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CoGKits: A Bridge betweenCommodity
DistributedComputingandHigh-Performance
Grids

GREGOR VON LASZEWSKI, |AN FOSTER, JAREK GAWOR

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

SUMMARY

Emerging national-scale"Computational Grid" infrastructur esaredeployingad-
vancedservicesbeyond thosetaken for granted in today’s Inter net: for example,au-
thentication, remote accesgo computers, resource management,and dir ectory ser
vices.The availability of theseservicesrepresentdoth an opportunity and achallenge
for the application developer: an opportunity becausdhey enableaccesdo remotere-
sourcesin new ways, a challengebecausetheseservicesmay not be compatible with
the commodity distrib uted-computingtechnologiesusedfor application development.
The Commaodity Grid projectis working to overcomethis difficulty by creating what
we call Commodity Grid Toolkits (CoG Kits) that definemappingsand interfacesbe-
tween Grid 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 can enablenew approachesto applica-
tion 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[16], Java
[14], JINI [1], CORRA [4], DCOM [20], etc.) hasemegedwith revolutionaryeffectson
how we accessand processanformation. Simultaneouslythe high-performanceomput-
ing community hastaken big stepstoward the creationof so-calledGrids [6], advanced
infrastructureslesignedo 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
performanceadwancednetwork servicesandsupportfor uniqueresourcesuchassuper
computers.The resultsof this parallelevolution are multiple technologysetswith some
overlaps muchcomplementarityandsomeobviousgaps.

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

A first activity beingundertalenwithin the CoG projectis thedesignanddevelopment
of asetof CommodityGrid Toolkits (CoGKits), which we defineasfollows:

Definition: A CommodityGrid Toolkit (CoGKit) definesandimplementsa setof 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

applicationdevelopmentrameworks provided by commoditytechnologiesIn eachcase,
we alsofacethechallengeof developingappropriaténterfacesbetweernGrid andcommod-
ity conceptandtechnologies—andf similar Grid andcommaodityservicesareprovided,
reconcilingcompetingapproaches.

Our initial focusof our work in this areais on a Java CoGKit. (We have alsostarted
someinvestigationof Web/CGI,CORBA, andPythonCoGKits.) In therestof this arti-
cle, we first review briefly someGrid technologiesthenusean exampleto illustratewhat
capabilitieswe wantthe Java CoG Kit to provide, andfinally presentechnicaldetailson
the Java CoGKit design.

2 Grids and Grid Technologies

The scientific problem-solvinginfrastructureof the next centurywill supportthe coordi-
nateduseof numerousglistributedheterogenousomponentsncludingadvancecetworks,
computers storagedevices, display devices, and scientific instruments. The term “The

Grid” is oftenusedto referto this emeginginfrastructurg6]. NASA's InformationPower

Grid andthe NCSA Alliance’s National TechnologyGrid aretwo contemporaryprojects
prototypingGrid systemspothbuild on arangeof technologiesincludingmary provided
by the Globus projectin which we areinvolved.



Futureapplicationghatwill useGrid infrastructuresvill rangefrom tomorron’sequiv-
alentof today’s “secureshell” andWeb browsersto moresophisticateatollaboratve tele-
immersive engineeringdistributedpetabytedataanalysis andreal-timeinstrumentontrol
systemsThesevariousapplicationswill sharea commonneedto 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 environment.

Figure1 illustratesthe structureof whatwe termthe IntegratedGrid Architecture[7],
which comprisedfour generaltypesof components.The Grid Fabric providesresource-
specificimplementationsf basicmechanismsequiredfor Grid operationfor example ad-
vanceresenationmechanism# a supercomputescheduleor storagesystemor quality-
of-servicemechanism# a network router

These Fabric capabilities enable the construction of resource-independenand
application-independef@rid ServicesOneexampleis aninformationservice which pro-
videsuniformaccesgo informationaboutthe structureandstateof Grid resourcesanother
exampleis anauthenticatiorandauthorizatiorservice which providesmechanismsor es-
tablishingidentify, creatingdelegatablecredentialsandsoforth. TheseGrid Servicesare
oftentermed‘middleware”: they typically involve distributedstateandcanbeviewedasa
naturalevolution of the servicegprovidedby 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 becomepossiblehenceapplicationsanreliably expectto discoserrequiredresources
atruntime,ratherthanrequiringresourcechoicesto befixedor providedby theuser Sim-
ilarly, remotecomputatiorcontrolinterfacesprovidedin the Grid Fabricmeanthathaving
discovereda suitableremotecomputeya usercanschedulemonitor, andcontrolacompu-
tationwithout needingto know theidiosyncraticdetailsof 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/commodityarchitecturegndthe technologydevelopmentgequiredto realize
this promise. The exampleis an instantiationof what somecall a “scienceportal”: an
accesoint (e.g.,desktopprowser palmdevice) designedo facilitatescientificresearch
in a particulardisciplineby providing seamlessaccesgto a wide rangeof informationand
computationatesources.



3.1 SciencePortal Scenario

We considerm“Midwest ClimateChangePortal” thatprovidesaccess$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
resultsarediscussedndinterpretedvith 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 determinghebesttime for plantingthecrop. Electronicmicrosensorslistributedin
his groundhelpto steerthe useof fertilizers during the growth period. Sensordatais fed
into adatabasaccessibldy scientistsallowing for feedbacko checkfor modelaccurag.
Accesspointsto the portal include computerterminalsin electronicallyenhancedarm
buildingsandalsospecializednput andoutputdevicesthatallow for theinstallationin, for
example,a lightweight wirelessdevice to accessa usefulsubsewf the informationin the
field. Thefarmers portal alsoprovidesaccesso otherservicesandinformationsources,
for example financialmarket monitoringserviceshat obsene the fluctuationof the value
of thecropsandgive advicethatmayresultin greatemprofits (Figure2).

3.2 SciencePortal Requirements

Thecreationof scienceportalssuchasthosgustdescribedequiregheintegrationof mary
technologiedrom differentfields. We will typically provide accesdo a wide variety of
data;hencewe mustbeableto accessand communicatevith a widerange of information
souices The complex calculationsperformedon this datarequiresthe ability to access
computeresourcesith significantcomputationatesourcesWe may alsorequireaccess
to proprietarysoftwareloadedonremotemachinesThus,theability to incorporateremote
computationalresoucesis required. Interactive use canrequirethat computationaland
dataresourcede accessedia high-performancaetworks; we would alsolike to be able
to enforceperformanceguaranteedor datatransfersaandcomputations.

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

> Commoditytechnolagies that emphasizeeaseof use and codereusein local (es-
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Figure 2: Multiple portalsprovide accesgo overlappingfunctionality, with a particular
portalspecializedo therequirementsf its user

pecially desktop)ervironments: GUI componentscomponentibraries, scripting
languagesindustry-acceptedistributedcomputingframeworks, industrial-strength
databaseaeners,object-orientecorogramminganguagesnd frameworks, andthe
like.

> Grid technolagies that emphasize effective operation in large-scale, multi-
institutional, wide areaervironments: accesso remotecomputation,information
serviceshigh-speediatatransfers specialprotocols(e.g.,multicast),andgatevays
to local authenticatiorschemes.

Theseconsiderationgeadto the questionthathasmotivatedthe researchreportedin this

paper:How cancommodityand Grid technologiesnterfaceandintegrateso asto adhere
interoperability— and,ideally, to enhancéhe capabilitiesof both?For example we might

decideto use CORPBA for applicationdevelopment,but alsowant to use Grid services
for schedulingand managingcomputationson a supercomputerOr, if we areusingJava,

thenJini mightappeato beagoodmechanisnior resourcealiscovery: but thenwe facethe

problemof accessinglatastoredin theextensve (currentlyL DAP-basediGrid information

service. The interactionscanbe complex andrequiresignificanteffort by thoughtto get

right. Yetthetechnologybasethatexistsin eachcaseis sufficiently large androbustthat

exploiting theseexisting mechanismgeadsto a significantenhancementf both Grid and

commodity-basetechnologies.
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4 Commodity Grid Toolkits

The combinationof commodityand Grid technologiescan, in principle, enableexciting
new applicationghattie advancednetwork-accessibleesourcesnto the commoditydesk-
top. Ourgoalin the CommodityGrid projectis to enabletheseopportunitiego berealized
in practice.Ourresearctapproachnvolvesaniterative procesf definition,development,
andapplicationof CommodityGrid Toolkits (CoG Kits): setsof generalcomponentshat
map Grid functionality into specificcommodityenvironmentsor framewvorks. The word
mapis important:the integrationof Grid andcommoditytechnologiess not simply anin-
terfacedefinition problembut ratheris concernedvith how Grid conceptandservicesare
bestexpressedn termsof the conceptsandservicef a particularcommodityframework.
To take a simpleexample,in the Globus Grid toolkit on which we arebuilding our proto-
types,remotecomputatiormanagemerns handledvia a proceduralAPI andcallbacks;in
the Java CoGKit, thesamefunctionalityis providedvia aJJobobjectandJava events.

The requirementf the scienceportalsand other applicationshave motivatedus to
explore mappingsto several languages.Particular we are exploring Perl and Python in
orderto supporteasyprototypingandWeb-basegrogrammingoasedon CGl scripts;and
Java, in orderto supportgraphicaluserinterfacedevelopmentgeaseof programmingand
theability to run mary Grid serviceshroughJava-enabledVeb browsers.

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

5 Java CoG Kit

In therestof this paperwe focusour attentionon our Java CoGKit prototypeandexplain
how it enablesusto accessGrid servicesprovided by the Globustoolkit. Becauseof the
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largenumberof packagesndclassesequiredto exposethe necessarjunctionality of the
Globustoolkit, we focusin this paperon asubsebf all availableclasseshatwe deemmost
usefulfor the developmentof Java-basedsrid applications. The designof the Java CoG
Kit intendsto facilitatethe developmentof future componentssa communityproject. To

supportaniterative procesf definition,developmentandapplicationof a Jarza CoG Kit

in collaborationwith otherteams,we classify componentsas depictedin Figure4. This
catgyorizationprovidesthenecessargubdvisionin orderto coordinatesucha challenging
opencommunitysoftwareengineeringask.

Low-Level Grid Interface Components provide mappingsto commonlyusedGrid ser
vices:for example,the Grid informationservice(the Globus Metacomputingirec-
tory Service MDS), which providesLightweightDirectory AccessProtocol(LDAP)
[15] accesdo informationaboutthe structureand stateof Grid resourcesand ser
vices;resouce mangementserviceswhich supporttheallocationandmanagement
of computationahndotherresourcegvia the GlobusGRAM andDUROC services);
anddataaccessservicesfor example,via the Globus GASSservice[2].

Low-Level Utility Components areutility functionsdesignedo bereusedyy mary users.
Examplesarecomponentshatuseinformationservicefunctionsto find all compute
resourceghat a usercan submitto; that prepareand validate a job specification
while usingtheextendedmarkuplanguagéXML) [13] or theGlobusjob submission
languaggRSL); thatlocatethe geographicatoordinateof a computeresourcepr
thattestwhethera machineis alive.

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 mentionecclassesve will providein this paperexemplaryJaraCoG
Kit componentsandcodefragments.



6 Java CoG Kit Implementation

Figure5 shavshow our JavaCoGKit is usedin practice.This Javaprogramskeletonforms

partof a Climate Portal; it demonstratebow simpleit is to build portal-specificservices
whenaccessin@ variety of basicGrid serviceghroughthe Java CoGKit. In thisexample,
an appropriatemachineis selectedfor execution,datafor an instantiationof the climate
modelis locatedand downloadedto the machine,andthe climate modelis executedon

thatmachine.The programgeneratesn outputfile in GrADS [12] format, a well-known

format for storing three-dimensionatlimate relateddata. Throughoutthe remainderof

paperwe will expandthis exampleaswe introducevariousJaza CoGKit components.

6.1 Low-Level Grid Mappings

In thethis sectionwe enumerat@a subsebf packageshatprovide theinterfaceto thelow-
level Grid servicesandapplicationinterfaces. Thesepackagesreusedby mary usersto
developJava-basegrogramsn the Grid. We will describeonly the generaffunctionality
of thesepackagesasit is beyondthe scopeof this paperto explain every classandmethod.
For acompletdist of the classeandmethodswe referto the distribution [27].

RSL. The packageorg.globus.isl provides methodsfor creating, manipulating, and
checkingthe validity of the RSL expressionsusedin Globus[11] to expressresourcere-
quirements.As shawn in Step3 of Figure5, the agumentsto a new call to include pa-
rametersthat specify both characteristicof the requiredresourcesand propertiesof the
computation.

GRAM. The packageorg.glohus.gam provides a mappingto the Globus GRAM ser
vices[10], which allow usersto scheduleandmanageremotecomputations.The classes
and methodsdistributed allow usersto submitjobs, bind to alreadysubmittedjobs, 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 provided in Globus for
C throughthe introductionof a formal job object, but also becausef the availability of
a sophisticatedevent modelin Java. Our implementationutilizes this event model and
transfersthe C callbacksinto equivalentJasa events. In Java one can now usethreads
in orderto “listen” to a particulareventthat cantrigger further actions. A Java interface
GramJobListener  thatcontainsthe methodstateChanged(GramJob job) can
be usedto definecustomizedob listenersthat can be addedwith the GramJobmethod
addListener(GramJobListener listener).

DUROC. Thepackageorg.globus.duncenablesauserto coalocatemultiple resources.
The mappingof the applicationGlobus duroc interfaceto a Jasa basedevent modelis
similar to that of the gram package. In contrastto Gramit allows the programmerto
createandmonitor multirequesfobs|[5]: thatis jobsthatrequiretheallocationof multiple
resourcesndthe creationof managemernf multi-componentasks.



/I StepO. Initialization

MDS mds=new MDS("www.globus.org","389","0o=Grid");
/I JOBSUBMISSION
//Stepl. Seach for an availablemadine

result = mds.search
("(objectclass=GridComputeResource)(fr eenode s=64)) ",
"contact");
/I Stepl.a)Selecta madine
machineContact = <selectthe madinewith minimalexecutiontimefrom

thecontactsthat are returnedin result>

/I Step2. Prepae the datafor the experiment

/I Step2.a) Seach for theclimatedataandreturn

1 the attributes:servejport,directoryfile

dn = mds.search
("(objectclass=ClimateData)(year=1999)
(region=midwest)",
"dn", MDS.SubtreeScope);

result = mds.lookup (dn, “server port directory file");
/I Step2.b)downloadthedatato the madine
url = result.get("server")+""

+ result.get("port”)+":"
+ result.get("directory")+"/"
+ result.get("file");

data = server.fetch (url, machineContact);
/I Step3. Prepae a descriptionfor runningthemodel
RSL rsl = new RSL("(executable=climateModel)
(processors=64)
(arguments=-grads)(arguments=-out map.grads)
(arguments=-in " + data.flename +1");

/I Step4. Submitthe program
GramJob job = new GramJob();
job.addJobListener(new GramJobListener() {
public void stateChanged(GramJob job) {
I reactto job statechanges

}
D

try{
job.request(machineContact, rsl);

} catch (GramException e) {
/I problemsubmittingthe job

}

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



MDS. The packageorg.globus.mdssimplifiesthe accesgo the MetacomputingDirec-
tory Service(MDS) [25], which is animportantpart of the Globus information service.
Its functionsinclude (a) establishinga connectionto an MDS sener, (b) queryingMDS
contents(c) printing, and(d) disconnectingrom the MDS sener. The packageprovides
anintermediateapplicationlayerthatcanbe easilyadaptedo differentLDAP [15] client
libraries,including JNDI [17], NetscapeSDK [18], andMicrosoft SDK [21].

As showvnin Stepl of Figure5, theparameterso initialize the MDS classarethe DNS
nameof the MDS sener, the port numberfor the connectionandthe distinguishechame
(DN) thatspecifiegheroot for asearchin thedirectorytree. A searchis performedn Step
2 a; thefirst parametespecifieghe top level of the treein which the searchs performed,
thesecondparametespecifieshe LDAP query, andthethird parametespecifieghescope
thatis, for how mary levelsin thetreethe searctshouldcontinue(in our caseonly the next
level). Searctresultscanalsobe storedin a NamingEnumeratioprovidedby JNDI.

GASS. TheGlobalAccesgo SecondanstoraggGASS)service[2] simplifiestheport-
ing andrunningof applicationghatusefile I/O, eliminatingthe needto manuallylog onto
sitesandftp files or to install a distributedfile system.The packageorg.glohbus.glasspro-
videsanessentiabubsebf GASSservicedo supportthecopying of files betweercomput-
ersonwhichthe Grid Servicesareinstalled. The methodget(Stringfrom, Stringto) copies
aremotefile to alocalfile, andthe methodput(Stringfrom, Stringto) copiesalocalfile to

aremotelocation. Thefetch methodusedin our example(Figure5) providesa corvenient
wrapperandusesinternallythe previously mentionedyet method.

HBM.  The Globus HeartbeatMonitor (HBM) [22] providesa simple, highly reliable
mechanisnfor obtainingthe healthandstatusnformationof Grid resourcesThisincludes
monitoringthe stateof machinesandprocessef the Grid. The packageorg.globus.hbm
providesclassesand methodsto corvenientlyaccesshis service,asillustratedin Figure
6. In alternatve A the statusof a machineis checled, andif the stateis not active an
appropriateactionis performed.If the statusof a procesghatis registeredwith the HBM
is monitored alternatve B givesanexample.

6.2 Low-Level Utilities

Thelow-level utility classesurrentlydefinedin the CoGKit provide anabstracdatatype
representingagyclic graphsand basic XML parsingroutines. The graphclassis used,
for example,to accesglependenciebetweerjobs, a majorrequiremenfor scienceportal

applications.The XML classesreusedto provide transformationdetweendifferentdata
formats. Using XML hasthe advantagethat a DocumentType Definition (DTD) thatis

definedfor thesedataformatscanbe usedto verify whethera recordto be transmitted
is well formedbeforeit is sentto a sener. Thusthe load on senerscanbe dramatically
reduced. The availability of a dependeng betweenjobs is a significantextensionto the

existing Globus low-level applicationinterface. In addition, we have defineda general
conceptof a madiine and job broker interface This enablesa programmertto definea

customizedselectiorof machinesandjobsdependentn hisdemandWe have utilized this

technologyas part of a high-throughpubroker thatis implementedn Java, but canalso

exposedhroughCORBA objects.The Geccaoapplicationintroducedn Section6.4 utilizes

the Java-basednachineandjob brokers.
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/I StepO: Initialize the HeartbeatMonitor Object
HBM hbm = new HBM (“hbm.globus.org”, 2222);
hbm.update();
I/ Stepl: Retrievethe hostnamef themadineto bewatced
machinename = machineContact.hostname();
/] Step2: Getthedataassociateavith the Client
/I AlternativeA: Monitor themadine
ClientData cd = hbm.get(machinename);
I/l Step3: Evaluatetheclientdata
if (cd.getStatus() I=  HBM.ACTIVE) {
<deal with the problem>

}

/I Step2 canbereplacedwith thefollowing alternatecode:
/I AlternativeB: Monitor the process
ClientData cd = hbm.search (machineContact.hostname(),
"(name=climateModel)");

Figure6: Usingthe HBM to monitorthe progresf a computation.In Alternative A, we
checkthe statusof a machine;in Alternative B, we checkwhetherthe programwith the
nameclimateModel s still running.Thiscodemightberunin conjunctionwith Figure
5.

6.3 Low-Level GUI Components

TheJara CoGKit low-level GUI componentgrovide basicgraphicalcomponentshatcan
be usedto build moreadvancedGUI-basedapplications. Thesecomponentsnclude text
panelsthatformat RSL strings,tablesthat displayresultsof MDS searchqueries(Figures
7 and8), treesthatdisplaythe directoryinformationtreeof theMDS, andtablesto display
HBM andnetwork performancealata. Eachcomponentanbe customizedandis available
asJavaBean In futurerelease®f the Java CoGKit it will bepossibleto integratethebean
in aJava-basedsUl compositiontool suchasJBuilderor VisualCafe.

6.4 High-Level Graphical Application

High-level graphicalapplicationscombinea variety of CoG Kit componentdo 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 dependenciekbetweerthem
[26][24]. Specificallyit allows oneto

1. specifythejobsandtheirdependenciegraphicallyor with thehelpof anXML-based
configuratiorfile;

2. delugthespecificatiorin orderto find erroneouspecificatiorstringsbeforethejob
is submitted;and

11
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Figure 7: The MDS searchtable canbe usedto display selectedVDS informationin a
takular form. The searchstring canbe specified,and attributescan be selectedeasilyto
customizethetable.

/I Step0: Initialize thetable
MDSsearchTable table = new MDSsearchTable (mds);
/I Stepl: performa seach in theMDSto requestdatato bedisplayed
table.search ("(objectclass=GridComputeResources)" ,
"hn gramversion  contact");
/I Step2: displayandupdatethetable
table.show();
/I Step3: returntheselection
String  machineContact = table.getSelection("contact");

Figure8: The programshaws the easeof useof the GraphicalUserInterfacefor selecting
a Grid contactstring. (comparerigure7).
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Figure 9: The Grid EnabledConsoleCOmponent{GECCO)allows the userto specify
dependenciebetweentasksthat are to be executedin the Grid ervironment. Here we
shav a graphcreatedor a crystallographyapplicationShale 'n Bale.

3. executeandmonitorthejob graphicallyandwith the helpof alog file.

As shown in Figure9 eachjob is representedsa nodein thegraph. A job is executedas
soonasits predecessorarereportedashaving successfullyjcompleted.The stateof a job

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

onthenode:A specificationvindow popsup allowing the userto edit the RSL, the label,
andotherparametersiditing canalsobe performedduringruntime(job execution),hence
providing for simplecomputationakteering.

7 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. FurthermoresinceJavais
well establishean the Windows operatingsystem,it seemsan obvious candidatefor de-
livering a Globus sener-sideimplementationhenceallowing jobs to be submittedto any
NT machineaslongasit is integratedin the Grid. More straightforwardis thedevelopment
of a Globus thin-client, which constitutesonly of the necessargecurityroutinesandthe
communicatiorroutinesto communicatewith a Globus sener. All previous releaseof
CoG componentsiseda pull modelto inquire aboutthe stateof a submittedob. Sincewe
have changedhe modelto uselistenersijt is now easierto write threadedGrid-basedava
applicationshasedon a pushmodel. Projectsthatwill benefitfrom this approachare,for
example,Gatevay [9] andWebflow [28].

The latestGlobus systemto reliesin mary caseson the HTTP protocol, henceit is
possibleto integratesuchathin-clientaspartof aWebbrowserto allow submissiorthrough
web pages.Projectslike WebSubmiff19] andHotpage[23] will profit from this change.
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Making somecomponentavailableas Java Beansandintegratingtheminto commonof-
the-shelfJara GUI building toolswill provide a Grid developmenervironmentthatallows
Grid programmingwith ease.As a resultof the availability of the Java CoG Kit, recent
efforts to standardize¢he Globus delegationmodelin cooperatiorwith the developmentof
the Java CoGKit will allow amucheasierintegrationin commoditytechnologyin future.

8 Summary

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

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 desktopproblemsolvingernvironmentsandarangeof 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

The Java Cog Kit is availablein alphareleaseform the CoG Kit Web pages[27]. The
releaseof the componentss donegraduallyto assurehe necessaryjuality control of the
deliveredpackagesclassesand methods. At presentthe main distribution containsthe
low-level componentsBesideghe componentslescribedn this paperwe have animple-
mentationof network basedyuality-of-servicemethods.We expectthatthis packagewill
bereleasedssoonastheGlobustoolkit API for this areais frozen.For morereleasenotes,
we referto the Web pagehttp://www.globus.og/cog.
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