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Abstract

Thispaperdescribeswork in progressto developa stan-
dard for interoperability amonghigh-performancescien-
tific components.Thisresearch stemsfromgrowingrecog-
nition that the scientificcommunityneedsto better man-
agethecomplexity of multidisciplinarysimulationsandbet-
ter addressscalableperformanceissueson parallel and
distributedarchitectures. Driving forcesare the needfor
fast connectionsamongcomponentsthat performnumeri-
cally intensiveworkandfor parallel collectiveinteractions
amongcomponentsthat usemultipleprocessesor threads.
This paper focuseson the areaswe believe are mostcru-
cial in thiscontext,namely, aninterfacedefinitionlanguage
that supportsscientificabstractionsfor specifyingcompo-
nentinterfacesanda portsconnectionmodelfor specifying
componentinteractions.

1 Intr oduction

The complexity and resourcedemandsof present-day
software systemscreate the need for more flexible so-
lutions than thoseoffered by conventionalprogramming
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stylesbasedon a successionof subroutinecalls. Oneso-
lution is componentprogramming,basedon encapsulat-
ing units of functionality and providing a meta-language
specificationof their interfaces. Component-basedsoft-
waredevelopmentcanbe consideredan evolutionarystep
beyondobject-orienteddesign.Object-orientedtechniques
have beenvery successfulin managingthe complexity of
modern software, but they have not resultedin signifi-
cantamountsof cross-projectcodereuse.Sharingobject-
orientedcodeis difficult becauseof languageincompati-
bilities, thelack of standardizationfor inter-objectcommu-
nication,andthe needfor compile-timecouplingof inter-
faces. Component-basedsoftwaredevelopmentaddresses
issuesof languageindependence—seamlesslycombining
componentswritten in differentprogramminglanguages—
andcomponentframeworksdefinestandardsfor communi-
cationamongcomponents.

These advantagesare especially appealing in high-
performancescientific computing, where high-fidelity,
multi-physicssimulationsareincreasinglycomplex andof-
tenrequirethecombinedexpertiseof multidisciplinaryre-
searchteamsworking in areassuchasmathematicalmod-
eling, adaptive meshmanipulations,numericallinear and
nonlinearalgebra,optimization,load balancing,computa-
tional steering,parallelI/O, sensitivity analysis,visualiza-
tion, and dataanalysis. Consequently, the interoperabil-
ity and rapid applicationdevelopmentafforded by com-
ponentprogrammingareof particularimportance,asthey
help to support incrementalshifts in parallel algorithms
and programmingparadigmsthat inevitably occur during
the lifetimes of scientific applicationcodes. In addition,
sincecomponentscanbe configuredto executein remote
locations,componentprogrammingcanoffer high-level ab-
stractionsthatfacilitatetheuseof distributedsupercomput-
ing resources,whichhavebeenshown to offer powerful po-
tential[21].

Many differing opinions about componentdefinitions
exist within the softwarecommunity[7, 47]. We present
someworking definitionsaspreliminariesfor further dis-
cussion.
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� A componentis an independentunit of softwarede-
ployment. It satisfiesa setof behavior rulesandim-
plementsstandardcomponentinterfacesthat allow it
to becomposedwith othercomponents.Thesebehav-
ior rulesareoftenspecifiedasdesignpatternsthatmust
befollowedwhenwriting thecomponent.

� A componentintegration framework is an implemen-
tationof asetof interfacesandrulesof interactionthat
governthecommunicationamongcomponents.

� A componentarchitecture is a specificationof a set
of interfacesand rules of interactionthat govern the
communicationamongcomponentsand other neces-
sarytools,suchasrepositoriesandcompositiontools.

We have recentlyestablishedthe CommonComponent
Architecture(CCA) Forum [15], a group whosecurrent
membershipis drawn from various Departmentof En-
ergy national laboratoriesand collaboratingacademicin-
stitutions. The goal of the CCA Forum is to specify
a componentarchitecturefor high-performancecomput-
ing, where our target architecturesinclude workstation
networks, distributed-memorymultiprocessors,clustersof
symmetricmultiprocessors,andremoteresources.Wehope
thatthisworkwill layafoundationfor thedefinitionof stan-
dardizedsetsof domain-specificcomponentinterfacesand
for the interoperabilityamongtoolkits developedby dif-
ferent teamsacrossdifferent institutions. The purposeof
thispaperis to discussthecurrentCCA specificationandto
presentprogressof thegroupto date.

Thesoftwareindustryhasdefinedcomponentstandards
suchas CORBA [40], COM [45], and JavaBeans[19] to
addresssimilarcomplexitieswithin their targetapplications
(seeSection3 for a detaileddiscussion). Our approach
leveragesthis work whereappropriate,but addressesthe
distinctly different technicalchallengesof large-scalesci-
entific simulations.Basedon the lessonslearnedfrom re-
searchprojectsin high-performancecomponentarchitec-
turesby CCA participants(see,e.g., [3, 44, 25, 32, 36, 37])
and projectsconsideringrelateddesignissues(see,e.g.,
[1, 23, 26, 6]), wearedevelopingasinglecomponentinter-
facespecificationthat will enableinteractionsamongsci-
entificcomponentsthatfollow thisstandard.Additional re-
latedwork [10, 8, 22, 35] canbefoundelsewhere.

We recognizetwo levelsof interoperability:component-
level interoperability, for which all the vital functionsof
any onearchitectureareaccessibleto any compliantcom-
ponentthrougha standardinterface(e.g., facilities avail-
ablewithin a CORBA ORB),andframework-level interop-
erability, for whichtheframeworksthemselvesinteroperate
throughastandardizedinterface(e.g.,inter-ORBcommuni-
cationvia CORBA IIOP).Providing component-level inter-
operabilityrequiresdefininganinteractionmodelcommon

to all componentsand a small set of indispensablehigh-
level frameworkservices.In additionto theserequirements,
framework-level interoperabilitynecessitatesthe standard-
izationof a numberof low-level services.Sincedefininga
standardfor interoperabilityat theframework level requires
a supersetof featuresneededfor the componentlevel, our
focusis on providing thelatternow andextendingit in the
futureto includeframework-level interoperabilityfeatures.
Thescopeof thispaperis limited to component-level inter-
operability.

The remainderof this papermotivatesandexplainsour
approach,beginningin Section2 with a discussionof some
of the challengesin large-scalescientificcomputing.Sec-
tion 3 comparesour strategy with relatedwork in thesoft-
wareindustry. Section4 presentsa high-level view of the
CCA standardandprovidesa roadmapoutlining the rela-
tionshipsamongits constituents.Sections5 and6 describe
in detailthepartsof theCCA standardthataremostcrucial
for defining componentinteractionsin high-performance
scientificsoftware,namely, a scientificinterfacedefinition
languageanda“ports” componentlinking andcomposition
modelwith direct-connectandcollective capabilities. Fi-
nally, Section7 outlinesfuturedirectionsof work.

2 Moti vating Examples

Our work is motivatedby collaborationswith various
computationalscienceresearchteams,who areinvestigat-
ing areassuchascombustion[14], microtomography[48],
particlebeamdynamics[30], mold filling [31], andplasma
simulation [43]. In conjunctionwith theoreticaland ex-
perimentalresearch,thesesimulationsareplaying increas-
ingly importantrolesin overall scientificadvances,partic-
ularly in fieldswhereexperimentsareprohibitively expen-
sive, time consuming,or in somecasesimpossible.While
eachof thesesimulationsrequiresdifferent mathematical
models,numericalmethods,anddataanalysistechniques,
they couldall benefitfrom infrastructurethat is moreflexi-
bleandextensibleandthereforebetterableto managecom-
plexity andchange.

To enablea more concretediscussionof the CCA ap-
proach,webriefly review somechallengesarisingin chem-
ically reactingflow simulations,whichhavedemandingre-
quirementsfor high resolutionandcomplex physicalsub-
models for turbulence,chemistry, and multiphaseflows.
Section2.1 presentscurrent functionality of a particular
application,while Section2.2describespotentialenhance-
mentsthatcomponent-basedtechnologycouldhelpto sup-
port.
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2.1 Computational Hydr odynamicsExample

WeconsidertheCHAD (ComputationalHydrodynamics
for AdvancedDesign)application[14, 42] becauseit ex-
hibitscomputationalrequirementscommonwithin many of
high-performancescientificcodes.CHAD hasbeendevel-
opedfor fluidssimulationsin theautomotiveindustryunder
the SupercomputingAutomotive ApplicationsPartnership
with the United StatesCouncil for Automotive Research
and five Departmentof Energy national laboratories(Ar-
gonne,LawrenceLivermore,Los Alamos,OakRidge,and
Sandia). CHAD is the successorof KIVA [2], which has
becomea standardtool for device-level modelingof inter-
nal combustionengines.CHAD is intendedfor automotive
designapplicationssuch as combustion, interior airflow,
under-hoodcooling,andexterior flows. Currently, CHAD
solvesthe single-phase,compressibleNavier-Stokesequa-
tions using an arbitrary Lagrangian-Eulerianformulation
with hybrid unstructuredmeshesand a finite volumedis-
cretizationscheme.Theapplicationwasdesignedfrom its
inceptionasparallelcodeusingFortran 90 andencap-
sulationof nonlocalcommunicationin gather/scatterrou-
tinesusing the MessagePassingInterface(MPI) standard
[39].

2.2 ComponentChallengesand Opportunities

CHAD researchersare experimentingwith numerical
strategiesrangingfrom explicit throughsemi-implicit and
evenmorefully implicit schemesusingNewton-typemeth-
ods. Using semi-implicit andimplicit techniqueshelpsto
overcomestability and accuracy restrictionson computa-
tional timesteps,andtherebycanoftenhelpto reduceover-
all time to solution.

Figure1 demonstratessometypical interactionsamong
componentsfor a semi-implicit solutionprocedurewithin
a PDE-basedsimulation. While a single diagramcannot
expressthe richnessof interactionswithin CHAD, nor the
rangeof functionality neededby our motivating applica-
tions,thispicturedoesconvey key themesthatmotivatethe
CCA approach.We focuson (1) fast interactionsbetween
componentsvia a “ports” componentlinking andcomposi-
tion modelthatallows directconnections(seeSection6.2),
and(2) collectiveinteractionsamongcomponentsthatuse
multiple processesor threads(seeSection6.3). Collective
abstractionsareimportantfor communicationbetweenboth
tightly coupledand looselycoupledcomponents.For ex-
ample,Figure1 demonstratescollective directly connected
ports betweenparallel preconditionerand Krylov solver
components.Thediagramalsoshowscollectivedistributed
port communicationbetweennumericalcomponentsof a
parallelapplicationandremotevisualizationtools.

Visualization

Collective distributed 
ports

D

E

Process Parallel  application

MPI

B

C

A

MPIMPI

Mesh 
Krylov solver
Preconditioner
Interpolation
Visualization

B

C

A

D

Components

E

Shared memory

Collective 
directly connected 
ports

Figure 1. Diagram of component interactions.
Parallel numericalcomponentsthatusedistributeddatastructures

andrequireinterconnectionswith low latency andhigh bandwidth

arerepresentedin theupperportionof thefigure. Componentsfor

visualization,which can often be more loosely coupledand dif-

ferently distributed thanthe numericalcomponents,areshown in

thefigure’s lower portion. Communicationwithin a parallelcom-

ponentis at the discretionof the componentitself. For example,

in this diagramcomponentA (a mesh)usesMPI to communicate

amongthefourprocessesoverwhichit is distributed,whilecompo-

nentE (a visualizationtool) usessharedmemory. Communication

betweencomponentsis handledby ports.

Thegoalsof theCCA Forumareto simplify theinfusion
of new techniqueswithin the lifetimesof existing applica-
tionssuchasCHAD andto facilitatetheconstructionof new
models.Interactionsamongmultiple toolsthatusecurrent-
generationinfrastructuretypically require labor-intensive
translationsbetweeninterfacesanddatastructures.We aim
to simplify thisprocessandalsoto enabledynamicinterac-
tions,sinceresearchersmaywish to introducenew compo-
nentsduringthecourseof ongoingsimulations.For exam-
ple,aresearchermaywishto visualizeflow fieldsonalocal
workstationby dynamicallyattachingavisualizationtool to
anongoingsimulationthat is runningon a remoteparallel
machine.Uponobservingthat the flow fieldsarenot con-
vergingasexpected,theresearchermaywishto introducea
new schemefor hierarchicalmeshrefinement.

Oneof themostcomputationallyintensivephaseswithin
thesemi-implicitandimplicit strategiesunderconsideration
within CHAD is thesolutionof discretizedlinearsystemsof
theform ������� , which arevery largeandhave sparseco-
efficient matrices� . The EquationSolver Interface(ESI)
Forum[20] is definingcollectionsof abstractinterfacesfor
solvingsuchsystems,with a goalof enablingapplications
like CHAD to experimentmoreeasilywith multiple solu-
tion strategiesandto upgradeasnew algorithmswith bet-
ter latency toleranceor moreefficient cacheutilization are
discoveredandencapsulatedwithin toolkits. This areais
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one of many (e.g., partitioning, meshmanagement,dis-
cretization,optimization,visualization)that could benefit
from component-basedinfrastructureto facilitate experi-
mentsamongdifferenttools.

3 Relationship to Existing Standards

ComponentarchitecturestandardssuchasCORBA [40],
COM [45], and JavaBeans[19] have beendefinedby in-
dustrial corporationsand consortiaand are employed by
millions of users. Unfortunately, thesestandardsdo not
addressthe needsof high-performancescientific comput-
ing, primarily becausethey do not supportefficient paral-
lel communicationchannelsbetweencomponents.Abstrac-
tionssuitablefor high-performancecomputingareneeded.
The existenceof many successfulhigh-performancelan-
guagesand libraries—suchasHPC++ [24], POOMA [4],
ISIS++ [12], SAMRAI [29], andPETSc[5]—testifiesthat
suchabstractionscanenabletheuserto developmoreeffi-
cientprogramsfaster. Similarly, we needabstractionsthat
capturehigh-performanceconceptsin componentarchitec-
tures. For example,PARDIS [37] andPAWS [6] success-
fully show that introducingabstractionsfor singleprogram
multiple data(SPMD) computationcan enablemore effi-
cientinteractionsbetweenSPMDprograms.In thissection,
webriefly review theseindustrystandardsandexplain their
limitationsfor high-performancescientificcomputing.

3.1 Micr osoftCOM and ActiveX

COM (ComponentObject Model) is Microsoft’s com-
ponentstandardthat forms the basis for interoperability
amongall Window-basedapplications. ActiveX [11] de-
fines standardCOM interfacesfor compounddocuments.
Microsoft has developeda distributed version of COM,
called DCOM, that targetsnetworked Windows worksta-
tions.

COM targetsbusinessobjectsanddoesnot includeab-
stractionsfor parallel datalayout or basicscientificcom-
puting datatypes,suchascomplex numbersandFortran-
style dynamicmultidimensionalarrays. Also, COM does
not easilysupportimplementationinheritanceandmultiple
inheritance(which can be implementedthroughaggrega-
tion or containment). Somescientific libraries (see,e.g.,
[20]) requiremultiple inheritanceanda simplemodel for
polymorphism,whichCOM doesnotprovide.

3.2 SunJavaBeansand Enterprise JavaBeans

JavaBeansandEnterpriseJavaBeans(EJB) arecompo-
nentarchitecturesdevelopedby Sunandits partners.They
arebasedon Sun’s Java programminglanguageandare
cross-platformcompetitorsto Microsoft’sCOM.

NeitherJavaBeansnor EJB directly addressesthe issue
of languageinteroperability, and thereforeneither is ap-
propriatefor the scientificcomputingenvironment. Both
JavaBeansandEJB assumethat all componentsarewrit-
ten in the Java language. Although the Java Native In-
terface [34] library supportsinteroperabilitywith C and
C++, usingtheJava virtual machineto mediatecommuni-
cationbetweencomponentswould incuranintolerableper-
formancepenaltyonevery intercomponentfunctioncall.

3.3 OMG CORBA

CORBA is a distributed object specificationsupported
by the OMG (Object ManagementGroup), a consortium
of over eight hundredpartners. CORBA supportsthe in-
teractionof complex objectswritten in differentlanguages
distributedacrossanetwork of computersrunningdifferent
operatingsystems.

ThecurrentCORBA specificationdoesnotdefineacom-
ponentmodel, althougha CORBA 3.0 componentspeci-
fication [41] is currentlyunderreview by the OMG. Like
COM, CORBA doesnotprovideabstractionsnecessaryfor
high-performancescientific computing, such as Fortran-
styledynamicmulti-dimensionalarraysandcomplex num-
bers. Although CORBA enablesrobust and efficient im-
plementationsfor distributedapplications,it is far too in-
efficient whena methodcall is madewithin the samead-
dressspace.While arecentlyestablishedhigh-performance
CORBA workinggroup[28] mayeventuallyaddressa sub-
setof ourperformanceconcerns,theirmandatedoesnotad-
dressthe rangeof parallelcomputingissues,asdiscussed
in Section2. CORBA alsohasa limited objectmodel in
that methodoverriding is not supportedandthe semantics
of multiple implementationinheritancecanleadto ambigu-
ities.

While CORBA 2.0doesnotprovidefor acomponentin-
teractionmechanism,theCCA specificationdoes.It should
be observed that the CORBA object model is sufficiently
powerful to suppportan implementationof the CCA. This
is a goodexampleof the intent of the CCA specification:
a layer on top of an existing systemthat enableshigh-
performancecomputing.Sucha “CCA over CORBA” im-
plementation,targetingdistributedenvironments,is being
plannedby oneof theparticipatingforummembers.

4 Overview of the CCA Standard

WedefinetheCommonComponentArchitectureasaset
of specificationsandtheir relationshipsasdepictedin Fig-
ure2. The elementswith gray backgroundpertainto spe-
cific implementationsof a componentarchitecture,while
theelementswith whitebackgrounddepictpartsof theCCA
standardsnecessaryfor component-level interoperability.
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As shown in the picture, componentsinteract with
each other and with a specific framework implementa-
tion throughstandardapplicationprogramminginterfaces
(APIs). Eachcomponentcandefineits inputsandoutputs
by usinga scientificinterfacedefinition language (SIDL);
thesedefinitions can be depositedin and retrieved from
a repositoryby using a CCA RepositoryAPI. The repos-
itory API definesthe functionality necessaryto searcha
framework repositoryfor componentsas well as to ma-
nipulate componentswithin the repository. In addition,
thesecomponentdefinitionscanserve as input to a proxy
generatorthat generatescomponentstubs,which form the
component-specificpartof theCCAPorts. Componentscan
useframework servicesdirectly throughtheCCAServices
interface. The CCA Configuration API supportsinterac-
tion betweencomponentsandvariousbuildersfor functions
suchasnotifying componentsthatthey have beenaddedto
a scenarioanddeletedfrom it, redirectinginteractionsbe-
tweencomponents,or notifying a builder of a component
failure.

A componentframework is said to be CCA compliant
if it conformsto thesestandards—thatis, providesthe re-
quired CCA servicesand implementsthe requiredCCA
interfaces. Differentcomponentsrequiredifferentsetsof
servicesto interoperate. For example,somewill require
remotecommunicationwhile otherscommunicateonly in
the sameaddressspace. Therefore, the CCA standard
will allow differentflavorsof compliance;eachcomponent
will specifya minimumflavor of compliancerequiredof a
framework within which it caninteract.

CCA Ports Part of CCA Ports specific to the framework

Abstract Configuration APIRepository API

Any CCA Compliant Framework

CCA Services

Component 1 Component 2

  proxy
generator

Builder

Repository

Scientific IDL

Figure 2. Relationships among CCAelements.

We will now describein somedetail threeelementsof
theCCA standardthatwebelievearemostcritical for high-
performancescientificcomputing,namely, a scientific in-
terfacedefinition language,a portsmodel,anda minimal

setof supportingservices.Work on the otherpartsof the
CCA standardis alsoin progress,but detailsarebeyondthe
scopeof thispaper.

� SIDL is a programming-language-neutral interface
definitionlanguageusedto describecomponentinter-
faces. The SIDL provides a methodfor describing
componentandframework interfacesthat is indepen-
dent of the underlyingimplementationprogramming
languages.Componentdescriptionsusing SIDL can
be usedby repositoriesand by a proxy generatorto
provide the componentstubselementof communica-
tion ports.

� CCA Ports define the communicationmodel for all
componentinteractions. Each componentdefines
one or more ports to describethe calling interface.
Communicationlinks betweencomponentsareimple-
mentedby connectingcompatibleports, where port
compatibility is definedasobject-orientedtype com-
patibility of theport interfaces,ascanbedescribedin
the SIDL. As shown in Figure 2, eachport hastwo
parts. The first part is a set of framework-specific
but component-independent functionalitypertainingto
componentinteraction(e.g., adding a listener to an
object) and has the sameAPI for every component.
The secondpart implementscomponent-specificbut
framework-independentfunctionality; this partcanbe
generatedautomaticallyby aproxygeneratorbasedon
thecomponentdefinitionexpressedin SIDL, andis re-
ferredto asa componentstub. For example,a compo-
nentstubmay containmarshalingfunctionsin a dis-
tributedenvironment.

� CCAServicespresentaframeworkabstractionthatcan
beusedin thecomponentstubimplementationaswell
asby the componentsthemselves; this CCA element
providesa clear definition of the minimal servicesa
framework mustimplementin orderto beCCA com-
pliant. Two critical concernsguiding this designare
thattheservicesenablehigh-performanceinteractions
andthattheservicesaresufficiently compactanduser
friendly to enablea rapidlearningprocessfor compo-
nentwriters,many of whomwill not becomputersci-
entists.As such,we have identifiedthat thekey CCA
servicesarecreationof CCA Portsandaccessto CCA
Ports,which in turnenableconnectionsbetweencom-
ponents.

Additionalcommonfacilitiestohandlenaming,relation-
shipmanagement,errorhandling,querying,andsoforthare
of coursealsoimportant,becausein practicemany compo-
nentswouldneedandcouldsharethesefacilities.However,
becausethe particularneedsof different componentsand
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frameworksvaryconsiderablydependingonusageenviron-
ment,discussionof theseissuesis beyondthescopeof this
paper.

The following sectionsdescribethesefeaturesin more
detail.A referenceimplementationis trackingtheevolution
of theCommonComponentArchitecture.Likewise,several
ongoingcomputationalscienceprojectsareexperimenting
with the CCA to manageinteroperabilityamongcompo-
nentsdevelopedby differentresearchgroups;theseexpe-
rienceswill motivatefurtherextensionsandrefinementsto
design.

5 The Scientific IDL

The ScientificInterfaceDefinition Languageis a high-
level descriptionlanguageusedto specifythecalling inter-
facesof softwarecomponentsandframework APIs in the
componentarchitecture.SIDL provideslanguageinteroper-
ability thathideslanguagedependenciesto simplify thein-
teroperabilityof componentswritten in differentprogram-
ming languages.With the proliferationof languagesused
for numericalsimulation—suchasC, C++ , Fortran 77 ,
Fortran 90 , Java , andPython —thelackof seamless
languageinteroperabilitycanbea significantbarrierto de-
velopingreusablescientificcomponents.

For thepurposesof ourhigh-performancescientificcom-
ponentarchitecture,SIDL must be sufficiently expressive
to representtheabstractionsanddatatypescommonin sci-
entific computing,suchasdynamicallydimensionedmul-
tidimensionalarraysandcomplex numbers.Unfortunately,
no suchIDL currentlyexists, sincemost IDLs have been
designedfor operatingsystems[17, 18] or for distributed
client-servercomputingin thebusinessdomain[33, 40, 46].

The basicdesignof our scientific IDL borrows many
conceptsfrom current standards,such as the CORBA
IDL [40] andtheJava programminglanguage[27]. This
approachallowsusto leverageexistingIDL technologyand
languagemappings.For example,CORBA alreadydefines
languagemappingsto C, C++ , and Java , and ILU [33]
(which supportsthe CORBA IDL) defineslanguagemap-
pingsto Python .

The scientificIDL providesadditionalcapabilitiesnec-
essaryfor scientificcomputing[13, 38]. It supportsobject-
orientedsemanticswith aninheritancemodelsimilar to that
of Java with multiple interfaceinheritanceandsingleim-
plementationinheritance.IDL supportfor multiple inher-
itancewith methodoverriding is essentialfor scientific li-
brariesthat exploit polymorphismthroughmultiple inher-
itance,suchasusedin the EquationSolver Interface[20]
standard.TheIDL andassociatedrun-timesystemprovide
facilities for cross-languageerror reporting. We have also
addedIDL primitive datatypesfor complex numbersand
multidimensionalarrays for expressibility and efficiency

whenmappingto implementationlanguages.
We aredevelopingSIDL supportfor reflectionanddy-

namic methodinvocation, which are important capabili-
ties for a componentarchitecture. Interface information
for dynamicallyloadedcomponentsis oftenunavailableat
compile time; thus, componentsand the associatedcom-
position tools and frameworks must discover, query, and
executemethodsat run time. The SIDL reflection and
dynamicmethodinvocationmechanismsarebasedon the
designof the Java library classesin java.lang and
java.lang.reflect . Reflectioninformationfor every
interfaceandclasswill be generatedautomaticallyby the
SIDL compilerbasedon IDL descriptions.

Our SIDL implementationcurrently supportslanguage
mappingsfor both C and Fortran 77 , andsupportfor
C++ is underdevelopment. The Fortran 77 language
mapping is similar to the C languagemapping defined
by CORBA except that SIDL interfacesand classesare
mappedto Fortran integersinsteadof opaquedatatypes.
TheSIDL run-timeenvironmentautomaticallymanagesthe
translationbetweenthe Fortran integer representation
and the actualobject reference. The Fortran 90 lan-
guagemappingis still underdevelopment.Fortran 90
is a particularchallengefor scientific languageinteroper-
ability, becauseFortran 90 calling conventionsandar-
raydescriptorsvarywidely from compilerto compiler.

6 ComponentInteraction throughPorts

Every componentarchitectureis characterizedby the
way in which componentsarecomposedtogetherinto ap-
plications. As introducedin Section4, CCA Ports are
communicationendpointsthatdefinetheconnectionmodel
for componentinteractions.Within Figure1, portsdefine
the interactionsbetweenrelatively tightly coupledparallel
numericalcomponents,which typically require very fast
communicationfor scalableperformance;portsalsodefine
looselycoupledinteractionswith possiblyremotecompo-
nentsthatmonitor, analyze,andvisualizedata.

To addressthis rangeof requirements,we adopta pro-
vides/usesinterfaceexchangemechanism,similar to that
within the CORBA 3.0 proposal[41]. This approachen-
ablesconnectionsthatdo not impedeinter-componentper-
formance,yetallowsaframework to createdistributedcon-
nectionswhendesired.In the idealcase,anattachedcom-
ponentwould reactas quickly as an inline function call.
We refer to this situation as direct connection, which is
further discussedin Section6.2. This type of connection
makes the most sensewhen the componentinstancesex-
ist in thesameaddressspace.Looselycoupleddistributed
connectionsshouldbeavailablethroughthe very samein-
terfaceas the tightly coupleddirect connections,without
the componentsbeingawareof the connectiontype. This
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needarisesbecausehigh-performancecomponentswill of-
tenbeparallelprogramsthemselves.A parallelcomponent
mayresideinsidea singlemultiprocessoror it maybedis-
tributedacrossmany differenthosts. Existing component
modelshave no conceptof attachingtwo parallel compo-
nentstogether, andexisting researchsystems,suchasCU-
MULVS [26], PAWS [6], andPARDIS [37], approachthis
problemin differentways.We thereforeintroduceacollec-
tive port modelto enableinteroperabilitybetweenparallel
components,asdiscussedin Section6.3.

In the JavaBeansmodel [19], componentsnotify other
listenercomponentsby generatingevents.Componentsthat
wish to be notified of eventsregisterthemselvesaslisten-
erswith the target components.Although therearesome
similarities to the CCA specification,JavaBeansdoesnot
allow a provides/usesdesignpatternaspartof its standard.
In the COM/DCOM model [45], onecomponentcalls the
interfacefunctionsexportedby another. The COM model
is very similar in form to theCCA specification.Platform
interoperabilityissuesare,in theopinionof theCCA work-
ing group, importantenoughthat COM hasnot beennot
adoptedoutright. In theproposedCORBA 3.0 component
model[41], botheventsandaprovides/usesinterfacemodel
areused.Theprovides/usespatternemployedby theCCA
is verycloseto thisproposedapproach,andany component
that is CCA compliantwill likely map easily to CORBA
3.0. However, at the time of this writing, CORBA 3.0 is
a proposedstandardthat is still undergoing rapid change,
andCORBA 3.0mayseeno implementationfor years.The
CCA working group believes that a compatiblestandard
for high-performancecomputingshouldappearmuchmore
quickly thanthe CORBA 3.0 time frame. For this reason
we have chosenthe provides/usespatternfor use as the
CCA Portsarchitecture.It is expected(andhoped)thatthe
CORBA 3.0specificationwill notdrift far from whatis de-
scribedhere.

6.1 The Basicsof CCA Ports

The conceptof CCA Ports arisesfrom the data-flow
world, wherecomponentinteractionsarelimited to pipelin-
ing datafrom onecomponentto thenext. CCA Portsgener-
alizethis ideato admitmethodcallsandreturnvaluesalong
thepipeline,allowing for a richervarietyof componentin-
teractions.Links betweencomponentsareimplementedby
a provides/usesinterfacedesignpattern,which is flexible
enoughto allow directcomponentinterfaceconnectionsfor
high performanceor connectionsthroughproxy intermedi-
ariesenablingdistributedobjectinteractions.Significantly,
in theCCA model,port connectionis the responsibilityof
theframework; therefore,a particularcomponentmayfind
itself connectedin a varietyof differentwaysdependingon
its environmentandmodeof use(see[9] for detailsof the

CCA portsspecificationandanappletdemonstration).
In theCCA architecture,componentsarelinkedtogether

by connectinga “port” interfacefrom onecomponentto a
“port” interfaceon another. As demonstratedin Figure3,
weemploy two typesof ports:

� Providesport. A Providesport is an interfacethat a
componentprovidesto others.

� Usesport. A Usesport interfacehasmethodsthatone
component(the caller) wantsto call on anothercom-
ponent(thecallee);thecallercomponentretrievesthe
Usesinterfacefrom theCCA Serviceshandle.

Component 1 Component 2

CCAServices
2

CCAServices

4

registerUsesPort("A")
1

Port

Port

Port

addProvidesPort(         ,"A")

= getPort("A")Port

3

Figure 3. Illustration of the connection mech-
anism. ���	� The provided interface (i.e., ProvidesPort )

is made known to Component 1’s containing framework

by ����� passing it to the CCAServices handle via the

addProvidesPort() method. �� �� At theframework’s option,

eithertheinterfaceor aproxyfor theinterfacecanbegivento Com-

ponent2 throughits CCAServices handle. �"!#� Component2

retrievestheinterfaceusingthegetPort() method.

Providesportsaregeneralizedlistenersin thesensethat
they listen to Usesinterfaces(i.e., calls of their functions
by anothercomponent).EachUsesport maintainsa list of
listeners.To connectonecomponentto another, oneadds
a Provides(input) port of onecomponentto another’sUses
(output)port. This approachfollows many featuresof the
proposedCORBA 3.0 design. Whena componentcalls a
memberfunctionon oneof its Usesports,thesamemem-
berfunctionon eachlisteningProvidesport is called.Note
that this meansone call may correspondto zero or more
invocationsonprovidercomponents.

As introducedin Section4, all interactionbetweenthe
componentandits containingframeworkwill occurthrough
the component’s CCAServices object, which is set by
the containing framework. The componentcreatesand
addsProvidesports to the CCAServices , and registers
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and retrieves Usesports from the CCAServices . The
CCAServices enablesaccessto the list of Providesand
Usesportsandto an individual port by its instancename.
It alsoimplementsa methodfor obtainingthevariousports
andregisteringthemwith theframework.

6.2 Dir ect-ConnectPorts

Much of thereasonfor adoptingtheprovides/usesinter-
faceexchangemechanismfor connectingCCA components
is to enablehigh-performancecomputing. Exceptfor the
SIDL bindingsto UsesPort andProvidesPort inter-
faces,the overheadfor the privilege of becominga CCA
componentis nothingmorethanadirectfunctioncall to the
connectedobject. That is, thereis no penaltyfor usingthe
provides/usescomponentconnectionmechanismproposed
in theCCA specification.Thecostof theinterveningSIDL
binding for languageindependenceis estimatedto be ap-
proximately2-3 functioncallsperinterfacemethodcall.

Componentscan be directly connectedin a variety of
ways;probablythe simplestis to createan objectthat ex-
portsaDirectConnectPort interfacesubclassingboth
theUsesPort andProvidesPort interfaces.Thisway
the framework getsa Providesinterfacefrom onecompo-
nent and gives that sameinterfacedirectly to a connect-
ing componentas a Uses interface. Note that with this
approachthe framework still retainsfull control over the
connectionbetweencomponents.Optionally, theprovided
DirectConnectPort canbetranslatedthroughaproxy
by aseparateUsesPort providedby theframework,with-
out thecomponentsoneitherendof theconnectionneeding
to know.

6.3 Collective Ports

The conceptof Collective Ports is a small but pow-
erful extension of the basic CCA Ports model to han-
dle interactionsamongparallel componentsand thereby
to free programmersfrom focusingon the often intricate
implementation-level detailsof parallelcomputations.The
provides/usesport interfacesandotherport informationare
accessiblefrom every threador processin a parallelcom-
ponent.TheCCA standarddoesnot placeany restrictions
on themeansby which particularimplementationsaddress
this. For example,in adistributed-memorymodelacopy of
theseclassescouldbe maintainedby every processpartic-
ipating in computation,whereasin sharedmemorya class
couldberepresentedjustonce.However, theCCA standard
doesrequirethatasoneof theCCA servicestheimplemen-
tationmaintainconsistency amongtheclasses.

The creationof a collective port requiresthat the pro-
grammerspecifythemappingof data(or processespartici-
pating)in theoperationson this port. In themostcommon

casethemappingsof theinputandoutputportsmatcheach
other. For example,n processesor threadsin onecompo-
nentaremappedto n processesor threadsin theother, and
in this casedatawould not needredistribution betweenthe
parallelcomponents.In the secondmostcommoncase,a
serialcomponentinteractswith a parallelcomponent.The
semanticsof this interactionarevery similar to broadcast,
gather, andscattersemanticsusedin collectivecommunica-
tion. Collectiveportsaredefinedgenerallyenoughto allow
datato be distributedarbitrarily in the connectedcompo-
nents;asdemonstratedin Figure1, this capabilityis useful
in connectinga parallel numericalsimulationwith differ-
ently distributedvisualizationtools. We are investigating
issuesin the behavior of informationflow betweencollec-
tive ports, especiallyin casesof mismatchin cardinality,
time,andspace.

7 Future Dir ections

This discussionhas introducedthe foundationfor re-
searchby the CCA forum in defining a commoncom-
ponentarchitecturethat supportsthe needsof the high-
performancescientificcomputingcommunityandleverages
existing componentstandards,but will likely not be ad-
dressedby them. Key facetsof this work aredevelopment
of an IDL that supportsscientificabstractionsfor compo-
nent interfacespecificationand definition of a ports con-
nectionmodel that supportscollective interactions. This
architectureenablesconnectionsthat do not impedeinter-
componentperformance,yet allows a framework to create
distributedconnectionswhendesired.Currently, weareim-
plementingvariousPortssubclassesthat relatedirectly to
high-performancecomputing.Amongthesearethecollec-
tiveportsdiscussedearlier, acomponentbasedonanumeric
solversstandard[20], anda referenceimplementationof a
CCA-compliantframework (see[15] for further informa-
tion). Otherproposalsfor componentsandstandardinter-
facescompliantwith the currentCCA Portsspecification
areopenlysolicited.

Futureplansincludeincorporatingsupportfor different
computationalmodels(e.g.,SPMD and threadedmodels)
and extending the definition of CCA Ports to accommo-
datedynamiccomponenthook-upandconfiguration.Some
changesto the existing port specificationareinevitable as
we gain experiencewith actualhigh-performancecompo-
nents.Currently, theCCA specificationmakesnoprovision
for frameworkservicesbeyondPorts.At thismomentapro-
posalis beingcraftedfor gainingaccessthroughtheexisting
CCA specificationto servicesprovidedby existing frame-
works, suchasCORBA or EnterpriseJavaBeans.It does
not seemlikely that the CCA working group will decide
to require any of theseservicesto be present.This is be-
causehigh-performanceenvironmentsareoftenexotic, and
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requiringservicesmaylimit someof theintendedaudience
for thisspecification.

Beyondthesemodificationsandclarificationsto theex-
isting standard,the CCA working group will function as
a standardsbody, incorporatingor rejectingproposedport
andcomponentadditionsto the essentialcoreof the stan-
dard. This phaseof our activity hasjust begun,but is vital
to the successof our mission. Our goal is to incorporate
enoughstandardinterfacesandcomponentsto make plug-
and-playhigh-performancecomputinga reality. This is an
impossiblytall orderfor theCCA membersto accomplish
by themselves.However, by incorporatingcomponentsand
interfacesfrom interestedresearchersand consortia,it is
hopedthatthisvisioncanberealized.
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