

2. Case2: If theconditionin (13)canbemetaftertrans-
ferring unit of work U 
 to processori, we will check
if thereis remainingwork left from thepreviouspro-
cessori-1. Let W 	

� (i-1) be theremainingwork from
the previous processori-1. If thereexists W 	

� (i-1),
we will try to transferit to processori aswell. Then
the work of processori after the transfer becomes
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� . The condition in
(13) is checkedagainwith thenew W
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(a) Case2-1: If the condition can be met, �
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� wouldbethenew work
of processori afterthetransfer.

(b) Case2-2: If the condition cannotbe met, the
same reduction method would be applied to
W 	

� (i-1) � After all thecheckingandreductionon
processori, theremainingwork from processori
to next processorW 	

� (i) would be updated.If
there is still somework left after checkingall
the processorsin group X �

�

��	

� �

�

�
�


��

� ,
it would be assignedback to the processorsin
groupX 
 accordingto theircontributionsto W 
 .

After thework transfer, eachprocessorhasanew work W
�

�

.
Then the new memory-basedwork partitioning ratioscan
becomputedasfollows:
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4 Experimental Results

Theautonomicproactiveruntimepartitioningsystemhas
beenintegratedinto the GrACE (Grid Adaptive Compu-
tational Engine) data managementframework for paral-
lel/distributedSAMR applications.Theautonomicruntime
partitioningstrategiesareevaluatedusingtheRM3D CFD
kernelon Beowulf clustersat RutgersUniversityandUni-
versityof Arizona.We establishthreescenariosto evaluate
ourproactivepartitioningapproaches.

� Lightly loadedscenario: Among the processorsex-
ecuting the RM3D application, 75% processorsare
lightly loadedandtheother25%areheavily loaded.
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� Moderately loadedscenario: Among the processors
executingtheRM3D application,50% processorsare
lightly loadedandtheother50%areheavily loaded.

� Heavily loadedscenario: Among the processorsex-
ecuting the RM3D application,25% processorsare
lightly loadedandtheother75%areheavily loaded.

4.1 CPU­basedProactivePartitioning

In thissubsection,wequantifytheperformancegainthat
canbeachievedbyusingtheCPU-basedproactivepartition-
ing approachto adaptto CPU loaddynamics.A synthetic
programis usedto control theCPU load dynamicsamong
the processorsand establishthe threedifferent load sce-
nariosdiscussedpreviously. we comparethe performance
of theRM3D applicationwith andwithout theCPU-based
proactivepartitioningapproach.

Figure2 presentsCPU load situationon 16 processors
andthe correspondingwork assignmentof the RM3D ap-
plication with andwithout CPU load adaptationunderthe
moderatelyloadedscenario.TheCPUloadis measuredas
the lengthof the CPU waiting queueandis monitoredby
systemmonitoringtool at runtime. Thework is thesizeof
computationpoint setof the RM3D application. Without
CPU load adaptation,the work is assignedalmostevenly
amongthe processors.However, by usingproactive CPU
partitioningalgorithm,work is assignedto processorsbased
onits CPUloadstatus.Tables1, 2, 3, and4 presenttheper-
formancegain of RM3D with CPU-basedproactive parti-
tioningstrategy for differentbasesizeanddifferentnumber
of processorsunderdifferentloadscenarios.

Table 1. CPU-basedproactive partitioningperformance
gainon 8 processors.(Basegrid size:64*16*16)

Scenarios Execution

time w/o CPU

adaptation

(seconds)

Executiontime

with CPU

adaptation

(seconds)

PercentageIm-

provement

Lightly loaded 2618.2 1560.87 40.38%

Moderately

loaded

2706.84 1964.87 27.41%

Heavily loaded 2727.51 2127.32 22%

The above resultsshow that RM3D experienceslonger
delayswhen someprocessorsare heavily loaded. With-
out theCPU-basedproactivepartitioningalgorithm,theap-
plicationwork is partitionedequallyamongtheprocessors
regardlessof their CPU load statusthat leadsto a longer
applicationexecutiontime. However with our CPU-based
proactiveruntimepartitioningstrategy theapplicationwork
is partitionedaccordingto theprocessors'CPUloadstatus

Table 2. CPU-basedproactive partitioningperformance
gainon 16processors.(Basegrid size:64*16*16)

Scenarios Execution

time w/o CPU

adaptation

(seconds)

Executiontime

with CPU

adaptation

(seconds)

PercentageIm-

provement

Lightly loaded 2126.06 727.17 65.8%

Moderately

loaded

2301.15 1641.73 28.66%

Heavily loaded 2378.25 1624.15 31.71%

Table 3. CPU-basedproactive partitioningperformance
gainon 32processors(Basegrid size:128*32*32)

Scenarios Execution

time w/o CPU

adaptation

(seconds)

Executiontime

with CPU

adaptation

(seconds)

PercentageIm-

provement

Lightly loaded 4908.79 2901.1 40.9%

Moderately

loaded

4976.78 3378.65 31.35%

Heavily loaded 5170.52 4140.56 20.45%

and the performanceof RM3D could be signi�cantly im-
proved.For example,in Table1, for lightly loadedscenario
we canobtain40% percentageimprovement. The results
also demonstratethat betterperformancecanbe achieved
under lightly and moderatelyloadedscenarios. The rea-
son is that underheavily loadedscenariomostprocessors
areheavily loadedandtherearenot enoughlightly loaded
processorsto acceptmorework. Furthermore,betterperfor-
mancecanbeobtainedwith largenumberof processors.For
example,in Table2, 65.8%percentageimprovementis ob-
tainedon 16 processorsunderlightly loadedscenariowith
the samebasegrid sizeof 64*16*16 asshown in Table1.
With moreprocessors,thework assignedto eachprocessor
wouldbereduced.

4.2 Memory­basedProactivePartitioning

In thissubsection,wequantifytheperformancegainthat
canbe achieved if the work assignmenttakesinto consid-
erationtheamountof availablememoryat eachprocessor.
In our experiment,thememoryavailability of processorsis
controlledby a syntheticmemoryconsumingprogram.

Figures3, 4, and5 demonstratethe memoryavailabil-
ity on8 processorsandthecorrespondingwork assignment
by usingthememory-basedproactivepartitioningapproach
for threedifferentscenarios.During the executionof the
RM3D application,thememory-basedproactivepartitioner

6



Figure 2. Moderatelyloadedscenarioon16processors:CPUloaddistribution(left) andwork assignmentfor 16processors(right)

Figure 3. Lightly loadedscenarioon 8 processors:Memoryavailability (left) andwork assignmentfor memory-basedproactive
partitioningalgorithm(right)

Table 4. CPU-basedproactive partitioningperformance
gainon 64processors.(Basegrid size:128*32*32)

Scenarios Execution

time w/o CPU

adaptation

(seconds)

Executiontime

with CPU

adaptation

(seconds)

PercentageIm-

provement

Lightly loaded 4904.78 2827.29 42.36%

Moderately

loaded

5049.72 5049.72 35.02%

Heavily loaded 5119.89 3587.89 29.92%

assignslargerwork to processorswith high availablemem-
ory. On the other hand, processorswith little available
memoryareassignedrelatively smallerworkload.

Table5 comparesthe performanceof RM3D with and
without the memory-basedproactive partitioning strategy
and shows the substantialimprovementdue to memory-
basedpartitioning. Without the memory-basedpartition-
ing algorithm, the applicationwork is partitionedevenly
amongtheprocessors.Due to largenumberof pagefaults
on heavily loadedprocessors,theRM3D applicationexpe-
rienceslong delays. However, with the memory-basedal-
gorithm, the applicationwork is reassignedto processors
accordingto memoryavailability, resultingin reducedover-
all executiontimes.Theaboveresultsalsoshow thatbetter

Table 5. Memory-basedproactive partitioning perfor-
mancegainon 8 processors(Basegrid size:128*32*32)

Scenarios Executiontime

w/o memory

adaptation

(seconds)

Executiontime

with memory

adaptation

(seconds)

PercentageIm-

provement

Lightly loaded 6922.14 5210.87 24.72%

Moderately

loaded

15890.47 7401.61 53.42%

Heavily loaded 16962.1 8284.84 51.16%

performancecanbe achieved undermoderatelyandheav-
ily loadedscenariossincemost processorshave very lit-
tle availablememoryandthepagefaultsoccurfrequently,
resulting in extremely long application delays. Using
memory-basedpartitioningstrategy to assignworkbasedon
processors'memoryavailability, theheavily loadedproces-
sorswill be assignedlesscomputationand,consequently,
theperformancecanbesigni�cantly improved.

5 Conclusionsand Future Work

This paper presentedproactive runtime partitioning
strategiesbasedonperformancepredictionfunctionsto op-
timizetheperformanceof SAMR applicationsin distributed

7



Figure 4. Moderatelyloadedscenarioon8 processors:Memoryavailability (left) andwork assignmentfor memory-basedproac-
tive partitioningalgorithm(right)

Figure 5. Heavily loadedscenarioon 8 processors:Memoryavailability (left) andwork assignmentfor memory-basedproactive
partitioningalgorithm(right)

and dynamic Grid execution environments. The perfor-
mancepredictionfunctionsareexperimentallyformulated
in termsof thecurrentmonitoredstateof thesystem(CPU
load, availablememory, andbandwidth). Theseproactive
partitioning strategies form a part of the GridARM auto-
nomic runtime framework which enablesself-managing,
self-adapting,and self-optimizingSAMR applicationson
the Grid. The experimentalevaluation for the proactive
strategiesusingthe3-D adaptiveRichtmyer-Meshkov com-
pressible�uid dynamicsapplication kernel for different
systemcon�guration andworkloadsdemonstratedthe im-
provementin overall runtimeperformanceof SAMR appli-
cations.TheCPU-basedschemeachievesperformanceim-
provementof up to 65.8%andthememory-basedstrategy
canachieve performanceimprovementof up to 53%. Note
that further improvementsin performancecanbe achieved
for largernumbersof processorsandunderheavy load.Fu-
ture work in this researchaims to de�ne a hybrid strat-
egy thatcombinesseveralsystemparameterssuchasCPU,
memory, andbandwidth,andaddressestheissuesaboutse-
lectionconsiderationandsensitivity of systemweightsand
their effectonoverallperformanceof thehybridstrategy.
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