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Abstract

Thispaperdescribesvorkin progressto developa stan-
dard for interopembility amonghigh-performancescien-
tific componentsThisreseach stemdrom growing reca-
nition that the scientificcommunityneedsto better man-
agethecompleity of multidisciplinarysimulationsandbet-
ter addressscalable performanceissueson parallel and
distributed architectues. Driving forcesare the needfor
fast connectionamongcomponentshat perform numeri-
cally intensivework andfor parallel collectiveinteractions
amongcomponentshat usemultiple processesr threads.
This paperfocuseson the areaswe believe are mostcru-
cial in this context, namelyaninterfacedefinitionlanguage
that supportsscientificabstractionsfor specifyingcompo-
nentinterfacesanda portsconnectiormodelfor specifying
componeninteractions.

1 Intr oduction

The complity and resourcedemandsof present-day
software systemscreatethe needfor more flexible so-
lutions than those offered by conventional programming
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stylesbasedon a successiorf subroutinecalls. One so-
lution is componentprogramming,basedon encapsulat-
ing units of functionality and providing a meta-language
specificationof their interfaces. Component-basedoft-
ware developmentcan be consideredan evolutionary step
beyond object-orientedlesign. Object-orientedechniques
have beenvery successfuln managingthe compleity of
modern software, but they have not resultedin signifi-
cantamountsof cross-projectodereuse. Sharingobject-
orientedcodeis difficult becauseof languageincompati-
bilities, the lack of standardizatioffior inter-objectcommu-
nication,andthe needfor compile-timecoupling of inter-
faces. Component-basesoftware developmentaddresses
issuesof languageindependence—seamlessipmbining
componentsvritten in differentprogramminganguages—
andcomponenframavorksdefinestandard$or communi-
cationamongcomponents.

These advantagesare especially appealingin high-
performance scientific computing, where high-fidelity,
multi-physicssimulationsareincreasinglycomplex andof-
tenrequirethe combinedexpertiseof multidisciplinaryre-
searchteamsworking in areassuchas mathematicamod-
eling, adaptve meshmanipulationshnumericallinear and
nonlinearalgebra,optimization,load balancing,computa-
tional steering,parallell/O, sensitvity analysis,visualiza-
tion, and dataanalysis. Consequentlythe interoperabil-
ity and rapid applicationdevelopmentafforded by com-
ponentprogrammingare of particularimportance asthey
help to supportincrementalshifts in parallel algorithms
and programmingparadigmsthat inevitably occur during
the lifetimes of scientific applicationcodes. In addition,
sincecomponentsan be configuredto executein remote
locations componenprogrammingcanoffer high-level ab-
stractionghatfacilitatethe useof distributedsupercomput-
ing resourcesyhich have beenshownn to offer powerful po-
tential[21].

Many differing opinions about componentdefinitions
exist within the software community[7, 47]. We present
someworking definitionsas preliminariesfor further dis-
cussion.



e A componenis an independentinit of software de-
ployment. It satisfiesa setof behaior rulesandim-
plementsstandardcomponeninterfacesthat allow it
to becomposedvith othercomponentsThesebeha-
ior rulesareoftenspecifiedasdesignpatternghatmust
befollowedwhenwriting thecomponent.

e A componentntegration framewvork is animplemen-
tationof a setof interfacesandrulesof interactionthat
governthe communicatioramongcomponents.

e A componentarchitecture is a specificationof a set
of interfacesand rules of interactionthat govern the
communicatioramongcomponentsand other neces-
sarytools,suchasrepositoriesandcompositiortools.

We have recentlyestablishedhe CommonComponent
Architecture (CCA) Forum [15], a group whose current
membershipis dravn from various Departmentof En-
ergy nationallaboratoriesand collaboratingacademicin-
stitutions. The goal of the CCA Forum is to specify
a componentarchitecturefor high-performancecomput-
ing, where our target architecturesinclude workstation
networks, distributed-memorymultiprocessorsglustersof
symmetrianultiprocessorsgndremoteresourcesWe hope
thatthiswork will lay afoundatiorfor thedefinitionof stan-
dardizedsetsof domain-specificomponeninterfacesand
for the interoperabilityamongtoolkits developedby dif-
ferentteamsacrossdifferentinstitutions. The purposeof
this paperis to discusghecurrentCCA specificatiorandto
presenprogressf thegroupto date.

The softwareindustryhasdefinedcomponenstandards
suchas CORBA [40], COM [45], and JavaBeand19] to
addressimilar compleitieswithin theirtargetapplications
(seeSection3 for a detaileddiscussion). Our approach
leveragesthis work where appropriate but addresseshe
distinctly differenttechnicalchallengesof large-scalesci-
entific simulations. Basedon the lessondearnedfrom re-
searchprojectsin high-performancecomponentarchitec-
turesby CCA participantgseee.g., [3, 44, 25, 32, 36, 37))
and projects consideringrelateddesignissues(see, e.g.,
[1, 23, 26, 6]), we aredevelopinga singlecomponentinter
facespecificationthat will enableinteractionsamongsci-
entificcomponentshatfollow this standardAdditional re-
latedwork [10, 8, 22, 35] canbefoundelsavhere.

We recognizewo levelsof interoperability:component-
level interoperability for which all the vital functions of
ary onearchitectureare accessibléo ary compliantcom-
ponentthrougha standardinterface (e.g., facilities avail-
ablewithin a CORBA ORB), andframevork-level interop-
erability, for whichtheframewnorksthemselesinteroperate
throughastandardizeihterface(e.g.,interORB communi-
cationvia CORBA 1IOP). Providing component-leelinter-
operabilityrequiresdefininganinteractionmodelcommon

to all componentsand a small set of indispensabléigh-
level frameavork servicesln additionto theserequirements,
frameawork-level interoperabilitynecessitatethe standard-
ization of a numberof low-level services.Sincedefininga
standardor interoperabilityattheframework level requires
a supersedbf featuresneededor the componentevel, our
focusis on providing the latter now andextendingit in the
futureto includeframawork-level interoperabilityfeatures.
The scopeof this paperis limited to component-leel inter-
operability

The remainderof this papermotivatesand explainsour
approachbeginningin Section2 with a discussiorof some
of the challengesn large-scalescientificcomputing. Sec-
tion 3 compareour stratgy with relatedwork in the soft-
wareindustry Section4 presents high-level view of the
CCA standardand provides a roadmapoutlining the rela-
tionshipsamongits constituentsSectionss and6 describe
in detailthe partsof the CCA standardhataremostcrucial
for defining componentinteractionsin high-performance
scientificsoftware, namely a scientificinterfacedefinition
languageanda“ports” componentinking andcomposition
modelwith direct-connectind collective capabilities. Fi-
nally, Section? outlinesfuturedirectionsof work.

2 Motivating Examples

Our work is motivated by collaborationswith various
computationakcienceresearcheams,who areinvestigat-
ing areassuchascombustion[14], microtomography48],
particlebeamdynamicdg30], moldfilling [31], andplasma
simulation[43]. In conjunctionwith theoreticaland ex-
perimentalresearchthesesimulationsareplayingincreas-
ingly importantrolesin overall scientificadvances partic-
ularly in fields whereexperimentsare prohibitively expen-
sive, time consumingor in somecasesmpossible.While
eachof thesesimulationsrequiresdifferent mathematical
models,numericalmethods,and dataanalysistechniques,
they couldall benefitfrom infrastructurehatis moreflexi-
ble andextensibleandthereforebetterableto manageom-
plexity andchange.

To enablea more concretediscussionof the CCA ap-
proachwe briefly review somechallengesrisingin chem-
ically reactingflow simulationswhich have demandinge-
guirementgfor high resolutionand complex physicalsub-
modelsfor turbulence,chemistry and multiphaseflows.
Section2.1 presentscurrent functionality of a particular
application,while Section2.2 describegpotentialenhance-
mentsthatcomponent-basetchnologycould helpto sup-
port.



2.1 Computational Hydr odynamicsExample

We consideithe CHAD (ComputationaHydrodynamics
for AdvancedDesign)application[14, 42] becauset ex-
hibits computationatequirementsommonwithin mary of
high-performancacientificcodes.CHAD hasbeendevel-
opedfor fluids simulationsn theautomotveindustryunder
the Supercomputingdutomotive ApplicationsPartnership

with the United StatesCouncil for Automotive Research

and five Departmentof Enegy nationallaboratories(Ar-

gonne,LawrenceLivermore,Los Alamos,Oak Ridge,and
Sandia). CHAD is the successoof KIVA [2], which has
becomea standardool for device-level modelingof inter-

nal comhustionengines.CHAD is intendedfor automotve

designapplicationssuch as comhustion, interior airflow,

underhoodcooling, andexterior flows. Currently CHAD

solvesthe single-phasecompressibldNavier-Stokesequa-
tions using an arbitrary Lagrangian-Euleriarformulation
with hybrid unstructuredmeshesand a finite volume dis-

cretizationscheme.The applicationwasdesignedrom its

inceptionasparallelcodeusingFortran 90 andencap-
sulationof nonlocalcommunicationin gather/scatterou-

tines using the MessagePassinginterface (MPI) standard
[39].

2.2 ComponentChallengesand Opportunities

CHAD researchersre experimentingwith numerical
stratgiesrangingfrom explicit throughsemi-implicitand
evenmorefully implicit schemesisingNewton-typemeth-
ods. Using semi-implicitandimplicit techniqueshelpsto
overcomestability and accurag restrictionson computa-
tional timestepsandtherebycanoftenhelpto reduceover-
all timeto solution.

Figurel demonstratesometypical interactionsamong
componentdor a semi-implicit solution procedurewithin
a PDE-basedsimulation. While a single diagramcannot
expressthe richnessof interactionswithin CHAD, nor the
rangeof functionality neededby our motivating applica-
tions, this picturedoescorvey key themeghatmotivatethe
CCA approach.We focuson (1) fastinteractionsbetween
componentia a “ports” componentinking andcomposi-
tion modelthatallows directconnectiongseeSection6.2),
and(2) collectiveinteractionsamongcomponentshat use
multiple processesr threadsseeSection6.3). Collective
abstractiongreimportantfor communicatiorbetweerboth
tightly coupledandloosely coupledcomponents.For ex-
ample,Figure1 demonstratesollective directly connected
ports betweenparallel preconditionerand Krylov solver
componentsThediagramalsoshaows collective distributed
port communicationbetweennumericalcomponentf a
parallelapplicationandremotevisualizationtools.
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Figure 1. Diagram of component interactions.
Parallel numericalcomponentshat usedistributed datastructures
andrequireinterconnectionsvith low lateny andhigh bandwidth
arerepresenteth the upperportionof thefigure. Components$or
visualization,which can often be more loosely coupledand dif-
ferently distributed thanthe numericalcomponentsare shovn in
thefigure’s lower portion. Communicatiorwithin a parallelcom-
ponentis at the discretionof the componenitself. For example,
in this diagramcomponentA (a mesh)usesMPI to communicate
amongthefour processesverwhichit is distributed,while compo-
nentE (avisualizationtool) usessharedmemory Communication
betweercomponentss handledby ports.

Thegoalsof the CCA Forumareto simplify theinfusion
of new techniqueswithin the lifetimes of existing applica-
tionssuchasCHAD andto facilitatetheconstructiorof new
models.Interactionsamongmultiple toolsthatusecurrent-
generationinfrastructuretypically require laborintensie
translationdetweerinterfacesanddatastructuresWe aim
to simplify this processandalsoto enabledynamicinterac-
tions, sinceresearchersmaywishto introducenen compo-
nentsduringthe courseof ongoingsimulations.For exam-
ple,aresearchemaywishto visualizeflow fieldsonalocal
workstationby dynamicallyattachingavisualizatiorntool to
an ongoingsimulationthatis runningon a remoteparallel
machine.Upon observingthatthe flow fields arenot con-
vergingasexpectedtheresearchemaywishto introducea
new schemdor hierarchicameshrefinement.

Oneof themostcomputationallyntensie phasesvithin
thesemi-implicitandimplicit stratgyiesunderconsideration
within CHAD is thesolutionof discretizedinearsystem®f
theform Az = b, which arevery large andhave sparseco-
efficient matricesA. The EquationSolwer Interface(ESI)
Forum[20] is definingcollectionsof abstracinterfacesfor
solving suchsystemswith a goal of enablingapplications
like CHAD to experimentmore easilywith multiple solu-
tion strat@iesandto upgradeasnew algorithmswith bet-
ter lateng toleranceor moreefficient cacheutilization are
discoveredand encapsulateavithin toolkits. This areais



one of mary (e.g., partitioning, mesh managementdis-
cretization,optimization, visualization)that could benefit
from component-baseuhfrastructureto facilitate experi-
mentsamongdifferenttools.

3 Relationshipto Existing Standards

ComponenarchitecturestandardsuchasCORBA [40],
COM [45], and JavaBeang19] have beendefinedby in-
dustrial corporationsand consortiaand are employed by
millions of users. Unfortunately thesestandardsdo not
addresghe needsof high-performancescientific comput-
ing, primarily becausdahey do not supportefficient paral-
lel communicatiorthanneldbetweercomponentsAbstrac-
tions suitablefor high-performanceomputingareneeded.
The existenceof mary successfuhigh-performancdan-
guagesand libraries—suchas HPC++[24], POOMA [4],
ISIS++[12], SAMRAI [29], and PETSc[5]—testifiesthat
suchabstractionganenablethe userto developmoreeffi-
cientprogramdgaster Similarly, we needabstractionghat
capturehigh-performanceonceptsn componenarchitec-
tures. For example,PARDIS [37] and PAWS [6] success
fully shav thatintroducingabstractiongor singleprogram
multiple data(SPMD) computationcan enablemore effi-
cientinteractiondetweerSPMDprogramsin thissection,
we briefly review theseindustrystandardandexplaintheir
limitationsfor high-performancecientificcomputing.

3.1 Microsoft COM and ActiveX

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

COM tamgetshusinessobjectsanddoesnot include ab-
stractionsfor paralleldatalayout or basicscientificcom-
puting datatypes, suchas comple« numbersand Fortran-
style dynamicmultidimensionalarrays. Also, COM does
not easilysupportimplementatiorinheritanceandmultiple
inheritance(which can be implementedthrough aggreya-
tion or containment). Somescientific libraries (see,e.g.,
[2Q]) requiremultiple inheritanceand a simple model for
polymorphismwhich COM doesnot provide.

3.2 SunJavaBeansand Enterprise JavaBeans

JavraBeansand EnterpriseJaszaBeangEJB) are compo-
nentarchitectureslevelopedby Sunandits partners.They
are basedon Suns Java programminglanguageand are
cross-platforntompetitorgo Microsoft's COM.

Neither JavaBeansor EJB directly addressethe issue
of languageinteroperability and thereforeneitheris ap-
propriatefor the scientific computingervironment. Both
JaszaBeansand EJB assumehat all componentsare writ-
tenin the Java language. Although the Java Native In-
terface [34] library supportsinteroperabilitywith C and
C++, usingthe Java virtual machineto mediatecommuni-
cationbetweercomponentsvouldincur anintolerableper
formancepenaltyon every intercomponentunctioncall.

3.3 OMG CORBA

CORBA is a distributed object specificationsupported
by the OMG (Object Managementroup), a consortium
of over eight hundredpartners. CORBA supportsthe in-
teractionof complex objectswritten in differentlanguages
distributedacrossa network of computersunningdifferent
operatingsystems.

ThecurrentCORBA specificatiordoesnotdefineacom-
ponentmodel, althougha CORBA 3.0 componentspeci-
fication [41] is currentlyunderreview by the OMG. Like
COM, CORBA doesnot provide abstractionmecessarjor
high-performancescientific computing, such as Fortran-
styledynamicmulti-dimensionakrraysandcomple« num-
bers. Although CORBA enablesrobust and efficient im-
plementationgor distributed applications,it is far too in-
efficient whena methodcall is madewithin the samead-
dressspace While arecentlyestablishedhigh-performance
CORBA working group[28] mayeventuallyaddress sub-
setof our performanceoncernstheirmandateloesnotad-
dressthe rangeof parallel computingissues,as discussed
in Section2. CORBA alsohasa limited objectmodelin
thatmethodoverriding is not supportedandthe semantics
of multipleimplementatiorinheritancecanleadto ambigu-
ities.

While CORBA 2.0doesnot provide for acomponenin-
teractionmechanismthe CCA specificatiordoes.It should
be obsened that the CORBA objectmodelis sufiiciently
powerful to suppportanimplementatiorof the CCA. This
is a good exampleof the intent of the CCA specification:
a layer on top of an existing systemthat enableshigh-
performanceomputing. Sucha “CCA over CORBA” im-
plementationtargeting distributed environments,is being
plannedby oneof the participatingforum members.

4 OQverview of the CCA Standard

We definethe CommonComponenArchitectureasaset
of specificationsndtheir relationshipsasdepictedin Fig-
ure 2. The elementswith gray backgroundpertainto spe-
cific implementation®f a componentarchitecture while
theelementsvith white backgroundiepictpartsof the CCA
standardsecessarjor component-leel interoperability



As shown in the picture, componentsinteract with
each other and with a specific framavork implementa-
tion through standardapplicationprogramminginterfaces
(APIs). Eachcomponentandefineits inputsandoutputs
by usinga scientificinterfacedefinitionlanguage (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 asto ma-
nipulate componentswithin the repository In addition,
thesecomponentdefinitionscansene asinput to a proxy
generatothat generategomponentstubs,which form the
component-specifigartof the CCAPorts. Componentsan
useframawork servicedirectly throughthe CCA Services
interface. The CCA Configuation API supportsinterac-
tion betweercomponentandvariousbuildersfor functions
suchasnotifying componentshatthey have beenaddedto
a scenaricanddeletedfrom it, redirectinginteractionsbe-
tweencomponentspr notifying a builder of a component
failure.

A componenframeawvork is saidto be CCA compliant
if it conformsto thesestandards—thas, providesthe re-
quired CCA servicesand implementsthe required CCA
interfaces. Differentcomponentsequire different setsof
servicesto interoperate. For example, somewill require
remotecommunicationwhile otherscommunicateonly in
the sameaddressspace. Therefore,the CCA standard
will allow differentflavors of compliancegpachcomponent
will specifya minimum flavor of compliancerequiredof a
framework within whichit caninteract.

Scientific IDL
proxy
generator

CCA'Setvices

Component 1 Component 2

Repository

Any CCA Compliant Framework

V7

Builder

D CCA Ports H]]ﬂﬂ]m] Part of CCA Ports specific to the framework

- Repository API % Abstract Configuration API

Figure 2. Relationships among CCAelements.

We will now describein somedetail threeelementsof
the CCA standardhatwe believe aremostcritical for high-
performancescientific computing,namely a scientificin-
terfacedefinition language a ports model,anda minimal

setof supportingservices.Work on the other partsof the
CCA standards alsoin progressbut detailsarebeyondthe
scopeof this paper

e SIDL is a programming-languageeural interface
definitionlanguageusedto describecomponeninter-
faces. The SIDL provides a methodfor describing
componentindframawvork interfacesthatis indepen-
dent of the underlyingimplementationprogramming
languages.Componentdescriptionsusing SIDL can
be usedby repositoriesand by a proxy generatorto
provide the componenstubselementof communica-
tion ports.

e CCA Ports define the communicationmodel for all
componentinteractions. Each componentdefines
one or more ports to describethe calling interface.
Communicatiorinks betweercomponentsreimple-
mentedby connectingcompatibleports, where port
compatibility is definedas object-orientedype com-
patibility of the portinterfacesascanbe describedn
the SIDL. As shawvn in Figure 2, eachport hastwo
parts. The first partis a set of framework-specific
but component-independefunctionalitypertainingto
componentinteraction (e.g., adding a listenerto an
object) and hasthe sameAPI for every component.
The secondpart implementscomponent-specifibut
framevork-independenfunctionality; this partcanbe
generatecdutomaticallyby aproxy generatobasedn
thecomponentlefinitionexpressedn SIDL, andis re-
ferredto asa componenstubh For example,acompo-
nentstub may containmarshalingfunctionsin a dis-
tributedervironment.

e CCAServicepresentframavork abstractiorthatcan
beusedin thecomponenstubimplementatioraswell
as by the componentshemseles; this CCA element
providesa clear definition of the minimal servicesa
framevork mustimplementin orderto be CCA com-
pliant. Two critical concerngguiding this designare
thatthe servicesnablehigh-performancénteractions
andthatthe servicesaresufficiently compactanduser
friendly to enablea rapidlearningprocesgor compo-
nentwriters,mary of whomwill notbe computersci-
entists.As such,we have identifiedthatthe key CCA
servicesarecreationof CCA Portsandaccesso CCA
Ports,whichin turn enableconnectionbetweercom-
ponents.

Additionalcommonfacilitiesto handlenaming relation-
shipmanagemengrrorhandling,guerying,andsoforth are
of coursealsoimportant,becausén practicemary compo-
nentswould needandcouldsharehesefacilities. However,
becausehe particularneedsof differentcomponentsand



framewvorksvary considerablydependingpnusagesrviron-
ment,discussiorof theseissuess beyondthe scopeof this
paper

The following sectionsdescribethesefeaturesin more
detail. A referencémplementations trackingtheevolution
of theCommonComponen#Architecture.Lik ewise,several
ongoingcomputationakcienceprojectsare experimenting
with the CCA to manageinteroperabilityamongcompo-
nentsdevelopedby differentresearchyroups;theseexpe-
rienceswill motivatefurther extensionsandrefinementgo
design.

5 The ScientificIDL

The Scientific Interface Definition Languageis a high-
level descriptionanguageausedto specifythe calling inter
facesof software componentsand framavork APls in the
componenarchitectureSIDL provideslanguageénteroper
ability thathideslanguagedependencie® simplify thein-
teroperabilityof componentswvritten in differentprogram-
ming languages.With the proliferation of languagesised
for numericalsimulation—suctasC, C++, Fortran 77,
Fortran 90, Java , andPython —thelack of seamless
languagenteroperabilitycanbe a significantbarrierto de-
velopingreusablescientificcomponents.

Forthepurpose®f ourhigh-performancscientificcom-
ponentarchitecture SIDL mustbe sufiiciently expressie
to representhe abstractiongnddatatypescommonin sci-
entific computing,suchas dynamicallydimensionednul-
tidimensionalrraysandcomplex numbers.Unfortunately
no suchIDL currently exists, sincemostIDLs have been
designedor operatingsystemg17, 18] or for distributed
client-serercomputingn thebusinesglomain[33, 40, 46].

The basicdesignof our scientific IDL borronvs mary
conceptsfrom current standards,such as the CORBA
IDL [40] andthe Java programminganguagg27]. This
approactallowsusto leverageexisting IDL technologyand
languagemappings.For example,CORBA alreadydefines
languagemappingsto C, C+, andJava, and ILU [33]
(which supportsthe CORBA IDL) defineslanguagemap-
pingsto Python .

The scientificIDL providesadditionalcapabilitiesnec-
essanyfor scientificcomputing[13, 38]. It supportsobject-
orientedsemanticsvith aninheritancenodelsimilarto that
of Java with multiple interfaceinheritanceandsingleim-
plementatiorinheritance. DL supportfor multiple inher
itancewith methodoverridingis essentiafor scientificli-
brariesthat exploit polymorphismthroughmultiple inher
itance,suchasusedin the EquationSolver Interface[20]
standard TheIDL andassociatedun-timesystemprovide
facilities for cross-languagerror reporting. We have also
addedIDL primitive datatypesfor complex numbersand
multidimensionalarrays for expressibility and efficiency

whenmappingto implementatiodanguages.

We aredeveloping SIDL supportfor reflectionand dy-
namic methodinvocation, which are important capabili-
ties for a componentarchitecture. Interface information
for dynamicallyloadedcomponentss often unavailableat
compile time; thus, componentsand the associateccom-
position tools and frameworks must discover, query and
execute methodsat run time. The SIDL reflection and
dynamicmethodinvocationmechanismsre basedon the
designof the Java library classesin java.lang and
java.lang.reflect . Reflectioninformationfor every
interfaceand classwill be generatecautomaticallyby the
SIDL compilerbasedn IDL descriptions.

Our SIDL implementationcurrently supportslanguage
mappingsfor both C and Fortran 77, and supportfor
C++ is underdevelopment. The Fortran 77 language
mappingis similar to the C languagemapping defined
by CORBA exceptthat SIDL interfacesand classesare
mappedo Fortran  integersinsteadof opaquedatatypes.
TheSIDL run-timeernvironmentautomaticallynanageshe
translationbetweenthe Fortran  integer representation
and the actualobjectreference. The Fortran 90 lan-
guagemappingis still underdevelopment.Fortran 90
is a particularchallengefor scientific languageinteroper
ability, becausd-ortran 90 calling corventionsandar-
ray descriptorsrary widely from compilerto compilet

6 Componentinteraction through Ports

Every componentarchitectureis characterizedy the
way in which componentsare composedogetherinto ap-
plications. As introducedin Section4, CCA Ports are
communicatiorendpointsthatdefinetheconnectiormodel
for componeninteractions. Within Figure 1, ports define
the interactionsbetweerrelatively tightly coupledparallel
numericalcomponentswhich typically require very fast
communicatiorfor scalableperformanceportsalsodefine
loosely coupledinteractionswith possiblyremotecompo-
nentsthatmonitor, analyze andvisualizedata.

To addresghis rangeof requirementsywe adopta pro-
vides/usesnterface exchangemechanismsimilar to that
within the CORBA 3.0 proposal[41]. This approachen-
ablesconnectionghatdo notimpedeinter-componenper
formanceyetallows aframeawork to createdistributedcon-
nectionswhendesired.In theideal caseanattacheccom-
ponentwould reactas quickly as an inline function call.
We refer to this situation as direct connection which is
further discussedn Section6.2. This type of connection
makes the most sensewhen the componentinstancesex-
ist in the sameaddresspace.Looselycoupleddistributed
connectionshouldbe availablethroughthe very samein-
terface as the tightly coupleddirect connectionswithout
the componentdeing aware of the connectiontype. This



needarisesbecausdigh-performanceomponentsvill of-

tenbeparallelprogramgshemseles. A parallelcomponent
may resideinsidea singlemultiprocessoor it may be dis-

tributed acrossmary differenthosts. Existing component
modelshave no conceptof attachingtwo parallelcompo-
nentstogethey andexisting researchsystemssuchas CU-

MULVS [26], PAWS [6], andPARDIS [37], approactthis

problemin differentways. We thereforeintroducea collec-

tive port modelto enableinteroperabilitybetweenparallel

componentsasdiscussednh Section6.3.

In the JastaBeansmodel [19], componentsotify other
listenercomponent®y generatingvents.Componentshat
wish to be notified of eventsregisterthemselesaslisten-
erswith the target components.Although thereare some
similaritiesto the CCA specification, JasraBeansdoesnot
allow a provides/useslesignpatternaspartof its standard.
In the COM/DCOM model[45], onecomponentalls the
interfacefunctionsexportedby another The COM model
is very similar in form to the CCA specification.Platform
interoperabilityissuesare,in theopinionof the CCA work-
ing group, importantenoughthat COM hasnot beennot
adoptedoutright. In the proposedCORBA 3.0 component
model[41], botheventsanda provides/usesiterfacemodel
areused. The provides/usepatternemployed by the CCA
is very closeto this proposedpproachandany component
thatis CCA compliantwill likely map easilyto CORBA
3.0. However, at the time of this writing, CORBA 3.0 is
a proposedstandardhat is still undegoing rapid change,
andCORBA 3.0mayseenoimplementatiorfor years.The
CCA working group believes that a compatiblestandard
for high-performanceomputingshouldappeamuchmore
quickly thanthe CORBA 3.0 time frame. For this reason
we have chosenthe provides/usegatternfor use as the
CCA Portsarchitecturelt is expectediandhoped)thatthe
CORBA 3.0specificatiorwill notdrift far from whatis de-
scribedhere.

6.1 The Basicsof CCA Ports

The conceptof CCA Ports arisesfrom the data-flav
world, wherecomponeninteractionsarelimited to pipelin-
ing datafrom onecomponento thenext. CCA Portsgener
alizethisideato admitmethodcallsandreturnvaluesalong
the pipeline,allowing for arichervariety of componentn-
teractions Links betweercomponentsireimplementedy
a provides/usesnterface designpattern,which is flexible
enougho allow directcomponeninterfaceconnectiongor
high performancer connectionshroughproxy intermedi-
ariesenablingdistributed objectinteractions.Significantly
in the CCA model,port connectionis the responsibilityof
the framawork; therefore a particularcomponenmayfind
itself connectedn a variety of differentwaysdependingn
its ervironmentand modeof use(see[9] for detailsof the

CCA portsspecificatiorandanappletdemonstration).

In the CCA architecturecomponentarelinkedtogether
by connectinga “port” interfacefrom onecomponento a
“port” interfaceon another As demonstratedh Figure 3,
we employ two typesof ports:

e Providesport. A Providesport is an interfacethata
componenprovidesto others.

e Usesport. A Usesportinterfacehasmethodghatone
componen{the caller) wantsto call on anothercom-
ponent(the callee);the callercomponentetrievesthe
Usesinterfacefrom the CCA Serviceshandle.

‘ Component 1 ‘ ‘ Component 2

registerUsesPort("A")

addProvidesPort( "A")
( CCAServices

Il —¢3
(I
&
CCAServices

@ = getPort("A")

Figure 3. lllustration of the connection mech-
anism. (1) The provided interface (i.e., ProvidesPort )
is made known to Component 1's containing framevork
by (2) passingit to the CCAServices handle via the
addProvidesPort() method.(3) At the frameavork’s option,
eithertheinterfaceor aproxyfor theinterfacecanbegivento Com-
ponent2 throughits CCAServices handle. (4) Component2

retrievestheinterfaceusingthegetPort()  method.

Providesportsaregeneralizedistenersin the sensehat
they listento Usesinterfaces(i.e., calls of their functions
by anothercomponent) EachUsesport maintainsa list of
listeners. To connectone componento anothey oneadds
a Provides(input) port of onecomponento anothers Uses
(output)port. This approachollows mary featuresof the
proposedCORPBA 3.0 design. Whena componentalls a
memberfunction on oneof its Usesports,the samemem-
berfunctionon eachlisteningProvidesportis called. Note
that this meansone call may correspondo zero or more
invocationson provider components.

As introducedin Section4, all interactionbetweenthe
componenandits containingframenorkwill occurthrough
the componeng CCAServices object, which is set by
the containing framewvork. The componentcreatesand
addsProvidesportsto the CCAServices , andregisters



and retrieves Usesports from the CCAServices . The
CCAServices enablesaccesgo thelist of Providesand
Usesportsandto an individual port by its instancename.
It alsoimplementsa methodfor obtainingthe variousports
andregisteringthemwith the framework.

6.2 Direct-ConnectPorts

Much of thereasorfor adoptingthe provides/useter
faceexchangenechanisnfior connectingcCA components
is to enablehigh-performanceomputing. Exceptfor the
SIDL bindingsto UsesPort andProvidesPort  inter-
faces,the overheadfor the privilege of becominga CCA
componenis nothingmorethanadirectfunctioncall to the
connectedbject. Thatis, thereis no penaltyfor usingthe
provides/usesomponentonnectiormechanisnproposed
in the CCA specification.The costof theinterveningSIDL
binding for languageindependencés estimatedo be ap-
proximately2-3functioncalls perinterfacemethodcall.

Componentgan be directly connectedn a variety of
ways; probablythe simplestis to createan objectthat ex-
portsa DirectConnectPort interfacesubclassindpoth
theUsesPort andProvidesPort  interfaces.Thisway
the framework getsa Providesinterfacefrom one compo-
nent and gives that sameinterface directly to a connect-
ing componentas a Usesinterface. Note that with this
approachthe frameawork still retainsfull control over the
connectiorbetweencomponentsOptionally, the provided
DirectConnectPort canbetranslatedhrougha proxy
by aseparat&JsesPort providedby theframework, with-
outthecomponentsn eitherendof theconnectiomeeding
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 interactionsamong parallel componentsand thereby
to free programmerdrom focusingon the often intricate
implementation-leel detailsof parallelcomputationsThe
provides/usegortinterfacesandotherportinformationare
accessibldrom every threador processn a parallelcom-
ponent. The CCA standarddoesnot placeary restrictions
on the meansby which particularimplementationgddress
this. For example,in adistributed-memorynodelacopy of
theseclassesould be maintainedby every procesgartic-
ipatingin computationwhereasn sharedmemorya class
couldberepresenteflistonce.However, the CCA standard
doesrequirethatasoneof the CCA servicegheimplemen-
tationmaintainconsisteng amongthe classes.

The creationof a collective port requiresthat the pro-
grammerspecifythe mappingof data(or processepatrtici-
pating)in the operationson this port. In themostcommon

casethe mappingf theinputandoutputportsmatcheach
other For example,n processesr threadsin onecompo-
nentaremappedo n processesr threadsn the other and
in this casedatawould not needredistrilution betweerthe
parallelcomponents.In the secondmostcommoncase,a
serialcomponentnteractswith a parallelcomponent.The
semanticof this interactionare very similar to broadcast,
gatherandscatteisemanticsisedin collectve communica-
tion. Collective portsaredefinedgenerallyenoughto allow
datato be distributed arbitrarily in the connecteccompo-
nents;asdemonstrateth Figurel, this capabilityis useful
in connectinga parallel numericalsimulationwith differ-
ently distributed visualizationtools. We are investigating
issuesn the behaior of informationflow betweencollec-
tive ports, especiallyin casesof mismatchin cardinality
time, andspace.

7 Future Directions

This discussionhas introducedthe foundationfor re-
searchby the CCA forum in defining a commoncom-
ponentarchitecturethat supportsthe needsof the high-
performancecientificcomputingcommunityandleverages
existing componentstandardsput will likely not be ad-
dressedy them. Key facetsof this work aredevelopment
of anIDL that supportsscientific abstractiongor compo-
nentinterface specificationand definition of a ports con-
nection model that supportscollective interactions. This
architectureenablesconnectionghat do not impedeinter-
componenperformanceyet allows a framawork to create
distributedconnectionsvhendesired Currently we areim-
plementingvarious Portssubclassesghat relatedirectly to
high-performanceomputing.Amongthesearethe collec-
tiveportsdiscussee@arlier acomponenbasenanumeric
solversstandard20], anda referencamplementatiorof a
CCA-compliantframework (see[15] for further informa-
tion). Otherproposaldor component@and standardnter-
facescompliantwith the current CCA Portsspecification
areopenlysolicited.

Futureplansincludeincorporatingsupportfor different
computationaimodels(e.g., SPMD and threadedmodels)
and extending the definition of CCA Portsto accommo-
datedynamiccomponenhook-upandconfiguration.Some
changedo the existing port specificationare inevitable as
we gain experiencewith actualhigh-performanceompo-
nents.Currently the CCA specificatiormakesno provision
for framework servicedeyondPorts.At thismomentapro-
posalis beingcraftedfor gainingaccesshroughtheexisting
CCA specificationto servicegprovided by existing frame-
works, suchas CORBA or EnterpriseJavaBeans.It does
not seemlikely that the CCA working group will decide
to require ary of theseservicesto be present. This is be-
causehigh-performancervironmentsareoftenexotic, and



requiringservicegnaylimit someof theintendedaudience
for this specification.

Beyond thesemodificationsandclarificationsto the ex-
isting standard the CCA working group will function as
a standard$ody, incorporatingor rejectingproposedoort
and componentdditionsto the essentiaktore of the stan-
dard. This phaseof our activity hasjust begun, but is vital
to the succesf our mission. Our goal is to incorporate
enoughstandardnterfacesand componentso make plug-
and-playhigh-performanceomputinga reality. Thisis an
impossiblytall orderfor the CCA membergo accomplish
by themseles.However, by incorporatingcomponentsind
interfacesfrom interestedresearchersind consortia,it is
hopedthatthis vision canberealized.
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