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Abstract
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We are developing scientific software componenttechnologyto managethe

compleity of modern, parallel simulation software and increasethe interop-
erability andre-useof scientific software packages.In this paper we describe
alanguagenteroperabilitytool namedBabel thatenableghe creationanddis-

tribution of language-independesbftware libraries using interface definition

language(IDL) techniques.We have createda scientific IDL that focuseson

the uniqueinterfacedescriptionneedsof scientific software, suchas complex

numbers densemultidimensionalarrays,and parallel distributed objects. Pre-
liminary resultsindicatethatin additionto languageinteroperability this ap-

proachprovidesusefultools for the designof modernobject-orientedscientific
softwarelibraries. We alsodescribea web-basedomponentepositorycalled
Alexandria thatfacilitatesthe distribution, documentationandre-useof scien-
tific componentandlibraries.
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1. MOTIVATION

Numericalsimulationsplay a vital role asa basicresearcttool for under
standingfundamentaphysicalprocessesAs simulationsbecoméncreasingly
sophisticatecgndcompl&, no single person—orven singleinstitution—can
developscientificsoftwarein isolation. Developmenteamgarely possessuf-
ficientresourcegandscientificexpertisein all requireddomaingo successfully
createacomple applicationfrom scratch.nstead physicistschemistsmath-
ematiciansandcomputeiscientistoncentrat®ndevelopingsoftwarein their
domainof expertise.Computationascientistcreatesimulationsby combining
thesendividual softwarepieces.

In collaborationwith the CommonComponenfArchitectureforum [1], we
aredevelopingsoftware componentechnologyfor high-performancearallel
scientific computing. The goal of this effort is to improve the software de-
velopmentprocessesf scientificcodesby usingproventechniquesandtech-
nologyfrom industry Componentechnologyaddressetechnologicabarriers
to software re-useandintegration, suchasincompatibilitiesin programming
languagesinterfacedescriptionsandphysicaldeployment. By removing such
barrierscomponenapproachewill allow computationascientistdo concen-
trate on building more sophisticatechumericalsimulationsand reduceeffort
wastedntegratingincompatiblesoftware.

In this paper we describeour recentwork in two areasof componentech-
nology: languagenteroperabilityanda componentepository As partof our
languageanteroperabilityefforts, we aredevelopingatool calledBabel to en-
ablethe creationanddistribution of languagendependensoftwarelibraries.
To useBabd, library developersdescribetheir software interfacesin a Sci-
entific Interface Definition LanguaggSIDL). Babel usesthis SIDL interface
descriptionto automaticallygeneratéglue code”thatenableghe softwareli-
braryto be calledfrom ary supportedanguage.We have alsodesignedand
implementeda prototypeweb-basedepositorycalled Alexandria to encour
agethe distribution and reuseof scientific computingsoftware components
andlibraries. Alexandria providesa corvenientweb-basedielivery system
andthuslowersthebarrierto adoptingcomponentechnology

This paperis organizedasfollows. Section2 surweys componentechnol-
ogy approachefor scientificcomputinganddiscusseselatedwork. Section3
discusse®sur languagédnteroperabilityapproachmodificationsnecessaryor
the scientificdomain,the Babel tool, andexperiencesisingBabel in a high-
performancescientificsoftwarelibrary. Section4 introducesthe Alexandria
web-basedomponentepositoryandits implementatiorarchitecture Finally,
Section5 summarizeshe contritutions of this work anddiscusseduture re-
searchdirectionsfor the scientificcomponentommunity
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2. SCIENTIFIC COMPONENT TECHNOLOGY

Componentechnology25] is anextensionof object-orientedoftwaretech-
nologythatfocuseontheissuesf softwareinteroperabilityandre-use.Com-
ponenttechnologyprovides languageindependencesompilerindependence,
andseamlesaccesgo distributed objectresourcesComponentechnologyis
morethan object-orientedapproachessoftware modules,scripting[3, 4], or
softwareframewvorks|7, 8, 10, 14]; however, componentpproachesdo make
useof theseotherrelatedtechnologiesA softwareframevork maybecreated
within a componentarchitectureto addressa particularapplicationdomain.
Scriptinglanguagesnay be usedasan integrationlanguaggo connectexist-
ing softnarecomponents.

Industry hascreatedcomponentechnologyto addressssuesof interoper
ability dueto differentprogrammindanguagesthe compleity of applications
developedusingthird-party software, and the incrementalevolution of large
legag/ software. Thereare three commoncomponenttechnologystandards
in the businesscommunity: COM [12], JavaBeang24], and CORBA [19].
COM is Microsoft's componentstandardthat forms the basisfor interoper
ability amongall Windows-basedpplications.Microsoft recentlyintroduced
a new componeninitiative called.NET [18] that combinesdeasfrom COM
andJava andwill likely bethefutureof Microsofttechnology SunMicrosys-
temshasdevelopedJavaBeansand EnterpriseJavaBeans[23] basedon the
Java programminglanguage. CORBA, by the Object Managementsroup
(OMG), is a cross-platformdistributed object specificationthat supportsthe
interactionof complex objectswrittenin differentprogrammindanguageslis-
tributedacrossa network of computers.

ComponentechnologiesuchasCORBA, COM, andJaszaBeanshave been
very successfuln industry; unfortunately they aredesignedor the business
environmentanddo notaddressnary of theissuesassociateavith large-scale
parallelscientificcomputing.For example,industryapproachedonotaddress
datadistribution supportfor massvely parallelSPMD components.

We believe that a successfucomponenttechnologyfor scientific simula-
tion mustaddresgour issues:languagéanteroperability commoncomponent
behaior, physicaldeploymentstandardsand supportfor distributed parallel
communication.Thework presentedn this paperaddressesnly a smallpart
of the overall componentechnologysolution. Communitycollaboratve work
suchasthat by the CommonComponentArchitecture(CCA) [1] forum and
othersis essentialln thefollowing, we review relatedcomponentechnology
work in the scientificcommunity

Both CORBA [19] andCOM [12] addressanguageénteroperabilitythrough
theuseof aninterfaceDefinition Languag€IDL). An IDL describesheinter
faceof asoftwarecomponentisinganew descriptve languagehatis indepen-
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dentof ary particularprogramminganguage.We follow a similar approach
in our languageinteroperabilitywork, which is presentedn Section3. IDL
technologyhasthe adwantagethat,in somesenseall languagesreequal,and
ary languagemay call ary otherlanguage.The primary disadwantageof an
IDL approaclhis thatthe developermustwrite a separaténterfacedescription
of thesoftwarelibrary andthenmustfollow certainprogrammingcorventions
thatmaptheinterfacedescriptioninto the programminganguage Automatic
wrappingapproachesuchas SWIG [3] or SILOON [17] supportlanguage
interoperabilitywithout requiringa separatéDL descriptionbut aretypically
limited to the caseof a scripting language(suchasPython) calling a com-
piled languaggsuchascC or C++). In contrastIDL approacheallow method
invocationsin bothdirections.
Beyondlanguagenteroperabilitycomponenarchitecturesypically require
thatall componentsupportsomecommonsetof behaiors. Commonbeha-
iors are importantfor the discavery of componentcapabilities(e.g., “What
interfacesdo you export?”’) requiredby GUI developmenttools andproblem
solvingervironmentg6, 13, 20]. For example,the CCA specificatiorrequires
thatall CCA componentsupportthe notion of a port [1]. Portsdescribethe
interfacesusedby andprovided by acomponentOur IDL technologyplaysa
role asa mechanisnfor describingcomponenportinterfaces.
Componentproblemsolving ervironments(PSEs)may also require stan-
dardsfor describingthe physicaldeploymentof componentsoftware. For ex-
ample, CCAT [6] emplgs an XML [28] componenideployment descriptor
thatenablegshe PSEto understandomponenports,portinterfacetypes,plat-
form dependenciesndassociatedomponeninetadata.Oneof the goalsof
the Alexandria componentepositorydescribedn Section4 is to provide a
commonrepositoryfor componentescriptiongor useby toolssuchasaPSE.
Unlike industryapproachesscientificcomponentechnologymustsupport
communicatingparallelcomponentsin mosthigh-performancepplications,
componentswill communicatewithin the samememory addressspace,al-
thoughthe componentshemselesmay be distributed acrosgprocessomem-
oriesin a SPMD fashion.Someapplicationshowever, will spanmultiple par
allel computersFor example,alarge simulationrunningon thousand®f pro-
cessoramay be connectedo a visualizationcomponentrunning on a small
visualizationenginewith afew tensof processorsin this case thecomponent
architecturemust supportsomeform of paralleldataredistritution. A num-
ber of researcherbave addressethis issuefor certainlimited classe®f data
types. Both PAWS [5] and CUMULVS [16] supportparallelredistrilution of
arraysandotherpredefineddataitemssuchasparticlesor simpleunstructured
meshesPARDIS [15] andCobra[22] supportdistributedsequenceandarrays
in CORBA. We andothermembersf the CCA working groupareresearching
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approachefor extendingthis work to moregeneralscientificobjects but that
work is preliminaryandbeyondthe scopeof this paper

3. LANGUAGE INTEROPERABILITY TECHNOLOGY

Computationakcientistsdevelopinglarge simulationcodesoften facedif-
ficulties due to languageincompatibilitiesamongvarious software libraries.
Scientificsoftwarelibrariesarewrittenin avarietyof programmindanguages,
includingFortran, C, C++, or ascriptinglanguagesuchasPython. Language
differencesftenforce softwaredevelopersto generatenediating“glue” code
by hand. In the worst case,computationakcientistsmay needto re-write a
particularlibrary from scratchor notuseit atall.

We have developeda tool called Babel that addressetanguagéanteroper
ability andre-uséor high-performancearallelscientificsoftware. Its purpose
is to enablethe creation descriptionanddistribution of languagendependent
software libraries. In the following sections,we describeour interoperabil-
ity approachthe Babel tool architectureandan exampleof usingBabel in a
parallellinearalgebrasoftwarelibrary.

3.1. SCIENTIFIC IDL

Babel addressethelanguagenteroperabilityproblemusinginterfaceDef-
inition Language(IDL) techniqueq12, 19]. An IDL describeghe calling
interface (but not the implementation)of a particularsoftware library. IDL
tools usethis interfacedescriptionto generaté'glue code” thatallows a soft-
ware library implementedin one supportedanguageto be called from ary
othersupportedanguage.We have designeda ScientificInterface Definition
LanguaggSIDL) that addressethe uniqgueneedsof parallel scientificcom-
puting. SIDL supportscomplex numbersand dynamicmulti-dimensionakar
raysaswell asparallelcommunicatiordirectvesthatarerequiredfor parallel
distributed components.SIDL also provides othercommonfeaturesthat are
generallyusefulfor software engineeringsuchasenumeratedypes,symbol
versioning hamespacananagemengndanobject-orientednheritancanodel
similarto Java.

As illustratedin Figurel, SIDL bearsa closeresemblancéo CORBA and
Java. Thepackage keyword introducesanenv namespaceA namespaceay
containa class,interface,enumeratedype, or anotherpackage.Classesand
interfacescontainmethods.The methodsin aninterfaceareabstractthatis,
they arenotimplementedy theinterface.Asin CORBA, in, out, andinout
modify methodargumentsand denotethe direction of information transfer
SIDL alsosupportsJavadoc-style documentatiorcommentswhich may be
usedto automaticallygeneratéorowvsabledocumentatiorfseethe Alexandria
discussiorin Sectior4).
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version hypre 1.0;

/**

* A SIDL type description for the <em>hypre</em> library.
*/

package hypre {

/**
* <code>Vector</code> represents a mathematical vector.
*/
interface Vector {
Vector clone();
void scale(in double a);
double dot(in Vector x);
void axpy(in double a, in Vector x);
int getGlobalDimension();
int getLocalDimension() local;

/[ *%

* An <code>0Operator</code> maps one vector into another vector.
*/

interface Operator {

void apply(in Vector x, out Vector y);
}

/**

* This interface represents the class of linear mappings.
*/

interface Linear(Operator extends Operator {

}

VAL
* <code>StructVector</code> is a vector for structured grids.
*/
class StructVector implements-all Vector {
array<int> getGhostCellWidth();
}

/%%
* The structured matrix class implements all operator functions.
*/
class StructMatrix implements-all Operator {
// methods used to build a structured matrix omitted
}
}

Figure 1 A simplified SIDL interfacedescriptionfor portionsof the hypre software library
describedn Section3.3.
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The following sectionsprovide additionaldetailsconcerningsomeof the
moreuniquecharacteristicef the SIDL interfacedefinitionlanguage.

311 Symbol Versioning. In SIDL, every packageenumeratedype,

class,andinterfaceis assigneda particularversionnumber Every SIDL de-

scriptionbegins with oneor moreversion statementsEachversion state-
mentcontainsa packagenameandan arbitraryversionstring consistingof a

sequencef integersseparatety periods.All symbolswithin apackageshare
its versionnumber For example,the version statemenbn the first line of

Figurel stateghatall symbolsdefinedin the hypre packagewill beversion
1.00of thatsymbol. A version statemenis requiredfor every new outermost
packagelefinedn aSIDL description A version Statemeninayalsobeused
to give an explicit versionnumberfor resolvingexternalsymbolsreferenced
in a SIDL description. If a versionis not specifiedfor a particularexternal

symbol,thenthe mostrecentversionof thatsymbolis used.

Symbol versioningis an importantconsideratiorfor the developmentof
community-widestandardsind specifications.Considera standarde€ommit-
teethatreleasewversionl.0 of a particularspecification.Componentsvill be
written to andimplementthat versionof the standard. Whenthe committee
releasewersion2.0 of the specificationsomecomponentwill immediately
implementthe new standardwhereasotherswill take longer Versioningre-
movesambiguityaboutwhich versionof the specificatiora particularcompo-
nentimplements.

3.1.2 Import. Like Java, SIDL supportsatypeof import statement.
The import statementddsthe specifiedpackagenameto the symbolreso-
lution path. For example,a SIDL descriptionthatreferencesymbolVector
in packagehypre couldeitherusethefully qualifiednamehypre.Vector or
begin with "import hypre" andthensimply usethe namevector (assum-
ing, of course thatanotheWector did not alreadyexist in thathnamescope).
Externalsymbol referencesare resolhed by searchingan associategymbol
repositoryeitherafile repositoryor aweb-enabledepositorysuchasAlexan-
dria.

3.13 Inheritance Model. The SIDL inheritancemodelis similar to
thatof Java. SIDL supportsbothinterfacesandclasses.The methodsin an
interfaceareabstracandthusnotimplementecdy thatinterface. Themethods
in a classmay be either abstractor implementedby that class. SIDL sup-
portsmultiple inheritanceof interfacesbut singleimplementatiorinheritance
of classes An interfacemay extendotherinterfaces.A classmayimplement
mary interfacesbut extendonly oneotherclass. This inheritancemodelsim-
plifies the Babel implementationand removes the diamondimplementation
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inheritanceambiguity associatedvith C++. Like COM [12], all classesand
interfacesimplicitly inheritfrom acommonbaseinterfacethatprovidesrefer
encecountingandsimplequeryinterfacecapabilities.

Basedon suggestiongrom our userswe have augmentedhe Java inher
itancesyntaxwith an implements-all keyword, which declareghatthe as-
sociatedclassimplementsall of the methodsin the specifiedinterface. This
keyword is equivalentto usingthe implements keyword andrepeatingthe
definition of all interfacemethodsin the classbody The implements-all
shorthands cleanerandmorecloselyreflectsthe way mary of our usershink
aboutdesigningscientificlibraries. They typically defineabstractinterfaces
that describethe desiredfunctionality and then combinethoseinterfacesto-
getherinto classeandcomponentshatimplementthatfunctionality

314 Arrays. SIDL supportsthe style of dynamically-sizeddense,
multi-dimensionakrraysthatarecommonin scientificapplications.Existing
IDLs suchasCORBA [19] supportonly dynamically-sizedpne-dimensional
arrays(a CORBA sequencepnd statically-sized multi-dimensionalarrays.
Densearraysconsistof onephysicalsegmentof memorythatcanbeaccessed
efficiently by anoptimizingcompiler Sucharraysarecommonin thescientific
communitydueto its Fortran heritageandbecausealensearraysoffer better
accesperformancehan"array of array"implementations.

3.15 Parallelization Support. We have just begun to develop sup-
port for paralleldataredistribution in the Babdl tools. Therefore the follow-
ing discussiorshouldbe consideregreliminary althoughit doesindicateour
basicapproach. SIDL currently supportsparallel communicationdirectives
thatdescribemethodbehaior in a parallelexecutionervironment. For exam-
ple,thelocal methodmodifierin classVector of Figurel indicatesthatthe
getLocalDimension methodis valid only wheninvoked on anobjectin the
samememoryaddresspace.For this method,the numberof local vectorel-
ementsownedby a particularprocessohasno meaningfor a Vector object
distributedacrossa differentsetof processors.

Unlike PARDIS [15] andCobra[22], we do notintendto adddatadistribu-
tion directivesto theSIDL languageWe donotbelieve thatstaticlDL datadis-
tribution directveswill be sufiicient to describethe dynamiccompleity and
wide rangeof parallel objectsusedin scientificcomputing. Instead,we plan
to userun-time datadescriptionsof dataobjects. Distributed parallelobjects
will berequiredto supportoneof a setof datadistribution interfacesthrough
which the objectdescribests internaldatadistribution state. The Babel run-
time will usethat informationto managedataredistritution during method
invocations. We feel this approachis moreappropriatdor sophisticatedlata
decompositionshatchangeduringthe courseof a simulation.
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3.2. BABEL TOOL ARCHITECTURE

TheBabel tool suiteconsistoof anumberof separat@ieces:aSIDL parser
a codegeneratgra small run-time supportlibrary, andthe Alexandria com-
ponentrepository Currently Babel supportsFortran 77, C, and C++; we
planto develop supportfor Java, Python, Fortran 90, andMATLAB in the
following year

TheBabd parserwhichis availableeitherat the command-lineor through
the Alexandria web interface,readsSIDL interfacespecificationandgener
atesanintermediateXML [28] representationXML is a usefulintermediate
languagesinceit is amenablgo manipulationby tools suchas a repository
or a problemsolving ervironment. XML interfacedescriptionsare storedei-
therin alocal file repositoryor on the web using Alexandria. Thevisionis
thata scientistdownloadinga particularsoftwarelibrary from the Alexandria
componentepositorywill receve not only thatlibrary but alsothe required
languagébindingsgeneratedutomaticallyby the Babel tools.

TheBabel codegeneratoreadsSIDL XML descriptionsandautomatically
generateglue codefor the specifiedsoftwarelibrary. This glue codemedi-
atesdifferencesamongcalling languagesindsupportsefficientinterlanguage
callswithin the samememoryaddresspaceand, eventually acrossmemory
spacedor distributed objects. The codegeneratorsreatefour differenttypes
of files: stubs,skeletons,Babédl internal representationand implementation
prototypes.The Babel internalobjectrepresentationreatecby the codegen-
eratorsis similar to thatusedby COM [12], CORBA's PortableObjectAdap-
tor [19], andscientificlibrariessuchas PETSc[2]. The internal objectrep-
resentations essentiallya table of function pointers,onefor eachmethodin
anobjectsinterface,alongwith otherinformationsuchasinternalobjectstate
data,parentclassesndinterfaces,andBabel datastructures.Stubandskele-
ton codetranslatesetweenthe calling corventionsof a particularlanguage
andtheinternalBabel representationThe codegeneratorglsocreateimple-
mentationfiles that containfunction prototypesto be filled in by the library
developers.To simplify the taskof library writers, we have addedautomatic
Makefile generatioraswell asa“codesplicing” capabilitythatpreseresold
editsduringtheregeneratiorof implementatiorfiles aftermodificationsto the
SIDL source.

3.3. TECHNOLOGY DEMONSTRATION IN HYPRE

In collaborationwith membersf the hypre developmentteam,we have in-
tegratedsomeof theBabel languageénteroperabilitytechnologyinto hypre[9].
Thehypere library is a suiteof parallelscalabldinearsolversandprecondition-
ersimplementedn C with MPI. Therewere four primary goalsof this col-
laboration. First, the Babel teamwishedto demonstratéhe technologyand
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getfeedbackirom library developers.Secondthe hypre projectneededauto-
maticallygenerate@dortran bindingsthatwould trackchangesn thelibrary.
Previously, anumberof differentFortran bindingsweredevelopedby various
usershut fell into obsolescencwith nev changego the hypre source.Third,
the hypre teamwantedto explore newv designoptionsusing object-oriented
andcomponent-basesbftwaretechniquesbut theteamhadno desireto gen-
erateandsupportthe necessargbject-orientednfrastructureny hand.Finally,
hypre developerswantedto integratesoftwaredevelopedby othergroupswho
hadwritten codein C++ andFortran.

The collaborationbegan by identifying key partsof hypre anddeveloping
anobject-orientedlesignin SIDL for the primary hypre objects.For the most
part, existing hypre implementationsverewrappedusingglue codegenerated
by the Babdl tools. In spiteof this additionalintermediateglue code,parallel
runswith both Fortran andC driversindicatethat Babel overheadsaretoo
smallto measureaccurately

The developersof hypre identified a numberof adwantageso using Ba-
bel for their scientificsoftwarelibrary in additionto the obvious advantageof
languagenteroperability Developerdoundthat SIDL wasa corvenientspec-
ification descriptionlanguagefor the designof scientific libraries becauset
eliminatedunnecessarynplementatiordetailsandforcedthemto focusonthe
object-orientediesignof thelibrary. They felt thatSIDL wasrelatively easyto
masteralthoughsomewerenew to object-orientedlesignandobject-oriented
languages.Furthermore hypre developersnoticedthat they could eliminate
redundantodeby takingadwantageof polymorphism.For example theprevi-
oushypte library containecda four differentpreconditionedonjugategradient
routines,eachwritten for a particulartype of preconditionerdatastructure.
Throughthe useof polymorphismenabledoy Babel, they wereableto reduce
the numberof routinesto one. Finally, the hypte developerswereableto ex-
ploit object-orienteddesignin €, which hasno object-orientedsupport,using
theautomaticallygeneratedBabel code.

4. THE ALEXANDRIA REPOSITORY

TheAlexandria repositorywasdesignedandbuilt to facilitatetheadoption
of componentechnologyfor high-performancescientificsimulationsoftware.
Our goalwasto provide a network servicewherecomponenteveloperscan
publishtheir softwareandinterfacedefinitionsandwhereapplicationdevelop-
erscanfind anddownloadcomponent@&ndthe associatedanguagebindings.
The systemwasintendedto have a userinterfaceto supporthumanand ma-
chineclients.

Alexandria providesahierarchicallyorganizedcollectionof softwarepack-
ageauploadedy componentlevelopersafuzzy searchcapability aninterface
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definition browser anda web userinterfaceto the Babel languagéanteroper
ability tool. For machineclients, Alexandria provides a repositoryof XML

interfacedefinitionsandwill hold arepositoryof sharedibrarieswhichimple-
mentparticularinterfacesto enabledynamicgraphicalapplicationbuildersor
otherdevelopmentools.

We choseto implementa web application(i.e., aweb sener with dynamic
contentmanageddy a program)to achieve thesegoalsandfeatures. A web
applicationcanprovide asophisticate@dndfriendly userinterfacedesignedor
humanclientsanda simple,feature-richinterfacefor machineclients. By us-
ing webtechnologieswe maketherepositorys servicesvailableto thelargest
possiblenetwork audienceary contemporaryebbronvsercanaccess\lexan-
dria. Machineclientscanusestandarchetwork librariesto accesghereposi-
tory. Othernetwork approachesvould requireinstallationof specialpurpose
clientsor moreelaborateanachineclientstherebydecreasinghe potentialau-
diencefor the service. The HTTP protocolprovidesall the transactiortypes
necessaryor therepository:uploadingfiles andotherinformationfrom a user
interfaceform anddownloadingcontent. The transactionahatureof the web
makesthe userinterfacelessinteractive thana native application but the ben-
efitsof thewebinterfaceseemto outweighthis deficieng.

As shawvn in Figure2, Alexandria usesa three-tieredarchitecture:a web
browserbaseduserinterface,a web sener with Java servlets[11] and Java-
Sener Pageg21], anda JDBC[26] connectiorto an SQL baclend. Theweb
sener deleggatesHTTP messagefor certainURLs to Java servlets,andthe
servletprovidesthe contentor an error response.A servletis a Java class
that implementsa standardinterface or overridesmethodsinheritedfrom a
standardbaseclass. The servletcanuseall the featuresof the Java platform
in generatingts response JavaSerer Pagesis a corvenient,dynamicway to
generate servletwhich usuallycombinesHTML with embeddediava code
to provide thedynamiccontent.

The Alexandria applicationconsistsof five subsystemsan accessontrol
systemaninexact string matchingpackagea hierarchymanagemengystem,
acontentpackageandaninterfaceto Babel. Theaccessontrolsystemman-
agesuseraccount@ndprovidessereraldifferentlevelsof accesso thesystem:
administratartrusteduser normaluserandworld. Theinexactstringmatching
packages a Javaimplementatiorof thealgorithmfrom agrep [30].

Thehierarchymanagemergystenprovidescataloginguploadinganddown-
loadingfeaturesUnlike anormalfile systemthehierarchycanholdfiles with
the samenamein a commondirectoryaslong asthey have differentversion
numbers.The expectationis that over time a projectwill issuemultiple ver
sionsof individual files.

Thecontentscanningpackagechecksmaterialprovided by usersto seeif it
is “safecontent. A responsiblevebsenerthatrecevescontentfromusersand
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Figure2 Alexandriaarchitecture

thenpresentshatcontentbackto otheruseramustverify thattheuserprovided
materialdoesnot containhostilescripts.Ratherthantrying to characterizend
detecthostilecontent Alexandria testsuserprovided contentagainsan XML
DTD thatcontainsasafesubsebf XHTML 1.0[27]. A validatingXML parser
is usedto determinef userprovided contentis safe. If the materialdoesnot
validate,all the mark-updirectivesaretransformedsothey will beinterpreted
asplaintext ratherthanasmark-updirectives.

The interfaceto Babel subsystenprovideslanguagebindingsfor a SIDL
file to users.Theusers SIDL file is uploadedo thewebsener, thewebsener
runsBabel on thefile, theresultsarepackagedn a TAR file, andthenthe user
is giventhechancedo downloadthefile. This saresusersrom having to install
Babel anda Java virtual machineon theirlocal machine.

Alexandria maintainsa repositoryof XML type information. Userswith
sufficient accescantranslatethe SIDL file into anequivalentXML represen-
tation anduploadthe XML representatiomo the repository Onceit is in the
repositoryaryonerunningBabe canusethe XML informationfrom Alexan-
dria ratherthan having to explicitly downloadall the neededSIDL files. In
addition,thewebsener provideshigh quality interfacedocumentatiorio web
browserby applyingXSLT [29], aevolving standardor translatingXML into
HTML or othermarkuplanguages.
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5. CONCLUSIONS

In this paper we have describedwo piecesof a componentechnologyar
chitecturefor scientificcomputing. Babel is a languagenteroperabilitytool
that usesthe SIDL interface descriptionlanguageto describecomponenin-
terfacesandto generateodethatmediatedifferencesetweerprogramming
languagesAlexandria is a web-enabledcomponentepositorythat provides
abrowsablesoftwarelibrary, automatedccesgo SIDL typeinformation,and
webaccesdo theBabd codegenerators.

Obviously, muchwork remainsin developing production-qualitycompo-
nent technologyfor the scientific computingcommunity Membersof the
CommonComponen#rchitectureworkinggrouphave madesomeinitial prog-
ressin thisdirectionandhave drafteda proposakthatcoverscommonbehaior
standard$or component§l]. A numberof interestingopenresearclyuestions
remainin extendingcurrentparalleldataredistritution approache$s, 15, 16,
22] to arbitrarydatacomponents.
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