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ABSTRACT

Emeging national-scaléComputationalGrid” infrastructuresare
deplgying advancedservicesheyondthosetakenfor grantedin to-
day’s Internet: for example,authenticationemoteaccesgo com-
puters,resourcemanagementand directory services. The avail-
ability of theseservicegepresentbothanopportunityanda chal-
lengefor the applicationdeveloper: an opportunitybecausehey
enableaccesgo remoteresourcesn nev ways, a challengebe-
causetheseservicesmay not be compatiblewith the commodity
distributed-computingechnologiesusedfor applicationdevelop-
ment. The CommodityGrid projectis working to overcomethis
difficulty by creatingwhatwe call CommodityGrid Toolkits (CoG
Kits) thatdefinemappingsandinterfacesbetweenGrid andpartic-
ular commodityframeaworks. In this paper we explain why CoG
Kits are important, describethe designand implementationof a
Jara CoG Kit, and useexamplesto illustrate hov CoG Kits can
enablenewv approacheso applicationdevelopmentbasedon the
integrateduseof commodityandGrid technologies.

Categoriesand Subject Descriptors

D.1.3 [Software Engineering]: ConcurrentProgramming-Bis-
tributed programming D.2.6 [Software Engineering]: Program-
ming Environments—Graphical ervironments D.2.6 [Software
Engineering]: ProgrammingErvironments—Programmerwork-
bent

1. INTRODUCTION

The explosive growth of the Internetandof distributedcomputing
in generalhasled to rapid technologydevelopmentin several do-
mains.In theworld of commoditycomputinga broadspectrunof

distributed computingtechnologiedi.e., Web protocols[16], Java
[14], JINI [1], CORRBA [4], DCOM [20], etc.) hasemegedwith

revolutionary effects on howv we accessand processnformation.
Simultaneouslythe high-performanceomputingcommunityhas
takenbig stepsowardthecreationof so-calledGrids[7], advanced
infrastructureslesignedo enablehecoordinatediseof distributed
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high-endresourcedor scientificproblemsolving.

Thesetwo worlds of what we will call “commodity” and “Grid”
computinghave evolvedin parallel,with differentgoalsleadingto
differentemphaseandtechnologysolutions. For example,com-
modity technologiegendto focuson issuesof scalability compo-
nentcomposition,and desktoppresentationyhile Grid develop-
ersemphasizend-to-engperformanceadwancechetwork services,
andsupportfor uniqueresourcesuchassupercomputersThere-
sults of this parallel evolution are multiple technologysetswith
someoverlaps,muchcomplementarityandsomeohvious gaps.

In this context, we believe that it is timely to investigatehow
the worlds of commodityand Grid computingcan be combined.
Hence,we have establishedhe CommodityGrid (CoG) project,

with the twin goalsof (a) enablingdevelopersof Grid applica-
tionsto exploit commaoditytechnologiesvherever possibleand(b)
exporting Grid technologieso commoditycomputing(or, equiva-
lently, identifying modificationsor extensionso commoditytech-
nologiesthatcanrenderthemmoreusefulfor Grid applications).

A first activity beingundertakn within the CoG projectis the de-
sigh anddevelopmentof a setof CommodityGrid Toolkits (CoG
Kits), whichwe defineasfollows:

Definition: A CommodityGrid Toolkit (CoGKit) definesandim-
plementsa setof generalcomponentghat map Grid func-
tionality into a commodityervironment/framevork.

Hence,we canimaginea Web/CGI CoG Kit, a Java CoG Kit, a
CORBA CoG Kit, a DCOM CoG Kit, andsoon. In eachcase,
the benefitof the CoGKit is thatit enablesapplicationdevelopers
to exploit advancedGrid serviceqresourcenanagemengecurity

resourcediscovery) while developing higherlevel componentsn

termsof thefamiliar andpowerful applicationdevelopmentirame-
works provided by commaoditytechnologiesin eachcase we also
face the challengeof developing appropriateinterfacesbetween
Grid and commaodity conceptsand technologies—andif similar
Grid andcommaodityservicesareprovided, reconcilingcompeting
approaches.

Our initial focus of our work in this areais on a Java CoG Kit.
(We have also startedsomeinvestigationsof Weh/CGI, COREA,
andPythonCoG Kits.) In therestof this article, we first review
briefly someGrid technologiesthen usean exampleto illustrate



whatcapabilitieswe wantthe Jasa CoGKit to provide, andfinally
presentechnicaldetailsonthe Jasra CoGKit design.

2. GRIDS AND GRID TECHNOLOGIES

The scientific problem-solvinginfrastructureof the next century
will supportthecoordinatediseof numeroudistributedheteroge-
nouscomponentsincluding advancednetworks, computers stor
agedevices, displaydevices,andscientificinstruments.The term
“The Grid” is oftenusedto referto thisemeginginfrastructurg7].
NASA's Information Paver Grid and the NCSA Alliance’s Na-
tional TechnologyGrid are two contemporaryprojectsprototyp-
ing Grid systemspothbuild on a rangeof technologiesincluding
mary provided by the Globus projectin which we areinvolved.

Future applicationsthat will use Grid infrastructureswill range
from tomorrav's equialent of todays “secure shell” and Web
browsersto more sophisticatea:ollaboratve tele-immersie engi-
neering, distributed petabytedata analysis,and real-time instru-
ment control systems. Thesevarious applicationswill sharea
commonneedto coupledevices that have not traditionally been
thoughtof aspart of the network. This needis motivating the de-
velopmentof a broadsetof new servicesheyond thoseprovided
by todays Internet. TheseGrid serviceswill provide the secu-
rity, resourcemanagementgdata access,jnstrumentation policy,
accountingandotherservicegequiredfor applicationsusersand
resourceprovidersto operateeffectively in a Grid ervironment.

Figure 1 illustratesthe structureof what we term the Integrated
Grid Architecture[6], which comprisedour generakypesof com-
ponents.The Grid Fabric providesresource-specifisnplementa-
tions of basicmechanismsequiredfor Grid operation,for exam-
ple, advanceresenationmechanism# asupercomputescheduler
or storagesystem,or quality-of-servicemechanismén a network
router

These Fabric capabilities enable the constructionof resource-
independenaind application-independer@rid Services One ex-
ampleis an information service,which provides uniform access
to informationaboutthe structureand stateof Grid resourcesan-
otherexampleis anauthenticatiormndauthorizatiorservice which
providesmechanism$or establishindgdentify, creatingdelegatable
credentials,and so forth. TheseGrid Servicesare often termed
“middleware”: they typically involve distributed stateand canbe
viewed as a naturalevolution of the servicesprovided by todays
Internet.

Grid Fabric capabilitiesand Grid Servicesin turn enablethe cre-
ation of moreapplication-specifiservicesandtoolkits for exam-
ple, distributed datamanagementapabilitiesto supportthe cre-
ation of data-intensie applicationsor flow managementapabil-
ities to supportthe creationof collaboratve work ervironments.
Theseservicesand toolkits are then usedto implementapplica-
tions.

The significanceof Grid infrastructuredor applicationdevelopers
is thatthey greatly enhancehe capabilitiesthat canbe taken for
grantedwhendeveloping applications.For example,a Grid-wide
information servicemeansthat resourcediscovery and character
ization becomepossible;hence,applicationscan reliably expect
to discover requiredresourcest runtime,ratherthanrequiringre-
sourcechoicesto be fixed or provided by the user Similarly, re-
mote computationcontrol interfacesprovided in the Grid Fabric
meanthat having discorered a suitableremotecomputer a user

canschedulemonitor, andcontrola computationwithout needing
to know theidiosyncraticdetailsof local mechanisms.

3. A MOTIVATING EXAMPLE FOR COG
KITS: SCIENCE PORTALS

We usean exampleto illustrate the role that we expect CoG Kit
capabilitiesto play in future Grid/commodityarchitecturesandthe
technologydevelopmentgequiredto realizethis promise.The ex-
ampleis aninstantiationof whatsomecall a “scienceportal”: an
accesyoint (e.g.,desktop browser palm device) designedo fa-
cilitate scientific researchin a particulardiscipline by providing
seamlesaccesgo awide rangeof informationandcomputational
resources.

3.1 SciencePortal Scenario

We considera “Midwest Climate ChangePortal” that provides

accessto computationaland data resourcesrelating to regional

impactsof global climate change. Sucha portal senes a variety

of userswith different needsand interests,for example, climate

researchersyeatherforecastersstudentstraffic control agencies
andservicesandfarmers.We considertwo usagescenarios.

Reseacher: A researcheinterestedn impactsof climatechange
on cranberrybog yields in Wisconsinusesthe portal to discover

relevant dataset@andmodels. He quickly putstogethera descrip-
tion of hisrequireddata,usinga graphicaleditor This description
is transformedautomaticallyin a sequenceof computationsand
lookupsin orderto obtainthe desireddata. Existing softwarein-

frastructuremustbe seamlesslyntegratedinto the setof toolsused
by theresearcheto derive results. The resultsof suchaninterac-
tion canbe viewed using browserswhile preparingand invoking

further analysison the data. The resultsare discussedandinter-

pretedwith the help of colleaguesduring interactve sessionsand
thenare postedto an electronicnotebookandare preparedor the
useof otherinterestedarties.

Farmer: A farmerusesthe portal when planningwhich crop he
shouldgrow on his fields. His questiondocuson whether when,
andhow to usehislandin orderto achiere amaximumbenefitover
years. Naturally, he needsto obtaina seasonaforecastallowing
him to determinethe besttime for plantingthe crop. Electronic
microsensorslistributedin his groundhelpto steerthe useof fer-
tilizers duringthe growth period. Sensodatais fed into adatabase
accessibléoy scientistsallowing for feedbacko checkfor model
accurag. Accessointsto theportalincludecomputeterminalsin
electronicallyenhancedarm buildings and also specializednput
andoutputdevicesthat allow for the installationin, for example,
a lightweight wirelessdevice to accessa useful subsetof the in-
formationin the field. The farmers portal alsoprovidesaccesgo
otherservicesandinformationsourcesfor example financialmar
ket monitoringserviceshatobsenre the fluctuationof the valueof
the cropsand give advicethat may resultin greaterprofits (Fig-
ure2).

3.2 SciencePortal Requirements

Thecreationof scienceportalssuchasthosejustdescribedequires
theintegrationof mary technologiegrom differentfields. We will
typically provide accesgo a wide variety of data;hence we must
be able to accessand communicatewith a wide range of infor-
mationsources The comple calculationsperformedon this data
requiresthe ability to accesscomputeresourceswith significant
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User customized
Portal

computationatesourcesWe mayalsorequireacces$o proprietary
softwareloadedon remotemachines.Thus,the ability to incorpo-
rate remotecomputationalresoucesis required. Interactve use
canrequirethatcomputationabnddataresourcede accessedia
high-performancaetworks; we would alsolike to be ableto en-

force performanceguaranteedor datatransfersandcomputations.

The succes®f a scienceportal is also measuredy its usability
and acceptancen the community Hence,we require erviron-
mentsthat allow rapid prototypingof both completeapplications
andnew componentshatcanbe sharedwith otherusers.The abil-
ity to rapidly createportableuserinterfacesds particularlycritical.
Theserequirement®verlapstronglywith two typesof technology:

> Commodityechnolagiesthatemphasizeaseof useandcode
reusein local (especiallydesktop)ervironments:GUI com-
ponentscomponentibraries, scriptinglanguagesindustry-
accepted distributed computing frameworks, industrial-
strengthdatabaseeners,object-orientegorogrammingdan-
guagesaindframavorks,andthelike.

> Grid tednolagies that emphasizeeffective operation in

large-scalemulti-institutional,wide areaenvironments:ac-
cessto remote computation, information services, high-
speeddatatransfers specialprotocols(e.g., multicast),and
gatevaysto local authenticatiorschemes.

Theseconsiderationteadto the questionthathasmotivatedthere-
searchreportedin this paper:How cancommodityand Grid tech-
nologiesinterfaceandintegrateso asto adherenteroperability—

and,ideally, to enhancehe capabilitiesof both? For example,we
might decideto useCORBA for applicationdevelopmentbut also
wantto useGrid servicesfor schedulingand managingcomputa-
tionson a supercomputerOr, if we areusingJava, thenJini might
appearto be a good mechanisnfor resourcediscovery: but then
we facethe problemof accessinglatastoredin the extensie (cur

rently LDAP-basedGrid informationservice.Theinteractionsan
be complex andrequiresignificanteffort by thoughtto getright.

Yetthetechnologybasethatexistsin eachcaseis sufficiently large
androbustthatexploiting theseexisting mechanism#eadsto a sig-

nificantenhancemendf bothGrid andcommodity-basetechnolo-
gies.

4. COMMODITY GRID TOOLKITS

Thecombinationof commodityandGrid technologie€an,in prin-

ciple, enableexciting new applicationghattie advancednetwork-

accessibleesourcesnto the commoditydesktop.Our goalin the
CommodityGrid projectis to enabletheseopportunitiesto be re-

alized in practice. Our researchapproachinvolves an iterative

processof definition, development,and applicationof Commod-
ity Grid Toolkits (CoGKits): setsof generalcomponentshatmap
Grid functionalityinto specificcommodityervironmentsor frame-
works. The word mapis important: the integration of Grid and
commoditytechnologiess not simply aninterfacedefinition prob-
lem but ratheris concernedvith how Grid conceptsand services
arebestexpressedn termsof the conceptsandservicesof a par

ticular commodityframevork. To take a simple example,in the
Glohus Grid toolkit on which we are building our prototypesre-

mote computationmanagemenis handledvia a proceduralAPI

andcallbacks;in the Jara CoG Kit, the samefunctionality is pro-

videdvia a JobobjectandJava events.

Therequirementsf thescienceportalsandotherapplicationshave
motivatedusto explore mappingso severallanguagesParticular
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ernvironments build a powerful developmenttool for building
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we areexploring Perl andPython in orderto supporteasyprototyp-
ing andWeb-basegrogrammingbasedon CGlI scripts;andJava,
in orderto supportgraphicaluserinterface development,easeof
programming,and the ability to run mary Grid servicesthrough
Java-enabledVebbrowsers.

We also needto addressthe issue of accessingGrid services
through high-level distributed computingframeworks definedby

industry soasto allow integrationof commonoff-the-shelftools

anddevelopmentervironments.Hence we considerthe Common
ObjectRequesBroker Architecture,andthe Distributed Compo-
nentObjectModel (DCOM, CORBA).

5. JAVA COGKIT

In therestof this paperwe focusour attentionon our Java CoGKit
prototypeandexplain how it enablesisto acces$rid servicegpro-
vided by the Globustoolkit. Becausef thelarge numberof pack-
agesandclassesequiredto exposethe necessaryunctionality of
theGlobustoolkit, we focusin this papemnasubsedf all available
classeshatwe deemmostusefulfor thedevelopmenof Java-based
Grid applications The designof the Jasa CoGKit intendsto facili-
tatethedevelopmenbf futurecomponentasacommunityproject.
To supportaniterative procesf definition, developmentandap-
plication of a Java CoG Kit in collaborationwith otherteams,we
classify componentasdepictedin Figure4. This cateyorization
provides the necessangubdvision in orderto coordinatesucha
challengingoppencommunitysoftwareengineeringask.

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] accesgo information about
the structure and state of Grid resourcesand services;
resouce manaementserviceswhich supportthe allocation

Application Level Utilities and GUI components

Low-Level GUI Interfaces

HBM displays MDS browsers

Low-Level Utilities

Job & JobSets MDS CoordinateServer

Low-Level Grid Interfaces to Grid Middleware & Fabric

Rsl Gram Duroc Gass HBM Gloperf
Grid Middleware & Fabric
Rsl Gram Duroc Gass HBM Gloperf

Figure 4: Applications and more complex componentscan be
built with the help of the CoG Kit. Componentsare classified
here basedon their role.

and managementf computationabnd otherresourcegvia
the Globus GRAM andDUROC services);anddata access
servicesfor example,via the Globus GASSservice[2].

Low-Level Utility Components are utility functionsdesignedo
bereusedy mary users.Examplesarecomponentshatuse
information servicefunctionsto find all computeresources
thata usercansubmitto; thatprepareandvalidateajob spec-
ification while usingthe extendedmarkuplanguage(XML)
[13] or the Globus job submissionanguaggRSL); thatlo-
catethe geographicatoordinatef a computeresourcepr
thattestwhethera machineis alive.

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

Application-specificGUI Components simplify the bridge be-
tweenapplicationsandthe basicCoG Kit components Ex-
amplesare a stockmarlet monitor, a graphicalclimate data
display componentor a specializedsearchenginefor cli-
matedata.

For eachof the abore mentionedclasseswe will provide in this
paperexemplaryJaza CoGKit componentandcodefragments.

6. JAVA COGKIT IMPLEMENT ATION

Figure5 shavs how our Java CoGKit is usedin practice.This Java
programskeletonforms part of a Climate Portal; it demonstrates
how simpleit is to build portal-specificservicesvhenaccessing
variety of basicGrid servicesthroughthe Jasza CoG Kit. In this
example,anappropriatenachines selectedor execution,datafor
an instantiationof the climate modelis locatedand dovnloaded
to themachine andtheclimatemodelis executedonthatmachine.
Theprogramgenerateanoutputfile in GrADS[12] format,awell-
known format for storing three-dimensionatlimate relateddata.
Throughoutheremaindeof paperwe will expandthis exampleas
we introducevariousJava CoGKit components.

6.1 Low-Level Grid Mappings



/I StepO. Initialization
MDS mds=n& MDS(“www.glohus.og”,
389,"“0=Grid");

/I Stepl. Searchfor anavailablemachine

result= mds.search
(“(objectclass=GridCompeResour@)
(freenodes=64))",“contadt

/IStepl.a)Selectamachine
machineContactgsele¢ the machinewith
minimal executiontime from
thecontactghatare
returnedn result>

/I Step2. Preparehe datafor the experiment

/I Step2.a)Searchfor climatedataandreturn
/I attributes:sener,port,directonyile
dn=mds.search
(“(objectclass=Clim&Daa)(yea=1999)
(region=midwest",“dn”,MDS.SubtreeScope);
result= mds.lookup(dn,“sener port directoryfile”);

/I Step2.b) downloadthe datato the machine
url = result.get(“serer”)+":"

+ result.get(“port™)+*:"

+ result.get(“directory’}“ /"

+ result.get(“file”);

data= senerfetch (url, machineContact);

/I Step3. Preparea descriptionfor runningthe model
RSLrsl = new RSL(“(executable=cthatéviodd)
(processors=64)
(amguments=-grads)(@uments=-outnap.grads)
(aguments=-ir' + data.filename-")");
/I Step4. Submitthe program
GramJobob = new GramJob();
job.addJobListener(me GramJobListener(j
public void stateChanged(GramJgib) {
/l reactto job statechanges

}

s

try{
job.request(machineComtarsl);

} catch(GramExceptiore) {
problemsubmittingthe job

Figure5: This samplescript demonstrateshow we accesdasic
Grid sewiceswith the help of the Java CoG Kit. Here data for

a climate modelis located,an appropriate machineis selected,
and the climate modelis executedon that machine.

In the this sectionwe enumerata subsebf packageshatprovide

the interfaceto the low-level Grid servicesand applicationinter-

faces. Thesepackagesare usedby mary usersto develop Java-

basedprogramsin the Grid. We will describeonly the general
functionality of thesepackagesasit is beyond the scopeof this

paperto explain every classandmethod.For acompletdist of the
classeandmethodswe referto the distribution [27].

RSL. The packageorg.glotus.isl provides methodsfor creating,
manipulating,and checkingthe validity of the RSL expressions
usedin Globus [11] to expressresourcerequirements.As shavn
in Step3 of Figure5, theargumentgo anew call to includeparam-
etersthatspecifybothcharacteristicef the requiredresourcesand
propertiesof thecomputation.

GRAM. The packageorg.glohus.gam providesa mappingto the
Globus GRAM serviceg[10], which allow usersto scheduleand
manageemotecomputationsThe classeandmethoddistributed
allow usergo submitjobs,bindto alreadysubmittedobs,andcan-
cel jobson remotecomputersOthermethodsallow usersto deter
minewhetherthey cansubmitjobsto a specificresourcgthrougha
Globus gateleeper)andto monitorthe job status(pending active
failed, done andsuspended

As shawn in Step4 of Figure5 the classGramis usedto createa
job with an RSL string describingthe job anda machinecontact
that determinesn which machinethe job is requestedor execu-
tion. Our Java mappingdiffers from that provided in Glohus for
C throughtheintroductionof a formal job object,but alsobecause
of the availability of a sophisticatedvent modelin Jaza. Ourim-
plementationutilizesthis eventmodelandtransfershe C callbacks
into equivalentJava events.In Java onecannow usethreadsn or-
derto “listen” to a particulareventthatcantriggerfurtheractions.
A Java interface G amJobLi st ener that containsthe method
st at eChanged( Gramlob j ob) canbe usedto define cus-
tomizedjob listenersthat canbe addedwith the GramJobmethod
addLi st ener (GramJoblLi stener |istener).

DUROC. The packageorg.globus.duoc enablesa userto coalo-
catemultiple resources.The mappingof the applicationGlobus
durocinterfaceto a Jasa basedaventmodelis similar to thatof the
grampackageln contrasto Gramit allowstheprogrammeto cre-
ateandmonitor multirequesfobs|[5]: thatis jobsthatrequirethe
allocationof multiple resourcesindthe creationof managementf
multi-componentasks.

MDS. The packageorg.globus.mdssimplifies the accesso the
MetacomputingDirectory Service(MDS) [25], whichis animpor-
tant part of the Globus informationservice. Its functionsinclude
(a) establishinga connectiorto anMDS sener, (b) queryingMDS
contents(c) printing, and(d) disconnectindrom the MDS sener.
The packageprovides an intermediateapplicationlayer that can
be easilyadaptedo differentLDAP [15] client libraries,including
JNDI [17], NetscapeSDK [18], andMicrosoft SDK [21].

As shavn in Stepl of Figure5, the parametergo initialize the
MDS classarethe DNS nameof the MDS sener, the port number
for the connectionandthe distinguishechame(DN) thatspecifies
the root for a searchin the directorytree. A searchis performed
in Step?2 a; the first parameterspecifiesthe top level of the tree
in which the searchis performed,the secondparametesspecifies
the LDAP query andthe third parametespecifiesthe scopethat
is, for howv mary levelsin the treethe searchshouldcontinue(in



/I StepO: Initialize HeartbeaMonitor Object
HBM hbm=ne~v HBM (“hbm.glohus.og”, 2222);
hbm.update();

/I Stepl: Retrieve nameof machineto bewatched
machinename machineContact.hostname();

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

/I Step3: Evaluatetheclientdata
if (cd.getStatus(= HBM.ACTIVE)
<dealwith theproblenm>

/I Step2 canbereplacedwith:

/I Alternative B: Monitor the process

ClientDatacd = hbm.search(
machineContact.hostname(),
"(name=climateModel};;

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

our caseonly thenext level). Searchresultscanalsobe storedin a
NamingEnumeratioprovided by JNDI.

GASS. The Global Accessto Secondarstorage(GASS)service
[2] simplifiesthe porting andrunning of applicationsthat usefile
1/0, eliminatingthe needto manuallylog ontositesandftp files or
to install a distributedfile system. The packageorg.globus.glass
providesanessentiabubsebf GASSserviceso supportthe copy-
ing of files betweencomputerson which the Grid Servicesarein-
stalled. The methodget(Stringfrom, Stringto) copiesa remotefile
to alocal file, andthe methodput(Stringfrom, String to) copiesa
localfile to aremotelocation. Thefetch methodusedin our exam-
ple (Figure 5) provides a corvenientwrapperand usesinternally
the previously mentionedget method.

HBM. The Globus HeartbeatMonitor (HBM) [22] provides a

simple, highly reliable mechanisnfor obtaining the health and
statusinformation of Grid resources. This includes monitoring
the state of machinesand processesn the Grid. The package
org.globus.hbmprovides classesand methodsto conveniently ac-

cessthis service,asillustratedin Figure 6. In alternatve A the

statusof a machineis checled, andif the stateis not active an

appropriateactionis performed. If the statusof a processhatis

registeredwith the HBM is monitored,alternatie B givesan ex-

ample.

6.2 Low-Level Utilities

Thelow-level utility classesurrentlydefinedin the CoGKit pro-

vide an abstractdatatyperepresentingagyclic graphsand basic
XML parsingroutines.Thegraphclassis used for example,to ac-

cessdependenciebetweenjobs, a major requirementor science
portal applications. The XML classesare usedto provide trans-
formationsbetweendifferent dataformats. Using XML hasthe

adwantagethat a DocumentType Definition (DTD) thatis defined
for thesedataformatscanbe usedto verify whetherarecordto be

transmittedis well formed beforeit is sentto a sener. Thusthe

load on senerscanbe dramaticallyreduced.The availability of a

dependencbetweenjobs is a significantextensionto the existing

/I StepO: Initialize thetable
MDSsearch&bletable=
nev MDSsearch#@ble(mds);

/I Stepl: performasearchin theMDS

1 to requestatato be displayed

table.search("(objediss=GridComputeResoures)”,
"hn gram\ersioncontact”);

/I Step2: displayandupdatethetable
table.shw();

/I Step3: returntheselection
StringmachineContact=
table.getSelectiofgontact”);

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

Glohus low-level applicationinterface. In addition, we have de-
finedagenerakoncepbf amadineandjob broker interface This
enables programmeto definea customizedelectiorof machines
andjobs dependenbn his demand.We have utilized this technol-
ogyaspartof ahigh-throughpubrokerthatis implementedn Java,
but canalsoexposedhroughCORBA objects.The Geccoapplica-
tion introducedin Section6.4 utilizesthe Java-basednachineand
job brokers.

6.3 Low-Level GUI Components

TheJara CoGKit low-level GUI componentprovide basicgraph-
ical componentghat can be usedto build more advancedGUI-
basedapplications Thesecomponentsncludetext panelsthatfor-
matRSL strings,tablesthatdisplayresultsof MDS searchgueries
(Figures7 and8), treesthatdisplaythe directoryinformationtree
of theMDS, andtablesto displayHBM andnetwork performance
data. Eachcomponentanbe customizedandis availableas Jav-
aBean. In future releaseof the Java CoG Kit it will be possible
to integratethe beanin a Java-basedsUI compositiontool suchas
JBuilderor VisualCafe.

6.4 High-Level Graphical Application

High-level graphicalapplicationscombinea variety of CoG Kit

componentdo deliver a single applicationor applet. Naturally,

theseapplicationcanbecombinedn orderto provide evengreater
functionality The usershouldselectthe tools thatseemappropri-
atefor thetask. To demonstrat¢he rangeof applicationswe have

includeda setof screendumpsthat highlight the look andfeel of

someapplicationglevelopedto date.

GECCO. TheGraphEnabledConsoleCOmponen{GECCO)is a
graphicaltool for specifyingand monitoringthe executionof sets
of taskswith dependenciebetweenthem[26][24]. Specificallyit

allows oneto

1. specifythe jobs andtheir dependenciegraphicallyor with
the help of an XML-basedconfiguratiorfile;

2. dehug the specificationin orderto find erroneouspecifica-
tion stringsbeforethejob is submitted;and

3. executeandmonitorthejob graphicallyandwith the help of
alogfile.
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Figure 7: The MDS search table can be usedto display selectedMDS information in a tabular form. The search string can be

specified,and attrib utescan be selectedeasilyto customizethe table.

As shavn in Figure9 eachob is representedsanodein thegraph.
A jobis executedassoonasits predecessom@rereportedashaving
successfullicompleted The stateof ajob is animatedwith colors.
It is possibleto modify the specificationof the job while clicking
on the node: A specificationwindow popsup allowing the user
to edit the RSL, thelabel, and otherparametersEditing canalso
be performedduring runtime (job execution),henceproviding for
simplecomputationasteering.

GRC. A secondxampleof a high-level applicationcomponentis

an interactve GraphicalResourceCo-allocator(GRC) illustrated
in Figure10 [5]. This Java applicationallows the userto build a

network representingheresourcesequiredfor anapplicationand

to describehow the resourceshouldbe used. A combinationof

automaticand manualtechniquess then usedto guide resource
selection,eventually generatingan RSL specificationfor the re-

sourcedn question.MDS servicesare usedto automaticallyfind

candidatesetsof resourceghat meetthe users constraints. The

userthenmanually selectsone of the resourcesetsor requestsa

further searchfor candidatesOncethe userfinds a suitablesetof

resourcesthe GRAM or DUROC client librariesareusedto exe-

cute, monitor, and possiblyterminatethe application(s)(compare
Figurel0).

7. FUTURE APPLICATIONS

The availability of the Java CoG Kit hasseveral adwantagesfor
developingfuture Grid-basedapplications.The assumedlatform
independencef Javaandits increasegopularityprovide thebasis
of apromisingplatformin thenearfuture. FurthermoresinceJava
is well establishean the Windows operatingsystem,it seemsan
ohvious candidatefor delivering a Globus sener-side implemen-
tation, henceallowing jobs to be submittedto ary NT machine
aslong asit is integratedin the Grid. More straightforvard is
the developmentof a Globusthin-client, which constitutesonly of
the necessargecurityroutinesandthe communicatiorroutinesto
communicatevith a Globus sener. All previous release®f CoG
componentsiseda pull modelto inquire aboutthe stateof a sub-
mitted job. Sincewe have changedhe modelto uselistenersit is

now easierto write threadedsrid-basedlasaapplicationsbasedn
apushmodel. Projectsthatwill benefitfrom this approachare,for
example,Gatavay [9] andWebflow [28].

ThelatestGlobus systemto reliesin mary caseonthe HTTP pro-
tocol, henceit is possibleto integratesucha thin-clientaspart of
a Web browserto allow submissiorthroughweb pages. Projects
like WebSubmi{19] andHotpag€g23] will profitfrom thischange.
Making somecomponentsvailableasJasa Beansandintegrating
theminto commonof-the-shelfJava GUI building tools will pro-
vide a Grid developmentervironmentthat allows Grid program-
ming with ease As aresultof the availability of the Java CoGKit,
recentefforts to standardizehe Globus delegationmodelin coop-
erationwith thedevelopmenbf the Java CoGKit will allow amuch
easielintegrationin commoditytechnologyin future.

8. SUMMARY

Commaodity distributed-computingechnologiesenablethe rapid
constructiorof sophisticatedlient-serer applications.Grid tech-
nologiesprovide advancednetwork servicesfor large-scalewide
area,multi-institutionalervironmentsandfor applicationshatre-
quirethe coordinateduseof multiple resourcesln the Commodity
Grid project, we seekto bridge thesetwo worlds so asto enable
adwancedapplicationghatcanbenefitfrom both Grid servicesand
sophisticatedommoditydevelopmenternvironments.

The Java CommodityGrid Toolkit (CoGKit) describedn this pa-
perrepresents first attemptat creatingof suchabridge. Building

on experiencegainedover the pastthreeyearswith the useof Java

in Grid ervironments,we have defineda rich set of classeghat
provide the Java programmeiwith accesdo basicGrid services,
enhancedservicessuitablefor the definition of desktopproblem
solving ervironments,anda rangeof GUI elements.Initial expe-
rienceswith thesecomponentiave beenpositive. It hasproved
possibleto recastmajor Grid servicesn Java termswithout com-
promisingon functionality Somesubstantialasa CoG Kit appli-

cationshave beendeveloped,andreactionsfrom usershave been
positive.
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Our futurework will involve theintegrationof moreadwancedser
vicesinto the Java CoG Kit andthe creationof other CoG Kits,
with CORBA, DCOM, andPythonbeingearly priorities. We also
hopeto gaina betterunderstandingf wherechangeso commod-
ity or Grid technologiesanfacilitateinteroperabilityandof where
commoditytechnologiesanbeexploitedin Grid ervironments.

9. AVAILABILITY
The Java Cog Kit is availablein alphareleaseform the CoG Kit
Webpagedq27]. Thereleaseof the componentss donegradually

to assurethe necessaryjuality control of the deliveredpackages,

classesand methods. At present,the main distribution contains
the low-level components.Besidesthe componentgdescribedn
this paper we have an implementationof network basedquality-
of-servicemethods. We expectthat this packagewill be released
assoonasthe Globustoolkit API for this areais frozen. For more
releasenotes we referto the Web pagehttp://www.glohus.og/cog.
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