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Abstract. Technolog for empiricalperformancevaluationof parallelprograms
is driven by theincreasingcomplexity of high performane computingerviron-
mentsand programmirg methodologes. This paperdescribeshe integration of
the TAU andXPARE toolsin the Uintahcomputationbframewvork. Performance
mappingtechniquesn TAU relatelow-level performane datato higherlevels of
abstractionXPARE is usedfor specifyingregressiortestingbenchmarksthatare
evaluaedwith eachperiodicallyscheduledestingtrial. This providesahistorical
panaamaof theevolution of applicationperformarce. Thepape concludeswith
a scalabilitystudythatshaws the benefitsof integratingperformanceechnology
in thedevelopmentof large-scalearallelapplications.

1 Introduction

Modem scientific simulationshave becone incredbly comple. It is not uncommon
for high-performancesoftwaresystemdo have largedevelopmen teamsnvolving per
sonnelacross broadrangeof expetise whowork simultaneasly on differentpartsof
thesystemlIn theseprogrammirg ernvironments,softwaredevelopersincreaingly turn
to industrialtoolsfor managiig the comgex software process. Tools for revision con-
trol, automatedesting,andbug trackirg arenow commonplae. Unfortunately tools
to help achieve the highest periormane possibleover a broad rangeof inputs and
hardware configuationsare not comnonly available. As a result,mary software de-
velopment efforts leave perfamanceevaluation and improvementuntil the end of a
long, mary-stagedevelgpmentprocessEvenif perfamanceis studiedearlyin devel-
opmen, tracking the performarce of the systemasnew feature areaddeds oftentoo
time-corsuming.While the compexity of the software devdlopmen processmayjus-
tify theseengireeringdecisiors. increasedophisticationin high-performanceparallel
softwareandplatformsrarelyrediwcesperformarce conplexity asdevelopmen anduse
of thesoftwareproeeds.

Certainly onevely seriousprodemthatarisess whendevelopersof parallelscien-
tific softwaremake designdecisiors without knowledge or undestandingof the perfa-



manceramifications Any coce decision,however localized,may have significantim-

pacton perfamanceoverall. Theseperfamanceinfluencescanbe difficult to obsere
andsubtleto undestandlIf aperfomancesngineeing methalology is notincorporated
in thesoftwaredesignanddevelopmen processit will beextremelydifficult to achiere
the high-performancegoalsof the projed over its lifetime. Moreover, if the method

ology is not adequtely suppoted by flexible androbust perfamancetools, it will be
difficult to addressall performarce prablemsthatarise.

In this paperwe repat on our efforts to integrate perfamanceanalysiscapaliities
into one suchcomple scientific software system:the Uintah Compuational Frame-
work. Thesecapabilitiessuppot a performarce engineeng methoalogy that aug-
mentsUintah’s currentsoftwaredesignprocess.We describeheUintahsystemin suffi-
cientdetailto highlight thechallenge we have facedin perfamancemeasurerantand
analysis,andin tracking maintairing, andimproving Uintah perfamance.The TAU
andXPARE toolswe developedfor Uintahperformarceengireeringarethendiscussed
in detail. We demanstratetheir benefitsto Uintah performarce analysisandimprove-
mentwith severalexanples.Finally, we outline our plansfor future work.

2 Background and Mativation

In 1997 theCenterfor the Simulationof AccidentalFiresandExplosians(C-SAFE)[2]
was createdat the University of Utah to focus specificallyon providing state-of-tle-
art, science-bsedtoolsfor the numeical simulationof accidemal firesandexplosions,
especiallywithin the context of handing andstorageof highly flammalbe materials.
C-SAFEwascreatediy the Departnentof Enegy’s AcceleratedStratgic Computirg
Initiative’s (ASCI) Acadenic Stratgic Alliance Progam (ASAP) [1].

C-SAFESobjediveis to build a prodem-solvirg ervironmentin which fundamen-
tal chemistryandengineeing physicsarecoupledfully with nortlinear solvers,opti-
mization,compuationalsteeringyisualizationandexperimentaldataveiification. Such
a systemwould allow betterevaluaion of the risks and safetyissuesassociateavith
firesandexplosions.However, the softwareneedd to model suchreal-world scientific
andengineeing problens is very comple, andis further commpunded whenmultiple
simulationcodesmustwork togethe. Likewise,achiezing high performane on large-
scalecomputersystemss a necessanbut nonttrivial goal.

C-SAFESsUintahProblan SolvingEnvironmert [4] is amassiely parallel,compe
nent-tased proldem solvingenvironment (PSE)designd to simulatelarge-scalescien-
tific prodems, while allowing the scientistto interactively visualize,steer and verify
simulationresults.Uintah is derived from the SCIRur? PSE[9-12], addirg suppat
for amorepowerful compamentmodel on distributedmemoy parallelcompuers.The
Uintah PSEis beingdevelopedspecificallyto studyinteractions betweerhydrocabon
fires, structuresandhigh-enegy materials(explosivesandpropellants),suchasthose
shavnin Figurel.

In designingthe Uintah software systemwe focusedon threeguiding properties.
First, the compleities of codecreationfor parallelmachnesshoud (asmuchaspos-

3 Pronouncd “ski-run” SCIRunderivesits namefrom the Scientific Computingand Imaging
(SCI) Instituteat the University of Utah.



Fig. 1. Visualizationof two differentsimulationsfrom C-SAFE On the left is a simulationof

a heptanefire. On the right is a simulationof stresspropagation througha block of granular
material.Eachof thesesimulationswereperformedusingthe Uintah ComputationaFramevork

andwereexecutedon 1000processors.

sible)behiddenfrom the scientist.Secondcomple simulationcompnentsdeveloped
by third partiesshoud betoolsavailablefor scientistdo emplgy. And third, thescientist
shouldbe ableto visually monitor andsteerhis or her simulationwhile it is runnng.

A softwareenvironmentthatefficiently integrateshesepropertiesinto a usablesystem
allows scientistgo effectively createandusecomplex simulatiors in aninteradive, ex-

ploratay way. The Uintah PSEis sucha system.It allows scientistsandengneersto

focuson algorithmdevelopmentanddataanalysisratherthandetailsof theundetying

softwarearchitectue, without sacrificingtheability to realizethefull potentialof large
parallelcomputers.

While Uintahis providesageneal framevorkin whichawide varety of largescale,
massvely parallelsimulationscanbe condicted,the specificprodem that hasdriven
its creationis the modding of the interactiors betweenhydrocarton fires, structures
andhigh-enegy materials(explosivesandpropellants),asshovn in Figure?2. In order
to prodice realisticsimulationsof theseprodems,we mustutilize largescaleparallel
compuersat maximum efficiengy. For thelargestsimulationswe useDOE ASCI com-
putingresource consistingof thousandof processors A typical simulationconsistof
billions of degreesof freedcbm or more.

During simulation software developmert at C-SAFE, the needfor perfomance
analysisbecane very appaent. In particular periormane measuementand analysis
toolswererequirel for threemaintasks:

1. Optimizationof codekerrelsfor maxinum serialperfamane (micro tuning.

2. Analysisof parallelexecuion bottleneck (scalabilitytuning).

3. Understading the perfamanceimpactsof code modficationsover the course of
development(perfamancetracking.

By integratingtoolsto addressthesetasksin the Uintah PSEdevelopmen processye
have createda scalablesimulationervironmentfor C-SAFE problemswhere perfa-
manceof the overall environment is high andwill not diminish unexpectedlydueto
evolution of the Uintahcoce.



Figure 2: A Typical C-SAFEProblem

3 Uintah Architecture

The Uintah PSEprovidesa compment-tasedervironment for developingparallelsci-
entific applicatios. Uintah is basedon the compaent architectue being developed
by the Comma CompaentArchitecture(CCA) Forum. The CCA Forum [3] wases-
tablishedto specify a software commnert architectue that could addresghe needs
of high-perfamancecompuing. The CCA archtectureaimsto provide higherperfa-
mance gxplicit suppot for multi-dimensionalarrays,andsuppet for parallelism.Uin-
tahis aresearctvehcle for implemering theseideasandfor exercisingtheir efficacy
on comgex scientificapplications, suchasthe C-SAFEsimulations.

Solving atypical C-SAFEprableminvolvesrunring multiple large-scalephysically
couged simulations For examge, to investigae the effects of fire on metalstructures,
afluid-dynamics-lasedcomhustionmocel mightbecoupledwith a particlebasedsolid
mechaits simulation.The simulationmodds may involve representatias of size10°
finite volume cellsand108 solid materialpoints.To hardle thelarge numter of opea-
tionsnecessaryo processuchimmensedatasetswe have desigred the Uintah Com-



putational Framevork (UCF). The UCF is the foundation upan which all C-SAFE
simulationcompmentsaredeveloped

The UCF is a set of commnentsand classesthat build on the Uintah compe
nentmodel,addingcapaliities suchassemi-autoratic parallelism,automaticcheck
point/restart,load-balancingmechaisms,resouce managerant,andschedling. The
UCF exposesflexibility in dynanic application structureby adoging an execution
modelbasedn softwareor “macrd’ dataflav. Compuationsareexpressedasdireded
agyclic grapls of tasks eachof which consumessomeinput andproducessomeoutput
(input of somefuture task). Theseinputsandoutputs arespecifiedfor eachpatchin a
structuredyrid. Tasksareorganizedin a UCF datastructurecalledthetaskgraph

In naturalagreerentwith thefundional natureof its pure macredataflav execution
model,the UCF presentsleveloperswith anabstractiorof a global single-assignment
memoy, with automaticdatalifetime mangementand storagereclamatio. Storage
is abstractlypresentedo the scientificprogammerasa dictionay mappng namesto
values.The value associateavith a namecanbe written only once andoncewritten
is communicatedby UCF to all tasksawaiting that value.Valuesaretypically array
structuredCommunicéion is scheduledy alocal schedulingalgoiithm thatappoxi-
matesthe true globally optimalcommuicationschedle. Becauseof theflexibility of
single-assignment semanticsthe UCF is free to executetaskscloseto dataor move
datato minimizefuture commnunication

The UCF storageabstractia is sufficiently high-level that it canbe mapped ef-
ficiently onto both message-psingand share-remory communication mechaisms.
Thread sharingamemoy canaccessheirinputdatadirectly, single-assignentdataflav
semanticeliminatethe needfor complex locking of values.The UCF is free to opti-
mize allocationof physical memay to minimize remotememay accessesThreads
running in disjoint addresspacesommunicateby message-gssingpratocol, andthe
UCF is freeto optimize suchcommnunicationby messagaggraation. Tasksneednot
be awareof the transpeots usedto deliver their inputsand,thus,the UCF hascompete
flexibility in controlanddataplacemento optimizecommuiication both betweerad-
dressspacesand within the sharedccNUMA memoy hierachy of the Origin 2000
(or othe SMP-basedlistributed memorysuperomputes). Solving this optimizatian
proddem for C-SAFEsimulatiors is difficult andis a subjectof ongoirg investigdion.

An exanple UCF taskgrap is shavn in Figure 3. Ovals represetntasks,eachof
whichis a simplearrayalgorithm andeasilytreatedby traditiond compilerarrayopti-
mizations.Edgesrepresehnamedvaluesstoredby the UCFE Solid edges have values
definedat eachmaterialpoint (Particle Data)anddashededgeshave values definedat
eachgrid vertex (Grid Data).Varialesderotedwith aprime(’) have beenupdateddur-
ing thetime step.Thefigure shovs a slice of the actualUintah Material Point Methad
(MPM) task graphconeernedwith adwarcing Newtonian materialpoint motion on a
singlepatchfor a singletimestep.

4 Performance Technology Integration

The Uintah PSEandthe UCF presentinterestingchallergesto perfamanceanalysis
techndogy andits integratian. Thediversity of the Uintahsoftware,including the UCF
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Figure 3: An ExampleUCF TaskGraph

middleware andsimulationcodemodues, andUintah’s portablity objectives requres
perfamanceinstrunmentationand measurem@nt tools that areboth cross-langageand
cross-platbrm. The perfomancesystemmustalsowork atlarge scalesandbe ableto
analyzeperfamancedatacaptued for the differentexecuion modes(shareememay,
messag@assingmixedmode)that Uintah suppats. Perhapshe mostimportantcon-
cernis beingableto relatemulti-level perfamancedatato the high-level taskabstrac-
tionsusedwithin Uintahfor simulationprogammingandduring executionby the UCF
for taskgragh schedulingandstoragemana@ementWithout this capability it would be
extremely difficult to pieceapartperfamanceeffectsacrosdJCF levelsandto identify
thesimulationcompneris respmsiblefor differentperformarce behaiors.

4.1 TAu Performance System

Performancetechnola@y integration in the Uintah PSEis basedon the TAu perfa-
mancesystem[7]. TAU providesrohusttechndogy for perfamanceinstrumemation,
measuremant,andanalysisfor comple parallelsystemsit targetsa generbcompua-
tion mockl consistingof sharedmemoy compuing nodeswherecontetsreside,each
providing avirtua addessspaceshareddy multiple threadsof execution. Themodkel is
geneal enoudp to applyto mary high-perfamancescalableparallelsystemsandpro-
gramning paradgms.Becausd AU enaltesperfamancanformationto be capturecdat
thenode/contet/threadevels,this informationcanbe mappgedto the particdar parallel
softwareandsystemexeaution platform under considergon.
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Figure 4: TAU PerformanceSystenmArchitectue

As shown in Figure4, TAau suppats a flexible instrumemation modelthat applies
at differentstagesof programcomplation andexecution. The instrumemation targets
multiple codepoints,providesfor mappirg of low-level executionevertsto higherlevel
perfamanceabstractionsandworkswith multi-threadecandmessag@assingparallel
compuation mockls. Instrunentationcodemalescalls to the TAu measurernt API.
The TAU measurmentlibrary implemerts perfamanceprdiling andtracing suppat
for perfomanceevents occuring at function, method basicblock andstatementev-
els during executian. Perfamanceexpeaimentscanbe compsedfrom differentmea-
suremeh modules (e.g., hardware performarce monitas) and measurerants can be
collectedwith respecto userdefinedperfamancegroups.The TAU dataanalysisand
presentatio utilities offer text-basedandgraphi@l tools to visualizethe perfomance
dataaswell asbridgesto third-partysoftware , suchasVampir[8] for sophisticatedrace
analysisandvisualization

4.2 TaAu Performance Mapping in Uintah

To evaluate the perfamanceof Uintah applicatiors, we selectvely instrumen at the
sourcelevel andthe messagepassinglibrary level. Sourcelevel instrunentationoc-
cursat subrotine and methodboundaries,aswell as at important code sectionsus-
ing TAU userdefired timers(with start/stopsemanticsjo highlight the time spentin
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Figure 5: TAu PerformanceProfilesWithout Mapping (top) and With Mapping (bottom)

groys of statementsMessagepassingnstrunentation(usinga MPI interpositionli-
brarybasedon PMPI[6]) shavs bothexecuion time spentin messageommunication
andmessagindpehaior with respecto applicatio level routines.Figure5 shawvs two
profilesof the executiontime of differen taskswithin the UCF's parallelschedulefor
anMPI-only run. Thedisplayswerecreatediy TAU's parallelprofile visualizer Racy
which canshaow full prdfile detailsacrossall thread of execuion. Here,theright views
shaw the detailedperfomanceprofile on “n,c,t (node,contet,thread 0,0,0 (i.e., MPI
processwith rank0). Theleft views shaov performarce for all of the MPI processem
bamgraphform.

To generatehetoptwo views, we placednstrumemationin theMPISdedulerclass
andtheMPl library. Clearly, TaskexecutiofMPIScheduler:execue()] (greerbar)takes
up asignificantchurk of the overall executiontime, 79.91% of thetotal (exclusive) on
MPI process0. Thetime spentin MPI Waitall() andMPISdedule::gatherRarticlesis
alsoof significarce,but theotherroutinesareof lessconsegence Unfortunately these
toptwo views give only arough brealdown of UCF perfamanceWhile it is important
to seea high percemageof time beingspentexecuing tasks whatthe scientistwantsto
know additiorally is thedistribution of the overall taskexecuion time amory thediffer-
enttypesof tasksperformed.While moredetailedinstrunentation(usinguserdefinel
everts andtracing canshav eachinstanceof taskexecutio, standardnstrunentation
mechamsmshave no meango identify tasksemanticgi.e., from whatsimulationcom-
ponent the taskswere produced) To understandTAU's solutionto this problem, we
needto describehow UCF operats in moredetail.



During thecompuation,mary individual particlesarebeingpartitionedacrosgro-
cessingelementgproesseor thread) andworked on by the simulationcompnents
represeted in the taskgraph. As work is perfamedon the particles,a taskinstance
is createdandschedied. Eachtaskinstancecorrespadsto somesimulationoperatio
(task),suchasinterpdating particlesto the grid in the Material Point Method,andits
execution is contwolled by its taskgraph depenlenciesWe cangive eachtaskinstancea
name(e.g, SerialMPM::interpolateRrticlesToGrid) thatidentifiesits domain-specific
characterin the compuation (i.e., its specific simulationtask relatiorship). The the
numter of tasktypesis finite andis typically lessthantwentyin Uintahapplicatias.
In contast,therearea large nunber of taskinstancesreatedandexecued during the
compuation. Theassociatiorof atasktypewith ataskinstanceoccus atatime differ
entfrom whenthetaskinstances finally schedied andexecued.

Thus, to provide the desiredperformane view, we mustmapthe perfaomanceof
eachindividual taskinstanceto the tasktype to which it belong andthenaccumiate
the performane dataat the tasklevel. Using TAU’s SemanticEntity, Associationand
Attributes(SEAA) modelof perfamancemappirg [13], we form anassociatiomuring
initialization betweeratimer for eachtask(thetasksemantientity) andthetaskname
(its semanticattribute). Then,while processingeachtaskinstancein the schedulg a
methodto querythe taskname(storedwithin the taskinstanceobject)is invoked and
the addresof the taskname(a static charactesstring)is returned Using this address,
we do anextemal maplookup (implementedasahash-tale) andretrieve theaddres®f
thetimer object(i.e., a runtime semanticassociatioh Oncethetimeris known, it can
be startedandstoppedarownd the codesegmern thatexecuteghetaskinstance.

Thebottomtwo viewsin Figure5 shav theresultsof thistaskmappirg perfomance
analysisin Uintah.Clearly, thereis a significantbenefitof the SEAA apprachin pre-
sentingperfamancedatawith respecto high-level semantic®f the Uintahapplication
The perfamanceof all five simulationmodelcompmnents(i.e., tasks)arenow clearly
distinguisted in the profile. With the generatia of eventtracesthe berefits are even
moredranatic asthis taskmappng allows distinct phasesf computationto be high
lightedbasedn tasksemanticsThis canbe seenin thetracevisualizationin Figure?.
Although we arelooking at individual taskinstancedeing executed,the color-coded
mappirg allows usto view their performane dataat a higherlevel.

4.3 Performance Experiment Reporting and Alerting

With theintegration of perfomancemeasuremnt suppot in the Uintah softwaresys-
tem comesthe ability to analyzeperfamancethroughou Uintah’s developmen life-
time. Typically, perfaomanceanalysisis dore ad hoc, at the convenierce of the devel-
oper andonly whentime permits.Whensuchperformancepracticeis appliedacross
a large, multi-personeffort suchas C-SAFE, the resulting “performanceportfdio”
becones scatterecandtendsto repat perfamanceinformationonly after significant
stageof developmenthave beenacconplishedandsoftwarecomnitted. Thedownside
of sucha performane methalology is a disenggemen of performarce knowledge
from key software designdecisions.The goal of our work is to moretightly coule
the repoting of perfamanceexpearimentationresultswith timely softwaretestingand



alertingto perfomanceproblans. We have createdhe XPARE (eXPerimentAlerting
andREpoting) systenfor this pumpose.

TheUintahsoftwaresystemwasengireeredvith aregressiontestingharnesso reg-
ularly evaluatecorrectress At thesetimes,minimal performarce bencimarkingwould
be condictedto deternine if total executian time was seriouslydegrackd. If so, the
testerwould notify softwaredevelopers,but left it up to themto manually run specific
instrumenedteststo investigatavherethe perfamanceproblens lay. The XPARE sys-
temaugnentstheregressiortesterto condictarange of perfamanceexperimentswith
fully-instrumenteadode modules.Multiple experimentscanbecondictedwith different
instrumemationlayoutsto exerdse differen coderegionsandbehaiors. The TAU per
formancetools are usedfor measuremant and analysis, allowing execttion time and
hardware statisticsto be usedto constructa complee perfamanceportrait.

Oncethe performarce experimentshave beencondicted, XPARE will autorati-
cally interrogatethe perfamancedatato determire notonly if theoverall codehasrun
for longerthanexpectedbut alsowhichtasksandprdfiled proceduresrepotentialsus-
pects.XPARE accomfishesthis by applyirg alerting“rulesets” (performarce differ
encethreshdds) to a historical,multiple experimentperfamancedatabaseExperiment
setscanbe selectedy the userfrom the datatasefor evaluaion. For eachexperiment
set,specificperformarce datacanbe choserfor analysis Perfomanceregressiontest-
ing is thendoneby compaing the currentperfamancewith thatin the expeimentset,
usingthealertingrulesetsconstructedy the userto detemine performarceviolations
worthy of repat.

TheXPARE systemarchitectueis shavnin Figure6, with images of theweb-kased
interfacesfor experimentselection perfamancedataselection,andrulesetdefinition
As alsoshawn, resultsof regressionanalysisareautomaticallyrepatedto the software
developers,who canexplore the perfomancedatamore fully throudh the perfomance
repoter, whetheror not significantperfamanceshiftshave beendetectedBecauséahe
perfamancedatabaseontairs prior performane history, a panagamicview of perfa-
mancecharge canbe scrutinizedbasedhot only on codealteration but alsoplatform
choiceof compiler, differentoptimizations, andotherperformane factors.

By schedling regular performarceregressiortests perfamanceknowvledgecanbe
closelylinkedwith the Uintah softwaredevelopmet cycle. Currently we useXPARE
to run weekly perfomancetestsof small to mediun-scaleexperiments,and montHy
evaluatins of full-scaleexperiments Thegeneal constriction of XPARE will allow it
to easilyexterd to changsin the Uintah codebaseandto incorpaatenew simulation
compmentsasthey becomeavailable.

5 Performance Studies

Contemyraryefforts in gatheing performane datahave focusedon function by func-
tion analysis. C-SAFE hastaken the somavhat novel appgoachof gattering perfa-
mancestaticson analgarithmic basis.This appoachprovidesfour majorbenefits.

1. Dueto theuseof thetaskabstractionn the UCF, it is straightfowvardto manually
insertthe profiling codeat onelocationin the codeto capturedataon the perfa-
manceof all tasks.
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Figure 6: XPARE SystermArchitectue and Tools

2. Theperfomancecharactasticsof eachof thealgorithmic taskss clearlydisplaye
in relationto the othersimulationtasks.

3. Scientificporogammes areallowedto focus onmaking periormaneimprovements
atanalgorithmic level.

4. Uintah Computatioal Framevork developerscaneasilyfind perfamancebottle-
necksthatarenot directly associatedvith application codes(e.g.;MPI comnuni-
cations taskschedulingpverhead.anddatal/O).

Thefirst stepin optimizing Uintah softwarewasto manually instrumen the code
basewith hooks to the TAU system.The eventiracesgereratedwerecorvertedto the
Vampirtracedataformat andvisualizedusingVampit Figure7 depcts oneof thefirst
visualizatiors of an early versionof the Uintah coderunning an MPM simulationon
32 processors.The figure shows six time stepswith the black lines betweerthe time
stepsdepictingthe large MPI comnunicatiors necessaryo transmitbourdary data.
Listedontheright handsideof thewindow areeachof the specifictasks delineatedy
major software compmnent(e.g.; SerialMPM,MPMICE, DataArchver, Contact,etc.)
followedby specifictaskname(e.g.;compueStress&nsorreloateRarticles,etc.)Each
task canbe color codedto easilyview its locationin the time line. On the left hard
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Figure 7: MPM SimulationPerformance(TAuU /Vampir)

sidearerows displayingtime lines for eachprocessrunring in parallelon individual
processorsin this simulationrun.

Whenfirst viewed, this diagam provided a nunber of “Aha!” insightsabou the
geneal behaior of thesimulation Thesensightsincluded uncerstanding

1. theloadimbalaneswe wereexperiencingwith arudimentaryloadbalarcer;

2. thatthecompueStess€nsortaskconstituteda large pottion of theexecutian time;
and

3. that therewas a significantamouwnt of MPI overheaddistributed throughou the
compuation.

Figure 8 is a zoamed-inview of a singletime stepin the MPM Simulation.This
view providedinsightinto the parallelizationof eachof thetasksin a singletime step.
It alsoprovided uswith avisualfeedbak for how the processorsvherelining up and
how muchwork eachwasdoing

Similarly, Figure 9 depictsfive time stepsof the “Arches” fire simulationwithin
the UCF. Thisfigure portrays explicitly how muchtime is beingspentin the“pressure
solving” portion of the simulation.(The pressuresolve calculation utilizes a PETSc
linearsolwer) Figure10is a closeup view of the PressueSolve taskwithin thetime
stepandrevealsthat a major portion of the solver’s time is spentin MPI calls. This
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Figure 8: MPM Simulation(SingleTime Step)

visualizationhasled to focusing perfamanceenhanementresouceson deternining
thebestway to usePETScsolvers(including exploring differentpre-canditioners).

Oncecandidatdasksareidentifiedaspotential performane bottleneks, thetasks
areinspectedrom bothanalgoiithmic view andfrom animplementationview. At this
point, it is sometima necessaryo perform additioral fundionalinstrumemationof the
code We usedthis methal of perfamanceanalysisfrom late 2000 throughthefirst half
of 2001to investigde perfamanceproblansin the Uintah software. This leadto the
parallelscalingimprovemerts seenin Figure 11. Successie lines on the graphshav
the perfamanceimprovenentsafterfinding andfixing perfamancebottiene&s.

After directingour efforts at improving the Unitah scalability up to 2000 proces-
sors,our focuschangdto otheraspect®f codedevelopmen. It wasat this poirt that
we recoqnizedthe needfor the XPARE system.Onceimplemened, it hasallowedus
to monita the perfamanceof individual simulationpiecesin addtion to the overall
perfamance XPARE hasbeendevelopedwith the goal of keepingthe Uintah system
efficientaswe expard the systemandaddnew features.

6 LessonsLearned and Future Work

The integration of performarce measuementin the UCF schedulingcompnenthas
beenextremely usefulin exposirg bottleneck and inefficiencies. While the perfa-
manceanalsis thusfar hasmainly beendonepost-nortem, Uintah apgications will
beincreasigly adaptve in the future andwill requre UCF to implemen dynanically
adjustingschedling policies.We planto develgp online perfamancequely andfeed-
backcapabilitiesin TAu thatwill suppet adapive Uintahexecutian. Also, to enharce
online performarce analysis,we are developing a runtime infrastricture to visualize
dynanmic, large-scalgerfamancedatausingthe SCIRunvisualizationervironmer.
We will alsocontirue to build on the succes®f perfomancemappng in Uintah
to attribute executian costsfrom the simulationconponen parts.We have recetly
encounteredthe needfor moreflexible perfomancemappirg specificatiorthatallows
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multiple mappngsattributions (e.g, for mappirg execuion costsfrom compmentparts
to higher-level tasksandpatches}o be active simultaneosly. The current rudimentary
meango suppot thesemappngswill beimplementedin more robustformsin thenear
future. Not only is the UCF atarget for performarceintegration,but theindividual sim-
ulationcompmentscanberefit from performarceanalysisWe will beginto work more
closelywith thedevelopersof C-SAFEsimulationcompmnentsoftwareto integrateper
formancemeasuremant,analysis andregressiontestingin their codes.

With thecompletia of amixedmode UCF implemeniationwill comethe needfor
perfamanceanalysisof integratedmulti-threadedandmessage-dsedexecuion. While
preliminary testshave demamstratedTAu’s ability to obsere threadandcomnunica-
tion evertsin mixedmodeUintahexecuion, it will beimportari to develop techniques
for cross-mde sharingof instrumemationinformation sothatintegrative perfomance
mappirg andanalysiss possible.
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We will greatlyenhame the existing protaype XPARE systemto play anincreas-
ingly importantrolein Uintahsoftwareperfamancesngineeng in thefuture. In partic-
ular, we will concetrateon XPARE's perfamancedatabaewhichis currenly imple-
mentedn anadhocmannerTheTAu projectis building aperfamancedatalaseframe-
work (PerfDBF)thatwill be employed by XPARE for moreflexible cross-e&periment
dataqueryandanalysesPerfDBFwill allow for the setof analysisoperatims to be
easilyextended by UCF andsimulationcompamentdevelopers.XPARE'’s alertingand
repoting tools canthenincorporatetheseexpardedanalysisoptiors to constrict more
sophisticatehresholdunctionsandperfomancedataprocessindor gereratingperfa-
mancereports.
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