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1. Intr oduction

The Centerfor ComponentTechnologyfor Terascale

SimulationSoftware(CCTTSS)is dedicatedo acceler APDEG

atingscienceby bringinga“plug-and-play”styleof pro-

grammingto high-performancecomputing. Through S"&Cet:r:ed

our progrgmmlngmodel called the CommonCompo- Eqn Solver GComponent

nent Architecture (CCA) [1, 2], we candramatically Tops LComponent

reducethe time and effort requiredto composeinde- TTSS
pendentlycreatedsoftwarelibrariesinto new terascale Optimization ~|CCTTSS U”SI‘\;IUC‘;"“
applications. We have two major early-adoptersof Component Comssnem
our technologyin the applicationareasof comhustion

andquantumchemistry A third applicationgroup,the Profiler Cluster
CommunityClimate SystemModel, hasCCA-enabled Component Infrastructure
prototypesandare planningto adoptthe CCA. By de-

sign, the customersacrificesalmost no performance PERC S8

whenusing CCA components Moreover, components
that are written in variouslanguagessuchas Fortran
C++,andPython,all work togethettransparently

The CCTTSScenterwas formedaroundthe grass
rootsCommonComponen#rchitecture(CCA) Forum,
alreadyin existencefor threeyearsprior to the startof the SciDAC initiative. The purposeof the CCA
andthetools provided by the CCTTSSis to bring the softwarecomponenparadigmto high-performance
computing therebyreducingbarriersto scientificsoftwarereuseandenablingscientistdo bemoreproduc-
tive whenconstructingheir codes.This modeof programmings commonin industry, but washeretofore
unknown in high-performancecientificcomputing. The CCA effort distinguishesitself from thosein the
commercialsectorbecauseave addresshe challengesssociatedvith maintaininghigh performancework
with a broadspectrunof scientificprogramminganguagesndcomputerarchitecturesandaim to ensure
thatthe DOE investmenin legag/ codess presered.

' Figure 1.1: Diagramshowing the relationshipof
the CCTTSSto otherSciDAC ISICs andkey in-
teractions.

1.1 CCA Usagein SciDAC Applications

Thevision behindthe CCA specificatioris to ensurghatcompositionof compliantcomponentsvill yield
truly “plug-and-play” applications.If a scientificprogrammefrfollows the “rules” that arelaid out in the
CCA specificationpr useghetoolssuppliedby the CCTTSS thentheresultingcomponenis guaranteetb
work with ary otherthatis alsoCCA compliant.This paradigmenablesa fundamentashift in the software
developmentprocessRatherthana handfulof ‘hero’ programmergreatinga monolithic executable mary
developersand domainexpertscan collaboratvely contribute componentswhich canthenbe assembled
andreusedn productionscientificsimulations.

Nothing illustratesthis vision betterthanthe software“facility” beingdevelopedby the SciDAC ap-
plication center A ComputationaFacility for ReactingFlow Science(CFRFS)[3], led by H. Najm. Just
asphysicallaboratoriesupplyscientificfacilities to visiting researcherssothis facility of CCA-compliant
softwarecomponentgrovidesthe building blocksof comhustionsimulations.As shovn by thewiring di-
agramin Figure 1.2, investigatorscancomposeaapplicationsrom thesetools andaddmorecomponent$o
prove ascientificpointor otherwiseincreasehevalueof thefacility.
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In additionto this work, CCTTSSresearchersre collaboratingclosely with applicationscientiststo
createmassvely parallelsimulationcodesin theareaf quantumchemistryandclimatemodeling.

1.2 The CCA Model and Terminology

A CCA components a pieceof working software(a few subroutinesa library, evena whole application),
which is packagedasa unit thatadherego the CCA specification. The currentversionof the CCA spec-
ification is availablevia [4]. We oftentalk aboutprogrammingnterfacesn a genericsenseput the CCA
alsousesthe terminterfaceto referto domain-specifistandardgshat componentsanimplement. A key
concepin CCAisthenotionof ports, whicharespecificinterfaceghatareexchangedvhencomponentgre
connectedTheseconnectionsrealwaysmadebetweera providesport anda usesport. A CCA framavork
is the hostingruntimeenvironmentwherecomponentsrecreatecandmanaged.

How componentbehae at runtimeis differentfrom the usualbehaior of structuredor object-oriented
programming.WhenCCA componentsre createdthey know only how to communicatewith the frame-
work. They postwhatportsthey provide, whatportsthey use,andwait. If thecomponentareconnectedy
somethird party (typically the user througha GUI or script),andcommandsareinvokedon themthrough
their providesports, the componentacquirewhatever usesportsthey previously posted(if ary), service
thecommandandreturn. Hence,eachcomponenis written to dependonly on explicit standardnterfaces
(ports),never namingor knowing the underlyingsoftwareon which they arerelying, only the standardhat
oneusesandthe otherprovides.

1.3 CCA TechnologyDevelopment

To enableCCA-compliantapplicationgto function properly the CCTTSSis addressinga numberof chal-
lenging researchyuestions.In particular we are pursuingongoingwork in framewvork andinfrastructure
development(including languageanteroperability),scientific componentlesign,and paralleldataredistri-
bution.
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Frameworks and Infrastructur e. The CCTTSSmaintainsthreeframavorks, eachof which explores
differentareasof scientificcomputing. Ccafeine [5] concentrate®n the Single ProgramMultiple Data
(SPMD) paradigmandmassve parallelism,while XCAT [6] supportddistributedcomputing,emphasizing
Grid support.SCIRun[7] supportshoth parallelismmodelsto someextentbut alsohandlesmulti-threaded
cases Becauseapplicationscientistausea variety of programminganguagesthe CCA hasbeendesigned
to be languageneutral. Our Scientific InterfaceDefinition Language(SIDL) [8] and associatedompilet
Babel[9], allow components$o bewritten andusedfrom ary of C, C++, Python,andFortranwith minimal
performancecosts.Chasm[10] is a setof automatidanguagdransformatiortools that easethe burdenof
developingcomponent$rom existing code.

Scientific Components. As apartof its mission,the CCTTSShasdevelopedproductioncomponentshat
areusedin scientificapplicationsaswell asprototypecomponentshataid in teachingCCA conceptsThis
work hasbeenrecognizedasone of the “Top Ten ScienceAchievementsin 2002” by the DOE Office of
Sciencd11]. Thesefreely available componentsncludevariousservicecapabilities tools for meshman-
agementdiscretization linear algebra,integration, optimization, parallel datadescriptionand redistriku-
tion, visualization,andperformancevaluation.To definecommoninterfacedor mesh-basedcientificdata
managementhe CCTTSSis collaboratingwith domainexpertsin two SciDAC IntegratedSoftwarelnfras-
tructureCentergISICs),namelythethe Terascal&SimulationToolsandTechnologiegTSTT) ISIC[12], led
by J. Glimm, andthe Algorithmic and SoftwareFramevork for Applied PDES(APDEC)ISIC [13], led by
P. Colella. Thesedata-centricomponentsvill definethe parallellayoutof dataacrosgprocessorandform
thelingua francafor othercomponentshat manipulatethe data. We arealsoworking in conjunctionwith
the Terascal®ptimal PDE Simulationg TOPS)ISIC [14], led by D. Keyes,to definecomponentnterfaces
for linear, nonlinear andoptimizationsolvers.Figurel.lillustratessuchinteractionsamongSciDAC ISICs
from the CCTTSSperspectie.

“MxN” Parallel Data Redistribution. A commonbarrierto scientificsoftwarereusds adisparatauinder
lying modelfor how datais distributedin memoryby differentcodes MxN toolsprovide the basicfunctions
for exchangingparalleldata,including describingandregisteringthe data,creatingconnectionswith par
allel “communicationschedule$,andthenactuallytransferringparalleldataelementsamongcomponents.
This basicyet challengingwork will bethe foundationfor a suiteof modelcouplingcapabilitiesjncluding
spatialandtemporalinterpolationand unit corversions. Suchmanipulationof paralleldataalso enables
Parallel RemoteMethod Invocation(PRMI), whereinthe input and outputargumentsto methodcalls can
themselesbedistributeddataobjects.

CCA Outreach Activities. Much of the CCAs successhus far is due to the outreachdone by the
CCTTSSin the SciDAC and larger computationalsciencecommunity During the pastyear we con-
ductedeight tutorials in four time zonesand have provided extensive documentatioron our web site,
http://cca- fo rum. org .

1.4 Benefitsfrom SciDAC

The CCA reapsatwo-fold benefitfrom the SciDAC initiative: acceleratindpoththerateof CCA technology
developmentandtheinsertionof this technologyinto massvely parallelscientificapplications.

Internally, SciDAC hascatalyzeda looseconfederatiorof grass-rootsnterestsinto a coherentteam.
Before SciDAC, we hadbeensharingideas.Now, we aresharingcode,co-developingsoftware,andclosely
coordinatingefforts. Integrationof our previously disparateefforts is a recurringthemethroughoutthis
review document.
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Externally SciDAC’s emphasi®n verticalintegration— infrastructurampactingapplicationsandap-
plicationseffectively leveraginginvestmentsdn infrastructure— hascreatedan ideal ervironmentfor the
CCA. The CCA existsto achieve vertical softwareintegration,thoughits membergendto expressthis as
“softwarereuse. After oneyearof funding, CCA componentandinfrastructureareusedin two major Sci-
DAC applicationsnumerousCCA-compliantapplicationcomponentfiave beendevelopedanddeployed,
andthe underlyinginfrastructurds maturingandestablishingtself in the SciDAC scientificcommunity



2. Progress Application Impact, and Future
Plans

2.1 Frameworks and Infrastructur e

Coordinator: G. Kumfert(LLNL)

CCA frameworks are the foundationof CCA componeniapplications. The frameavorks effort of the
CCTTSSproposalis aguablythe mostspeculatie of the facetsof the project,simply becausdhereis no
prior artfor componenframewvorksin high-performancecientificcomputing.

Given the speculatie natureof this effort, progressto datehasbeenremarkablycloseto, and often
exceeding,expectations. Of the threeprimary goalsfor a CCA componentframeavork to satisfy[15] —
supportfor the SPMD paradigm,distributed computingvia the Grid, and commodityarchitecturege.g.,
EnterpriselavaBeand16, 17], CORBA [18-21],Microsoft COM [22, 23], or Microsoft . NET) — we have
completedhefirst, demonstratethe secondandarewell-positionedfor thethird.

2.1.1 Framework Implementations

The CCTTSSsupportghreeframenorks, eachwith its own specialtiesandpurpose Linkagesamongthese
framewvorksprovide afull complementf featuredo work undervariousapplicationscenariosOf thethree,
Ccafeine[5] is mostproductionorientedandbestpositionedfor mostterascalesimulations asit supports
the SingleComponenMultiple Data(SCMD) paradigmwhichis the componentinalogof the SPMD pro-
grammingstyle. By comparisonXCAT [6] is the mostexperimental emphasizinglistributedcomputation
acrosgheGrid. SCIRun[7] combinesaspect®f theothertwo, supportingexperimentaimodelsof handling
distributedSPMD components.

We discusseachof the frameavorks separatelyn Sections2.1.1.a-2.1.1.candwe thendiscusscurrent
efforts for interoperabilityamongthe framewvorksin Section2.1.1.d.

2.1.1.a Ccaffeine- SCMD Framework

Investigators: B. Allan, R. Armstrong(SNL)

Progressto Date. Ccafeine hasseena substantiabmountof use,technicaldevelopment,and usability
improvementssincethe baginning of SciDAC. In additionto the improvementsin servicesfor scientific
componentdistedin AppendixA.1, advancesn the framework itself arenotevorthy. Of particularimpor
tanceis Ccafeine’s new anduniqueability to handlemultiple typesof componentsjependingonwhich (if
ary) languageénteroperabilitytool is used.This capabilitysprangrom theinnovationthatthe CCA design
patternis separatdrom the specificatior{24].

Originally, Ccafeinewasa C++ only tool; following the original C++ CCA specificatioris now called
Classic Duringthelastyear Ccafeinealsoimplementedgsupporffor SIDL components— allowing compo-
nentswrittenin ary Babel-supportethnguage.This is now the strictly CCA-compliant(but not exclusive)
way to useCcafeine. The original Classichinding continuego supportClassiccomponent$or backward
compatibility. A third mode,supportingautomaticallycodegeneratedhasmcomponentsvasaddedmost
recently As ChasmandBabelcontinueto coordinatetheir efforts, however, the needfor Chasmasa sepa-
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ratebindingfrom SIDL is expectedio go away. Translatiorserviceshave beenimplementedsothat Classic
componentandSIDL componentganinteroperate.

Ccafeine alsotracksthe CCA specificatiormostcloselyasit continuego evolve. Recentadditionsof
BuilderServicesTypeMaps,and AbstractFrameorks have all beenimplementedand enableCcafeine to
presenitself asacomponento externalframeavorks. Discussiorabouthow this featurewasdemonstrated
at SC2002follows in Section2.1.1.d. The framavork canbe usedserially or on a parallelmachineusing
MPI [25] or PVM [26] in ary of threemodes:interactively with a GUI, interactively ata commandine, and
in batchmodeusinga scriptderived from the first two modes.Thewiring demoin Figurel.2(page3) is a
screenshodf Ccafeine’s GUI in action. Additionally, Ccafeine canbe usedentirely asa library to allow
usersto scripttheir own framework actionsin Pythonor C++.

Impact on Applications. Ccafeineis currentlyin useby a numberof applications,ncluding comhus-
tion simulationswithin the ComputationaFacility for ChemicallyReactingFlow (seeSection2.4.2.a)and
a quantumchemistryapplicationusing prototypeoptimizationcomponentgrom the TOPSISIC (seeSec-
tion 2.4.2.b). Ccafeineis the framavork thatis usedfor the CCA tutorial hands-orcodes,andalmostall
userswho areinterestedn the CCA for SPMD-like parallelcomputingusuallystartwith this framework.

2.1.1.b XCAT - Grid Framework

Investigator: D. Gannon(lU)

Progressto Date. XCAT [6] is an implementationof the CCA specificationthat runs on distributed,
heterogeneou&rid platforms. The emeging Grid middlevare standards basedon Web Serviceg[27],
whichis a port-basedrchitecturdor couplingclientsto senersoverthelnternet. This standards supported
by mary major industrial concernsincluding IBM, Microsoft, Oracle, SUN, Intel and others. This web
servicesstandardvasalsoinfluencedby the CCA, andthereis a naturalmappingof CCA conceptsnto the
webservicegnodel[6]. TheGlobalGrid Forumis alsoextendingthewebservicesstandardo supportGrid
applicationshasedon the OpenGrid ServicesArchitecture(OGSA)[28-33].

The CCA componenmodeladdresseapplicationconstructiorby componentomposition.Many of the
resultingapplicationgunin SPMDmodeon scalableparallelsystemsHowever, by design thereis nothing
in the CCA specificationthat limits applicationsto beingonly SPMD. This allows CCA applicationsto
be built from componentsunning at differentlocationson the network. It also allows arbitrary OGSA
web servicesto be usedas componentsn a CCA application,andit allows CCA applicationsto appear
asfirst-class,remoteservicesto desktopweb-servicestandardcompliantframevorks suchas Microsoft's
.NET.

Impact on Applications. In adistributed,multi-scalesimulationof the semiconductofabricationprocess,
several existing parallelsimulationswere“wrapped”’asXCAT CCA component$32]. Thesecomponents
wererun on differentremotehosts,and CCA portswere usedto move databetweenrnthe simulations.Ad-
ditionally, XCAT hasidentified a new project for creatingan infrastructurefor combining severe storm
modelingwith on-line sourcesof weatherdata. We expectto increaseemphasisn scienceapplicationsas
Grid standardsvolve and XCAT matures.
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2.1.1.c SCIRun - ConcurrencyFramework

Investigator: S. Parker(UU)

Progressto Date. SCIRun[7] is themostestablishedramewvork in the CCTTSS;it is usedby a handful
of governmentagenciesseven external universities,andfive corporations. The SciDAC elementof this
project hasfocusedon core CCA standardsjncluding how to implementthe CCA standardn a multi-
threadedcontext aswell asinteroperabilityvehicleswith XCAT andCcafeine. The CORBA concurreng
servicesened asa startingpoint, but several areashave beenidentifiedthat needextensionin supportof
scientificcomputing. Most recently SCIRunhascontributeda prototypesystemthatimplementsparallel
dataredistribution andParallel RemoteMethodInvocation(PRMI) (seeSection2.3 for moredetails).

Impact on Applications. The currentSCIRundistribution predategshe CCA, andis not generallyinter-

operablewith Ccafeine andXCAT. SCIRun2 however, will bea CCA complaintframevork. SCIRun2is

alreadyunderdevelopment,incorporatingSCIRun,Uintah [34, 35], and multi-threadedCCA prototypes.
SCIRunis currentlyusedfor fire simulations comhustionmodeling,remotevisualization bioelectricmod-
eling, atmospheridiffusion,electricalimpedancaomographychemicalengineeringcardiacdefibrillation
design,cell biology, medicalimaging, andgeophysicakciencesimulations. We are optimistic aboutthe
CCAsimpacton applicationswith theroll-out of SCIRun2.

2.1.1.d Frameworks Inter operability

TheCCA s genericenoughto supportSPMD, distributed,andmulti-threadedpplicationsasdemonstrated
by the CCTTSS’ portfolio of framewvorks. This providesconsiderabldlexibility to users,andmary chal-
lengego framavork creatorsparticularlybecauseve wantthe framavorksthemselesto beinteroperable.

At SC2002we demonstratea proof of conceptby connectingCcafeine and XCAT for a comlustion
application.Ccafeinewasusedto composendrun parallelhigh-performanceomhustionsimulationsand
XCAT providedthe connectvity for the simulationto be accesse@sa Grid resource.Plansfor continued
progressn frameavork interoperabilityarediscussedh Section2.1.4

2.1.2 Languagelnter operability Tools

Thereare two main languageinteroperabilityefforts in the CCTTSSthat fill two very different niches.
Babel[8] is anIDL-basedtool thatsupportsC, C++, Python,Java, Fortran77 andFortran90.Chasm10] is
anautomaticparsingtechnologythatconnectsC++ andFortran90.

2.1.2.a SIDL/Babel
Investigators: T. Dahlgren,T. Epperly G. Kumfert(LLNL)

Progressto Date. During thepasteighteermonths Babelhasbeenadoptedasthe CCA's standardnech-
anismfor languageinteroperability thus making it anintegral part of the CCA. The increasedattention
within the communityhasresultedin a significantincreasen the needfor fine-tuningandhardeningBabel
in additionto addressingesearchmeeds.

Our primary technicalaccomplishmentsver this period are (1) the additionand hardeningof client-
sideJava, (2) theadditionandhardeningof client- andsenersidePython,(3) theadditionof Phasd client-
and sener-side Fortran90support,(4) significantimprovementsin supportof multi-dimensionalarrays,
(5) supportfor reentrantand unversionedpackages(6) the ability to generateSIDL ExtensibleMarkup
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Language(XML) encodedinterfacespecificationsand (7) the addition of language-neutrasupportfor
overloadedmethodnames.

Impact on Applications. ThefirstimpactBabelhadto makeunderthe SciDAC initiativewasto introduce
Babelinto the CCA frameworks. Althoughthe Livermoreteamparticipatedn the CCA Forumfrom its in-
ception,the Babeltool wasnot beingusedin framewvork developmentwhen SciDAC started.Thus, at the
Fall 2001CCA meeting,we urveiled Decaf[36, 37] asthe first Babel-enabled CA compliantframework.
Ccafeine addedBabelsupportshortlythereafterreusingmostof the Decafimplementatiorin the process.
XCAT and SCIRunhave morecomple distributedcomputingfeaturesthat Babelmustintegratefirst, be-
fore thesetwo frameaworks canlogically adoptBabeldirectly, thoughsomeprototypingwith SCIRunis in
progress.

Next, Babelhadto impactcomponentvriters. Thishappenedery quickly afterDecafhadbeernreleased,
andCcafeineannouncedhtentto supportBabel. At SC2001Babelwasnotusedin ary of the CCA demos.
By SC2002 practically half of the CCA demoswererunningBabelizedcomponentsn Ccafeine. All of
the scientificcomponentdevelopedat Argonnethat had initially beenwritten in the so-called“classic”
stylehave now beenrewritten asSIDL componentsin addition,collaboratorswithin the Terascaléptimal
PDE Simulationg TOPS)SciDAC Center(PIl: D. Keyes)have adoptedSIDL for definingnew interfacedor
numericalsoftware.

Fortran90: A Mid-Course Correction. Supportfor Fortran90hasexceededall initial expectationsof
scopejmportancejmpact,andcompleity. Theinitial proposakasuallyiists Fortran90supportasa second
yeardeliverable[15, pg 23]. At thetime, the thoughtwasthat this would be of moderatémportanceand
thata minimal connectvity solutionwould be sufficient. As the SciDAC communitystartedforming, we
quickly beganto appreciatqgust how mary SciDAC applicationsarewritten in Fortran90,andhow mary
SciDAC mathandCSlibrariesarenot. Furthermorestartingwith anopenemailto the CCA from Randall
Bramley [38], the CCTTSSbhecameéncreasinglyawarethatwe hadunderestimatethe numberof Fortran90
featureghatwerecommonlyusedin scientificprograms.

Correctie actionis alreadywell underway We maintainconstantinteractionwith the Chasmteam
andotherinterestedpartiesthrougha mailing list dedicatedo CCA/Fortran90issues.We have rolled out
our initial vision for Fortran90support,but now referto it merelyas“Phasel.” We have alreadyreceved
valuablefeedbackirom the community andwe have implementedmostof it asPhasdl in our upcoming
release.Contraryto the original proposal,we seeFortran90developmentcontinuingfor the foreseeable
futurein thisiterative andcommunalefinemenfprocess.

Open Babel: A Mid-Course Correction. As originally conceved, Babelwasto be an easy-to-usdool
with aninput grammar(SIDL) anda collectionof backendcodegenerators As Babelgainedacceptance,
it also accumulatedhigh expectations,and even SciDAC collaboratorsinterestedin doing researchon
SIDL/Babelitself — including applying SIDL/Babelto problemsotherthan (or only loosely relatedto)
languagenteroperability

OpenBabel[39] is an effort to engagea communityof developersto contributeto Babel's continued
succesandincreasedliversity. Therehave beentwo meetingssofar dedicatedexclusively to Babeldevel-
opmentissues.We have definedthreelevels of Babeldevelopment:Core,ExtensionsandDialects,which
clearly definelevels of interoperabilityguaranteedby Babelaswell asflexibility for independentesearch
on the partof the developercommunity Babel Extensionds thetargetlevel that bestallows new features
to be “plugged-in” to Babelwhile still maintainingBabel’s interoperabilityguarantee.This effort is still
very muchin theformative stagesfocusingon community ideas,andconsensu$uilding. Actual software
contributionsarejustappearingpnthehorizon.
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2.1.2.b Chasm

Investigators: M. Sottile,C. Rasmusse(LANL)

Progressto Date. Unlike mary otheraspectof the CCA, Chasmdid not exist before SciDAC funding
initiated. Chasmis a compilerbasedresearctprojectthat parsesexisting C++ and Fortran90sourcefiles,
automaticallygeneratingbindingsbetweenC++ functionsand Fortran90procedures|t alsocreatesCCA
component®ut of existing Fortranfiles. As mentionedn Section2.1.1.a,supportfor Chasmhasalready
beenaddedin Ccafeine. Recently Chasmhasaddedthe capabilityto generateSIDL files from existing
sourcecode.TheseSIDL files canthenbeusedby Babelto generatdanguagebridgingfiles.

Theprimaryfocusof Chasmwithin the CCA is to provide ease-of-uséoolsto helpapplicationdevelop-
erstransitionto component-baseapplications.Thefirst releaseof Chasmprovideda C library thatallows
native-languagearraysto be passedas function parameterbetweenC++ and Fortran90. For example,a
C++ programmeusingthis library cancreatea C++ arrayclassandthenpasshis classto Fortran,whereit
is interpretedasa Fortran90assumed-sha@eray

Impact on Applications. The Chasmteamworks with Fortran applicationdevelopersto define CCA

Fortranbindingsthatappeamaturalto FortranprogrammersThis work hasalreadyaffectedandcontinues
to influenceBabel’s own Fortran90bindings. Babelalsoplansto reuseChasms infrastructurefor portable
Fortran90arraydescriptommanipulation.

2.1.3 ComponentRepository and Software Deployment
Investigators: T. Epperly(LLNL), B. Allan (SNL), B. Norris (ANL)

Progressto Date. The CCA andthe CCTTSSemphasiz¢he runtimeinteroperabilityof software which
is animportant but notexclusive sourceof softwareincompatibilities.Anothersourceof incompatibilitiesis
how softwareis packagedandbuilt. This effort focuseson definingstandard$or describingdocumenting,
anddistributing componensoftwarein source-codéorm to helpaddresghis secondsourceof difficulties.
Threemajorthrustsin this arenacoverimmediateneedsaswell aslongertermgoals.

The short-termeffort hasfocusedon usingan existing tool called RedhatPackageManager(RPM) to
generatdRPMsfor the Ccafeine frameavork, Babel,andvariouscomponentslemonstratedt SC2002(see
Section2.2.2).We planto makethesepublicly availableon the CCA website[40] by earlyMarch, 2003. It
is importantto stresshowever, thatRPMsarea stopgapmeasureandnot along termstrateyy for all future
distributionsof componentechnology

Ourlong-termeffortsin this areahave focusedon developmentof an XML descriptionof acomponent
andupdatingour prototypecomponentepository Alexandria[41].

Impact on Applications. Giventhe early stageof the CCA, activity is focusingon framewvork andcom-
ponentdevelopment.As emphasishiftsto managinga large collectionof existing componentsywe expect
this areato have a substantialmpact.In the shortterm,we expectthe RPMsto provide the mostaccessible
meansfor beginnersto explore CCA componentechnology Alexandriaand XML encodingswill bethe
focusfor productionuseof CCA technology

2.1.4 FuturePlans

Future R&D efforts for Framevorks are summarizedon Table 3.1 (page29). The primary focus of all
framework actiity is to completeinteroperabilityefforts thatarealreadyunderway
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1. Wewill specifyaremoteinteroperabilitynetworkprotocolthatwill serne asthefoundationfor remote
methodinvocationbetweenwo component®n dissimilarframevorks andmachines.This protocol
will becompatiblewith standardvebservicegrotocols but have extensiondor high performance.

2. We will delivertoolsto transformSIDL interfacespecificationsnto running softwarethat connects
componenportsfrom differentframevorks usingthe aforementionegrotocols.

3. We will work with the MxN groupto ensurethat this setof protocolsandtools supportsthe MxN
parallelcouplingmodelsthatthey arespearheading.

Babeland Chasm. Chasms sourcecodéo SIDL capabilitiespromiseto lowerthe barrierfor componen-
tizationof legagy codes.Chasms Fortran90infrastructurewill bereusednsideBabelto bolsterits own. At
this point, a Chasmusermusthandedit Babel-generateonplementatiorfiles to connectto existing library
code.In time, this lasthand-editingstepwill notberequired.

Ccaffeine. In the nearfuture Ccafeine will be upgradedo include rendezwusof multiple instancesof
itself to form multi-SPMD programs.This capabilityis very muchin demandn the climate community
whichis the CCA's next big applicationseffort.

2.2 Scientific Components

Coordinator: Lois CurfmanMclinnes(ANL)
Leader of Scientific Data ComponentsWorking Group: Lori FreitagDiachin(SNL, formerly ANL)
Investigators: SeeAppendixA for thedevelopersof variouscomponents.

Beforewe canbegin to realizeour vision of interoperable&eomputationakciencecomponentsywe must
addresamary difficult researchissues. We employa four-prongedapproachto scientificcomponentde-
velopment,namely(1) definingdomain-specifiénterfacespecificationghroughcollaborationswith other
SciDAC centers(2) developingasuiteof parallelscientificcomponents{3) collaboratingwith applications
scientiststo evaluateand extend theseinterfacesand componentsand (4) exploring researclissuesthat
areuniqueto the DOE computationakcienceervironment,including quality of serviceissuegelatedto ro-
bust, efficient, andscalableperformance We beganthe SciDAC initiative with a strongfoundationfor this
work in theform of rich paralleltoolsthat alreadyusedabstractionsn their design. This sectiondiscusses
progresgiuringthe pasteighteermonths.

2.2.1 Common Interface Development

The developmentof commoninterfacesthat a large numberof tools supportis critical to the notion of
“plug-and-play”scientificcomputingfor which the CCTTSSis striving. Commoninterfacesareespecially
importantfor scientificdatacomponentsasthe interfacesfor numericaltools andapplicationcomponents
oftenincludea certaindegreeof specificityof the datastructuresisedasinput andoutputarguments.Over
the pastyear we have workedwith domainexpertsin the TSTT [12] and APDEC [13] ISICsto develop
commoninterfacedor two broadareasof scientificdatacomponentsnamelya descriptorfor densearrays
distributedacrossthe processorsf a parallelcomputer(seeSection2.2.1.a)andinterfacedfor structured,
unstructuredandadaptire meshaccesgseeSection2.2.1.b).Thesaedata-centricomponentsvill definethe
parallellayoutof dataacrosgprocessorandform thelinguafrancafor othercomponentshatmanipulatehe
data.More recently we have alsobegunto work in conjunctionwith the TOPSISIC [14] to definecompo-
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nentinterfacedor linear, nonlinearandoptimizationsolvers.In addition,we engagehe high-performance
scientificcommunityat large to participatein similar dialoguesn their particularareasof expertise.

2.2.1.a Distrib uted Arrays

In scientificsimulationson parallelcomputersarraysthataredistributedacrosshe memoryof themachine
area widely usedabstraction.At the sametime, differentcodesoften have their own distinct way of im-
plementingthat abstraction.The DistributedArray Descriptor(DAD) interfacewasdevelopedto facilitate
interoperabilityamongcomponentsitilizing thedistributedarrayabstractiorby providing a “commoncur-
reng/” throughwhich componentsan describe exchange,andaccesdistributedarraysin a way thatis
independenof the underlyingimplementation.

Theinterfacespecificatiorwasdevelopedby a sub-groupof the CCA Forum’s ScientificDataCompo-
nentsWorking Group over the courseof approximatelya yeatr The designtook into consideratiormary
distributedarray implementationsincluding High Performancd-ortran (HPF) [42, 43], PETSc[44, 45],
LAPACK [46], KeLP[47], P++[48], the Global Array Toolkit [49-51], and others. The resultingdesign
drew particularlyon the HPF distributedarraymodel,which wasdeterminedo provide a supersebf capa-
bilities providedby mostof the otherdistributedarraypackages.

Basedon the group’s design,David Bernholdt(ORNL) produceda referenceimplementationof the
interface,the Distributed Array DescriptorFactory (DADF) componentwhich wasfirst usedin demon-
strationapplicationsshovn at SC2001.The DAD interfaceandthe DADF referencamplementatiorhave
beenusedbothto allow interoperabilityof componentdasedn existing softwarewith differentdistributed
arrayimplementationsandasthe basisfor the developmentof new capabilities. The “MxN” paralleldata
redistritution effort (seeSection2.3) hasdevelopedinterfacedor that problemin which distributedarrays
describedusingthe DAD aretheinputandoutput. Similarly, the Global Array Toolkit hasbeenadaptedo
usethe DAD asits primaryinterface— not simply to describeexisting distributedarrays but to actuallyuse
the DAD representatioto createnew distributedarrays(seeSection2.2.2).

The original DAD interfacewas designedbefore Babelwas matureenoughfor routine use,so Wael
Elwasif(ORNL) andDavid Bernholdt(ORNL) arein theprocesf adaptingheoriginal specificatiorto an
appropriateSIDL variant,whichwill becoméhestandard The DADF referencemplementationis likewise
beingupdated.

2.2.1.b Computational Meshes

In conjunctionwith the TSTT and APDEC ISICs, we have workedto createcommoninterfacesthat are
appropriatdor therepresentatioof structuredunstructuredandadaptve meshesAs with the Distributed
Arrayseffort, our focusis the definition of accessomterfaceghat provide the functionality neededy ap-
plicationprogrammersndependenodf therepresentatioin the underlyingimplementationThe challenges
inherentin this type of effort includebalancingthe performanceof theinterfacewith the flexibility needed
to supporta wide variety of meshtypesandthe desireto keeptheinterfaceminimal sothatit is simpleto
implementandadopt.

In ourwork with the TSTT interfacedefinitiongroup,we have focusedorimarily on accessingieometry
andtopologyinformationfrom both structuredand unstructuredstatic meshes.To provide the flexibility
neededo supportawide arrayof meshtypes,accesgso informationis providedthrougha numberof differ-
entmechanismskor example,carewastakento ensurghataccesso coordinateandadjaceng information
in the meshwasprovided on both an entity-by-entitybasisby usingiteratorsof opaqueobjectsandfor the
entiremeshat oncethrougharraysof doubles.All implementationg@rerequiredto supportboth modesof
accessalthoughit is recognizedhatonly onestyleis typically native to theunderlyingsoftware.Implemen-
tationsof this specificatiorareunderwayat LLNL (for Overture[52]), PNNL (for NWGrid [53]), RPI (for
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AOMD [54]), SNL (for MDB/CUBIT [55]), andANL (for a simpletriangularmesh). A TSTT-compliant
meshcomponentvasfirst usedanddemonstratedor SC2001for solving simple PDE-basedpplications
andcontinuegdo beusedanddistributedaspartof the CCA tutorial. Additional efforts thatusethisinterface
areongoingat SUNY Story Brook aspartof the Frontier[56] meige with variousTSTT meshgeneration
technologieandaspartof the MESQUITEmeshqualityimprovementtoolkit [57].

In addition, in April of 2002, the CCA hosteda joint meetingwith the APDEC and TSTT Centers
to definea commoninterfacethat supportsthe particularneedsof StructuredAdaptive Mesh Refinement
(SAMR) datastructuresThe primarygoalof thisinterfaceis to allow the multiple toolsthatimplementthis
techniqueto exchangedataanduseeachother’s solversandpre-andpost-processingpols. For example,
in the comhustionapplicationdescribedreviously, the useof Chombo[58] solvers(developedat LBNL)
is critical to the long term succes®f the project,anda commoninterfacethat allows accesgo themneeds
to be developed. At this meetinga preliminaryinterfacewasadopted,anda referencamplementationis
currentlyunderwayat LBNL.

2.2.2 Prototype Components

As apartof its mission ,the CCTTSShasdeveloped(internallyandthroughcollaborationhigh-performance
productioncomponentghat are usedin scientific applicationsas well as prototypecomponentghat aid
in teachingCCA concepts.A commonthemein this work is combiningapplication-specificomponents
(which are further discussedn Section2.4) with more general-purposenesthat can be reusedacrossa
rangeof applicationsThesefreely availablecomponentincludevariousservicecapabilitiestoolsfor mesh
managementliscretizationlinearalgebra,ntegration,optimization,paralleldatadescriptionandredistri-
bution, visualization,graphicalbuilding, andperformancevaluation. We have alsodevelopeda variety of
component-basestientificapplicationghatdemonstrateomponenteusabilityandcomposabilityinclud-
ing several that employ domain-specifidnterfacesthat are being definedby CCA working subgroupgor
scientificdataandparalleldataredistritution. Several of theseapplicationssolve PDE-basedanodelsusing
eitheradaptve structuredmesher unstructurednesheswhile otherssolve unconstraineaninimization
modelsthatarisein computationathemistry

Thiswork hasbeenrecognizedchsoneof the“Top TenScienceAchievementsn 2002 by the DOE Of-
fice of Sciencq11]. In addition,thesecomponentandapplicationswhich we demonstratedtthe SC2001
and SC2002conferencessene aspartof CCA tutorial materialand provide a startingpoint for interfaces
with several scientificapplications.All of thesesampleapplicationsemploythe Ccafeine[5] framawvork,
andtwo or moreapplicationge-usdn differentcontexts eachof thecomponentsighlightedin AppendixA.
Thesecomponentfeverageandextendparallelsoftwaretools developedat differentinstitutions,including
CUMULVS [59-62], Global Arrays [49, 50], GrACE [63], CVODES[64], MPICH [65], PETSc[44, 45],
PVM [26], andTAO [66, 67].

To facilitate the exploration of CCA technologyby potentialnen userswhile requiringa minimum of
installationeffort, we arereleasingLinux binary and sourceRPMs for thesecomponentsaind supporting
infrastructure(seeSection2.1.3). We provide highlights of someof thesecomponentsn Appendix A;
seg[40] for the completecomponensuite,includingsourcecodeanddocumentatiowia the RPMs.

2.2.3 Impact on Applications
2.2.3.a Numerical Componentsin Molecular Geometry Optimization

An importantgoal of our projectis to assurehat scientificcomponentsareinteroperableableto deliver
high performanceand usefulto real applications. As discussedn Appendix A, the GlobalArray  and
TaoSolver componentoffer complementangcapabilitiesto their applications:the GlobalArray  com-
ponent(PNNL), which is basedon the GA library [49, 50], managedistributedarray dataand provides
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linearalgebraoperationswhichtheTaoSolver componenfANL) canusewithin advancedalgorithmsfor
unconstraine@ndboundconstrainedptimizationproblems;TaoSolver is built ontop of the Toolkit for
AdvancedOptimization(TAO) [66, 67]. Underthis project,additionallinearalgebreoperationsvereadded
to GA asneededby TAO. As a benchmarkand interoperabilitytest, we ran a Lennard-Jonesnolecular
dynamicsoptimizationproblemon the Dell Linux/IA32 andHP Linux/IA64 clusterat PNNL. The perfor
manceresultsindicatedvery good scaling(a simulationof 12,000atomsyielded a speedugpof 7.860n 8
processorsand negligible overhead(lessthanone percent)whenusingthe nenvly developedcomponent
interfaceghatemploySIDL.
Furthermorewe are collaborating

with chemistsat PNNL and SNL to Chemistry - -

. . Driver »  Tao Solver »| Global Arrays
incorporatethese componentsin the .

optimizationof moleculargeometries, NW:hem

which is a central function of quan- Model Adapter {

tum chemicalcalculations.To provide v —L
chemistswith an unprecedentedevel oo M\Zfﬁ:eLi
of flexibility in determiningmolecular - k]
structures,we are using the CCA to MPQC NWChem (L/ﬁ

link theNWChem[68] andMPQC|[69,
70] quantumchemistry codes,which
provide high-performancenegy, gra- Figure2.1: Component-basedholeculargeometrycomputations.
dient, andHessiancomputationswith Gray componentsan be swappedn to createnew applications
the TaoSolver optimization compo- with differentcapabilities.

nentaswell aswith the linear algebra

capabilitieswithin componentsuilt on the GA and PETSclibraries. Figure 2.1 depictsthe components
involved,wherethe componentbasedon NWChemandMPQC areinterchangeablegsarethosebasedon

GA andPETSc. Futurework will refinethe optimizationand chemistryinterfaces gxamineperformance
issuego understandvhenthe useof TaoSolver is preferredover existing functionality within NWChem

andMPQC, andexplore more complex optimizationproblemssuchasprotein/ligandbinding studies.See
Section2.4.2.bfor furtherdetails.

2.2.3.b Scientific Data Componentsin Combustion Applications

To demonstratéhe feasibility andutility of usinga component-baseapproacho scientificcomputingwe
have developedseveralapplicationghatsolve PDE-baseanodelsandoptimizationproblems.In theareaof
scientificdatacomponentevelopmentpourwork with the ComputationaFacility for Reacting-low Science
(CFRFS)[3], a SciDAC applicationproject,is of particularnote. The overarchinggoal of this centeris to
developa component-baseolkit for flamesimulations andthe datacomponentisedin thesesimulations
is basedon the structured,adaptvely refinedmeshesprovided by the GrACE library [63]. As described
in AppendixA and[71, 72], the componentnterfacesemploytwo primary abstractionsa GridHierarchy
which is a collectionof hierarchical,nestedCartesianpatchesthat provide increasedmeshresolutionin
regions wheresimulationvariablesare changingrapidly, and DataObjectswhich manipulateapplication
field data.

Themodelof incorporatinghesedatacomponentsvith othersfor time integrationaswell chemicaland
physicalmodelshasworkedextremelywell for thecomhustionapplicationghatareimportantto the CFRFS
center Already a numberof component-basesimulationsof flame-likereaction-difusion systemsusing
numericalschemesvith differentaccurag andstability characteristichave beenimplemented.Runson
32 processorareroutine,and performancedatashows that the component-baseithplementatiorhaslow
overheadandis scalablg71, 72]. SeeSection2.4.2.afor furtherdetails.



2. PROGRESSAPPLICATION IMPACT, AND FUTUREPLANS 15

2.2.3.c Interactions with the TSTT, APDEC, and TOPS SciDAC Centers

In additionto working directly with applicationsgroups,anothemrimary mechanisnfor CCA impacton
applicationgs throughcollaborationsvith numericatool developerdn the TSTT, APDEC,andTOPSISICs
to definecommoninterfacesandcomponenimplementationgor meshmanagemenanddiscretizationas
well aslinear, nonlinearandoptimizationsolvers.Our goalis thatthesenew interfacesandcomponentgan
eventuallybeemployedby scientistavhoin turndirectly collaboratewith thesemathematicgenters.

For example,asdiscussedn Section2.2.1.b,we have workedwith domainexpertsin the TSTT and
APDEC centergo definecommoninterfacedor accessingneshgeometryandtopologyinformation. Pro-
totype CCA-compliantimplementation®f the TSTT meshinterfacehave beenusedto solve simple PDE-
basedapplications Theseapplicationgprovide proof-of-principledemonstrationsf the usefulnes®f com-
ponentsin scientific simulationsandare usedfor teachingCCA conceptsas part of our outreachtutorial
efforts. In additionto developingsimpleapplicationghatarecompliantwith commoninterfaceswe have
createdsophisticatechydrodynamicsand comhustion applications,as discussedn Section2.2.3.b. This
effort hasenabledusto evaluateCCA technologiedor performancendease-of-useén complex PDE-based
applicationspoth of which arecritical for theacceptancef the CCA by DOE applicationscientists.

In thelong term,the TSTT and APDEC commonmeshinterfacesand prototypeimplementationsvill
be further developedto supportsophisticatedl STT meshmanagementools suchas Overture (LLNL),
NWGrid (PNL), and AOMD (RPI). Whenthesetools comply with a commonsetof interfacesthey will
be able to be usedinterchangeablyn an applicationthat is also interfacecompliant. This will enable
applicationscientiststo easily experimentwith differentmeshtypesto determinewhich is the bestsuited
for the physicsof a particularapplication. Relatedsoftwaresuchas discretizationlibraries, partitioning
tools,andvisualizationtoolswill alsobecoménterfacecompliant,sothata suiteof usefulcomponentsvill
beavailablein a plug-and-playfashion.

We arealsocollaboratingwith colleaguesn the TOPSISIC to defineinterfacedor linearandnonlinear
solvers,eigensolers,and unconstraineénd constrainedptimizers. While this effort is morerecentthan
themeshinganddiscretizatiorprojectsdiscusse@dbove, progreshasalreadybeenmadein exploring some
early prototypesthat use SIDL asthe interfacedefinition language.A goal of this work is to provide a
simple approachfor accessinghe full rangeof TOPStools that provide particularfunctionalities. For
example, TOPSlinear solver softwareincludesthe packagesypre (LLNL) [73], PETSc(ANL) [44], and
SuperLU(LBNL) [74]. We planto experimentwith newly developedcommoninterfaceso TOPSsoftware
in a variety of applications,including a SciDAC fusion simulationunderdevelopmentby the Centerfor
MagneticReconnectiorstudies(CMRS, PI: A. Bhattacharjeg]75].

In addition,asaninitial exercisein applicationcodecoupling,which is of strongimportanceo TOPS
fusion collaboratorsn the CMRS andthe SciDAC Centerfor ExtendedMHD Modeling (CEMM, PI: S.
Jardin)[76], we planto explore usingthe CCA to aid in the partitioningand coupledsolutionof a multi-
componenPDE model. We expectthatthis projectwill revealissueghatneedto be addressetbr multiple
physicscodecouplingin morecomplex simulations.

2.2.4 FuturePlans

Futureresearctanddevelopmenfactiitiesfor scientificcomponentaresummarizedn Table3.2 (page30).
Throughongoingcollaborationavith otherSciDAC mathematiceindapplicationsentersye will continue
to evaluate,extend, and refine the first-generationcomponentsievelopedthus far; see Appendix A for
highlightsof future plansfor particularcomponentsWe alsowill developnen componenfunctionalityfor
multi-threadingJoad redistritution, computationabkteering,andfault tolerance.Seethe original CCTTSS
proposal15] for furtherdetailsregardingthis plannedwork.

Anothernew areaof future work focuseson investigatingguality of service(QoS)issuedor numerical
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componentsComponentechnologyfacilitatesthe developmentof novel algorithmswherechoicesamong
severalfunctionally equivalentcomponentganbe madedynamicallybasedon runtimeconditions.For ex-
ample,it might be possibleto selectat runtimeamonga variety of preconditioneKrylov methodsbased
on problemsize, memoryavailability, robustnessequirementsetc. While componenttandardsnakeit
possibleto, at leastformally, re-useevery possibleimplementatiorof a certaincomponentypein a given
program,mismatchesould occurbetweenthe needsof a client componeni{for example,high accurag)
andthe capabilitiesof a sener componen{for example,low accurag). To supportthis dynamicbeha-
ior, animportantresearchissueis the specificationof the QoS characteristicsequiredof and provided by
componentsWe will developmechanismsgor specifyingandpredictingthe QoScharacteristicef parallel
numericalcomponentswherewe definetheseasthe accurag, robustnessperformanceandscalability of
thecomponentSeg[77] for adiscussiorof preliminaryQoSwork. We will alsocollaboratewith thePERC
SciDAC centerto investigatehow QoSspecificatiormechanismsantakeadwantageof PERCperformance
toolsfor runtimeperformanceredictionandadaptation.

The CCTTSSplaysanessentiatole in cross-cuttingntegrationactivities amongotherSciDAC groups
by layeringandadaptingthe work of othercenters.In particular we will continueto collaboratewith other
SciDAC teamsto extend existing parallel softwarelibrariesto use componentechnologyandto develop
additionalcomponentsThis componensuitewill provide basicfunctionalityneededy arangeof simula-
tions, including comhustion,fusion, chemistry andclimate,andwill sene asatestbedor framevorksand
relatedinfrastructure This componensuiteis in nowayintendedo provide the only implementatiorof ary
particularfunctionality. Ratheranimportantfacetof ourapproachnvolvesdialogueamongthe community
to definedomain-specifiénterfacesNow is thetime for suchactiities; multiple toolsalreadyexist, andwe
canexploit their differencesandleveragetheir commonaltiesWe expectthatthis work will improve tech-
nologytransferamongDOE laboratoriesandacademiasincescientistswill beableto incorporatahelatest
computationatesearchmethodologiedf softwareprovidesstandarchooks. In addition,academicshould
find it easierto incorporateDOE testproblemsto motivatetheir researctandto evaluatethe performancef
newly developedalgorithms.

2.3 Parallel Data Redistribution and Model Coupling

Coordinator: JamedA. Kohl (ORNL)

Investigators: David Bernholdt{ORNL), RandyBramley (Indiana),Pat Fasel(LANL), KateKeahg (ANL,
formerly LANL), JamedKohl (ORNL), JayLarson(ANL), SueMniszenski (LANL), StevenParker(Utah),
Reid Riventurgh (LANL).

A coreproblemfacedby mary high-performancecientificsimulationss the coordinatiorof distributed
dataamongtasksexecutingin parallel. Dataare oftendividedinto subsetsaandscatteredr copiedacross
setsof parallel processeso improve communicatiorpatternsandlocality of accesdy remotetasks. The
detailsof this datadistribution are often speciallycateredo eachgivenalgorithm. In a component-based
simulation the paralleldatadecompositions further subdvidedwithin the context of specificparallelcom-
ponents.Eachparallelcomponenfunctionsasits own parallelprogram,andconsistsof a “cohort” of like
componentnstancespreadacrosghesetof parallelSCMD (SingleComponenMultiple Data,thecompo-
nentanalogof SPMD) processeskFor parallelcomponent$o cooperatén a given simulation,the cohorts
mustbe able to shareand exchangeparallel data. Suchscenariognclude coupledparallel models,data
extractionfor interactive visualization,andcheckpointingor automatedault recovery.

We refer to this challengeasthe “MxN” (pronounced'M by N”) problem,indicatingthat a cohort
runningon“M” processorsnustsharedatawith anothercohorton“N” distinctprocessorsyhereM andN
donotmatchin cardinalityor topology. An exampleof this concepis illustratedin Figure2.2. Eachcohort’s
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datadecompositiormustbe decodedo map dataelementsn onecohortwith correspondingelementsn
the companiorcohort. Becauseachparallelcomponentandistributedatain a uniqgueway suchmappings
canrequirecomple redistribution operationsandtranslations.

The CCA is developinggeneralizegaralleldataredistriku-
tion toolsto alleviatetheinherentcomplity in composingpar
allel components. Genericinstrumentationcan describeeach
componens paralleldata,andthenbe appliedto transparently
executea variety of dataexchangeoperationsat run time. Be-
yondthesefundamentaparalleldataredistritution capabilities,
additionaloperationganbeconcatenatedsingadditionalcom- | “M”
ponent‘filters” for spatialandtemporalinterpolation,unit con-
versions gtc.

Another relatedbut distinct issueariseswhen setsof co-
operatingparallel componentsnvoke methodson eachother Figure2.2: "MxN” Parallel DataRedis-
referredto as Parallel RemoteMethod Invocation(PRMI). No  tribution
well-definedsemanticsxist for the wide rangeof parallelin-
vocation possibilities. Methodscould be invoked with serial or parallel callersand callees,to perform
coordinatedparallel operationsor elseto independentlyupdatestatein parallel. Suchinvocationscould
requiredataargumentsor returnresultsaseitherserialor parallel(decomposedjataarrangements.

SupportingPRMl is a problemuniqueto the CCA. Commerciakomponensystemssupportonly serial
RMI, having no needfor the addedcomplicationsof massve parallelismandthe SPMD model. The CCA
programmingmodelrequiresnew semanticspolicies,andcorventionsfor invoking parallelmethodsand
appropriatelycommunicatingunction agumentsand results. Synchronizatioris alsoa fundamentaton-
cernwith PRMI, to ensureconsistentnvocationorderingandthe coordinationof paralleldataarguments,
aswell asto avoid deadlocksaandhandlevariousfailure modes.

2.3.1 MxN Parallel Data Exchange

Much progresshasbeenmadeto dateby the CCTTSSwith respectto MxN technology rangingfrom
the developmenbf generalizedpecificationgo the implementatiorof multiple practicalcomponent-based
MxN solutions. Two main existing softwaretools were appliedto defineand generalizethe operations
involvedin performingparalleldataredistritution— CUMULVS (ORNL) [59—62]andPAWS (LANL) [78].
PAWS is built on a “point-to-point’ modelof paralleldatacoupling,with matching“send” and“receive”
methodson correspondingidesof a dataconnection.CUMULVS is designedor interactive visualization
and computationakteering,and so provides protocolsfor persisteniparallel datachannelswith periodic
transfersusinga variety of synchronizatioroptions.A generalizedxN specificatiorhasbeendeveloped
thatcoversbothof theseconnectiormodelswithin a singleunifiedinterface.

The MxN interfaceincludessereral methodshat definethe key operationsn performingparalleldata
exchange Parallelcomponentganregistertheir paralleldataby providing a handleto a “DistributedArray
Descriptor”interface(seeSectionA.4). Registrationprovidesthe basicinformationaboutary distributed
datadecompositiorand indicatesthe availableaccessnodesfor MxN transfers.Parallel “communication
schedules’can be definedthat map elementsfrom one dataobjectto another Theseschedulesare then
appliedto defineMxN “connections”using a variety of synchronizatioroptions. MXxN connectionsan
sene either“one-shot"transfersor persistenperiodictransfershat proceedautomaticallyevery few itera-
tions. Eachindependenportion of atransferis initiated whenaninstanceof the parallelcohortinvokesthe
dataReady() method,ndicatingthatlocal datais consistenand“ready” for thetransfer

MxN transferscanbe initiated by eitherthe sourceor destinationcomponentsor by athird party con-
troller. Therefore heithersideof anMxN connectiomeedbefully awareof the natureof ary connections.
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This situationgreatlyexpeditestheincorporationof existing parallellegag/ codesnto the componenervi-
ronment.Decisionsaboutthe connectvity of paralleldataobjectscanbe madedynamicallyatrun-time,as
no fundamentathangedo thecomponentodearenecessary

Basedonthisgeneralizedpecificationtwo distinctcomponenimplementationfiave beenconstructed,
onebasedn eachof the original tools (CUMULVS andPAWS). Thesecomponenthave beenutilized in a
variety of experimentalcomponent-basedpplicationswith demonstrationat SC2001and SC2002.Both
the CumulvsMxN and PawsMxN componentgun single threaded. LANL's PawsMxNcomponentwhich
exists astwo pieces(senderandrecever), operatessynchronoushand provides parallel datatransfer A
simple“ping-pong” demonstratiomf this componentwvasmadeat SC2001.ORNL' s CumulvsMxN compo-
nentprovidesa discovery nameservicethatallows componentén the sameor differentframewnorksto find
eachotherand coupletogetherusingthe MxN interface. CumulvsMxN hasbeenprimarily usedto gather
paralleldatafieldsfor visualization.Threedifferent CCA componentpplicationdemonstrationsisedCu-
mulvsMxN at SC2001[79], to displaydatabasedon rectangulameshesunstructuredectangulameshes,
andunstructuredriangularmeshegusingORNL's VizProxy front-endviewer componentalsobasedon
CUMULYVS). In addition,the University of Utah hasdevelopedexperimentalMxN componentechnology
usingSCIRunfor visualizationandcomputationasteering.

2.3.1.a MxN and Combustion Simulations

In collaborationwith the CFRFS[3] SciDAC project,work is currentlyin progresgo utilize an extended
CumulvsMxN componenfor couplingparticle-basedlatafields to comhustionsimulations.This modified
versionof CumulvsMxN usesa ParticleCollectionFactory (seeSectionA.4) to describea particle
containerandits encapsulatedatafields. Note thatfundamentallythereis little in comlustionsimulations
themselesthat canbenefitfrom MxN coupling,asthe solutionalgorithmsof the PDEsrequirethatthey
work with local datawith the barestminimum of ghost-cellupdates.However, this view ignoresadaptie
chemistryandpost-processing.

Thebulk of the simulationtime in comhustionis spenton chemistry A detailedchemicaltreatments
appliedat every point, regardlesof its necessityOnecanadapt/simplifythe chemistrydependingiponthe
stateat a point; further, oncesimplified, the chemistrydoesnot changevery quickly in time. The process
of simplifying chemistryis complicatedandtime-consumingdout only needsto be doneinfrequently Fur
ther, post-processingf comhustiondataposesa few challenges Most post-processingndcomputational
geometryalgorithms(for detectingstructuresn flamesimulationsolutions)are not very scalablethey can
be madeto work tolerablyon a few CPUs,usuallyon SMPswith threading.Sincethe datasizesarelarge
(andthealgorithmsexpensve andnot particularlyscalable)jt becomesmperative not to hold up the sim-
ulation’s progresswith post-processingndothercomputationghatdo not feedbackinto the simulationor
elsedo soveryinfrequently

Therefore,both adaptve chemistryand post-processingre good candidatedor a quasi-ofline treat-
ment. The datafrom a simulationcan be MxN-transferredto a smallersetof CPUswherethe dataare
analyzedfor reductionto simple chemicalmechanism®r searchedor structures.The bulk of the devel-
opmentof this computationakingularperturbation(CSR precursorto simplifying the chemistry)analysis
work will be completedsoon;the modified CumulvsMxN componentwill be appliedto provide the input
data.Work on structure-searchinglgorithmswill takefurtherexploration,but at this time the culminating
particle-base€umulvsMxNcomponenshouldsatisfythe CSPdemands.

2.3.1.b MxN and MCT/Climate

Theclimatecommunityhasvastexperiencean constructingparallelcoupledmodelsfrom individual parallel
models. A prime exampleof this experiences the DOE-sponsoredlodel Coupling Toolkit (MCT) [80],
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which hasbeensupportedy the SciDAC CCSMproject[81]. MCT supportsavariety of parallelexecution
modesfor parallel coupledmodels,including sequentialparallel coupling (event-loop) and coupling of
asynchronougarallel models(either as a single or multiple executables). This work complementghe
generalizedMIxN technologyby providing the specificdetailsneededor coupling climate codes.We are
currentlyworking on re-packagingportionsof MCT as CCA componentsultimately targetinga modified
MXxN interfacespecificationln themeantimewe will implementanMxN componenbn top of theexisting
MCT infrastructure.

MCT is similar to PAWS in that MxN transfersareimplementecdn a point-to-pointmodelof parallel
datacoupling. MCT providestwo typesof paralleldatatransferschemes.The first type is usedfor par
allel databetweenconcurrentlyrunning componentgthat is, eachcomponentesideson its own distinct
pool of processors)Eachcomponenbwnsacommunicationschedulecalleda Router which containsall
necessarinformationfor theparalleldatatransfer Theinformationenableghesourceanddestinatiorcom-
ponentgo appropriatelypack,send receve andunpackmessagefor the datatransfers.The secondVICT
transferschemenvolvesa paralleldataredistritution operationfor co-locatedSCMD componentsin this
schemethe sendingandreceving componentsesideon the samepool of processorsandthe MxN trans-
fer utilizesa communicationschedulercalleda Rearranger The Rearrangecomprisesa pair of Routers
(onefor sendoperationsthe otherfor receve operations)and sufficient informationto avoid costly self-
messaging.

We have alsobegunwork on a stratayy for packagingcomponenmodelsof a coupledclimatemodelas
CCA componentsThatis, we aim to packageasCCA componentsndividual atmospherepcean sea-ice,
land-surfaceandriverrunoff modelsaswell asflux couplers.This effort facesa numberof challenges(1)
creationof aworkableinterfacebetweenCCA andFortran90 thelanguagén which nearlyall earthsystem
modelsarewritten; (2) implementatiorof a componenpackagingschemehatis minimally intrusive; and
(3) designof a schemedhatis alsocompatiblewith othermajorcomponentizatioefforts suchasthe CCSM
project's Model CouplingToolkit andNASA's EarthSystemModeling Frameavork [82].

Stepshave beentakento addressll threeof the challengestatedabore. The effort to createa Fortran-
friendly interfacehasbeendescribectlsavhere(Section2.4.2.c).A draft schemdor wrappingMCT com-
ponentgo re-casthemasCCA componentsalsoexists. Recenprogresdiasbeenmadein bridgingthecon-
ceptualgapbetweerMICT’s programmingnodelandESMF's proposedSuperstructure{alsodescribedn
Section2.4.2.c).Extensiongo MCT have beenimplementedo follow the ESMF Superstructurelasseof
“Components, “Gridded Component$,and“Couplers. In ESMFE a Componenis anobjectthat encap-
sulatesall the datafor a givenmodel(e.g.,an atmospherigeneralcirculationmodel)asneededo couple
to othermodels. A GriddedComponenis a classencapsulatingll the datausedby a given model, in-
cluding dataneededor coupling. Thatis, a GriddedComponents a classbuilt on top of the Component
class.A Couplerencapsulateall the dataneededor the transferof databetweertwo sequentiallyrunning
componentsNew MCT objectsthat have beencreatedto supportthis SCMD approachincludethe mct-
Component andmctCoupler classesAn mctComponent ,the MCT analogudor theESMF Component,
encapsulateall of acomponens couplingsto the outsideworld. An mctCoupler is the MCT analogue
for the ESMF Coupler andprovidesfunctionality abose andbeyond MxN datatransferby alsosupporting
interpolationbetweerphysicalmeshesaswell astime averaging/accumulatioof data.We have beenable
to re-implementhe MCT SCMD unit testerusingthesenew classesA minor modificationto remove the
extra interpolationfunctionality from the mctCoupler  will yield anMCT MxN componenfor the CCA
thatis suitablefor SCMD datacoupling.

2.3.1.c MxN Future Work — Implicit MxN Framework Solutions

While significantprogresasbeenmadein exploring andimplementingnitial prototypedor basic*MxN”
paralleldataredistritution, we have barelyscratchedhesurfaceof themyriad of specificdataorganizations,
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let alonethepotentialfor moresophisticateadpplicationof thistechnologysuchasfor modelcouplingtools.
Work mustbe doneto raisethe level of abstractionfrom the low-level “assemblylanguage”of parallel
dataexchangeto provide more automatedand intuitive interfacesand solutionsfor the typical scientific
programmer

Our preliminary investigationsof high-level MxN dataredistritution componentsesideat the appli-
cationlevel, above the baseframeavork. This approachhasthe mostflexibility andprecisesemanticgor
exertingexplicit controlovervariousredistributionfunctions.Moreover, this approachs extensiblebecause
additionalcomponentsanbe independenthdevelopedandinstantiatecas neededvithout modificationof
the frameawork or the baseinterfacespecification. The underlyingframevork implementatioris alsosim-
plerandmoregeneralanddoesnot includeary hard-wiredsolutionsfor paralleldataexchangeor method
invocation. However, the usermusttakeresponsibilityfor understandingndinvoking the necessarylata
redistribution methods.This favors moresophisticatedisersover non-eperts.

A relatedapproachinvolvesthe designof low-level framewvork servicesthat supportimplicit parallel
dataredistrikution. This approactidesmary of the detailsfrom the userwith more“automatic” handling,
but increaseshe costin termsof framevork compleity andlossof generality VVariouschoicesfor redistri-
butionfunctionsareregisteredwith the framework at configurationtime, or built into individual component
implementations. Thesefunctions are automaticallyinvoked when parallel datamovementis indicated,
whethertriggeredby parallelcomponentonnection®r whenparalleldataobjectsarepassedsarguments
to methodinvocations However, moreburdenis placedon componentandframevork developergo supply
the necessaryedistritutionhooksandimplementations.

We will explore the developmentof a multiplexer (MUX) servicefor maintainingthe redistrikution
interfacesavailable for eachcomponent. The MUX will generataouting tablesand scheduledor data
redistribution, and will handleary remoteparallel dataholder creationand destruction. The MUX will
intercedeand reconcileparallel dataagumentsagainstthe users datalayout at methodinvocationtime.
TheMUX will alsocorvertary resultsof theinvocationbackinto the original datalayout.

Ultimately, thesetwo MxN approachegcomponent-basedndframevork MUX service)canbe com-
bined given someenhancementto the basic CCA frameavork servicesmodel. The implicit frameavork
servicecould usethe explicit component-baseidnplementationdy applyinga new pluggableframeavork
serviceinterface.Thisinterface now underdevelopmentallowsacomponento registerits methodswithin
aframavork, sothatcomponentganusethemwithout an explicit portconnection.

2.3.2 Parallel RemoteMethod Invocation

An interfacefor Parallel RemoteMethod Invocation(PRMI) is essentiafor ary framevork that supports
interactionsamongparallelcomponentsYetapolicy is requiredto definethe expectednvocationbehaior,
especiallyfor partial execution or failures. Methodsmust acceptboth scalarand parallel dataas input
agumentsandreturnvalues. Appropriatesemanticare neededo interpretsuchuses.e.g.,whetherscalar
methodargumentsarecopiedto every cooperatinghreador sentonly to somedesignate@ne.Coordinating
the synchronizatiorof invocationss alsoimportantto avoid potentialpitfalls suchasdeadlock.

In 2001,in collaborationwith KateKeaheg (formerlyatLANL, now ANL), PAWS technologywasused
to build a prototypesystemfor parallelremotemethodinvocation(PRMI). Policy issuesfor PRMI were
identified,suchasinvocationschedulingon remoteprocessesPRMI wasdemonstratedsa compositionof
MxN transferdor marshalingparalleldataargumentsallowing invocationsimilarto localmethodcalls(e.qg.,
component.foo (A,B )). Additionally, the useof multi-function MXN componentsvasshowvn to be a
desirableoptimization,basedon a“flip andMxN” example(flipping dataon onedimensionin conjunction
with atransfer).

Next, in conjunctionwith NSF-fundedresearchanotherprototypePRMI systemwas developedus-
ing parallel dataredistritution. This prototype provides semanticssimilar to a methodcall and semi-
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transparentlyredistritutesdatabetweenthe calling setof processor@andthe callees. Due to the variety
andcompleity of the potentialPRMI semanticandscenariosthis prototypeprovidesjusttwo basictypes
of parallelRMI semanticscollectiveandindependentlt is our belief thatthesetwo options,combinedwith
anintra-componenprogrammingmodelsuchasPVM [26] or MPI [25], will cover mostof thereasonable
scenarios.

A PRMI call with collectivesemanticgequiresthat all of the caller processorgarticipatein the call
and ensureghat all “callees” get called exactly once. This requirements met via an underlying PRMI
framework servicethatmanagesxecutionof themethodinvocation,gatheringor scatteringhe controlflow
asneeded.This schemeworks whetherthereare more callersthancallees,or vice-versa. The real value
of thesecollective calls is seenwhen coupledwith a redistribution mechanisnmfor moving parallel data
backandforth in anorganizedmanner Independentalls requirelesssynchronizatiorandmatcha single
call from one of the caller processes$o one of the calleeprocessesAs such,the underlyingframevork
serviceneedonly choosejn somearbitraryandefficient manney which calleetaskwill processary given
invocationrequestThis scenarids amenabléo certainparallelclient-sererapplicationswhereinmultiple
callee"server” processesanhandlea seriesof independentequestérom a client collection.

We have alsodevelopedanexperimentakxtensionto SIDL thatfacilitatesparallelarrayredistribution by
definingthe natureof the dataexpectedby methodargumentsin additionto theseSIDL modificationsnew
methodswerecreatedio exchangedatadistributioninformationfrom eachprocessat runtime. Combined
with the PRMI functionalityabove, this providesa transparenandflexible mechanisnior exchangindarge
scientificdataset$n parallelmethodinvocations.

2.3.2.a PRMI Future Work — Transport Mechanisms

In additionto the ongoingfundamentalresearchinto PRMI interfacesand systemdesign,we will also
explore someunderlying transportmechanismdor generalizingthe actual exchangeof dataamguments.
High-performancencodingswill beappliedto enableinteroperabilitywith industrysystemsFor example,
SQAP is an emeging industry standardor interoperableRMI encoding. SOAP encodesemotemethod
invocationsusing XML, andtransportshemvia genericprotocolssuchasHTTP or SMTPR Unfortunately
SQAP doesnot efficiently encoddarge blocks of raw data[83]. We will investigateextensionsto SCAP

thataddoptimizationdfor efficientterascalelatatransport.

2.3.3 Distrib uted MxN

While a significantproportionof scientificsimulationswould utilize the parallelSCMD paradigm a large
body of distributedcomputingapplicationscanalsobenefitrom MxN andPRMI technology For example,
largedistributedsensonetworkscanproduceanimmenseamountof informationthatmustbe collectedfor
centralprocessing.

Part of IndianaUniversity’s contribution hasbeenthe explorationof a mechanisnior distributedMxN
technology An initial prototypeusescommunicatiorbasedon the streamparadigm,wheredatais logi-
cally transferecbetweenthe participatingcomponentssif througha streamor a file (althoughthe datais
transferedn parallelandis never explicitly serialized).

The maindesigngoalfor this systemhasbeento easehe migrationof existing applicationgwith file-
based/O interfaces)nto CCA componentsforming larger multiphysicssimulations. Using the standard
MPI I/O systemfor exchangingdatain parallelcodesis the analogto file-basedexchangesn serialcodes.
With minimumchangesapplicationsanusethis variationof the MxN systemto communicatén realtime
with otherapplications.This approachalsoallows unit testingto be performedby allowing the application
to switch seamlesslpetweerlive MxN 1/O andfile I/O for testing. Testshave shavn thatthis approachs
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significantlyfasterthaneitherof the usualoptionsfor quickly connectingwo applicationcodes(writing to
filesthatarethensharedpr connectingherank O processefor eachcode)[84].

2.3.3.a Distributed MxN Future Work — Full Prototypes

A currenttestprototypeof thistechnologyis basedbntheROMIO MPI-I/O implementatiorf85], whichun-
derliesMPICH andLAM MPI. Integrationwith MPI allows thesystento understanéry MPI deriveddata
type,asignificantadvantageof this approachWe will be conductingscalabilitytestsof this“MxN device”

onrecentlyacquiredarge clusters(two at 200 CPUseach).The currentinterfaceto this systemis through
theregularMPI-1/O API, andwe areconsideringencapsulatinghis functionalityin a new distributedMxN

componenthatmediateghe datatransferdbetweertwo MPI programs We areconsideringntegratingthis
technologyinto the Proteug86] protocolaswell.

2.3.4 Future Reseach — Model Coupling Technology

Exchangingelementdrom parallelor distributeddatastructuress merelythe beginning of truetechnology
for parallelmodelcouplinganddatasharing.Dependingonthe natureof the actualdatastructuresnvolved,
significantdatatranslationsouldbeneededeyondthesimpleMxN mappingof dataclementslf thesource
anddestinatiordatausedifferentmeshe®r spatialcoordinaterepresentationgr arecomputedn different
unitsor atdifferenttime frames thensereraladditionaldatatranslationandcorversioncomponentsvill be
requiredto fully transformandsharesemanticallycomparableparalleldata.

A wealthof interpolationandsamplingschemesareavailablefor translatingdataamongdesiredspatial
or temporalformats. Historically, suchschemegarry with theman almostreligious stigma,andthereis
muchdebateamongscientistson the meritsof oneschemeover another We will extendour collectionof
interfacespecificationgo includehooksfor supportinggenericdatatransformationsndcornversions.Given
sufficient flexibility in the agumentsfor theseinterfacesa wide rangeof implementationganbe built to
cover ary relevantinterpolationor corversionalgorithm.

To utilize theresultingsequencef datatransformationsanddataredistritutions,a “pipeline” of com-
ponentanustbeassembledAn importantpragmatidssuethatariseswith suchpipeliningis how efficiently
redistribution functions“compose”with eachother Techniqueswill be exploredto operateon data“in
place” and avoid unnecessargatacopies. “Supercomponent”solutionswill also be explored for some
commoncasesy combiningseveral successie redistritution andtranslationcomponentsnto a singleop-
timizedcomponent.

2.4 UserOutreachand Applications Integration

Coordinator: David E. Bernholdt(ORNL)

Like the other SciDAC ISICs, the CCTTSScombinestraditional researchwith an explicit effort to
provide productionquality toolsandtechnologiegor useby SciDAC applicationggroupsandby thebroader
scientific computingcommunity The User Outreachand Application Integrationthrustof the CCTTSS
R&D programis intendedto facilitate adoptionof the CommonComponenfrchitecture,to helpinsurea
feedbacKoop betweenCCA adopteraand CCA developersandto helpusdevelop“bestpracticesfor the
useof componentén large-scalehigh-performancacientificsimulationsoftware.

As describedn moredetail below, our outreachwork includesboth generaleducationahctiities and
interactionswith specificgroupsaroundscientific applicationsin which they wantto usethe CCA. Our
educationalefforts include papers,conferencepresentationstutorials, and relatedactivities designedto
inform the computationakcienceandcomputersciencecommunitiesaboutthe component-basesbftware
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engineeringandthe CCA. Ourwork with applicationggroupsrangesrom tight collaborationgoftenwhere
atleastoneresearchenasstrongtiesto boththe CCTTSSandto theapplicationgroup)to looserconsultative
relationships.

2.4.1 Education and General Outr each
2.4.1.a Tutorials

CCA Forum Tutorial Working Group: Rob Armstrong(SNL), David Bernholdt(ORNL, chair), Lori
FreitagDiachin (SNL, previously ANL), Wael Elwasif (ORNL), DanKatz (JPL),Jim Kohl (ORNL), Gary
Kumfert(LLNL), Lois CurfmanMclnnes(ANL), BoyanaNorris (ANL), CraigRasmusse(LANL), Jaideep
Ray (SNL), TorstenWilde (ORNL)

Our mostsignificanteffort in the Educationcateyory hasbeenthe developmentand presentatiorof a
tutorial on the CCA. After presentinga numberof moreor lessoff-the-cuf tutorialsduring the autumnof
2001, we recognizedhe needfor an organizedeffort to developa commonbaseof materialthatwe could
shareandpresenin avariety of contexts.

Building from the first multi-presentelCCA tutorial, in conjunctionwith the CCA Forum Winter 2002
meeting,the CCA Forum established Tutorial Working Group. Throughthe extensie efforts of Working
Groupmembersthetutorialhasevolvedinto a setof eightmodulescoveringthe philosophyandbackground
behindthe componentonceptandthe CCA, how to createandusecomponentgincludinglive examples),
andalook athow CCA usersarebuilding scientificapplications Thetutorialis presentedh eitherasix hour
full-day format, or a condensedour hour half-dayformat, dependingon the situation. Both the material
andpresentatiorstyle of the tutorial have evolved continuouslysinceits inception,reflectingthe evolution
of the CCA toolsandourthinking,andin responseo feedbackrom tutorial attendeesnary of whomhave
attendedsereral times. Following a suggestiorby Kate Keahg (ANL), an early participantin the CCA
Forum, we typically presenttutorialsin conjunctionwith CCA Forum quarterlymeetings.This approach
givesnencomersand(prospectie) usersa chanceo learnmoreaboutthe CCA.

In additionto the five tutorialsat CCA Forum meetingsn 2002-3to date,we have hadthe opportunity
to offer threeadditionaltutorials:

e ACTSCollectionWorkshopat LBNL, Septembe002,

e LosAlamosComputerSciencdnstitute(LACSI) Symposiumn SantaFe,NM, October2002,and

e SC2002n Baltimore,MD, November2002.

Thelengthyselectionprocessandyvisibility of the SC2002tutorial madethis eventthe culminationof our
tutorial developmentefforts over the precedingyear andwe werevery pleasedvith theresults.

We believe thatthetutorialsarea very effective way to reachbeginningusers andwe alsomakethepre-
sentatiommaterialsandsoftwareexamplesrom thetutorial availableonthe http://www.cc a- f orum.
org websitefor self-study We alsohave a standingoffer to give “customized”tutorialsfor applications
groups,(domain-orientedfonferencesand othervenues but otherthanthe ACTS CollectionWorkshop
andLACSI, we have receved no requestgo date(the SC2002tutorial wasundertakeron our own initia-
tive). This reflectsprobablyour only significantdisappointmentegardingour tutorial efforts to date:thata
relatively smallportion of the potentialusercommunityhastakenadwantageof them. Thismaybeasimple
matterof communicationsWhile we encourageCTTSSresearcheri theareasvheretutorialsaretaking
placeto “beatthe bushes’amongtheir SciDAC (andother)applicationcontactswe do not have a simple,
generalwvay to reachall otherSciDAC Plsof suchevents.
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2.4.1.b Publications, Presentationsand Other Activities

Sinceits inception,Centermembershave publishedmorethan 80 presentationand papersrelatedto the
project. Thesearecatalogedn AppendixB. AppendixC catalogsadditionaloutreachactiities, including
presentationsind demonstrationsn lessformal venues,suchasthe SC conferencesxhibition hall, and
informal interactionswith (prospectie) users.This list is certainlyincomplete dueto the informal nature
of theseevents,andthe fact thatwe do nottrackthemsorigorously, but it is a representatie subsef our
actiities.

2.4.2 Applications

Although, aspartof the SciDAC program,the CCTTSSis arelatively new effort, we arefortunateto have
beenableto build on the earlierefforts of the CCA Forum,which includedprototypesof mary of thetools
we’re developing,andrelatively maturespecificationgor the componentrchitecturdtself. Consequently
thoughthetoolsandeventhespecificatiorarestill evolving, they aresufficiently matureandstableto allow
usatthis early stageof the projectnot only to talk to applicationggroupsabouthow to planfor andmigrate
to the CCA, but alsoto work with a numberof early adopterg¢o produceactual CCA-basedapplications.
Here,we highlightafew efforts in which CCA integrationis the mostadvanced.
Theinvestigatorsaarementionedn conjunctionwith eacheffort arethosemostdirectly involvedin the
specificCCA integrationeffort. Clearly all of theseefforts build on extensve contributionsof others,too
numeroudo mention,withoutwhomtheseCCA integrationsefforts would have beenimpossible.

2.4.2.a Computational Facility for Reacting Flow Science

Investigators: SophiaLefantzi(SNL), JaideeRay (SNL), SameeShendqOregon)

The ComputationaFacility for ReactingFlow Science(CFRFSPI:
H. Najm, URL: http://cfrfs.ca .sa ndia .gov ) is supportedy
the SciDAC Basic Enegy Sciencegprogram. The projectervisionsa
computationafacility for flamesimulationwherecomhustionandcom-
putationalresearchersanimplementphysicaland chemicalmodelsas
well asnumericalalgorithmswith a minimal knowledgeof the support-
ing infrastructure.A key figure in the adoptionof CCA in this project
hasbeenJaideepRay (SNL), who receies supportfrom both CFRFS
and CCTTSS,and hasbeeninvolved with the CCA effort for several
years. .
Simulationsof flame-like reaction-difusion systemswith replace- x t=0398ms
ablemodelshave beenmadepossiblethroughthe useof CCA compo- _
nentsfor timeintegration, structuredadaptiely refinedmeshe¢SAMR), Figure 2.3:  Temperaturedis-
andphysicalmodels Figure1.2 (page3) shaw the“wiring diagram”for tribution 0.395 ms after incep-
the CCA-basedapplicationand Figure 2.3 shaws the evolution of igni- tion of heating.  The white
tion frontsin anigniting Hy-Air mixture. lines denotedomaindecomposi-

Within four months,CFRFSresearcherimcorporateca secondgen- 110N across28 CPUs.
erationof componentshat embodyhigheraccurag andstabilizednu-
mericaltechniquesy replacingjust a few componentsn the application. The CCA hasalsobeeninstru-
mentalin facilitating the useof externalsoftware jncludingcomponentfrom the SciDAC PERCandTOPS
Centergbasedn the TAU performancdool andthe CVODESintegrator respectiely).

Forthcomingwork includesdevelopingnew corvective physicscapabilitiesaswell asnew SAMR nu-
mericalschemeso achieze completeflamesimulations.
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2.4.2.b Computational Chemistry

Investigators: SteveBensonANL), RonaldDuchovic (Indiana-Purdu&ort Wayne) WaelElwasif(ORNL),
CurtisJansserfSNL), Liz Jurris(PNNL), Manoj Krishnan(PNNL), Lois CurfmanMclnnes(ANL), Jarek
Nieplocha(PNNL), BoyanaNorris (ANL), Craig RasmussernfLANL), JasorSarich(ANL), Theresawin-
dus(PNNL)

As notedin ourproposalcomputationathemistryis fundamentato DOE’ssciencamissionandthesize
andcompleity of softwareandproblemsin this domainoffer a particularopportunity The softwarein this
domainis dominatedoy arelatively smallnumberof well-establishediarge, complex packageswhich are
not designedor easyinteroperability Two efforts arecurrentlyunderwayin the computationathemistry
areaaimedat demonstratingncreasednteroperabilitythroughthe CCA.

Themajoreffort is the “Application Focus”in computationabhemistrydescribedn our proposal.The
two applicationfocusprojects(in computationathemistryandclimatemodeling)weredesignedin part,to
helpinsureatight feedbacloop betweerapplicationdevelopersand CCA developersandalsoto examine
issuesaroundthe useof existing large-scalecodebasesn a CCA ervironment,includingthe development
andimplementatiorof commoninterfaces.

Historically, chemistshave tendedto develop fairly monolithic code,with limited useof external li-
braries. Consequentlyit canbe difficult for computationakthemistrypackagedo take advantageof the
stateof the artin, for example, linear algebraalgorithms,including the optimizationroutinesusedto de-
terminemolecularstructure.At the sametime, the problemsbeingtreatedareincreasinglychallengingto
traditionaloptimizationalgorithms.

Our work to date focuseson the molecularstructureoptimization capabilities,which are centralto
much of the sciencedonewith thesecodes. To increasanteroperabilityand generality we arereplacing
theinternaloptimizationcapabilitiesof two quantumchemistrycodes NWChem(PNNL) [68] andMPQC
(SNL) [69, 70], with the TAO optimizationpackage(/ANL) [66, 67], which is affiliated with the SciDAC
TOPScenter We have designeda componentinterfacefor the evaluationof the molecularenegy and
gradient,which have beenimplementedn NWChemandMPQC. Througha simpleadapterthis interface
is compatiblewith the componeninterfacedesignedor TAO. Thismakest possibleto switchthe quantum
chemistrypackage(i.e., betweenMPQC and NWChem)in the middle of an optimization— a practical
impossibility in implementationgouilt using traditional approachesTAQO’s linear algebraneedsare also
expressedhrougha componentnterface for whichimplementationdasednboth PETSc(ANL) [44, 45]
andGlobal Arrays (PNNL) [49-51] exist. The componentsnvolvedareshownn in Figure2.1 (pageld).

A further benefitof component-basedoftwareengineeringis alsoclearin this work. The teamsat
ANL, PNNL, andSNL wereableto collaboratein the developmentof a component-basedpplicationby
merelyfocusingon the interfacesandtheir own componentswithout the needto work on unfamiliarcode
developedby the othergroups.

Futureplansinclude extending the optimizationapplicationto more comple< problemssuchas pro-
tein/ligandbindingstudiesandlooking adeepetevelsof interoperabilitypetweercomputationathemistry
packages.

Wearealsocollaboratingvith the Advancedsoftwarefor the Calculationof ThermochemistryKinetics,
and Dynamicsproject (ASCTKD, PI: Al Wagner),part of the SciDAC Basic Enegy Sciencesprogram,
to develop component-basesoftwareto study reactiondynamics. The first stepin this processnvolves
work on POTLIB [87, 88], which providesa library of analytically modeledpotentialenegy surfacedor
numerougeactions.Our work to datehasfocusedon developinga componeninterfaceto POTLIB. The
effort requiredherehasbeenmoresignificantthanfor mostof the otherinterfaceswve have helpedto design
andimplementbecaus¢heoriginal POTLIB interfacewasimplementedn Fortranandmakesextensive use
of globally-visible commonblocks, a techniquethat goesagainstthe basicconceptsof component-based
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softwareengineeringNeverthelesswork is proceeding.

Component-relatedork in the ASCTKD effort is beingcarriedout primarily within the projectitself,
with a numberof CCTTSSresearcheractingin primarily consultatve andeducationatoles. In keeping
with its beinga CCTTSSApplication Focus, the optimization effort is being carried predominantlyby
CCTTSS-fundedesearchersyith additionalcontributionsto the TAO sideof the effort from the SciDAC
TOPScenter

2.4.2.c Climate Modeling

Investigators: JohnDrake (ORNL), Wael Elwasif (ORNL), Michael Ham (ORNL), JayLarson(ANL),
EverestOng (ANL)

Computationatlimate modelingis critically importantfor our understandingf global processeand
the potentialfor humanimpact. CCTTSSis collaboratingwith two major climate modelingefforts in a
two-wayexchange.The CommunityClimateSystemModel (CCSM)[81] is a majornationaleffort in high-
endparallelclimate modeling,supportedoy the SciDAC Biological and EnvironmentalResearctkprogram
andothersponsors.The Earth SystemModeling Framevork (ESMF) [82] is a NASA-sponsorecffort to
developasoftwareframenork to supportandfacilitatethefuturedevelopmenbf climatemodelingsoftware,
promotingreuseaninteroperabilitywithin the community Like thecomputationathemistryeffort, climate
modelingwasidentifiedin our proposalasan Application Focuswithin CCTTSS meaningthatthe Center
usessomeof its fundingto advancethe useof componentsn this area.Our emphasi®n thesetwo projects
is dueto specialopportunitieghatthey presentatwo-wayexchangeof informationandsoftwarefor model
couplingwith the CCSM, andthe timelinessof NASA's commissioningof a domain-specifidrameawork,
whichis clearlya candidatdor useof component-basesbftwareengineering.

As with the CFRFSeffort, our work in the climate communityis anchoredoy researcherwiith tiesto
two or all threeof thegroupsinvolved: JayLarson(ANL) is associateavith CCSM,CCTTSS andESMF;
MichaelHam (ORNL) is associateavith bothCCSMandCCTTSS.

The CCSM offers several differentlevels of granularityfor the introductionof componentsThey can
beusedto link togethemodels(i.e., atmospheregcean etc.),at the parameterizatiofevel within models,
andatthealgorithmiclevel. The orderin which thesearelistedreflectsthe orderin which we anticipatethe
traditionally conserative climate communitywill acceptintroductionof this new softwareparadigm.Our
collaborationwith the CCSMinvolvesinteractionsat all threelevels.

At boththe coarsesandfinestlev-
els, the work focuseson the DOE-

sponsored Model Coupling Toolkit | " 9ievel MCT Coupler/Coupled Application
(MCT, ANL, Figure 2.4) [80]. This Multi-
toolkit embodies the climate com- | Lew-level MCT e |
munity’s experiencewith constructing classes mct: library

. (MPH)
parallel coupledclimate modelsfrom | Mmessage-Passing

individual parallel models, which is u::::l':s"‘('n"‘l‘;:‘u)
valuableto the CCTTSSeffort in MxN

Parallel Data Redistribution to sup-
port generalizednodel coupling. Jay
Larsonand othersassociatedvith the
MCT have alreadybeenactive in the
initial CCTTSSMxN developmentef-
forts,andwe planadeepeexchangeof experienceandtoolsasMCT-basedcomponentaredeveloped.This
componentizatiomork is alreadyunderwaywith aninitial focusonthe basicdatatypesandcomputational

Vendor Utilities—e.g., MP1, OpenMP

Figure 2.4: The generalarchitectureof the Model Coupling
Toolkit andits relationshigo thecomputationaérvironment(sup-
porting librariesandthe applicationusingMCT).
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toolsrequiredto createsimplecouplers.

At thealgorithmiclevel, the CCA hasthepotentialof acceleratinghedevelopmeniproces®f individual
climate physicsparameterizatiocomponent&nddynamicalcore componentsAs a first demonstratiorof
this potential we aredevelopinganew river runoff modelbuilt primarily from CCA component$or matrix-
vectormultiplicationderivedfrom the MCT.

At the physicsparameterizatiotevel, we ervision two major applications: (1) componentizatiorof
major softwareentitiesin models,and(2) componentizatiowf individual subgridscalghysicsparameteri-
zationpackagesln conjunctionwith a CCSMinternaleffort to refactorthe CommunityAtmospheréviodel
(CAM) to betterseparatéhe “physics” and“dynamics” aspect®f the model,we areinvestigatingcasting
themas CCA components.Castingthesemajor portionsof CAM as componentsvould allow oneto re-
placethedynamicalcoreof the CAM with anew onewith relative ease At theindividual parameterization
packagescale,we ervision componentizinghe individual schemege.g., cumulusparameterizationjhat
collectively comprisethe model’s physics. Successn theseefforts could have a profoundimpacton how
modeldevelopmentis doneby speedingup thevalidationprocesof dynamicalcoresandphysicsparame-
terizations.It could alsochangedramaticallythe reportingof progressn theseareasf scientistsnot only
publishtheir results but publishtheir softwareasCCA components.

The ESMFis primarily a projectto develop a stan-
dardized computationalinfrastructure upon which a
wide rangeof climate modelsand relatedtools might
beimplementedseeFigure2.5). The CCSMis oneof
the mary climateefforts expectedto adoptthe ESMF’s Model Layer l, Lo ek l
tools. While the ESMF’s own terminologytreatsthe
climatemodelsas“components’which pluginto arel- | Distributed Grid Layer
atively heary-weight “framework” or “infrastructure, ESMF Infrastructure
it is quite logical to ervision from a CCA viewpoint Low Level Utilities
that the framework itself, and the controlling “super
structure, in additionto theclimatemodelsthemseles, External Libraries BLAS, MPT, NetCDF
could beimplementedas(collectionsof) CCA compo-
nents. Our work with the ESMF is focusedfirst onin- Figure2.5: The generalarchitectureof the Earth

suringcompatibilitywith CCA conceptandtoolsasthe System Modeling Framevork. A functional
ESMFstrivesto meetvery specificsoftwaremilestones .5k dovnis shavn ontheleft. while theESMFE’s

pn a tight three-yea.rtimeline. We a.realso collaborat- terminologyis shavn on the right. The ESMF
ing tp producepractlcaldemonstratlonsf CCA-based {hinks of the “User Code” as pluggablecompo-
versionsof elementf the ESMFinfrastructure These nents,while they provide the superstructurand
includethe basic“field” datatype, which will beused 4frastructure.

in the CCSM CAM componentizatiorffort, coupling-

relatedcapabilitiegthe ESMFcouplingfacility will bederivedfrom MCT), andthe“superstructuretivhich
orchestratesoupledcomputations.

It isimportantto acknavledgethatour progressvith theclimatecommunityhasbeenslowedby thelack
of supportwithin CCA for Fortran90(and successostandards)This wasthe first communitywe encoun-
teredwith both a seriousinterestin the CCA and“serious” useof F90 features.As such,our interactions
with them have beeninstrumentalin reshapinghe Centers approachto F90 support(seeSection2.1.2).
Progresswith both Babeland Chasmhasrecentlymadeit feasibleto begin seriouswork on the efforts
describedabore. Chasmhasalsobeeninstrumentaln helpingto develop a strateyy for componentization
that is minimally intrusive on existing Fortran code— anotherimportantconsideratiorfor acceptancef
component-basesbftwareengineeringn this field.

Coupling Layer ESMF Superstructure
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2.4.3 FuturePlans
2.4.3.a Education and General Outreach

We believe that the developmentof the tutorial was a critical and very successfuklementfor our early
outreachefforts. We do plan to continueto evolve the tutorial, andto presentit wherever opportunities
arise. In orderto try to reacha broaderaudiencewe plan to target more conferencesandwe will also
investigatamakingtutorial presentationsia the AccessGrid. However, overall, the tutorial will bereduced
in importanceaswe shift our attentionto otherimportantoutreachareas.

Our next “Education” focus areawill be on written documentsboth documentatiorrelatingto CCA
toolsandtheir use(includingdocumentingbestpractices”andtechnicalpaperslescribingCCA research.
Oneof ourfirst prioritieswill beageneralCCA overviewn paperto updatethe 1999HPDC paper1], which
is now ratherdated. With respecto documentatiorof CCA tools andtechniquesour first priority will be
to develop a written complemento the tutorial, a kind of “beginner’s guide” to writing andusing CCA
components.

2.4.3.b Applications

A significantnumberof applicationgroupshave expressedheir intentto adoptthe CCA but have not yet
progressednuch beyond initial discussionsand planning. Consideringthat the CCA effort is still in a
relatively early stage,andthat mary prospectie usershave hadto makea significantinitial investmentn
organizingtheir efforts internallyandwerenot readyto takeon significantnew softwaretechnologywe find
the currentsituationneithersurprisingnor troubling.

At the sametime, we have anecdotakvidencethat the CommonComponentArchitectureis gaining
recognitionanduse,andamongour outreachactivities arepresentationto or meetingawith quiteanumber
of prospectie CCA users.In addition,we have alwaysexpectedthatthe primary driver for CCA adoption
for mary groupswill be the plansof the SciDAC Applied Math ISICs, with whomwe collaborateclosely
(seeSection2.2.3.c) to deploytheirtoolsin CCA form.

We believe thattheinitial successvith applicationgn comhlustionandchemistry aswell asthe devel-
opingclimateeffort, will beimportantfactorsin helpingto corvince otherapplicationgroupsthatthe CCA
is readyfor “serious” use. Consequentlyin the comingyear we expectto seea changein the numberof
applicationsactually creatingCCA componentsaswell asa changein the dominantmodeof interaction
with thesegroups Jeaningtowardmoreof a consultatve approach.



3. Deliverables

The following four tablesare revised deliverablescheduleghat directly correspondo four tablesin our
original proposal[15, pp. 23—-25]. The columnheadingswvere changedo avoid confusion. The original
proposahadcolumnheadingf '01-'05, but SciDAC fundingandeffort did not begin until July, 2001.

Table3.1: Frameworks Deliverables.

(SNL)

July 2002 July 2003 July 2004 July 2005 July 2006
Completecandidate Adaptstrict SCMD Improve dynamicuser |lterateondesign& Iterateon design&
- . |conceptdo more . . . .
SCMD implementation enerakchemeor HPC interactionof SCMD improve peruser improve peruser
(SNL) 9 framework (SNL) requirementg$SNL) requirementg$SNL)

Completecandidate
distributedcomputing
CCA runtime(IU)

IntegrateMicrosoft
.NET components;
releasenitial library of
Grid Service
componentglU)

Releasdetaversionof
integratedframenork to
applicationteamg(1U,
SNL)

Releasdinal public
versionof integrated
framework (IU,SNL)

Develop XML schema

for accesgo Alexandria
repository(LLNL, SNL,
1U)

Add supportfor remote
accesdy component
framework toolsto
Alexandriarepository

DeployAlexandria
componentepository&
assistollaboratoravith
integratingcomponents

Add senersideJavato

concurrenyg standard
implementatior(all)

designperuserrequests|

designperuserrequests|

Add Python& OpenBabel& Add Babel continue Add MATLAB to Babel,| Add Babelsupportfor
client-sideJavato Fortran90(Phasd) to Fortra’nQOim rovermnent continueFortran90 COM & .NET for
Babel(LLNL) Babel(LLNL) (LLNL) P “limprovementgLLNL) |Windows (LLNL)
Completebasic

Evolve concurreng Evolve concurreng Evolve concurreng

designperuserrequests,

Developadistributed
multiplexer & XML
protocolprototype(lU,

LLNL, SNL)

Iterateon SCMD/Grid
multiplexer peruser
requirementglU, SNL)

Notes: LLNL teamdeferredadditionalsener-side Java and Alexandriaeffort to concentrateon For-
tran90.Fortransupportin generahasbecomehetop priority for Babel.
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Table3.2: Scientific ComponentsDeliverables.

30

requirementgall)

appsfeedback(all)

offer tutorials(all)

July 2002 July 2003 July 2004 July 2005 July 2006
Evaluateanplication Deployprototypes, Evaluate refine,& Evaluate refine,& Evaluate refine,&
PP evaluate& refinewith |extendcomponents; extendcomponents; extendcomponents;

offer tutorials(all)

offer tutorials(all)

local raw data distrib. &
densearraysmeshes
fields(ANL, ORNL,

ops;releasereliminary
specfor scientificdata
componenfANL,

controlof mesh
modifications(ANL,
ORNL, PNNL, SNL,

Develobbrototvpe Deployprototype Constructanddeploy |Createextendedviz
PP yp 2D/3D visualization SIDL-based2D/3D componentsor simple |Extendviz supportto
componentsor 2D/3D . . o .
visualization(ORNL) componentgsLinux |visualization parallelrendering desktop(ORNL, UU)
RPMs(ORNL) component§ORNL) (ORNL)
Developprototype Deployprptotype _ Ad(_j _porFfauIt Developp_rell_m SCMD
. . computationasteering |notification& hooks fault monitoring&
computationasteering ) .
component§ORNL) componentg&sLinux into SCMD event recov/ery component
P RPMs service(ORNL, SNL) |(ORNL, SNL)
Developprototypedor |UseGUI components |Useloadredistritution
Develop prototypedor R . . . .
loadredistriutionand |for viz & numerical andmulti-threading
GUI componentgANL, . . . .
) multi-threading computationgANL, componentsn chem
componentgSNL) ORNL, UU) apps(SNL, PNNL)
Developprototype E;W:;ﬁggcces Investigateapp-specific | Developinterfacesor
componentgor linear& ' componentsn multilevel nonlinear
. NWChem,& TAO R . Evaluatecomponents
nonlinearsolers, ) optimization(ANL, solvers(ANL, with . .
L (ANL, PNNL, SNL); ) . usingQoSmechanisms
optimization,& PNNL, SNL); develop |TOPScenter);integrate |. .
! developprototype . . in variousapps(ANL,
low-level services componentactoryfor modelsfor composing |QoSsysteminto PNNL, SNL)
(ANL, I1U, with TOPS p_ . y QoScharacteristics repository(ANL, ’
ISIC) Jacobians/Hesans (ANL) LLNL)
(ANL)
Defineinterfacedor Defineinterfacesfor Defineinterfacedor a Circulatenew data
sparserrays& global PP specsdeploy Add supportfor hybrid

componentsupporting
adaptvity (ANL,
ORNL, PNNL, SNL,

schemegANL, ORNL,
PNNL, SNL, with TSTT
ISIC)

PNNL, SNL) ORNL,PNNL,SNL) | With TSTTISIC) with TSTTISIC)
Performinitial
DeploySAMR high-fidelity 3D TestSAMR component
Developprototype : .
SAMR componen(SN) componentn comhbustionrunsusing |wth complex flame
P comhbustionapp(SNL) |SAMR component simulation(SNL)
(SNL)

Notes: Becausef emphasisvithin the CCTTSSon promotingcommoninterfacesfor numericaland
applicationdomains the scientificcomponentgffort will concentraten this work, therebyputting off de-
velopmentof multithreadeccomponentso year2, anddelayingthe datainterfacebrokerwork indefinitely.
A CCA-compliantprototypeGUI componenhasalsobeendevelopedat ANL thatwill functionin all CCA

frameworks.
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Table3.3: Parallel Data Redistribution Deliverables.

31

July 2002 July 2003 July 2004 July 2005 July 2006
Develop prototypeMxN Developgeneralized Developprel_lmlnary
componenfor DeployprototypeMxN | Constructanddeploy MxN paralleldata datatranslationand
structuredneshedased componentgsLinux SIDL-basedxN a<charr)1 ecomponent interpolation
on CUMULVS (ORNL, |RPMs(ORNL) component§ORNL) (ORNL? P component$or model
SNL) coupling(ORNL, SNL)
Develop prototypeMxN Developanddeploy IntegrateARMCI into Exper_lmenlthh _
componenfor . MxN paralleldata optimizedcomposite

particle-based/AxN L

structurednmeshedbased component§ORNL) exchangecomponent |dataredistritution
on PAWS (LANL) P (ORNL, PNNL) component§ORNL)
Investigatepreliminary InvestlgateSQAP Add PRMI to Babel ExtendPRMI systemto

: performancessues&
programmingmodels improve performance Add RMI to Babel language supportparalleldata
for PRMI (LANL, forp datarz it |(LLNL, 1U) interoperabilitytool  |argumentgLLNL, IU,
LLNL, UU) () (LLNL, 1U, UU) uv)

Notes: BecauseMxN developmenthascenteredbn incorporatingBabelinto the existing components,
we have deferredwork on betterrespondingto userrequestsfault tolerance ARMCI, and visualization
extensionsfor MXN. The MCT will becontributing MxN functionalityto the CCSMbecausét alsoforms
amajorcomponenbdf the ESMF, animportantinitiativein the climatecommunity

Table3.4: Application Integration Deliverables.

assessmentyith outside
projects(ORNL lead)

(ORNL lead,all
participate)

(ORNL lead,all
participate)

July 2002 July 2003 July 2004 July 2005 July 2006
Liaison(especially On-goingliaisonwork |On-goingliaisonwork | On-goingliaisonwork |On-goingliaisonwork
educatiorandneeds with outsideprojects  |with outsideprojects  |with outsideprojects | with outsideprojects

(ORNL lead,all
participate)

(ORNL lead,all
participate)

Defineprototype
molecularenegy
interface(ORNL,
PNNL, SNL); develop
molecularenegy
componentdaptersor
MPQC (SNL) and
NWChem(PNNL)

Extendmolecular
enepy interface&
updatecomponent
adaptor{ORNL,
PNNL, SNL);
demonstraténtegrated
TAO/electronicstructure
app(ANL, PNNL, SNL)

Defineprotein/ligand
bindinginterface(SNL)

Developand
demonstrate
one-electrorproperty
interface(PNNL, SNL)

Developand
demonstratsolvation
interface(Ames,PNNL,
SNL)

Developprototype Demonstraténtegrated | Demonstrateadvanced

DIRDY interface DIRDY / electronic kineticsapplication

(PNNL) structureapp(PNNL) | (ANL, PNNL, SNL)

Evaluateandtune

Work with data PackageMCT MxN asa CCA-MCT andMxN
componentandMxN |CCA component; Demonstrate componentsexpand Demonstratiorof
redistritution groupsto |examineinteroperability|component-baseahd |CCA beyondCAM, CCA-basectoupled
producestandard betweerMCT andother|atmospherenodels MCT (e.g.,model climatemodel(ANL,
interfaceq ANL, MxN implementations |(ANL, ORNL) diagnosticsdata ORNL)
ORNL) (ANL, ORNL) assimilationANL,

ORNL)

Notes: Thetimelineandspecificsof theclimateactvity have beenadjustedo reflectalaterstartdueto
F90issuesandchangesvithin the CCSMandESMF projectswith whomwe arecollaborating.



4. Closing Perspectve

The CCTTSSis basedntentionally on the work begun and ongoingin the CCA Forum andis devotedto
making high-performance&eomponentsa reality. Within the center investigatorinteractionsare centered
aroundthe opensourcesoftwaredevelopmentmodelthat hasbeenso successfuin the Linux community
This approachis a constantthat will not change. Aimost everything elseis flexible, and asinvestigators
runinto blocksor have burstsof insight, coursecorrectionswill be made.Fromanoverall perspectie, the
largestchangesinceinstituting the CCTTSSasa SciDAC centerhasbeena movementfrom components
astheory to plug-and-playsoftwarethatapplicationbuildersuse. Every coursecorrectionhasbeengeared
to delivering tools, education,and directly helping SciDAC investigatorsoutsidethe CCTTSStransition
into the high-performancecomponentworld. Even the researchwork hasbecomecenteredon making
componentsnorepainlessautomaticandmoreinteroperable.

A few examplesarein ordet Babelbeganasa LLNL-only teamwith animplementatiorandsomein-
houseusers As Babelgainedacceptancdt alsobecamepartof mary collaboratorskritical paths.As more
peoplewantedto contributeto thesddeasat mary levels,we soughtwaysfor Babeldevelopmento become
moreparticipative. This forcedsomehardthinking aboutwhatis essentiafor interoperability andwhatis a
matterof taste.As it developedthetriumvirateof the SIDL grammarits XML equivalent,andthe C-based
IntermediatéObjectRepresentatiolOR) wasdeterminedo betheirreduciblecoreof Babel;amodification
in onecommonlycascadeshangedo all. FromthatCorecamethe notionsof BabelExtensionsandBabel
Dialects. Extensionsare “plug ins” that augmentBabel without violating its interoperabilityguarantee.
All of Babels existing languagebindingsare, from this perspectie, extensions. Babel Dialects, while
sometimesecessarfor exploratoryresearchmodify the Babelcoreandthereforecall interoperabilityinto
guestion. Similarly, thoughlessdramatically the MxN effort, initially begun primarily asa visualization
tool, hasmoved toward a moregeneralpurposeool asa high-performanceomponent.More recentlythe
MxN effort hasturnedtowardclimateuserswith the Model Coupling Toolkit asa sortof MXN component
speciallycraftedtoward climate applicationsn general,andthe Community Climate Model in particular
Theseaarejustsample®f atrendin the CCTTSSto usegoodcomputeiscienceo enableamoreparticipative
communityin high-performanceomputing.

While the CCA and CCTTSSare driven by “what works; seriousresearchin computerscienceis
broughtto bearon theseproblems. Certainlywork hashecomemore pragmaticin responsedo the needs,
especiallythe educationaheeds,of real users. But simultaneouslywork hasbecomemore esoteric. As
CCTTSSinvestigatorsstretchtheir ideasto suit users’ problems,seriousthinking and rethinking of the
basisof theirwork is required.As aresult,the mostnovel approacheto thesolutionof theseproblemshave
occurredin thelastyear Therearenumerousxamples,including Chasm[10], OpenBabel[39], andthe
ideaof the CCA designpatternasseparatdérom the specificatiori24]. Re-irventinghow high-performance
softwareis donerequiresboth pragmaticinfrastructureandinventive ideas. The CCTTSSis rising to this
challengeandis dedicatedo remakingtheworld of high-performanceomputingfrom thefeudalmonarchy
of codefiefdomsto alaissez-faireeconomyof high-performanceomponents.
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A. Componentinventory

This sectionincludesa representatie list of componentshat have beendemonstratecéit SC2002and are
partof our currentRPM distribution (seeSection2.1.3and2.2.2for furtherinformation).

A.1 Utilities and Servicesin Ccaffeine

InvestigatorsB. Allan, R. Armstrong,M. Govindaraju,S. Lefantzi,andE. Walsh(SNL)

The CCA specificationtreatsframavork servicesexactly like CCA componentsxcept that the port
that embodiesthe serviceis alwaysconnectedo the component. A numberof suchserviceshave been
addedto the Ccafeine framewvork during the pastyear A parameteport serviceis the mostcommonly
usedandallows componentso have parameterseton theminteractively by a user Anotherserviceallows
the connectionof the original Classicportsto Babel componentstherebyaccommodatindegagy CCA
software. Thereare also a variety of utility servicesthat permita componento accesdVPI, to receie
connectiorevents,andto establishits own interactve window with auser

A.2 Data Management,Meshing,and Discretization

Global Arrays. ManojkumarKrishnanandJarekNieplocha(PNNL). Many scientificapplicationgely on
densdistributedarrays.The Global Array (GA) library [49, 50], providesan extensive setof operationson
multidimensionaldensedistributedarrays. A ratherunigquecapabilityis the supportin GA for the shared
memoryprogrammingmodel,wherearrayscanbe accessedsif they werelocatedin sharednemory We
developeda GlobalArray ~ componenthat providesinterfacesto full capabilitiesof GA andimplements
the interfacesfor distributed arraysunderdevelopmentthe CCA Scientific Data Working Group. This
componentsupportsboth classicand SIDL interfacesand provides two ports: GlobalArrayPort and
DADFPort . GlobalArrayPort offersinterfacesfor creatingandaccessinglistributedarrays,including
linear algebraoperations. Someof the linear algebraoperationsare implementednternally and through
interfacedo third-partyparallellinearalgebrdibrariessuchScaLARACK [89]. DADFPort offersinterfaces
for definingand queryingarray distribution templatesanddistributedarray descriptorgollowing the API
proposedhe CCA Forum Distributed DataWorking Group. The GlobalArray ~ componenis currently
usedin applicationdnvolving moleculardynamicsandmolecularshapeoptimization.

TSTTMeshQuery. Lori FreitagDiachin(SNL, formerly ANL). This classiccomponents a prototypeof
anunstructured{riangularmeshcomponenthatsupportdhe TSTT meshqueryinterface[12] for accesgo
nodeandelementgeometryandtopologyinformation;opaqueagssupportuserdefineddata;furtherinfor-
mationis in [90]. Thisinterfaceis sufficientto implementlinear, finite-elemendiscretizatiorfor diffusion
PDE operators.The TSTTMeshQuery components currentlyusedin the CCA tutorial to demonstratéhe
constructiornf a PDE-basedpplicationusingCCA componentsThis componentvill be expandedo sev-
eral TSTT-compliantmeshcomponentdbuilt from existing DOE softwarethatsupporta wide rangeof two
andthree-dimensionaheshesSuchcomponentsvill be usedto demonstrat¢he utility of interchangeable
andinteroperablaneshinginfrastructuresn the solutionof PDE-base@pplications.

FEMDiscretization. Lori FreitagDiachin (SNL, formerly ANL). This classiccomponentprovideslin-
ear finite-elemendiscretizationgor commonlyusedPDE operatorsandboundaryconditions.It currently
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employsunstructuredriangularmesheghroughthe TSTTMeshQuery componenandprovidesmatrix and
vectorassemblyroutinesto createlinear systemsof equationsn simple PDE-basedpplications;see[90]
for details. The FEMDiscretization componentpproximatesadwectionanddiffusionoperatorsaswell
asDirichlet andNeumanrboundaryconditionswith eitherexact or Gaussiamuadrature.The component
is currently usedin the CCA tutorial to demonstratdhe constructionof a PDE-basedapplicationusing
CCA componentsThis componentisesthe TSTTMeshQuery andLinearSolver  ports. Thisinterfaceis
expectedto evolve asthe TSTT discretizationlibrary is developed,andthis prototypecomponentwill be
replacedwith a more sophisticatedsariantthat supportsmultiple discretizationschemesand meshtypes.
Suchcomponentsvill usedto demonstratehe utility of interchangeabland interoperablealiscretization
stratejiesin the solutionof PDE-basedpplications.

GrACEComponent. JaideepRay (SNL). This classiccomponentdiscretizesa domainwith a SAMR
meshandimplementgegriding to presere resolutionandload-balancehe mesh.As a wrapperaroundthe
GrACE library [63] developedby M. Parashaof RutgersUniversity, GrACEComponent takescareof all
the geometricaspectof the mesh(size andlocationof patchestheir resizingdueto regriding, andtheir
placemenbn processe$or load-balancing).This componengtlsosenesasa factory for a “Data Object”
thatcontainsdataon all the patches.The dataobjecttakescareof messag@assingor ghostcell updates.
This components usedin CFRFSapplicationsandwill continueto evolveto incorporatehelatestGrACE
features.

HODiffusion and Spatiallnterpolations. ChristopherKennedyand JaideepRay (SNL). Theseclassic
componentsisean underlyingFortran77library developedby C. Kennedythat implementshigherorder
(orders2 — 8) finite differencestencils,including bothfirst andsecondderivatives. HODiffusion ~ supports
both symmetricand skaved stencilsfor collocatedand staggeredutput and calculateshigher order dif-
fusion fluxes usingthesestencils. The Spatiallnterpolations componentsuppliesthe prolongation
andrestrictionoperatorsdbetweenSAMR patchesat two adjacentevels of refinementwherethe orderof
interpolationhasto be commensuratwith the spatialdiscretizationn HODiffusion . Thesecomponents
currently handlediffusion transportsubassemblyn CFRFSapplications;future plansinclude continued
testingon hierarchicalgrids.

A.3 Integration, Optimization, and Linear Algebra

CvodesComponent. RaduSerban(LLNL, collaboratorin TOPSSciDAC Center). This classiccompo-
nentincludesportsbothfor a genericimplicit ODE integrator(OdeSolverPort ) andfor animplicit ODE
integratorwith sensitvity capabilitieqOdeSolverSPort ). CvodesComponent is basetbn CVODES[64]
andis usedfor chemistryintegrationin CFRFSapplications.

TAOSolver.  Steve Bensonlois Mclnnes,BoyanaNorris,andJasorSarich(ANL). ThisSIDL component
implementsa simpleOptimizationSolver interfacefor unconstraine@andboundconstrainedptimiza-
tion problems;see[90] for details. The underlyingoptimizationsolversare provided by the Toolkit for
AdvancedOptimization[66, 67] andinclude Newton-basednethodsaswell aslimited-memoryvariable-
metric algorithmsthat requireonly an objective value andfirst orderderivative information. TaoSolver
employsexternal componentdor parallellinear algebra,wherecurrentsupportincludesboth Global Ar-
raysandPETSc. TaoSolver is usedwithin applicationsnvolving moleculargeometryoptimizationand
moleculardynamics,which arefurtherdiscussedn Sections2.2.3. TaoSolver is the basisfor an evolv-
ing optimizationsolver componenthatwill employlinearalgebrainterfacesunderdevelopmentwithin the
TOPSSCciDAC center
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LinearSolver. BoyanaNorris (ANL). This classiccomponenprovidesa prototypeport for the solution
of linear systems.Theseinterfacesarein the procesof evolving to supportcommoninterfacedor linear
algebrahatareunderdevelopmentwithin the TOPSSciDAC Center Futurework will includetransitioning
this componentaswell asotherssuchas TaoSolver andFEMDiscretization , to usethe nav TOPS
interfacessothatthey caneasilybenefitfrom the full suiteof linearalgebrasoftwareavailablewithin the
TOPS.

A.4 Parallel Data Description, Redistribution, and Visualization

DistArrayDescriptorF actory. David BernholdtandWael Elwasif (ORNL). This classiccomponenpro-
videsauniformmeandor applicationgo describedensemulti-dimensionahrraysandis baseduponemeg-
ing interfacesrom the CCA ScientificDataComponent§Vorking Group,asdiscussedn Section2.2.1.a.

CumulvsMxN. JimKohl, David BernholdtandTorstenwilde (ORNL). This classiccomponenbuilds on
CUMULVS [59, 60] technologyto provide aninitial implementatiorof the MxN paralleldataredistritution
interfacesthat are underdevelopmentby the CCA MxN Working Group. CumulvsMxN is designedto
spanmultiple CCA framevorksandto passdatabetweertwo distinct parallelcomponengapplications See
Section2.3for furtherinformation.

ParticleCollectionFactory. Jaideepgray(SNL)andJimKohl (ORNL). Thisclassiccomponents aproto-
typefor doingMxN paralleldataredistritution on comhustiondatafor usein post-processinm the CFRFS
comhustion applications. The ParticleCollectionFactory componentfakes” a patchon a SAMR
grid asa “particle; which canthenbe employedfor dataredistritution and post-processingkFutureplans
includeincreasingherobustnes®f the codeandusingit in off-machine concurrenpost-processing.

VizProxy Jim Kohl and TorstenWilde (ORNL). This classiccomponentprovides a companionMxN
endpointfor extracting paralleldatafrom component-basedpplicationsand then passingthis datato an
external front-end viewer for interactive graphicalrenderingand exploration. Variantsprovide general-
purposecomponentsor interactive visualizationof databasedn structuredmeshesswell asunstructured
triangularmeshes;supportfor particle-basedlatais underdevelopment. Using the CUMULVS viewer
library andprotocols,a variety of commercialand public domainvisualizationtools canbe utilized at the
front-enduserinterface[91, 92]. Currently provided front-endsinclude a simple 2D “slicer” viewer and
a 3D viewer for AVS 5; additionalviewersare underdevelopmentfor VTK, AVS/Expressandthe CAVE.
VizProxy hasbeenemployedn variousCCA applicationsdemonstratedt SC2001andSC2002.

A.5 Graphical Builders and PerformanceEvaluation

GraphicalBuilder. BoyanaNorris (ANL) andSteve Parker(Universityof Utah). We have developedtwo
complementaryrototypegraphicalbuildersthatcanbe usedto assembleomponentssetparametersexe-
cute,andmonitorcomponent-basesimulations.Theseprototypeshave exploreddifferentfacetsof builder
functionality: onebuilderusesXML-basedcomponentneta-datdo provide aframewvork-independentom-
ponentdescriptiorandtheability to specifyanumberof querytypesfor componentepositorysearcheshe
otherbuilderemphasizesompatibilitywith othercomponenmodels.Thesemplementationfiave drivena
fine-tuningof the CCA specificatiorto makethis interactionmoreefficient. Graphicalbuilders,alsocalled
visual programmingnterfacesarevery usefulfor mary applicationsgspeciallywhenthey arein the pro-
totyping phase.The userinterfaceallows corvenientaccesto componenparameterssuchastolerances
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and error criteria, which would typically be selectedn “what if?” prototypingscenariosandthenhard-
codedfor typical batchruns. As a result,the CCA builder protocolis designedo run with or without the
graphicalinterface. Futurework includesworking toward a standardvay of specifyinga userinterfaceto
acomponentThiswill allow componentvritersto specifyparametershatthey wish to exposeto the user
but will notrequirethatthey explicitly programuserinterfaceausinga specifictoolkit. This approachwill
simultaneouslyower the burdenon the componentleveloper andincreasethe portability of the resulting
system.lt is expectedthatthefeaturesof thesewo systemswill meilge at somepointin thefuture.

Performance. SameeShendeandAllen Malony (Universityof Oregon),CraigRasmusseandMatt Sot-
tile (LANL), andJaideepRay (SNL). The TAU (Tuning and Analysis Utilities) performanceobsenation
componentrovides measurementapabilitiesto componentstherebyaiding in the selectionof compo-
nentsand helpingto createperformanceaware intelligent componentssee[93] for further details. This
components currentlyusedin CFRFScomhustionapplicationsandfuture plansincludeincorporationinto
avariety of othersimulations,ncludingthe moleculargeometryoptimizationapplication to provide com-
prehensteinter- andintra-componenperformancénstrumentationgneasuremerandanalysiscapabilities.
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EarthSystemModeling Framevork ProjectMeeting,GreenbeltMaryland,2002.

[35] David E. Bernholdt, Component-Base&oftwarefor High-PerformanceéComputing: An Introduc-
tion to the CommonComponenfArchitecture, seminay Oak Ridge NationalLaboratory Oak Ridge,
Tennessee002.

[36] David E. Bernholdt, A Brief Introductionto the CommonComponentArchitecture, talk, Terascale
Supernealnitiative CollaborationMeeting,Dallas, Texas,2002.

[37] KennethChiu, MadhusudharGovindaraju,andDennisGannon, The ProteusMultiprotocol Library,
in Proceeding®f SuperComputin@€onfeence Baltimore, Maryland, Novemberl6-22,2002.

[38] Lori Freitag Diachin, Ben Allan, Rob Armstrong, Steve Benson, David Bernholdt, Jim Kohl,
Lois CurfmanMclnnes, BoyanaNorris, and JaideepRay, Developing High-PerformanceNumer
ical Components, invited presentationn a minisymposiumon Software Componentsfor High-
PerformancecientificComputingatthe SIAM AnnualMeeting,PhiladelphiaPA, 2002.

[39] L. Freitag,InterfaceDefinition Effortsin the TSTT Center in 11thinternationalMeshingRoundtable
Ithaca,NY, 2002.

[40] L. Freitag, ComponentTechnologiedor Adaptive Computing, invited keynote, Mississippi State
Workshopon Adaptive Algorithms,2002.
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[41] DennisGannonet. al., Programmingthe Grid: Distributed SoftwareComponentsP2P and Grid
Web Servicesfor Scientific Applications, in Speciallssueon Grid Computing,Journal of Cluster
Computing volume5(2002)No. 3, pages325—-336 Kluwer AcademicPublishers,July, 2002.

[42] DennisGannon,Building Grid Applicationsfrom DistributedComponeniTechnology keynotepre-
sentationPDCS-2002| ouisville, Kentucky, 2002.

[43] MadhusudharGovindaraju,SriramKrishnan,KennethChiu, AleksanderSlominski,DennisGannon,
and RandallBramley, XCAT 2.0: Designand Implementationof ComponenbasedWeb Services,
TechnicalReportTR562, Departmeniof ComputerScience IndianaUniversity, Bloomington,June
2002.

[44] C.R.JohnsonsS.G. Parker andD. M. Weinstein,Component-BaseBroblemSolving Environments
for Large-ScaleScientificComputing, Concuriencyand Computation:Practiceand Experiencel4,
1337(2002).

[45] Gary Kumfert, Understandingthe CCA Standad ThroughDecaf CASC, LawrenceLivermoreNa-
tional Laboratory Livermore,CA, 2002, DRAFT.

[46] ScottKohn, Bill Bosl, TamaraDahlgren, ThomasEpperly Gary Kumfert, and Steve Smith, Soft-
ware ComponenfTechnologyfor High-Performanc&Computing: Babel, CCA, andotherNeat Stuff,
seminarSanDiego SupercomputeCenter 2002.

[47] Gary Kumfert, Bill Bosl, TamaraDahlgren,ThomasEpperly ScottKohn, and Steve Smith, Babel:
Mixing Scripted,Compiled,andLegag/ Codesin Adaptive LaserPlasmaPhysics, talk, SIAM 50th
Anniversaryand2002AnnualMeeting.PhiladelphiaPA, 2002,Also availableasLawrencelivermore
NationalLaboratorytechnicalreportUCRL-PRES-148797.

[48] Lois CurfmanMclinnes, Tradeofs in High-Performanc&lumericalLibrary Design, invited presenta-
tion atthe Conferencen High SpeedComputing,SalisharLodge,GlenederBeach,Oregon, 2002.

[49] Lois CurfmanMclnnes, Steve Benson,Lori FreitagDiachin, BoyanaNorris, and J. Sarich, Paral-
lel NumericalComponentdor High-Performancescientific Computing, posterpresentatiorat the
InternationalConferencen SoftwareReuse Austin, TX, 2002.

[50] Lois CurfmanMclnnes,Steve Benson,and BoyanaNorris, Parallel Componentdor Unconstrained
Minimization, brown-bagpresentationJniversityof Chicago- ArgonneComputatiorinstitute,2002.

[51] Lois CurfmanMclnnes, High-Performance&Componentdor PDEsand Optimization, invited collo-
guium,ComputerScienceandEngineeringDepartmentPennStateUniversity, 2002.

[52] J.Nieplocha,R.J.Harrison,M. K. Kumar B. Palmer V. Tipparaju,andH. Trease, CombiningDis-
tributed and SharedMemory Models: Approachand Evolution of the Global Arrays Toolkit, in
Proceedingof the Workshopon PerformanceOptimizationvia High-Level Languagesand Libraries
(POHLL-02) 2002.

[53] BoyanaNorris, SatishBalay, Stere Benson,Lori Freitag, Paul Hovland, Lois Mclnnes,and Barry
Smith, Parallel Componentdor PDEsand Optimization: Somelssuesand Experiences, Parallel
Computing28, 1811(2002), (alsoavailableasArgonnepreprintANL/MCS-P932-0202).

[54] S.G. Parker A Component-basedrchitecturefor Parallel Multi-PhysicsPDE Simulation, in Inter-
national Confeenceon ComputationalSciencglCCS2002Workshopon PDE Softwag, 2002.
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[55] Lavarya RamakrishnanHelen Nell Rehn, Jay Alameda, RachanaAnanthakrishnanMadhusudhan
Govindaraju,AleksandeiSlominski,Kay Connelly VonWelch,DennisGannonRandallBramley, and
Shavn Hampton, An AuthorizationFramevork for a Grid BasedCommonComponen#Architecture,
in Proceedingsf the 3rd International Workshopon Grid Computing,Baltimore, Maryland, pages
169-180SpringerPressNovemberl8,2002.

[56] Craig Rasmussen,High PerformanceComponentsand the CCA, talk, Departmentof Computer
ScienceRiceUniversityHouston,Texas,2002.

[57] CraigRasmusseandMatthev Sottile, ComputerLanguagdnteroperabilityUsing Chasm,seminay
AdvancedComputingLaboratory Los AlamosNationalLaboratory Los Alamos,New Mexico, 2002.

[58] David E. Bernholdt, Component-Base8oftwarefor High-Performanc&€omputing:An Introduction
to the CommonComponenfrchitecture, seminay Pacific NorthwestNationalLaboratory Richland,
Washington2001.

[59] David E. Bernholdt, Component-Base8oftwarefor High-Performanc&€omputing:An Introduction
to the CommonComponenfArchitecture, talk, National Centerfor AtmosphericResearchBoulder
Colorado,2001.

[60] David E. Bernholdt, Component-Base&oftwarefor High-PerformanceéComputing: An Introduc-
tion to the CommonComponenfArchitecture, seminay Oak Ridge National Laboratory Oak Ridge,
Tennessee001.

[61] TamaraDahlgrenand PremkumamDevantu, Componentsn the Grid, Proceeding®f UCD Student
ComputingWorkshop,Universityof Californiaat Davis, CA, 2001, TR CSE-2001-7.

[62] TamaraahlgrerandMichaelGertz, ThePushandPull of theDataGrid, Proceedingsf UCD Student
ComputingWorkshop,Universityof Californiaat Davis, CA, 2001, TR CSE-2001-7.

[63] L. Freitag,Componenfechnologie$or High-Performanc€omputing,nvitedseminayPennsyhania
StateUniversity, 2001.

[64] DennisGannonetal., Programminghe Grid: DistributedSoftwareComponentsP2PandGrid Web
Servicesfor Scientific Applications, invited talk, 2nd InternationalWorkshopon Grid Computing
(GRID 2001),workshopat SC2001 Derver, Colorado,2001.

[65] DennisGannon,ComponenfFramevorks, keynoteaddress10thIEEE High Performancdistributed
ComputingConferenceSanFranciscoCA, 2001.

[66] DennisGannon, ComutationalGrids, Componentsand Web Services, Cray DistinguishedLecture
SeriesUniversityof Minn., 2001.

[67] DennisGannon, Programminghe Grid: DistributedSoftwareComponentsP2Pand Grid Web Ser
vicesfor Scientific Applications, keynote address2nd InternationaM/orkshopon Grid Computing,
SC2001Perver, CO,2001.

[68] DennisGannon,Componenfrchitecturedor High Performancésrids, talk, The TenthIEEE Interna-
tional Symposiumon High PerformanceDistributed Computing(HPDC), SanFranciscoCalifornia,
2001.

[69] DennisGannon,ComponentArchitecturedor High Performancésrids, invited talk, EuropearCon-
ferenceon Parallel Computing(EuroRar), ManchesterUK, 2001.
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[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

Kate Keahg, Pat Fasel,andSueMniszewnski, PAWS: Collective InteractionsandDataTransfers talk,
TheTenthlEEE InternationalSymposiunon High Performanc®istributedComputing(HPDC), San
FranciscoCalifornia,2001.

Sriram Krishnan, Randall Bramlgy, Dennis Gannon,MadhusudharGovindaraju, Rahul Indurkar
AleksanderSlominski, Benjamin Temko, Richard Alkire, Timothy Drews, Eric Webb, and Jay
Alameda, The XCAT SciencePortal, in Proceedingof SuperComputingonfeence,Derver, Col-
orado, Novemberl0-16,2001.

GaryKumfert,Bill Bosl, TammyDahlgren,Tom EpperlyandScottKohn,andStese Smith, Achieving
Languagelnteroperabilitywith Babel, talk, First CASC/ISCRWorkshopon Object-Orientedand
Componenfrechnologyfor ScientificComputing WenteVineyards,Livermore California,2001,also
availableasLawrencelLivermoreNationalLaboratorytechnicalreportUCRL-PRES-144649.

Lois CurfmanMclnnes,ComponenTechnologyfor Terascal&imulationSoftware talk, TOPSCenter
Kickoff Meeting,2001.

Craig RasmussenComponeniTechnologyfor TerascalésimulationSoftware, talk, AcceleratorSci-
DAC Centerkickoff meeting,2001.

Matt Sottile, ComponentTechnologyfor TerascaleSimulation Software, talk, LACSI Symposium
Workshopon High PerformancéumericalLibraries,2001.

David E. Bernholdt, Component-Base&oftwareDevelopmentfor High PerformanceComputing,
invited talk, Developinga Toolsetfor First PrinciplesElectronic StructureMethodsWorkshop,Oak
Ridge, Tennesse&001.

David E. Bernholdt, The CommonComponen#rchitecture: StatusandPlans, invited talk, Acceler
atedClimatePredictioninitiative Workshop,Oak Ridge, Tennesse&€001.

DennisGannon, SciencePortalsand Distributed SoftwareComponentArchitectures, seminar De-
partmentof ComputerScienceWilliam andMary, andICASE, NASA-Langley, 2001.

ScottKohn, Gary Kumfert, Jef Painter andCal Ribbens, DivorcingLanguageDependencieffom a
ScientificSoftwareLibrary, in 10th SIAM Confeenceon Parallel ProcessingPortsmouthyA, 2001.

RandallBramlgy, KennethChiu, ShridharDiwan, DennisGannon,MadhusudharGovindaraju, Nir-
mal Mukhi, BenjaminTemko,andMadhuri Yechuri, A ComponenBasedServicesArchitecturefor
Building Distributed Applications, in Proceedingof Ninth IEEE International Symposiunon High
PerformanceDistributedComputing Pittsburgh, Pennsylvaniapages1-59,|[EEE ComputerSociety
PressAugust1-4,2000.

ThomasEpperly ScottKohn,andGary Kumfert, ComponeniTechnologyfor High-Performancé&ci-
entific Simulation, in Working Confeenceon Softwae Architecturesfor ScientificComputingAppli-
cations Ottowa, Ontario,Canada2000,InternationaFederatiorfor InformationProcessing.



C. Additional CCTTSS OutreachActivities

[1] CraigRasmusserRlanningfor componentsvorkshop,Los AlamosComputerSciencdnstitute,to be
heldat LANL, Los Alamos,New Mexico, April, 2003.

[2] Craig RasmussenWorking meetingwith Ken Kennedyat Rice University to begin collaborationon
usingthe Ccafeine framavork for a telescopinganguageand optimizationsystemfor components,
Houston,Texas,2003.

[3] Lois CurfmanMclnnes, Working meeting(in SanDiego at SIAM CSE Conferencewith members
of the TerascaleOptimal PDE Simulations(TOPS)SciDAC centeron prototypecommoninterfaces
andcomponentmplementationgor linear, nonlinear andoptimizationsolvers,built ontop of TOPS
software,2003.

[4] David E. Bernholdt,Computationabciencen Component-Basernvironmentsorganizedatwo-part
(8-speakernini-symposiumMS21andMS45)atthe SIAM ComputationaBcienceandEngineering
'03, SanDiego, California,2003.

[5] Craig RasmussenWorking sessiorwith JayLarsonto helpdevelop a joint ESMFand CCA Fortran
datacouplercomponentlos Alamos,New Mexico, 2003.

[6] TamaraDahlgren,ThomasEpperly andGaryKumfert, OpenBabelWWorkshop2003,half-daymeeting.
[7] CCA ForumWinter Meeting,CourtyardLos AngelesOld PasadenalPasadenaCalifornia,2003.

[8] Rob Armstrong, David Bernholdt, Lori Freitag Diachin, Wael Elwasif, Dan Katz, Jim Kohl, Gary
Kumfert, Lois CurfmanMclnnes,BoyanaNorris, Craig RasmussenlaideeRay, and TorstenWilde,
CommonComponen#rchitectureTutorial, CCA ForumWinter Meeting,PasadenaCalifornia, 2003.

[9] Wael Elwasif, Ongoingdiscussionn the use of CCA in the Psi-Magtoolkit for computational
materialsscience2002,2003.

[10] TamaraDahlgren,ThomasEpperly andGary Kumfert, OpenBabeWorkshop,2002, 1 day meeting.

[11] Craig RasmussenWorking sessiorwith ESMF developersat NCAR regarding CCA andlanguage
interoperability Bouldetr Colorado,December2002.

[12] Rob Armstrong, David Bernholdt, Lori FreitagDiachin, Wael Elwasif, Dan Katz, Jim Kohl, Gary
Kumfert, Lois CurfmanMclnnes,BoyanaNorris, Craig RasmussenlaideeRay, and TorstenWilde,
CommonComponenfArchitectureTutorial, SC2002Baltimore, Maryland,2002.

[13] Rob Armstrongandthe CCA Working Group, The CommonComponentArchitecturein SciDAC,
talk, SciDAC Booth,SC2002Baltimore,Maryland,2002.

[14] J.Ray An Overview of the CommonComponentrchitecture, talk, ASCI Tri-Lab Booth, SC2002,
Baltimore,Maryland,2002.

[15] SC2002Exhibit Hall presence, Posters presentationsand demonstrationsn the SciDAC, ORNL,
ANL, ASCI Tri-Lab, LANL, NASA, PNNL, Research@IndianandUniversityof Utahbooths.2002.
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[16] Steve Benson,David Bernholdt, Curtis JanssenManojkumarKrishnan Liz Jurrus, Lois Curfman
Mclnnes, JarekNieplocha,JasonSarich,and Theresawindus, Molecular GeometryOptimization
Using CCA ComponentsDemonstrationg the ANL, ORNL, PNNL, andSciDAC booths,2002.

[17] Ben Allan, M. Govindraju, S. Lefantzi, J. Ray, and D. Gannon, CCA Frameavork Interoperability
Demonstratioratthe SCIDAC boothat Supercomputin@002,2002.

[18] RobArmstrongand Tom Epperly Demonstratiorof CCA BuilderService:A CCA framewvork Using
Ccafeine ThroughBabel-Python2002.

[19] Rob Armstrong, David Bernholdt, Lori FreitagDiachin, Wael Elwasif, Dan Katz, Jim Kohl, Gary
Kumfert, Lois CurfmanMclnnes,BoyanaNorris, Craig Rasmussen]aideeRay, and TorstenWilde,
CommonComponentArchitectureTutorial, Los Alamos ComputerSciencelnstitute Symposium,
SantaFe,New Mexico, 2002.

[20] CCA ForumFall Meeting,Half Moon Bay Lodge,Half Moon Bay, California,2002.

[21] Rob Armstrong, David Bernholdt, Lori FreitagDiachin, Wael Elwasif, Dan Katz, Jim Kohl, Gary
Kumfert, Lois CurfmanMclnnes,BoyanaNorris, Craig Rasmussen]aideeRay, and TorstenWilde,
CommonComponentArchitectureTutorial, CCA Forum Fall Meeting, Half Moon Bay, California,
2002.

[22] Rob Armstrong, David Bernholdt, Lori FreitagDiachin, Wael Elwasif, Dan Katz, Jim Kohl, Gary
Kumfert, Lois CurfmanMclnnes,BoyanaNorris, Craig RasmussenlaideeRay, and TorstenWilde,
CommonComponenfrchitectureTutorial, ACTSCollectionWorkshop LawrenceBerkelg/ National
Laboratory California,2002.

[23] Craig RasmussenWorking sessiorwith ESMF developersat NCAR regarding CCA andlanguage
interoperability Bouldet Colorado,August,2002.

[24] Lois CurfmanMclnnes(organizer),Minisymposiumon SoftwareComponentsor High-Performance
ScientificComputing, Invited minisymposiumat the SIAM AnnualMeeting,PhiladelphiaPA, spon-
soredby the SIAM Activity Groupon Supercomputing2002.

[25] Craig Rasmussen,Working sessionwith TAU performancegroup at the University of Oregon to
developa CCA performancemonitoringcomponentEugeneQOregon, 2002.

[26] CCA Forum SummemMeeting,ArgonneNationalLaboratory Argonne lllinois, 2002.

[27] Rob Armstrong, David Bernholdt, Lori FreitagDiachin, Wael Elwasif, Dan Katz, Jim Kohl, Gary
Kumfert, Lois CurfmanMclnnes,BoyanaNorris, Craig RasmussenlaideeRay, and TorstenWilde,
CommonComponenfArchitectureTutorial, CCA Forum Summermeeting,ArgonneNationalLabo-
ratory; lllinois, 2002.

[28] Lois CurfmanMclnnes, An Introductionto the CommonComponentArchitecture, presentatiorio
visiting studentsat ArgonneNationalLaboratory 2002.

[29] CCA Forum SpringMeeting,Valley View Lodge, Townsend,Tennesse&,002.

[30] Rob Armstrong, David Bernholdt, Lori FreitagDiachin, Wael Elwasif, Dan Katz, Jim Kohl, Gary
Kumfert, Lois CurfmanMcinnes,BoyanaNorris, Craig RasmussenlaideeRay, and TorstenWilde,
CommonComponenArchitectureTutorial, CCA ForumSpringMeeting, Townsend,Tennesse&002.
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[31] Don Middleton and David Bernholdt, Discussionof useof CCA in the SciDAC Earth SystemGrid
Projectandin NSFITR proposal’Towardsa KnowledgeEnvironmentfor the Geoscienceslead by
Tim Killeen (NCAR), telephonecall, 2002.

[32] CCA ForumWinter Meeting,Bishop’s Lodge,SantaFe,New Mexico, 2002.

[33] David E. Bernholdt,CraigRasmusserfcottKohn,andLori Freitag, CommonComponenfrchitec-
ture Tutorial, SantaFe,New Mexico, 2002.

[34] Lori Freitag, University of ChicagoFLASH Center Bob RosnerPl, Ongoingdiscussion®n design
issuesn their flagshipapplicationcode.

[35] GaryKumfertandScottKohn, IntroducingBabel:alLanguagénteroperabilityTool, Working Meeting
with TOPS(David Keyes, Steve Benson Andy Cleary Matt Knepley, Barry Smith)andTSTT (Lori
Freitag)representaties, ArgonneNationalLaboratory Argonne lllinois, 2001.

[36] SC2001ConferencéActivities, Postersanddemonstrationgn the ANL, LANL, NCSA, ORNL, and
Research@Indianaooths. 2001.

[37] Component-Base&oftwareDevelopmentin High PerformanceComputing, "Birds of a Feather”
sessionSC2001,Derver, Colorado,2001, Speakersncluded: Rob Armstrong(SNL), Stere Parker
(Utah),Alan SussmarfMaryland).

[38] CCA ForumFall Meeting,IndianaUniversity, Bloomington,Indiana,2001.

[39] Lori Freitag, CCTTSSrepresentatie to TSTT UnstructuredVesh Query InterfaceWorking Group,
2001.

[40] David E. Bernholdt, Initial discussionsvith ORNL fusion researchersepresentingan ORNL-led
SciDAC Fusionprojectandothernon-SciDAC projects. 2001.

[41] ScottKohn, Gary Kumfert, Rob Armstrong,and DennisGannon, Workshopon Object-Orientecand
ComponenfTechnologiedor ScientificComputing,2001, 3 dayworkshop.



