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Abstract

Thehybrid programmingmodelMPI+OpenMPare use-
ful to solvethe problemsof load balancingof parallel ap-
plications independentlyof the architectue. Typical ap-
proachesto balanceparallel applicationsusing two lev-
els of parallelism or only MPI consistof including com-
plex codesthat dynamicallydetectwhich datadomainsare
more computationalintensiveand either manually redis-
tribute the allocated processas or manually redistritute
data. This appoadc hastwo drawbads: it is time con-
sumingandit requiresan expertin applicationanalysis.In
this paperwe presentan automaticand dynamicapproac
for load balancingMPI+OpenMP applications. The sys-
temwill calculatethepercentaye of loadimbalanceandwill
decidea processordistribution for the MPI processeshat
eliminateghe computationaloadimbalance Resultsshow
that this methodcan balanceeffectivelyapplicationswith-
outanalyzingnor modifyingthemandthatin the caseghat
theapplicationwaswell balanceddoesnotincur in a great
overheadfor the dynamicinstrumentatiorand analysisre-
alized.

Keywords: MPI, OpenMR load balancing resourceman-
agementparallelmodels autonomiccomputing

1 Intr oduction

A currenttrendin high performancerchitectures clus-
tersof sharedmemory(SMP) nodes. MPP manufcturers
arereplacingsingle processori their existing systemsoy
powerful SMP nodegsmallor mediumSMPsaremoreand
morefrequentdueto their affordablecost). Moreover, large
SMPsarelimited by the numberof CPUSIn asinglesys-
tem. Clusteringthem seemshe naturalway to reachthe
samescalabilityasdistributedsystems.

MPI andMPI+OpenMParethe two programmingmod-
elsthatprogrammerganuseto executein clustersof SMP

Whenapplicationis well balancegpureMPI programsausu-
ally resultsin a good applicationperformace. The prob-
lem appearsvhenapplicationhasinternalstaticor dynamic
load unbalancelf theloadunbalances static,thereexists
approachethatconsistof staticallyanalyzethe application
and performthe datadistribution accordingly If load un-
balances dynamic,complex codelinesto analyzeandre-
distribute datamustbe insertedin the applicationto solve
this problem. In this case,programmersnustspenta lot
of time analyzingthe applicationcodeandtheir behaior at
run time. Moreover, it is not only a questionof time, ana-
lyzing a parallelapplicationis a complicatedob.

In this work, we proposeto exploit the OpenMPmal-
leability to solve theload unbalancef irregularMPI appli-
cations. The goalis do thatautomaticanddynamicallyby
the system(resourcamanagerandruntimelibraries) with-
outa priori applicationanalysis.

Oneof thekey pointsof our proposais to be conscious
that there are several MPI processeswith OpenMP par
allelism inside, that are collaboratingto executea single
MPI+OpenMPjob. Sinceresourcesre allocatedto jobs,
oneprocessomitially allocatedo a MPI procesghatcom-
poundsthe job canbe reallocatedo anotherMPI process
of the samejob, aslong asthey arein the sameSMP node,
helpingit to nish thework.

We presenta Dynamic ProcessoBalancing(DPB) ap-
proach for MPI+OpenMP applications. The main idea
is that the systemdynamically measureghe percentage
of computationaload imbalancepresentedby the differ-
ent MPI processesnd, accordingto that, it redistrikutes
OpenMPprocesseamongthem.We have developedarun-
time library that dynamically measureghe percentagef
loadimbalanceperMPI procesandinformsto theresource
managemho controlsthe processoallocationin the SMP
node. The resourcemanageredistritutesprocessorgry-
ing to balancethe computationalpower. Moreover, since
the resourcemanagerhasa global view of the system.,it
could decideto move processorgrom a job to anotherif



thiswould increasehe systenthroughput.

In this papemwe present preliminarystudyof thepoten-
tial of thistechnique Evaluationshave beendoneassuming
that thereis only one MPI+OpenMPapplicationsimulta-
neouslyrunningandlimiting the resourceananageto only
oneSMPnode.

In the next sectionwe will introducetherelatedwork. In
section3 the proposedechniqueis presentedndits com-
ponentsexplored. In section4 someresultsare presented
shawing the potentialof the technique. Finally, section5
concludeshepaperandshowvsfuturedirectionsof research.

2 Relatedwork

The proposalpresentecby Huangand Tafti [1] is the
closestone to our work. They adwcatefor the idea of
balancingirregular applicationsby modifying the compu-
tationalpowerratherthanusingthetypical meshredistritu-
tion. In their work, the applicationdetectshe overloading
of someof its processesindtries to solve the problemby
creatingnew threadsat run time. They obsene thatone of
thedif culties of this methodis thatthey do notcontrolthe
operatingsystemdecisionswhich could oppositetheir own
ones.

Henty[2] comparesheperformancechiezedby thehy-
brid modelwith the oneachiezedby a pureMPI, whenex-
ecutinga discreteelementmodelingalgorithm.In thatcase
they concludethat its hybrid model doesnot improve the
pureMPI. Shanretal. [3] compardheperformancéetween
two differentkinds of adaptve applicationsunderthethree
programmingmodels: MPIl, OpenMPand Hybrid. They
obsene similar performanceresultsfor the three models
but they also note that the corvenienceof using a partic-
ular modelshouldbe basedon the applicationcharacteris-
tics. Capelloand Etiemble[4] arrive to the sameconclu-
sion. Dentetal. [11] evaluatethe hybrid modelandthey
concludeit is aninterestingsolutionto applicationssuchas
IFS,whereexistsloadbalancingproblemsandalot of over-
headduethecostof themessagpassingvhenusingagreat
numberof processors.Smith, after evaluatingthe corve-
nienceof anhybrid model[, believessucha modelcould
contributewith thebestfrom MPI andOpenMPmodelsand
it seemsa good solutionto thosecaseswhere MPI model
doesnot scalewell. He alsoconcludeghatthe appropriate
modelshouldbe selecteddependingf the particularchar
acteristicof the application.Finally, someauthorssuchas
Schlogeletal [12] andWalshav etal. [13][14] have been
workingontheoppositeapproachThey have beernworking
of solvingthe load-balancingroblemof irregularapplica-
tionsby proposingmeshrepartitioningalgorithmsandeval-
uatingthecorvenienceof repartitionthemeshor justadijust
them.

3 Dynamic ProcessoiBalancing

mpi_init()

omp parallel do
Computational_loop(
End Do

Synchronization()

omp parallel do omp parallel do
Computational_loop() Computational_loop()
End Do End Do
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mpi_finalize()

Figure 1. Basic MPI+OpenMP structure

MPI+OpenMpjobs arecomposedy a setof MPI pro-
cesseghat periodically synchronize. Each one of these
processepensloop parallelism, with OpenMPR inside
them. Figure 1 shavs the main structureof a two level
MPI+OpenMPapplication. Computationaloopscancon-
sumedifferenttime dependingpnthedataeachMPI process
calculateslf theapplicationis irregular, theamountof data
to processanalsovary duringthe applicationlife for each
MPI process.

Ratherthanredistributing data,processobalancingcon-
sistsof redistrituting computationapower, thatis thenum-
ber of allocatedprocessorsamongcollaboratve MPI pro-
cessesProcessobalancingcanbe doneby the application
itself or by thesystem If theapplicationperformsthiswork
itself threemainproblemsarise:(1) the systencantake de-
cisionsthatunauthorizeapplicationdecisiongthis problem
is alsomentionedy Taftiin [6] ), (2) theprogrammehasto
introducea complex implementatiorto dynamicallyeval-
uatethe differentcomputationapercentagesf eachMPI
group and redistribute OpenMPprocessesand (3) power
balancingcould be runtimedependenandnot a priori cal-
culated.In ary casethisis acomplicatedorocesghatmust
bedoneby anexpertandthatrequirego spentalot of time.

Our proposals thatprocessobalancingcanbedonedy-
namicallyby thesystemtransparentlyo theapplicationand
withoutary previousanalysis.Thisapproacthastheadvan-
tagethatit is totally transparento the programmeyapplica-
tions mustnot be modi ed dependingneitheron the archi-
tecturenor the data,and reschedulingdecisionsare taken
consideringnot just the job but alsothe systemworkload.
In this paperwe will shav that information extractedau-
tomaticallyat runtimeis enoughto reacha goodbalancing
without modifying the original applicationat all.

Processobalancingis performedin several steps: Ini-
tially, the resourcemanagerappliesan Equipartition[15]
policy. Oncedecidedtheinitial distribution, eachMPI pro-
cess,while runningnormally, will measurehe time dedi-
catedto executecodeandthetime spentby communication
suchasbarriersor sending/receing messagesThis com-
putationwill be automaticallydoneby a run time library.
This informationwill be sentperiodicallyto the resource



managerwho will adjustthe job allocation,moving pro-
cessorgrom low loadedMP1 processeto highloadedMPI
processegfrom the point of view of computation). This
proceswill berepeatedintil a stableallocationis found.

Moreover, sincethe systemhasa globaloverview, it can
detectsituationssuch as applicationsthat cannotbe bal-
anced reallocatingsomeof its processorso otherrunning
jobswherethey couldproducemorebene t. Obviously, the

nal implementationshouldinclude some lters to avoid
undesirablgob behaior asping-pongeffects.

In next subsectionshe main elementsntroducedin the
systemare presented:the run time pro ling library, the
modi cationsdonein the OpenMPruntime to give support
to this mechanismand the Dynamic ProcessoBalancing
policy (DPB)implementednsidetheresourcenanager

3.1 Proling libray

Most scienti ¢ applicationshave the characteristidhat
they areiterative,thatis, they applythesamealgorithmsey-
eral timesto the samedata. Datais repeatedlyprocessed
until the numberof iterationsreaches x edvalue,or until
the value of someparameterseaches certainvalue (for
instancewhenthe error corvergesto a certainvalue). The
pro ling library exploits this characteristido accumulate
meaningfultimesfor computationand communicatiorus-
age.

mpi_send (...)
{

begin_measure() pmpi_send(...)

d AL
pmpi_send(...) /* mpi send code */
stop_measure(?\}

process_measure()

}

Hpi_send()

Application code Profiling library MPI library

Figure 2. MPI pro ling mechanism

MPI de nes a standardmechanisnto instrumentMPI
applicationghatconsistof providing a new interfacethatit
is calledbeforethe real MPI interface[16. Figure2 shows
how thestandardViPI pro ling mechanisnworks. Theap-
plication is instrumentedusing this pro ling mechanism.
WhenaMPI callis invokedfrom theapplicationthelibrary
measureghe time spentin the call and addits to a total
countof time spentin MPI calls.

Theiterative structureof theapplications detectedising
a DynamicPeriodicityDetectorlibrary (DPD) [8]. DPDis
calledfrom theinstrumentedvPI call andit is feededwith
a valuethat is a compositionof the MPI primitive type (
send,receve, ...), the destinationprocessand the buffer
addressWith this valueDPD will try to detectthe pattern
of the periodicbehaior of the application.Once,a period
is detectedhepro ling library keepgrackof thetime spent
in executingthewhole period.
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Figure 3. DPB example

Thesetwo values mpi executiontime andperiodexecu-
tion time, areaveragedrom thevaluesof afew periodsand
passedo the resourcemanagetfor feedingthe allocation

policy.
3.2 Dynamic ProcessorBalancing policy

The goal of the Dynamic ProcessoBalancing (DPB)
policy is generatinga processodistribution whereall the
MPI processspendthe sameamountof time in computa-
tion, reducingthe computationmbalanceas muchaspos-
siblebasedn the datagatheredy thepro ling library.

Figure 3 shovs an exampleof how DPB works. In the
gure thereis oneprocessvith morecomputatiortime than
the others. This producesthat global executiontime in-
creasesas the othertwo processeg the onesin the left)
arespendingheir time waiting atthe synchronizatiorpoint
( send/recede, barrier ...). In thiscase DPB will take the
decisionof stealinga processoto eachof theleft processes
andgive themto the loadedone. This decisionmakesthe
two victim processego slowver but the global time is re-
duceddueto abetterutilization of theresources.

The policy is notworking constantlybut is only invoked
whenthe resourcemanagehascollectedenoughinforma-
tion for thepolicy to work ( computatiorandMPI time from
all processesf ajob ). Eachtime the policy is invoked it
triesto improveoneof theprocessesf thejob, theonewith
highestcomputationtime, by increasingts processoallo-
cation. Thoseprocessorare stolenfrom a victim process.
The chosenvictim is the processwvith minimum computa-
tion time of thosethat have more than one processor a
procesmeedsalwaysat leastone). Oncethevictim is se-
lected,an ideal executiontime for next allocation,tj+1 is
computedor thatprocesaisingtheformula:

ti+1 (highest) = t;(highest) (tmpi (victim )
tmpi (highest))=2

This heuristicassumeshatthe MPI time of the process
thathasmore computatiortime is the minimum MPI time
that arny of the processcan have. Then, with this future
time, the numberof cpusthat should be moved between
theprocesseto obtainthattime basednthelastexecution

time, is calculatedasfollows:
_ cpus; (hig hest) t; (hig hest)
cpus= Ti+2 (Nig hest)

cpus (highest)



Somerestrictionapplyto theabove:

No procesganhave allocatedessthanoneprocessar
Sothis meanghat sometimeghe calculatedcpuswill
not be possible. This caseis treatedgiving the maxi-
mum possible.

If thetimet;., is estimatedhatwill beworstthatac-
tualtime the currentallocationis maintained.

Evenwith this checks sometimes decisionwill leadto
anincreasdn executiontime. To recover from thosesitu-
ationsthelastallocationis alwayssaved. Whenthe policy
detectghatthe last executiontime wasworstthanthe pre-
vious, it recoversthe saved allocation. After thereis ary
changen the allocation,the mpi andperiodtime counters
of thepro ling library areresetto zeroto obtainnew data
from thejob.

3.3 OpenMP runtime library modi cations

Whenthe policy decidesa new allocationthe resource
manageinformstheprocessesf their new processoavail-
ability, by leaving the new informationin a sharedmemory
zoneof the process. After that, the OpenMPrun time li-
braryshouldadjustit parallelismlevel ( numberof running
threads to complywith the systempolicy.

From the applicationpoint of view this canbe donein
two ways:

Synchronously Two rendezwuspointsarede ned at the
entranceandexit of parallelregions. Whenan appli-
cationarrivesat a synchronizatiorpoint, it checksfor
changeén its allocationandadjuststs resourceprop-
erly. So,this meanghatwhile theapplicationis inside
theparallelregion could potentiallyrun with more(or
less)resourceshanthoseactuallyallocatedto it.

Asynchronously In this version, the resourcemanager
doesnot wait for the applicationto make the changes
butit preemptsmmediatelythe processostoppingthe
runningthreadonit. As thiscanhapperinsideaparal-
lel region, therun time needghe capabilityto recoser
thework thatwasdoingor it hasassignedhatthread
in orderto exit the region. This is not an easytask
asavailableresourcesan changeseveral time inside
a parallelregion leadingto deadlocksf not carefully
planed. Furtherinformation of this approachcan be
foundat Martorelletal. [10].

Our implementationjn the IBM's XL library, usesthe
rst approachAs the parallelregionsour work focusesare
smallenoughthetime a procesgloesnot complythe allo-
cationis so small thatthereare no signi cative difference
betweerthe resultsobtainedwith bothapproachesSo, the
resultsobtainedwill be applicableto bothscenariogslong
asthisrestrictionis maintained.

4 Evaluation
4.1 Architecture

The evaluationhasbeenperformedin a single nodeof
anIBM RS-6000SPwith 8nodeof 16 Nighthavk Paver3
@375Mhz(192 G ops/s) with 64 Gb RAM of total mem-
ory. A totalof 336G opsand1.8TBof HardDisk areavail-
able. The operatingsystemwasAIX 5.1. MPI library was
con gured to usesharedmemoryfor messageassingin-
sidethenode.

4.2 Syntheticcase

Firstly, a syntheticapplicationwasusedto discover the
potentialof thetechniquepresentedThe syntheticapplica-
tion includesa simpleexternalloop with two internalloops.
Two MPI processesxecutethe externalloop andinternal
loops are parallelizedwith eigth OpenMPthreads. At the
beginning andthe end of eachexternaliterationthereis a
messagénterchangdo synchronizeMPI processesSo, it
is asimplecasehatfollowsthestructureshavnin Figurel.
This syntheticjob allows giving a speci ¢ workloadto each
of the MPI processesallowing to usedifferentimbalance
scenarios.
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Figure 4. Results for synthetic imbalances

Four different scenarioshave been tested: 13,33%,
26,67%,33,33%and70% of imbalance.The speedupsb-
tained( the versionwithout the balancingmechanisnmwvas
takenasreferencepresummarizedn the Figure4(a). This
resultsshow thatthetechniquds ableto copeperfectlywith
differentimbalancesituationssoit canbecomingnteresting
policy in orderto balancejn atransparentvay, hybrid ap-
plications.It obtains,atleast,the samegainthattheimbal-
ancethathasbeenintroduced.In gure 4(b) the processor
distribution that DPB usedis shavn. Thereit canbe seen
that,in fact,thepercentagef processounbalancef theal-
locationcloselyreassembletheimbalanceof the scenario.



4.3 Applications

To verify our approachn a morecomple situationwe
executedsomeMPI+OpenMPapplicationsn asingleSMP
node. Eachjob madeuseof all the processor®f a node
distributedamongthedifferentMPI processes.

The applications, selectedfrom the NAS Multizone
benchmarlsuite[9], were: BT, LU and SPwith input data
classesA andB. Thesebenchmarksolve discretizedver-
sions of the unsteady compressibleNavier-Stokes equa-
tionsin threespatialdimensionsBT zonepartitionis done
asymmetricallysoanequipartitionof thezonegthe default
approachin all benchmarkswill resultin an unbalanced
execution.SPandLU on the otherhanddo the zoneparti-
tion in a symmetricway so their executionare expectedto
bebalanced.

All the NAS-MZ benchmarksomewith two load bal-
ancingalgorithms,which canbe selectedat compiletime.
This algorithmsrepresenslightly more than a 5% of the
total code. Their objective is to overcomethe possibleim-
balancesrom the default equipartionof the zones. First
one,mapszonesto MPI procesdrying thatall themhave a
similaramounif computationalork. It also,triesto mini-
mizecommunicatiorbetweerMPI processeby takinginto
accountzoneboundaries.Secondone,assigns numbera
processorto eachMPI procesdasednthecomputational
loadof thezonesassignedo it from theinitial equipartition.
Both methodsarecalculatecbeforethe startof the compu-
tationbasedon knowledgeof the datashapeandcomputa-
tional weightof the applicationsowe will referto the rst
oneasApplicationDataBalancingandto thesecondasAp-
plication ProcessoBalancing.Our objectie is to obtaina
similarperformancéo ApplicationProcessoBalancingout
donein adynamicandapplicationndependentvay without
modi ying the sourcecodeatall.

We have executedthe NAS-MZ benchmarksith these
two approachesyith DPB, andwith a simpleequipartition
version,which hasbeenusedasreferencesaluefor the cal-
culationof the speedupn thefollowing sections.

4.3.1 Irr egular zones(BT-MZ2)

The situationthat the datadomainis irregular eitherin its
geometryor in its computationaload is very frequenton
scienti ¢ codesmainly becauseof the natureof the enti-
tiesbeingmodelled( weathefforecastingpcean o w mod-
elling, ...). Sothe BT-MZ benchmarkwill evaluationwill
helpto seeif DPB canhelpto improvethosecodes.
Figure5(a) shavsthespeedugor the differentloadbal-
ancingstratgieswith dataclassA. Asit canbeseerDPBis
closelytied with the Application ProcessoBalancingalgo-
rithm. For atwo MPI processesxecution,DPB getssome
moreperformance 1,26vs 1,180f speedup)with four MPI

(a)ClassA (b) ClassB

(c) Class A (20 last
timesteps)

(d) ClassA unbalance (e) Class A processor
distribution

Figure 5. Results for BT-MZ



processeBPB s justa 4% behind.For the eightprocesses
executionthis differenceis really high (14%). This is due
to thewarmuptime of DPB ( time to detectthe application
structure pbtainthe rst measuresnd a stableallocation,
...). So, for longerexecutionsDPB will be asgood op-
tion asthe Application ProcessoBalacingalgorithm. This
hypothesidgs con rmed if we take a look at the speedups
obtainedor thelast20time stepsof thebenchmark gure
5(c)). There,notonly the differencefor the eightprocesses
casedecreasesntil a 2%, thatis dueto the dynamicpro-
ling, but alsothe differencein the two processesaseis
bigger For further con rmation, if we look the speedups
of thedataclassB, which have alongerexecutiontime, we
canseethatthedifferencedbetweerthetwo methodremain
similar.

Whencomparingwith Application DataBalancing this
methodobtainsbetterperformancdn mostcases.This is
becauselatadistribution allows ner movementgshanpro-
cessordistribution. Even so, for the classA with 8 MPI
processedoth processobalancingtechniquesbtain bet-
ter speedup(see gure 5(c)) soit is not a clearoptionin
all the situationsand worst of all it cannot be performed
transparentiyasDPB.

In gure 5(d) shavs the processodistribution that DPB
choosedor the differentMPI processegon guration for
dataclassA. It canbe seenthatthe distributionsfound by
thealgorithmarequitecomplex.

4.3.2 Regulardomains(LU-MZ, SP-MZ)

Evaluatinga benchmarkhatis alreadybalancedwill shov
theoverheadéntroducedby thepro ling andconstanmon-
itoring of DPB.

Figure 6 shaws the differentspeedup®btainedfor the
LU-MZ andfor the SP-MZbenchmark$or both,dataclass
A andB. Surprisinglyenough,DPB seemdo improve the
executionfor both dataclasseof the LU-MZ benchmark
with two MPIs (1,13 of speedupyvhenthe benchmarkvas
supposedhot be unbalancedActually, theimprovementis
not dueto a betterprocessomistribution but becausehe
implementationof the original benchmarkspentto much
time yielding and that affectedtheir executiontime. The
samething happendor the two MPIs caseof the SP-MZ
classB (see gure 6(d)) but herethe referenceexecution
was not affectedby the yielding effect andthe otherseem
to scaledown.

If we concentratentheothercasesye canseethatnone
of the methodsgetsan improvement. And mostimportant
we canseethat DPB doesnt have animportantimpacton
their executions(a maximumof a 3% overhead)which it
meansgt hasa fairly goodinstrumentatiormethodthatit is
almoustnegligible.

(a)LU-MZ, ClassA (b) LU-MZ, ClassB

(c) SP-MZ,ClassA (d) SP-MZ,ClassB

Figure 6. Speedups for LU-MZ and SP-MZ

4.4 Effect of nodesize

We have evaluated the effect in the improvement
achievedby DPB whenvaryingthe nodesize. Resultspre-
sentedin the previous sub-sectiondhave beencalculated
with a single nodewith 16 cpus. Sincewe don't have a
distributed versionof the resourcemanagerwe have per
formedsomeexperimentgo give anideaaboutthe reduc-
tion in the speedupntroducedwvhennodesizearesmall.

Theseexperimentsconsistof the concurrentexecution
of two andfour instance®f theresourcananagereachone
managinga subsebf the node: eightprocessorsvhensim-

Figure 7. BT-MZ Class A for diff erent nodes
sizes



Figure 8. BT Class A. MPI vs MPI+OpenMP

ulatingtwo nodesandfour processorsvhensimulatingfour
nodes.

Figure 4.4 shaws the speedupachieved by BT.A when
executingin 1 nodewith 16 cpus,2 nodeswith eightcpus
eachone,and4 nodeswith 4 cpus. In all the experiments
thereare 16 cpus. The speedups calculatedcomparing
with the executiontime of BT.A withoutloadbalancing.

With smallnodes DPB haslesschance$o move proces-
sorshetweenMPI| processeandthis resultsin a reduction
in thespeedupFor instancejn the caseof 8 mpi processes,
thespeedumoesfrom 1.9whenrunningin a nodewith 16
cpusto 1.3whenexecutingin 4 nodes2 mpi processeper
node).

4.5 Comparing MPI vs MPI+OpenMP

In gure 4.5is shovn a comparatie of the execution
timesfor differentprocessoavailability of combinationf
MPI and Openmp:rangingfrom pure OpenMP( only one
MPI procesg to pureMPI ( only oneOpenMPin each) go-
ing throughthybrid combinationsThereit canbeseerthan
using more MPIs only increaseghe executiontime while
usingjustonegetsthelowesttime. Whenourdynamicpol-
icy is usedeven lowestexecutiontimes are achieved with
hybrid con gurations.

Theseresultsshav pointthatwhenanapplicationis un-
balanceds betterto useandhybrid approactthatallowsto
overcomethe unbalancesitherwith a hardcodedalgorithm,
asthoseshowvn in 4.3.1,0r ,even better automaticallylike
theproposabf this paper Whentheapplicationis well bal-
anced,on the otherhand,it may be worth it to usea pure
MPI approach4].

5 Conclusionsand Futur e work

This papersinvestigateghe feasibility of having a Dy-
namicProcessor8alancingalgorithmthat helpsto reduce

the imbalancepresentedon MPI+OpenMP applications.
Our proposalworks at the systemlevel changingthe re-
sourceallocationof thejobsfor improving their utilization
andreducingtotal executiontime. We have shovn, aswith
asimplelow overheadpro ling mechanismenoughinfor-
mation can be collectedto performthis task properly In
fact, resultsshav closeperformancgsometimesven bet-
ter) with someotherapplicationspeci ¢ handcraftedech-
nigues. Thoseothertechniquesequirea goodknowledge
of thedatageometryof the applicationandspendinga con-
siderableeffort in analyzingandtuning of the applications.
Also, thefactthatour proposaldoesnot needary modi ca-
tion in the applicationcombinedwith the low impactthat
has on alreadybalancedapplications,becauseof its low
overheadmakesit a good candidatefor a default system
component.

Futurework will follow threedirections. First of all,
the developedtechniquewill be usedto evaluatea broader
rangeof benchmarksand applications,and also evaluate
themin biggercon gurations. The secondine of work it
is to expandthe currentplatformfor usingit for workloads.
This meangresearchingoliciesto maximizesomesystem
metric(like throughputiaswell asapplicationspeci ¢c met-
rics. This new platform will be distributed, dealingwith
jobsthat spanthroughmorethanone SMP node. And the
last line will be trying to get betterresourceusageby al-
lowing processorsharingbetweenprocesses.To be able
to achieve that coordinationbetweerthe threelevels (sys-
tem,MPlandOpenMP)will required.
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