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Abstract

ThehybridprogrammingmodelMPI+OpenMPareuse-
ful to solvetheproblemsof load balancingof parallel ap-
plications independentlyof the architecture. Typical ap-
proaches to 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 processors or manually redistribute
data. This approach has two drawbacks: it is time con-
sumingandit requiresanexpertin applicationanalysis.In
this paperwepresentan automaticanddynamicapproach
for load balancingMPI+OpenMPapplications. Thesys-
temwill calculatethepercentageof loadimbalanceandwill
decidea processordistribution for theMPI processesthat
eliminatesthecomputationalload imbalance. Resultsshow
that this methodcanbalanceeffectivelyapplicationswith-
outanalyzingnor modifyingthemandthat in thecasesthat
theapplicationwaswell balanceddoesnot incur in a great
overheadfor thedynamicinstrumentationandanalysisre-
alized.

Keywords: MPI, OpenMP, load balancing,resourceman-
agement,parallelmodels,autonomiccomputing

1 Intr oduction

A currenttrendin highperformancearchitectureis clus-
tersof sharedmemory(SMP) nodes.MPP manufacturers
arereplacingsingleprocessorsin their existing systemsby
powerful SMPnodes(smallor mediumSMPsaremoreand
morefrequentdueto theiraffordablecost).Moreover, large
SMPsarelimited by the numberof CPUSin a singlesys-
tem. Clusteringthemseemsthe naturalway to reachthe
samescalabilityasdistributedsystems.

MPI andMPI+OpenMParethetwo programmingmod-
elsthatprogrammerscanuseto executein clustersof SMP.

Whenapplicationis well balancedpureMPI programsusu-
ally resultsin a good applicationperformace. The prob-
lemappearswhenapplicationhasinternalstaticor dynamic
loadunbalance.If the loadunbalanceis static,thereexists
approachesthatconsistof staticallyanalyzetheapplication
andperformthe datadistribution accordingly. If load un-
balanceis dynamic,complex codelines to analyzeandre-
distribute datamustbe insertedin the applicationto solve
this problem. In this case,programmersmustspenta lot
of timeanalyzingtheapplicationcodeandtheir behavior at
run time. Moreover, it is not only a questionof time, ana-
lyzing a parallelapplicationis a complicatedjob.

In this work, we proposeto exploit the OpenMPmal-
leability to solve theloadunbalanceof irregularMPI appli-
cations.Thegoal is do thatautomaticanddynamicallyby
the system(resourcemanagerandruntimelibraries)with-
outa priori applicationanalysis.

Oneof thekey pointsof our proposalis to beconscious
that thereare several MPI processes,with OpenMPpar-
allelism inside, that are collaboratingto executea single
MPI+OpenMPjob. Sinceresourcesareallocatedto jobs,
oneprocessorinitially allocatedto aMPI processthatcom-
poundsthe job canbe reallocatedto anotherMPI process
of thesamejob, aslong asthey arein thesameSMPnode,
helpingit to �nish thework.

We presenta DynamicProcessorBalancing(DPB) ap-
proach for MPI+OpenMP applications. The main idea
is that the systemdynamically measuresthe percentage
of computationalload imbalancepresentedby the differ-
ent MPI processesand, accordingto that, it redistributes
OpenMPprocessesamongthem.Wehavedevelopedarun-
time library that dynamicallymeasuresthe percentageof
loadimbalanceperMPI processandinformsto theresource
managerwho controlstheprocessorallocationin theSMP
node. The resourcemanagerredistributesprocessorstry-
ing to balancethe computationalpower. Moreover, since
the resourcemanagerhasa global view of the system,it
could decideto move processorsfrom a job to anotherif
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thiswould increasethesystemthroughput.
In thispaperwepresentapreliminarystudyof thepoten-

tial of this technique.Evaluationshavebeendoneassuming
that thereis only one MPI+OpenMPapplicationsimulta-
neouslyrunningandlimiting theresourcemanagerto only
oneSMPnode.

In thenext sectionwewill introducetherelatedwork. In
section3 theproposedtechniqueis presentedandits com-
ponentsexplored. In section4 someresultsarepresented
showing the potentialof the technique.Finally, section5
concludesthepaperandshowsfuturedirectionsof research.

2 Relatedwork

The proposalpresentedby Huangand Tafti [1] is the
closestone to our work. They advocatefor the idea of
balancingirregular applicationsby modifying the compu-
tationalpowerratherthanusingthetypicalmeshredistribu-
tion. In their work, theapplicationdetectstheoverloading
of someof its processesandtries to solve the problemby
creatingnew threadsat run time. They observe thatoneof
thedif�culties of thismethodis thatthey donot controlthe
operatingsystemdecisionswhich couldoppositetheir own
ones.

Henty[2] comparestheperformanceachievedby thehy-
brid modelwith theoneachievedby a pureMPI, whenex-
ecutinga discreteelementmodelingalgorithm.In thatcase
they concludethat its hybrid model doesnot improve the
pureMPI. Shanetal. [3] comparetheperformancebetween
two differentkindsof adaptiveapplicationsunderthethree
programmingmodels: MPI, OpenMPand Hybrid. They
observe similar performanceresultsfor the three models
but they also note that the convenienceof usinga partic-
ular modelshouldbebasedon theapplicationcharacteris-
tics. CapelloandEtiemble[4] arrive to the sameconclu-
sion. Dent et al. [11] evaluatethe hybrid modelandthey
concludeit is aninterestingsolutionto applicationssuchas
IFS,whereexistsloadbalancingproblemsandalot of over-
headduethecostof themessagepassingwhenusingagreat
numberof processors.Smith , after evaluatingthe conve-
nienceof anhybrid model[5], believessucha modelcould
contributewith thebestfrom MPI andOpenMPmodelsand
it seemsa goodsolutionto thosecaseswhereMPI model
doesnot scalewell. He alsoconcludesthattheappropriate
modelshouldbeselecteddependingof theparticularchar-
acteristicsof theapplication.Finally, someauthorssuchas
Schloegelet al [12] andWalshaw et al. [13][14] have been
workingontheoppositeapproach.They havebeenworking
of solvingtheload-balancingproblemof irregularapplica-
tionsby proposingmeshrepartitioningalgorithmsandeval-
uatingtheconvenienceof repartitionthemeshor justadjust
them.

3 Dynamic ProcessorBalancing

Omp parallel do

Synchronization()

       Computational_loop()
End Do

Omp parallel do
       Computational_loop()
End Do

Synchronization()

Omp parallel do

Synchronization()

       Computational_loop()
End Do ...

mpi_init()

mpi_finalize()

Figure 1. Basic MPI+OpenMP structure

MPI+OpenMpjobs arecomposedby a setof MPI pro-
cessesthat periodically synchronize. Each one of these
processesopens loop parallelism, with OpenMP, inside
them. Figure 1 shows the main structureof a two level
MPI+OpenMPapplication.Computationalloopscancon-
sumedifferenttimedependingonthedataeachMPI process
calculates.If theapplicationis irregular, theamountof data
to processcanalsovaryduringtheapplicationlife for each
MPI process.

Ratherthanredistributingdata,processorbalancingcon-
sistsof redistributingcomputationalpower, thatis thenum-
ber of allocatedprocessors,amongcollaborative MPI pro-
cesses.Processorbalancingcanbedoneby theapplication
itself or by thesystem.If theapplicationperformsthiswork
itself threemainproblemsarise:(1) thesystemcantakede-
cisionsthatunauthorizeapplicationdecisions(thisproblem
is alsomentionedbyTafti in [6] ), (2) theprogrammerhasto
introducea complex implementationto dynamicallyeval-
uatethe differentcomputationalpercentagesof eachMPI
groupand redistribute OpenMPprocesses,and (3) power
balancingcouldberuntimedependentandnot a priori cal-
culated.In any case,this is acomplicatedprocessthatmust
bedoneby anexpertandthatrequiresto spenta lot of time.

Ourproposalis thatprocessorbalancingcanbedonedy-
namicallyby thesystemtransparentlyto theapplicationand
withoutany previousanalysis.Thisapproachhastheadvan-
tagethatit is totally transparentto theprogrammer, applica-
tionsmustnot bemodi�ed dependingneitheron thearchi-
tecturenor the data,andreschedulingdecisionsare taken
consideringnot just the job but alsothe systemworkload.
In this paperwe will show that information extractedau-
tomaticallyat runtimeis enoughto reacha goodbalancing
withoutmodifying theoriginalapplicationat all.

Processorbalancingis performedin several steps: Ini-
tially, the resourcemanagerappliesan Equipartition[15]
policy. Oncedecidedtheinitial distribution,eachMPI pro-
cess,while runningnormally, will measurethe time dedi-
catedto executecodeandthetimespentby communication
suchasbarriersor sending/receiving messages.This com-
putationwill be automaticallydoneby a run time library.
This informationwill be sentperiodically to the resource
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manager, who will adjustthe job allocation,moving pro-
cessorsfrom low loadedMPI processesto high loadedMPI
processes(from the point of view of computation). This
processwill berepeateduntil a stableallocationis found.

Moreover, sincethesystemhasa globaloverview, it can
detectsituationssuchas applicationsthat cannotbe bal-
anced,reallocatingsomeof its processorsto otherrunning
jobswherethey couldproducemorebene�t. Obviously, the
�nal implementationshould include some�lters to avoid
undesirablejob behavior asping-pongeffects.

In next subsectionsthemainelementsintroducedin the
systemare presented:the run time pro�ling library, the
modi�cationsdonein theOpenMPruntime to givesupport
to this mechanism,andthe DynamicProcessorBalancing
policy (DPB) implementedinsidetheresourcemanager.

3.1 Pro�ling libray

Most scienti�c applicationshave the characteristicthat
they areiterative,thatis, they applythesamealgorithmsev-
eral times to the samedata. Data is repeatedlyprocessed
until thenumberof iterationsreachesa �x edvalue,or until
the valueof someparametersreachesa certainvalue (for
instance,whentheerrorconvergesto a certainvalue).The
pro�ling library exploits this characteristicto accumulate
meaningfultimesfor computationandcommunicationus-
age.

...

...
mpi_send()

mpi_send (...)
{
   begin_measure()
   pmpi_send(...)
   stop_measure()
   process_measure()
}

pmpi_send(...)
{
  /* mpi send code */
}

Application code Profiling library MPI library

Figure 2. MPI pro�ling mechanism

MPI de�nes a standardmechanismto instrumentMPI
applicationsthatconsistof providing a new interfacethatit
is calledbeforetherealMPI interface[16]. Figure2 shows
how thestandardMPI pro�ling mechanismworks.Theap-
plication is instrumentedusing this pro�ling mechanism.
WhenaMPI call is invokedfrom theapplicationthelibrary
measuresthe time spentin the call and add its to a total
countof timespentin MPI calls.

Theiterativestructureof theapplicationis detectedusing
a DynamicPeriodicityDetectorlibrary (DPD) [8]. DPD is
calledfrom theinstrumentedMPI call andit is feededwith
a value that is a compositionof the MPI primitive type (
send,receive, . . . ), the destinationprocessand the buffer
address.With this valueDPD will try to detectthepattern
of theperiodicbehavior of theapplication.Once,a period
is detectedthepro�ling library keepstrackof thetimespent
in executingthewholeperiod.

MPI Processes

Cpu Distribution

MPI time

Computation time

Redistribution

Figure 3. DPB example

Thesetwo values,mpi executiontime andperiodexecu-
tion time,areaveragedfrom thevaluesof afew periodsand
passedto the resourcemanagerfor feedingthe allocation
policy.

3.2 Dynamic ProcessorBalancingpolicy

The goal of the Dynamic ProcessorBalancing(DPB)
policy is generatinga processordistribution whereall the
MPI processspendthe sameamountof time in computa-
tion, reducingthecomputationimbalanceasmuchaspos-
siblebasedon thedatagatheredby thepro�ling library.

Figure3 shows an exampleof how DPB works. In the
�gure thereis oneprocesswith morecomputationtimethan
the others. This producesthat global execution time in-
creasesas the other two processes( the onesin the left)
arespendingtheir timewaitingat thesynchronizationpoint
( send/receive,barrier, . . . ). In this case,DPB will take the
decisionof stealingaprocessorto eachof theleft processes
andgive themto the loadedone. This decisionmakesthe
two victim processesgo slower but the global time is re-
duceddueto abetterutilization of theresources.

Thepolicy is notworking constantlybut is only invoked
whentheresourcemanagerhascollectedenoughinforma-
tion for thepolicy to work ( computationandMPI timefrom
all processesof a job ). Eachtime thepolicy is invoked it
triesto improveoneof theprocessesof thejob, theonewith
highestcomputationtime, by increasingits processorallo-
cation. Thoseprocessorsarestolenfrom a victim process.
The chosenvictim is theprocesswith minimum computa-
tion time of thosethat have more than one processor( a
processneedsalwaysat leastone). Oncethevictim is se-
lected,an ideal executiontime for next allocation,t i +1 is
computedfor thatprocessusingtheformula:

t i +1 (highest) = t i (highest) � (tmpi (victim ) �
tmpi (highest))=2

This heuristicassumesthat theMPI time of theprocess
thathasmorecomputationtime is theminimumMPI time
that any of the processcan have. Then, with this future
time, the numberof cpusthat shouldbe moved between
theprocessesto obtainthattimebasedonthelastexecution
time, is calculatedasfollows:

cpus = cpus i (hig hest ) � t i (hig hest )
t i +1 (hig hest ) � cpusi (highest)
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Somerestrictionapplyto theabove:

� No processcanhaveallocatedlessthanoneprocessor.
Sothis meansthatsometimesthecalculatedcpuswill
not be possible.This caseis treatedgiving the maxi-
mumpossible.

� If thetime t i +1 is estimatedthatwill beworstthatac-
tual time thecurrentallocationis maintained.

Evenwith this checks,sometimesadecisionwill leadto
an increasein executiontime. To recover from thosesitu-
ationsthe lastallocationis alwayssaved. Whenthepolicy
detectsthat the lastexecutiontime wasworst thanthepre-
vious, it recoversthe saved allocation. After thereis any
changein theallocation,thempi 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
managerinformstheprocessesof theirnew processoravail-
ability, by leaving thenew informationin a sharedmemory
zoneof the process.After that, the OpenMPrun time li-
braryshouldadjustit parallelismlevel ( numberof running
threads) to complywith thesystempolicy.

From the applicationpoint of view this canbe donein
two ways:

Synchronously Two rendezvouspointsarede�ned at the
entranceandexit of parallelregions. Whenan appli-
cationarrivesat a synchronizationpoint, it checksfor
changesin its allocationandadjustsits resourcesprop-
erly. So,thismeansthatwhile theapplicationis inside
theparallelregion couldpotentiallyrun with more(or
less)resourcesthanthoseactuallyallocatedto it.

Asynchronously In this version, the resourcemanager
doesnot wait for theapplicationto make thechanges
but it preemptsimmediatelytheprocessorstoppingthe
runningthreadonit. As thiscanhappeninsideaparal-
lel region, therun time needsthecapabilityto recover
thework thatwasdoingor it hasassignedthat thread
in order to exit the region. This is not an easytask
asavailableresourcescanchangeseveral time inside
a parallelregion leadingto deadlocksif not carefully
planed. Furtherinformation of this approachcan be
foundat Martorell et al. [10].

Our implementation,in the IBM' s XL library, usesthe
�rst approach.As theparallelregionsour work focusesare
smallenough,thetime a processdoesnot complytheallo-
cationis so small that thereareno signi�cative difference
betweentheresultsobtainedwith bothapproaches.So,the
resultsobtainedwill beapplicableto bothscenariosaslong
asthis restrictionis maintained.

4 Evaluation

4.1 Ar chitecture

The evaluationhasbeenperformedin a singlenodeof
anIBM RS-6000SPwith 8nodesof 16Nighthawk Power3
@375Mhz(192 G�ops/s) with 64 Gb RAM of total mem-
ory. A totalof 336G�opsand1.8TBof HardDisk areavail-
able. TheoperatingsystemwasAIX 5.1. MPI library was
con�gured to usesharedmemoryfor messagepassingin-
sidethenode.

4.2 Syntheticcase

Firstly, a syntheticapplicationwasusedto discover the
potentialof thetechniquepresented.Thesyntheticapplica-
tion includesasimpleexternalloopwith two internalloops.
Two MPI processesexecutethe external loop andinternal
loopsareparallelizedwith eigth OpenMPthreads.At the
beginning andthe endof eachexternal iterationthereis a
messageinterchangeto synchronizeMPI processes.So, it
is asimplecasethatfollowsthestructureshown in Figure1.
Thissyntheticjob allowsgiving aspeci�c workloadto each
of the MPI processes,allowing to usedifferentimbalance
scenarios.

(a) Speedups (b) Processordistribution

Figure 4. Results for synthetic imbalances

Four different scenarioshave been tested: 13,33%,
26,67%,33,33%and70%of imbalance.Thespeedupsob-
tained( theversionwithout the balancingmechanismwas
takenasreference)aresummarizedin theFigure4(a).This
resultsshow thatthetechniqueis ableto copeperfectlywith
differentimbalancesituationssoit canbecominginteresting
policy in orderto balance,in a transparentway, hybrid ap-
plications.It obtains,at least,thesamegainthattheimbal-
ancethathasbeenintroduced.In �gure 4(b) theprocessor
distribution that DPB usedis shown. Thereit canbe seen
that,in fact,thepercentageof processorunbalanceof theal-
locationcloselyreassemblestheimbalanceof thescenario.

4



4.3 Applications

To verify our approachin a morecomplex situationwe
executedsomeMPI+OpenMPapplicationsin asingleSMP
node. Eachjob madeuseof all the processorsof a node
distributedamongthedifferentMPI processes.

The applications, selectedfrom the NAS Multizone
benchmarksuite[9], were: BT, LU andSPwith input data
classesA andB. Thesebenchmarkssolve discretizedver-
sions of the unsteady, compressibleNavier-Stokes equa-
tionsin threespatialdimensions.BT zonepartitionis done
asymmetricallysoanequipartitionof thezones(thedefault
approachin all benchmarks)will result in an unbalanced
execution.SPandLU on theotherhanddo thezoneparti-
tion in a symmetricway so their executionareexpectedto
bebalanced.

All the NAS-MZ benchmarkscomewith two load bal-
ancingalgorithms,which canbe selectedat compiletime.
This algorithmsrepresentslightly more than a 5% of the
total code.Their objective is to overcomethepossibleim-
balancesfrom the default equipartionof the zones. First
one,mapszonesto MPI processtrying thatall themhavea
similaramountof computationalwork. It also,triesto mini-
mizecommunicationbetweenMPI processesby takinginto
accountzoneboundaries.Secondone,assignsa numbera
processorsto eachMPI processbasedonthecomputational
loadof thezonesassignedto it from theinitial equipartition.
Both methodsarecalculatedbeforethestartof thecompu-
tationbasedon knowledgeof thedatashapeandcomputa-
tional weightof theapplicationsowe will refer to the �rst
oneasApplicationDataBalancingandto thesecondasAp-
plicationProcessorBalancing.Our objective is to obtaina
similarperformanceto ApplicationProcessorBalancingbut
donein adynamicandapplicationindependentwaywithout
modi�ying thesourcecodeat all.

We have executedtheNAS-MZ benchmarkswith these
two approaches,with DPB,andwith a simpleequipartition
version,whichhasbeenusedasreferencevaluefor thecal-
culationof thespeedupin thefollowing sections.

4.3.1 Irr egular zones(BT-MZ)

The situationthat the datadomainis irregular eitherin its
geometryor in its computationalload is very frequenton
scienti�c codesmainly becauseof the natureof the enti-
tiesbeingmodelled( weatherforecasting,ocean�o w mod-
elling, . . . ). SotheBT-MZ benchmarkwill evaluationwill
helpto seeif DPBcanhelpto improvethosecodes.

Figure5(a)showsthespeedupfor thedifferentloadbal-
ancingstrategieswith dataclassA. As it canbeseenDPBis
closelytiedwith theApplicationProcessorBalancingalgo-
rithm. For a two MPI processesexecution,DPB getssome
moreperformance( 1,26vs1,18of 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 BT­MZ
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processesDPB is just a 4% behind.For theeightprocesses
executionthis differenceis really high (14%). This is due
to thewarmuptime of DPB ( time to detecttheapplication
structure,obtainthe�rst measures,�nd a stableallocation,
. . . ). So, for longer executionsDPB will be as good op-
tion astheApplicationProcessorBalacingalgorithm.This
hypothesisis con�rmed if we take a look at the speedups
obtainedfor thelast20timestepsof thebenchmark( �gure
5(c)). There,notonly thedifferencefor theeightprocesses
casedecreasesuntil a 2%, that is dueto the dynamicpro-
�ling, but also the differencein the two processescaseis
bigger. For further con�rmation, if we look the speedups
of thedataclassB, whichhavea longerexecutiontime,we
canseethatthedifferencesbetweenthetwo methodremain
similar.

Whencomparingwith ApplicationDataBalancing,this
methodobtainsbetterperformancein mostcases.This is
becausedatadistribution allows �ner movementsthanpro-
cessordistribution. Even so, for the classA with 8 MPI
processesboth processorbalancingtechniquesobtainbet-
ter speedup(see�gure 5(c)) so it is not a clearoption in
all the situationsandworst of all it cannot be performed
transparentlyasDPB.

In �gure 5(d) shows theprocessordistribution thatDPB
choosesfor the differentMPI processescon�guration for
dataclassA. It canbe seenthat thedistributionsfoundby
thealgorithmarequitecomplex.

4.3.2 Regular domains(LU-MZ, SP-MZ)

Evaluatinga benchmarkthat is alreadybalancedwill show
theoverheadsintroducedby thepro�ling andconstantmon-
itoring of DPB.

Figure6 shows the differentspeedupsobtainedfor the
LU-MZ andfor theSP-MZbenchmarksfor both,dataclass
A andB. Surprisinglyenough,DPB seemsto improve the
executionfor both dataclassesof the LU-MZ benchmark
with two MPIs (1,13of speedup)whenthebenchmarkwas
supposednot beunbalanced.Actually, the improvementis
not due to a betterprocessordistribution but becausethe
implementationof the original benchmarkspentto much
time yielding and that affectedtheir executiontime. The
samething happensfor the two MPIs caseof the SP-MZ
classB (see�gure 6(d)) but herethe referenceexecution
wasnot affectedby the yielding effect andthe otherseem
to scaledown.

If weconcentrateontheothercases,wecanseethatnone
of themethodsgetsan improvement.And mostimportant
we canseethatDPB doesn't have an importantimpacton
their executions(a maximumof a 3% overhead)which it
meansit hasa fairly goodinstrumentationmethodthat it is
almoustnegligible.

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

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

Figure 6. Speedups for LU­MZ and SP­MZ

4.4 Effect of nodesize

We have evaluated the effect in the improvement
achievedby DPB whenvaryingthenodesize.Resultspre-
sentedin the previous sub-sectionshave beencalculated
with a single nodewith 16 cpus. Sincewe don't have a
distributedversionof the resourcemanager, we have per-
formedsomeexperimentsto give an ideaaboutthe reduc-
tion in thespeedupintroducedwhennodesizearesmall.

Theseexperimentsconsistof the concurrentexecution
of two andfour instancesof theresourcemanager, eachone
managinga subsetof thenode:eightprocessorswhensim-

Figure 7. BT­MZ Class A for diff erent nodes
sizes
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Figure 8. BT Class A. MPI vs MPI+OpenMP

ulatingtwo nodesandfour processorswhensimulatingfour
nodes.

Figure4.4 shows 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 speedupis calculatedcomparing
with theexecutiontime of BT.A without loadbalancing.

With smallnodes,DPBhaslesschancesto moveproces-
sorsbetweenMPI processesandthis resultsin a reduction
in thespeedup.For instance,in thecaseof 8 mpi processes,
thespeedupgoesfrom 1.9whenrunningin a nodewith 16
cpusto 1.3whenexecutingin 4 nodes(2 mpi processesper
node).

4.5 Comparing MPI vsMPI+OpenMP

In �gure 4.5 is shown a comparative of the execution
timesfor differentprocessoravailability of combinationsof
MPI andOpenmp:rangingfrom pureOpenMP( only one
MPI process) to pureMPI ( only oneOpenMPin each) go-
ing throughthybridcombinations.Thereit canbeseenthan
usingmoreMPIs only increasesthe executiontime while
usingjustonegetsthelowesttime. Whenourdynamicpol-
icy is usedeven lowestexecutiontimesareachieved with
hybridcon�gurations.

Theseresultsshow point thatwhenanapplicationis un-
balancedis betterto useandhybridapproachthatallows to
overcometheunbalanceeitherwith a hardcodedalgorithm,
asthoseshown in 4.3.1,or ,evenbetter, automaticallylike
theproposalof thispaper. Whentheapplicationis well bal-
anced,on the otherhand,it may be worth it to usea pure
MPI approach[4].

5 Conclusionsand Future work

This papersinvestigatesthe feasibility of having a Dy-
namicProcessorsBalancingalgorithmthathelpsto reduce

the imbalancepresentedon MPI+OpenMP applications.
Our proposalworks at the systemlevel changingthe re-
sourceallocationof thejobsfor improving their utilization
andreducingtotal executiontime. We have shown, aswith
a simplelow overheadpro�ling mechanism,enoughinfor-
mationcan be collectedto perform this taskproperly. In
fact, resultsshow closeperformance(sometimesevenbet-
ter) with someotherapplicationspeci�c handcraftedtech-
niques. Thoseothertechniquesrequirea goodknowledge
of thedatageometryof theapplicationandspendingacon-
siderableeffort in analyzingandtuningof theapplications.
Also, thefactthatourproposaldoesnotneedany modi�ca-
tion in the applicationcombinedwith the low impact that
hason alreadybalancedapplications,becauseof its low
overhead,makes it a goodcandidatefor a default system
component.

Futurework will follow threedirections. First of all,
thedevelopedtechniquewill beusedto evaluatea broader
rangeof benchmarksand applications,and also evaluate
themin biggercon�gurations. The secondline of work it
is to expandthecurrentplatformfor usingit for workloads.
This meansresearchingpoliciesto maximizesomesystem
metric(like throughput)aswell asapplicationspeci�c met-
rics. This new platform will be distributed, dealingwith
jobs that spanthroughmorethanoneSMP node. And the
last line will be trying to get betterresourceusageby al-
lowing processorsharingbetweenprocesses.To be able
to achieve that coordinationbetweenthe threelevels (sys-
tem,MPIandOpenMP)will required.
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