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Abstract

Grid resourcenanagemeris probablytheresearcheld mostlyaffectedby userdemandsThoughwell-designed,
evaluatecandwidely usedresourcébrokers,meta-scheduletsave beendevelopednew capabilitiesarerequired such
asagreemenandinteroperabilitysupport.Existing solutionscannotcrossthe borderof currentmiddlenvare systems
that are lacking the supportof theserequirements.In this paperwe examine and comparedifferent researchdi-
rectionsfollowed by researcherg the eld of Grid ResourceManagementegardingthe level on top of brokering
approacheOur proposedneta-brolkringapproachmeans higherlevel resourcenanagemertty enablingcommu-
nicationamongexisting Grid Brokersandutilizing them.We statetherequirement®f this novel middlevareservice,
andde ne agenerameta-brokringarchitectureo beimplementedsa ServiceOrientedknowledgeUTtility (SOKU)
in futuregeneratiorgrids.

1 Intr oduction

More thana decadehaspassedind Grid Computinghasbecomea detachedesearcheld targetedby mary world-
wide projects. Several yearsago usersand companieshaving computationand dataintensve applicationslooked
skepticalat the forerunnersof grid solutions,who promisedlessexecutiontimesand easy-to-usapplicationdevel-
opmentervironments Researclyroupswereforming aroundspeci ¢ middlevarecomponentsanddifferentresearch
brancheshasgrown out from the trunk. Many usergroupsfrom variousresearchelds put their trustin grids, and
todayusagestatisticsandresearchesultsshov thatthey wereundoubtedlyright. Nowadaysresearchdirectionsare
focusingon userneedsmoreef cient utilization andinteroperabilityplay the key roles. Grid resourcenanagement
is probablythe researcheld mostly affectedby userdemands.Thoughwell-designedgvaluatedand widely used
resourcebrokers, meta-schedulersave beendeveloped,new capabilitiesarerequired,suchasagreemenandinter
operabilitysupport. Thesetwo directionsalsodependon othergrid middlewvare capabilitiesand servicesandsince
they hardly cancrossthe borderof thesemiddlewvaresolutions,they needrevolutionarychangesaffectingthe whole
system.Trying to enlagethelimitation bordersjn this papemnwe introducea meta-broleringapproachthatenablesa
step-by-stegvolution, anddoesnot needradicalchangego thewhole system.

Thisresearctwork is carriedout underthe FP6 Network of ExcellenceCoreGRIDfundedby the EuropearCommissionContractiST-2002-
004265).



Theneedfor interoperabilityamongdifferentgrid systemsasraisedsereralquestionsanddirections.Theadvance
of gridsseemso follow theway ervisagedandassignedy the Next GeneratiorGrids ExpertGroup[1]. The SOKU
architecture[1] enablesmore e xibility, adaptabilityand advancedinterfaces,thereforeinteroperabilityis evident
andcongenitalin thesesystems.Moving towardsthis directiontwo works ervisagedWWG (World Wide Grid) as
the next generatiorof gridsin a similar mannerasthe Internetwasborn. The rst vision is the InterGrid [4], which
promotesnterlinking of grid systemshroughpeeringagreementto enablenter-grid resourcesharing.Thisapproach
is a more economicalview, wherebusinessapplicationsupportis a primal goal, andthis also supposedo establish
sustainability Building this global cyberinfrastructurevould requirecurrentgrid systemdo adoptmechanismshat
enableadministratve separatiorby allowing network of networks. This would meansupporting:peeringpoliciesfor
sharing,provisioningandallocatingresourcesnew applicationmodelsthat cancopewith higherdynamicity virtual
organizationsspanningmultiple grids, and nally enablinginter-grid resourcebrokering. In this new architecture
so-calledintraGrid Resouce Managers (IRM) would play the role of ResourceBrokers. The InterGrid Gatevay
(IGG) would be responsibleof makingagreementsvith othergrids throughtheir IRMs. Its maintaskis to manage
peeringagreementsnddiscover andallocateresourcegfrom differentdomains). Thoughwe canidentify a higher
level resourcemanagemenapproachn this vision, the proposedsolutionstill searchesndmapsresourcedo user
requestandno meta-datas consumedegardingintra-grid brokers. The secondapproacternvisagesSWWG [5] to be
reality within 1-2 years.This work stateghat ve majorstepsarerequiredto createthe next generatiorarchitecture:
existing productiongrids shouldbe connectedyy uniform meta-bokers, work ow-orientedportals shouldinterface
thesemeta-brolers,arepositoryof work ow grid serviceshouldbecreatedanew securityconcepshouldbedesigned
for trustabledynamicVVOs and nally a grid marketing modelshouldbe created. The later requirementdhave also
appearedn the InterGrid approach- this seemdo requiremoretime to berealized. As a nal solutionthis paper
supposeshatinter-connectedneta-brolersshouldsolve the interoperabilityamongdifferentgrids throughuniform
interfaces Both visionsproceedrom the currentgrid architecturesindconcludein amoreor lessredesigneane.

In the following sectionsof this paperwe arefocusingonly on grid resourcenanagemenand presenthe state
of the art in meta-broleringapproachesndresearctdirections. In Section2, we namethe differentacroryms and
expressionaisedby existing solutionsandclarify their meaninganddifferencesln Section3, we describemeta-level
researchdirectionsand proposea generalmeta-brolering solution after analyzingits requirements.At the end of
Section3, we shav how the presentedarchitecturecanberealizedin two differentgrid userenvironments, nally we
statehow afutureversioncanactasa heartof WWG, andconcludethe paperin Sectiord.

2 De nitions of Grid Resource ManagementTools

Beforewe take a closerlook on currentresearchdirectionstowardsnext generatiorsolutionsin Grid ResourceMan-
agementwe needto clarify de nitions of currentsolutions. Searchingand comparingrelatedworks we meetwith
meta-schedulerdpcal and global schedulersbrokers, resourceallocationmanagersand so on. In this sectionwe
gatherandclassifythe expressionsusedin the areaof Grid ResourceManagementWe referto thesede nitions fur-
theronin this paperby namingspeci ¢ component®f grid middleware. On Figure 1, we canseethe architectureof
a Grid System-focusingon resourcautilization.

In the following we de ne the acroryms usedin this gure, and namethe generallyusedsynoryms or similar
expressions:

R —resourceiln generalit meansa physicalmachine whereuserprogramsare executed.We distinguishbe-
tweentwo typesregardingutilization: ComputingElement(CE), wherethe userprogram(alsotaskor job)
executiontakesplace,and StorageElement(SE), whereuserdatais stored.Web ServicegWS) or otherGrid
Services(GS) are alsoregardedasresourcessincethey similarly produceoutputfor a given userinput. Fi-
nally RemotelnstrumentgRI or IE asInstrumentElement]6]) arevarioustoolsto accessprocessproduceor
consumalatausuallyfor physicistschemistshiologistsor otherresearchers.

LRMS -—localresourcananagemerdystemscheduledocalscheduledocalresourcananagersub-scheduler:
Theseoolsareusuallyclustermanagershatweretakenfrom high-performancanddistributedcomputingand
now generallyusedin Grid SystemsMore informationon the mostwidespreadnes(LSF, PBS,SGE)canbe
foundin asuney in [7].

RAM —resourceaccessnanagerThisis usuallyacomponenbf agrid middlewvarethataccessetheresource
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Figurel: Resourcananagingcomponentsn Grid Systems

andhandleghearriving jobs. It providesaninterfacefor themiddlewvareto theresource An exampleis GRAM
in the Globus Toolkit [8].

RMS - resourcemanagemensystemmeta-scheduleglobal schedulerresourcebroker, grid scheduleror-
chestratorit consistof oneor morecomponent®f agrid middleware.It canalsobeanexternaltool thatuses
middlewarecomponentsservicesLaterwe will investigatehesetoolsmoredetailed.

MB — meta-broler, inter-grid broker, inter-grid gatevay: It is a novel higherlevel brokeringservice.lt sitson
top of theresourcebrokersandusesmeta-dataf themto decidewhereto senda userjob. Section3 dealswith
this componentn details.

Thoughthe namedexpressionof grid resourcemanagersienotedby RMS are usually inter-changeablethey
slightly differ. Figure 2 is usedto reveal thesedifferences. In generala meta-scheduleis focusingmore on job
schedulingexecutinganalgorithm),a resourcéoroker incorporatesnoreservicesuchasjob handlingandjob state
tracking, while a resourcemanagemensystemtakes care of the whole job managemenprocesswith job account-
ing and otherrelatedservices. A meta-scheduleand a broker can communicatewith and use other servicesof a
middlewareto be ableto managehe whole job life-cycle. In this senseschedulings an atomic processprokering
incorporateschedulingandresourcemanagemenincludesbrokering. A taxonomyandsurney of resourcebrokers
canbefoundin [3], andanotheroneof grid resourcananagemergystemsn [2].

Up to the level of resourcemanagemengystemscurrentgrids arewell studied,reliable enoughto usethis archi-
tectureandsene usercommunities.The remainingpartbetweenthe usersandthe brokers,the meta-broleringlayer
is underdevelopment.The needfor it hasalreadybeenidenti ed by differentresearctgroups. This missinglevel is
supposedo establishinteroperabilityamongdifferentgrid systemsand provide a commongrid accesanethodfor
users.Thenext sectionshavs the currentstateof theart.

CoreGRIDTR-0116 3
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3 Interoperability efforts with higher level Resouice Management

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

The currentsolutionsof grid resourcemanagementvill not be ableto ful Il the high demandof future generation
grid systems. Several researctgroupshave noticedthis problemand have startedto look for solutionsto enhance
interoperability Oneof thepromisingapproacheaimedat enablingcommunicatioramongexisting resourcebrokers.
This subsectiornintroduceghework donein this direction.

The GSA-RGof OGF is currentlyworking on a projectenablinggrid scheduleiinteraction. They try to de ne
commonprotocolandinterfaceamongschedulergnablinginter-grid usage.To achieve this, they usestandardools
(JSDL?, OGSA®, WS-Agreemerft, andproposean SDL (SchedulingDescriptionLanguage)o extendthe currently
available job descriptionlanguage(in the next subsectionwve dealwith SDL more detailed). This work is still in
progress,up to now only a partial SDL schemahasbeencreated. Lately researchersf this group were paying
moreattentionto agreementsandin arecentCoreGRIDtechnicalreportthey describeusingWS-Agreemento make
negotiationsandperforminteraction[9].

Anotherinstanceof this approachis the Latin AmericanGrid initiative (LA Grid®), which is a multifacetednter-
nationalacademi@andindustrypartnershifbetweermajorinstitutionsin the United StatesMexico, Argentina,Spain
andotherlocationsaroundtheworld. The LA Grid mainresearctareasaretransparenGrid enablementautonomic
resourcemanagementneta-broleringandjob o w managementThe meta-schedulingrojectin LA Grid aimsto
supportgrid applicationswith resourcefocatedandmanagedn differentdomains.They de ne meta-brolerinstances
with a setof functionalmodules:connectionmanagementesourcemanagemenijpb managemenandnoti cation
managemenfThesemodulesmplementhe APlsandprotocolsusedin LA Grid throughwebservices A meta-broler
instancenteractswith existentbrokerswithin theresourcedomain.In LA Grid, resource®f differentinstitutionsbe-
long to their respectie resourcedomainsand eachresourcedomainhasa meta-broler instance.Insidea domain,a

https://foge.gridforum.ay/sf/projetsigsa-g
2http:/iwwggf.og/documents/GFD.56.pdf
Shttp://wwwglobus.og/ogsa/
“4http://iwwwogf.og/documents/GFD.107.pdf
Shttp://latinamericagrid.org/
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meta-brolerinstancecontrolsresourceslirectly and/orindirectly throughotherbrokersin the domain. In theformer
casegachresourceeportsits informationdirectly to the brokerinstanceusingresourcananagemenvebservicesIn
the latter case an existentbroker is responsibldor reportingthe informationof the resourcesinderits control. The
systemworksin the following way: eachmeta-broler instancecollectsresourcenformationfrom its neighborsand
save theinformationin its resourcaepositoryor in-corememory Theresourcanformationis distributedin the Grid
andeachinstancewill have aview of all resourcesThe resourcanformationis in aggreyatedformsto save storage
spaceandcommunicatiorbandwidth.Exampleof aggreyatedresourcenformationon a setof senersin adomainis:
ProcSpeedH1200-300 < count=5> < total=19000> )g; OSType=f (Linux,< count=5>)g. A job requesineedto be
describedn JSDLandcanbe submittedo ary known brokerinstanceusingwebservices Whenajob requesairrives,
the broker matcheghe job to a domainwith the appropriatesetof resourcesThe matchingalgorithmis in uenced
by multiple factors.Oneof the factorsis the locationof resourcesuchthatthe preferencewill be givento thelocal
domainin which the job is submitted. If the matchedresourcesre outsideof the domain,the job is routedto the
meta-brolerinstancein anotherdomain. Fromthatpoint this meta-brolerinstances responsibldor dispatchinghe
job again,if neededandreportingthe job statesbackto the instancewherethe job was originally submitted.The
Koalagrid schedulet wasdesignedo work on DAS-2 interactingwith Globus[8] middlevareserviceswvith themain
featuresof dataandprocessorco-allocation. Lately it is beingextendedto supportDAS-3 and Grid'5000 [10]. To
inter-connectifferentgrids,they have alsodecidedo useinter-brokercommunicationTheir policy is to usearemote
grid only if thelocal oneis saturatedln anongoingexperimentthey usea so-calleddelegatedmatchmaking DMM),
whereKoalainstanceglelegateresourcanformationin a peer2-peermanner The LA Grid approacltis similar, but
they shareaggregatedresourcedata,while DMM usesa rankingof domainsby their resourcesFor preliminarytest
they have built a simulatorthatbehaessimilarly asthe previously mentionedyrids. Thesimulationsresultsshav that
their architectureaccommodatesquallywell for low andhigh systemloads.Gridway’ hasalsobroadenedts support
for multiple grids. In their latestpaperthey introducea SchedulingArchitecturestaxonomy{11], wherethey describe
a Multiple Grid Infrastructure.It consistsof differentcateyories,we areinterestedn the Multiple Meta-Scheduler
Layers,where Gridway instancescan communicateand interactthroughgrid gatevays (theseinstancesare called
GridGatavays). Theseinstancesanaccessesourcedelongingto differentadministratve domainggrids/VOs). The
basicideais to passuserrequest$o anotherdomain,whenthecurrentis overloaded- this approacHollows the same
ideaasthepreviouslyintroduceddMM. Gridway is alsobasedn Globus,andthey areexperimentingwith GT42 and
gLite®.

Comparingthe previous approachesye canseethatall of themusea nev methodologyto expandcurrentgrid
resourcenanagemenboundaries Meta-broleringappearsn a sensdhatdifferentdomainsarebeingexaminedasa
whole, but they ratherdelegateresourcenformationamongdomains proker instancesr gateavays. Usuallythelocal
domainis preferencedandwhena job is passedo somevhereelse,the resultshouldbe passedackto the initial
point. The usedpeer2-peerapproactseemsgo provide a goodperformancebut if we wantedto applythe presented
methodgo differentsystemsdomainswe arefacinginteroperabilityproblems again.This leadsusbackto thework
doneby OGFto de ne commoninterfaces.Sinceit takesmuchtime to agreeon theseprotocolsandadoptthem,in the
next subsectiorwe focuson a solutionthatutilizesanddelegatesbroker informationby reachingthe brokersthrough
their currentinterfaces We gatherandutilize meta-databoutexisting widely usedbrokersfrom variousgrid systems
to establisharealmeta-broleringinfrastructure.

3.2 Intr oducing a meta-level above Resouice Brokers

As we mentionedn theintroduction,the NGG ExpertGrouphasidenti ed a cornvergencebetweergrid andweb ser
vices[1]. IT companiegredevelopingandadaptingheir servicedo utility servicesjn which agenttechnologiesse-
mantics heuristicsandself-avarenesplay amoreimportantrole takinginto accounthelatestend-userequirements.
They call theseutility servicesSOKUs,which will becomethe building blocksof future grids. This corvergenceof
grid servicesbring othertechnologiesloserandgrid developmenttakes over new ideasand solutionsfrom related
researchelds. Sincethis evolution takesmuchtime to transformthe whole systemandthereis a high demandfor
establishinggrid interoperability we have beenlooking for a solutionthat requiresminimal or no modi cations at
all to the middleware,andstill incorporatesiew technologieshaving the ability to becomea SOKU in future grids.

Shttp://wwwst.avi.tudelft.nl/loda/
http:/imwwgridway.org/
8http://wwwglobus.og/toolkit/
Shttp://glite.wetcern.chglite/
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Ourresearchargetedthe areaof grid resourcemanagementndbuilds uponagenttechnologiesandsemanticsWe
introducea novel schedulingphilosophycalledmeta-broleringthat createsa meta-level above currentresourcaman-
agemensolutionsby usingtechnologiesrom the areaof the semantioweb as statedin the semantiogrid vision?©.
Following this way, we have developedsolutionsto make dataaboutresourcemanagersvailablefor cooperatedau-
tomaticprocessingn theform of meta-data\We provide languageschemaso storeandsharethis meta-dataandto be
processedby variousschedulingpolicies. In this subsection,rst we examinetherequirement®f the meta-brolering
approachthenpresenta generakolutionthatcanberealizedin differentgrid ervironmentsshown in the secondoart.
Two approachefollow this meta-broleringdirection. Both projectsidenti ed the needfor an automatic,intelligent
way for selectinga properdomain,VO or grid managedy resourcedrokers.

The rst oneis theHPC-Europaroject?, whichaimsatbuilding a grid portalthatprovidesa uniformandintuitive
userinterfaceto accessanduseresourcegrom differentdomains so-calledcenters.Sincemostof the HPC centers
have alreadydeployed their own site-speci c HPC and grid infrastructure,it is animportantrequirementor them
to keepthe autonomyof thesecentershy allowing themto usetheir middleware, local policies, and so on. For
instancetherearecurrently ve differentsystemghat provide job submissiorandbasicmonitoringfunctionalityin
the HPC-EuropanfrastructureeNANOS[15], GRIA middleware'?, Grid ResourcdMlanagemen8ystem(GRMS)2,
JobSchedulingHierarchically(JOSH}* and UNICORE. The Single Pointof Access(SR\) effort of HPC-Europa
providestwo setsof interfacesto applicationusers.The rst oneis a genericinterfacesetthatcanbe usedby all users
for mostof their batchapplications.Theseuniforminterfacesareusedto accesshe mostrelevantgrid functionalities,
whichhave beenidenti ed by analyzingtherequirementsf thecenters Thesekey functionalitiesare:job submission,
job monitoring, resourceinformation accessaccounting,authorization,and datamanagement.The second,more
application-speci csetof interfaces allow usersto managemorecomplex applicationsn a straightfornard manner
by building portlets.Usingthesdnterfacegheaccompaying resourcananagersanbuild aplugin-based¢omponent.
Fromtheend-useperspectie,auniform GraphicalUserInterfaceis providedthatis commonfor all systemsleployed
in theHPC-Europanfrastructure This GUI canbe dynamicallyadaptedo particularsystemsandstill keepthe same
look andfeel. Whena userwantsto submita job, the useris requiredto choosethe centerto which the job hasto be
submittedandto specifyits requirementsThereis no global schedulingthe brokeringis doneby the usermanually
To helpthis selectionthe systemcanprovide a descriptionof the capabilitiesof the site-speci cplug-ins.In thisway
theusergetsan XML-baseddescriptionof the methodshe appropriateplug-in supportsanda descriptionof thedata
structurego be usedfor invocation(e.g.,job description).

The secondapproactis the P-GRADE Portal[14], which is alsoa grid portal, with the main goalto supportall
stagesof multi-grid work o w developmentandexecutionprocessef variousproductiongrids. It enablegyraphical
designof work o ws createdfrom varioustypesof executablecomponentgsequentiabnd parallel), executingthese
work o wsin Globus-basedomputationagridsrelyingonusercredentialsand nally , analyzingthemonitoredtrace-
databy the built-in visualizationfacilities. The following functionalitiesare supported:de ning grid ervironments,
creationandmodi cation of work o w applicationsmanaginggrid certi cates,controllingthe executionof work o w
applicationngrid resourceandmonitoringandvisualizingtheprogres®f work o wsandtheircomponenjobs. The
portalis interfacedto differentbrokersto accesglifferentVOs andgrids, suchasLCG-2, gLite WMS*6, GTbroker
[12] and the NorduGrid broker'’. During the work ow developmentprocess the usercan chooseone from the
interconnecteg@roductiongrids. Furthermorgesourcenanager®r speci ¢ resourcesanalsobeselectedafternards.
This manualselectiomeedto be doneby the user(justlike in the previousHPC-Europapproach)To helptheusers,
this portalprovidesGUI for resourcénformationanda speci ¢ work o w for VO-usabilitytest.

In both of theseapproachesserscansubmitjobsto differentdomainsn atransparentvay. Thoughthis provides
somelevel of interoperabilitytheusersstill needo beawareof thecapabilitieof theavailableresourcananagersand
they needto gatheror trackresourcanformationthemseles. In the previous subsectiorwe sav a possiblesolution,
wherebrokers passthe job to anotherresourcemanageiinstanceof a differentdomain,if the actualis overloaded.
Themeta-broleringapproactcreatesa generaliew of the availablebrokersandresourcesThis solutionenableghe
higherlevel meta-brolerto have aglobal,up-to-dateview of capabilitiesandavailability. In thefollowing we statethe

LOhttp:/mwwwsemanticgrid.ayvision.hml
Uhttp://wwwhpc-europa.gyf
Lhttp:/iwwwgria.og/
Bhttp://wwwgridlaborg/grms
14http://gridengine.sunsourcetjoshhtml
L5http://wwwunicore.eu/
16http://glite.wetcern.chglite/
L7http://wwwnordugrid.og/middlavare/
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requirement®f sucha generaimeta-brolerandintroduceits architecture.

Application level
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Figure3: Requiredcomponent®f a GeneraMeta-Brolker

Figure 3 is intendedto shawv all the componentsieededby a Meta-Broler. In the following we describethese
component®y introducingthe mainrequirement®f this higherlevel brokeringservice:

JDL —JobDescriptionLanguage Sincethe goalof this serviceis to offer auniformway to accesyariousgrids,
auni ed descriptionformatis neededo specifyall theuserrequirements.

CDL —CapabilityDescriptionLanguage Eachbrokerhasdifferentsetof functionalities they canbespecialized
in differentapplication-types.In orderto storeandtrack theseproperties,it is requiredto usea Capability
DescriptionLanguage It shouldbe generalenoughto includeall the servicecapabilities(regardinginterfaces,
job submissionmonitoringandagreements).

SDL — SchedulingdescriptionLanguage BesidesCDL andJDL the schedulingequirementandpoliciesalso
needto bestored.Theuserscanexpresgheirneedsy extendingthe JIDL with SDL, andtheschedulingoolicies
andmethodf the brokerscanbe storedin this format.

MatchmakingMechanism:This componenperformsthe schedulingof incominguserrequestsA propergrid
broker (which impliesa domain,VO or executionervironment)needso be selectedor a userjob taking into
accountheavailableschedulingpolicies.

GJI- GlobalJobldenti ers: It is importantto have uniquemappingof userjobsto differentgrids. An imple-
mentationcanbeasinglejob ID provider for themeta-broleringsystemor simply usingeachbroker systemas
apre x for theassignedyrid job ID.

SM — Security Management:The role of this componentis to provide secureaccesdo the interconnected
domains.For example differentusercerti cates,proxiesmaybeacceptedn differentVOsandgrids. Providing
atransparentvay for usersthesevariousproxiesalsoneedto be handledby the Meta-Broler. It is obviousthat
only thosegridsandbrokerscanbe consideredor job submissionto whichthe userhasa valid certi cate.

CoreGRIDTR-0116 7



AccountingMechanism:The GJI andPM canbe a part of a global accountingcomponent.The role of this
mechanisnis to managauseraccesdy pre-de nedpolicies. Thoughgrid economyis still in apre-maturestate,
in thefuturethe meta-broleringserviceshouldalsosene businesgrids.

AgreementdViechanism: This components in connectionwith the Accountingmechanism. ServiceLevel
AgreementgSLA) areplannedto be usedin future generatiorgrids. Therole of this partis to negotiateuser
requirementswhich canalsoaffect schedulingpolicies. Whenagreementwill be generallyacceptedndused,
this mechanisnshouldbe extendedto do negotiationswith the brokers.

Monitoring Mechanism:Reliableoperatiorrequiresglobalmonitoring,in termsof theinter-connectedrokers,
reachablaelomain,grid resourcegndloads,andlocal componenfunctionalities. Self-avareandfault tolerant
operatiomeedto be providedby the systemitself, which needsextensive monitoring.

PredictionMechanism:This componenis in connectionwith the Monitoring and Matchmakingmechanisms.
It is necessaryo performcalculationsof broker availability, serviceutilization anduserrequestoadsto cope
with the highly dynamicnatureof grids.

AddressingandNoti cation Mechanism:This componenis responsibldor accessindhe inter-connectede-
sourcebrokers,andmanagingcommunicatiorincludinglocal evenandexternaljob statenoti cations.

As we statedin the beginning of this section,semanticsare crucial to establishinteroperability Standardization
shouldbe takeninto accountduring the designand developmentof sustainablesolutions. To walk on this way, we
usethe standardsaand widespreadechnologieswhereapplicable. Thoughthe requirementandthe GeneralMeta-
Broker Architecturemeantto be implementatiorandtechnologyindependentve recommendhe useof JSDL (Job
SubmissiorDescriptionLanguagel® asJDL for describinguserjobs, andWS-Agreemenfor handlingagreements.
RegardingCDL we developeda languagecalled BPDL (Broker PropertyDescriptionLanguage)17], which was
alsoincorporatedsSDL. In therestof this subsectiorwe revise andupgradeBPDL andgatherthe scheduling-related
attributesto MBSDL (Meta-Brolker SchedulingDescriptionLanguage).To contribute to the standardizatiofprocess
of OGF (OpenGrid Forum), we keepon negotiatingwith the OGF-GSAresearctgroupto createa standardSDL.
Onceit is nalized, it will beusedinsteadof MBSDL.

During the clari cation andseparatiorof BPDL andMBSDL attributes,we usedthe samedatamodelde nition
asin [17]. It impliesthatthe structureof the new BPDL — thatwe call BPDL 2.0 —, remainsnearlythe same,we
have only clari ed someattributes,addedwantingonesandseparatedhe scheduling-relatednesto MBSDL. As an
implementationof the datamodel, we usedXML schemasgain,in both languagespeci cations. Figure4 and5
shavstheseschemasegardingBPDL 2.0andMBSDL.

Using theseschemasye are ableto storemetadataaboutevery resourcebroker. BPDL 2.0 is usedfor storing
staticcapabilitiesand dynamicstatesof the utilized brokers. The staticinformationis representedtby the following
elds:

BrokerID: It containsa uniqueidenti er of aresourcebroker.

Interface: This eld providesmetadataboutthe accessibilityandnoti cation methodsof the broker.
Monitoring: This eld usedfor specifyingself, job or resourcanonitoringmechanismsf the broker.
Security:It providesdataaboutjob anduserauthenticationrmethodssuchasMyProxy sener connections.

Otherstaticinformationcanalsobe storedby usingthe attributesof MBSDL describedater The mostimpor-
tantonesarethe followings: Middleware: It shows, in which kind of middleware, grid or VO the broker can
operatewhich Information Servicest uses.JobType: It speci esthe type of jobsthatthe broker canhandle.
RemoteFileAccessthis eld shavstheprotocolsusedfor transferringles.

Thedynamicinformationshouldbeupdatedy theMeta-Brolerduringutilization. Thisdatais intendedo provide
up-to-dateperformanceandavailability informationfor scheduling Thefollowing eld is usedfor this purpose:

PerformanceMetricdt shawvs, how successfullyhebrokerperformedob requestsandhow reliableits services
are.ThePredictionattribute canbe usedto storepredicteddataaboutbroker availability andreliability.

18http:/iwwwogf.og/documents/GFD.56.pdf
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TheMBSDL languagecanbe usedto extendBPDL with schedulingelatedattributes.SinceJSDLis alsolacking
theseattributes, MBSDL canalsoberegardedasa JSDL extension.lts schemaontainsthree elds:

Constraints:in this eld we canspecifytermsthatarenecessaryo beful lled duringscheduling.lt includes
middleware remotele access&ndjob typeconstraintsaswell asprocessingime andbudgetcostrequirements.
Finally thereis anopportunityto specifycustomizednes.

QoS(Quality of Service)requirementsHereone canspecifyagreementgpb priorities, advanceresenations,
emailnoti cation or accesgontrols.Faulttolerancdeaturesanalsobe selectedo affecttheschedule.

Policy: In this led we canchoosefrom variousschedulingpolicies, or we cande ne customizednes. The
LRMSPolicy is usedto describdocal schedulecapabilities.

Having all therequirementsle ned, we areableto implementandbuild ameta-broleringservice.In thefollowing,
we show two realizationof the presentedneta-broleringarchitecturen two widely usedgrid portalernvironments.

The rst solution,the Grid Meta-Broler, will be usedto solve meta-broleringin the future versionof P-GRADE
Portal(Figure6). Neverthelesst hasbheendesignedasa standalonestandards-basé/eb Service thereforeit is grid
middlewareand portalindependentAs JSDL is generalenoughto describgobs of differentgrids and brokers, this
languagéehasbeenchoseno bethe job descriptionlanguageof the Grid Meta-Broler. The Translatorcomponenof
the Meta-Broler is responsibldor translatingthe resourcespeci cationlanguagede ned by theuserto thelanguage
of the appropriateesourcebroker that the Grid Meta-Broler selectgo usefor a givenjob. Fromall the variousjob
speci cationlanguages subsebdf basicjob attributescanbe chosenwhich canbedenotedelatively in the sameway
in eachdocumen{theseattributesalsoexist in JSDL). The translationof thesepartsis almosttrivial. Therestof the
job attributesdescribespecialjob handling,variousschedulingfeaturesandremotestorageaccess.Generallythese
caseganhardlybe matchedamongthe differentsystemspecaus@nly few of themsupportthe samesolution. Even
thesamemethodologycanbeexpressedn differentwaysin differentlanguagesTherefordt is reallyimportantto use
agenerakchedulindanguageThisis theMBSDL, soit shouldbeusedby theusergo specifythesespecialattributes.
Besideglescribinguserjobs,we alsoneedto describeaesourcérokersin orderto manageindmake differenceamong
them. Thesebrokershave variousfeaturesor supportingdifferentuserneeds.To achieve this, the Grid Meta-Broler
usegheabovedescribedBPDL togethemwith MBSDL. ThelnformationCollector(IC) componenbf the Meta-broler
storesthe dataof the reachablérokersand historicaldataof the previous submissionsn BPDL. This information
shavs whetherthe choserbrokeris available,or how reliableits servicesare.During broker utilization the successful
submissionandfailuresaretracked, andregardingtheseeventsa rankis modi ed for eachperformancettributein
theBPDL of theappropriatéroker. In thisway, thesedocumentsepresenandstorethedynamicstatesof thebrokers.
Theload of the resourcedehindthe brokersis alsotakeninto accounto helpthe MatchMaler componento select
the properernvironmentfor the submittedjob. Whentoo mary similar jobs are neededo be handledby the Meta-
Brokertheso-calledbesteffort matchmakingnay ood abrokerandits grid. In orderto copewith this problem there
arelS Agentsreportingto the Information Collector, which regularly checktheload of the underlyinggrids of each
connectedesourcéroker, andstorethis data. They arein connectiorwith the InformationSystenof thegridsbehind
the utilized brokers. With this additionalinformationthe matchmakingprocesscanadaptto the load of the utilized
grids. The actualstate(load, con gurations)of the Grid Meta-Broler is alsostoredhere,andit canalsobe queried
by users. The previously introducedlanguageattributesare usedfor matchingthe userrequestdo the description
of the interconnectedbrokers: which is the role of the MatchMaler component.The matchmakingprocesgelieson
one of the pre-de nedschedulingpolicies. We investigatethesepoliciesin detailslaterin section3.4. To helpthe
MatchMaler, the IS Agentsmonitortheinterconnectedrids,andprovide load andresourceavailability information.
Theactualperformancesf thebrokerscanalsobeuseful this datais storedandupdatedegularly PerformanceMetric
eld of theBPDL instancesThelnvokersarebroker-speci c componentsthey communicatevith theinterconnected
brokers,invoking themwith job requestsand collectingthe results. Datahandlingis alsoanimportanttask of this
component.The Invoker instance responsibldor managingcerti catesandjob submissiorto the actuallyselected
broker, takescareof transferringthe necessanyles to the selectedyrid ervironment. After job submissionit stages
theoutput les backandupgradeghe historicaldatastoredin the InformationCollectorwith thelogging dataof the
utilized broker. The Corecomponenbf the Meta-Broleris responsibléor managinghe communicatior(information
anddataexchangeamongthe othercomponents.

OnFigure7 we canseethemetabrolering-enabletHPC-Europs&SFA. Thisextendedversionincludesnew services
to performmeta-brolering: a new modulefor the broker schedulinga schedulingplug-in for eachcenteralanguage
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to describethe schedulingcapability of brokersandglobalidenti ers managementMoreover, it includessomeother
servicessuchasa predictorserviceor a historic datacatalogto improve the schedulingechniquesTheideawasto
designa systemfollowing the OGF standardsuchasthe JSDL asa languageor describingjobs. With the help of
BPDL andSDL, otherusefulinformationcanbe storedto improve the schedulingstratgly. Someof this information
canbe drawvn from previous decisionsregardingthe selectionof brokersas a historical data,suchasthe achieved
quality of serviceby thedifferentbrokers theaveragewaitingtime, thereputatiorof brokers,or thelevel of availability
and reliability of the resourcesinderthe broker domains. In the new architecture the meta-brolering scheduling
engine(MB Sched.E.) is responsibldor the broker selectionto decidewhereto submita job. At the portallevel,
it evaluatesone of the meta-brolering policiesavailablein the framework andin additionto this component new
portletis be providedto con gure policiesandits mainissues.To mapthe schedulingperformedin the meta-broler
schedulingenginefollowing the schedulingcapabilitiesof the differentbrokers,we neededa new plug-in. This plug-
in implementgthe schedulingAPI1 andprovidesthe functionality supportedoy eachbrokering system.To de ne the
schedulingcapabilityof the differentcentergbrokers),we needa schedulingdescriptionlanguage.This languages
the MBSDL, which includesthe schedulingpolicy capabilities,suchasthe quality of service,priorities, the support
for co-allocationsandfor advancedresenations,economicissuesor the schedulingpolicy family. For example,in
eNANOS we canoffer asa schedulingcapabilitytheload-balancingf parallelapplicationsn run-timeor the support
for MPI+OpenMPapplicationg15]. Finally, to allow the portalmanagingobscomingfrom all the centerswe need
globalidenti ers mechanismsTo obtainglobalidenti ers, we designeda new service theglobalidenti er manager
(GIM), thatis accessibldérom all the servicesandthroughthe centers'plug-ins. Differentbrokersshouldsupportthis
new functionalityvia their plug-ins. Regardingimplementationthe UniversallyUniqueldenti er ° (UUID) seemso
beagoodcandidateastheidenti er standardlt is usedin softwareconstructionstandardizedy the OpenSoftware
Foundation(OSF)aspartof the Distributed Computingenvironment(DCE).

3.3 The marriage of thesetwo approaches

In subsectior3.1, we have seenhow ef cient systemscan be built usinga novel approachto enableinter-broker
communicatiorandinterdomainresourceutilization with peer2-peerextensionsof existing resourcemanagersin
subsectiorB.2, we have introducedthe meta-broleringapproachanda generalmeta-brolkering structure.Finally we
have shavn how this methodologycanbeappliedin two real-world grid ervironment.In theintroduction we discussed
wheregrid evolution is heading the future generatiorof grids, the WWG. Thoughimplementingthe generaimeta-
brokerinevitably takesuscloserto WWG, in thefutureit is necessario usethetechniqueshownnin 3.1. At this meta-
level it is nottheresourcanformationthatshouldbe delegated but the broker information. Sinceexactly this datais
storedin BPDL andMBSDL, we needto make themavailableamongall the peeringinstancego createa knowledge
base. This nal global meta-broler utility (Figure8.) will be ableto build up an extensie view of interoperating
grids,andmanagehemef ciently . Oncethis goalis accomplishedye will arrive to the WWG vision by creatinga
service-orientedtnowledgeutility (SOKU), which wasexactly the sameaim assignedy the Next GeneratiorGrids
ExpertGroup.

3.4 Schedulingpoliciesin meta-brokering

In additionto thearchitecturanodelandtherequiredinterfacesthereis animportantnovel functionality: the schedul-
ing atthemeta-broleringlevel. We canimplementifferentkindsof schedulingpoliciesdependingpntheinformation
we have atthe meta-broleringlevel. If themeta-broler gathergdetailedinformationabouttheresourcest canimple-
mentthe typical schedulingpoliciesusedby resourcebrokersor meta-scheduler® accesgesourceslirectly. In this
caseameta-brolercanberegardedasamulti-grid resourcéoroker, andit would provide nothingmorethanotherwell-
known solutionsdescribedn [3]. The novel schedulingpolicies usemeta-informatioraboutbrokersand resources
to copewith largeramountof resourcesnanagedy lower level brokersactingaslocal intra-domainschedulersjob
dispatchersandexecutionentities. Basedon the infrastructureshaovn in Figure5, we proposemeta-brolering poli-
ciesrelying on the capabilitiesand measuregerformance®f the utilized brokers. In this case the selectionof the
appropriatéorokeringsystemcanbe doneusinga multi-criteriaalgorithmthat cantake into accounthe gatheredand
predictedmetadatastoredin SDL andCDL. In our casethe generalschedulingpolicy examinesthe job description,
which is storedin JSDL andMBSDL, and matcheghemwith the metadatastoredin BPDL and MBSDL. In order
to copewith the high dynamicity of the grid domains,it usesmeasuredand predicteddatain BPDL. To presenta

Lohttp:/iwwwietf.org/rfc/rfc4122.txt
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Figure8: GlobalMeta-BroleringServiceasa SOKU

formalizationof this meta-brolering algorithm, we usethe samenotationand model presenteckarlierin [17]. We
de nedthefollowing functionfor matchmaking:

:T B'! B,whereT isasetof tasks(here:jobs)andB is a setof brokers.

Fort 2 T,bg,..,bh 2 B,n O:

(t, (b, by, b)) = b, meansthatfor a job denotedby t matchedwith brokersdenotedby by, b, andb; the
matchmakingunction returnsb,, which is the ttest broker for the job. That meansthe returnedbroker can

mostef ciently executethejob. (Notethathy is a specialelementwhich is anemptydescription.This is the
returnvalue,whenno broker ts thejob requirements.)

Thealgorithmof this functioncontainghefollowing notationsandsteps:

B = by;by; by, brokers

t2T,job

jb: basicstaticinformationandconstraintsn JSDL+ MBSDL of t

js: schedulingandQoSrequirementén MBSDL of t

P = p1; i pn, Staticinformationandperformancelatain BPDL + MBSDL of bj;1 i n
S = s1;:::; by, schedulingpoliciesandcapabilitiesn MBSDL of ;1 i n

R = ro;ry; 5 ry, performanceanks

ro = > 0, anarbitrarysmall x ednumber

FORi =1TOn
IF checkJobRedf§,p;)
THEN
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IF checkSchedRed§si)
THEN r; = countPerfRankg)
ELSEr; = countPerfRankg;)/10

ELSEr; =0
k = pozOfHighestRankg)
RETURNby

The matchmakingalgorithmcompareshe descriptionof the actualjob to the meta-dataf theregisteredresource
brokers.In the rst phaseéhebasicjob requiremenattributesstoredn JSDL,andtheconstraintstoredin theMBSDL
extensionare matchedagainstthe basicbroker capabilitiesstoredin BPDL extendedwith MBSDL.: this selection
determines groupof brokersthatareableto ful Il the job request.n this phasehosebrokersarekeptthatareable
to submitthe speci ed job type andwork with the requestedniddlenvareservices.In the secondphasethe brokers
are ltered by all theschedulingequirementstatedn the MBSDL extensionof the userrequirementskFor all of the
brokersthatcouldpassheseltering phasesrankis countedby theactualbroker performanceinddomainload. For
thebrokersthatcouldonly passhe rst phaseaeducedanksareassignedFinally thelist of the brokersis orderedby
theseranks.The brokerwith the highestrankis selectedor submissionThis algorithmis usedin the meta-brolering
architecturepresentedn Figure6.

Differentschedulingpoliciesstoredin MBSDL canaffecttheschedulinglt depend®onthedeployedarchitecture,
which policies are implementedin the chekShedRegmethod. In economy-basedrid environmentsscheduling
policiescouldrely ontheagreementandaccountingnformationto matchuserbudgetandmaximizedomainearnings.
In this casethe selectedbroker canbe usedfor negotiationsandagreeingon serviceterms. If they cannotagree the
brokerwith thesecondighestrankwill beselectedor startingnegotiations.Anotherapproachs basednanongoing
work in UPCto usepoliciesbasedon historicaljob/resourcenformationto make schedulingdecisions.Datamining
techniquesreusedregardingthe historicalinformationof Grid resourcesisage Grid workloads,anda minimumset
of job requirementge.g., executable humberof processor@andinput les) to estimatevariablesabout: (1) the job
requirementswhich estimatehow muchprocessardisk andmemorya job will use;and (2) the future stateof the
differentresourcegvolvedin the Grid, which estimatefor instancehow muchfree spacewill beavailablein a given
host,or whatloadit will have in a givenfuturetime. This informationis derived by correlatingthe pastexecutions
of similar jobs usingsimilar resourcesgr with similar future load usingsimilar predictiontechniqueghathave been
proposedn otherworksin termsof job performancepredictionandresourcausagebut using Grid workloads. This
kind of schedulingpolicy canbeappliedto architectureslescribedn subsectior8.1.

Usingthe achievementf this latestapproachwe canimprove the meta-broleringalgorithmandcreateanother
policy by extendingthe countrRerfRankmethodwith estimationand predictionresults. But in our caseit is not the
resourcevailability thatneedgo be estimatedput the servicescapabilitiesof brokersandtheir reliability.

The Global Meta-Brolering Service,shavn in Figure8, requiresfurther extensionsandinvestigationgegarding
schedulingpolicies. A futureinter-connectedneta-broleringarchitecturavould requirea furtherphase(third phase)
in its algorithm.In this phaseleniedjob requestgby job failures broker unavailability or violatedagreementsyhould
besentto anothemeta-brolerinstancdor submissionThis approactopenssereralquestionssuchaswhichinstance
to choosewhenshouldanagreemenbe violatedor how likely it isto nd a betterbroker for arequesin adifferent
instancedomain.

4 Concluding remarks

In this papemwe have examinedandcomparedlifferentresearchdirectionsfollowedby researcherim the eld of Grid
ResourceManagementegardinghigherlevel brokeringapproachedrirstwe clari ed the differencesandsimilarities
of currentlyusedsolutionsin theareaof grid resourcenanagemertty presentinga Grid ResourcéManagerAnatomy
This modelde nesthe connectionandresponsibilitypoundarie®f currenttools. After introducingthe latesttrends
in grid developmentand the assignedyrid evolvementdirectionsby the Next GenerationGrids Expert Group, we
have shavn how grid resourcemanagementan follow this way, andwhatkind of stepsare necessaryo be taken
to establisha higherlevel of grid interoperability We de ned the essentialtequirement®f a novel middlewvaretool
calledMeta-Broler, proposed generakrchitectureandhave shavn how it canbeimplementedn two differentgrid
portalervironments We derivedtwo languageschemagor describingresourcebrokersandschedulingoolicies. This
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metadatglaysanimportantrole in the schedulingorocessat the meta-broleringlevel. Usingthis meta-information
aboutinter-connectedesourcebrokersand userrequestave proposeda generalmatchmakingalgorithmfor meta-
brokering schedulingpolicies. We have alsoervisagedan interoperableGlobal Meta-Brolering Serviceasa SOKU
thatwill beableto sene userrequestsn future generatiorgrids. Our futurework will aimat nalizing the presented
meta-brolering solutionsand carrying out performancemeasurements the two portal ervironments. Besideswe
will investigatethe requirement®f the meta-brolering SOKU, anddesignschedulingpoliciesfor peer2-peermeta-
brokering. Oncewe achiere thesegoalsand other grid middlewvare serviceswill alsobe matureenough,we can
inter-connectthe meta-broleringinstancego bring the meta-brolering SOKU to life andestablishthe World Wide
Grid.
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6 Appendix: XML schemasof BPDL 2.0and MBSDL

<?xml version="1.0" encoding="UTF 8 2

< xsd:schema xmlns:xsd=" http: //www.w3.0rg/2001/XMLSchema”
xmlns:bpdl="uri:BrokerPropertyDescriptionLanguage”
xmlns:mbsdl=" uri:MBSchedulingDescriptionLanguage”

targetNamespace="uri:BrokerPropertyDescriptionLanguage” elementFormDefault="qualified”

attributeFormDefault="unqualified”>

< xsd:import namespace=" uri:MBSchedulingDescriptionLanguage” schemalLocation="mbsdl.xsd” />

< xsd:element name="BPDL” type="bpdl:BPDL_Type">
< xsd:annotation>

< xsd:documentation>Broker Property Description Language 2.0</xsd:documentation>

</xsd:annotation>
</xsd:element>
< xsd:complexType name="BPDL_Type">
< xsd:sequence>
< xsd:any namespace="##other” processContents="lax" />
< xsd:element name=" BrokerID" type="bpdl:BrokerlD_Type” />

< xsd:element name=" Interface” type="bpdl:InterfaceType” maxOccurs=" unbounded” />

< xsd:element name=" Monitoring” type="bpdl:Monitoring_Type” />
< xsd:element name=" Security” type="bpdl:Security_Type” />

< xsd:element name=" PerformanceMetrics” type=" bpdl:PerformanceMetrics_Type” />

<xsd:element ref="mbsdl:SDL" />
</xsd:sequence>
<xsd:attribute name="name” type="xsd:NCName” use="required” />

< xsd:attribute name=" description” type="xsd:string” use="optional” />
<xsd:attribute name="targetNameSpace” type="xsd:anyURI” use=" optional” />

<xsd:anyAttribute namespace="##other” processContents="lax" />
< /xsd:complexType>
<xsd:complexType name=" Broker|D_Type">
< xsd:simpleContent>
< xsd:extension base=" xsd:string”>
< xsd:anyAttribute namespace="##other” processContents="lax" />
</xsd:extension>
</xsd:simpleContent>
< /xsd:complexType>
<xsd:complexType name="InterfaceType">
< xsd:sequence>
< xsd:element name="type” type="bpdl:InterfacesEnumeration” />
< xsd:element name="name” type=" xsd:string” />
< xsd:element name=" description” type=" xsd:string” minOccurs="0" />
< xsd:element name=" Parameters” minOccurs="0">
<xsd:complexType>
< xsd:sequence>
< xsd:element name=" Parameter” maxOccurs=" unbounded”>
<xsd:complexType>
< xsd:sequence>
< xsd:element name=" description” minOccurs="0" />
< /xsd:sequence>
<xsd:attribute name="name” type="xsd:NCName” />
<xsd:attribute name="type” type="xsd:NCName” />
< /xsd:complexType>
</xsd:element>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
< xsd:element name=" ReturnedValue” minOccurs="0">
<xsd:complexType>
< xsd:sequence>
<xsd:element name=" description” minOccurs="0" />
</xsd:sequence>
< xsd:attribute name="name” type="xsd:NCName” />
<xsd:attribute name="type” type="xsd:NCName” />
</xsd:complexType>
</xsd:element>
</xsd:sequence>
< /xsd:complexType>
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107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

< xsd:complexType name=" MonitoringMetric_Type">
< xsd:sequence>
< xsd:element name="Name” type=" xsd:string” />
< xsd:element name=" Description” type=" xsd:string” />
</xsd:sequence>
< xsd:attribute name=" MetricType” type="bpdl:MonitoringlnfoEnumeration” use="required” />
<xsd:anyAttribute namespace="##other” />
< /xsd:complexType>
<xsd:complexType name=" Monitoring_Type”">
< xsd:sequence>
< xsd:element name=" Metric” type="bpdl:MonitoringMetric_Type” maxOccurs=" unbounded” />
</xsd:sequence>
< xsd:attribute name=" accessMethod” type=" xsd:string” use="optional” />
<xsd:anyAttribute namespace="##other” />
< /xsd:complexType>
<xsd:complexType name=" Security_Type">
< xsd:choice>
< xsd:element name=" MyProxy” type="bpdl:MyProxy_Type” />
< xsd:element name=" OtherSecurity” type="bpdl:OtherSecurity_Type” />
</xsd:choice>
<xsd:anyAttribute namespace="##other” />
< /xsd:complexType>
<xsd:complexType name=" MyProxy_Type">
< xsd:sequence>
< xsd:element name=" IsSupported” type="xsd:boolean” />
< xsd:element name=" ServerName” type="xsd:string” minOccurs="0" />
< xsd:element name=" PortNumber” type="xsd:int” minOccurs="0" />
</xsd:sequence>
< xsd:anyAttribute namespace=" ##other” />
< /xsd:complexType>
< xsd:complexType name=" Other Security _Type">
< xsd:sequence>
< xsd:element name=" Details” type=" xsd:string” />
</xsd:sequence>
< xsd:attribute name="name” type="xsd:NCName” />
<xsd:anyAttribute namespace="##other” />
< /xsd:complexType>
< xsd:complexType name=" PerformanceMetrics_Type”">
< xsd:sequence>
< xsd:element name=" AVGWaitingTime” type="bpdl:PerformanceMetric_Type” />
< xsd:element name=" AVGSlowdown” type="bpdl:PerformanceMetric_Type” />
< xsd:element name=" FinishedJobs” type="bpdl:PerformanceMetric_Type” />
< xsd:element name=" FailedJobs” type="bpdl:PerformanceMetric_Type” />
<xsd:element name=" OtherMetric” type="bpdl:PerformanceMetric_Type”
maxOccurs="unbounded” />
< xsd:element name=" Prediction” type="bpdl:PerformanceMetric_Type” minOccurs="0"
maxOccurs="unbounded” />
</xsd:sequence>
< xsd:anyAttribute namespace=" ##other” />
< /xsd:complexType>
< xsd:complexType name=" PerformanceMetric_Type”">
< xsd:sequence>
< xsd:element name="name” type=" xsd:string” />
< xsd:element name=" description” type=" xsd:string” />
< xsd:element name="value” type=" xsd:string” />
< /xsd:sequence>
<xsd:anyAttribute namespace="##other” />
< /xsd:complexType>
<xsd:simpleType name="InterfacesEnumeration”>
<xsd:restriction base=" xsd:string”>
< xsd:enumeration value=" Submit” />
< xsd:enumeration value=" Cancel” />
< xsd:enumeration value=" Suspend” />
< xsd:enumeration value="Resume” />
< xsd:enumeration value=" Migrate” />
<xsd:enumeration value=" other” />
</xsd:restriction>
</xsd:simpleType>
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128
129
130
131
132
133
134
135
136
137
138
139
140

141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

166
167
168
169
170
171
172
173
174

175

176
177
178
179
180
181
182
183
184
185
186
187
188
189

< xsd:simpleType name=" MonitoringlnfoEnumeration”>
<xsd:restriction base=" xsd:string”>
<xsd:enumeration value=" Staticlnfo” />
< xsd:enumeration value="Dynamiclnfo” />
< xsd:enumeration value=" Aggregatedlnfo” />
<xsd:enumeration value="other” />
</xsd:restriction>
</xsd:simpleType>
< /xsd:schema>

<?xml version="1.0" encoding="UTF 8 2
< xsd:schema xmlns:xsd=" http: //www.w3.0rg/2001/XMLSchema”
xmins:mbsdl=" uri:MBSchedulingDescriptionLanguage”
targetNamespace="uri: MBSchedulingDescriptionLanguage” elementFormDefault=" qualified”
attributeFormDefault="unqualified”>
< xsd:element name="SDL’ type="mbsdl:SDL_Type”">
< xsd:annotation>
< xsd:documentation>~MB Scheduling Description Language</xsd:documentation>
</xsd:annotation>
</xsd:element>
< xsd:complexType name="SDL _Type">
< xsd:sequence>
< xsd:any namespace="##other” processContents="lax" />
< xsd:element name=" Constraints” type="mbsdl:Constraints_Type” />
< xsd:element name="QoS’ type="mbsdl:QoS_Type” />
<xsd:element name=" Policy” type=" mbsdl:Policy_Type” />
</xsd:sequence>
< xsd:attribute name="name” type="xsd:NCName” use="required” />
<xsd:attribute name=" description” type="xsd:string” use=" optional” />
< xsd:attribute name="targetNameSpace” type="xsd:anyURI” use=" optional” />
<xsd:anyAttribute namespace="##other” processContents="lax" />
< /xsd:complexType>
<xsd:complexType name=" Constraints_Type”">
< xsd:sequence>
< xsd:any namespace="##other” />
< xsd:element name=" Middleware” type="mbsdl:Middleware_Type” maxOccurs="unbounded” />
< xsd:element name=" JobType” type=" mbsdl:JobTypeEnumeration” maxOccurs="unbounded” />
< xsd:element name="Time” type="mbsdl:Time_Type” />
< xsd:element name=" Budget” type=" xsd:long” />
< xsd:element name=" RemoteFileAccess” type="mbsdl:RemoteFileAccessEnumeration”
minOccurs="0" maxOccurs=" unbounded” />
< xsd:element name=" OtherConstraint” type="mbsdl:Other_Type” maxOccurs="unbounded” />
</xsd:sequence>
< /xsd:complexType>
<xsd:complexType name=" Middleware_Type">
< xsd:sequence>
< xsd:element name=" GridName” type="mbsdl:GridNameEnumeration” minOccurs="0" />
< xsd:element name=" ProxyName” type=" xsd:string” minOccurs="0" />
< xsd:element name=" MYProxy” type=" mbsdl:MyProxy_Type” minOccurs="0" />
< xsd:element name=" VirtualOrganisation” type="mbsdl:VirtualOrganisation_Type”
minOccurs="0" maxOccurs=" unbounded” />
< xsd:element name=" InformationSystem” type="mbsdl:InformationSystem_Type”
minOccurs="0" />
< xsd:any namespace="##other” minOccurs="0" />
</xsd:sequence>
<xsd:anyAttribute namespace="##other” processContents="lax" />
< /xsd:complexType>
<xsd:complexType name=" VirtualOrganisation_Type”">
< xsd:sequence>
< xsd:element name=" InformationSystem” type="mbsdl:InformationSystem_Type” />
< xsd:element name=" ProxyName” type="xsd:string” minOccurs="0" />
< xsd:any namespace="##other” minOccurs="0" />
</xsd:sequence>
< xsd:attribute name="name” type="xsd:NCName” use="required” />
<xsd:anyAttribute namespace="##other” processContents="lax" />
< /xsd:complexType>
< xsd:complexType name=" Infor mationSystem_Type”">
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190 < xsd:sequence>

191 < xsd:element name="MDS type="xsd:string” minOccurs="0" />
192 < xsd:element name=" BDII” type=" xsd:string” minOccurs="0" />
193 < xsd:element name="WebMDS' type=" xsd:string” minOccurs="0" />
194 < xsd:any namespace="##other” minOccurs="0" />

195 </xsd:sequence>

196 <xsd:attribute name="name” type="xsd:NCName” use="required” />
197 <xsd:anyAttribute namespace="##other” processContents="lax" />

198 < /xsd:complexType>
199 < xsd:complexType name=" QoS_Type">

200 < xsd:sequence>

201 < xsd:any namespace="##other” />

202 < xsd:element name=" Agreement” type=" mbsdl:Agreement_Type” minOccurs="0"
maxOccurs=" unbounded” />

203 < xsd:element name=" FaultTorelanceMechanisms” type="mbsdl:FaultToleranceEnumeration”
maxOccurs=" unbounded” />

204 < xsd:element name=" AdvanceReservation” type="mbsdl:AdvanceReservation_Type”
minOccurs="0" />

205 < xsd:element name=" Priority” type="xsd:string” minOccurs="0" />

206 < xsd:element name=" GridAccessControl” type="xsd:string” minOccurs="0" />

207 <xsd:element name=" EmailNotification” type="xsd:string” minOccurs="0" />

208 </xsd:sequence>

209 <xsd:anyAttribute namespace="##other” processContents="lax" />

210 < /xsd:complexType>
211 <xsd:complexType name=" BrokerName_Type">

212 < xsd:simpleContent>

213 < xsd:extension base=" xsd:string”>

214 < xsd:anyAttribute namespace="##other” processContents="lax" />
215 </ xsd:extension>

216 </xsd:simpleContent>

217 < /xsd:complexType>
218 <xsd:complexType name=" Policy_Type">

219 < xsd:sequence>

220 < xsd:element name=" PolicyName” type="mbsdl:PolicyEnumeration” minOccurs="0" />
221 < xsd:element name=" OtherPolicy” type="mbsdl:Other_Type” minOccurs="0" />

222 < xsd:element name=" LRMSPolicy” type="mbsdl:Other_Type” minOccurs="0" />

223 </xsd:sequence>

224 < xsd:anyAttribute namespace=" ##other” />

225 < /xsd:complexType>
226 < xsd:complexType name=" Time_Type">

227 < xsd:sequence>

228 < xsd:element name=" StartTime” type=" xsd:date” />
229 < xsd:element name=" Duration” type="xsd:long” />
230 < xsd:element name=" TimeOut” type="xsd:long” />
231 </xsd:sequence>

232 <xsd:anyAttribute namespace="##other” />

233 < /xsd:complexType>
234 <xsd:complexType name=" Other _Type">

235 < xsd:sequence>

236 < xsd:element name="Name” type=" xsd:string” />
237 < xsd:element name=" Value” type=" xsd:string” />
238 </xsd:sequence>

239 <xsd:anyAttribute namespace="##other” />

240 < /xsd:complexType>
241 <xsd:complexType name=" MyProxy_Type">

242 < xsd:sequence>

243 < xsd:element name="Name” type=" xsd:string” minOccurs="0" />
244 < xsd:element name=" ServerName” type=" xsd:string” />

245 < xsd:element name=" PortNumber” type="xsd:int” minOccurs="0" />
246 </xsd:sequence>

247 < xsd:anyAttribute namespace=" ##other” />

248 < /xsd:complexType>
249 < xsd:complexType name=" Agreement_Type">

250 < xsd:sequence>

251 < xsd:element name=" Target” type="xsd:anyURI" />

252 < xsd:element name=" ConfidenceLevel” type=" xsd:positivelnteger” />
253 </xsd:sequence>

254 < xsd:anyAttribute namespace=" ##other” />
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255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
201
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312

< /xsd:complexType>
<xsd:complexType name=" AdvanceReservation_Type">
< xsd:sequence>
< xsd:element name=" ResourceName” type=" xsd:string” />
< xsd:element name=" Date” type=" xsd:date” />
</xsd:sequence>
<xsd:anyAttribute namespace="##other” />
< /xsd:complexType>
< xsd:simpleType name=" GridNameEnumeration”>
<xsd:restriction base=" xsd:string”>

< xsd:
< xsd:
< xsd:
< xsd:
< xsd:
< xsd:
< xsd:

enumeration
enumeration
enumeration
enumeration
enumeration
enumeration
enumeration

</xsd:restriction>
< /xsd:simpleType>
< xsd:simpleType name=" JobTypeEnumeration”>
<xsd:restriction base=" xsd:string”>

< xsd:
< xsd:
< xsd:
< xsd:
< xsd:
< xsd:
< xsd:
< xsd:
< xsd:
< xsd:

enumeration
enumeration
enumeration
enumeration
enumeration
enumeration
enumeration
enumeration
enumeration
enumeration

</xsd:restriction>
</xsd:simpleType>
< xsd:simpleType name=" RemoteFileAccessEnumeration”>
<xsd:restriction base=" xsd:string”>

< xsd:
< xsd:
< xsd:
< xsd:
< xsd:
< xsd:

enumeration
enumeration
enumeration
enumeration
enumeration
enumeration

</xsd:restriction>
</xsd:simpleType>
< xsd:simpleType name=" PolicyEnumeration”>
<xsd:restriction base=" xsd:string”>

< xsd:
< xsd:
< xsd:
< xsd:

enumeration
enumeration
enumeration
enumeration

</xsd:restriction>

</xsd:sim

pleType>

value="GTZ2 />
value="GT3 />
value="GT4" />
value="EGEE LCG 2’ />
value="EGEE gLite” />
value=" NorduGrid” />
value="Unicore” />

value=" Serial” />
value="Mpi” />
value="Pvni />

value=" Checkpointable” />
value=" Interactive” />
value=" Threads” />
value="OpenMP />

value=" Mpi+OpenMP />
value=" Caf” />
value="Upc" />

value=" GridFTP” />
value="RFT' />
value="GASS' />
value="Unicore” />
value="SRB" />
value="EGEE LFN" />

value=" ScheduleByCpu” />
value=" ScheduleByMemory” />
value=" ScheduleByDiskSize” />
value=" RandomHost” />

< xsd:simpleType name=" FaultToleranceEnumeration”>
<xsd:restriction base=" xsd:string”>

< xsd:
< xsd:
< xsd:

enumeration
enumeration
enumeration

</xsd:restriction>

</xsd:sim

pleType>

313 < /xsd:schema>
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value=" Checkpointing” />
value=" Rescheduling” />
value=" Replication” />
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