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Abstract

The EuropeanDataGrid(EDG)[17] projectaims to provide a platform to satisfy the ever-growing
demandof highcomputationandstoragerequirementsacrossscientificdisciplines.Its resourcebroker is
thegatewayto amanagedsetof computeelementsfor handlingthejob submissionandaccounting.In this
paper, wepresentaninfrastructurelayeringontopof theresourcebrokersfor load-balancingjob submis-
sion requests.Theresourcebroker is abstractedasOGSIcompliantservicesto provide interoperability
to heterogeneoussubmissionclients.Wedemonstratetheuseof Javaspaceasaninformationdistribution
framework for differentstrategic elementsto co-operatively load-balancejob submissionrequests.

1 Introduction

The EuropeanData Grid (EDG)[17] is a plat-
form to supportintensive computationalanalysis
of extremelylarge-scaledistributeddatasetsacross
widely distributedscientificcommunities.

The ResourceBroker (RB) in the EDG Work
Package1[1] is the gateway for submitting job
to a managedset of computeelements. End-
userswishing to submitjobs to theEDG platform
have accessto a collection of command-lineand
graphicaltools. Application ProgrammingInter-
face(API) for C++, Pythonor Java areavailable
for customisableclients. By hiding the network
protocoldetailsunderthe well-definedsetof pro-
grammableinterfaces,it allowsprogressiverefine-
mentto theunderlyingprotocolswithout requiring
clientsto berewritten to dealwith changes.

TheResourceBrokeris basedonthetraditional
client/server model[16]. The RB daemonlistens
to a well-known port and usesthe Grid Security
Infrastructure(GSI) [7] to ensureclient authentic-
ity. Thedaemonpassesincomingjob requestto a
setof multi-threadedagentsto communicatewith
the EDG subsystemsto submitandmanagejobs.
Therefore,the stability and scalability of the re-
sourcebroker is essentialfor the adoptionof the
infrastructure.

We recognisetheneedto allow heterogeneous
clientsto interactwith the resourcebroker in any
imaginative way. Clientscanrangefrom end-user
submissioninterface,or autonomousagentsman-
aginglargebatchjobson behalfof users.In order
to freetheclientsfrom theprogramminglanguage

dependentAPI, we leveragethe OpenGrid Ser-
vices Infrastructure(OGSI)[18] to provide a web
serviceenvironmentto supportclient interaction.

Theobjectivesof theload-balancinginfrastruc-
ture presentedin this paperare to pool and en-
capsulatea setof resourcebrokersasco-operative
OGSIservices.

� Flexibily couplea dynamicsetof Resource
Brokersto form asubmissionpool

� Provide awell-definedOGSI-compliantser-
vice interfacefor submittingandmanaging
EDG jobs.

� Job managementservice is distributed
acrossco-operativeOGSIservicecontainers
to reduceload and prevent single-pointof
failure.

2 Background

2.1 The European Data Grid Re-
source Broker

The ResourceBroker is a middleware responsi-
ble for carrying out a set of tasksrelatedto user
job submission. Thesetasksinclude interacting
with ReplicaCatalog(RC) to resolve logical data
setnames,finding preliminarysetof sitesfor data
transfer, job submissionandmanagementby inter-
actingwith EDGsub-systemssuchastheJobSub-
missionService(JSS).

The resourcebroker is a daemonprocessthat
listensto aTCP/IPsocketfor clientrequests.Upon
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client interaction,athreadis spawnedto handlethe
client messagesusing a new available port. The
RB masterdaemonactsasthe preliminarybroker
for agentthreadto handleindividual client. The
agentprocessactsasthehubfor carryingout tasks
by communicatingwith the JSS,RC and the lo-
cal JobRegistry (JR)databasethroughtheDBMS
interfaceto ensurejob stateconsistency andpersis-
tenceof queuedjobs.

Thedesignsuffers from problemsof the tradi-
tional client-servermodel.

� Clientsaddressthe RB they arewishing to
use by the host and port. Reliability and
availability of theresourcebroker is directly
presentedto potentialusers.

� The ResourceBroker is a single-point of
failure and well-known RB might become
biasedwith high loads.

� Under high load, available ports become
scarceandthe masterdaemonbecomesthe
bottleneckof the resourcebroker. Scalabil-
ity is limitedby themachinearchitectureand
operatingsystem.

2.2 Open Grid Services Infrastruc-
ture

TheOpenGrid ServicesInfrastructure(OGSI)[18]
hasbroughtabouta convergenceof the grid and
web servicescommunities. It leveragescommer-
cially supportedweb servicesprotocolsto build a
Grid infrastructure.OGSIadoptsthegeneralweb
serviceapproachfor describingthe abstractinter-
faceandtheimplementationdetailsof all Grid ser-
vices by using WSDL. The network binding and
themessaginglayerareinterchangeable.Thisflex-
ibility allows existing protocolsand future stan-
dardsto be describedthrougha unified interface
language.

Thecorecontributionof theOGSIspecification
is thestandardisationof a setof coreservicetypes
that are essentialfor distributedcomputing. The
serviceport typesincludeFactoryfor creatingnew
service,Notification relatedport types for man-
agingsubscriptionandreceiving notification,etc..
OGSIintroducesthenotionof aGrid ServiceHan-
dle (GSH),whichactsasagloballyuniquepointer
for locatingservicethrougha handleresolver. A
GSHis resolvedby a HandleResolverserviceinto
a Grid ServiceReference(GSR).TheGSRactsas
thebinding-specificnetwork pointerto theservice.
In thecaseof aGSHresolvableto aGSRexpressed

asWSDL. The WSDL descriptionwould contain
thenetworking location,protocolandthemessag-
ing characteristicsof the service,which the client
canaccess.By differentiatingthe serviceidentity
from the network details, it decouplesthe client
from thelocality of theserviceaswell asproviding
anopportunityfor theserviceto handlemigration
or fault recovery.

3 Load-balancing Resource
Broker

The resourcebroker canbe consideredasa load-
balancerfor computeelements.It decidesonapre-
liminary set of computeelementswherethe jobs
can be launchedbasedon the userrequirements,
suchaspriority, architectureandthecurrentloads.
In order to avoid loadinga particularinstanceof
resourcebroker, our approachis to layer on top
a collectionof resourcebrokerswith a metaload-
balancer. Themetaload-balanceractsasthegate-
way for parallelisingrequeststo resourcebrokers
actingasbackends.

Severaloptionshavebeenconsidered;

� By emulating the resourcebroker master
daemon,onecandelegaterequeststo back-
endresourcebrokersusinga simpleround-
robin strategy. Theagentthreadis spawned
on the delegatedresourcebroker, and the
URL for theclientto contacttheagentthread
is returned to the user through the load-
balancingdaemon.Later conversationwith
the agentthreadis performeddirectly with
the RB host. This schemeallows a dedi-
catedmachineto beusedto delegaterequest
to backend resourcebrokers, reducingthe
loadof themasterdaemonloadoneachRB.
However, it still presentsa single point of
failure. Sincethe network protocol is well
encapsulatedby the API, emulatingthe re-
sourcebroker daemondemandsreverseen-
gineeringtheprotocol,which is error-prone
andsufferedfrom laterchangein theproto-
col.

� Hardware load-balancershave beenwidely
usedin client-server environment[6] . In-
steadof exposingbackendresourcesthrough
delegation,hardwareload-balancerhidesthe
backendresourcesbehinda singlenetwork
identity. It provides an efficient meanfor
forwarding network packets to resources
basedontheiroperationalmetricsandloads.
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Theload-balancerwill keeptrackof session
information basedon somerules, such as
client IP address,protocol content,etc. to
ensurelater conversationalpackets will be
routedto the samebackendresourceto en-
sureconsistency. However, this approachis
mainly usedin a clusterenvironmentwith
high-speednetwork within oneorganisation.
Multiple resourcebrokers in a geograph-
ically dispersedvirtual organisationmight
not be suitablefor this use. Also the lack
of protocol transparency presentsdifficulty
in establishingsessionrules basedon the
packetcontent.

4 Load-balancing Architecture

The Load-balancingArchitecturedepictedin fig-
ure 1 is constructedfrom a clear separation
between information distribution and decision-
making. We believe load-balancingstrategiesare
pluggableentities that are interchangeablebased
on theusagepatternaswell asorganisationalpoli-
cies.

Theinformationdistribution channelis termed
InformationTuplespace, which servesasthe core
of theinfrastructure.Client interactiontakesplace
in the OGSI and web-serviceslayer. The OGSI
servicesprovides an entry point to the system.
They introducejobsubmissionrequestinformation
into theTuplespacein thePull strategy, or option-
ally Pusha requestto the ResourceBroker Agent.
Eachagentrepresentsa ResourceBroker instance.
It strategically pulls requestfrom the Tuplespace
andinstructtheResourceBroker to submitthejob
throughthe RB Client API. The agentis also re-
sponsibleto introduceresponsetuple into the Tu-
plespaceto acknowledgea submittedjob. This
providesa naturalload-balancingschemefor any
participatingOGSI containersto provide the job
managementfunction.

4.1 Characteristics

Theload-balancingarchitecturepresentedhereex-
hibits thefollowing characteristics

� Interoperability - In orderto increaseadop-
tion of the EDG platform, functionalities
providedby theresourcebroker is encapsu-
latedasOGSI-compliantservices.Jobsub-
missionandmanagementcapabilitiesareab-
stractedastwo port types;

1. JobSubmissionFactory is an extension
of the OGSI Factory port type that is
responsiblefor instantiatingnew in-
stanceof JobManagerservice for a
given job submissionrequest. The
JobSubmissionFactorywill usetheRe-
sourceBroker client API to contacta
ResourceBroker selectedby the load-
balancinginfrastructure. JobSubmis-
sionFactory service instancesare ex-
pected to be advertised and discov-
eredby clientsthroughthe multitudes
of webservicediscovery mechanisms,
suchasUDDI directory[14], GT3 In-
dex Service[4], etc..

2. JobManager is a service accessible
only by the user who instantiatethis
service through the JobSubmission-
Factory. Each instanceof JobMan-
ager representsa single job submis-
sion. It encapsulatesthe manage-
mentAPI for queryingstatusandcan-
celling the job. The stateof the Job-
Managerservice is held by the Re-
sourceBroker who is managingthe
job, thereforetheJobManagerinstance
is free to migrate from containerto
containeras long as the resolver ser-
vicewouldresolvetheGSHof theJob-
Managerinstanceto a servicerunning
amonga set of co-operative contain-
ers. The JobManagerinstanceis a
transientservice. It’s lifetime is de-
termined by the statusof the job it
is representingas well as the client’s
desire to terminate the job. When
thejob hasreachedtheJOB-OUTPUT-
TRANSFEREDstate,the JobManager
instancewill terminate after a con-
figurable period to reclaim used re-
sources.TheJobManagerport typeex-
tendstheOGSINotificationSourceport
type. ClientscanregisterNotification-
Sink instancesto the JobManagerto
receive importantnotification,suchas
thechangeof job stateservicedata.

Our implementationis basedon the
Globus Toolkit 3.0 (GT3)[3] coredis-
tribution. This is a Java basedref-
erenceimplementationfor the OGSI
specification. We have enhancedthe
GT3 servicecontainerby allowing in-
stance created by the Factory port
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Figure 1: TheLoad-balancingInfrastructure

types to be instantiated on a for-
eign containersthrough our informa-
tion distribution framework.

� Transparency- The OGSI serviceencapsu-
lation hides the ResourceBroker. Clients
are not aware of the ResourceBroker the
job is submittedthrough. The port type
definitionsare arguably genericto any job
submissionsystem. At the time of writ-
ing, the job descriptionlanguagesupported
is the EuropeanDataGrid JDL[13]. How-
ever, throughtheuseof extensiblityelement
and servicedatadescription,a JobSubmis-
sionFactory instancecan publish the sup-
portedsetof job descriptionlanguages,such
as RSL[2], Condor ClassAds[15]or SGE
executionscripts[12]. By publishingthese
meta-dataaboutthe capabilitiesof JobSub-
missionFactory, clientscansearchandadapt
theseservicesin a wider communitiesthat
satisfytheir needs.

� Decentralised - JobSubmissionFactory in-
stances taking part in the same load-
balancingpoolareconsideredequal.Clients
cansubmit job throughany of the JobSub-

missionFactory serviceshostedacrossor-
ganisationsthat spangeographicalbound-
aries. ThecreateServicerequeston the fac-
tory will resultin aJobManagerinstancebe-
ing createdon any of the co-operatingser-
vice containersthat later serves the long-
runningmanagementfunction. The instan-
tiation is governby theload-balancingstrat-
egy employedby theinfrastructure.

� Separating Information and Decision- Ef-
ficient load-balancingdemandsintelligence
onthestateof theresources.Load-balancing
strategiesutilise theseinformation to make
informed decisionon resourceassignment.
This paper concentrateson describing a
framework for informationto bedistributed
andstrategy modulesto bepluggedin atdif-
ferentpart of the systemto supporta wide
varietyof load-balancingstrategies.We will
demonstratetheframework with a Pushand
Pull hybridapproach.

4.2 Information Tuplespace

The Information Tuplespace resembles the
Linda[8] system that consistsof a small num-
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ber of operations(e.g. take, read, write, notify)
for manipulatingtuple persistentlystored in the
space.We havechosento usethereferenceimple-
mentationof Javaspace[10] provided by the Java
JINI[11] technology. The Javaspacetechnology
hasposedmany advantages;

� Javaspaceis an API for a Java LINDA sys-
tem. Multiple implementationsare avail-
able with different operationalcharacteris-
tics, such as persistencemethod, security
andperformance.By developingagainstthe
API, interchangingimplementationfor scal-
ability purposeswould only result in mini-
mal changein deployment.

� Javaspaceoperationsaretransactionaware.
By usingtheJavaTransactionAPI (JTA)[9],
thesystemcanensureACID propertyfor job
submission.

� TheJavaspaceimplementationpersiststuple
statesinto long-termstorage.Failure in the
Javaspacenodecanberecoveredby replay-
ing the persistencelog. Javaspaceclients
refer to the tuplespaceby name,therefore
transparentto network migration.

� Mostimportantly, tuplepublishedto aJavas-
pacenot only carriesinformationpresented
as statesof a Java object. The Java object
can also carry executablecontentinherited
from theJINI technology. Wehaveusedthis
characteristicto implementthe JobCourier
Tuplethatroutesjob requestto otherspaces.

4.2.1 Job Request Tuple

A JobRequestTupleReqconsistsof

Reqéëê GUID ì GSH ì UID ì JDL í (1)

� GUID - A globally uniqueidentifier gener-
atedperjob requestto identify a job submis-
sionthroughthesystem

� GSH - TheGrid ServiceHandleof theJob-
SubmissionFactorythathandlestheuserre-
quest

� UID - Thecredentialof theuserwhosubmits
thejob. This is aorg.ietf.jgss.GSSCredential
objectrepresentingtheGSIX.509certificate
of theuser.

� JDL - The job descriptiondocumentspeci-
fying theuserintent.

This tuple is generatedby theJobSubmission-
Factorywhena createServicerequestis received.
The factory introducethis tuple to the spaceand
wait for a JobResponseTuple Respthat satisfies
the templatetuple with the PUB field marked as
trueandmatchingGUID andUID.

Resp éîê GUID ì6ï/ì UID ì trueì>ï7í (2)

The JobSubmissionFactory will returns the
JobManagerlocatordenotedby theMGSHfield of
thetupleto theclient.

4.2.2 Job Response Tuple

A JobResponseTuple Respdenotesa successful
submissionthroughaResourceBrokerAgent.The
Agentwho hastakena JobRequestTuple{GUID,
GSH,UID, JDL} from the Tuplespacewill insert
a tuple {GUID, null, UID, false,JOBID} to the
spaceto indicatethejob is begin processedby the
EDGsub-system.

Resp éîê GUID ì MGSH ì UID ì PUB ì JOBID í (3)

� GUID - A globally uniqueidentifiermatch-
ing theGUID field of apreviouslypublished
JobRequestTupleR

� MGSH - The Grid ServiceHandle of the
JobManagerthat handlesthe management
request. A null value indicatesit has not
beenmanagedby any JobManagerservice.

� UID - The credentialof the usermatching
theUID field of requesttupleR

� PUB - A booleanfield indicatingwhethera
JobManagerserviceis boundto this job.

� JOBID - The Job ID returnedby the EDG
ResourceBroker for establishingmanage-
mentconversation.

OncetheJobResponseTupleis introducedinto
the space.An availableOGSI containerwill take
the tuple off the spaceand instantiatea JobMan-
agerserviceinstancein the local container. The
JobManagerwill usethe JOBID field to converse
with the RB Client managementAPI. Upon cre-
ation of the service,the tuple is written back to
the tuplespacewith the MGSH field set to the
GSH of the JobManagerinstanceandPUB setto
true. The JobSubmissionFactorythat initiates the
requestwill now be unblocked with the locator
availableto bereturnedto theclient.
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4.2.3 Job Courier Tuple

TheJobRequestandResponseTuplesprovide the
ingredientsfor a Pull load-balancingstrategy. An
agent pulls an available requesttuple from the
spacewhenit is free to do so. However, this cre-
atesanenvironmentwheretupleswill beleft in the
spacefor their leaseto be expired andreclaimed
when all the participatingagentsare busy. Al-
thoughit providesnatural load-balancingamongst
all theEDGResourceBrokers,sincethetakeoper-
ationdoesnotguaranteeany ordering,aPushstrat-
egy is neededto createmultiple priority queue.

A JobCourierTupleis anexecutableentitythat
representsa slot anagentoffersfor immediateex-
ecution. A JobSubmissionFactorytakesa courier
tuplefrom thespacewhenajob needsto bepushed
to an agentas quickly as possible. By invoking
the submitmethodon the courier tuple, the tuple
will invoke the resourcebroker agentby its inter-
nal meansto executethejob. TheJobSubmission-
Factorycandecidefrom thereturnvaluewhetherit
will createstheJobManagerservicelocally or del-
egateit backto the tuplespaceasdiscussedin the
pull strategy. Oncea JobSubmissionFactory has
finishedusingthecourier, it canchooseto release
thecouriertuplebackinto thecouriertuplefor oth-
ersto useor retainit in a greedyfashion.

4.3 Strategic Elements

In thelastsection,we havedemonstratedthecom-
ponentsthat enable the Push, Pull and hybrid
strategies. The infrastructureprovides threedis-
tinct pointsfor insertingdifferentstrategies.

� JobSubmissionFactory - The JobSubmis-
sionFactory is responsiblefor either insert-
ing arequestinto thetuplespacefor anagent
to be retrieved, or it can look for courier
tuples for executinghigh-priority jobs. A
well-known JobSubmissionFactory can ag-
gressively retaina high numbersof courier
tuplesin advance.By reservingtheseavail-
ableslots,the factorysustaininga high rate
of submissioncanpushjobsto theagentsas
quickly aspossible.

� ResourceBroker Agent- TheResourceBro-
ker Agent implementationtakesrequesttu-
plesfrom the spaceandintroduceresponse
tuple when a job is passedto the EDG
sub-system.The rateof retrieval is a vari-
able in the agentstrategy. This is typically
controlledby the failure submissionrate to
the underlyingresourcebroker. Underhigh

load, we observe connectionrefusalby the
resourcebroker masterdaemon. By throt-
tling the retrieval rate,theagentattemptsto
minimize and adaptto the failure rate ac-
cordingly.

� JobManager - Theinstantiationof JobMan-
ageris controlledby a managerthreadrun-
ninginsideeachparticipatingOGSIcontain-
ers. The managerwill takesresponsetuple
from thespaceandcreateJobManagerin the
local container. The decisionfor creating
new instancesis govern by a configurable
maximumcount, as well as the sum of in-
vocationactivity to all thelocalJobManager
instances.

5 Discussion and Future Works

The load-balancingframework presentedcanthus
beconsideredasgenericjob submissionandman-
agementservices.The port typesaredesignedto
have no referenceto theEuropeanDataGrid plat-
form. OGSI ServiceData allows us to advertise
informationrelatedto the underlyingjob submis-
sion systemthe servicesupports.Jobdescription
is passedto theJobSubmissionFactorythroughthe
creationParametersextensibilityelement.Theser-
vice datadescriptionadvertisesthe supportof the
EDGJDL.

TheJobManagercontainsoperationsfor query-
ing job status. However, different underlying
submissionsystemshave varying model of job
states.In orderfor generictoolsto understandstate
changesto take appropriateactions.Onepossible
solutionis to useservicedatadescriptionto adver-
tise the possiblestatetransitionfor a givenmodel
as a directedgraph. Graphstatedescribedonto-
logically canbeinferredto establishunderstanding
betweendifferentmodels.

The load-balancinginfrastructurecanscaleto
use any numbers of JobSubmissionServicein-
stancesrunningon dedicatedmachines.Hardware
load-balancerscanbeusedto clustermultiplecon-
tainers. Dedicatedcontainerscan be configured
to serve ashostingenvironmentsfor JobManager
instances.They sustainhigheractivity thanJob-
SubmissionService.Although the multi-layered
approachwill increaselatency for a job request-
responsecomparedto the direct use of the Re-
sourceBrokerClient API, clientsareopenedup to
a dynamiccollectionof resourcebrokersthat can
handletheir requests.It potentiallyreducefailure
rateconsiderablybecauseof the transparentretry
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semantics. The potential bottleneckof the sys-
temis thescalabilityof theinformationtuplespace.
Multiple open-sourceas well as commercialim-
plementationsof Javaspaceareavailablewith dif-
ferentperformancecharacteristics.Furtherperfor-
mancetestingis essentialfor determiningdifferent
combinationof strategy aswell asimplementation
in differentloadpattern.

6 Conclusion

This paperpresentsa secureframework that ab-
stractsthe EuropeanData Grid ResourceBroker
asa setof OGSI job submissionandmanagement
services.Thegenericabstractionallowstheinfras-
tructureto beappliedto avarietyof job submission
system. Moreover, the OGSI basedserviceori-
entedarchitectureopensa wide integrationavenue
to heterogeneousclients.Performanceprofiling of
resourcebrokersunderhigh submissionratehave
shown adegradationof throughputandbuild-upof
long submissionqueues[5]. By hiding the mono-
lithic ResourceBroker as a componentof a dis-
tributedjob submissionsystem,loadcanbeshared
betweenresourcebroker instances.This paperhas
demonstratedthedesignandimplementationof the
informationtuplespaceandthe strategic elements
thatmakesuseof theseinformationto distributed
job requests.A LINDA inspiredtuplespacebased
on the JavaspaceAPI is an ideal candidatefor
publishingjob requeststo a bulletin-boardwhere
agentsrespondandexecutetherequestbasedonits
strategy. The threetuple typesarethe ingredients
for apush-pullhybridapproachfor load-balancing.
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