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ABSTRACT
Emerging national-scale“ComputationalGrid” infrastructuresare
deploying advancedservicesbeyondthosetakenfor grantedin to-
day’s Internet:for example,authentication,remoteaccessto com-
puters,resourcemanagement,anddirectory services. The avail-
ability of theseservicesrepresentsbothanopportunityanda chal-
lengefor the applicationdeveloper: an opportunitybecausethey
enableaccessto remoteresourcesin new ways, a challengebe-
causetheseservicesmay not be compatiblewith the commodity
distributed-computingtechnologiesusedfor applicationdevelop-
ment. The CommodityGrid project is working to overcomethis
difficulty by creatingwhatwecall CommodityGrid Toolkits (CoG
Kits) thatdefinemappingsandinterfacesbetweenGrid andpartic-
ular commodityframeworks. In this paper, we explain why CoG
Kits are important,describethe designand implementationof a
Java CoG Kit, and useexamplesto illustrate how CoG Kits can
enablenew approachesto applicationdevelopmentbasedon the
integrateduseof commodityandGrid technologies.

Categoriesand SubjectDescriptors
D.1.3 [Software Engineering]: ConcurrentProgramming—Dis-
tributedprogramming; D.2.6 [Software Engineering]: Program-
ming Environments—Graphical environments; D.2.6 [Software
Engineering]: ProgrammingEnvironments—Programmerwork-
bench

1. INTRODUCTION
Theexplosive growth of the Internetandof distributedcomputing
in generalhasled to rapid technologydevelopmentin several do-
mains.In theworld of commoditycomputing,a broadspectrumof
distributedcomputingtechnologies(i.e., Webprotocols[16], Java
[14], JINI [1], CORBA [4], DCOM [20], etc.) hasemergedwith
revolutionaryeffectson how we accessandprocessinformation.
Simultaneously, the high-performancecomputingcommunityhas
takenbig stepstowardthecreationof so-calledGrids [7], advanced
infrastructuresdesignedto enablethecoordinateduseof distributed

high-endresourcesfor scientificproblemsolving.

Thesetwo worlds of what we will call “commodity” and“Grid”
computinghave evolvedin parallel,with differentgoalsleadingto
differentemphasesandtechnologysolutions. For example,com-
modity technologiestendto focuson issuesof scalability, compo-
nentcomposition,anddesktoppresentation,while Grid develop-
ersemphasizeend-to-endperformance,advancednetworkservices,
andsupportfor uniqueresourcessuchassupercomputers.There-
sults of this parallel evolution are multiple technologysetswith
someoverlaps,muchcomplementarity, andsomeobviousgaps.

In this context, we believe that it is timely to investigatehow
the worlds of commodityandGrid computingcan be combined.
Hence,we have establishedthe CommodityGrid (CoG) project,
with the twin goalsof (a) enablingdevelopersof Grid applica-
tionsto exploit commoditytechnologieswherever possibleand(b)
exportingGrid technologiesto commoditycomputing(or, equiva-
lently, identifying modificationsor extensionsto commoditytech-
nologiesthatcanrenderthemmoreusefulfor Grid applications).

A first activity beingundertaken within theCoGprojectis thede-
sign anddevelopmentof a setof CommodityGrid Toolkits (CoG
Kits), whichwe defineasfollows:

Definition: A CommodityGrid Toolkit (CoGKit) definesandim-
plementsa setof generalcomponentsthat mapGrid func-
tionality into acommodityenvironment/framework.

Hence,we can imaginea Web/CGICoG Kit, a Java CoG Kit, a
CORBA CoG Kit, a DCOM CoG Kit, and so on. In eachcase,
thebenefitof theCoGKit is that it enablesapplicationdevelopers
to exploit advancedGrid services(resourcemanagement,security,
resourcediscovery) while developinghigher-level componentsin
termsof thefamiliarandpowerful applicationdevelopmentframe-
worksprovidedby commoditytechnologies.In eachcase,we also
face the challengeof developing appropriateinterfacesbetween
Grid and commodityconceptsand technologies—and,if similar
Grid andcommodityservicesareprovided,reconcilingcompeting
approaches.

Our initial focus of our work in this areais on a Java CoG Kit.
(We have alsostartedsomeinvestigationsof Web/CGI,CORBA,
andPythonCoG Kits.) In the restof this article, we first review
briefly someGrid technologies,thenusean exampleto illustrate



whatcapabilitieswe wanttheJava CoGKit to provide,andfinally
presenttechnicaldetailson theJava CoGKit design.

2. GRIDS AND GRID TECHNOLOGIES
The scientific problem-solvinginfrastructureof the next century
will supportthecoordinateduseof numerousdistributedheteroge-
nouscomponents,including advancednetworks, computers,stor-
agedevices,displaydevices,andscientificinstruments.The term
“The Grid” is oftenusedto referto thisemerginginfrastructure[7].
NASA’s Information Power Grid and the NCSA Alliance’s Na-
tional TechnologyGrid are two contemporaryprojectsprototyp-
ing Grid systems;bothbuild on a rangeof technologies,including
many providedby theGlobusprojectin whichwe areinvolved.

Future applicationsthat will use Grid infrastructureswill range
from tomorrow’s equivalent of today’s “secureshell” and Web
browsersto moresophisticatedcollaborative tele-immersive engi-
neering,distributed petabytedataanalysis,and real-time instru-
ment control systems. Thesevarious applicationswill sharea
commonneedto coupledevices that have not traditionally been
thoughtof aspart of thenetwork. This needis motivating thede-
velopmentof a broadsetof new servicesbeyond thoseprovided
by today’s Internet. TheseGrid serviceswill provide the secu-
rity, resourcemanagement,dataaccess,instrumentation,policy,
accounting,andotherservicesrequiredfor applications,users,and
resourceprovidersto operateeffectively in a Grid environment.

Figure 1 illustratesthe structureof what we term the Integrated
Grid Architecture[6], which comprisesfour generaltypesof com-
ponents.TheGrid Fabric providesresource-specificimplementa-
tions of basicmechanismsrequiredfor Grid operation,for exam-
ple,advancereservationmechanismsin asupercomputerscheduler
or storagesystem,or quality-of-servicemechanismsin a network
router.

These Fabric capabilities enable the constructionof resource-
independentandapplication-independentGrid Services. Oneex-
ample is an information service,which provides uniform access
to informationaboutthestructureandstateof Grid resources;an-
otherexampleis anauthenticationandauthorizationservice,which
providesmechanismsfor establishingidentify, creatingdelegatable
credentials,and so forth. TheseGrid Servicesare often termed
“middleware”: they typically involve distributedstateandcanbe
viewed asa naturalevolution of the servicesprovided by today’s
Internet.

Grid Fabric capabilitiesandGrid Servicesin turn enablethe cre-
ationof moreapplication-specificservicesandtoolkits: for exam-
ple, distributed datamanagementcapabilitiesto supportthe cre-
ation of data-intensive applications,or flow managementcapabil-
ities to supportthe creationof collaborative work environments.
Theseservicesand toolkits are then usedto implementapplica-
tions.

Thesignificanceof Grid infrastructuresfor applicationdevelopers
is that they greatlyenhancethe capabilitiesthat canbe taken for
grantedwhendevelopingapplications.For example,a Grid-wide
informationservicemeansthat resourcediscovery andcharacter-
ization becomepossible;hence,applicationscan reliably expect
to discover requiredresourcesat runtime,ratherthanrequiringre-
sourcechoicesto be fixed or provided by the user. Similarly, re-
mote computationcontrol interfacesprovided in the Grid Fabric
meanthat having discovereda suitableremotecomputer, a user

canschedule,monitor, andcontrola computationwithout needing
to know theidiosyncraticdetailsof localmechanisms.

3. A MOTIVATING EXAMPLE FOR COG
KITS: SCIENCE PORTALS

We usean exampleto illustrate the role that we expect CoG Kit
capabilitiesto play in futureGrid/commodityarchitecturesandthe
technologydevelopmentsrequiredto realizethis promise.Theex-
ampleis an instantiationof whatsomecall a “scienceportal”: an
accesspoint (e.g.,desktop,browser, palm device) designedto fa-
cilitate scientific researchin a particulardiscipline by providing
seamlessaccessto a wide rangeof informationandcomputational
resources.

3.1 SciencePortal Scenario
We considera “Midwest Climate ChangePortal” that provides
accessto computationaland data resourcesrelating to regional
impactsof global climatechange.Sucha portal servesa variety
of userswith different needsand interests,for example,climate
researchers,weatherforecasters,students,traffic control agencies
andservices,andfarmers.Weconsidertwo usagescenarios.

Researcher: A researcherinterestedin impactsof climatechange
on cranberrybog yields in Wisconsinusesthe portal to discover
relevant datasetsandmodels.He quickly putstogethera descrip-
tion of his requireddata,usinga graphicaleditor. This description
is transformedautomaticallyin a sequenceof computationsand
lookupsin orderto obtainthe desireddata. Existing softwarein-
frastructuremustbeseamlesslyintegratedinto thesetof toolsused
by theresearcherto derive results.Theresultsof suchan interac-
tion canbe viewed usingbrowserswhile preparingand invoking
further analysison the data. The resultsarediscussedand inter-
pretedwith the help of colleaguesduring interactive sessionsand
thenarepostedto anelectronicnotebookandarepreparedfor the
useof otherinterestedparties.

Farmer: A farmerusesthe portal whenplanningwhich crop he
shouldgrow on his fields. His questionsfocuson whether, when,
andhow to usehis landin orderto achieveamaximumbenefitover
years. Naturally, he needsto obtaina seasonalforecastallowing
him to determinethe besttime for planting the crop. Electronic
microsensorsdistributedin his groundhelp to steertheuseof fer-
tilizersduringthegrowth period.Sensordatais fed into adatabase
accessibleby scientists,allowing for feedbackto checkfor model
accuracy. Accesspointsto theportalincludecomputerterminalsin
electronicallyenhancedfarm buildings andalsospecializedinput
andoutputdevices that allow for the installationin, for example,
a lightweight wirelessdevice to accessa useful subsetof the in-
formationin thefield. The farmer’s portal alsoprovidesaccessto
otherservicesandinformationsources,for example,financialmar-
ket monitoringservicesthatobserve thefluctuationof thevalueof
the cropsandgive advicethat may result in greaterprofits (Fig-
ure2).

3.2 SciencePortal Requirements
Thecreationof scienceportalssuchasthosejustdescribedrequires
theintegrationof many technologiesfrom differentfields.We will
typically provide accessto a wide varietyof data;hence,we must
be able to accessand communicatewith a wide range of infor-
mationsources. Thecomplex calculationsperformedon this data
requiresthe ability to accesscomputeresourceswith significant
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Figure1: The integrated Grid architecturehasfour main categories.
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Figure 2: Multiple portals provide accessto overlapping func-
tionality , with a particular portal specializedto the require-
mentsof its user.

computationalresources.Wemayalsorequireaccessto proprietary
softwareloadedon remotemachines.Thus,theability to incorpo-
rate remotecomputationalresources is required. Interactive use
canrequirethatcomputationalanddataresourcesbeaccessedvia
high-performancenetworks; we would also like to be ableto en-
forceperformanceguaranteesfor datatransfersandcomputations.

The successof a scienceportal is also measuredby its usability
and acceptancein the community. Hence,we require environ-
mentsthat allow rapid prototypingof both completeapplications
andnew componentsthatcanbesharedwith otherusers.Theabil-
ity to rapidlycreateportableuserinterfacesis particularlycritical.
Theserequirementsoverlapstronglywith two typesof technology:

- Commoditytechnologiesthatemphasizeeaseof useandcode
reusein local (especiallydesktop)environments:GUI com-
ponents,componentlibraries,scriptinglanguages,industry-
accepted distributed computing frameworks, industrial-
strengthdatabaseservers,object-orientedprogramminglan-
guagesandframeworks,andthelike.

- Grid technologies that emphasizeeffective operation in

large-scale,multi-institutional,wide areaenvironments:ac-
cess to remote computation, information services,high-
speeddatatransfers,specialprotocols(e.g.,multicast),and
gatewaysto localauthenticationschemes.

Theseconsiderationsleadto thequestionthathasmotivatedthere-
searchreportedin this paper:How cancommodityandGrid tech-
nologiesinterfaceandintegratesoasto adhereinteroperability—
and,ideally, to enhancethecapabilitiesof both?For example,we
might decideto useCORBA for applicationdevelopment,but also
want to useGrid servicesfor schedulingandmanagingcomputa-
tionson a supercomputer. Or, if we areusingJava, thenJini might
appearto be a goodmechanismfor resourcediscovery: but then
we facetheproblemof accessingdatastoredin theextensive (cur-
rentlyLDAP-based)Grid informationservice.Theinteractionscan
be complex andrequiresignificanteffort by thoughtto get right.
Yet thetechnologybasethatexistsin eachcaseis sufficiently large
androbustthatexploiting theseexistingmechanismsleadsto asig-
nificantenhancementof bothGrid andcommodity-basedtechnolo-
gies.

4. COMMODITY GRID TOOLKITS
Thecombinationof commodityandGrid technologiescan,in prin-
ciple, enableexciting new applicationsthat tie advancednetwork-
accessibleresourcesinto thecommoditydesktop.Our goal in the
CommodityGrid projectis to enabletheseopportunitiesto be re-
alized in practice. Our researchapproachinvolves an iterative
processof definition, development,andapplicationof Commod-
ity Grid Toolkits (CoGKits): setsof generalcomponentsthatmap
Grid functionalityinto specificcommodityenvironmentsor frame-
works. The word map is important: the integration of Grid and
commoditytechnologiesis not simplyaninterfacedefinitionprob-
lem but ratheris concernedwith how Grid conceptsandservices
arebestexpressedin termsof the conceptsandservicesof a par-
ticular commodityframework. To take a simpleexample,in the
Globus Grid toolkit on which we arebuilding our prototypes,re-
mote computationmanagementis handledvia a proceduralAPI
andcallbacks;in theJava CoGKit, thesamefunctionality is pro-
videdvia a JobobjectandJava events.

Therequirementsof thescienceportalsandotherapplicationshave
motivatedusto exploremappingsto several languages.Particular,
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Figure3: CoG Kits provide a mapping betweencomputing lan-
guages,frameworks, and envir onmentsand Grid servicesand
fabric. Together Grid services, languages,frameworks, and
envir onments build a powerful development tool for building
grid-enhancedapplications.

weareexploringPerl andPython, in ordertosupporteasyprototyp-
ing andWeb-basedprogrammingbasedon CGI scripts;andJava,
in order to supportgraphicaluserinterfacedevelopment,easeof
programming,and the ability to run many Grid servicesthrough
Java-enabledWebbrowsers.

We also need to addressthe issue of accessingGrid services
throughhigh-level distributed computingframeworks definedby
industry, so asto allow integrationof commonoff-the-shelftools
anddevelopmentenvironments.Hence,we considertheCommon
ObjectRequestBroker Architecture,andthe DistributedCompo-
nentObjectModel (DCOM, CORBA).

5. JAVA COG KIT
In therestof thispaperwefocusourattentiononourJavaCoGKit
prototypeandexplainhow it enablesusto accessGrid servicespro-
videdby theGlobustoolkit. Becauseof thelargenumberof pack-
agesandclassesrequiredto exposethenecessaryfunctionality of
theGlobustoolkit, wefocusin thispaperonasubsetof all available
classesthatwedeemmostusefulfor thedevelopmentof Java-based
Grid applications.Thedesignof theJavaCoGKit intendsto facili-
tatethedevelopmentof futurecomponentsasacommunityproject.
To supportaniterative processof definition,development,andap-
plication of a Java CoGKit in collaborationwith otherteams,we
classifycomponentsasdepictedin Figure4. This categorization
provides the necessarysubdivision in order to coordinatesucha
challengingopencommunitysoftwareengineeringtask.

Low-Level Grid Interface Components provide mappings to
commonly used Grid services: for example, the Grid
information service(the Globus MetacomputingDirectory
Service, MDS), which provides Lightweight Directory
AccessProtocol (LDAP) [15] accessto information about
the structure and state of Grid resourcesand services;
resourcemanagementservices, which supporttheallocation
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Figure 4: Applications and more complex componentscan be
built with the help of the CoG Kit. Componentsare classified
here basedon their role.

andmanagementof computationalandotherresources(via
theGlobus GRAM andDUROC services);anddata access
services, for example,via theGlobusGASSservice[2].

Low-Level Utility Components areutility functionsdesignedto
bereusedby many users.Examplesarecomponentsthatuse
informationservicefunctionsto find all computeresources
thatausercansubmitto; thatprepareandvalidateajob spec-
ification while usingtheextendedmarkuplanguage(XML)
[13] or the Globus job submissionlanguage(RSL); that lo-
catethegeographicalcoordinatesof a computeresource;or
thattestwhethera machineis alive.

CommonLow-Level GUI Components provide a set of low-
level GUI componentsthat can be reusedby application
developers. Examplesfor suchcomponentsareLDAP At-
tribute Editors, RSL editors, LDAP browsers,and search
components.

Application-specificGUI Components simplify the bridge be-
tweenapplicationsandthebasicCoGKit components.Ex-
amplesarea stockmarket monitor, a graphicalclimatedata
display component,or a specializedsearchenginefor cli-
matedata.

For eachof the above mentionedclasseswe will provide in this
paperexemplaryJava CoGKit componentsandcodefragments.

6. JAVA COG KIT IMPLEMENT ATION
Figure5 showshow ourJavaCoGKit is usedin practice.ThisJava
programskeletonforms part of a ClimatePortal; it demonstrates
how simpleit is to build portal-specificserviceswhenaccessinga
variety of basicGrid servicesthroughthe Java CoG Kit. In this
example,anappropriatemachineis selectedfor execution,datafor
an instantiationof the climate model is locatedand downloaded
to themachine,andtheclimatemodelis executedonthatmachine.
Theprogramgeneratesanoutputfile in GrADS[12] format,awell-
known format for storing three-dimensionalclimate relateddata.
Throughouttheremainderof paperwewill expandthisexampleas
we introducevariousJava CoGKit components.

6.1 Low-Level Grid Mappings



// Step0. Initialization
MDS mds=new MDS(“www.globus.org”,

389,“o=Grid”);

// Step1. Searchfor anavailablemachine
result= mds.search

(“(objectclass=GridComputeResource)
(freenodes=64))”,“contact”) ;

//Step1.a)Selectamachine
machineContact=. select themachinewith

minimalexecutiontime from
thecontactsthatare
returnedin result/

// Step2. Preparethedatafor theexperiment

// Step2.a)Searchfor climatedataandreturn
// attributes:server,port,directory,file
dn= mds.search

(“(objectclass=ClimateData)(year=1999)
(region=midwest”,“dn”,MDS.SubtreeScope);

result= mds.lookup(dn,“server port directoryfile”);

// Step2.b)downloadthedatato themachine
url = result.get(“server”)+“:”

+ result.get(“port”)+“:”
+ result.get(“directory”)+“ 0 ”
+ result.get(“file”);
data= server.fetch(url, machineContact);

// Step3. Prepareadescriptionfor runningthemodel
RSL rsl = new RSL(“(executable=climateModel)

(processors=64)
(arguments=-grads)(arguments=-outmap.grads)
(arguments=-in” + data.filename+”)”);

// Step4. Submittheprogram
GramJobjob = new GramJob();
job.addJobListener(new GramJobListener()1

public void stateChanged(GramJobjob) 1
// reactto job statechanges22

);
try 1

job.request(machineContact, rsl);2
catch(GramExceptione) 1
problemsubmittingthejob2

Figure5: This samplescript demonstrateshow we accessbasic
Grid serviceswith the help of the Java CoG Kit. Here data for
a climate model is located,an appropriate machineis selected,
and the climate model is executedon that machine.

In thethis sectionwe enumeratea subsetof packagesthatprovide
the interfaceto the low-level Grid servicesandapplicationinter-
faces. Thesepackagesare usedby many usersto develop Java-
basedprogramsin the Grid. We will describeonly the general
functionality of thesepackages,as it is beyond the scopeof this
paperto explain every classandmethod.For a completelist of the
classesandmethodswe referto thedistribution [27].

RSL. The packageorg.globus.rsl provides methodsfor creating,
manipulating,and checkingthe validity of the RSL expressions
usedin Globus [11] to expressresourcerequirements.As shown
in Step3 of Figure5, theargumentsto anew call to includeparam-
etersthatspecifybothcharacteristicsof therequiredresourcesand
propertiesof thecomputation.

GRAM. The packageorg.globus.gram providesa mappingto the
Globus GRAM services[10], which allow usersto scheduleand
manageremotecomputations.Theclassesandmethodsdistributed
allow usersto submitjobs,bindto alreadysubmittedjobs,andcan-
cel jobson remotecomputers.Othermethodsallow usersto deter-
minewhetherthey cansubmitjobsto aspecificresource(througha
Globusgatekeeper)andto monitor the job status(pending, active,
failed,done, andsuspended).

As shown in Step4 of Figure5 theclassGramis usedto createa
job with an RSL string describingthe job anda machinecontact
that determineson which machinethe job is requestedfor execu-
tion. Our Java mappingdiffers from that provided in Globus for
C throughtheintroductionof a formal job object,but alsobecause
of theavailability of a sophisticatedeventmodelin Java. Our im-
plementationutilizesthiseventmodelandtransferstheC callbacks
into equivalentJava events.In Java onecannow usethreadsin or-
der to “listen” to a particularevent thatcantriggerfurtheractions.
A Java interfaceGramJobListener that containsthe method
stateChanged(GramJob job) can be usedto define cus-
tomizedjob listenersthat canbeaddedwith theGramJobmethod
addListener(GramJobListener listener).

DUROC. Thepackageorg.globus.duroc enablesa userto coalo-
catemultiple resources.The mappingof the applicationGlobus
durocinterfaceto a Java basedeventmodelis similar to thatof the
grampackage.In contrastto Gramit allowstheprogrammerto cre-
ateandmonitormultirequestjobs [5]: that is jobs that requirethe
allocationof multiple resourcesandthecreationof managementof
multi-componenttasks.

MDS. The packageorg.globus.mdssimplifies the accessto the
MetacomputingDirectoryService(MDS) [25], which is animpor-
tant part of the Globus informationservice. Its functionsinclude
(a) establishinga connectionto anMDS server, (b) queryingMDS
contents,(c) printing,and(d) disconnectingfrom theMDS server.
The packageprovides an intermediateapplicationlayer that can
beeasilyadaptedto differentLDAP [15] client libraries,including
JNDI [17], NetscapeSDK [18], andMicrosoftSDK [21].

As shown in Step1 of Figure 5, the parametersto initialize the
MDS classaretheDNS nameof theMDS server, theport number
for theconnection,andthedistinguishedname(DN) thatspecifies
the root for a searchin the directorytree. A searchis performed
in Step2 a; the first parameterspecifiesthe top level of the tree
in which the searchis performed,the secondparameterspecifies
the LDAP query, andthe third parameterspecifiesthe scopethat
is, for how many levels in the treethe searchshouldcontinue(in



// Step0: Initialize HeartbeatMonitor Object
HBM hbm= new HBM (“hbm.globus.org”, 2222);
hbm.update();

// Step1: Retrieve nameof machineto bewatched
machinename= machineContact.hostname();

// Step2: Getdataassociatedwith Client
// Alternative A: Monitor themachine
ClientDatacd= hbm.get(machinename);

// Step3: Evaluatetheclientdata
if (cd.getStatus()!= HBM.ACTIVE). dealwith theproblem/
// Step2 canbereplacedwith:
// Alternative B: Monitor theprocess
ClientDatacd= hbm.search(

machineContact.hostname(),
”(name=climateModel)”);

Figure 6: Using the HBM to monitor the progressof a compu-
tation. In Alter native A, we check the status of a machine; in
Alter native B, we check whether the program with the name
climateModel is still running. This code might be run in
conjunction with Figure5.

our caseonly thenext level). Searchresultscanalsobestoredin a
NamingEnumerationprovidedby JNDI.

GASS. TheGlobalAccessto SecondaryStorage(GASS)service
[2] simplifiesthe porting andrunningof applicationsthat usefile
I/O, eliminatingtheneedto manuallylog ontositesandftp files or
to install a distributedfile system. The packageorg.globus.glass
providesanessentialsubsetof GASSservicesto supportthecopy-
ing of files betweencomputerson which theGrid Servicesarein-
stalled.Themethodget(Stringfrom,Stringto) copiesa remotefile
to a local file, andthemethodput(Stringfrom,String to) copiesa
local file to a remotelocation.The fetch methodusedin ourexam-
ple (Figure5) provides a convenientwrapperandusesinternally
thepreviously mentionedget method.

HBM. The Globus HeartbeatMonitor (HBM) [22] provides a
simple, highly reliable mechanismfor obtaining the health and
statusinformation of Grid resources. This includesmonitoring
the stateof machinesand processesin the Grid. The package
org.globus.hbmprovidesclassesandmethodsto convenientlyac-
cessthis service,as illustratedin Figure 6. In alternative A the
statusof a machineis checked, and if the stateis not active, an
appropriateaction is performed. If the statusof a processthat is
registeredwith the HBM is monitored,alternative B givesan ex-
ample.

6.2 Low-Level Utilities
The low-level utility classescurrentlydefinedin theCoGKit pro-
vide an abstractdatatyperepresentingacyclic graphsand basic
XML parsingroutines.Thegraphclassis used,for example,to ac-
cessdependenciesbetweenjobs, a major requirementfor science
portal applications. The XML classesareusedto provide trans-
formationsbetweendifferent dataformats. Using XML hasthe
advantagethata DocumentTypeDefinition (DTD) that is defined
for thesedataformatscanbeusedto verify whethera recordto be
transmittedis well formedbeforeit is sentto a server. Thus the
loadon serverscanbedramaticallyreduced.Theavailability of a
dependency betweenjobs is a significantextensionto theexisting

// Step0: Initialize thetable
MDSsearchTabletable=

new MDSsearchTable(mds);

// Step1: performasearchin theMDS
// to requestdatato bedisplayed
table.search(”(objectclass=GridComputeResources)”,

”hn gramversioncontact”);

// Step2: displayandupdatethetable
table.show();

// Step3: returntheselection
StringmachineContact=

table.getSelection(”contact”);

Figure 8: The program shows the easeof useof the Graphical
User Interface for selectinga Grid contact string. (compare
Figure7).

Globus low-level applicationinterface. In addition, we have de-
finedageneralconceptof amachineandjob broker interface. This
enablesaprogrammerto defineacustomizedselectionof machines
andjobsdependenton his demand.We have utilized this technol-
ogyaspartof ahigh-throughputbrokerthatis implementedin Java,
but canalsoexposedthroughCORBA objects.TheGeccoapplica-
tion introducedin Section6.4utilizes theJava-basedmachineand
job brokers.

6.3 Low-Level GUI Components
TheJava CoGKit low-level GUI componentsprovidebasicgraph-
ical componentsthat can be usedto build more advancedGUI-
basedapplications.Thesecomponentsincludetext panelsthatfor-
matRSL strings,tablesthatdisplayresultsof MDS searchqueries
(Figures7 and8), treesthatdisplaythedirectoryinformationtree
of theMDS, andtablesto displayHBM andnetwork performance
data. Eachcomponentcanbe customizedandis availableasJav-
aBean. In future releasesof the Java CoG Kit it will be possible
to integratethebeanin a Java-basedGUI compositiontool suchas
JBuilderor VisualCafe.

6.4 High-Level Graphical Application
High-level graphicalapplicationscombinea variety of CoG Kit
componentsto deliver a single applicationor applet. Naturally,
theseapplicationscanbecombinedin orderto provideevengreater
functionality. Theusershouldselectthe tools thatseemappropri-
atefor thetask.To demonstratetherangeof applications,we have
includeda setof screendumpsthathighlight the look andfeel of
someapplicationsdevelopedto date.

GECCO. TheGraphEnabledConsoleCOmponent(GECCO)is a
graphicaltool for specifyingandmonitoringtheexecutionof sets
of taskswith dependenciesbetweenthem[26][24]. Specificallyit
allows oneto

1. specifythe jobs andtheir dependenciesgraphicallyor with
thehelpof anXML-basedconfigurationfile;

2. debug thespecificationin orderto find erroneousspecifica-
tion stringsbeforethejob is submitted;and

3. executeandmonitorthejob graphicallyandwith thehelpof
a log file.



Figure 7: The MDS search table can be used to display selectedMDS information in a tabular form. The search string can be
specified,and attrib utescan beselectedeasilyto customizethe table.

As shown in Figure9 eachjob is representedasanodein thegraph.
A job is executedassoonasits predecessorsarereportedashaving
successfullycompleted.Thestateof a job is animatedwith colors.
It is possibleto modify thespecificationof the job while clicking
on the node: A specificationwindow popsup allowing the user
to edit theRSL, the label,andotherparameters.Editing canalso
beperformedduringruntime(job execution),henceproviding for
simplecomputationalsteering.

GRC. A secondexampleof a high-level applicationcomponentis
an interactive GraphicalResourceCo-allocator(GRC) illustrated
in Figure10 [5]. This Java applicationallows the userto build a
network representingtheresourcesrequiredfor anapplicationand
to describehow the resourcesshouldbe used. A combinationof
automaticand manualtechniquesis then usedto guide resource
selection,eventually generatingan RSL specificationfor the re-
sourcesin question.MDS servicesareusedto automaticallyfind
candidatesetsof resourcesthat meetthe user’s constraints.The
userthenmanuallyselectsoneof the resourcesetsor requestsa
furthersearchfor candidates.Oncetheuserfindsa suitablesetof
resources,the GRAM or DUROC client librariesareusedto exe-
cute,monitor, andpossiblyterminatethe application(s)(compare
Figure10).

7. FUTURE APPLICATIONS
The availability of the Java CoG Kit hasseveral advantagesfor
developingfutureGrid-basedapplications.Theassumedplatform
independenceof Javaandits increasedpopularityprovide thebasis
of apromisingplatformin thenearfuture.Furthermore,sinceJava
is well establishedon theWindows operatingsystem,it seemsan
obvious candidatefor delivering a Globus server-side implemen-
tation, henceallowing jobs to be submittedto any NT machine
as long as it is integratedin the Grid. More straightforward is
thedevelopmentof a Globusthin-client,which constitutesonly of
thenecessarysecurityroutinesandthecommunicationroutinesto
communicatewith a Globusserver. All previous releasesof CoG
componentsuseda pull modelto inquireaboutthestateof a sub-
mitted job. Sincewe have changedthemodelto uselisteners,it is

now easierto write threadedGrid-basedJavaapplicationsbasedon
a pushmodel.Projectsthatwill benefitfrom this approachare,for
example,Gateway [9] andWebflow [28].

ThelatestGlobussystemto reliesin many caseson theHTTPpro-
tocol, henceit is possibleto integratesucha thin-clientaspart of
a Web browser to allow submissionthroughweb pages.Projects
likeWebSubmit[19] andHotpage[23] will profit from thischange.
Making somecomponentsavailableasJava Beansandintegrating
theminto commonof-the-shelfJava GUI building tools will pro-
vide a Grid developmentenvironmentthat allows Grid program-
ming with ease.As a resultof theavailability of theJava CoGKit,
recentefforts to standardizetheGlobusdelegationmodelin coop-
erationwith thedevelopmentof theJavaCoGKit will allow amuch
easierintegrationin commoditytechnologyin future.

8. SUMMARY
Commoditydistributed-computingtechnologiesenablethe rapid
constructionof sophisticatedclient-server applications.Grid tech-
nologiesprovide advancednetwork servicesfor large-scale,wide
area,multi-institutionalenvironmentsandfor applicationsthat re-
quirethecoordinateduseof multiple resources.In theCommodity
Grid project,we seekto bridge thesetwo worlds so as to enable
advancedapplicationsthatcanbenefitfrom bothGrid servicesand
sophisticatedcommoditydevelopmentenvironments.

TheJava CommodityGrid Toolkit (CoGKit) describedin this pa-
perrepresentsa first attemptat creatingof sucha bridge.Building
on experiencegainedover thepastthreeyearswith theuseof Java
in Grid environments,we have defineda rich set of classesthat
provide the Java programmerwith accessto basicGrid services,
enhancedservicessuitablefor the definition of desktopproblem
solving environments,anda rangeof GUI elements.Initial expe-
rienceswith thesecomponentshave beenpositive. It hasproved
possibleto recastmajorGrid servicesin Java termswithout com-
promisingon functionality. SomesubstantialJava CoGKit appli-
cationshave beendeveloped,andreactionsfrom usershave been
positive.



Figure 9: The Grid Enabled ConsoleCOmponent (GECCO) allows the user to specify dependenciesbetweentasks that are to be
executedin the Grid envir onment. Here we show a graph createdfor a crystallography application Shake ’n Bake.

Figure 10: The GRC allows to selecta compute resource for scheduling a job interactively fr om a set of automatically derived
machinesthat fulfill a user-specificconstraint.



Our futurework will involve theintegrationof moreadvancedser-
vices into the Java CoG Kit and the creationof otherCoG Kits,
with CORBA, DCOM, andPythonbeingearlypriorities. We also
hopeto gaina betterunderstandingof wherechangesto commod-
ity or Grid technologiescanfacilitateinteroperabilityandof where
commoditytechnologiescanbeexploitedin Grid environments.

9. AVAILABILITY
The Java Cog Kit is available in alphareleaseform the CoG Kit
Webpages[27]. Thereleaseof thecomponentsis donegradually
to assurethe necessaryquality control of the deliveredpackages,
classes,andmethods. At present,the main distribution contains
the low-level components.Besidesthe componentsdescribedin
this paper, we have an implementationof network basedquality-
of-servicemethods.We expectthat this packagewill be released
assoonastheGlobustoolkit API for this areais frozen.For more
releasenotes,wereferto theWebpagehttp://www.globus.org/cog.
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