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Abstract We are developing scientific software componenttechnologyto managethe
complexity of modern,parallel simulationsoftware and increasethe interop-
erability andre-useof scientificsoftwarepackages.In this paper, we describe
a languageinteroperabilitytool namedBabel thatenablesthecreationanddis-
tribution of language-independentsoftware libraries using interfacedefinition
language(IDL) techniques.We have createda scientific IDL that focuseson
the uniqueinterfacedescriptionneedsof scientificsoftware, suchascomplex
numbers,densemultidimensionalarrays,andparalleldistributedobjects. Pre-
liminary resultsindicatethat in addition to languageinteroperability, this ap-
proachprovidesusefultools for thedesignof modernobject-orientedscientific
softwarelibraries. We alsodescribea web-basedcomponentrepositorycalled
Alexandria thatfacilitatesthedistribution,documentation,andre-useof scien-
tific componentsandlibraries.
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1. MOTIVATION

Numericalsimulationsplay a vital role asa basicresearchtool for under-
standingfundamentalphysicalprocesses.As simulationsbecomeincreasingly
sophisticatedandcomplex, no singleperson—orevensingleinstitution—can
developscientificsoftwarein isolation.Developmentteamsrarelypossesssuf-
ficientresourcesandscientificexpertisein all requireddomainsto successfully
createacomplex applicationfrom scratch.Instead,physicists,chemists,math-
ematicians,andcomputerscientistsconcentrateondevelopingsoftwarein their
domainof expertise.Computationalscientistscreatesimulationsbycombining
theseindividual softwarepieces.

In collaborationwith theCommonComponentArchitectureforum [1], we
aredevelopingsoftwarecomponenttechnologyfor high-performanceparallel
scientificcomputing. The goal of this effort is to improve the software de-
velopmentprocessesof scientificcodesby usingproven techniquesandtech-
nologyfrom industry. Componenttechnologyaddressestechnologicalbarriers
to softwarere-useandintegration,suchasincompatibilitiesin programming
languages,interfacedescriptions,andphysicaldeployment.By removing such
barriers,componentapproacheswill allow computationalscientiststo concen-
trateon building moresophisticatednumericalsimulationsandreduceeffort
wastedintegratingincompatiblesoftware.

In this paper, we describeour recentwork in two areasof componenttech-
nology: languageinteroperabilityanda componentrepository. As partof our
languageinteroperabilityefforts, we aredevelopinga tool calledBabel to en-
ablethecreationanddistribution of languageindependentsoftwarelibraries.
To useBabel, library developersdescribetheir software interfacesin a Sci-
entific InterfaceDefinition Language(SIDL). Babel usesthis SIDL interface
descriptionto automaticallygenerate“glue code”thatenablesthesoftwareli-
brary to be calledfrom any supportedlanguage.We have alsodesignedand
implementeda prototypeweb-basedrepositorycalledAlexandria to encour-
agethe distribution and reuseof scientific computingsoftware components
andlibraries. Alexandria providesa convenientweb-baseddelivery system
andthuslowersthebarrierto adoptingcomponenttechnology.

This paperis organizedasfollows. Section2 surveys componenttechnol-
ogyapproachesfor scientificcomputinganddiscussesrelatedwork. Section3
discussesour languageinteroperabilityapproach,modificationsnecessaryfor
thescientificdomain,theBabel tool, andexperiencesusingBabel in a high-
performancescientificsoftwarelibrary. Section4 introducesthe Alexandria
web-basedcomponentrepositoryandits implementationarchitecture.Finally,
Section5 summarizesthe contributionsof this work anddiscussesfuture re-
searchdirectionsfor thescientificcomponentcommunity.
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2. SCIENTIFIC COMPONENT TECHNOLOGY

Componenttechnology[25] isanextensionof object-orientedsoftwaretech-
nologythatfocusesontheissuesof softwareinteroperabilityandre-use.Com-
ponenttechnologyprovideslanguageindependence,compiler independence,
andseamlessaccessto distributedobjectresources.Componenttechnologyis
morethanobject-orientedapproaches,softwaremodules,scripting [3, 4], or
softwareframeworks[7, 8, 10,14]; however, componentapproachesdo make
useof theseotherrelatedtechnologies.A softwareframework maybecreated
within a componentarchitectureto addressa particularapplicationdomain.
Scriptinglanguagesmaybeusedasan integrationlanguageto connectexist-
ing softwarecomponents.

Industryhascreatedcomponenttechnologyto addressissuesof interoper-
ability dueto differentprogramminglanguages,thecomplexity of applications
developedusingthird-partysoftware,andthe incrementalevolution of large
legacy software. Thereare threecommoncomponenttechnologystandards
in the businesscommunity: COM [12], JavaBeans[24], and CORBA [19].
COM is Microsoft’s componentstandardthat forms the basisfor interoper-
ability amongall Windows-basedapplications.Microsoft recentlyintroduced
a new componentinitiative called.NET [18] thatcombinesideasfrom COM
and ������� andwill likely bethefutureof Microsoft technology. SunMicrosys-
temshasdevelopedJavaBeansand EnterpriseJavaBeans[23] basedon the
�����	� programminglanguage. CORBA, by the Object ManagementGroup
(OMG), is a cross-platformdistributed objectspecificationthat supportsthe
interactionof complex objectswrittenin differentprogramminglanguagesdis-
tributedacrossanetwork of computers.

ComponenttechnologiessuchasCORBA, COM, andJavaBeanshavebeen
very successfulin industry;unfortunately, they aredesignedfor the business
environmentanddonotaddressmany of theissuesassociatedwith large-scale
parallelscientificcomputing.For example,industryapproachesdonotaddress
datadistribution supportfor massively parallelSPMDcomponents.

We believe that a successfulcomponenttechnologyfor scientificsimula-
tion mustaddressfour issues:languageinteroperability, commoncomponent
behavior, physicaldeploymentstandards,andsupportfor distributedparallel
communication.Thework presentedin this paperaddressesonly a smallpart
of theoverall componenttechnologysolution.Communitycollaborative work
suchasthat by the CommonComponentArchitecture(CCA) [1] forum and
othersis essential.In thefollowing, we review relatedcomponenttechnology
work in thescientificcommunity.

BothCORBA [19] andCOM [12] addresslanguageinteroperabilitythrough
theuseof anInterfaceDefinitionLanguage(IDL). An IDL describestheinter-
faceof asoftwarecomponentusinganew descriptive languagethatis indepen-
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dentof any particularprogramminglanguage.We follow a similar approach
in our languageinteroperabilitywork, which is presentedin Section3. IDL
technologyhastheadvantagethat,in somesense,all languagesareequal,and
any languagemay call any other language.The primary disadvantageof an
IDL approachis thatthedevelopermustwrite a separateinterfacedescription
of thesoftwarelibrary andthenmustfollow certainprogrammingconventions
thatmaptheinterfacedescriptioninto theprogramminglanguage.Automatic
wrappingapproachessuchas SWIG [3] or SILOON [17] supportlanguage
interoperabilitywithout requiringa separateIDL descriptionbut aretypically
limited to the caseof a scripting language(suchas 
��������� ) calling a com-
piled language(suchas � or ����� ). In contrast,IDL approachesallow method
invocationsin bothdirections.

Beyondlanguageinteroperability, componentarchitecturestypically require
thatall componentssupportsomecommonsetof behaviors. Commonbehav-
iors are importantfor the discovery of componentcapabilities(e.g., “What
interfacesdo youexport?”) requiredby GUI developmenttoolsandproblem
solvingenvironments[6, 13,20]. For example,theCCA specificationrequires
thatall CCA componentssupportthenotionof a port [1]. Portsdescribethe
interfacesusedby andprovidedby a component.Our IDL technologyplaysa
roleasa mechanismfor describingcomponentport interfaces.

Componentproblemsolving environments(PSEs)may also requirestan-
dardsfor describingthephysicaldeploymentof componentsoftware. For ex-
ample,CCAT [6] employs an XML [28] componentdeployment descriptor
thatenablesthePSEto understandcomponentports,port interfacetypes,plat-
form dependencies,andassociatedcomponentmetadata.Oneof thegoalsof
the Alexandria componentrepositorydescribedin Section4 is to provide a
commonrepositoryfor componentdescriptionsfor useby toolssuchasaPSE.

Unlike industryapproaches,scientificcomponenttechnologymustsupport
communicatingparallelcomponents.In mosthigh-performanceapplications,
componentswill communicatewithin the samememoryaddressspace,al-
thoughthecomponentsthemselvesmaybedistributedacrossprocessormem-
oriesin a SPMDfashion.Someapplications,however, will spanmultiple par-
allel computers.For example,a largesimulationrunningon thousandsof pro-
cessorsmay be connectedto a visualizationcomponentrunning on a small
visualizationenginewith a few tensof processors.In thiscase,thecomponent
architecturemustsupportsomeform of paralleldataredistribution. A num-
berof researchershave addressedthis issuefor certainlimited classesof data
types.Both PAWS [5] andCUMULVS [16] supportparallelredistribution of
arraysandotherpredefineddataitemssuchasparticlesor simpleunstructured
meshes.PARDIS [15] andCobra[22] supportdistributedsequencesandarrays
in CORBA. Weandothermembersof theCCA workinggroupareresearching
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approachesfor extendingthis work to moregeneralscientificobjects,but that
work is preliminaryandbeyondthescopeof thispaper.

3. LANGUAGE INTEROPERABILITY TECHNOLOGY

Computationalscientistsdevelopinglarge simulationcodesoften facedif-
ficulties due to languageincompatibilitiesamongvarioussoftware libraries.
Scientificsoftwarelibrariesarewrittenin avarietyof programminglanguages,
including �	������	��� , � , ����� , or ascriptinglanguagesuchas 
��������� . Language
differencesoftenforcesoftwaredevelopersto generatemediating“glue” code
by hand. In the worst case,computationalscientistsmay needto re-write a
particularlibrary from scratchor notuseit atall.

We have developeda tool calledBabel that addresseslanguageinteroper-
ability andre-usefor high-performanceparallelscientificsoftware.Its purpose
is to enablethecreation,description,anddistribution of languageindependent
software libraries. In the following sections,we describeour interoperabil-
ity approach,theBabel tool architecture,andanexampleof usingBabel in a
parallellinearalgebrasoftwarelibrary.

3.1. SCIENTIFIC IDL

Babel addressesthelanguageinteroperabilityproblemusingInterfaceDef-
inition Language(IDL) techniques[12, 19]. An IDL describesthe calling
interface(but not the implementation)of a particularsoftware library. IDL
toolsusethis interfacedescriptionto generate“glue code” thatallows a soft-
ware library implementedin one supportedlanguageto be called from any
othersupportedlanguage.We have designeda ScientificInterfaceDefinition
Language(SIDL) that addressesthe uniqueneedsof parallelscientificcom-
puting. SIDL supportscomplex numbersanddynamicmulti-dimensionalar-
raysaswell asparallelcommunicationdirectivesthatarerequiredfor parallel
distributedcomponents.SIDL alsoprovidesothercommonfeaturesthat are
generallyusefulfor softwareengineering,suchasenumeratedtypes,symbol
versioning,namespacemanagement,andanobject-orientedinheritancemodel
similar to ������� .

As illustratedin Figure1, SIDL bearsa closeresemblanceto CORBA and
�����	� . The ���	��������� keyword introducesanew namespace.A namespacemay
containa class,interface,enumeratedtype, or anotherpackage.Classesand
interfacescontainmethods.Themethodsin an interfaceareabstract;that is,
they arenot implementedby theinterface.As in CORBA,  !� , ��"	 , and  !����"	
modify methodargumentsand denotethe direction of information transfer.
SIDL alsosupports��������#���� -style documentationcomments,which may be
usedto automaticallygeneratebrowsabledocumentation(seetheAlexandria
discussionin Section4).
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Figure 1 A simplified SIDL interfacedescriptionfor portionsof the hypre software library
describedin Section3.3.
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The following sectionsprovide additionaldetailsconcerningsomeof the
moreuniquecharacteristicsof theSIDL interfacedefinitionlanguage.

3.1.1 Symbol Versioning. In SIDL, every package,enumeratedtype,
class,andinterfaceis assigneda particularversionnumber. Every SIDL de-
scriptionbeginswith oneor more �	���qp� ���� statements.Each �	���qp� ���� state-
mentcontainsa packagenameandanarbitraryversionstring consistingof a
sequenceof integersseparatedby periods.All symbolswithin apackageshare
its versionnumber. For example,the �	���qp� ���� statementon the first line of
Figure1 statesthatall symbolsdefinedin the �	���	�	� packagewill beversion
1.0of thatsymbol.A �	����p� ���� statementis requiredfor every new outermost
packagedefinedin aSIDL description.A �	����p� ���� statementmayalsobeused
to give an explicit versionnumberfor resolvingexternalsymbolsreferenced
in a SIDL description. If a versionis not specifiedfor a particularexternal
symbol,thenthemostrecentversionof thatsymbolis used.

Symbol versioningis an importantconsiderationfor the developmentof
community-widestandardsandspecifications.Considera standardscommit-
teethat releasesversion1.0 of a particularspecification.Componentswill be
written to andimplementthat versionof the standard.Whenthe committee
releasesversion2.0 of the specification,somecomponentswill immediately
implementthe new standard,whereasotherswill take longer. Versioningre-
movesambiguityaboutwhichversionof thespecificationa particularcompo-
nentimplements.

3.1.2 Import. Like �����	� , SIDL supportsa typeof  +r������� statement.
The  +r������� statementaddsthe specifiedpackagenameto the symbol reso-
lution path. For example,a SIDL descriptionthat referencessymbol s	�	��	���
in package�������	� couldeitherusethefully qualifiedname�	���	���ut^s����J	��� or
begin with "  +r�������v�	���	��� " andthensimply usethe name s��������� (assum-
ing, of course,thatanothers	�	��	��� did not alreadyexist in thatnamescope).
Externalsymbol referencesare resolved by searchingan associatedsymbol
repository, eitherafile repositoryor aweb-enabledrepositorysuchasAlexan-
dria.

3.1.3 Inheritance Model. The SIDL inheritancemodel is similar to
that of �����	� . SIDL supportsboth interfacesandclasses.The methodsin an
interfaceareabstractandthusnot implementedby thatinterface.Themethods
in a classmay be either abstractor implementedby that class. SIDL sup-
portsmultiple inheritanceof interfacesbut singleimplementationinheritance
of classes.An interfacemayextendotherinterfaces.A classmay implement
many interfacesbut extendonly oneotherclass.This inheritancemodelsim-
plifies the Babel implementationand removes the diamondimplementation
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inheritanceambiguityassociatedwith ����� . Like COM [12], all classesand
interfacesimplicitly inherit from acommonbaseinterfacethatprovidesrefer-
encecountingandsimplequeryinterfacecapabilities.

Basedon suggestionsfrom our users,we have augmentedthe ������� inher-
itancesyntaxwith an  &r	��w��Jr�����qp�x���w�w keyword, which declaresthat theas-
sociatedclassimplementsall of the methodsin the specifiedinterface. This
keyword is equivalent to using the  &r	��w��Jr����	�p keyword and repeatingthe
definition of all interfacemethodsin the classbody. The  &r	��w��Jr����	�p�x���w�w
shorthandis cleanerandmorecloselyreflectsthewaymany of ourusersthink
aboutdesigningscientific libraries. They typically defineabstractinterfaces
that describethe desiredfunctionality and thencombinethoseinterfacesto-
getherinto classesandcomponentsthatimplementthatfunctionality.

3.1.4 Arrays. SIDL supportsthe style of dynamically-sized,dense,
multi-dimensionalarraysthatarecommonin scientificapplications.Existing
IDLs suchasCORBA [19] supportonly dynamically-sized,one-dimensional
arrays(a CORBA sequence)and statically-sized,multi-dimensionalarrays.
Densearraysconsistof onephysicalsegmentof memorythatcanbeaccessed
efficiently by anoptimizingcompiler. Sucharraysarecommonin thescientific
communitydueto its �	������	��� heritageandbecausedensearraysoffer better
accessperformancethan"arrayof array"implementations.

3.1.5 Parallelization Support. We have just begun to develop sup-
port for paralleldataredistribution in theBabel tools. Therefore,the follow-
ing discussionshouldbeconsideredpreliminary, althoughit doesindicateour
basicapproach. SIDL currently supportsparallel communicationdirectives
thatdescribemethodbehavior in a parallelexecutionenvironment.For exam-
ple, the w��	����w methodmodifierin classs����J	��� of Figure1 indicatesthatthe
�����y	������w�zq +r����{p� ���� methodis valid only wheninvoked on anobjectin the
samememoryaddressspace.For this method,thenumberof local vectorel-
ementsownedby a particularprocessorhasno meaningfor a s	�	��	��� object
distributedacrossadifferentsetof processors.

Unlike PARDIS [15] andCobra[22], we do not intendto adddatadistribu-
tiondirectivesto theSIDL language.WedonotbelievethatstaticIDL datadis-
tribution directiveswill be sufficient to describethedynamiccomplexity and
wide rangeof parallelobjectsusedin scientificcomputing. Instead,we plan
to userun-timedatadescriptionsof dataobjects.Distributedparallelobjects
will berequiredto supportoneof a setof datadistribution interfacesthrough
which theobjectdescribesits internaldatadistribution state.TheBabel run-
time will usethat information to managedataredistribution during method
invocations.We feel this approachis moreappropriatefor sophisticateddata
decompositionsthatchangeduringthecourseof asimulation.
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3.2. BABEL TOOL ARCHITECTURE

TheBabel tool suiteconsistsof anumberof separatepieces:aSIDL parser,
a codegenerator, a small run-timesupportlibrary, andthe Alexandria com-
ponentrepository. Currently, Babel supports�	������	���}|�| , � , and ����� ; we
plan to develop supportfor ������� , 
��������� , ����������J�}~�� , and �	����y���� in the
following year.

TheBabel parser, which is availableeitherat thecommand-lineor through
theAlexandria web interface,readsSIDL interfacespecificationsandgener-
atesan intermediateXML [28] representation.XML is a usefulintermediate
languagesinceit is amenableto manipulationby tools suchasa repository
or a problemsolvingenvironment. XML interfacedescriptionsarestoredei-
ther in a local file repositoryor on the web usingAlexandria. The vision is
thatascientistdownloadingaparticularsoftwarelibrary from theAlexandria
componentrepositorywill receive not only that library but alsothe required
languagebindingsgeneratedautomaticallyby theBabel tools.

TheBabel codegeneratorreadsSIDL XML descriptionsandautomatically
generatesglue codefor the specifiedsoftware library. This glue codemedi-
atesdifferencesamongcalling languagesandsupportsefficient inter-language
calls within the samememoryaddressspaceand,eventually, acrossmemory
spacesfor distributedobjects.Thecodegeneratorscreatefour differenttypes
of files: stubs,skeletons,Babel internal representation,and implementation
prototypes.TheBabel internalobjectrepresentationcreatedby thecodegen-
eratorsis similar to thatusedby COM [12], CORBA’s PortableObjectAdap-
tor [19], andscientific librariessuchasPETSc[2]. The internalobject rep-
resentationis essentiallya tableof functionpointers,onefor eachmethodin
anobject’s interface,alongwith otherinformationsuchasinternalobjectstate
data,parentclassesandinterfaces,andBabel datastructures.Stubandskele-
ton codetranslatesbetweenthe calling conventionsof a particularlanguage
andtheinternalBabel representation.Thecodegeneratorsalsocreateimple-
mentationfiles that containfunction prototypesto be filled in by the library
developers.To simplify the taskof library writers,we have addedautomatic
�����	���� �w�� generationaswell asa“codesplicing” capabilitythatpreservesold
editsduringtheregenerationof implementationfilesaftermodificationsto the
SIDL source.

3.3. TECHNOLOGY DEMONSTRATION IN HYPRE

In collaborationwith membersof thehypre developmentteam,we have in-
tegratedsomeof theBabel languageinteroperabilitytechnologyinto hypre [9].
Thehypre library is asuiteof parallelscalablelinearsolversandprecondition-
ers implementedin � with MPI. Therewere four primary goalsof this col-
laboration. First, the Babel teamwishedto demonstratethe technologyand
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get feedbackfrom library developers.Second,thehypre projectneededauto-
maticallygenerated����������J� bindingsthatwould trackchangesin thelibrary.
Previously, anumberof different�	������	��� bindingsweredevelopedby various
usersbut fell into obsolescencewith new changesto thehypre source.Third,
the hypre teamwantedto explore new designoptionsusing object-oriented
andcomponent-basedsoftwaretechniques,but theteamhadno desireto gen-
erateandsupportthenecessaryobject-orientedinfrastructureby hand.Finally,
hypre developerswantedto integratesoftwaredevelopedby othergroupswho
hadwrittencodein ����� and �	���������� .

The collaborationbeganby identifying key partsof hypre anddeveloping
anobject-orienteddesignin SIDL for theprimaryhypre objects.For themost
part,existing hypre implementationswerewrappedusinggluecodegenerated
by theBabel tools. In spiteof this additionalintermediategluecode,parallel
runswith both �	������	��� and � drivers indicatethat Babel overheadsaretoo
smallto measureaccurately.

The developersof hypre identified a numberof advantagesto using Ba-
bel for their scientificsoftwarelibrary in additionto theobviousadvantageof
languageinteroperability. DevelopersfoundthatSIDL wasaconvenientspec-
ification descriptionlanguagefor the designof scientific librariesbecauseit
eliminatedunnecessaryimplementationdetailsandforcedthemto focusonthe
object-orienteddesignof thelibrary. They felt thatSIDL wasrelatively easyto
master, althoughsomewerenew to object-orienteddesignandobject-oriented
languages.Furthermore,hypre developersnoticedthat they could eliminate
redundantcodeby takingadvantageof polymorphism.For example,theprevi-
oushypre library containeda four differentpreconditionedconjugategradient
routines,eachwritten for a particulartype of preconditionerdatastructure.
Throughtheuseof polymorphismenabledby Babel, they wereableto reduce
thenumberof routinesto one. Finally, thehypre developerswereableto ex-
ploit object-orienteddesignin � , which hasno object-orientedsupport,using
theautomaticallygeneratedBabel code.

4. THE ALEXANDRIA REPOSITORY

TheAlexandria repositorywasdesignedandbuilt to facilitatetheadoption
of componenttechnologyfor high-performancescientificsimulationsoftware.
Our goal wasto provide a network servicewherecomponentdeveloperscan
publishtheirsoftwareandinterfacedefinitionsandwhereapplicationdevelop-
erscanfind anddownloadcomponentsandtheassociatedlanguagebindings.
The systemwasintendedto have a userinterfaceto supporthumanandma-
chineclients.

Alexandria providesahierarchicallyorganizedcollectionof softwarepack-
agesuploadedby componentdevelopers,afuzzysearchcapability, aninterface
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definitionbrowser, anda webuserinterfaceto the Babel languageinteroper-
ability tool. For machineclients,Alexandria providesa repositoryof XML
interfacedefinitionsandwill holdarepositoryof sharedlibrarieswhich imple-
mentparticularinterfacesto enabledynamicgraphicalapplicationbuildersor
otherdevelopmenttools.

We choseto implementa webapplication(i.e., a webserver with dynamic
contentmanagedby a program)to achieve thesegoalsandfeatures.A web
applicationcanprovideasophisticatedandfriendly userinterfacedesignedfor
humanclientsanda simple,feature-richinterfacefor machineclients.By us-
ing webtechnologies,wemaketherepository’s servicesavailableto thelargest
possiblenetwork audience;any contemporarywebbrowsercanaccessAlexan-
dria. Machineclientscanusestandardnetwork librariesto accessthereposi-
tory. Othernetwork approacheswould requireinstallationof specialpurpose
clientsor moreelaboratemachineclientstherebydecreasingthepotentialau-
diencefor theservice.The HTTP protocolprovidesall the transactiontypes
necessaryfor therepository:uploadingfilesandotherinformationfrom auser
interfaceform anddownloadingcontent.The transactionalnatureof theweb
makestheuserinterfacelessinteractive thananative application,but theben-
efitsof thewebinterfaceseemto outweighthisdeficiency.

As shown in Figure2, Alexandria usesa three-tieredarchitecture:a web
browserbaseduserinterface,a web server with ������� servlets[11] andJava-
Server Pages[21], anda JDBC[26] connectionto anSQL backend. Theweb
server delegatesHTTP messagesfor certainURLs to ������� servlets,andthe
servletprovides the contentor an error response.A servletis a �����	� class
that implementsa standardinterfaceor overridesmethodsinheritedfrom a
standardbaseclass.Theservletcanuseall the featuresof the �����	� platform
in generatingits response.JavaServer Pagesis a convenient,dynamicway to
generatea servletwhich usuallycombinesHTML with embedded������� code
to provide thedynamiccontent.

TheAlexandria applicationconsistsof five subsystems:anaccesscontrol
system,aninexactstringmatchingpackage,a hierarchymanagementsystem,
a contentpackage,andaninterfaceto Babel. Theaccesscontrolsystemman-
agesuseraccountsandprovidesseveraldifferentlevelsof accessto thesystem:
administrator, trusteduser, normaluserandworld. Theinexactstringmatching
packageis aJava implementationof thealgorithmfrom �����	��� [30].

Thehierarchymanagementsystemprovidescataloging,uploadinganddown-
loadingfeatures.Unlikeanormalfile system,thehierarchycanholdfileswith
the samenamein a commondirectoryaslong asthey have differentversion
numbers.The expectationis that over time a projectwill issuemultiple ver-
sionsof individual files.

Thecontentscanningpackagechecksmaterialprovidedby usersto seeif it
is “safecontent.” A responsiblewebserverthatreceivescontentfromusersand
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thenpresentsthatcontentbackto otherusersmustverify thattheuserprovided
materialdoesnotcontainhostilescripts.Ratherthantrying to characterizeand
detecthostilecontent,Alexandria testsuserprovidedcontentagainstanXML
DTD thatcontainsasafesubsetof XHTML 1.0[27]. A validatingXML parser
is usedto determineif userprovided contentis safe. If thematerialdoesnot
validate,all themark-updirectivesaretransformedsothey will beinterpreted
asplain text ratherthanasmark-updirectives.

The interfaceto Babel subsystemprovides languagebindingsfor a SIDL
file to users.Theuser’sSIDL file is uploadedto thewebserver, thewebserver
runsBabel on thefile, theresultsarepackagedin a ����� file, andthentheuser
is giventhechanceto downloadthefile. Thissavesusersfrom having to install
Babel andaJava virtual machineon their localmachine.

Alexandria maintainsa repositoryof XML type information. Userswith
sufficient accesscantranslatetheSIDL file into anequivalentXML represen-
tationanduploadtheXML representationto the repository. Onceit is in the
repository, anyonerunningBabel canusetheXML informationfrom Alexan-
dria ratherthanhaving to explicitly downloadall the neededSIDL files. In
addition,thewebserver provideshighquality interfacedocumentationto web
browserby applyingXSLT [29], aevolving standardfor translatingXML into
HTML or othermarkuplanguages.
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5. CONCLUSIONS

In this paper, we have describedtwo piecesof a componenttechnologyar-
chitecturefor scientificcomputing. Babel is a languageinteroperabilitytool
that usesthe SIDL interfacedescriptionlanguageto describecomponentin-
terfacesandto generatecodethatmediatesdifferencesbetweenprogramming
languages.Alexandria is a web-enabledcomponentrepositorythatprovides
abrowsablesoftwarelibrary, automatedaccessto SIDL typeinformation,and
webaccessto theBabel codegenerators.

Obviously, much work remainsin developing production-qualitycompo-
nent technologyfor the scientific computingcommunity. Membersof the
CommonComponentArchitectureworkinggrouphavemadesomeinitial prog-
ressin thisdirectionandhavedraftedaproposalthatcoverscommonbehavior
standardsfor components[1]. A numberof interestingopenresearchquestions
remainin extendingcurrentparalleldataredistribution approaches[5, 15,16,
22] to arbitrarydatacomponents.
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