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Abstract

An important characteristic of distributed grids is that
they allow geagraphically sepaated multicomputes to be
tied togetherin a transpaentvirtual ervironmentto solve
large-scalecomputationalproblems. However, many of
theseapplicationsrequire effectiveruntimeload balancing
for theresultingsolutionsto beviable Recentlywe devel-
opeda latencytolerant partitioner, called MinEX, speci -
cally for usein distributedgrid ervironments.This paper
compaesthe performanceof MinEX to that of METIS us-
ing simulatedhetengeneougyrid con gurations. A solver
for theclassicalN-bodyproblemis implementedo provide
a bendimarkfor the comparisonsSimulationresultsshow
thatMinEX providessuperiorquality partitionswhile being
competitiveo METISin speedf execution.

1 Intr oduction

Computationalyrids hold greatpromisein utilizing ge-
ographicallyseparatedesourcedo solve large-scalecom-
plex scienti ¢ problems.Thedevelopmenbf suchgrid sys-
temshasthereforebeenactively pursuedn recentyears[1,
3,5, 8,12, 13]. The Globus project[1], in particular has
beenremarkablysuccessfuin thedevelopmenof grid mid-
dlewareconsistingof agenerapurposeportable andmod-
ular toolkit of utilities. A comprehensie surey of several
grid systemss providedin [7].

Examplesof applicationsthat could potentially bene t
from computationafrids areabundantin several elds in-
cludingaeronauticsastrophysicsmoleculardynamics ge-
netics,andinformationsystems.lIt is anticipatedthat grid
solutionsfor mary of theseapplicationswill becomeviable
with the advancemenbf interconnectechnologyin wide
areanetworks. However, applicationghatrequiresolutions
to adaptve problemsneeddynamicload balancingduring
the courseof their execution. Load balancingis typically
accomplishedhroughthe useof a partitioning technique
to which a graphis suppliedasinput. This graphmodels
the processingandcommunicatiorcostsof the application.
Many excellentpartitionershave beendevelopedover the
years;however, the mostsuccessfubnesare multilevel in
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nature[9, 10, 18] that contractthe input graphby collaps-
ing edgespartitionthecoarsenedraph,andthenre ne the
coarsegraphbackto its original size.

Although some researchhas been conductedto ana-
lyze the performanceof irregular adaptve applicationsin
distributed-memoryshared-memoryand clustermultipro-
cessorcon gurations[14, 15, 16], little attentionhasbeen
focusedon heterogeneougrids till date. In [6], we pro-
poseda multilevel partitioner called MinEX, designed
speci cally for applicationsrunningin grid ervironments.
MIinEX operatedy mappinga partition graph (that mod-
elstheapplication)ontoa con gurationgraph(thatmodels
the grid), while consideringhe anticipatedevel of lateng
tolerancethatcanbeachievedby theapplication.Recently
this concephasbeenextendedo heterogeneougrids[11];
however, lateng tolerancenvasnot considered.

This paperprovidesseveral importantextensiongo the
work presentedin [6]. Our major contributions are to
(i) demonstrateéhe practicaluseof MinEX with an actual
applicationsolver, (ii) presentdetails of MIinEX interac-
tion with the applicationto improve performancen high-
lateng/ low-bandwidthgrid ervironmentsand(iii) compare
MinEX performanceo thatof a state-of-the-arpartitioner
andestablishthe effectivenes®f algorithmsof this kind.

METIS [10] is the mostpopularmultilevel partitioning
schemehowever, it hassomeseriousde ciencieswhenap-
plied to grid ernvironments. We enumerateheseMETIS
dravbacksandindicatehow they areaddressetly MinEX:

METIS optimizesgraph metricslike edgecut or vol-

umeof datamovementandthereforeoperatesn two dis-

tinct phasespartitioningandmapping.This approachs
usuallyinef cient in a distributedervironment. Instead,

MInEX createspartitionsthat considerdataremapping

and strivesto overlap applicationprocessingand com-

municationto minimizethetotal applicationruntime.

For heterogeneougrids,theprocessingndcommunica-

tion costsarenon-uniform.Insteadof assuminguniform

weights(as METIS does),MIinEX utilizes a con gura-
tion graphto modelgrid parametersuchasthe number
of processorghe numberof distributedclustersandthe
variousprocessingagndcommunicatiorspeedsThe par
tition graphis mappedonto this con guration graphto



accommodate heterogeneousrvironment.

Traditionalpartitionerslike METIS do not considerary

applicationlateng tolerancecapabilityto hide the detri-

mental effects of low bandwidthin grid ernvironments.

However, MinEX hasthe properinterfaceto invoke a

usersuppliedproblem-speci cfunction that modelsthe

lateng tolerancecharacteristicef the application.

To evaluate MinEX and compareits effectivenessto
METIS for heterogeneougrids, we implementeda solver
basedon the Barnes& Hut algorithm [2] for the classi-
cal N-body problem. Testcasesof 16K and 256K bodies
are solved. We simulatedifferentgrid environmentsthat
model 8 to 1024 processorgon gured in 4 or 8 clusters,
having interconnecslowdown factorsof 10 or 100. Results
shav thatMinEX reducegheruntimerequirementso solve
the N-body applicationby up to a factorof 8 comparedo
thoseobtainedwhen using METIS in heterogeneouson-
gurations. Resultsalsoshawv thatMinEX is competitve to
METIS in termsof partitioningspeed.

2 Preliminaries
2.1 Partition Graph

A graphrepresentationf the applicationis suppliedas
input to partitionersso that the verticescan be assigned
amongprocessorsn a load balancedfashion. Eachver
tex of this partition graph hasweights and ,
while eachde ned edge betweenvertices and
hasweight . Theseweightsreferrespectiely to
thecomputationdataremappingandcommunicatiorcosts
associateavith processing graphvertex. Section4.3 de-
scribeshow they arecomputedor our N-bodyapplication.

2.2 Con guration Graph

To predictperformancen a variety of distributedarchi-
tecturesa con guration graphis utilized by MinEX. This
graphde nes the heterogeneousharacteristicef the grid
andallows appropriatgartitioningdecisiongo bemade.It
containsavertex for eachcluster , whereaclusterconsists
of oneor moretightly-coupledprocessorsEdge Cor-
respondso thecommunicatiorinks betweerprocessorin
clusters and . A self-loop indicatescommunication
amongthe processor®f a single cluster All processors
within a clusterarefully connectedandhomogeneousyith
constanintra-clustecommunicatiorbandwidth.

The verticesof the con guration graph have a single
weight, , that representghe processingslow-
down for the processor®f cluster , relative to the fastest
processoimn theentiregrid. Likewise,edgeshave a weight

to modelthe interconnecslovdonn when
processorsof cluster communicatewith processorsof

cluster . If , it representshefastestonnec-
tion in the network. If , is theintra-connect
slowdown when processorof  communicateinternally
with oneanother In additionto the con guration graph,a
processoto-clustermapping determineghe cluster
associateavith processor in thegrid.

2.3 Time Unit Metrics

MInEX is uniquein thatits objective is to minimize ap-
plicationruntime. To accomplishthis goal, the application
partition graphis rst mappedonto the grid con guration
graph.Thefollowing threemetricsarethenusedto measure
computationcommunicationanddataremappingcosts:

ProcessingCostis thecomputationatostto procesver-

tex assignedo processor in cluster , andexpressed

as .

Communication Costis the costto interactwith all ver-

ticesadjacentto  but whosedatasetsare not local to

(assuming is assignedo ). If vertex is adjacent
to , while and arethe clustersassociatedvith the
processorassignedo and , this metricis given by
. If thedataof all

verticesadjacento arealsoassignedo ,

Redistribution Costis thetransmssmroverheaohsso-

ciatedwith copying the datasetof from to another

processor . Itis O if ; otherwiseit is given by
. Herewe assumehat is

in cluster while isin cluster .

2.4 SystemLoad Metrics

The following ve metricsde ne valuesthat determine
whetherthe overall systemoadis balanced:
ProcessoMWorkload ( ) is thetotal costto process
all the verticesassignedo processor andis given by
Total SystemLoad ( ) is thesumof
all processors.
Averageload ( )is
HeaviestProcessoriLoad () isthe maX|mumvaIueof
over all processorsand indicatesthe total time
requiredto procesgheapplication.
Load Imbalance Factor ( ) representgartitioning
quality, andis givenby theratio

, over

2.5 Partitioning Metrics

Thesemetricsareusedby MinEX to make decisions:
representthechangen thatwouldresult

from a proposedvertex reassignmentA negative value

indicatesreducedprocessingfter sucha reassignment.



MInEX favors vertex migrationswith negative or small
thatreduceor minimizethe overall systemoad.

is the variancein processoworkloadsandis com-
putedas . Theobjectieis
to initiate vertex movesthatlower this value. Sinceindi-
vidualtermsof this formulawith largevaluescorrespond
to severelyunbalancegrocessoraninimizing tends
to improve systemloadbalance.

3 MinEX Partitioner

The MinEX partitionerwasoriginally introducedin [6].
In this paper we presentan overview of MinEX andintro-
ducere nementsthatwe have madesincethatearlierreport.

MIinEX canexecuteeitherin a diffusive manner[4] or
it cancreatepartitionsfrom scratch[14]. The entire pro-
cessoccursin three steps: contraction,partitioning, and
re nement, similar to other multilevel partitioners. How-
ever, MinEX rede nesthe partitioninggoal to minimizing

ratherthan balancingpartitionsand reducingthe total
edgecut. In addition, MinEX allows applicationsto pro-
vide a functionto achieve lateng tolerancejf available.

3.1 Partitioning Criteria

Partitioning involves reassigningvertices from over-
loadedprocessorg ) to underloadedgro-
cessors( ). To facilitate this process,
MinEX maintainsalist of processorsortecby thatis
updatedafter eachvertex reassignmentSincea very small
subsebf processorghangepositionsin this list afterare-
assignmentthe overheadfor maintainingit is acceptable.
Any reassignmenthat projectsa negative valueis
executed.Thisis thebasicpartitioning criteria.

3.2 Reassignmentilter

The mostcomputationallyexpensve part of MinEX is
therequirementhateachadjacenedgemustbeconsidered
to determingheimpactof potentialreassignmentslo min-
imize this overheadwe have addeda lter functionto esti-
matethe effect of a vertex reassignmentOnly thosereas-
signmentghat passthroughthe Iter areconsideredn ac-
cordancewith the basicpartitioningcriteria (seeSec.3.1).
The lter utilizes edgeoutgoingand incoming communi-
cation totals of eachvertex to estimate valuesfor
the sourceand destinationprocessorg and

). Thepseudacodeshavn in Fig. 1 thendecides
whetherapotentialvertex reassignmerghouldbeaccepted.

Thereassignmentter is designedo minimizeincreases
in . It alsorejectsvertex reassignmentghat projecta
positive value. The parameteactsasa gate
to preventreassignmentthat causeexcessve increasesn

If ( ) Reject Assignment
If ( ) Reject Assignment
If ( ) Reject Assignment
If ( And )
Reject Assignment
If (
If ( ) Reject Assignment
If ( ) Reject Assignment

Accept Assignment

Figure 1. Pseudo code to determine promis-
ing vertex reassignments.

. A low could preventMinEX from nding a
balancedpartitioning allocation,while a high value could
corvergeto apointwhereruntimeis unacceptable.

Table 1 demonstrateshe effect on runtimes(shawn in
thousandn units)usingdifferent valuesin oursim-
ulationswith 16K bodies.The columnslabeled and

referto grid con gurationswith interconnecslow-
downsof 10 and100, respectiely. The con gurationtype
is UP (de ned laterin Sec.5). The processorgrealways
groupedinto 8 clusters. The table shows resultsfor grids
with 32, 64, and 128 processorsBasedon thesetests,our
simulationsin Sec.5 usea valueof 32.

Table 1. Runtimes ( ) for 16K bodies using
various values

| 10 100 10 100 10 100

0 1157 1353 907 830 606 583
2 7 1345 457 829 221 465
8 758 1347 426 813 221 465
32 760 1347 398 794 213 465
128 755 1347 402 789 204 465
512 755 1347 402 790 206 465

Table 2 demonstrateshe effectivenessof the reassign-
ment Iter for 8, 128, and 1024 processorsgroupedinto
8 clusters. The interconnecsslovdown is setto 10. The
partition graph representdN-body problemsconsistingof
16K and 256K bodies. We shav the total numberof ver
tex assignmentsonsideredTotal), the numberof assign-
mentsthatpassedhroughthe Iter (Pass),andthe number
of potentialreassignmentthat subsequentlyailed the ba-
sic partitioningcriteriadescribedn Sec.3.1 (Fail). Results



Table 2. Filter effectiveness for 16K and 256K
bodies

16K bodies 256K bodies
[ P Total Pass Fail | Total Pass Fall
8 6011 110 0 25183 222 0
128 | 19192 2562 0 51876 4608 1
1024 | 18555 2790 7 35605 12639 2

clearly demonstratehat the reassignmentter eliminates
almostall of the edgeprocessingverheadassociatedvith
reassignmentthatarerejected.

3.3 Application Interface

The partition graphis suppliedby the applicationpro-
gram while the con guration graphis createdusing Grid
InformationServiceqGIS). The MinEX functionsignature
is similarto thatof METIS andis shovn below:

void MinEX_PartGraph (nvert, *adjcy, *cwgt, *ewgt,
*vadj, *vwgt, *rwgt, *vown, *part, *ipg, *user)

nvert numberof nodesn the partitiongraph,
adjcy adjaceng list of vertices,

cwgt  outgoingedgeweights( ),
ewgt incomingedgeweights( ),

vadj offsetsinto adjcy, cwgt, ewgt for eachvertex,
vwgt  processingveights( ) of eachvertex,
rwgt  redistrilution weights( ) of eachverte,
vown original processonssignmentor eachvertex,
part  partitioninggeneratedby MinEX,
ipg grid con gurationgraph,and
user  usersuppliedoptionscontaining:
(@) value,
(b) numberof verticesin the contractedyraph,
(c) applicationlateng tolerancefunction,and
(d) diffusive or from-scratclpartitioning.

3.4 Latency Tolerance

MIinEX interactswith a userde ned function, called
MinEX_LatTol, if oneis supplied,to accountfor possible
lateng tolerancethat canbe achieved by the application.
Thisis anovel approactio partitioningthatis notemployed
by existing partitioners,ncluding METIS. The calling sig-
natureof this functionis asfollows:

double MinEX_LatTol (*user, *ipg, *tot)
user  usersuppliedoptionsto MinEX_PartGraph,

ipg grid con guration,and

tot projectedotalscomputedy MinEX containing:
(a) ,theprocessoto whichthis call applies,
(b) , thenumberof verticesassignedo ,
(c) :
(d) , and

(e)

The MinEX_LatTol function utilizes thesequantitiesto
computethe projectedvalue of , thatis returnedto
the partitioner The projectedvaluediffersfrom the
de nition givenin Sec.2.4 becaussomeof the processing
is overlappedvith communication.

4 N-body Application

The N-body applicationis the problem of simulating
the movementof a setof bodiesbasedupon gravitational
or electrostatidorces. Many applicationsin astrophysics,
moleculardynamics,computergraphics,and uid dynam-
ics canutilize N-body solvers. The objectiveis to calculate
thevelocityandpositionof  bodiesat discretetime steps,
giventheirinitial conditions.At eachstep therearea maxi-
mum of pairwiseinteractionf forcesbetweerbodies.

Of the mary N-body solutiontechniqueghathave been
proposedthe Barnes& Hut algorithm[2] is perhapsthe
mostpopular Theapproachs to approximateheforce ex-
ertedonabodyby acell of bodiesthatis sufciently distant
usingthe centerof massandthe total massin the remote
cell. In this way, the numberof force calculationscanbe
signi cantly reduced.The rst stepis to recursvely build a
treeof cellsin whichthebodiesaregroupedoy their physi-
cal positions.A cell is consideredloseto anothercell
if theratio of the distancebetweenthe two furthestbodies
in tothedistancebetweerthe centersof massof and
is lessthana speci edparameter. In thiscaseall thebod-
iesin  mustperformpairwiseforce calculationsvith each
bodyin . However,if isfarfrom ,cell istreatedasa
singlebodyusingits total massandcenterof masgor force
interactioncalculationswith thebodiesof .

In this paper we modify the basic Barnes& Hut ap-
proachto constructa novel graph-basednodel of the N-
body problemto integratethe applicationwith MinEX and
METIS. We thenruntheN-bodysolverto directly compare
the runtime effects of both partitioning schemesn a dis-
tributedgrid ervironment.

4.1 Overall Framework

At eachiterationin the N-body application,a new or
modi ed treeof cellsis recursvely constructedo allocate
the bodiesto cells. MinEX or METIS is theninvoked to
balanceheloadamongthe availableprocessorsf thegrid.
The solverthencomputeghe forces,andupdateghe posi-
tion andvelocity of eachof the bodies. The entirecycle is
repeatedor thedesirednumberof time steps.

4.2 TreeCreation

The rst stepin solvingthe N-body problemis to recur
sively build an octreeof cells. The processhegins by in-



Figure 2. A three-le vel octree and the corre-
sponding spatial representation.

sertingbodiesinto aninitial cell until it contains

bodies. The parameter is chosento minimize
the numberof force calculations. Before the next body
canbe inserted this cell is split into eight octantsandthe
previously-insertedbodies are distributed basedon their

centersof mass.Insertionof bodiescontinuesuntil one of

thecellsagainhave bodies,andthe processs re-

peated.Naturally all the bodiesresidein the leavesof the
octree.Figure2 illustratesthis concept:boththespatialand
treerepresentationareshonn. The cell's centerof masss

usedfor subsequensearche®of the octree. Traversaldi-

rectionis determinedby the octantwherea body resides
relative to this centerof mass.

4.3 Partition Graph Construction

Whenthe tree creationphaseof the Barnes& Hut al-
gorithmis nished, a graph is constructed.This graph
is presentedo the MinEX and METIS partitionersto bal-
ancethe load amongthe available processors.However,
for METIS to executesuccessfully mustbe someavhat
modi ed to anothemgraph (describedaterin Sec.4.4).
For directcomparisondetweerthe two partitioners simu-
lationsareconductedvith themodi ed graph

Eachvertex of correspondtaleafcell (contain-
ing bodies)in the N-body octreeandhastwo weights,
and . Eachde ned edge has one

weight, . Theseweights(describedn Sec.2.1)
modelthe processingdataremappingandcommunication
costsincurredwhenthesolver processes . Thetotaltime
requiredto processthe verticesassignedo a processor
musttake into accountall threemetrics. Their valuesare
setin accordancevith the formulaebelow:
isthe
numberof computationghat are executedby the solver
to calculatenew positionsof the bodiesresidingin
Here, is thenumberof bodiesin cellscloseto
and is thenumberof cellsthatarefarfrom . The
2 in the expressionrepresentshe doubleintegration of
accelerationo obtainbodypositionsatthenext time step
oncethe effectsof gravitationalforcesaredetermined.
de nes the cost of relocatingcell from one

processoto another Thus, , sinceeachof
thebodiesin  mustbemigrated.

representsthe communicationcost when
cell isclosetocell . Inthiscasethemassandpo-
sition of eachbodyin mustbetransmittedo the pro-

cessotto which  is assignedThus,

if is closeto ; otherwise,it is 0. Note thatedge
only if either is closeto or vice-
versa.Also, is adirectedgraphbecause
if ,orwhenerer  iscloseto

but isfarfrom . Wedonotmodelthecostto com-

municatethe centerof masswhen is far from
becauseeachprocessorcontainsthe tree of internal

nodesmakingthesecommunicationsinnecessary

4.4 Graph Modi cations for METIS

The METIS partitionerhastwo limitations that mustbe
addresseteforeits performanceanbedirectly compared
to that of MinEX. First, METIS doesnot allow zeroedge
weights; second,it is unableto processdirectedgraphs.
Zeroedgeweightsoccurin N-bodypartitiongraphdecause
cell beingcloseto cell doesnot necessarilyimply
that iscloseto . N-bodygraphsarealsodirectedbe-

causezdge hasweightequalto thenumberof bodies
in  whereasedge hasweightequalto the number
of bodiesin . Thesequantitiesarenotnecessarilqual.

To accommodatahesetwo limitations of METIS, a
modi ed graph is generatedhatis usableby bothpar
titioning schemes.  differsfrom in its edgeweights:

for all edges . Thisen-

sureghattheedgesn have non-zeroweights,andthat

4.5 Solution Algorithm

Theforcebetweertwo bodies(cellsif they arefarapart)

arecalculatedusingNewtoniangravitationalformulae:
Thepositionvector representsheloca-
tion of body .

The Euclideandistancebetweerbodies and is given
by .
Thegravitationalforcebetween and inthe direction

is given by

Here, is the gravitational constantwhile and
indicatethebodymasse®f and . A smallconstanis
addedto to preventdivision by zero.Body forces
inthe and directionsaresimilarly de ned.

The acceleratiornvector for is com-
putedby dividing its total forceby . It is theninte-
gratedto obtainthe velocity vector A

secondntegrationon  providesthepositionof atthe
next time step.All integrationsusetheleap-frogmethod.



4.6 Parallel Implementation

We have implementedthe N-body solver usinga mes-
sagepassingmodel. Eachprocessoicontainsthe internal
nodesof the Barnes& Hut tree so that excessie commu-
nicationis avoided. The pseudocodein Fig. 3 indicates
solver executionby eachprocessarThe stepsaredesigned
sothatthe applicationcanminimize the deleteriouseffects
of low bandwidth.Basically processorslistribute datasets
andcommunicatiorinformationasearly aspossiblesothat
computatiorcanbe overlappedvith communication.

Broadcastchangedo theBarnes& Huttree
Relocatebodiesbasedn thecomputedoartition
For eachdatasetthatis relocatedo this processor
Unpack andstorethe data
Calculate forcesbetweeriocal closecells
For eachbodyassignedo this processor
Transmit bodyandcell dataof remoteclosebodieg
For eachbodyassignedo this processor
Calculate forceswith local far cells
While morepositionandmassdataremainto bereceved
Receve positionandmassdata
Calculate forcesusingdatareceved
For eachbodyassignedo this processor
Integrate to determinenew body position

Figure 3. Pseudo code for the N-body solver
on each processor .

A reductionin communicatioris achieved by recogniz-
ing that position dataneednot be obtainedfor the bodies
thathave beenrelocatedaway from a processoduringthe
time step. Thisis becausehe solver maintainspositionin-
formationfor cells that wererelocatedin the currenttime
step. MinEX automaticallyaccommodatethis optimiza-
tion without specialuserinterfacelogic.

5 Simulation Study

We usediscreteime simulationto mimic agrid environ-
mentin which the N-body solver is executed. Communi-
cationis via messag@assingprimitivessimilar to thosein
MPI. A con gurationgraph(de ned in Sec.2.2)is usedto
modelthegrid. Testcasesontainingl6K and256K bodies
thatrepresentwo neighboringPlummergalaxiesaboutto
merge[17] areconsideredThe partitiongraphs(de nedin
Sec.2.1)for thesetestcasegespectiely contain4d563and
14148verticesand99802and236338edges.

Graphdabeled in thefollowing tablesreferto the di-
rectedgraph(seeSec.4.3) andare usedonly by MinEX.
Graphslabeled are undirected(see Sec.4.4) to ac-
commodatehe requirement®f METIS. Both MinEX and

METIS arerun on to obtain direct comparisonse-
tweenthe two partitioning schemes. The METIS k-way
partitioner with its optionto minimize edgecuts,is used.
The con guration graphis varied to evaluate perfor
manceoveraspectrunof heterogeneouyid ervironments.
The total numberof processorg ) variesbetween8 and
1024,the numberof clusters( ) is either4 or 8, while in-
terconnecslovdowns () are10 or 100. Communication
within clustersis assumedo be constant. Three con g-
urationtypes(HO, UP, and DN) are usedin our simula-
tions. HO assumeghat all processorsare homogeneous
and groupedevenly amongthe clusterswith intra-connect
andprocessinglowdown factorsof unity. UP assumegpro-
cessorsn cluster haveintra-connecandprocessingslow-
down factorsof , While DN assumegrocessorsn
cluster haveintra-connecslowdown factorsof
andprocessinglovdown factorsof

5.1 Multiple Time StepTest

This set of testsdetermineswhetherrunning multiple
time stepsarelik ely to signi cantly impactthe overall per
formance.Table3 presents (in thousand®f units) and

whenexecutingl and50time steps.Thepartitiongraph
representsl6K bodiesand the con guration type is UP,
with , ,and . Resultsshow thatrun-
ning multiple time stepshave little impact. Our subsequent
simulationghereforeexecuteonly a singletime step.

Table 3. Performance for 1 and 50 time steps

1timestep 50time steps

| Type
MinEX 398 1.03| 388 1.01
MinEX 413 1.05| 398 1.02
METIS 1630 2.16 | 1534 2.03

5.2 Scalability Test

To determinepartitionerscalability we processgraphs
of 16K and 256K bodiesusingthe UP con guration con-
taining betweenl6 and 1024 processorsvith and

. Table4 reports  (in thousandsf units) and
shavsthatscalabilityis goodto 256 processors.

Table 4. Application runtimes ( )

Numberof processors

[ Bodies | GraphType 16 | 64 | 256 | 1024
16K MInEX 1445 398 124 268
MInEX 1466 413 124 268

METIS 5330 1630 | 1395 | 1209

256K MInEX 39335 | 10187 | 2917 | 1310
MinEX 39448 | 10183 | 2927 | 1310

METIS 151983 | 38379 | 9901 | 5220




5.3 Partitioner SpeedComparisons

We then compareMinEX partitioning speedto that of
METIS for  betweenl6 and 1024, with partition graphs
representind 6K and 256K bodies. The UP con guration
isusedwith and . Resultsn Table5 shaw that
MIinEX executesfasterin the majority of caseshowever,
METIS hasa clear advantagewhen processinghe 256K
casewith . In generaltthough,we canconclude

thatMinEX is competitive with METIS in executionspeed.

Table 5. Partitioner runtimes (in secs)

Numberof processors

[ Bodies | GraphType 16 | 64 | 256 [ 1024
16K MinEX 0.20 | 0.33 | 1.09 | 2.36
MinEX 0.20 | 0.32 | 1.13 | 2.39

METIS 0.23 | 1.02 | 1.46 | 2.88

256K | MIinEX 0.53 | 0.71 | 2.27 | 9.08
MinEX 0.55| 0.69 | 2.30 | 9.17

METIS 0.49 | 0.76 | 257 | 4.18

5.4 Partitioner Quality Comparisons

Finally, we presentresultsthat extensively comparethe
quality of partitions generatecoy MinEX and METIS in
termsof N-bodyapplicationruntimes( ) andloadimbal-
ancefactors( ). Table6 presentsimulationresultsusing
partition graphsrepresentindl6K and 256K bodies. No-
tice that MinEX hasa signi cant advantageover METIS
for the heterogeneouslP andDN con gurations. In fact,
if , , and , MinEX reduces by
a factor of almost8 for 16K bodies. The improvementin

is alsodramatic. For 256K bodies,someof the MinEX
resultswith the DN con guration areworsethanthe corre-
spondingresultswith UP (seethecasesvhen and

). Thediscrepang is becaus@rocessorgicurexces-
siveidle time whenprocessinghe applicationwith the DN
con gurationsothatthe MinEX estimatesrenotrealized.

Resultsfor thehomogeneouklO con gurationsareless
conclusve. For 16K bodies,METIS is competitive with
MInEX; however, in somecasesMInEX is slightly better
(e.g., , , ). With 256K bodies,
METIS is superiorwhen or 64,and . This
is not surprisinggiventhat METIS's stratgy to minimize
the edgecut is more effective in homogeneougrids. To
improve MinEX performancen thesesituations the parti-
tioning criteriafor vertex reassignmentseed<o bere ned.
Thisis anopenresearchssuethatneedgo be addressed
oneis to build successfugeneral-purposgrid partitioners.

NotethatMIinEX runningwith graph is generallysu-
periorto runningwith graph . Thisis because mod-
elsthe solver morecloselythan does. For slow inter-
connecty ), theadvantageof MinEX over METIS

is reducedbecausehe communicatioroverheadbeginsto

dominate. If MinEX werere ned to put a greaterempha-
sisonminimizing the communicatiorcut, it couldprobably
retainmoreof its advantageover METIS in thesecases.

6 Conclusions

In this paperwe have usedtheclassicaN-bodyapplica-
tion to evaluateour MinEX lateng/-tolerantpartitionerde-
signedspeci cally for heterogeneouwdistributedcomputing
ervironments.MinEX hassigni cant advantagesver tra-
ditional graph partitioners. For example,its goal to min-
imize applicationruntimes,its ability to map applications
onto heterogeneougrid con gurations, and its interface
to applicationlateng toleranceinformation make it well
suitedfor grid ervironments.In addition,MinEX canpar
tition directedgraphswith zeroedgeweights(which occur
in graphanodelingN-body problems):a distinctadvantage
over popularstate-of-the-arpartitionerssuchasMETIS.

Extensve simulationsusing an N-body solver shaved
thatwhile MinEX producesartitionsof comparablequal-
ity to thoseby METIS on homogeneougrids, it improves
applicationruntimesby a factor of 8 on someheteroge-
neouscon gurations. The experimentsdemonstratedhe
feasibility andbene tsof our approactto mapapplications
onto grid environments,and to incorporatelateng toler
ancedirectly into the partitioningprocess.The simulations
alsorevealedissuesthat needto be addressed a general
grid-basedpartitioning tool is to be realized. For exam-
ple,thenumberof i/o channelperprocessoaffectstheac-
tualruntimeandloadbalanceof theapplication.Additional
schemesor reassigningerticesin agrid environmentmust
be exploredto achieve consistentresultsin all con gura-
tions. We areactiely investigatingheseenhancements.
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