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A Java CommodityGrid Kit
GREGOR VON LASZEWSKI , IAN FOSTER, JAREK GAWOR, AND PETER LANE

MathematicsandComputerScienceDivision,ArgonneNationalLaboratory, Argonne, IL 60439,U.S.A.

SUMMAR Y

Developing advanced applications for the emerging national-scale "Computa-
tional Grid" infrastructur esis still a difficult task. Though Grid servicesareavailable
that assistthe application developersin authentication, remoteaccessto computers,
resourcemanagement,and infrastructur ediscovery, they provide a challengebecause
theseservicesmay not becompatiblewith the commodity distrib uted-computingtech-
nologiesand frameworks usedpreviously.

The Commodity Grid project is working to overcomethis difficulty by creating
what we call Commodity Grid Toolkits (CoG Kits) that define mappings and inter-
facesbetweenGrid and particular commodity frameworks. In this paper, we explain
why CoG Kits are important, describethe designand implementation of a Java CoG
Kit, and useexamplesto illustrate how CoG Kits canenablenewapproachesto appli-
cation developmentbasedon the integrated useof commodity and Grid technologies.

1 Intr oduction

The explosive growth of the Internetandof distributedcomputingin generalhasled to
rapid technologydevelopmentin several domains. In the world of commoditycomput-
ing, abroadspectrumof distributedcomputingtechnologies(i.e.,Webprotocols[19], Java
[17], Jini [3], CORBA [8], DCOM [23], etc.) hasemergedwith revolutionaryeffectson
how weaccessandprocessinformation.Simultaneously, thehigh-performancecomputing
communityhastaken big stepstoward the creationof so-calledGrids [10], advancedin-
frastructuresdesignedto enablethecoordinateduseof distributedhigh-endresourcesfor
scientificproblemsolving.

Thesetwo worlds of what we will call “commodity” and “Grid” computinghave
evolvedin parallel,with differentgoalsleadingto differentemphasesandtechnologysolu-
tions.For example,commoditytechnologiestendto focuson issuesof scalability, compo-
nentcomposition,anddesktoppresentation,while Grid developersemphasizeend-to-end
performance,advancednetwork services,andsupportfor uniqueresourcessuchassuper-
computers.The resultsof this parallelevolution aremultiple technologysetswith some
overlaps,muchcomplementarity, andsomeobviousgaps.

In this context, we believe thatit is timely to investigatehow theworldsof commodity
andGrid computingcanbe combined.Hence,we have establishedthe CommodityGrid
(CoG) project, with the twin goalsof (a) enablingdevelopersof Grid applicationsto ex-
ploit commoditytechnologieswherever possibleand (b) exporting Grid technologiesto
commoditycomputing(or, equivalently, identifying modificationsor extensionsto com-
modity technologiesthatcanrenderthemmoreusefulfor Grid applications).

A first activity beingundertakenwithin theCoGprojectis thedesignanddevelopment
of a setof CommodityGrid Toolkits (CoGKits)[29], which wedefineasfollows:



Definition: A CommodityGrid Toolkit (CoGKit) definesandimplementsasetof general
componentsthatmapGrid functionalityinto acommodityenvironment/framework.

Hence,wecanimagineaWeb/CGICoGKit, aJavaCoGKit, aCORBA CoGKit, aDCOM
CoGKit, andsoon. In eachcase,thebenefitof theCoGKit is that it enablesapplication
developersto exploit advancedGrid services(resourcemanagement,security, resourcedis-
covery) while developinghigher-level componentsin termsof the familiar andpowerful
applicationdevelopmentframeworksprovidedby commoditytechnologies.In eachcase,
wealsofacethechallengeof developingappropriateinterfacesbetweenGrid andcommod-
ity conceptsandtechnologies—and,if similar Grid andcommodityservicesareprovided,
reconcilingcompetingapproaches.

The initial focusof our work in this areais on a Java CoG Kit. Often the question
arises,Why useJava for Grid computing? ConsideringJava for Grid programminghas
severalcompellingadvantages.We summarizeheretenprincipalanswersto this question.

1. The Language: Java asa programminglanguageofferssomefeaturesthatarebenefi-
cial for large-scalesoftwareengineeringprojectssuchaspackages,object-oriented
approach,single inheritance,garbagecollection, and unified dataformats. Since
threadsandconcurrency controlmechanismsarepartof the language,a possibility
existsto expressparallelismdirectlyon thelowestuserlevel in Java.

2. The ClassLibrary: Java providesa widevarietyof additionalclasslibrariesincluding
essentialfunctions,suchas the availability to perform socket communicationand
accessSSL,asneededfor Grid computation.

3. The Components: A componentarchitectureis provided throughJavaBeansandEn-
terpriseJavaBeansto enablecomponentbasedprogramdevelopment.

4. The Deployment: Java’s bytecodeallows for easydeploymentof thesoftwarethrough
Webbrowsersandautomaticinstallationfacilities.

5. The Portability: BesidestheunifieddataformatJava’sbytecodeguaranteesportability
known undertheterm"write-once-run-anywhere."

6. The Maintenance: Java containsan integrateddocumentationfacility. Components
thatarewritten asJavaBeanscanbeintegratedwithin commerciallyavailableIDEs
(InterfaceDevelopmentEnvironments).

7. The Performance: Well respectedvendorshave demonstratedthat theperformanceof
many Javaapplicationscancurrentlycomecloseto thatof C or FORTRAN.

8. The Gadgets: Java-basedsmartcards,PDAs, andsmartdeviceswill expandthework-
ing environmentfor scientistsusingtheGrid.

9. The Industry: Scientificprojectsaresometimesrequiredto evaluatethelongevity of a
technologybeforeit canbeused.Strongvendorsupporthelpsmake Java worthy of
considerationfor Grid applications.

10.The Community: Universitiesall over theworld areteachingJava to their students.

In therestof thisarticle,wefirst review briefly someGrid technologies,thenuseanexam-
ple to illustratewhatcapabilitieswe wish theJava CoGKit to provide,andfinally present
technicaldetailson theJava CoGKit design.
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Figure1: TheintegratedGrid architecturehasfour maincategories.

2 Grids and Grid Technologies

The scientific problem-solvinginfrastructureof the next centurywill supportthe coor-
dinateduseof numerousdistributedheterogeneouscomponents,including advancednet-
works, computers,storagedevices,displaydevices,andscientificinstruments.The term
“The Grid” is oftenusedto referto this emerging infrastructure[10]. NASA’s Information
Power Grid and the NCSA Alliance’s National TechnologyGrid are two contemporary
projectsprototypingGrid systems;bothbuild on a rangeof technologies,includingmany
providedby theGlobusprojectin which weareinvolved.

Futureapplicationsthatwill useGrid infrastructureswill rangefrom tomorrow’sequiv-
alentof today’s “secureshell” andWebbrowsersto moresophisticatedcollaborative tele-
immersiveengineering,distributedpetabytedataanalysis,andreal-timeinstrumentcontrol
systems.Thesevariousapplicationswill sharea commonneedto coupledevicesthathave
not traditionallybeenthoughtof aspartof thenetwork. This needis motivatingthedevel-
opmentof a broadsetof new servicesbeyond thoseprovidedby today’s Internet. These
Grid serviceswill provide the security, resourcemanagement,dataaccess,instrumenta-
tion, policy, accounting,andotherservicesrequiredfor applications,users,andresource
providersto operateeffectively in a Grid environment.

Figure1 illustratesthestructureof whatwe termtheIntegratedGrid Architecture[9],
which comprisesfour generaltypesof components.The Grid Fabric providesresource-
specificimplementationsof basicmechanismsrequiredfor Gridoperation,for example,ad-
vancereservationmechanismsin a supercomputerscheduleror storagesystem,or quality-
of-servicemechanismsin a network router.

TheseGrid Fabric capabilitiesenablethe constructionof resource-independentand
application-independentGrid Services. Oneexampleis aninformationservice,whichpro-
videsuniformaccessto informationaboutthestructureandstateof Grid resources;another
exampleis anauthenticationandauthorizationservice,whichprovidesmechanismsfor es-
tablishingidentity, creatingdelegatablecredentials,andsoforth. TheseGrid Servicesare
oftentermed“middleware”: they typically involvedistributedstateandcanbeviewedasa
naturalevolutionof theservicesprovidedby today’s Internet.

Grid Fabric capabilities and Grid Services in turn enable the creation of more
application-specificservicesand toolkits: for example,distributeddatamanagementca-
pabilities to supportthe creationof data-intensive applications,or flow managementca-
pabilitiesto supportthe creationof collaborative work environments.Theseservicesand
toolkits arethenusedto implementapplications.

Thesignificanceof Grid infrastructuresfor applicationdevelopersis that they greatly
enhancethe capabilitiesthat canbe taken for grantedwhendevelopingapplications.For



example,aGrid-wideinformationservicemeansthatresourcediscoveryandcharacteriza-
tion becomepossible;hence,applicationscanreliablyexpectto discoverrequiredresources
at runtime,ratherthanrequiringresourcechoicesto befixedor providedby theuser. Sim-
ilarly, remotecomputationcontrolinterfacesprovidedin theGrid Fabricmeanthat,having
discoveredasuitableremotecomputer, ausercanschedule,monitor, andcontrolacompu-
tationwithoutneedingto know theidiosyncraticdetailsof localmechanisms.

3 A Moti vating Example for CoG Kits: SciencePortals

We usean exampleto illustrate the role that we expect CoG Kit capabilitiesto play in
futureGrid/commodityarchitecturesandthetechnologydevelopmentsrequiredto realize
this promise. The exampleis an instantiationof what somecall a “scienceportal”: an
accesspoint (e.g.,desktop,browser, palmdevice) designedto facilitatescientificresearch
in a particulardisciplineby providing seamlessaccessto a wide rangeof informationand
computationalresources.

3.1 SciencePortal Scenario

Weconsidera“Midwest ClimateChangePortal” thatprovidesaccessto computationaland
dataresourcesrelatingto regional impactsof globalclimatechange.Sucha portalserves
a variety of userswith different needsand interests,for example, climate researchers,
weatherforecasters,students,traffic control agenciesand services,and farmers. We
considertwo usagescenarios.

Researcher: A researcherinterestedin impactsof climatechangeon cranberrybog
yields in Wisconsinusesthe portal to discover relevantdatasetsandmodels. He quickly
putstogethera descriptionof his requireddata,usinga graphicaleditor. This description
is transformedautomaticallyin a sequenceof computationsandlookupsin orderto obtain
the desireddata. Existing software infrastructuremustbe seamlesslyintegratedinto the
setof toolsusedby theresearcherto derive results.Theresultsof suchan interactioncan
beviewedusingbrowserswhile preparingandinvoking furtheranalysison thedata.The
resultsarediscussedandinterpretedwith thehelpof colleaguesduringinteractivesessions
andthenarepostedto anelectronicnotebookandarepreparedfor theuseof otherinterested
parties.

Farmer: A farmerusesthe portal whenplanningwhich crop he shouldgrow on his
fields. His questionsfocuson whether, when,andhow to usehis landin orderto achieve
a maximumbenefitover years.Naturally, heneedsto obtaina seasonalforecastallowing
him to determinethebesttimefor plantingthecrop.Electronicmicrosensorsdistributedin
his groundhelp to steertheuseof fertilizersduring thegrowth period. Sensordatais fed
into adatabaseaccessibleby scientists,allowing for feedbackto checkfor modelaccuracy.
Accesspoints to the portal include computerterminalsin electronicallyenhancedfarm
buildingsandalsospecializedinputandoutputdevicesthatallow for theinstallationin, for
example,a lightweightwirelessdevice to accessa usefulsubsetof the informationin the
field. The farmer’s portal alsoprovidesaccessto otherservicesandinformationsources,
for example,financialmarketmonitoringservicesthatobserve thefluctuationof thevalue
of thecropsandgiveadvicethatmayresultin greaterprofits(Figure2).
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3.2 SciencePortal Requirements

Thecreationof scienceportalssuchasthosejustdescribedrequirestheintegrationof many
technologiesfrom differentfields. We will typically provide accessto a wide variety of
data;hence,we mustbeableto accessandcommunicatewith a widerangeof information
sources. The complex calculationsperformedon this datarequirethe ability to access
computeresourceswith significantcomputationalcapabilities.Wemayalsorequireaccess
to proprietarysoftwareloadedonremotemachines.Thus,theability to incorporateremote
computationalresources is required. Interactive usecan requirethat computationaland
dataresourcesbeaccessedvia high-performancenetworks.Thus,it is beneficialto beable
to enforceperformanceguaranteesfor datatransfersandcomputationsin orderto support
increasedperformancedemandsduringinteractivesessions.

Thesuccessof a scienceportal is alsomeasuredby its usabilityandacceptancein the
community. Hence,werequireenvironmentsthatallow rapidprototypingof bothcomplete
applicationsandnew componentsthatcanbesharedwith otherusers.Theability to rapidly
createportableuserinterfacesis particularlycritical. Theserequirementsoverlapstrongly
with two typesof technology:

 Commoditytechnologies that emphasizeeaseof useand codereusein local (es-
pecially desktop)environments: GUI components,componentlibraries, scripting
languages,industry-accepteddistributedcomputingframeworks,industrial-strength
databaseservers,object-orientedprogramminglanguagesandframeworks,andthe
like.

 Grid technologies that emphasizeeffective operation in large-scale, multi-
institutional, wide areaenvironments: accessto remotecomputation,information



services,high-speeddatatransfers,specialprotocols(e.g.,multicast),andgateways
to localauthenticationschemes.

Theseconsiderationsleadto the questionthathasmotivatedthe researchreportedin this
paper:How cancommodityandGrid technologiesinterfaceandintegratesoasto adhereto
interoperability— and,ideally, to enhancethecapabilitiesof both?For example,wemight
decideto useCORBA for applicationdevelopmentbut alsowant to useGrid servicesfor
schedulingandmanagingcomputationson a supercomputer. Or, if we areusingJava, then
Jini might appearto be a goodmechanismfor resourcediscovery: but thenwe facethe
problemof accessingdatastoredin theextensive(currentlyLDAP-based)Grid information
service. The interactionscan be complex and requiresignificant thoughtand effort to
includetheminto a Grid-basedinformationservice.Yet thetechnologybasethatexistsin
eachcaseis sufficiently largeandrobustthatexploiting theseexistingmechanismsleadsto
a significantenhancementof bothGrid andcommodity-basedtechnologies.

4 Commodity Grid Toolkits

The combinationof commodityandGrid technologiescan, in principle, enableexciting
new applicationsthattie advancednetwork-accessibleresourcesinto thecommoditydesk-
top. Ourgoalin theCommodityGrid projectis to enabletheseopportunitiesto berealized
in practice.Our researchapproachinvolvesaniterativeprocessof definition,development,
andapplicationof CommodityGrid Toolkits (CoGKits): setsof generalcomponentsthat
mapGrid functionality into specificcommodityenvironmentsor frameworks. The word
mapis important:theintegrationof Grid andcommoditytechnologiesis not simply anin-
terfacedefinitionproblembut ratheris concernedwith how Grid conceptsandservicesare
bestexpressedin termsof theconceptsandservicesof aparticularcommodityframework.
To take a simpleexample,in theGlobusGrid toolkit on which we arebuilding our proto-
types,remotecomputationmanagementis handledvia a proceduralAPI andcallbacks;in
theJava CoGKit, thesamefunctionalityis providedvia aJobobjectandJavaevents.

The requirementsof the scienceportalsandother applicationshave motivatedus to
exploremappingsto severallanguages.In particular, we areexploringPerl andPython, in
orderto supporteasyprototypingandWeb-basedprogrammingbasedon CGI scriptsand
Java, in orderto supportgraphicaluserinterfacedevelopment,easeof programming,and
theability to runmany Grid servicesthroughJava-enabledWebbrowsers.

We alsoneedto addressthe issueof accessingGrid servicesthroughhigh-level dis-
tributedcomputingframeworksdefinedby industry, soasto allow integrationof common
off-the-shelftoolsanddevelopmentenvironments.Hence,we considertheCommonOb-
jectRequestBrokerArchitecture(CORBA), andtheDistributedComponentObjectModel
(DCOM).

We must also considerthe environmentsand platformsfor which the applicationis
targeted. This might include low cost devicessuchas PDAs and PDA-enhancedcom-
municationdevices,to provide cheapinput devicesandmonitoringtools, aswell asspe-
cializedvisualizationenvironmentssuchasCAVE. Supportfor operatingsystemssuchas
MSWindows is essentialto addressthelargemarketsurroundingMicrosoft infrastructure,
asis supportfor UNIX/Linux to addresstheserver sideandthe largeamountof freeand
commercial-gradescientificcodeavailablefor workstationsandsupercomputers.
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Figure 3: CoG Kits provide a mappingbetweencomputerlanguages,frameworks, and
environments,andGrid Services/Fabric. Together, services,languages,frameworks,and
environmentsbuild a powerful developmenttool for building Grid-enhancedapplications.

5 Java CoG Kit

In therestof this paperwe focusour attentionon our Java CoGKit prototypeandexplain
how it enablesus to accessGrid servicesprovidedby the Globus toolkit. Becauseof the
largenumberof packagesandclassesrequiredto exposethenecessaryfunctionalityof the
Globus toolkit, we focus in this paperon a subsetof all availableclassesthat we deem
mostuseful for the developmentof Java-basedGrid applications.We intendto facilitate
thedevelopmentof futurecomponentsasa communityprojectwith theJava CoGKit. To
supportaniterative processof definition,development,andapplicationof a Java CoGKit
in collaborationwith otherteams,we classifycomponentsasdepictedin Figure4. This
categorizationprovidesthenecessarysubdivisionin orderto coordinatesuchachallenging
opencommunitysoftwareengineeringtask. This categorizationis basedon an increased
functionalityof thecomponents.Eachsubsequentcategory reusesthelower-level compo-
nents.

Low-Level Grid Interface Components provide mappingsto commonlyusedGrid ser-
vices. This includesfor example, the accessto servicesusing the the Grid Se-
curity Infrastructure (GSI), which delivers a securemethodof accessingremote
resources[6]. Otherexamplesare the Grid informationservice(the Globus Meta-
computingDirectory Service,MDS) [27], which provides Lightweight Directory
AccessProtocol(LDAP) [18] accessto informationaboutthestructureandstateof
Grid resourcesandservices;resourcemanagementservices, which supporttheallo-
cationandmanagementof computationalandotherresources(via theGlobusGRAM
services[15]); anddataaccessservices(for example,via theGlobusGASSservice
[4] andGSIenabledFTP).No graphicalcomponentsareavailablein theselow-level
components.

Low-Level Utility Components are utility functionsdesignedto increasethe function-
ality beyond thoseprovided by the C implementationof the Globus toolkit. This
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Figure4: Applicationsandmorecomplex componentscanbe built with the help of the
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functionality is exposedthroughservicesandclassesthat can be reusedby many
users.ExamplesarecomponentsthatusetheMDS to find all computeresourcesthat
a usercansubmitto thatprepareandvalidatea job specificationwhile usingtheex-
tendedmarkuplanguage(XML) [14] or theGlobusjob submissionlanguage(RSL)
that locatethe geographicalcoordinatesof a computeresourceor that testwhether
a machineis alive. No graphicalcomponentsareavailablein theselow-level utility
components.

CommonLow-Level GUI Components provide a setof low-level GUI componentsthat
canbereusedby applicationdevelopers.Examplesfor suchcomponentsareLDAP
AttributeEditors,RSLeditors,LDAP browsers,andsearchcomponents.

Application-specificGUI Components simplify thebridgebetweenapplicationsandthe
basicCoGKit components.Examplesareastockmarketmonitor, agraphicalclimate
datadisplaycomponent,or aspecializedsearchenginefor climatedata.

For eachof theaboveclasseswe will provide in this paperexemplaryJava CoGKit com-
ponentsandcodefragments.

6 Java CoG Kit Implementation

Figure5 shows how our Java CoG Kit is usedin practice. This Java programskeleton,
which formspartof a climateportaldemonstrateshow simpleit is to build portal-specific
serviceswhenaccessinga variety of basicGrid servicesthroughthe Java CoG Kit. In
this example,an appropriatemachineis selectedfor execution,datafor an instantiation
of theclimatemodelis locatedanddownloadedto themachine,andtheclimatemodelis
executedon that machine. The programgeneratesan outputfile in GrADS [13] format,
a well-known format for storingthree-dimensionalclimate-relateddata. Throughoutthe
remainderof thepaperwewill expandthis exampleaswe introducevariousJava CoGKit
components.



// Step0. Initialization
String mdsServer = "mds.globus.org";
MDS mds=new MDS(mdsServer,"389");

// JOBSUBMISSION
//Step1. Search for an availablemachine

result = mds.search ("o=Grid",
"&((object-

class=GridComputeResource)(freenodes=64))",
"contact");

// Step1.a)Selecta machine
machineContact = <selectthemachinewith minimalexecutiontimefrom

thecontactsthatare returnedin result>
// Step2. Prepare thedatafor theexperiment
// Step2.a)Search for theclimatedataandreturn
// the attributes:server,port,directory,file

dn = mds.search
("(objectclass=ClimateData)(year=2000)

(region=midwest)",
"dn", MDS.SubtreeScope);

result = mds.lookup (dn, "server port directory file");
// Step2.b)downloadthedatato themachine
filename = result.get("filename");
sourceURL = result.get("server")+":"

+ result.get("port")+"/"
+ result.get("directory")+"/"
+ filename;

destinationURL = "gsi-ftp://"
+ "machineContact" // destination
+ "~/" // directory
+ filename; // filename

UrlCopy.copy (sourceURL, destinationURL);
// Step3. Prepare a descriptionfor runningthemodel

RSL rsl = new RSL("(executable=climateModel)(processors=64)"
+ "(arguments=-grads)(arguments=-

out map.grads)"

+ "(arguments=-in " + filename +")");
// Step4. Submittheprogram

GramJob job = new GramJob(rsl.toString());

job.addJobListener(new GramJobListener() {
public void stateChanged(GramJob job) {

// reactto job statechanges
}

});
try{

job.request(machineContact);
} catch (GramException e) {

// problemsubmittingthejob
}

Figure5: Thissamplescriptdemonstrateshow weaccessbasicGrid serviceswith thehelp
of theJava CoGKit. Heredatafor a climatemodelis located,anappropriatemachineis
selected,andtheclimatemodelis executedon thatmachine.



6.1 Low-Level Grid Mappings

In thissectionweenumerateasubsetof packagesthatprovidetheinterfaceto thelow-level
Grid servicesandapplicationinterfaces.Thesepackagesareusedby many usersto develop
Java-basedprogramsin theGrid. We will describeonly thegeneralfunctionalityof these
packages,asit is beyondthescopeof this paperto explain every classandmethod.For a
completelist of theclassesandmethodswereferto thedistribution [30].

RSL. The packageorg.globus.rsl provides methodsfor creating, manipulating, and
checkingthe validity of the RSL expressionsusedin Globus [15] to expressresourcere-
quirements.As shown in Step3 of Figure5, theargumentsto anew call includeparameters
thatspecifybothcharacteristicsof therequiredresourcesandpropertiesof thecomputation.

GRAM. The packageorg.globus.gram providesa mappingto the Globus GRAM ser-
vices[15], which allow usersto scheduleandmanageremotecomputations.Specifically,
variousclassesandmethodsallow usersto submitjobs,bindto alreadysubmittedjobs,and
canceljobs on remotecomputers.Othermethodsallow usersto determinewhetherthey
cansubmitjobsto aspecificresource(throughaGlobusgatekeeper)andto monitorthejob
status(pending, active, failed,done, andsuspended).

As shown in Step4 of Figure5 the classGramis usedto createa job with an RSL
stringdescribingthejob anda machinecontactthatdetermineson which machinethejob
is requestedfor execution. Our Java mappingdiffers from thatprovided in Globus for C
throughtheintroductionof a formal job object.

Moreover, our implementationutilizesthesophisticatedeventmodelin Java andtrans-
ferstheC callbacksinto equivalentJavaevents.In Javaonecannow usethreadsin orderto
“listen” to a particularevent thatcantrigger furtheractions.A Java interfaceGramJob-
Listener thatcontainsthemethodstateChanged(GramJob job) canbeusedto
definecustomizedjob listenersthat can be addedwith the GramJobmethodaddLis-
tener(GramJobListener listener).

Previousefforts to integrateGlobusjob managementinto Javahavemostlybeenbased
on submissionof commandsthroughtheruntimemethodin Java. Theresulthasbeenless
portablecode.Moreover, althoughsuchanapproachprovidesaneasyway of abstraction,
it significantlyrestrictsthecapabilitiesof theGlobusmiddlewarebecauseit doesnotallow
oneto utilize theenhancedfeaturesof GlobusGRAM (see,e.g.projectssuchasGateway
[16], andWebflow [1]). Furthermore,portalsrequirethatclientsoftwarebewritten in pure
Java,without theexecutionof nativeprograms,soasnot to violatetheJavasecuritymodel
(see,e.g.,projectssuchasCCAT [5] andCactus[2]).

MDS. Thepackageorg.globus.mdssimplifiesthe accessto theMDS [27], which is an
importantpart of the Globus informationservice. Its functionsinclude(a) establishinga
connectionto anMDS server, (b) queryingMDS contents,(c) printing,and(d) disconnect-
ing from theMDS server. Thepackageprovidesanintermediateapplicationlayerthatcan
be easilyadaptedto differentLDAP [18] client libraries, including JNDI [21], Netscape
SDK [20], andMicrosoftSDK [24].

As shown in Step0 of Figure5, theparametersto initialize theMDS classaretheDNS
nameof theMDS server andtheport numberfor theconnectionA searchis performedin
Step2.a; the first parameterspecifiesthe top level of the treein which the searchis per-
formed,thesecondparameterspecifiestheLDAP query, andthethird parameterspecifies



thescope,that is, for how many levels in the treethesearchshouldcontinue(in our case
only thenext level). Searchresultscanalsobestoredin a NamingEnumerationprovided
by JNDI.

AnotherMDS servicetransformsthe information into an XML basedformat called
MDSML. This format is currentlydevelopedaspartof theGrid Forum[31] andprovides
a convenientway to exchangedatabetweendifferentservices.

GASS. TheGlobalAccessto SecondaryStorage(GASS)service[4] simplifiestheport-
ing and running of applicationsthat usefile I/O, eliminating the needto manually log
ontositesandftp files or to install a distributedfile system.Thepackageorg.globus.gass
providesanessentialsubsetof GASSservicesto supportthecopying of filesbetweencom-
puterson which theGrid Servicesareinstalled. Themethodcopy(StringfromUrl, String
toUrl) copiesa file from onefile server to another. Hence,it canbeusedto stage datato a
remotemachineprior to job execution(Figure5).

GSI. The Grid SecurityInfrastructure (GSI), delivers a securemethodof accessing
remoteresources[6]. It enablesa secure,single sign-on capability, while preserving
site control over accesscontrol policies and local security infrastructure. The package
org.globus.securitycontainsa setof classesfor developingclient andserver sideapplica-
tionsrequiringaccessto GSI enabledresources.

GSI-FTP. TheGSI-FTPserviceprovidesasecurewayto transferfiles in aGrid environ-
ment.It extendsthestandardFTPprotocolandsupportsthird-partycontrolof datatransfer.
Thus,filescanbemoveddirectlybetweenserverswhile theusercontrolsthetransferfrom
a third machine. The packageorg.globus.io.ftpprovidesall necessaryfunctionssuchas
puttingandgettingfilesandlisting directories.

GARA. TheGlobusArchitecturefor ReservationandAllocation (GARA) providesad-
vancedreservationsandend-to-endmanagementfor quality of serviceon differenttypes
of resources,includingnetworks,CPUs,anddisks[11]. Thepackageorg.globus.gara im-
plementsan elementaryclient side interfaceto GARA. Thus it enablesdevelopmentof
servicesthatneedqualityof service.

6.2 Low-Level Utilities

Thelow-level utility classescurrentlydefinedin theCoGKit provideanabstractdatatype
representingacyclic graphsandbasicXML parsingroutines.Thegraphclassis used,for
example,to accessdependenciesbetweenjobs,a majorrequirementfor scienceportalap-
plications. The XML classesareusedto provide transformationsbetweendifferentdata
formats.UsingXML hastheadvantagethataDocumentTypeDefinition(DTD) thatis de-
finedfor thesedataformatscanbeusedto verify whetherarecordto betransmittedis well
formedbeforeit is sentto a server. Thustheloadon serverscanbedramaticallyreduced.
The availability of a dependency betweenjobs is a significantextensionto the existing
Globus low-level applicationinterface. In addition,we have defineda generalconceptof
a machine and job broker interface. This enablesa programmerto definea customized
selectionof machinesandjobsdependentonhisdemand.We haveusedthis technologyas
partof a high-throughputbroker thatis implementedin Java but canalsoexposedthrough



Figure6: The MDS searchtablecanbe usedto displayselectedMDS information in a
tabular form. The searchstring canbe specified,andattributescanbe selectedeasily to
customizethetable.

// Step0: Initialize thetable
MDSsearchTable table = new MDSsearchTable (mds);

// Step1: performa search in theMDSto requestdatato bedisplayed
table.search ("(objectclass=GridComputeResources)",

"hn gramversion contact");
// Step2: displayandupdatethetable

table.show();
// Step3: returntheselection

String machineContact = table.getSelection("contact");

Figure7: Theprogramshows theeaseof useof theGraphicalUserInterfacefor selecting
a Grid contactstring(compareFigure6).

CORBA objects.TheGECCOapplicationintroducedin Section6.4utilizestheJava-based
machineandjob brokers.

6.3 Low-Level GUI Components

TheJavaCoGKit low-level GUI componentsprovidebasicgraphicalcomponentsthatcan
be usedto build moreadvancedGUI-basedapplications.Thesecomponentsincludetext
panelsthat formatRSL strings,tablesthatdisplayresultsof MDS searchqueries(Figures
6 and7), treesthatdisplaythedirectoryinformationtreeof theMDS, andtablesto display
network performancedata.Eachcomponentcanbecustomizedandis availableasa Jav-
aBean.In futurereleasesof theJava CoGKit it will bepossibleto integratethebeanin a
Java-basedGUI compositiontool suchasJBuilderor VisualCafe.



6.4 High-Level Graphical Application

High-level graphicalapplicationscombinea variety of CoG Kit componentsto deliver a
singleapplicationor applet.Naturally, theseapplicationscanbecombinedin orderto pro-
vide evengreaterfunctionality. Theusershouldselectthe tools thatseemappropriatefor
thetask.As anexamplewe will describeoneof themany possiblehigh-level components.

GECCO. The GraphEnabledConsoleCOmponent(GECCO)is a graphicaltool for
specifyingandmonitoringtheexecutionof setsof taskswith dependenciesbetweenthem
[28][26]. Specificallyit allowsoneto

1. specifythejobsandtheirdependenciesgraphicallyorwith thehelpof anXML-based
configurationfile,

2. debug thespecificationin orderto find erroneousspecificationstringsbeforethejob
is submitted,and

3. executeandmonitorthejob graphicallyandwith thehelpof a log file.

As shown in Figure8, eachjob is representedasa nodein thegraph.A job is executedas
soonasits predecessorsarereportedashaving successfullycompleted.Thestateof a job
is animatedwith colors. It is possibleto modify thespecificationof thejob while clicking
on thenode:a specificationwindow popsup allowing theuserto edit theRSL, the label,
andotherparameters.Editingcanalsobeperformedduringruntime(job execution),hence
providing for simplecomputationalsteering.

Grid Desktop. The Grid Desktopcomponentis intendedto showcasethe powerful
graphicsfunctionsa usercanutilize while usingthe Java CoG Kit. It is a graphicaltool
that mimics the familiar desktopenvironmentsof Windows. Hereuserscanplaceicons
that representcomputeresourcesandjob specifications.Dragginga job icon onto a ma-
chineicon will startthe job on that machineby executingthe correspondingRSL string.
Thus,job submissionon theGrid Desktopis aseasyasgeneratingnew job iconsanddrag-
ging themonto the desiredmachineicon. Furthermore,we have augmentedthe machine
iconswith a history function that letsuserslist informationaboutpreviously startedjobs.
Clicking on thestandardoutputfield of this machinehistorytablewill fetchtheoutputfile
automaticallyto the local client anddisplayit in a separatewindow. Figure9 shows the
executionof a job listing the homedirectoryon a remotemachinecalledpitcairn. This
componentis ableto interactwith someotheradvancedcomponentssuchasa component
that is usedto browsethecontentsof theMDS. Dragginga Globusresourcemanagerlist-
ing from theLDAP browserto theGrid Desktopwill automaticallycreatea new icon for
this new resource.Usingthedrag-and-dropfeatureof Java will allow usto integratemany
graphicalcomponentsindependentlydevelopedby grid componentdevelopers. The ex-
changebetweencomponentsis donewhile providing acommonlydefinedinterfaceformat
thatis preferablyformulatedin XML.

7 Installation and Upgrading

An importantfunction thatmustbe availableaspartof the Java CoGKit is the ability to
install andupgradethesoftwarethataccessesthevariousservices.UsingJavawill provide



Figure 8: The Grid EnabledConsoleCOmponent(GECCO)allows the userto specify
dependenciesbetweentasksthat are to be executedin the Grid environment. Here we
show a graphcreatedfor a crystallographyapplicationShake ’n Bake.

Figure9: TheGrid Desktopallowsuserstospecifytheirownview of theGrid while placing
icon representationsof remotemachinesandjobson a desktop.Draggingjob iconsonto
machineiconswill starttheexecution.
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Figure 10: The installationof the CoG Kit onto a client can be doneprior to the start
of theapplicationasa stand-aloneapplicationor the installationof a library or duringan
on-demandexecution.

uswith severaloptionsfor deploying client software.In additionto traditionalmethodsof
delivering client softwareto be installedandconfiguredprior to its use,we candevelop
thin-client software,which canbe dynamicallyinstalledor updatedaswell as loadedat
timeof use.

Preinstallationof the softwarein the form of a stand-aloneapplicationor a library is
convenientfor applicationsthatwouldtaketoolongtobeinstalledviaanetworkconnection
(Figure10). Thisstrategy is todayusedby many commercialportalsaspartof theiraccess
software,enabledwith the help of browserplug-ins. Nevertheless,we recognizethe fact
thatit is sometimesnot possibleto install any softwareon theclient computerbecausethe
userdoesnot have sufficient accessto it. This requires,at thecostof additionaldownload
time,downloadingtheappropriatejar files from a well-definedURL. In bothcasesit will
bepossibleto augmentthejar fileswith authenticationmeasuresin theform of certificates.
Thesewill allow clientsto identify thesourceof thecodeupondownloadingour software
andto verify thatit canbetrustedfor useon theirsystems.

8 Futur e Applications

The availability of the Java CoG Kit hasseveral advantagesfor developingfuture Grid-
basedapplications.Theassumedplatformindependenceof Javaandits increasedpopular-
ity provide the basisof a promisingplatform in the nearfuture. Furthermore,sinceJava
is well establishedon the Windows operatingsystem,it seemsan obvious candidatefor
delivering a Globus server-side implementation,henceallowing jobs to be submittedto
any NT machineaslong asit is integratedin theGrid. More straightforwardis thedevel-
opmentof a Globusthin-client,which consistsonly of thenecessarysecurityroutinesand
thecommunicationroutinesto communicatewith aGlobusserver. All previousreleasesof
CoGcomponentsuseda pull modelto inquireaboutthestateof a submittedjob. Sincewe
havechangedthemodelto uselisteners,it is now easierto write threadedGrid-basedJava



applicationsbasedon a pushmodel. Projectsthatwill benefitfrom this approachare,for
example,Gateway [16], Webflow [1], CCAT[5], andCactus[2].

Sincethe latestJava CoGcomponentscanbe integratedwith Java appletsor applica-
tionsrunningdirectly from theWebbrowser, it is possibleto developthin clientsaccessing
theGrid. ProjectssuchasWebSubmit[22] andHotpage[25] will profit from this change.
Making somecomponentsavailableasJavaBeansandintegratingtheminto commonoff-
the-shelfJavaGUI building toolswill provideaGrid developmentenvironmentthatallows
Grid programmingwith ease.As a resultof the availability of the Java CoG Kit, recent
efforts to standardizetheGlobusdelegationmodelin cooperationwith thedevelopmentof
theJava CoGKit will allow a mucheasierintegrationwith existing commoditytechnolo-
gies.

9 Summary

Commoditydistributed-computingtechnologiesenabletherapidconstructionof sophisti-
catedclient-server applications.Grid technologiesprovide advancednetwork servicesfor
large-scale,widearea,multi-institutionalenvironmentsandfor applicationsthatrequirethe
coordinateduseof multiple resources.In theCommodityGrid project,we seekto bridge
thesetwo worlds so as to enableadvancedapplicationsthat canbenefitfrom both Grid
servicesandsophisticatedcommoditydevelopmentenvironments.

TheJava CommodityGrid Toolkit (CoGKit) describedin this paperrepresentsa first
attemptat creatingof sucha bridge. Building on experiencegainedover the pastthree
yearswith theuseof Java in Grid environments,we have defineda rich setof classesthat
providetheJavaprogrammerwith accessto basicGrid services,enhancedservicessuitable
for thedefinitionof desktopproblemsolvingenvironments,anda rangeof GUI elements.
Initial experienceswith thesecomponentshave beenpositive. It hasproved possibleto
recastmajor Grid servicesin Java termswithout compromisingon functionality. Some
substantialJava CoGKit applicationshave beendeveloped,andreactionsfrom usershave
beenpositive.

Our future work will involve the integrationof moreadvancedservicesinto the Java
CoGKit andthecreationof otherCoGKits, with CORBA, DCOM,andPythonbeingearly
priorities. We alsohopeto gaina betterunderstandingof wherechangesto commodityor
Grid technologiescanfacilitateinteroperabilityandof wherecommoditytechnologiescan
beexploitedin Grid environments.

Availability

TheJavaCogKit is availablein betareleasefrom theCoGKit Webpages[30]. Therelease
of thecomponentsis donegraduallyto assurethenecessaryqualitycontrolof thedelivered
packages,classes,andmethods.At present,the main distribution containsthe low-level
components.Besidesthecomponentsdescribedin this paper, we have an implementation
of network basedquality-of-servicemethods.For morereleasenotes,we referto theWeb
pagehttp://www.globus.org/cog.
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A Figures

For convenienceof thereproduction,somefiguresareincludedin thisappendixin a larger
format.
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