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Abstract

The EuropeanDataGrid (EDG)[17] projectaimsto provide a platform to satisfy the ever-growing
demandof high computatiorandstorageequirementsicrossscientificdisciplines.lts resourcéoroker is
thegataevayto amanagedetof computeslementgor handlingthejob submissiorandaccountingln this
paperwe presentaininfrastructurdayeringon top of theresourcebrokersfor load-balancingob submis-
sionrequests.The resourcebroker is abstractechs OGSI compliantservicesto provide interoperability
to heterogeneousubmissiorclients. We demonstrat¢he useof Javaspacesaninformationdistribution
framework for differentstratgic elementgo co-operatiely load-balancgob submissiomrequests.

1 Introduction

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

The ResourceBroker (RB) in the EDG Work
Packagel[l] is the gatevay for submitting job
to a managedset of compute elements. End-
userswishingto submitjobsto the EDG platform
have accesgo a collection of command-lineand
graphicaltools. Application Programminginter-
face(API) for C++, Pythonor Java are available
for customisableclients. By hiding the network
protocoldetailsunderthe well-definedsetof pro-
grammablénterfacesijt allows progressierefine-
mentto theunderlyingprotocolswithout requiring
clientsto berewrittento dealwith changes.

TheResourcdrokeris basednthetraditional
client/serner model[14. The RB daemonlistens
to a well-known port and usesthe Grid Security
Infrastructurg(GSlI) [7] to ensureclient authentic-
ity. The daemonpassesncomingjob requesto a
setof multi-threadedagentsto communicatewith
the EDG subsystemso submitand managegobs.
Therefore,the stability and scalability of the re-
sourcebroker is essentiafor the adoptionof the
infrastructure.

We recognisehe needto allow heterogeneous
clientsto interactwith the resourcebroker in ary
imaginative way. Clientscanrangefrom end-user
submissioninterface,or autonomousgentsman-
aginglarge batchjobson behalfof users.In order
to freethe clientsfrom the programminganguage

dependentAPl, we leveragethe OpenGrid Ser
vices Infrastructure(OGSI)[1g to provide a web
serviceervironmentto supportclientinteraction.

Theobjectivesof theload-balancingnfrastruc-
ture presentedn this paperare to pool and en-
capsulatea setof resourcebrokersasco-operatie
OGSiservices.

¢ Flexibily couplea dynamicsetof Resource
Brokersto form a submissiorpool

e Provide awell-definedOGSI-complianser
vice interfacefor submittingand managing
EDGjobs.

e Job managementservice is distributed
acrossco-operatie OGSl servicecontainers
to reduceload and prevent single-pointof
failure.

2 Background

21 The European Data Grid Re-
source Broker

The ResourceBroker is a middleware responsi-
ble for carrying out a setof tasksrelatedto user
job submission. Thesetasksinclude interacting
with ReplicaCatalog(RC) to resol\e logical data
setnamesfinding preliminarysetof sitesfor data
transferjob submissiorandmanagemerty inter-
actingwith EDG sub-systemsuchasthe JobSub-
missionService(JSS).

The resourcebroker is a daemonprocesshat
listensto aTCP/IPsocletfor clientrequestslpon



clientinteractionathreads spavnedto handlethe
client messagesising a new available port. The
RB masterdaemonactsasthe preliminarybroker
for agentthreadto handleindividual client. The
agentprocessactsasthe hubfor carryingouttasks
by communicatingwith the JSS,RC and the lo-
cal JobRgjistry (JR) databas¢hroughthe DBMS
interfaceto ensurgob stateconsisteng andpersis-
tenceof queuedobs.

The designsuffersfrom problemsof the tradi-
tional client-senermodel.

¢ Clientsaddresghe RB they arewishingto
use by the hostand port. Reliability and
availability of theresourcebrokeris directly
presentedo potentialusers.

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

e Under high load, available ports become
scarceandthe masterdaemonbecomesghe
bottleneckof the resourcebroker. Scalabil-
ity is limited by themachinearchitectureand
operatingsystem.

2.2 Open Grid Services Infrastruc-
ture

The OpenGrid ServicednfrastructurdOGSI)[19

hasbroughtabouta convergenceof the grid and
web servicescommunities. It leveragescommer
cially supportedveb servicesprotocolsto build a
Grid infrastructure.OGSl adoptsthe generalweb
serviceapproachor describingthe abstractnter-

faceandtheimplementatiordetailsof all Grid ser

vices by usingWSDL. The network binding and
themessagindpyerareinterchangeablelhisflex-

ibility allows existing protocolsand future stan-
dardsto be describedthrougha unified interface
language.

Thecorecontributionof theOGSlspecification
is the standardisationf a setof coreservicetypes
that are essentiaffor distributed computing. The
serviceporttypesincludeFactoryfor creatingnew
service, Notification related port types for man-
agingsubscriptiorandreceving natification, etc..
OGSilintroduceghenotionof a Grid ServiceHan-
dle (GSH),which actsasa globally uniquepointer
for locating servicethrougha handleresoher. A
GSHis resolhedby a HandleResolveserviceinto
a Grid ServiceReferencd GSR). The GSRactsas
thebinding-specifimetwork pointerto theservice.
In thecaseof aGSHresohableto aGSRexpressed

asWSDL. The WSDL descriptionwould contain
the networking location, protocolandthe messag-
ing characteristic®f the service,which the client
canaccess.By differentiatingthe serviceidentity
from the network detalils, it decouplesthe client
from thelocality of theserviceaswell asproviding
anopportunityfor the serviceto handlemigration
or faultrecovery.

3 Load-balancing Resource

Broker

The resourcebroker canbe consideredas a load-
balancefor computeslementsit decidenapre-
liminary setof computeelementsvherethe jobs
can be launchedbasedon the userrequirements,
suchaspriority, architectureandthe currentloads.
In orderto avoid loading a particularinstanceof
resourcebroker, our approachis to layer on top
a collectionof resourcebrokerswith a metaload-
balancer The metaload-balanceactsasthe gate-
way for parallelisingrequestdo resourcebrokers
actingasbaclends.
Severaloptionshave beenconsidered;

e By emulating the resourcebroker master
daemonpnecandelegaterequestdo back-
endresourcebrokersusinga simple round-
robin strateyy. The agentthreadis spavned
on the delegatedresourcebroker, and the
URL for theclientto contactheagenthread
is returnedto the user through the load-
balancingdaemon.Later corversationwith
the agentthreadis performeddirectly with
the RB host. This schemeallows a dedi-
catedmachineto beusedto delegaterequest
to backend resourcebrokers, reducingthe
load of themasterdaemoroad on eachRB.
However, it still presentsa single point of
failure. Sincethe network protocolis well
encapsulatedby the API, emulatingthe re-
sourcebroker daemondemandgseverseen-
gineeringthe protocol,which is errorprone
andsufferedfrom later changen the proto-
col.

e Hardware load-balancerdiave beenwidely
usedin client-sener ervironment[§ . In-
steadbf exposingbaclkendresourceshrough
delegation,hardwareload-balancehidesthe
baclendresourcedehinda single network
identity. It provides an efficient meanfor
forwarding network paclets to resources
basedntheiroperationametricsandloads.



Theload-balancewill keeptrackof session
information basedon somerules, such as
client IP addressprotocol content,etc. to
ensurelater corversationalpaclets will be
routedto the samebaclendresourceto en-
sureconsisteng. However, this approachis
mainly usedin a clusterenvironmentwith
high-speedetwork within oneorganisation.
Multiple resourcebrokers in a geograph-
ically dispersedvirtual organisationmight
not be suitablefor this use. Also the lack
of protocol transpareng presentdifficulty
in establishingsessionrules basedon the
pacletcontent.

4 L oad-balancing Architecture

The Load-balancingArchitecturedepictedin fig-
ure 1 is constructedfrom a clear separation
between information distribution and decision-
making. We believe load-balancingstratgjiesare
pluggableentitiesthat are interchangeabldased
ontheusagepatternaswell asorganisationapoli-
cies.

Theinformationdistribution channeis termed
Information Tuplespacewhich senesasthe core
of theinfrastructure Clientinteractiontakesplace
in the OGSI and web-servicedayer The OGSI
servicesprovides an entry point to the system.
They introducegob submissionmequestnformation
into the Tuplespaceén the Pull strateyy, or option-
ally Pusharequesto the Resouce Broker Agent
Eachagentrepresents ResourceBrokerinstance.
It stratgically pulls requestfrom the Tuplespace
andinstructthe ResourceéBroker to submitthe job
throughthe RB Client API. The agentis alsore-
sponsibleto introduceresponsduple into the Tu-
plespaceto acknavledge a submittedjob. This
providesa naturalload-balancingschemefor arny
participatingOGSI containersto provide the job
managemerfunction.

4.1 Characteristics

Theload-balancingrchitecturgoresentedhereex-
hibits the following characteristics

¢ Interopembility - In orderto increaseadop-
tion of the EDG platform, functionalities
provided by the resourcebroker is encapsu-
latedas OGSI-compliantservices.Jobsub-
missionandmanagemertapabilitiesareab-
stractedastwo porttypes;

1. JobSubmissior#ctory is an extension

of the OGSI Factory port type thatis
responsiblefor instantiating new in-
stanceof JobManagerservice for a
given job submissionrequest. The
JobSubmissior&ctorywill usetheRe-
sourceBroker client API to contacta
ResourceBroker selectedvy the load-
balancinginfrastructure. JobSubmis-
sionFactory service instancesare ex-
pectedto be adwertised and discov-
eredby clientsthroughthe multitudes
of web servicediscorery mechanisms,
suchas UDDI directory[14, GT3 In-
dex Service[4, etc..

. JobManajer is a service accessible

only by the userwho instantiatethis
service through the JobSubmission-
Factory. Eachinstanceof JobMan-
ager representsa single job submis-
sion. It encapsulategshe manage-
mentAPI for queryingstatusandcan-
celling the job. The stateof the Job-
Managerserviceis held by the Re-
source Broker who is managingthe
job, thereforethe JobManageinstance
is free to migrate from containerto
containeras long as the resoher ser
vicewouldresohethe GSHof theJob-
Managerinstanceto a servicerunning
amonga set of co-operatve 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 terminatethe job. When
thejob hasreachedheJOB-OUTPUT
TRANSFEREDstate,the JobManager
instancewill terminate after a con-
figurable period to reclaim used re-
sourcesTheJobManageporttypeex-
tendghe OGSINotificationSouceport
type. ClientscanregisterNotification-
Sink instancesto the JobManageito
receie 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 enhancedhe
GT3 servicecontainerby allowing in-
stance created by the Factory port
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Figure 1: TheLoad-balancindnfrastructure

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

e Transpaency- The OGSl serviceencapsu-
lation hidesthe ResourceBroker. Clients
are not aware of the ResourceBroker the
job is submittedthrough. The port type
definitions are arguably genericto ary job
submissionsystem. At the time of writ-
ing, the job descriptionlanguagesupported
is the EuropeanData Grid JDL[13]. How-
ever, throughthe useof extensiblityelement
and servicedatadescription,a JobSubmis-
sionFactory instancecan publish the sup-
portedsetof job descriptionanguagessuch
as RSL[2], Condor ClassAds[15]or SGE
executionscripts[12. By publishingthese
meta-dataaboutthe capabilitiesof JobSub-
missionFkactory, clientscansearchandadapt
theseservicesin a wider communitiesthat
satisfytheir needs.

missionkactory serviceshosted acrossor-
ganisationsthat span geographicalbound-
aries. The createServiceequeston thefac-
tory will resultin aJobManagemnstancebe-
ing createdon ary of the co-operatingser
vice containersthat later senes the long-
running managementunction. The instan-
tiation is governby theload-balancingtrat-
egy employedby theinfrastructure.

Sepaating Information and Decision- Ef-
ficient load-balancinglemandsntelligence
onthestateof theresourcesl.oad-balancing
stratgjies utilise theseinformationto make
informed decisionon resourceassignment.
This paper concentrateson describing a
framework for informationto be distributed
andstrategly modulegso be pluggedin atdif-
ferentpart of the systemto supporta wide
variety of load-balancingtrateies. We will
demonstratéhe framewvork with a Pushand
Pull hybrid approach.

Decentalised - JobSubmission&ctory in- 42 | ;

; ) . nfor mation Tuplespace
stances taking part in the same load- P
balancingooolareconsidereagqual.Clients The Information Tuplespace resembles the

cansubmitjob throughary of the JobSub-

Linda[8] systemthat consistsof a small hum-



ber of operations(e.g. take, read write, notify)

for manipulatingtuple persistentlystoredin the
space We have choserto usethereferencample-

mentationof Javaspace[1P provided by the Java
JINI[11] technology The Javaspacetechnology
hasposedmary advantages;

e Javaspaces an API for aJava LINDA sys-
tem. Multiple implementationsare avail-
able with different operationalcharacteris-
tics, such as persistencemethod, security
andperformanceBy developingagainsthe
API, interchangingmplementatiorfor scal-
ability purposeswould only resultin mini-
mal changédn deployment.

¢ Javaspaceoperationsare transactionaware.
By usingthe Java TransactiorAPI (JTA)[9],
thesystencanensureACID propertyfor job
submission.

e TheJavraspacemplementatiorpersistsuple
statesinto long-termstorage.Failure in the
Javaspacenodecanberecoveredby replay-
ing the persistencdog. Javaspaceclients
refer to the tuplespaceby name,therefore
transparento network migration.

e Mostimportantly tuplepublishedo aJavas-
pacenot only carriesinformation presented
as statesof a Java object. The Java object
can also carry executablecontentinherited
from the JINI technology We have usedthis
characteristido implementthe Job Courier
Tuplethatroutesjob requesto otherspaces.

421 Job Request Tuple
A JobRequesfTuple Reqconsistof

Reg= {GUID,GSH,UID,JDL} (1)

e GUID - A globally uniqueidentifier gener
atedperjob requesto identify ajob submis-
sionthroughthe system

e GSH- The Grid ServiceHandleof the Job-
SubmissionBctorythathandleshe userre-
quest

e UID - Thecredentiabf theuserwhosubmits
thejob. Thisis aorg.ietf.jgss.GSS@&dential
objectrepresentinghe GSI X.509certificate
of theuser

e JDL - The job descriptiondocumentspeci-
fying theuserintent.

This tupleis generatedy the JobSubmission-
Factorywhena createServiceequestis receved.
The factoryintroducethis tuple to the spaceand
wait for a Job Responsduple Respthat satisfies
the templatetuple with the PUB field marked as
trueandmatchingGUID andUID.

Rep = {GUID,*,UID,true,*} (2)

The JobSubmission&ctory will returns the
JobManagelocatordenotedy the MGSH field of
thetupleto theclient.

4.2.2 Job Response Tuple

A Job Respons&uple Respdenotesa successful
submissiorthrougha Resourcdroker Agent. The
Agentwho hastakena JobRequesfTuple{GUID,
GSH, UID, JDL} from the Tuplespacewill insert
a tuple {GUID, null, UID, false,JOBID} to the
spaceo indicatethejob is begin processedby the
EDG sub-system.

Rep = {GUID,MGSH,UID,PUB,JOBID} (3)

e GUID - A globally uniqueidentifier match-
ing the GUID field of apreviously published
JobRequesfTupleR

e MGSH - The Grid Service Handle of the
JobManagetrthat handlesthe management
request. A null value indicatesit hasnot
beenmanagedy any JobManageservice.

e UID - The credentialof the usermatching
the UID field of requestupleR

e PUB - A booleanfield indicatingwhethera
JobManageserviceis boundto this job.

e JOBID - The JobID returnedby the EDG
ResourceBroker for establishingmanage-
mentcorversation.

OncetheJobResponsé&upleis introducednto
the space.An available OGSI containerwill take
the tuple off the spaceand instantiatea JobMan-
agerserviceinstancein the local container The
JobManagewill usethe JOBID field to corverse
with the RB Client managemenAPI. Upon cre-
ation of the service,the tuple is written backto
the tuplespacewith the MGSH field set to the
GSH of the JobManageinstanceand PUB setto
true. The JobSubmissioréctorythatinitiatesthe
requestwill now be unblocled with the locator
availableto bereturnedo theclient.



4.2.3 Job Courier Tuple

The JobRequesandRespons&uplesprovide the
ingredientsfor a Pull load-balancingtrateyy. An
agent pulls an available requesttuple from the
spacewhenit is freeto do so. However, this cre-
atesanernvironmentwheretupleswill beleft in the
spacefor their leaseto be expired andreclaimed
when all the participatingagentsare busy  Al-
thoughit providesnatural load-balancinggmongst
all theEDG ResourceéBrokers,sincethetake oper
ationdoesnotguaranteary ordering,aPushstrat-
egy is neededo createmultiple priority queue.

A JobCourierTupleis anexecutableentity that
represents slot anagentoffersfor immediateex-
ecution. A JobSubmission&ctorytakesa courier
tuplefrom thespacavhenajob needdo bepushed
to an agentas quickly as possible. By invoking
the submitmethodon the couriertuple, the tuple
will invoke the resourcebroker agentby its inter-
nal meango executethejob. The JobSubmission-
Factorycandecidefrom thereturnvaluewhetherit
will createghe JobManageservicelocally or del-
egateit backto thetuplespacesdiscussedn the
pull stratgy. Oncea JobSubmissioré&ctory has
finishedusingthe courier, it canchooseto release
thecouriertuplebackinto thecouriertuplefor oth-
ersto useor retainit in agreedyfashion.

4.3 Strategic Elements

In thelastsectionwe have demonstratethe com-
ponentsthat enablethe Push Pull and hybrid
strat@gies. The infrastructureprovides threedis-
tinct pointsfor insertingdifferentstrateyies.

e JobSubmission&ctory - The JobSubmis-
sionFactoryis responsiblefor eitherinsert-
ing arequesinto thetuplespacéor anagent
to be retrieved, or it can look for courier
tuples for executing high-priority jobs. A
well-known JobSubmissioré&ctory can ag-
gressiely retaina high numbersof courier
tuplesin advance.By reservingtheseavail-
ableslots, the factory sustaininga high rate
of submissiorcanpushjobsto theagentsas
quickly aspossible.

e ResouceBroker Agent- The ResourcdBro-
ker Agentimplementatiortakesrequesttu-
plesfrom the spaceandintroduceresponse
tuple when a job is passedto the EDG
sub-system.The rate of retrieval is a vari-
ablein the agentstratey. This is typically
controlledby the failure submissiorrate to
the underlyingresourcebroker. Underhigh

load, we obsene connectionrefusalby the
resourcebroker masterdaemon. By throt-
tling theretrieval rate,the agentattemptgo
minimize and adaptto the failure rate ac-
cordingly.

¢ JobManager - Theinstantiationof JobMan-
ageris controlledby a managethreadrun-
ninginsideeachparticipatingOGSlcontain-
ers. The managewill takesresponsduple
from thespaceandcreateJobManagein the
local container The decisionfor creating
new instancess govern by a configurable
maximumcount, as well asthe sum of in-
vocationactuity to all thelocal JobManager
instances.

5 Discussion and Future Works

Theload-balancingramework presentec¢anthus
be consideredasgenericjob submissiorandman-
agemenservices. The port typesare designedo
have no referenceo the EuropearDataGrid plat-
form. OGSI ServiceData allows us to adwertise
informationrelatedto the underlyingjob submis-
sion systemthe servicesupports. Job description
is passedo the JobSubmission&ctorythroughthe
creationRarametes extensibility element.Theser
vice datadescriptionadwertisesthe supportof the
EDGJDL.

TheJobManagecontainsoperationsor query-
ing job status. However, different underlying
submissionsystemshave varying model of job
statesIn orderfor genericdoolsto understandtate
changedo take appropriateactions. Onepossible
solutionis to useservicedatadescriptiorto adver
tise the possiblestatetransitionfor a given model
asa directedgraph. Graphstatedescribedonto-
logically canbeinferredto establishunderstanding
betweerdifferentmodels.

The load-balancingnfrastructurecan scaleto
use ary numbersof JobSubmissionServican-
stancesunningon dedicatednachinesHardware
load-balancersanbeusedto clustermultiple con-
tainers. Dedicatedcontainerscan be configured
to sene ashostingervironmentsfor JobManager
instances. They sustainhigher actiity than Job-
SubmissionService. Although the multi-layered
approachwill increaselateng for a job request-
responsecomparedto the direct use of the Re-
sourceBroker Client API, clientsareopenedipto
a dynamiccollection of resourcebrokersthat can
handletheir requests.It potentiallyreducefailure
rate considerablybecausef the transparentetry



semantics. The potential bottleneckof the sys-
temis thescalabilityof theinformationtuplespace.
Multiple open-sourceas well as commercialim-
plementation®f Javaspaceare availablewith dif-
ferentperformancecharacteristicsFurtherperfor
mancetestingis essentiafor determiningdifferent
combinationof strategy aswell asimplementation
in differentload pattern.

6 Conclusion

This paperpresentsa secureframenork that ab-
stractsthe EuropeanData Grid ResourceBroker
asa setof OGSljob submissiorand management
servicesThegenericabstractiorallowstheinfras-
tructureto beappliedto avarietyof job submission
system. Moreover, the OGSI basedserviceori-
entedarchitectureopensa wide integrationavenue
to heterogeneoudients. Performanceprofiling of
resourcebrokersunderhigh submissiorrate have
shavn adegradationof throughputandbuild-up of
long submissiomueues[h By hiding the mono-
lithic ResourceBroker as a componentof a dis-
tributedjob submissiorsystem]oadcanbeshared
betweerresourcebrokerinstancesThis paperhas
demonstratethedesignandimplementatiorof the
informationtuplespaceandthe strateyic elements
that makesuseof theseinformationto distributed
job requestsA LINDA inspiredtuplespacédased
on the JavaspaceAPI is an ideal candidatefor
publishingjob requestgo a bulletin-boardwhere
agentgespondandexecutetherequesbasednits
stratgyy. The threetuple typesarethe ingredients
for apush-pullhybridapproacHor load-balancing.
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