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Abstract

Grid resourcemanagementis probablytheresearch�eld mostlyaffectedbyuserdemands.Thoughwell-designed,
evaluatedandwidelyusedresourcebrokers,meta-schedulershavebeendeveloped,new capabilitiesarerequired,such
asagreementandinteroperabilitysupport.Existingsolutionscannotcrosstheborderof currentmiddlewaresystems
that are lacking the supportof theserequirements.In this paperwe examineand comparedifferent researchdi-
rectionsfollowedby researchersin the �eld of Grid ResourceManagementregardingthe level on top of brokering
approaches.Ourproposedmeta-brokeringapproachmeansahigherlevel resourcemanagementby enablingcommu-
nicationamongexistingGrid Brokersandutilizing them.Westatetherequirementsof thisnovel middlewareservice,
andde�ne ageneralmeta-brokeringarchitectureto beimplementedasaServiceOrientedKnowledgeUtility (SOKU)
in futuregenerationgrids.

1 Intr oduction

More thana decadehaspassedandGrid Computinghasbecomea detachedresearch�eld targetedby many world-
wide projects. Several yearsagousersandcompanieshaving computationanddataintensive applicationslooked
skepticalat the forerunnersof grid solutions,who promisedlessexecutiontimesandeasy-to-useapplicationdevel-
opmentenvironments.Researchgroupswereformingaroundspeci�c middlewarecomponents,anddifferentresearch
brancheshasgrown out from the trunk. Many usergroupsfrom variousresearch�elds put their trust in grids, and
todayusagestatisticsandresearchresultsshow that they wereundoubtedlyright. Nowadaysresearchdirectionsare
focusingon userneeds;moreef�cient utilization andinteroperabilityplay thekey roles. Grid resourcemanagement
is probablythe research�eld mostly affectedby userdemands.Thoughwell-designed,evaluatedandwidely used
resourcebrokers,meta-schedulershave beendeveloped,new capabilitiesarerequired,suchasagreementandinter-
operabilitysupport.Thesetwo directionsalsodependon othergrid middlewarecapabilitiesandservices,andsince
they hardlycancrosstheborderof thesemiddlewaresolutions,they needrevolutionarychangesaffectingthewhole
system.Trying to enlargethelimitation borders,in this paperwe introducea meta-brokeringapproachthatenablesa
step-by-stepevolution,anddoesnotneedradicalchangesto thewholesystem.

This researchwork is carriedout undertheFP6Network of ExcellenceCoreGRIDfundedby theEuropeanCommission(ContractIST-2002-
004265).
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Theneedfor interoperabilityamongdifferentgridsystemshasraisedseveralquestionsanddirections.Theadvance
of gridsseemsto follow theway envisagedandassignedby theNext GenerationGridsExpertGroup[1]. TheSOKU
architecture[1] enablesmore �e xibility , adaptabilityand advancedinterfaces,thereforeinteroperabilityis evident
andcongenitalin thesesystems.Moving towardsthis directiontwo works envisagedWWG (World Wide Grid) as
thenext generationof grids in a similar mannerasthe Internetwasborn. The�rst vision is theInterGrid [4], which
promotesinterlinkingof grid systemsthroughpeeringagreementsto enableinter-grid resourcesharing.Thisapproach
is a moreeconomicalview, wherebusinessapplicationsupportis a primal goal,andthis alsosupposedto establish
sustainability. Building this globalcyber-infrastructurewould requirecurrentgrid systemsto adoptmechanismsthat
enableadministrativeseparationby allowing network of networks. This would meansupporting:peeringpoliciesfor
sharing,provisioningandallocatingresources,new applicationmodelsthatcancopewith higherdynamicity, virtual
organizationsspanningmultiple grids, and �nally enablinginter-grid resourcebrokering. In this new architecture
so-calledIntraGrid Resource Managers (IRM) would play the role of ResourceBrokers. The InterGrid Gateway
(IGG) would be responsibleof makingagreementswith othergrids throughtheir IRMs. Its main taskis to manage
peeringagreementsanddiscover andallocateresources(from differentdomains).Thoughwe canidentify a higher
level resourcemanagementapproachin this vision, the proposedsolutionstill searchesandmapsresourcesto user
requestsandno meta-datais consumedregardingintra-gridbrokers.ThesecondapproachenvisagesWWG [5] to be
reality within 1-2 years.This work statesthat � ve majorstepsarerequiredto createthenext generationarchitecture:
existing productiongrids shouldbe connectedby uniform meta-brokers, work�ow-orientedportals shouldinterface
thesemeta-brokers,arepositoryof work�ow grid servicesshouldbecreated,anewsecurityconceptshouldbedesigned
for trustabledynamicVOs, and�nally a grid marketing modelshouldbe created.The later requirementshave also
appearedin the InterGrid approach– this seemsto requiremoretime to be realized. As a �nal solutionthis paper
supposesthat inter-connectedmeta-brokersshouldsolve the interoperabilityamongdifferentgrids throughuniform
interfaces.Both visionsproceedfrom thecurrentgrid architecturesandconcludein a moreor lessredesignedone.

In the following sectionsof this paperwe arefocusingonly on grid resourcemanagementandpresentthe state
of the art in meta-brokeringapproachesandresearchdirections. In Section2, we namethe differentacronymsand
expressionsusedby existingsolutionsandclarify theirmeaninganddifferences.In Section3, we describemeta-level
researchdirectionsandproposea generalmeta-brokering solution after analyzingits requirements.At the endof
Section3, we show how thepresentedarchitecturecanberealizedin two differentgrid userenvironments,�nally we
statehow afutureversioncanactasaheartof WWG, andconcludethepaperin Section4.

2 De�nitions of Grid ResourceManagementTools

Beforewe take a closerlook on currentresearchdirectionstowardsnext generationsolutionsin Grid ResourceMan-
agement,we needto clarify de�nitions of currentsolutions. Searchingandcomparingrelatedworks we meetwith
meta-schedulers,local andglobal schedulers,brokers,resourceallocationmanagersandso on. In this sectionwe
gatherandclassifytheexpressionsusedin theareaof Grid ResourceManagement.We referto thesede�nitions fur-
theron in this paperby namingspeci�c componentsof grid middleware.On Figure1, we canseethearchitectureof
a Grid System– focusingon resourceutilization.

In the following we de�ne the acronyms usedin this �gure, andnamethe generallyusedsynonyms or similar
expressions:

� R – resource:In generalit meansa physicalmachine,whereuserprogramsareexecuted.We distinguishbe-
tweentwo typesregardingutilization: ComputingElement(CE), wherethe userprogram(also task or job)
executiontakesplace,andStorageElement(SE),whereuserdatais stored.Web Services(WS) or otherGrid
Services(GS) arealsoregardedasresources,sincethey similarly produceoutput for a given userinput. Fi-
nally RemoteInstruments(RI or IE asInstrumentElement[6]) arevarioustoolsto access,process,produceor
consumedatausuallyfor physicists,chemists,biologistsor otherresearchers.

� LRMS – localresourcemanagementsystem,scheduler, localscheduler, localresourcemanager, sub-scheduler:
Thesetoolsareusuallyclustermanagersthatweretakenfrom high-performanceanddistributedcomputing,and
now generallyusedin Grid Systems.More informationon themostwidespreadones(LSF, PBS,SGE)canbe
foundin a survey in [7].

� RAM – resourceaccessmanager:This is usuallyacomponentof agrid middlewarethataccessestheresource

CoreGRIDTR-0116 2



Figure1: Resourcemanagingcomponentsin Grid Systems

andhandlesthearriving jobs. It providesaninterfacefor themiddlewareto theresource.An exampleis GRAM
in theGlobusToolkit [8].

� RMS – resourcemanagementsystem,meta-scheduler, global scheduler, resourcebroker, grid scheduler, or-
chestrator:It consistsof oneor morecomponentsof agrid middleware.It canalsobeanexternaltool thatuses
middlewarecomponents,services.Laterwewill investigatethesetoolsmoredetailed.

� MB – meta-broker, inter-grid broker, inter-grid gateway: It is a novel higherlevel brokeringservice.It sitson
topof theresourcebrokersandusesmeta-dataof themto decidewhereto senda userjob. Section3 dealswith
thiscomponentin details.

Thoughthe namedexpressionsof grid resourcemanagersdenotedby RMS are usually inter-changeable,they
slightly differ. Figure2 is usedto reveal thesedifferences. In generala meta-scheduleris focusingmore on job
scheduling(executinganalgorithm),a resourcebroker incorporatesmoreservicessuchasjob handlingandjob state
tracking,while a resourcemanagementsystemtakescareof the whole job managementprocesswith job account-
ing andother relatedservices. A meta-scheduleranda broker cancommunicatewith anduseotherservicesof a
middlewareto be ableto managethewhole job life-cycle. In this senseschedulingis an atomicprocess,brokering
incorporatesscheduling,andresourcemanagementincludesbrokering. A taxonomyandsurvey of resourcebrokers
canbefoundin [3], andanotheroneof grid resourcemanagementsystemsin [2].

Up to the level of resourcemanagementsystemscurrentgridsarewell studied,reliableenoughto usethis archi-
tectureandserve usercommunities.Theremainingpartbetweentheusersandthebrokers,themeta-brokeringlayer
is underdevelopment.Theneedfor it hasalreadybeenidenti�ed by differentresearchgroups.This missinglevel is
supposedto establishinteroperabilityamongdifferentgrid systems,andprovide a commongrid accessmethodfor
users.Thenext sectionshows thecurrentstateof theart.

CoreGRIDTR-0116 3



Figure2: CurrentGrid ResourceManagerAnatomy

3 Inter operability efforts with higher level ResourceManagement

3.1 Enabling inter-broker communication,data-�o w amongBrokers

The currentsolutionsof grid resourcemanagementwill not be ableto ful�ll thehigh demandsof futuregeneration
grid systems.Several researchgroupshave noticedthis problemandhave startedto look for solutionsto enhance
interoperability. Oneof thepromisingapproachesaimedatenablingcommunicationamongexistingresourcebrokers.
Thissubsectionintroducesthework donein this direction.

TheGSA-RGof OGF1 is currentlyworking on a projectenablinggrid schedulerinteraction.They try to de�ne
commonprotocolandinterfaceamongschedulersenablinginter-grid usage.To achieve this, they usestandardtools
(JSDL2, OGSA3, WS-Agreement4, andproposeanSDL (SchedulingDescriptionLanguage)to extendthecurrently
available job descriptionlanguage(in the next subsectionwe dealwith SDL more detailed). This work is still in
progress,up to now only a partial SDL schemahasbeencreated. Lately researchersof this group were paying
moreattentionto agreements,andin a recentCoreGRIDtechnicalreportthey describeusingWS-Agreementto make
negotiationsandperforminteraction[9].

Anotherinstanceof this approachis theLatin AmericanGrid initiative (LA Grid5), which is a multifacetedinter-
nationalacademicandindustrypartnershipbetweenmajorinstitutionsin theUnitedStates,Mexico, Argentina,Spain
andotherlocationsaroundtheworld. TheLA Grid mainresearchareasaretransparentGrid enablement,autonomic
resourcemanagement,meta-brokeringandjob �o w management.The meta-schedulingproject in LA Grid aimsto
supportgrid applicationswith resourceslocatedandmanagedin differentdomains.They de�ne meta-brokerinstances
with a setof functionalmodules:connectionmanagement,resourcemanagement,job managementandnoti�cation
management.ThesemodulesimplementtheAPIsandprotocolsusedin LA Grid throughwebservices.A meta-broker
instanceinteractswith existentbrokerswithin theresourcedomain.In LA Grid, resourcesof differentinstitutionsbe-
long to their respective resourcedomainsandeachresourcedomainhasa meta-broker instance.Insidea domain,a

1https://forge.gridforum.org/sf/projects/gsa-rg
2http://www.ggf.org/documents/GFD.56.pdf
3http://www.globus.org/ogsa/
4http://www.ogf.org/documents/GFD.107.pdf
5http://latinamericangrid.org/
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meta-broker instancecontrolsresourcesdirectly and/orindirectly throughotherbrokersin thedomain.In theformer
case,eachresourcereportsits informationdirectly to thebrokerinstanceusingresourcemanagementwebservices.In
the lattercase,anexistentbroker is responsiblefor reportingthe informationof theresourcesunderits control. The
systemworks in the following way: eachmeta-broker instancecollectsresourceinformationfrom its neighborsand
save theinformationin its resourcerepositoryor in-corememory. Theresourceinformationis distributedin theGrid
andeachinstancewill have a view of all resources.Theresourceinformationis in aggregatedformsto save storage
spaceandcommunicationbandwidth.Exampleof aggregatedresourceinformationona setof serversin a domainis:
ProcSpeed=f (1200-3000,< count=5> ,< total=19000> )g; OSType=f (Linux,< count=5> )g. A job requestneedto be
describedin JSDLandcanbesubmittedto any known brokerinstanceusingwebservices.Whenajob requestarrives,
thebroker matchesthe job to a domainwith theappropriatesetof resources.Thematchingalgorithmis in�uenced
by multiple factors.Oneof thefactorsis the locationof resourcessuchthat thepreferencewill begivento the local
domainin which the job is submitted. If the matchedresourcesareoutsideof the domain,the job is routedto the
meta-broker instancein anotherdomain.Fromthatpoint this meta-broker instanceis responsiblefor dispatchingthe
job again,if needed,andreportingthe job statesback to the instancewherethe job wasoriginally submitted.The
Koalagrid scheduler6 wasdesignedto work onDAS-2 interactingwith Globus[8] middlewareserviceswith themain
featuresof dataandprocessorco-allocation.Lately it is beingextendedto supportDAS-3 andGrid'5000 [10]. To
inter-connectdifferentgrids,they havealsodecidedto useinter-brokercommunication.Theirpolicy is to usearemote
grid only if thelocaloneis saturated.In anongoingexperimentthey useaso-calleddelegatedmatchmaking(DMM),
whereKoalainstancesdelegateresourceinformationin a peer-2-peermanner. TheLA Grid approachis similar, but
they shareaggregatedresourcedata,while DMM usesa rankingof domainsby their resources.For preliminarytest
they havebuilt asimulatorthatbehavessimilarly asthepreviouslymentionedgrids.Thesimulationsresultsshow that
theirarchitectureaccommodatesequallywell for low andhighsystemloads.Gridway7 hasalsobroadenedits support
for multiplegrids. In their latestpaperthey introduceaSchedulingArchitecturesTaxonomy[11], wherethey describe
a Multiple Grid Infrastructure.It consistsof differentcategories,we areinterestedin the Multiple Meta-Scheduler
Layers,whereGridway instancescancommunicateand interactthroughgrid gateways (theseinstancesare called
GridGateways).Theseinstancescanaccessresourcesbelongingto differentadministrativedomains(grids/VOs).The
basicideais to passuserrequeststo anotherdomain,whenthecurrentis overloaded– this approachfollowsthesame
ideaasthepreviously introducedDMM. Gridwayis alsobasedonGlobus,andthey areexperimentingwith GT48 and
gLite9.

Comparingthepreviousapproaches,we canseethat all of themusea new methodologyto expandcurrentgrid
resourcemanagementboundaries.Meta-brokeringappearsin a sensethatdifferentdomainsarebeingexaminedasa
whole,but they ratherdelegateresourceinformationamongdomains,broker instancesor gateways.Usuallythelocal
domainis preferenced,andwhena job is passedto somewhereelse,the resultshouldbe passedbackto the initial
point. Theusedpeer-2-peerapproachseemsto providea goodperformance,but if we wantedto apply thepresented
methodsto differentsystems,domains,wearefacinginteroperabilityproblems,again.This leadsusbackto thework
doneby OGFto de�ne commoninterfaces.Sinceit takesmuchtimeto agreeontheseprotocolsandadoptthem,in the
next subsectionwe focuson a solutionthatutilizesanddelegatesbroker informationby reachingthebrokersthrough
theircurrentinterfaces.Wegatherandutilize meta-dataaboutexistingwidely usedbrokersfrom variousgrid systems
to establisha realmeta-brokeringinfrastructure.

3.2 Intr oducing a meta-level aboveResourceBrokers

As we mentionedin theintroduction,theNGG ExpertGrouphasidenti�ed a convergencebetweengrid andwebser-
vices[1]. IT companiesaredevelopingandadaptingtheirservicesto utility services,in whichagenttechnologies,se-
mantics,heuristicsandself-awarenessplayamoreimportantrole takinginto accountthelatestend-userrequirements.
They call theseutility servicesSOKUs,which will becomethebuilding blocksof futuregrids. This convergenceof
grid servicesbring othertechnologiescloserandgrid developmenttakesover new ideasandsolutionsfrom related
research�elds. Sincethis evolution takesmuchtime to transformthewhole systemandthereis a high demandfor
establishinggrid interoperability, we have beenlooking for a solutionthat requiresminimal or no modi�cations at
all to themiddleware,andstill incorporatesnew technologieshaving theability to becomea SOKU in futuregrids.

6http://www.st.ewi.tudelft.nl/koala/
7http://www.gridway.org/
8http://www.globus.org/toolkit/
9http://glite.web.cern.ch/glite/
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Our researchtargetedtheareaof grid resourcemanagement,andbuilds uponagenttechnologiesandsemantics.We
introducea novel schedulingphilosophycalledmeta-brokeringthatcreatesa meta-level abovecurrentresourceman-
agementsolutionsby usingtechnologiesfrom the areaof the semanticweb asstatedin the semanticgrid vision10.
Following this way, we havedevelopedsolutionsto makedataaboutresourcemanagersavailablefor cooperated,au-
tomaticprocessingin theform of meta-data.Weprovidelanguageschemasto storeandsharethismeta-data,andto be
processedby variousschedulingpolicies.In this subsection,�rst we examinetherequirementsof themeta-brokering
approach,thenpresentageneralsolutionthatcanberealizedin differentgrid environmentsshown in thesecondpart.
Two approachesfollow this meta-brokeringdirection. Both projectsidenti�ed theneedfor anautomatic,intelligent
way for selectingaproperdomain,VO or grid managedby resourcebrokers.

The�rst oneis theHPC-Europaproject11, whichaimsatbuilding agrid portalthatprovidesauniformandintuitive
userinterfaceto accessanduseresourcesfrom differentdomains,so-calledcenters.Sincemostof theHPCcenters
have alreadydeployed their own site-speci�c HPC andgrid infrastructure,it is an importantrequirementfor them
to keepthe autonomyof thesecentersby allowing them to usetheir middleware, local policies, and so on. For
instance,therearecurrently� ve differentsystemsthatprovide job submissionandbasicmonitoringfunctionality in
theHPC-Europainfrastructure:eNANOS[15], GRIA middleware12, Grid ResourceManagementSystem(GRMS)13,
JobSchedulingHierarchically(JOSH)14 andUNICORE15. TheSinglePointof Access(SPA) effort of HPC-Europa
providestwo setsof interfacesto applicationusers.The�rst oneis agenericinterfacesetthatcanbeusedby all users
for mostof their batchapplications.Theseuniforminterfacesareusedto accessthemostrelevantgrid functionalities,
whichhavebeenidenti�ed by analyzingtherequirementsof thecenters.Thesekey functionalitiesare:job submission,
job monitoring, resourceinformation access,accounting,authorization,anddatamanagement.The second,more
application-speci�csetof interfaces,allow usersto managemorecomplex applicationsin a straightforwardmanner
by building portlets.Usingtheseinterfacestheaccompanyingresourcemanagerscanbuild aplugin-basedcomponent.
Fromtheend-userperspective,auniformGraphicalUserInterfaceis providedthatis commonfor all systemsdeployed
in theHPC-Europainfrastructure.This GUI canbedynamicallyadaptedto particularsystemsandstill keepthesame
look andfeel. Whena userwantsto submita job, theuseris requiredto choosethecenterto which thejob hasto be
submittedandto specifyits requirements.Thereis no globalscheduling,thebrokeringis doneby theusermanually.
To helpthisselection,thesystemcanprovideadescriptionof thecapabilitiesof thesite-speci�cplug-ins.In this way
theusergetsanXML-baseddescriptionof themethodstheappropriateplug-insupports,andadescriptionof thedata
structuresto beusedfor invocation(e.g.,job description).

Thesecondapproachis theP-GRADEPortal[14], which is alsoa grid portal,with themaingoal to supportall
stagesof multi-grid work�o w developmentandexecutionprocessesin variousproductiongrids. It enablesgraphical
designof work�o ws createdfrom varioustypesof executablecomponents(sequentialandparallel),executingthese
work�o wsin Globus-basedcomputationalgridsrelyingonusercredentials,and�nally , analyzingthemonitoredtrace-
databy thebuilt-in visualizationfacilities. The following functionalitiesaresupported:de�ning grid environments,
creationandmodi�cation of work�o w applications,managinggrid certi�cates,controllingtheexecutionof work�o w
applicationsongrid resourcesandmonitoringandvisualizingtheprogressof work�o wsandtheircomponentjobs.The
portal is interfacedto differentbrokersto accessdifferentVOs andgrids, suchasLCG-2, gLite WMS16, GTbroker
[12] and the NorduGrid broker17. During the work�o w developmentprocess,the usercan chooseone from the
interconnectedproductiongrids.Furthermoreresourcemanagersor speci�c resourcescanalsobeselectedafterwards.
Thismanualselectionneedto bedoneby theuser(just like in thepreviousHPC-Europaapproach).To helptheusers,
this portalprovidesGUI for resourceinformationandaspeci�c work�o w for VO-usabilitytest.

In bothof theseapproachesuserscansubmitjobsto differentdomainsin a transparentway. Thoughthisprovides
somelevelof interoperability, theusersstill needto beawareof thecapabilitiesof theavailableresourcemanagers,and
they needto gatheror trackresourceinformationthemselves. In theprevioussubsectionwe saw a possiblesolution,
wherebrokerspassthe job to anotherresourcemanagerinstanceof a differentdomain,if the actualis overloaded.
Themeta-brokeringapproachcreatesa generalview of theavailablebrokersandresources.This solutionenablesthe
higherlevel meta-brokerto haveaglobal,up-to-dateview of capabilitiesandavailability. In thefollowing westatethe

10http://www.semanticgrid.org/vision.html
11http://www.hpc-europa.org/
12http://www.gria.org/
13http://www.gridlab.org/grms
14http://gridengine.sunsource.net/josh.html
15http://www.unicore.eu/
16http://glite.web.cern.ch/glite/
17http://www.nordugrid.org/middleware/
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requirementsof sucha generalmeta-brokerandintroduceits architecture.

Figure3: Requiredcomponentsof aGeneralMeta-Broker

Figure3 is intendedto show all the componentsneededby a Meta-Broker. In the following we describethese
componentsby introducingthemainrequirementsof this higherlevel brokeringservice:

� JDL – JobDescriptionLanguage:Sincethegoalof thisserviceis to offer auniformwayto accessvariousgrids,
auni�ed descriptionformatis neededto specifyall theuserrequirements.

� CDL – CapabilityDescriptionLanguage:Eachbrokerhasdifferentsetof functionalities,they canbespecialized
in differentapplication-types.In order to storeand track theseproperties,it is requiredto usea Capability
DescriptionLanguage.It shouldbegeneralenoughto includeall theservicecapabilities(regardinginterfaces,
job submission,monitoringandagreements).

� SDL – SchedulingDescriptionLanguage:BesidesCDL andJDL theschedulingrequirementsandpoliciesalso
needto bestored.Theuserscanexpresstheirneedsby extendingtheJDL with SDL,andtheschedulingpolicies
andmethodsof thebrokerscanbestoredin this format.

� MatchmakingMechanism:This componentperformstheschedulingof incominguserrequests.A propergrid
broker (which impliesa domain,VO or executionenvironment)needsto beselectedfor a userjob taking into
accounttheavailableschedulingpolicies.

� GJI – GlobalJobIdenti�ers: It is importantto have uniquemappingof userjobsto differentgrids. An imple-
mentationcanbeasinglejob ID provider for themeta-brokeringsystemor simplyusingeachbrokersystemas
apre�x for theassignedgrid job ID.

� SM – SecurityManagement:The role of this componentis to provide secureaccessto the interconnected
domains.For example,differentusercerti�cates,proxiesmaybeacceptedin differentVOsandgrids.Providing
a transparentway for usersthesevariousproxiesalsoneedto behandledby theMeta-Broker. It is obviousthat
only thosegridsandbrokerscanbeconsideredfor job submission,to which theuserhasa valid certi�cate.
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� AccountingMechanism:The GJI andPM canbe a part of a global accountingcomponent.The role of this
mechanismis to manageuseraccessby pre-de�nedpolicies.Thoughgrid economyis still in apre-maturestate,
in thefuturethemeta-brokeringserviceshouldalsoservebusinessgrids.

� AgreementsMechanism:This componentis in connectionwith the Accountingmechanism.ServiceLevel
Agreements(SLA) areplannedto beusedin futuregenerationgrids. Therole of this part is to negotiateuser
requirements,whichcanalsoaffectschedulingpolicies.Whenagreementswill begenerallyacceptedandused,
thismechanismshouldbeextendedto donegotiationswith thebrokers.

� MonitoringMechanism:Reliableoperationrequiresglobalmonitoring,in termsof theinter-connectedbrokers,
reachabledomain,grid resourcesandloads,andlocal componentfunctionalities.Self-awareandfault tolerant
operationneedto beprovidedby thesystemitself, whichneedsextensivemonitoring.

� PredictionMechanism:This componentis in connectionwith theMonitoring andMatchmakingmechanisms.
It is necessaryto performcalculationsof broker availability, serviceutilization anduserrequestloadsto cope
with thehighly dynamicnatureof grids.

� AddressingandNoti�cation Mechanism:This componentis responsiblefor accessingthe inter-connectedre-
sourcebrokers,andmanagingcommunicationincludinglocalevenandexternaljob statenoti�cations.

As we statedin thebeginningof this section,semanticsarecrucial to establishinteroperability. Standardization
shouldbe taken into accountduring the designanddevelopmentof sustainablesolutions. To walk on this way, we
usethe standardsandwidespreadtechnologies,whereapplicable.Thoughthe requirementsandthe GeneralMeta-
Broker Architecturemeantto be implementationandtechnologyindependentwe recommendthe useof JSDL (Job
SubmissionDescriptionLanguage)18 asJDL for describinguserjobs,andWS-Agreementfor handlingagreements.
RegardingCDL we developeda languagecalled BPDL (Broker PropertyDescriptionLanguage)[17], which was
alsoincorporatedSDL. In therestof this subsectionwe reviseandupgradeBPDL andgatherthescheduling-related
attributesto MBSDL (Meta-Broker SchedulingDescriptionLanguage).To contributeto thestandardizationprocess
of OGF (OpenGrid Forum), we keepon negotiatingwith the OGF-GSAresearchgroupto createa standardSDL.
Onceit is �nalized, it will beusedinsteadof MBSDL.

During theclari�cation andseparationof BPDL andMBSDL attributes,we usedthesamedatamodelde�nition
as in [17]. It implies that the structureof the new BPDL – that we call BPDL 2.0 –, remainsnearly the same,we
have only clari�ed someattributes,addedwantingonesandseparatedthescheduling-relatedonesto MBSDL. As an
implementationof the datamodel,we usedXML schemasagain,in both languagespeci�cations. Figure4 and5
showstheseschemasregardingBPDL 2.0andMBSDL.

Using theseschemas,we areableto storemetadataaboutevery resourcebroker. BPDL 2.0 is usedfor storing
staticcapabilitiesanddynamicstatesof theutilized brokers. The staticinformationis representedby the following
�elds:

� BrokerID: It containsauniqueidenti�er of a resourcebroker.

� Interface:This �eld providesmetadataabouttheaccessibilityandnoti�cation methodsof thebroker.

� Monitoring: This �eld usedfor specifyingself, job or resourcemonitoringmechanismsof thebroker.

� Security:It providesdataaboutjob anduserauthenticationmethods,suchasMyProxyserverconnections.

� Otherstaticinformationcanalsobestoredby usingtheattributesof MBSDL describedlater. Themostimpor-
tantonesarethe followings: Middleware: It shows, in which kind of middleware,grid or VO the broker can
operate,which InformationServicesit uses.JobType: It speci�esthe typeof jobs that thebroker canhandle.
RemoteFileAccess:This �eld showstheprotocolsusedfor transferring�les.

Thedynamicinformationshouldbeupdatedby theMeta-Brokerduringutilization. Thisdatais intendedto provide
up-to-dateperformanceandavailability informationfor scheduling.Thefollowing �eld is usedfor this purpose:

� PerformanceMetrics:It shows,how successfullythebrokerperformedjob requests,andhow reliableits services
are.ThePredictionattributecanbeusedto storepredicteddataaboutbrokeravailability andreliability.

18http://www.ogf.org/documents/GFD.56.pdf
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Figure4: GeneralXML schemaof BPDL 2.0
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TheMBSDL languagecanbeusedto extendBPDL with schedulingrelatedattributes.SinceJSDLis alsolacking
theseattributes,MBSDL canalsoberegardedasa JSDLextension.Its schemacontainsthree�elds:

� Constraints:In this �eld we canspecifytermsthatarenecessaryto be ful�lled duringscheduling.It includes
middleware,remote�le accessandjob typeconstraints,aswell asprocessingtimeandbudgetcostrequirements.
Finally thereis anopportunityto specifycustomizedones.

� QoS(Quality of Service)requirements:Hereonecanspecifyagreements,job priorities,advancereservations,
emailnoti�cation or accesscontrols.Fault tolerancefeaturescanalsobeselectedto affect theschedule.

� Policy: In this �led we canchoosefrom variousschedulingpolicies,or we cande�ne customizedones. The
LRMSPolicy is usedto describelocal schedulercapabilities.

Havingall therequirementsde�ned,weareableto implementandbuild ameta-brokeringservice.In thefollowing,
we show two realizationof thepresentedmeta-brokeringarchitecturein two widely usedgrid portalenvironments.

The�rst solution,theGrid Meta-Broker, will beusedto solve meta-brokeringin thefutureversionof P-GRADE
Portal(Figure6). Neverthelessit hasbeendesignedasa standalone,standards-baseWebService,thereforeit is grid
middlewareandportal independent.As JSDL is generalenoughto describejobs of differentgridsandbrokers,this
languagehasbeenchosento bethe job descriptionlanguageof theGrid Meta-Broker. TheTranslatorcomponentof
theMeta-Broker is responsiblefor translatingtheresourcespeci�cationlanguagede�ned by theuserto thelanguage
of theappropriateresourcebroker that theGrid Meta-Broker selectsto usefor a givenjob. Fromall thevariousjob
speci�cationlanguagesasubsetof basicjob attributescanbechosen,whichcanbedenotedrelatively in thesameway
in eachdocument(theseattributesalsoexist in JSDL).Thetranslationof thesepartsis almosttrivial. Therestof the
job attributesdescribespecialjob handling,variousschedulingfeaturesandremotestorageaccess.Generallythese
casescanhardlybematchedamongthedifferentsystems,becauseonly few of themsupportthesamesolution.Even
thesamemethodologycanbeexpressedin differentwaysin differentlanguages.Thereforeit is really importantto use
ageneralschedulinglanguage.This is theMBSDL, soit shouldbeusedby theusersto specifythesespecialattributes.
Besidesdescribinguserjobs,wealsoneedto describeresourcebrokersin orderto manageandmakedifferenceamong
them.Thesebrokershave variousfeaturesfor supportingdifferentuserneeds.To achieve this, theGrid Meta-Broker
usestheabovedescribedBPDL togetherwith MBSDL. TheInformationCollector(IC) componentof theMeta-broker
storesthe dataof the reachablebrokersandhistoricaldataof the previous submissionsin BPDL. This information
showswhetherthechosenbroker is available,or how reliableits servicesare.Duringbrokerutilization thesuccessful
submissionsandfailuresaretracked,andregardingtheseeventsa rank is modi�ed for eachperformanceattributein
theBPDL of theappropriatebroker. In thisway, thesedocumentsrepresentandstorethedynamicstatesof thebrokers.
The loadof theresourcesbehindthebrokersis alsotaken into accountto help theMatchMaker componentto select
the properenvironmentfor the submittedjob. Whentoo many similar jobs areneededto be handledby the Meta-
Broker theso-calledbesteffort matchmakingmay�ood abrokerandits grid. In orderto copewith thisproblem,there
areIS Agentsreportingto the InformationCollector, which regularly checkthe loadof theunderlyinggridsof each
connectedresourcebroker, andstorethisdata.They arein connectionwith theInformationSystemof thegridsbehind
theutilized brokers. With this additionalinformationthematchmakingprocesscanadaptto the loadof theutilized
grids. Theactualstate(load,con�gurations)of theGrid Meta-Broker is alsostoredhere,andit canalsobequeried
by users. The previously introducedlanguageattributesareusedfor matchingthe userrequeststo the description
of the interconnectedbrokers:which is therole of theMatchMaker component.Thematchmakingprocessrelieson
oneof the pre-de�nedschedulingpolicies. We investigatethesepoliciesin detailslater in section3.4. To help the
MatchMaker, theIS Agentsmonitortheinterconnectedgrids,andprovide loadandresourceavailability information.
Theactualperformancesof thebrokerscanalsobeuseful,thisdatais storedandupdatedregularlyPerformanceMetric
�eld of theBPDL instances.TheInvokersarebroker-speci�c components:they communicatewith theinterconnected
brokers,invoking themwith job requestsandcollectingthe results. Datahandlingis alsoan importanttaskof this
component.The Invoker instance,responsiblefor managingcerti�catesandjob submissionto theactuallyselected
broker, takescareof transferringthenecessary�les to theselectedgrid environment.After job submission,it stages
theoutput�les backandupgradesthehistoricaldatastoredin theInformationCollectorwith theloggingdataof the
utilizedbroker. TheCorecomponentof theMeta-Brokeris responsiblefor managingthecommunication(information
anddataexchange)amongtheothercomponents.

OnFigure7 wecanseethemetabrokering-enabledHPC-EuropaSPA. Thisextendedversionincludesnew services
to performmeta-brokering:a new modulefor thebrokerscheduling,a schedulingplug-in for eachcenter, a language
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Figure5: GeneralXML schemaof MBSDL
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Figure6: Grid Meta-BrokerArchitecturein futureP-GRADEPortal

Figure7: Meta-BrokerArchitecturein theHPC-EuropaSPA
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to describetheschedulingcapabilityof brokersandglobalidenti�ers management.Moreover, it includessomeother
services,suchasa predictorserviceor a historicdatacatalogto improve theschedulingtechniques.The ideawasto
designa systemfollowing theOGFstandardssuchastheJSDLasa languagefor describingjobs. With thehelpof
BPDL andSDL, otherusefulinformationcanbestoredto improvetheschedulingstrategy. Someof this information
canbe drawn from previous decisionsregardingthe selectionof brokersasa historicaldata,suchas the achieved
qualityof serviceby thedifferentbrokers,theaveragewaitingtime,thereputationof brokers,or thelevelof availability
and reliability of the resourcesunderthe broker domains. In the new architecture,the meta-brokering scheduling
engine(MB Sched.E.) is responsiblefor the broker selectionto decidewhereto submita job. At the portal level,
it evaluatesoneof the meta-brokeringpoliciesavailablein the framework andin additionto this componenta new
portlet is beprovidedto con�gure policiesandits main issues.To maptheschedulingperformedin themeta-broker
schedulingenginefollowing theschedulingcapabilitiesof thedifferentbrokers,we neededa new plug-in. This plug-
in implementstheschedulingAPI andprovidesthe functionalitysupportedby eachbrokeringsystem.To de�ne the
schedulingcapabilityof thedifferentcenters(brokers),we needa schedulingdescriptionlanguage.This languageis
theMBSDL, which includestheschedulingpolicy capabilities,suchasthequality of service,priorities, thesupport
for co-allocationsandfor advancedreservations,economicissues,or theschedulingpolicy family. For example,in
eNANOSwecanoffer asaschedulingcapabilitytheload-balancingof parallelapplicationsin run-timeor thesupport
for MPI+OpenMPapplications[15]. Finally, to allow theportalmanagingjobscomingfrom all thecenters,we need
global identi�ers mechanisms.To obtainglobal identi�ers, we designeda new service,theglobal identi�er manager
(GIM), thatis accessiblefrom all theservicesandthroughthecenters'plug-ins.Differentbrokersshouldsupportthis
new functionalityvia their plug-ins.Regardingimplementation,theUniversallyUniqueIdenti�er 19 (UUID) seemsto
bea goodcandidateastheidenti�er standard.It is usedin softwareconstruction,standardizedby theOpenSoftware
Foundation(OSF)aspartof theDistributedComputingEnvironment(DCE).

3.3 The marriage of thesetwo approaches

In subsection3.1, we have seenhow ef�cient systemscan be built using a novel approachto enableinter-broker
communicationandinter-domainresourceutilization with peer-2-peerextensionsof existing resourcemanagers.In
subsection3.2,we have introducedthemeta-brokeringapproachanda generalmeta-brokeringstructure.Finally we
haveshownhow thismethodologycanbeappliedin two real-worldgridenvironment.In theintroduction,wediscussed
wheregrid evolution is heading,the futuregenerationof grids, theWWG. Thoughimplementingthegeneralmeta-
brokerinevitably takesuscloserto WWG, in thefutureit is necessaryto usethetechniquesshown in 3.1.At thismeta-
level it is not theresourceinformationthatshouldbedelegated,but thebroker information.Sinceexactly this datais
storedin BPDL andMBSDL, we needto make themavailableamongall thepeeringinstancesto createa knowledge
base. This �nal global meta-broker utility (Figure8.) will be ableto build up an extensive view of interoperating
grids,andmanagethemef�ciently . Oncethis goal is accomplished,we will arrive to theWWG vision by creatinga
service-orientedknowledgeutility (SOKU),which wasexactly thesameaim assignedby theNext GenerationGrids
ExpertGroup.

3.4 Schedulingpoliciesin meta-brokering

In additionto thearchitecturemodelandtherequiredinterfaces,thereis animportantnovel functionality: theschedul-
ing atthemeta-brokeringlevel. Wecanimplementdifferentkindsof schedulingpoliciesdependingontheinformation
wehaveat themeta-brokeringlevel. If themeta-brokergathersdetailedinformationabouttheresources,it canimple-
mentthetypical schedulingpoliciesusedby resourcebrokersor meta-schedulersto accessresourcesdirectly. In this
caseameta-brokercanberegardedasamulti-grid resourcebroker, andit wouldprovidenothingmorethanotherwell-
known solutionsdescribedin [3]. The novel schedulingpoliciesusemeta-informationaboutbrokersandresources
to copewith largeramountof resourcesmanagedby lower level brokersactingaslocal intra-domainschedulers,job
dispatchersandexecutionentities. Basedon the infrastructureshown in Figure5, we proposemeta-brokeringpoli-
ciesrelying on thecapabilitiesandmeasuredperformancesof theutilized brokers. In this case,theselectionof the
appropriatebrokeringsystemcanbedoneusinga multi-criteriaalgorithmthatcantake into accountthegatheredand
predictedmetadatastoredin SDL andCDL. In our casethegeneralschedulingpolicy examinesthe job description,
which is storedin JSDL andMBSDL, andmatchesthemwith the metadatastoredin BPDL andMBSDL. In order
to copewith the high dynamicityof the grid domains,it usesmeasuredandpredicteddatain BPDL. To presenta

19http://www.ietf.org/rfc/rfc4122.txt
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Figure8: GlobalMeta-BrokeringServiceasaSOKU

formalizationof this meta-brokeringalgorithm,we usethe samenotationandmodelpresentedearlier in [17]. We
de�ned thefollowing functionfor matchmaking:

� � : T � B i ! B, whereT is a setof tasks(here:jobs)andB is a setof brokers.

For t 2 T , b0, ... ,bn 2 B, n� 0:

� � (t , (b1, b2, b3)) = b2 meansthat for a job denotedby t matchedwith brokersdenotedby b1, b2 andb3 the
matchmakingfunction returnsb2, which is the �ttest broker for the job. That meansthe returnedbroker can
mostef�ciently executethe job. (Note thatb0 is a specialelement,which is anemptydescription.This is the
returnvalue,whennobroker �ts thejob requirements.)

Thealgorithmof this functioncontainsthefollowing notationsandsteps:

B = b0; b1; :::; bn , brokers
t 2 T , job
jb: basicstaticinformationandconstraintsin JSDL+ MBSDL of t
js: schedulingandQoSrequirementsin MBSDL of t
P = p1; :::; pn , staticinformationandperformancedatain BPDL + MBSDL of bi ; 1� i � n
S = s1; :::; bn , schedulingpoliciesandcapabilitiesin MBSDL of bi ; 1� i � n
R = r0; r1; :::; rn , performanceranks
r0 = � > 0, anarbitrarysmall�x ednumber

FORi = 1 TO n
IF checkJobReq(jb,pi )

THEN
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IF checkSchedReq((js,si )
THEN r i = countPerfRank(pi )
ELSEr i = countPerfRank(pi )/10

ELSEr i = 0
k = pozOfHighestRank(R)
RETURNbk

Thematchmakingalgorithmcomparesthedescriptionof theactualjob to themeta-dataof theregisteredresource
brokers.In the�rst phasethebasicjob requirementattributesstoredin JSDL,andtheconstraintsstoredin theMBSDL
extensionarematchedagainstthe basicbroker capabilitiesstoredin BPDL extendedwith MBSDL: this selection
determinesa groupof brokersthatareableto ful�ll thejob request.In this phasethosebrokersarekeptthatareable
to submitthe speci�ed job type andwork with the requestedmiddlewareservices.In the secondphasethe brokers
are�ltered by all theschedulingrequirementsstatedin theMBSDL extensionof theuserrequirements.For all of the
brokersthatcouldpassthese�ltering phasesarankis countedby theactualbrokerperformanceanddomainload.For
thebrokersthatcouldonly passthe�rst phasereducedranksareassigned.Finally thelist of thebrokersis orderedby
theseranks.Thebrokerwith thehighestrankis selectedfor submission.Thisalgorithmis usedin themeta-brokering
architecturepresentedin Figure6.

Differentschedulingpoliciesstoredin MBSDL canaffect thescheduling.It dependsonthedeployedarchitecture,
which policies are implementedin the checkSchedReqmethod. In economy-basedgrid environmentsscheduling
policiescouldrely ontheagreementsandaccountinginformationto matchuserbudgetandmaximizedomainearnings.
In this casetheselectedbroker canbeusedfor negotiationsandagreeingon serviceterms. If they cannotagree,the
brokerwith thesecondhighestrankwill beselectedfor startingnegotiations.Anotherapproachis basedonanongoing
work in UPCto usepoliciesbasedon historicaljob/resourceinformationto make schedulingdecisions.Datamining
techniquesareusedregardingthehistoricalinformationof Grid resourcesusage,Grid workloads,anda minimumset
of job requirements(e.g.,executable,numberof processorsandinput �les) to estimatevariablesabout: (1) the job
requirements,which estimatehow muchprocessor, disk andmemorya job will use;and(2) the future stateof the
differentresourcesevolvedin theGrid, whichestimate,for instance,how muchfreespacewill beavailablein a given
host,or what load it will have in a givenfuture time. This informationis derivedby correlatingthepastexecutions
of similar jobsusingsimilar resources,or with similar futureloadusingsimilar predictiontechniquesthathave been
proposedin otherworks in termsof job performancepredictionandresourceusagebut usingGrid workloads.This
kind of schedulingpolicy canbeappliedto architecturesdescribedin subsection3.1.

Usingtheachievementsof this latestapproach,we canimprove themeta-brokeringalgorithmandcreateanother
policy by extendingthe countPerfRankmethodwith estimationandpredictionresults. But in our caseit is not the
resourceavailability thatneedsto beestimated,but theservices,capabilitiesof brokersandtheir reliability.

TheGlobalMeta-BrokeringService,shown in Figure8, requiresfurtherextensionsandinvestigationsregarding
schedulingpolicies.A futureinter-connectedmeta-brokeringarchitecturewould requirea furtherphase(third phase)
in its algorithm.In thisphasedeniedjob requests(by job failures,brokerunavailability or violatedagreements)should
besentto anothermeta-brokerinstancefor submission.Thisapproachopensseveralquestions,suchaswhichinstance
to choose,whenshouldanagreementbeviolatedor how likely it is to �nd a betterbroker for a requestin a different
instancedomain.

4 Concluding remarks

In thispaperwehaveexaminedandcompareddifferentresearchdirectionsfollowedby researchersin the�eld of Grid
ResourceManagementregardinghigherlevel brokeringapproaches.Firstweclari�ed thedifferencesandsimilarities
of currentlyusedsolutionsin theareaof grid resourcemanagementby presentingaGrid ResourceManagerAnatomy.
This modelde�nes theconnectionsandresponsibilityboundariesof currenttools. After introducingthelatesttrends
in grid developmentand the assignedgrid evolvementdirectionsby the Next GenerationGrids ExpertGroup,we
have shown how grid resourcemanagementcanfollow this way, andwhat kind of stepsarenecessaryto be taken
to establisha higherlevel of grid interoperability. We de�ned theessentialrequirementsof a novel middlewaretool
calledMeta-Broker, proposedageneralarchitecture,andhaveshown how it canbeimplementedin two differentgrid
portalenvironments.We derivedtwo languageschemasfor describingresourcebrokersandschedulingpolicies.This
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metadataplaysan importantrole in theschedulingprocessat themeta-brokeringlevel. Usingthis meta-information
aboutinter-connectedresourcebrokersanduserrequestswe proposeda generalmatchmakingalgorithmfor meta-
brokeringschedulingpolicies. We have alsoenvisagedan interoperableGlobalMeta-BrokeringServiceasa SOKU
thatwill beableto serveuserrequestsin futuregenerationgrids. Our futurework will aim at �nalizing thepresented
meta-brokeringsolutionsandcarryingout performancemeasurementsin the two portal environments.Besides,we
will investigatetherequirementsof themeta-brokeringSOKU, anddesignschedulingpoliciesfor peer-2-peermeta-
brokering. Oncewe achieve thesegoalsand other grid middlewareserviceswill also be matureenough,we can
inter-connectthe meta-brokering instancesto bring the meta-brokeringSOKU to life andestablishthe World Wide
Grid.
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6 Appendix: XML schemasof BPDL 2.0and MBSDL

1 < ?xml ver si on =” 1.0” encodi ng =”U TF� 8” ?>
2 < xsd:schema xml ns:xsd=” h t t p : / / www. w3 . or g / 2001/ XMLSchema”

xml ns:bpdl =” ur i : Br oker Pr oper t yD escr i pt i onL anguage”
xml ns:mbsdl =” ur i : MBSchedul i ngDescr i pt i onLanguage ”
targetNamespace=” ur i : Br oker Pr oper t yD escr i pt i onL anguage” el ementFormDef aul t=” qua l i f i ed ”
at t r i bu t eFor mD ef au l t =” unqual i f i ed ”>

3 < x sd: i mpor t namespace=” ur i : MBSchedul i ngDescr i pt i onLanguage ” schemaL ocat i on =” mbsdl . xsd” />
4 < x sd: el ement name=”B PDL” type=” bpdl : BPDL Type”>
5 < x sd: annot at i on>
6 < x sd: document at i on> Broker Pr oper t y D escr i pt i on L anguage 2.0< / x sd: document at i on>
7 < / x sd: annot at i on>
8 < / x sd: el ement>
9 < xsd:compl exType name=” BPDL Type”>

10 < x sd: sequence>
11 < xsd:any namespace=” ## ot her ” pr ocessCont ent s =” l ax” />
12 < x sd: el ement name=” Br oker I D ” type=” bpdl : Br oker I D Type” />
13 < x sd: el ement name=” I n t er f ace” t ype=” bpdl : I nt er f aceType ” maxOccurs=” unbounded ” />
14 < x sd: el ement name=” Moni tor i ng” t ype=” bpdl : M oni t or i ng Type” />
15 < x sd: el ement name=” Secur i t y ” t ype=” bpdl : Secur i t y Type” />
16 < x sd: el ement name=” Per for manceMet r i cs” t ype=” bpdl : Per for manceM et r i cs Type” />
17 < x sd: el ement r ef =” mbsdl : SDL” />
18 < / x sd: sequence>
19 < x sd : at t r i b u t e name=” name” type=” xsd:NCName” use=” r equi r ed ” />
20 < x sd : at t r i b u t e name=” descr i p t i on ” t ype=” xsd : st r i ng ” use=” opt i onal ” />
21 < x sd : at t r i b u t e name=” tar getNameSpace” type=” xsd: anyURI ” use=” opt i onal ” />
22 < x sd: any A t t r i bu t e namespace=” ## ot her ” pr ocessCont ent s =” l ax” />
23 < / xsd:compl exType>
24 < xsd:compl exType name=” Br oker I D Type”>
25 < x sd: si mpl eCont ent>
26 < x sd: ex t ensi on base=” xsd : st r i ng ”>
27 < x sd: any A t t r i but e namespace=” ## ot her ” pr ocessCont ent s =” l ax” />
28 < / x sd: ex t ensi on>
29 < / x sd: si mpl eCont ent>
30 < / xsd:compl exType>
31 < xsd:compl exType name=” I nt er f aceType”>
32 < x sd: sequence>
33 < x sd: el ement name=” t ype” t ype=” bpdl : I nt er f acesEnumer at i on ” />
34 < x sd: el ement name=” name” type=” xsd : st r i ng ” />
35 < x sd: el ement name=” descr i p t i on ” t ype=” xsd : st r i ng ” mi nOccurs=” 0” />
36 < x sd: el ement name=” Par ameter s” mi nOccurs=” 0”>
37 < xsd:compl exType>
38 < x sd: sequence>
39 < x sd: el ement name=” Par ameter ” maxOccurs=” unbounded ”>
40 < xsd:compl exType>
41 < x sd: sequence>
42 < x sd: el ement name=” descr i p t i on ” mi nOccurs=” 0” />
43 < / x sd: sequence>
44 < x sd : at t r i bu t e name=” name” type=” xsd:NCName” />
45 < x sd : at t r i bu t e name=” t ype” t ype=” xsd:NCName” />
46 < / xsd:compl exType>
47 < / x sd: el ement>
48 < / x sd: sequence>
49 < / xsd:compl exType>
50 < / x sd: el ement>
51 < x sd: el ement name=” Retur nedVal ue” mi nOccurs=” 0”>
52 < xsd:compl exType>
53 < x sd: sequence>
54 < x sd: el ement name=” descr i pt i on ” mi nOccurs=” 0” />
55 < / x sd: sequence>
56 < x sd : at t r i b u t e name=” name” type=” xsd:NCName” />
57 < x sd : at t r i b u t e name=” t ype” t ype=” xsd:NCName” />
58 < / xsd:compl exType>
59 < / x sd: el ement>
60 < / x sd: sequence>
61 < / xsd:compl exType>
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62 < xsd:compl exType name=” Moni tor i ngMet r i c Type”>
63 < x sd: sequence>
64 < x sd: el ement name=” Name” type=” xsd : st r i ng ” />
65 < x sd: el ement name=” D escr i pt i on ” t ype=” xsd : st r i ng ” />
66 < / x sd: sequence>
67 < x sd : at t r i b u t e name=” Metr i cType ” type=” bpdl : M oni t or i ngI nf oEnumer at i on” use=” r equi r ed ” />
68 < x sd: any A t t r i bu t e namespace=” ## ot her ” />
69 < / xsd:compl exType>
70 < xsd:compl exType name=” Moni tor i ng Type”>
71 < x sd: sequence>
72 < x sd: el ement name=” Met r i c” t ype=” bpdl : M oni t or i ngM et r i c Type” maxOccurs=” unbounded ” />
73 < / x sd: sequence>
74 < x sd : at t r i b u t e name=” accessMethod” type=” xsd : st r i ng ” use=” opt i onal ” />
75 < x sd: any A t t r i bu t e namespace=” ## ot her ” />
76 < / xsd:compl exType>
77 < xsd:compl exType name=” Secur i t y Type”>
78 < x sd: choi ce>
79 < x sd: el ement name=” MyProxy” t ype=” bpdl : MyPr oxy Type” />
80 < x sd: el ement name=” Ot her Secur i t y ” t ype=” bpdl : Ot her Secur i t y Type” />
81 < / x sd: choi ce>
82 < x sd: any A t t r i bu t e namespace=” ## ot her ” />
83 < / xsd:compl exType>
84 < xsd:compl exType name=” MyPr oxy Type”>
85 < x sd: sequence>
86 < x sd: el ement name=” I sSuppor t ed” t ype=” xsd: bool ean ” />
87 < x sd: el ement name=” Ser ver Name” type=” xsd : st r i ng ” mi nOccurs=” 0” />
88 < x sd: el ement name=” Por tNumber ” t ype=” xsd : i n t ” mi nOccurs=” 0” />
89 < / x sd: sequence>
90 < x sd: any A t t r i bu t e namespace=” ## ot her ” />
91 < / xsd:compl exType>
92 < xsd:compl exType name=” Ot her Secur i t y Type”>
93 < x sd: sequence>
94 < x sd: el ement name=” D et ai l s” t ype=” xsd : st r i ng ” />
95 < / x sd: sequence>
96 < x sd : at t r i b u t e name=” name” type=” xsd:NCName” />
97 < x sd: any A t t r i bu t e namespace=” ## ot her ” />
98 < / xsd:compl exType>
99 < xsd:compl exType name=” Per for manceMet r i cs Type”>

100 < x sd: sequence>
101 < x sd: el ement name=” AVGWai ti ngTi me” type=” bpdl : Per for manceMet r i c Type” />
102 < x sd: el ement name=” AVGSlowdown” type=” bpdl : Per for manceM et r i c Type” />
103 < x sd: el ement name=” F i ni shedJobs” t ype=” bpdl : Per for manceM et r i c Type” />
104 < x sd: el ement name=” F ai l edJobs ” t ype=” bpdl : Per for manceM et r i c Type” />
105 < x sd: el ement name=” Other Met r i c ” t ype=” bpdl : Per for manceM et r i c Type”

maxOccurs=” unbounded ” />
106 < x sd: el ement name=” Pr edi ct i on” t ype=” bpdl : Per for manceM et r i c Type” mi nOccurs=” 0”

maxOccurs=” unbounded ” />
107 < / x sd: sequence>
108 < x sd: any A t t r i bu t e namespace=” ## ot her ” />
109 < / xsd:compl exType>
110 < xsd:compl exType name=” Per for manceMet r i c Type”>
111 < x sd: sequence>
112 < x sd: el ement name=” name” type=” xsd : st r i ng ” />
113 < x sd: el ement name=” descr i p t i on ” t ype=” xsd : st r i ng ” />
114 < x sd: el ement name=” val ue” t ype=” xsd : st r i ng ” />
115 < / x sd: sequence>
116 < x sd: any A t t r i bu t e namespace=” ## ot her ” />
117 < / xsd:compl exType>
118 < xsd:si mpl eT ype name=” I nt er f acesEnumer at i on ”>
119 < x sd : r est r i c t i o n base=” xsd : st r i ng ”>
120 < x sd: enumer at i on val ue=” Submi t ” />
121 < x sd: enumer at i on val ue=” Cancel ” />
122 < x sd: enumer at i on val ue=” Suspend” />
123 < x sd: enumer at i on val ue=” Resume” />
124 < x sd: enumer at i on val ue=” Mi gr ate” />
125 < x sd: enumer at i on val ue=” ot her ” />
126 < / x sd : r est r i c t i o n>
127 < / xsd:si mpl eT ype>
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128 < xsd:si mpl eT ype name=” Moni tor i ngI nfoEnumer at i on ”>
129 < x sd : r est r i c t i o n base=” xsd : st r i ng ”>
130 < x sd: enumer at i on val ue=” St a t i c I n f o ” />
131 < x sd: enumer at i on val ue=” Dynami cI nfo” />
132 < x sd: enumer at i on val ue=” Aggr egatedI nf o ” />
133 < x sd: enumer at i on val ue=” ot her ” />
134 < / x sd : r est r i c t i o n>
135 < / xsd:si mpl eT ype>
136 < / xsd:schema>
137
138
139 < ?xml ver si on =” 1.0” encodi ng =”U TF� 8” ?>
140 < xsd:schema xml ns:xsd=” h t t p : / / www. w3 . or g / 2001/ XMLSchema”

xml ns:mbsdl =” ur i : MBSchedul i ngDescr i pt i onLanguage ”
targetNamespace=” ur i : MBSchedul i ngDescr i pt i onLanguage ” el ementFormDef aul t=” qua l i f i ed ”
at t r i bu t eFor mD ef au l t =” unqual i f i ed ”>

141 < x sd: el ement name=” SDL” type=” mbsdl : SDL Type”>
142 < x sd: annot at i on>
143 < x sd: document at i on>MB Schedul i ng D escr i pt i on L anguage< / x sd: document at i on>
144 < / x sd: annot at i on>
145 < / x sd: el ement>
146 < xsd:compl exType name=” SDL Type”>
147 < x sd: sequence>
148 < xsd:any namespace=” ## ot her ” pr ocessCont ent s =” l ax” />
149 < x sd: el ement name=” Const r a i nt s” t ype=” mbsdl : Const r ai nt s Type” />
150 < x sd: el ement name=” QoS” type=” mbsdl : QoS Type” />
151 < x sd: el ement name=” Pol i cy” t ype=” mbsdl : Pol i cy Type” />
152 < / x sd: sequence>
153 < x sd : at t r i b u t e name=” name” type=” xsd:NCName” use=” r equi r ed ” />
154 < x sd : at t r i b u t e name=” descr i p t i on ” t ype=” xsd : st r i ng ” use=” opt i onal ” />
155 < x sd : at t r i b u t e name=” tar getNameSpace” type=” xsd: anyURI ” use=” opt i onal ” />
156 < x sd: any A t t r i bu t e namespace=” ## ot her ” pr ocessCont ent s =” l ax” />
157 < / xsd:compl exType>
158 < xsd:compl exType name=” Const r ai nt s Type”>
159 < x sd: sequence>
160 < xsd:any namespace=” ## ot her ” />
161 < x sd: el ement name=” Mi ddl ewar e” t ype=” mbsdl : Mi ddl ewar e Type” maxOccurs=” unbounded ” />
162 < x sd: el ement name=” JobType” type=” mbsdl : JobTypeEnumer at i on ” maxOccurs=” unbounded ” />
163 < x sd: el ement name=” Time” type=” mbsdl : Ti me Type” />
164 < x sd: el ement name=” Budget ” t ype=” xsd: l ong ” />
165 < x sd: el ement name=” RemoteF i l eAccess” t ype=” mbsdl : RemoteF i l eAccessEnumer at i on”

mi nOccurs=” 0” maxOccurs=” unbounded ” />
166 < x sd: el ement name=” Ot her Const r ai nt ” t ype=” mbsdl : Other Type” maxOccurs=” unbounded ” />
167 < / x sd: sequence>
168 < / xsd:compl exType>
169 < xsd:compl exType name=” Mi ddl ewar e Type”>
170 < x sd: sequence>
171 < x sd: el ement name=” Gr idName” type=” mbsdl : Gr i dNameEnumer at i on ” mi nOccurs=” 0” />
172 < x sd: el ement name=” ProxyName” type=” xsd : st r i ng ” mi nOccurs=” 0” />
173 < x sd: el ement name=” MYProxy” t ype=” mbsdl : MyPr oxy Type” mi nOccurs=” 0” />
174 < x sd: el ement name=” Vi r t ual Or gani sat i on” t ype=” mbsdl : Vi r t ual Or gani sat i on Type”

mi nOccurs=” 0” maxOccurs=” unbounded ” />
175 < x sd: el ement name=” I nf or mat i onSyst em” type=” mbsdl : I nf or mat i onSyst em Type”

mi nOccurs=” 0” />
176 < xsd:any namespace=” ## ot her ” mi nOccurs=” 0” />
177 < / x sd: sequence>
178 < x sd: any A t t r i bu t e namespace=” ## ot her ” pr ocessCont ent s =” l ax” />
179 < / xsd:compl exType>
180 < xsd:compl exType name=” Vi r t ual Or gani sat i on Type”>
181 < x sd: sequence>
182 < x sd: el ement name=” I nf or mat i onSyst em” type=” mbsdl : I nf or mat i onSyst em Type” />
183 < x sd: el ement name=” ProxyName” type=” xsd : st r i ng ” mi nOccurs=” 0” />
184 < xsd:any namespace=” ## ot her ” mi nOccurs=” 0” />
185 < / x sd: sequence>
186 < x sd : at t r i b u t e name=” name” type=” xsd:NCName” use=” r equi r ed ” />
187 < x sd: any A t t r i bu t e namespace=” ## ot her ” pr ocessCont ent s =” l ax” />
188 < / xsd:compl exType>
189 < xsd:compl exType name=” I nf or mat i onSyst em Type”>
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190 < x sd: sequence>
191 < x sd: el ement name=” MDS” type=” xsd : st r i ng ” mi nOccurs=” 0” />
192 < x sd: el ement name=” BDI I ” t ype=” xsd : st r i ng ” mi nOccurs=” 0” />
193 < x sd: el ement name=”WebMDS” type=” xsd : st r i ng ” mi nOccurs=” 0” />
194 < xsd:any namespace=” ## ot her ” mi nOccurs=” 0” />
195 < / x sd: sequence>
196 < x sd : at t r i b u t e name=” name” type=” xsd:NCName” use=” r equi r ed ” />
197 < x sd: any A t t r i bu t e namespace=” ## ot her ” pr ocessCont ent s =” l ax” />
198 < / xsd:compl exType>
199 < xsd:compl exType name=” QoS Type”>
200 < x sd: sequence>
201 < xsd:any namespace=” ## ot her ” />
202 < x sd: el ement name=” Agr eement ” t ype=” mbsdl : Agr eement Type” mi nOccurs=” 0”

maxOccurs=” unbounded ” />
203 < x sd: el ement name=” Faul tTor el anceMechani sms” type=” mbsdl : F aul tTol er anceEnumer at i on ”

maxOccurs=” unbounded ” />
204 < x sd: el ement name=” AdvanceReser vat i on ” t ype=” mbsdl : AdvanceReser vat i on Type”

mi nOccurs=” 0” />
205 < x sd: el ement name=” Pr i o r i t y ” t ype=” xsd : st r i ng ” mi nOccurs=” 0” />
206 < x sd: el ement name=” Gr i dAccessCont r ol ” t ype=” xsd : st r i ng ” mi nOccurs=” 0” />
207 < x sd: el ement name=” Emai l Not i f i cat i on ” t ype=” xsd : st r i ng ” mi nOccurs=” 0” />
208 < / x sd: sequence>
209 < x sd: any A t t r i bu t e namespace=” ## ot her ” pr ocessCont ent s =” l ax” />
210 < / xsd:compl exType>
211 < xsd:compl exType name=” Br oker Name Type”>
212 < x sd: si mpl eCont ent>
213 < x sd: ex t ensi on base=” xsd : st r i ng ”>
214 < x sd: any A t t r i but e namespace=” ## ot her ” pr ocessCont ent s =” l ax” />
215 < / x sd: ex t ensi on>
216 < / x sd: si mpl eCont ent>
217 < / xsd:compl exType>
218 < xsd:compl exType name=” Pol i cy Type”>
219 < x sd: sequence>
220 < x sd: el ement name=” Pol i cyName” type=” mbsdl : Pol i cyEnumer at i on ” mi nOccurs=” 0” />
221 < x sd: el ement name=” Other Pol i cy ” t ype=” mbsdl : Other Type” mi nOccurs=” 0” />
222 < x sd: el ement name=” LRMSPol i cy” t ype=” mbsdl : Other Type” mi nOccurs=” 0” />
223 < / x sd: sequence>
224 < x sd: any A t t r i bu t e namespace=” ## ot her ” />
225 < / xsd:compl exType>
226 < xsd:compl exType name=” Ti me Type”>
227 < x sd: sequence>
228 < x sd: el ement name=” St ar t Ti me” type=” xsd: dat e ” />
229 < x sd: el ement name=” Dur at i on ” t ype=” xsd: l ong ” />
230 < x sd: el ement name=” Ti meOut” t ype=” xsd: l ong ” />
231 < / x sd: sequence>
232 < x sd: any A t t r i bu t e namespace=” ## ot her ” />
233 < / xsd:compl exType>
234 < xsd:compl exType name=” Other Type”>
235 < x sd: sequence>
236 < x sd: el ement name=” Name” type=” xsd : st r i ng ” />
237 < x sd: el ement name=” Val ue” t ype=” xsd : st r i ng ” />
238 < / x sd: sequence>
239 < x sd: any A t t r i bu t e namespace=” ## ot her ” />
240 < / xsd:compl exType>
241 < xsd:compl exType name=” MyPr oxy Type”>
242 < x sd: sequence>
243 < x sd: el ement name=” Name” type=” xsd : st r i ng ” mi nOccurs=” 0” />
244 < x sd: el ement name=” Ser ver Name” type=” xsd : st r i ng ” />
245 < x sd: el ement name=” Por tNumber ” t ype=” xsd : i n t ” mi nOccurs=” 0” />
246 < / x sd: sequence>
247 < x sd: any A t t r i bu t e namespace=” ## ot her ” />
248 < / xsd:compl exType>
249 < xsd:compl exType name=” Agr eement Type”>
250 < x sd: sequence>
251 < x sd: el ement name=” Tar get ” t ype=” xsd: anyURI ” />
252 < x sd: el ement name=” Conf i denceL evel ” t ype=” xsd : posi t i veI n t eger ” />
253 < / x sd: sequence>
254 < x sd: any A t t r i bu t e namespace=” ## ot her ” />
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255 < / xsd:compl exType>
256 < xsd:compl exType name=” AdvanceReser vat i on Type”>
257 < x sd: sequence>
258 < x sd: el ement name=” Resour ceName” type=” xsd : st r i ng ” />
259 < x sd: el ement name=” Date” t ype=” xsd: dat e ” />
260 < / x sd: sequence>
261 < x sd: any A t t r i bu t e namespace=” ## ot her ” />
262 < / xsd:compl exType>
263 < xsd:si mpl eT ype name=” Gr i dNameEnumer at i on ”>
264 < x sd : r est r i c t i o n base=” xsd : st r i ng ”>
265 < x sd: enumer at i on val ue=” GT2” />
266 < x sd: enumer at i on val ue=” GT3” />
267 < x sd: enumer at i on val ue=” GT4” />
268 < x sd: enumer at i on val ue=” EGEE� LCG� 2” />
269 < x sd: enumer at i on val ue=” EGEE� gL i t e” />
270 < x sd: enumer at i on val ue=” Nor duGr i d ” />
271 < x sd: enumer at i on val ue=” Uni cor e” />
272 < / x sd : r est r i c t i o n>
273 < / xsd:si mpl eT ype>
274 < xsd:si mpl eT ype name=” JobTypeEnumer at i on”>
275 < x sd : r est r i c t i o n base=” xsd : st r i ng ”>
276 < x sd: enumer at i on val ue=” Ser i a l ” />
277 < x sd: enumer at i on val ue=” Mpi ” />
278 < x sd: enumer at i on val ue=” Pvm” />
279 < x sd: enumer at i on val ue=” Checkpoi nt abl e ” />
280 < x sd: enumer at i on val ue=” I n t er ac t i ve” />
281 < x sd: enumer at i on val ue=” Thr eads” />
282 < x sd: enumer at i on val ue=” OpenMP” />
283 < x sd: enumer at i on val ue=” Mpi+OpenMP” />
284 < x sd: enumer at i on val ue=” Caf ” />
285 < x sd: enumer at i on val ue=” Upc” />
286 < / x sd : r est r i c t i o n>
287 < / xsd:si mpl eT ype>
288 < xsd:si mpl eT ype name=” RemoteF i l eAccessEnumer at i on”>
289 < x sd : r est r i c t i o n base=” xsd : st r i ng ”>
290 < x sd: enumer at i on val ue=” Gr idFTP” />
291 < x sd: enumer at i on val ue=” RFT” />
292 < x sd: enumer at i on val ue=” GASS” />
293 < x sd: enumer at i on val ue=” Uni cor e” />
294 < x sd: enumer at i on val ue=” SRB” />
295 < x sd: enumer at i on val ue=” EGEE� LFN” />
296 < / x sd : r est r i c t i o n>
297 < / xsd:si mpl eT ype>
298 < xsd:si mpl eT ype name=” Pol i cyEnumer at i on ”>
299 < x sd : r est r i c t i o n base=” xsd : st r i ng ”>
300 < x sd: enumer at i on val ue=” Schedul eByCpu” />
301 < x sd: enumer at i on val ue=” Schedul eByMemor y ” />
302 < x sd: enumer at i on val ue=” Schedul eByD i skSi ze ” />
303 < x sd: enumer at i on val ue=” RandomHost” />
304 < / x sd : r est r i c t i o n>
305 < / xsd:si mpl eT ype>
306 < xsd:si mpl eT ype name=” F aul tTol er anceEnumer at i on ”>
307 < x sd : r est r i c t i o n base=” xsd : st r i ng ”>
308 < x sd: enumer at i on val ue=” Checkpoi nt i ng ” />
309 < x sd: enumer at i on val ue=” Reschedul i ng ” />
310 < x sd: enumer at i on val ue=” Repl i cat i on ” />
311 < / x sd : r est r i c t i o n>
312 < / xsd:si mpl eT ype>
313 < / xsd:schema>
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