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A Java CommodityGrid Kit

GREGOR VON LASZEWSKI, |AN FOSTER, JAREK GAWOR, AND PETER LANE

Mathematicsand ComputerScienceDivision, ArgonneNational Laboratory, Argonne IL 60439,U.S.A.

SUMMARY

Developing advanced applications for the ememing national-scale "Computa-
tional Grid" infrastructur esis still a difficult task. Though Grid sewicesareavailable
that assistthe application developersin authentication, remoteaccesgo computers,
resourcemanagementand infrastructur ediscovery, they provide a challengebecause
theseservicesmay not be compatible with the commodity distrib uted-computingtech-
nologiesand frameworks usedpreviously.

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

1 Intr oduction

The explosive growth of the Internetand of distributed computingin generalhasled to
rapid technologydevelopmentin seseral domains. In the world of commodity comput-
ing, abroadspectrunof distributedcomputingtechnologiegi.e., Webprotocolg[19], Java
[17], Jini [3], CORBA [8], DCOM [23], etc.) hasemegedwith revolutionaryeffectson
how we accesandprocessnformation. Simultaneouslythe high-performanceomputing
communityhastaken big stepstoward the creationof so-calledGrids [10], advancedin-
frastructuresiesignedo enablethe coordinateduseof distributedhigh-endresourcegor
scientificproblemsolving.

Thesetwo worlds of what we will call “commodity” and “Grid” computing have
evolvedin parallel,with differentgoalsleadingto differentemphaseandtechnologysolu-
tions. For example,commoditytechnologiesendto focuson issuesof scalability compo-
nentcomposition,anddesktoppresentationwhile Grid developersemphasizeend-to-end
performanceadvancednetwork servicesandsupportfor uniqueresourcesuchassuper
computers.The resultsof this parallelevolution are multiple technologysetswith some
overlaps muchcomplementarityandsomeobviousgaps.

In this context, we believe thatit is timely to investigatenow theworlds of commodity
and Grid computingcanbe combined. Hence,we have establishedhe CommodityGrid
(CoG) project, with the twin goalsof (a) enablingdevelopersof Grid applicationsto ex-
ploit commoditytechnologiesvherever possibleand (b) exporting Grid technologiego
commaoditycomputing(or, equialently, identifying modificationsor extensionsto com-
modity technologieshat canrenderthemmaoreusefulfor Grid applications).

A first activity beingundertalenwithin the CoG projectis thedesignanddevelopment
of asetof CommaodityGrid Toolkits (CoGKits)[29], which we defineasfollows:



Definition: A CommodityGrid Toolkit (CoGKit) definesandimplementsasetof general
componentshatmapGrid functionalityinto acommodityenvironment/framevork.

Hence we canimagineaWeb/CGICoGKit, aJava CoGKit, aCORBA CoGKit, aDCOM
CoGKit, andsoon. In eachcase the benefitof the CoGKit is thatit enablesapplication
developerdo exploit advancedGrid servicegresourcananagemensecurity resourcelis-
covery) while developing higherlevel componentsn termsof the familiar and powerful
applicationdevelopmentframenorks provided by commoditytechnologiesIn eachcase,
we alsofacethechallengeof developingappropriaténterfacedetweernGrid andcommod-
ity conceptandtechnologies—andf similar Grid andcommodityservicesareprovided,
reconcilingcompetingapproaches.

The initial focus of our work in this areais on a Jasza CoG Kit. Often the question
arises,Why useJava for Grid computing? ConsideringJava for Grid programminghas
severalcompellingadvantagesWe summarizehereten principalanswergo this question.

1. The Language: Java asa programminganguageoffers somefeatureshat are benefi-
cial for large-scalesoftware engineeringprojectssuchas packagesobject-oriented
approachsingle inheritance,garbagecollection, and unified dataformats. Since
threadsand concurreng control mechanismsire part of the languagea possibility
existsto expressarallelismdirectly on thelowestuserlevel in Java.

2.The ClassLibrary: Javaprovidesawide variety of additionalclasslibrariesincluding
essentiafunctions, suchas the availability to perform socket communicationand
accessSSL,asneededor Grid computation.

3. The Components: A componenfarchitecturds provided throughJavaBeansand En-
terpriseJavaBeando enablecomponenbasedorogramdevelopment.

4. The Deployment: Java’s bytecodeallows for easydeploymentof the softwarethrough
Web browsersandautomatidnstallationfacilities.

5. The Portability: BesidegheunifieddataformatJava’s bytecodeguaranteeportability
known undertheterm"write-once-run-agwhere"

6. The Maintenance: Java containsan integrateddocumentatiorfacility. Components
thatarewritten asJavaBeanscanbe integratedwithin commerciallyavailableIDEs
(InterfaceDevelopmentEnvironments).

7. The Performance: Well respectedrendorshave demonstratethatthe performanceof
mary Javaapplicationscancurrentlycomecloseto thatof C or FORTRAN.

8. The Gadgets: Java-basedsmartcards,PDAs, andsmartdeviceswill expandthe work-
ing environmentfor scientistausingthe Grid.

9. The Industry: Scientificprojectsaresometimesequiredto evaluatethe longevity of a
technologybeforeit canbe used.Strongvendorsupporthelpsmake Java worthy of
consideratiorior Grid applications.

10. The Community: Universitiesall overtheworld areteachinglava to their students.

In therestof this article,we first review briefly someGrid technologiesthenuseanexam-
ple to illustratewhat capabilitieswe wish the Java CoG Kit to provide, andfinally present
technicaldetailson the Javza CoGKit design.
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2 Grids and Grid Technologies

The scientific problem-solvinginfrastructureof the next centurywill supportthe coor
dinateduseof numeroudistributed heterogeneousomponentsincluding advancednet-
works, computersstoragedevices, display devices, and scientificinstruments.The term
“The Grid” is oftenusedto referto this emeping infrastructurg10]. NASA's Information
Pawver Grid andthe NCSA Alliance’s National TechnologyGrid are two contemporary
projectsprototypingGrid systemspoth build on a rangeof technologiesincluding mary
providedby the Globusprojectin which we areinvolved.

Futureapplicationghatwill useGrid infrastructuresvill rangefrom tomorron’sequiv-
alentof today’s “secureshell” andWeb browsersto moresophisticatedatollaboratve tele-
immersive engineeringdistributedpetabytedataanalysis andreal-timeinstrumentontrol
systemsThesevariousapplicationswill shareacommonneedto coupledevicesthathave
nottraditionally beenthoughtof aspartof the network. This needis motivatingthe devel-
opmentof a broadsetof new servicesbeyondthoseprovided by today’s Internet. These
Grid serviceswill provide the security resourcemanagementgataaccessjnstrumenta-
tion, policy, accountingandotherservicesrequiredfor applicationsusers,andresource
providersto operateeffectively in a Grid ervironment.

Figurel illustratesthe structureof whatwe termthe IntegratedGrid Architecture[9],
which comprisedfour generaltypesof components.The Grid Fabric providesresource-
specificimplementationsf basicmechanismsequiredfor Grid operationfor example ad-
vanceresenationmechanism#n a supercomputeschedulepor storagesystemor quality-
of-servicemechanism a network router

TheseGrid Fabric capabilitiesenablethe constructionof resource-independemind
application-independef@rid ServicesOneexampleis aninformationservice which pro-
videsuniformaccesgo informationaboutthestructureandstateof Grid resourcesanother
exampleis anauthenticatiorandauthorizatiorservice which providesmechanismsor es-
tablishingidentity, creatingdelegatablecredentialsandsoforth. TheseGrid Servicesare
oftentermed‘middleware”: they typically involve distributedstateandcanbeviewedasa
naturalevolution of the serviceprovidedby today’s Internet.

Grid Fabric capabilitiesand Grid Servicesin turn enable the creation of more
application-specifiservicesandtoolkits for example, distributed datamanagementa-
pabilitiesto supportthe creationof data-intensie applications,or flow managementa-
pabilitiesto supportthe creationof collaboratve work ernvironments. Theseservicesand
toolkits arethenusedto implementapplications.

The significanceof Grid infrastructuredor applicationdevelopersis thatthey greatly
enhancehe capabilitiesthat canbe taken for grantedwhendevelopingapplications.For



example,a Grid-wideinformationservicemeanghatresourceliscorery andcharacteriza-
tion becomepossiblehenceapplicationanreliably expectto discoverrequiredresources
atruntime,ratherthanrequiringresourcechoicesto befixedor providedby theuser Sim-
ilarly, remotecomputatiorcontrolinterfacegrovidedin the Grid Fabricmeanthat, having
discovereda suitableremotecomputeya usercanschedulemonitor, andcontrola compu-
tationwithout needingto know the idiosyncraticdetailsof local mechanisms.

3 A Motivating Example for CoG Kits: SciencePortals

We usean exampleto illustrate the role that we expect CoG Kit capabilitiesto play in
future Grid/commodityarchitecturegandthe technologydevelopmentgequiredto realize
this promise. The exampleis an instantiationof what somecall a “scienceportal”: an
accesgoint (e.g.,desktop browser palmdevice) designedo facilitatescientificresearch
in a particulardisciplineby providing seamlessaccesto a wide rangeof informationand
computationatesources.

3.1 SciencePortal Scenario

We considem “Midwest ClimateChangePortal” thatprovidesacces$o computationahnd
dataresourceselatingto regionalimpactsof global climatechange.Sucha portal senes
a variety of userswith different needsand interests,for example, climate researchers,
weatherforecasters students,traffic control agenciesand services,and farmers. We
considertwo usagescenarios.

Reseacher: A researcheinterestedn impactsof climate changeon cranberrybog
yields in Wisconsinusesthe portal to discover relevant dataset@and models. He quickly
putstogethera descriptionof his requireddata,usinga graphicaleditor. This description
is transformechutomaticallyin a sequencef computationsandlookupsin orderto obtain
the desireddata. Existing softwareinfrastructuremustbe seamlesslyntegratedinto the
setof tools usedby theresearcheto derive results. The resultsof suchaninteractioncan
be viewed usingbrowserswhile preparingandinvoking further analysison the data. The
resultsarediscusse@ndinterpretedvith the help of colleaguesluringinteractive sessions
andthenarepostedo anelectronicnotebookandarepreparedor theuseof otherinterested
parties.

Farmer: A farmerusesthe portal whenplanningwhich crop he shouldgrow on his
fields. His questiongocuson whether when,andhow to usehis landin orderto achieve
a maximumbenefitover years.Naturally, he needso obtaina seasonalorecastallowing
him to determinethe besttime for plantingthecrop. Electronicmicrosensorslistributedin
his groundhelpto steerthe useof fertilizers during the growth period. Sensodatais fed
into adatabasaccessibldéy scientistsallowing for feedbacko checkfor modelaccurag.
Accesspointsto the portal include computerterminalsin electronicallyenhancedarm
buildingsandalsospecializednput andoutputdevicesthatallow for theinstallationin, for
example,a lightweight wirelessdevice to access usefulsubsef theinformationin the
field. Thefarmers portal alsoprovidesaccesso otherservicesandinformationsources,
for example financialmarket monitoringserviceshat obsere the fluctuationof the value
of thecropsandgive advicethatmayresultin greatemprofits (Figure2).
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Figure 2: Multiple portalsprovide accesgo overlappingfunctionality, with a particular
portalspecializedo therequirementsf its user

3.2 SciencePortal Requirements

Thecreationof scienceportalssuchasthosgustdescribedequiregheintegrationof mary
technologiedfrom differentfields. We will typically provide accesgo a wide variety of
data;hencewe mustbeableto accessand communicatevith a widerange of information
sources The complex calculationsperformedon this datarequirethe ability to access
computeresourcesvith significantcomputationatapabilities We mayalsorequireaccess
to proprietarysoftwareloadedonremotemachinesThus,theability to incorporateremote
computationalresoucesis required. Interactive use canrequirethat computationaland
dataresource®eaccessedlia high-performancaetworks. Thus,it is beneficialto beable
to enforceperformanceguaranteesfor datatransfersandcomputationsn orderto support
increasegerformancelemandsluringinteractive sessions.

The succes®f a scienceportalis alsomeasuredy its usabilityandacceptancén the
community Hence we requireervironmentshatallow rapid prototypingof bothcomplete
applicationsandnew componentshatcanbesharedvith otherusers.Theability to rapidly
createportableuserinterfaceds particularlycritical. Theserequirement®verlapstrongly
with two typesof technology:

> Commoditytechnolagies that emphasizeeaseof useand codereusein local (es-
pecially desktop)ervironments: GUI componentscomponentibraries, scripting
languagesindustry-acceptedistributedcomputingframeworks, industrial-strength
databaseaeners,object-orientecorogramminganguagesnd frameworks, andthe
like.

> Grid tedhnolagies that emphasize effective operation in large-scale, multi-
institutional, wide areaernvironments: accesgo remotecomputation,information



serviceshigh-speediatatransfersspecialprotocols(e.g.,multicast),andgatevays
to local authenticatiorschemes.

Theseconsiderationgeadto the questionthathasmotivatedthe researchreportedin this
paper:How cancommaodityandGrid technologiesnterfaceandintegratesoasto adhereo
interoperability— and,ideally, to enhancehe capabilitiesof both?For example,we might
decideto useCORBA for applicationdevelopmentbut alsowantto useGrid servicesfor
schedulingandmanagingcomputation®n a supercomputelOr, if we areusingJava, then
Jini might appearto be a good mechanisnfor resourcediscovery: but thenwe facethe
problemof accessinglatastoredin theextensve (currentlyLDAP-basediGrid information
service. The interactionscan be complex and require significantthoughtand effort to
includetheminto a Grid-basednformationservice.Yet the technologybasethatexistsin
eachcasés sufficiently largeandrobustthatexploiting theseexisting mechanismgeadsto
a significantenhancemerdf both Grid andcommodity-basetechnologies.

4 Commodity Grid Toolkits

The combinationof commodityand Grid technologiescan, in principle, enableexciting
new applicationghattie advancednetwork-accessibleesourcednto the commoditydesk-
top. Ourgoalin the CommodityGrid projectis to enabletheseopportunitieso berealized
in practice.Ourresearctapproachnvolvesaniterative procesf definition,development,
andapplicationof CommodityGrid Toolkits (CoG Kits): setsof generalcomponentshat
map Grid functionality into specificcommodityernvironmentsor framewvorks. The word
mapis important:theintegrationof Grid andcommoditytechnologiess notsimply anin-
terfacedefinition problembut ratheris concernedvith how Grid conceptsandservicesare
bestexpressedn termsof the conceptsandservicef a particularcommodityframewnork.
To take a simpleexample,in the Globus Grid toolkit on which we arebuilding our proto-
types,remotecomputatiormanagemernis handledvia a proceduralAPI andcallbacks;in
the Java CoGKit, thesamefunctionalityis providedvia aJobobjectandJava events.

The requirementf the scienceportalsand other applicationshave motivatedus to
exploremappinggo severallanguageslin particular we areexploring Perl andPython in
orderto supporteasyprototypingand Web-basegrogrammingoasedon CGI scriptsand
Java, in orderto supportgraphicaluserinterfacedevelopmentgeaseof programmingand
theability to run mary Grid serviceshroughJava-enabledVeb browsers.

We alsoneedto addresghe issueof accessingsrid servicesthroughhigh-level dis-
tributedcomputingframeavorks definedby industry soasto allow integrationof common
off-the-shelftools and developmentervironments.Hence,we considerthe CommonOb-
jectRequesBroker Architecture(CORBA), andthe DistributedComponenObjectModel
(DCOM).

We mustalso considerthe environmentsand platformsfor which the applicationis
targeted. This might include low cost devicessuchas PDAs and PDA-enhancedcom-
municationdevices,to provide cheapinput devicesand monitoringtools, aswell asspe-
cializedvisualizationervironmentssuchas CAVE. Supportfor operatingsystemssuchas
MSWindows is essentiato addresshe large market surroundingMicrosoft infrastructure,
asis supportfor UNIX/Linux to addresshe sener sideandthe large amountof free and
commercial-gradscientificcodeavailablefor workstationsandsupercomputers.
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5 Java CoG Kit

In therestof this paperwe focusour attentionon our Java CoGKit prototypeandexplain
how it enablesusto accessGrid servicesprovided by the Globustoolkit. Becauseof the
largenumberof packagesndclassesequiredto exposethe necessarjunctionality of the
Globus toolkit, we focusin this paperon a subsetof all available classeghat we deem
mostusefulfor the developmentof Jasa-basedsrid applications.We intendto facilitate
the developmentof future componentasa communityprojectwith the Java CoGKit. To
supportaniterative procesof definition,developmentandapplicationof a Jara CoG Kit
in collaborationwith otherteams,we classify componentsasdepictedin Figure4. This
categorizationprovidesthenecessargubdvisionin orderto coordinatesuchachallenging
opencommunitysoftware engineeringask. This categorizationis basedon anincreased
functionality of the componentsEachsubsequentateyory reuseghe lower-level compo-
nents.

Low-Level Grid Interface Components provide mappingsto commonlyusedGrid ser
vices. This includesfor example, the accessto servicesusing the the Grid Se-
curity Infrastructue (GSI), which delivers a securemethodof accessingemote
resources[p Otherexamplesarethe Grid information service(the Globus Meta-
computingDirectory Service,MDS) [27], which provides Lightweight Directory
AccessProtocol(LDAP) [18] accesgo informationaboutthe structureandstateof
Grid resourcesindservicesresouce manaementerviceswhich supportthe allo-
cationandmanagemerdf computationaandotherresourcegvia the GlobusGRAM
serviceqg15]); anddataaccessserviceqfor example,via the Globus GASSservice
[4] andGSlenabled=TP).No graphicalcomponentareavailablein theselow-level
components.

Low-Level Utility Components are utility functionsdesignedtio increasethe function-
ality beyond thoseprovided by the C implementationof the Globus toolkit. This
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Figure4: Applicationsand more complex componentsan be built with the help of the
CoGKit. Componentsareclassifiecherebasedn theirrole.

functionality is exposedthroughservicesand classeghat can be reusedby mary
users Examplesarecomponentshatusethe MDS to find all computeresourceshat
ausercansubmitto thatprepareandvalidatea job specificationwhile usingthe ex-
tendedmarkuplanguaggXML) [14] or the Globusjob submissiodanguaggRSL)
thatlocatethe geographicatoordinatef a computeresourceor thattestwhether
amachineis alive. No graphicalcomponentareavailablein theselow-level utility
components.

Common Low-Level GUI Components provide a setof low-level GUI componentshat
canbereusedy applicationdevelopers.Examplesfor suchcomponentare LDAP
Attribute Editors,RSL editors,LDAP browsers,andsearchcomponents.

Application-specific GUI Components simplify the bridgebetweerapplicationsandthe
basicCoGKit componentsExamplesareastockmarletmonitor, agraphicaklimate
datadisplaycomponentpr a specializedsearchenginefor climatedata.

For eachof theabove classesve will provide in this paperexemplaryJarza CoGKit com-
ponentsandcodefragments.

6 Java CoG Kit Implementation

Figure 5 shavs how our Java CoG Kit is usedin practice. This Java programskeleton,
which forms partof a climateportaldemonstratebow simpleit is to build portal-specific
serviceswhen accessing variety of basicGrid servicesthroughthe Java CoG Kit. In
this example,an appropriatemachineis selectedfor execution,datafor an instantiation
of the climatemodelis locatedanddownloadedto the machineandthe climatemodelis
executedon that machine. The programgeneratesn outputfile in GrADS [13] format,
a well-known format for storingthree-dimensionatlimate-relatecdata. Throughoutthe
remaindeiof the paperwe will expandthis exampleaswe introducevariousJava CoGKit
components.



/I StepO. Initialization
String ndsServer = "nds. gl obus. org";
MDS nds=new MDS(ndsServer, "389");
/I JOBSUBMISSION
//Stepl. Seach for an availablemadine
result = nmds.search ("o=Gid",
" &( (obj ect -
cl ass=Gri dConmput eResour ce) (freenodes=64))",
"contact");
/I Stepl.a)Selecta madine
machi neCont act = <selectthemadinewith minimalexecutiontimefrom
the contactsthat are returnedin result>
/I Step2. Prepae the datafor the experiment
/I Step2.a) Seach for theclimatedataandreturn
1 the attributes:serveport,directoryfile
dn = nds. search
(" (objectclass=C i mat eDat a) (year =2000)
(regi on=m dwest) ",
"dn", MDS. SubtreeScope);
result = mds. | ookup (dn, "server port directory file");
/I Step2.b)downloadthe datato the madine
filenane = result.get("fil ename");
sourceURL = result.get("server")+":"
+ result.get("port")+"/"
+ result.get("directory")+"/"
+ fil enane;
destinationURL = "gsi-ftp://"

+ "machi neCont act " /] destination
+ "~ /1 directory
+ fil enane; /1 filenane

Ur | Copy. copy (sourceURL, destinationURL);
/Il Step3. Prepae a descriptionfor runningthe model
RSL rsl = new RSL("(execut abl e=cl i mat eMbdel ) (processor s=64)"
+ " (argunent s=-grads) (ar gunent s=-
out map. grads)"
+ "(argunments=-in " + filename +")");
/I Step4. Submitthe program
Gramlob job = new GramJob(rsl.toString());
j ob. addJobLi st ener (new GramJobLi st ener () {
public void stateChanged(G andob job) {
I reactto job statechanges
}

1)
try{
j ob. request (machi neCont act) ;
} catch (G anException e) {
/I problemsubmittingthejob
}

Figure5: This samplescriptdemonstratelow we accesdasicGrid serviceswith thehelp
of the Java CoGKit. Heredatafor a climatemodelis located,an appropriatemachineis
selectedandtheclimatemodelis executedon thatmachine.



6.1 Low-Level Grid Mappings

In this sectionwe enumerat@a subsebf packageshatprovide theinterfaceto thelow-level

Grid servicesaandapplicationinterfaces.Thesepackagesreusedoy mary usergo develop
Java-basedrogramsn the Grid. We will describeonly the generalfunctionality of these
packagesasit is beyondthe scopeof this paperto explain every classandmethod.For a

completdist of the classeandmethodswe referto thedistribution [30].

RSL. The packageorg.globus.isl provides methodsfor creating, manipulating, and
checkingthe validity of the RSL expressionsisedin Globus[15] to expressresourcere-
quirementsAs shavnin Step3 of Figure5, theargumentdo anew call includeparameters
thatspecifybothcharacteristicsf therequiredresourceandpropertieof thecomputation.

GRAM. The packageorg.globus.giam provides a mappingto the Globus GRAM ser
vices[15], which allow usersto scheduleandmanagaemotecomputations.Specifically
variousclassesandmethodsallow usergo submitjobs,bindto alreadysubmittedobs,and
canceljobs on remotecomputers.Othermethodsallow usersto determinewhetherthey
cansubmitjobsto aspecificresourcgthrougha Globusgateleeperandto monitorthejob
status(pending active failed,done andsuspended

As shown in Step4 of Figure 5 the classGramis usedto createa job with an RSL
string describingthe job anda machinecontactthat determineson which machinethe job
is requestedor execution. Our Java mappingdiffers from that providedin Globusfor C
throughtheintroductionof aformal job object.

Moreover, ourimplementatiorutilizesthe sophisticated@ventmodelin Javza andtrans-
ferstheC callbackdnto equivalentJava events.In Jaszaonecannow usethreadsn orderto
“listen” to a particulareventthat cantrigger furtheractions.A JavainterfaceG amJob-
Li st ener thatcontainsghemethodst at eChanged( GramJob j ob) canbeusedto
define customizedob listenersthat can be addedwith the GramJobmethodaddLi s-
tener (GramloblLi stener |istener).

Previousefforts to integrateGlobus job managemerinto Java have mostlybeenbased
on submissiorof commandghroughthe runtimemethodin Java. Theresulthasbeenless
portablecode.Moreover, althoughsuchan approactprovidesan easyway of abstraction,
it significantlyrestrictsthe capabilitiesof the Globus middlevarebecausét doesnotallow
oneto utilize the enhancedeaturesof Globus GRAM (see,e.g. projectssuchasGatavay
[16], andWebflow [1]). Furthermoreportalsrequirethatclient softwarebewrittenin pure
Java, without the executionof native programssoasnotto violatethe Java securitymodel
(seee.g.,projectssuchasCCAT [5] andCactug?2]).

MDS. The packageorg.globus.mdssimplifiesthe accesgo the MDS [27], whichis an
importantpart of the Globus information service. Its functionsinclude (a) establishinga
connectiorto anMDS sener, (b) queryingMDS contents(c) printing, and(d) disconnect-
ing from the MDS sener. The packagerovidesanintermediateapplicationlayerthatcan
be easilyadaptedo differentLDAP [18] client libraries, including JNDI [21], Netscape
SDK [20], andMicrosoft SDK [24].

As shavn in Step0 of Figure5, theparameterso initialize the MDS classarethe DNS
nameof the MDS sener andthe port numberfor the connectionA searchs performedn
Step2.a; the first parametespecifiegthe top level of thetreein which the searchis per
formed,the seconcdbarametespecifieshe LDAP query andthethird parametespecifies



the scope thatis, for how mary levelsin thetreethe searchshouldcontinue(in our case
only the next level). Searchresultscanalsobe storedin a NamingEnumeratioprovided
by JNDI.

Another MDS servicetransformsthe informationinto an XML basedformat called
MDSML. This formatis currentlydevelopedaspartof the Grid Forum[31] andprovides
acornvenientway to exchangedatabetweerdifferentservices.

GASS. TheGlobalAccesgo Secondanstoragg GASS)service[4] simplifiestheport-
ing and running of applicationsthat usefile I/O, eliminating the needto manuallylog
onto sitesandftp files or to install a distributedfile system.The packageorg.glohus.gass
providesanessentiabubsebf GASSservicedo supporthecopying of files betweercom-
puterson which the Grid Servicesareinstalled. The methodcopy(StringfromUrl, String
toUrl) copiesafile from onefile senerto another Hence,it canbe usedto stage datato a
remotemachineprior to job execution(Figure5).

GSI. The Grid SecurityInfrastructue (GSI), delivers a securemethodof accessing
remoteresourceg6]. It enablesa secure,single sign-on capability while preserving
site control over accesscontrol policies and local securityinfrastructure. The package
org.globus.securitycontainsa setof classedor developingclient andsener sideapplica-
tionsrequiringacces$o GSl enabledesources.

GSI-FTP. TheGSI-FTPserviceprovidesa secureway to transfeffilesin a Grid environ-
ment. It extendsthe standard=TP protocolandsupportghird-partycontrolof datatransfer
Thus,files canbemoveddirectly betweersenerswhile theusercontrolsthetransferfrom
a third machine. The packageorg.glohus.io.ftpprovidesall necessarjunctionssuchas
puttingandgettingfiles andlisting directories.

GARA. The Globus Architecturefor Reseration and Allocation (GARA) providesad-
vancedresenationsandend-to-endmanagemenfor quality of serviceon differenttypes
of resourcesincludingnetworks, CPUs,anddisks[11]. The packageorg.globus.gaaim-
plementsan elementaryclient side interfaceto GARA. Thusit enablesdevelopmentof
serviceghatneedquality of service.

6.2 Low-Level Utilities

Thelow-level utility classesurrentlydefinedin the CoGKit provide anabstracdatatype
representin@gyclic graphsandbasicXML parsingroutines. The graphclassis used for
example,to accesslependenciebetweerjobs,a majorrequirementor scienceportal ap-
plications. The XML classesare usedto provide transformationdetweendifferentdata
formats.Using XML hasthe advantagehata DocumentType Definition (DTD) thatis de-
finedfor thesedataformatscanbeusedto verify whetherarecordto be transmitteds well
formedbeforeit is sentto a sener. Thustheload on senerscanbe dramaticallyreduced.
The availability of a dependeng betweenjobs is a significantextensionto the existing
Globus low-level applicationinterface. In addition,we have defineda generalconceptof
a madine andjob broker interface This enablesa programmetrto definea customized
selectionof machinesandjobsdependenbn his demand We have usedthis technologyas
partof a high-throughpubrokerthatis implementedn Java but canalsoexposedthrough
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Figure 6: The MDS searchtable canbe usedto display selectedMDS informationin a
takular form. The searchstring canbe specified,and attributescan be selecteceasilyto
customizethetable.

/I Step0: Initialize thetable

MDSsear chTabl e tabl e = new MDSsear chTabl e (nds);
/I Stepl: performa seach in theMDSto requestdatato bedisplayed

tabl e. search ("(objectclass=G i dConput eResources)",

"hn granversion contact");
/I Step2: displayandupdatethetable
tabl e. show();

/I Step3: returntheselection

String nmachi neContact = tabl e. getSel ection("contact");

Figure7: The programshaws the easeof useof the GraphicalUserInterfacefor selecting
a Grid contactstring (compard-igure6).

CORBA objects.The GECCOapplicationintroducedn Section6.4 utilizesthe Jasa-based
machineandjob brokers.

6.3 Low-Level GUI Components

TheJava CoGKit low-level GUI componentgrovide basicgraphicalcomponentshatcan
be usedto build moreadvancedGUI-basedapplications. Thesecomponentsnclude text

panelsthatformat RSL strings,tablesthatdisplayresultsof MDS searchqueries(Figures
6 and7), treesthatdisplaythe directoryinformationtreeof theMDS, andtablesto display
network performancealata. Eachcomponentanbe customizedandis availableasa Jav-

aBean.In futurerelease®f the Javra CoGKit it will be possibleto integratethe beanin a
Java-basedsUl compositiortool suchasJBuilderor VisualCafe.



6.4 High-Level Graphical Application

High-level graphicalapplicationscombinea variety of CoG Kit componentgo deliver a
singleapplicationor applet.Naturally, theseapplicationscanbe combinedn orderto pro-
vide evengreaterfunctionality. The usershouldselectthe tools that seemappropriatefor
thetask.As anexamplewe will describeoneof themary possiblehigh-level components.

GECCO. The GraphEnabledConsoleCOmponen{GECCO)is a graphicaltool for
specifyingandmonitoringthe executionof setsof taskswith dependenciebetweerthem
[28][26]. Specificallyit allows oneto

1. specifythejobsandtheirdependenciegraphicallyor with thehelpof anXML-based
configuratiorfile,

2. delugthespecificationin orderto find erroneouspecificatiorstringsbeforethejob
is submittedand

3. executeandmonitorthejob graphicallyandwith the helpof alog file.

As shavn in Figure8, eachjob is representedsa nodein thegraph.A job is executedas
soonasits predecessorarereportedashaving successfullycompleted.The stateof a job

is animatedwith colors. It is possibleto modify the specificatiorof thejob while clicking

on the node: a specificationwindow popsup allowing the userto edit the RSL, the label,
andotherparametersEditing canalsobe performedduringruntime(job execution),hence
providing for simplecomputationakteering.

Grid Desktop. The Grid Desktop componentis intendedto shavcasethe powerful
graphicsfunctionsa usercanutilize while usingthe Java CoGKit. It is a graphicaltool
that mimics the familiar desktopervironmentsof Windows. Here userscanplaceicons
thatrepresentomputeresourcesandjob specifications.Dragginga job icon onto a ma-
chineicon will startthejob on that machineby executingthe correspondindRSL string.
Thus,job submissioronthe Grid Desktopis aseasyasgeneratingnew job iconsanddrag-
ging themonto the desiredmachineicon. Furthermorewe have augmentedhe machine
iconswith a history functionthatlets userslist informationaboutpreviously startedjobs.
Clicking onthestandardutputfield of this machinehistorytablewill fetchtheoutputfile
automaticallyto the local client anddisplayit in a separatevindow. Figure9 shows the
executionof a job listing the homedirectory on a remotemachinecalled pitcairn. This
components ableto interactwith someotheradvancedcomponentsuchasa component
thatis usedto browsethe contentof the MDS. Dragginga Globusresourcemanagetist-
ing from the LDAP browserto the Grid Desktopwill automaticallycreatea new icon for
this new resource Usingthedrag-and-drofeatureof Java will allow usto integratemary
graphicalcomponentsndependentlydevelopedby grid componentdevelopers. The ex-
changebetweercomponentss donewhile providing acommonlydefinedinterfaceformat
thatis preferablyformulatedin XML.

7 Installation and Upgrading

An importantfunction that mustbe available as part of the Java CoGKit is the ability to
installandupgradethe softwarethataccessethe variousservices Using Javawill provide
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Figure 8: The Grid EnabledConsoleCOmponent{GECCO)allows the userto specify
dependenciebetweentasksthat are to be executedin the Grid ervironment. Here we
shav a graphcreatedor a crystallographyapplicationShale 'n Balke.

B )22 CoG Kit: Drag "N Drop Desktop __ [REEIRERY IESRY it ¢ (35
Ble Bl oy <rxml version="1.0" > ruti-pitcairn-10772-45 [
e A e T ~|l<!DOCTYPE ResourceManagerCentact SYSTEM “jhome/lane/ Software/ cog||[mutt-pitcairn-15082-22 =
= <ResourceManagerContacts murt-pitcairn-25506-§
i <host value="pitcairn.mes.anl.gov"s> utt-pitcair-26298-2
o B <fResourceManagerContacts mutt-pitcairn-g645-2
pitcairn hewRepFile.ldif
Is -F ftmp packaging
bblease-remove-thisfile
b roxy-d el eq -GGay Ov
Save Close proxy-deleg-sGaw. u
b roxy-emay
= ) s -F ftmp 30 ::;ﬁ:ﬁ;
<7xml version="1.0"7 > sh1s57330
et Portal Apl. <IDOCTYPE rs| SYSTEM "fhome/lane/ Software/cog/include/rsl.dtd "> sh157331
<rsl> sh1s7332
<jobs sh1s8240
<attribute name="directory" value=", = shlegzal
<attribute nam xecutable” valu bingls"f> shlgzza2
<attribute nam rguments” valu F'i> shlsg270
<attribute name="stdout" value="/tmp/DesktopTest.stdout"/ > sh1g8271
<attribute name="stderr" value="ftmp/DesktopTest.stderr"/ > sh168272
</jobx> shlsszg0
<frsl> shlgg2gl
shlgs292
shz7717.1
s | | e
=l pitcaim Job Table = [Ei
Status Start Time End Time [I=] Executable | stdout stderr [ Job Output
SUBMITTED N NgA null null asiftp:/ /pitc fip:/ [NiA
SUBMITTED INfA INfA INfA fbinfls -F gsiftp:/ /pitc gsiftp://pitc... N/A
DONE 975620640620 975620643672 hreps:/ fpitcairn.mes.anl gov:60960/. |/bin/ls -F \gsiftp://pitcairn... asiftp://pitc... M/A il

Figure9: TheGrid Desktopallows userdo specifytheirown view of theGrid while placing
icon representationsf remotemachinesandjobs on a desktop.Draggingjob iconsonto
machineiconswill starttheexecution.
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Figure 10: The installationof the CoG Kit onto a client can be done prior to the start
of the applicationasa stand-alonepplicationor the installationof a library or duringan
on-demandkxecution.

uswith severaloptionsfor deploying client software. In additionto traditionalmethodsof
delivering client softwareto be installedand configuredprior to its use,we candevelop
thin-client software, which can be dynamicallyinstalledor updatedaswell asloadedat
time of use.

Preinstallatiorof the softwarein the form of a stand-alonepplicationor a library is
corvenientfor applicationghatwouldtaketoolongto beinstalledvia anetwork connection
(Figure10). This strateyy is todayusedby mary commerciabportalsaspartof theiraccess
software,enabledwith the help of browserplug-ins. Neverthelessye recognizethe fact
thatit is sometimesot possibleto install any softwareon the client computeecausé¢he
userdoesnot have sufficientaccesgo it. Thisrequiresatthe costof additionaldownload
time, downloadingthe appropriatgar files from a well-definedURL. In both casest will
be possibleto augmenthejar files with authenticationmeasure@ theform of certificates.
Thesewill allow clientsto identify the sourceof the codeupondownloadingour software
andto verify thatit canbetrustedfor useontheir systems.

8 Future Applications

The availability of the Java CoG Kit hasseveral advantagedor developingfuture Grid-
basedhpplications Theassumeglatformindependencef Java andits increasegopular
ity provide the basisof a promisingplatformin the nearfuture. FurthermoresinceJava
is well establishedn the Windows operatingsystem,it seemsan obvious candidatefor
delivering a Globus sener-side implementation henceallowing jobs to be submittedto
ary NT machineaslong asit is integratedin the Grid. More straightforvardis the devel-
opmentof a Globusthin-client,which consistonly of the necessargecurityroutinesand
thecommunicatiorroutinesto communicatevith a Globussener. All previousreleasesf
CoG componentsiseda pull modelto inquire aboutthe stateof a submittedob. Sincewe
have changedhe modelto uselistenersijt is now easierto write threadedGrid-basedava



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

Sincethe latestJara CoG componentganbe integratedwith Java appletsor applica-
tionsrunningdirectly from theWebbrowset it is possibleto developthin clientsaccessing
the Grid. ProjectssuchasWebSubmif22] andHotpage[25] will profit from this change.
Making somecomponentsvailableas JavraBeansandintegratingtheminto commonoff-
the-shelfJara GUI building toolswill provide a Grid developmentrvironmentthatallows
Grid programmingwith ease.As a resultof the availability of the Java CoG Kit, recent
efforts to standardizehe Globus delegationmodelin cooperatiorwith the developmentof
the Java CoGKit will allow a mucheasierintegrationwith existing commaoditytechnolo-
gies.

9 Summary

Commaoditydistributed-computingechnologiesnablethe rapid constructionof sophisti-
catedclient-sener applications.Grid technologiegprovide advancednetwork servicesfor
large-scalewide areamulti-institutionalenvironmentsandfor applicationghatrequirethe
coordinateduseof multiple resourcesin the CommodityGrid project,we seekto bridge
thesetwo worlds so asto enableadvancedapplicationsthat can benefitfrom both Grid
servicesaandsophisticatedommoditydevelopmentrnvironments.

The Java CommodityGrid Toolkit (CoGKit) describedn this paperrepresents first
attemptat creatingof sucha bridge. Building on experiencegainedover the pastthree
yearswith the useof Jasain Grid ervironmentswe have definedarich setof classeghat
providethe Java programmewvith accesso basicGrid servicesenhancedervicessuitable
for the definition of desktopproblemsolving ervironmentsandarangeof GUI elements.
Initial experienceswith thesecomponentdiave beenpositive. It hasproved possibleto
recastmajor Grid servicesin Jasa termswithout compromisingon functionality Some
substantialava CoGKit applicationshave beendevelopedandreactiondrom usershave
beenpositive.

Our future work will involve the integration of more advancedservicesinto the Java
CoGKit andthecreationof otherCoGKits, with CORBA, DCOM, andPythonbeingearly
priorities. We alsohopeto gaina betterunderstandingf wherechange$o commodityor
Grid technologiesanfacilitateinteroperabilityandof wherecommoditytechnologiesan
be exploitedin Grid ervironments.

Availability

TheJavaCogKit is availablein betareleasdrom the CoGKit Webpaged30]. Therelease
of thecomponentss donegraduallyto assureéhe necessarguality controlof thedelivered
packagesglassesand methods. At presentthe main distribution containsthe low-level

componentsBesideshe componentslescribedn this paper we have animplementation
of network basedjuality-of-servicemethods .For morereleasenotes,we referto the Web

pagehttp://www.globus.og/cog.
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A Figures

For corvenienceof thereproductionsomefiguresareincludedin this appendixin alarger
format.
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