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Abstract

Informationrelatingto theresourcesapplicationsandthe users wishesarekey to thetransparenandeffective exploita-
tion of the federatedesourcesvithin ComputationalGrids. Thesefederateddata,computationabr softwareresources
areownedby realorganisation@ndmadeavailableasservicego differentcomputationatommunitiesr virtual organi-
sationsspanningmultiple administratve boundariesHigherlevel servicesusetheinformationrelatingto theresources’
capabilityandthemechanisméor servicefulfilment to automaticallydiscover interoperableservicesandselecthemost
appropriateservicefor the userwith minimal humanintervention.

Within this paperwe describea service-oriente@rid architecturghatutilisesexisting webserviceprotocolsto federate
resourcesnto computationatommunities. The service-orientednformation containedn the computationatommu-
nities is exploited by higherlevel servicesto ensureeffective utilisation of the resourcesdy both its providers (the
resourceowners)andconsumergthe users) We believe the systematiaefinition, presentatiomndexploitation of such
informationconstituteghefirst steptowardsthe constructiorof a SemantidGrid.

1 Background

ComputationalGrids have provoked widespreadnterest
within the scientificandengineeringcommunityover the
lastdecadg(1l). Therearenow mary global projectsfo-
cussingon the developmentof Grid middlevareandthe
mechanismaeededy theappliedsciencecommunityto
effectively exploit theseanfrastructure$2). Theseprojects
are all being driven by the needsof a diverseapplied
sciencecommunityinvolving both dataand computein-
tensve applicationg(e.g. EU Datagrid,PPDG,Griphyn,
NASA's InformationPower Grid).
Heterogeneougsourcesvithin theseGridsareforged
into a singlevirtual organisatiorthroughthe useof mid-
dleware. The Grid middlewvarecollectsandpublishesn-
formation relating to the resourceswithin the organisa-
tion while providing secureplatformneutralinterfacesto
the underlyingresourcesGlobusis onesuchwidely de-
ployed middlewvare that usesthe MetacomputingDirec-
tory Service(MDS) to hold and distribute information
througha hierarchicalnetwork of MDS sener within a
virtual organisation(3). Accessto theresourcesvithin a
virtual organisationis controlledthrougha ‘gatekeeper’
which verifiesa users identity throughan X.509 public
key certificate.
Thespecificationdevelopmentandstandardisatioof
Grid relatedprotocolsis taking placethroughthe Global

Grid Forum(http://www.gridforum.og/), formedthrough
the memging of actwities in North America, Europeand
Asia. lts role, throughthe actvity of its researchand
workinggroupsin areasuchassecurity informationman-
agementapplicationsetc., is to provide a collaboratve
forum for researcheri industry computerscienceand
theappliedsciencecommunitieslts meetingmow attract
severalhundredresearcherfom aroundtheworld.

Theactiity within the Grid communitycanbe com-
paredto thatwithin the Webcommunitya decadeago. At
thattime therewasanactive worldwideresearcltommu-
nity developing competingand incompatibleprotocols,
andinnovative functionality within the sener andclient
browsers. Coordinationand standardisatiomf theseac-
tivitieswasleft by thecommunityto the World Wide Web
Consortium(W3C). Since1994it hasguidedthe evolu-
tion of the Hypertext Markup Language(HTML) and
producedheseveralnew standardsuchasthe Extensible
Markup LanguaggXML).

Therecenemegenceof businesdo busines®-commerce

hasexposedthe limited capabilitiesof existing web pro-

tocolswhenusedto develop higherlevel services.Cur

rently, the division betweenpagecontentandits presen-
tation is frequentlyblurred within HTML encodedweb
pages.TheW3C hasbeeninstrumentain developingap-
proacheghat enablea clearseparatiorbetweerthe con-
tent (encodedasan XML schema)andits visual repre-
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sentationusing existing HTML in a browser This ap-
proachenablesthertools, sayfor the visually impaired,
to browse and comprehendhe page. The ability to di-
rectly describethe contentprovided throughthe web is
seenasthe first stagetowardsthe constructiorof the Se-
manticWeb (http://www.w3.019/2001/sw/).

Web serviceprotocolsenablea clear distinction be-
tweenthe contentandthetransporimechanismAn XML
encodedrequestor responsds encapsulateth a SCAP

(SimpleObjectAccessProtocol http://wwww3.01g/TR/SCAP)

messageanddeliveredusingHTTP (Hypertext Transport
Protocol)or someothermechanism.The endpointsand
transportmechanismso theseservicesaredefinedwithin
WSDL (Web ServicedDefinition Language
http://imwww3.og/TR/wsdl).

This paperdraws on the experience®f thewebcom-
munityin building the SemantiaMebtoillustratetheemer
genceof a‘SemanticGrid’. We describehearchitectural
requirementseededo initiate constructiorof aSemantic
Grid throughour experienceswith the ICENI framewnork
thatis beingdevelopedatthe Londone-Science&entreat
Imperial College. We alsodescribenhow we areextending
ICENI to usea well definedXML derived protocol be-
tweenits servicesvhichwill allow usto interoperatavith
otherinfrastructureshroughthe useof webservices.

2 [CENI

Thelmperial Collegee-SciencéNetworkedInfrastructure
(ICENI) hasbeendevelopedby the London e-Science
Centre(http://www.lesc.ic.ac.uks a researchplatform
to meetthe needsof our local appliede-scienceeommu-
nity. It is beingusedto definetheprotocolsnecessarfor:

e capturinguserintent through the specificationof
executionpolicy andproxy authority(e.g.comple-
tion deadlinesor the restrictionof executionto a
specificsetof resources)

e applicationconstructionby characterisingperfor
manceandbehaiour ondifferentresourceandmap-
ping to a specificresource

e resourcecharacterisatioby describingits capabil-
ity andusagepolicy

o distributed collaboratve visualisationand compu-
tationalsteeringof applicationsfrom severalloca-
tions

The initial implementatiorof the ICENI architecture
is baseduponJava and Jini. Jini providesa framework
for distributedservicediscovery andjoining thatis funda-
mentalto any Grid middleware. Existing servicesn the
Jini communityare notified of the arrival and departure
of new servicesthrougha distributed event notification
mechanism.

Figure 1: Building a public computationaleconomy
throughFederatedResources.

The ICENI architecturds shavn in Figurel. It con-
sistsof privateadministratve domainanda public com-
putationalcommunity bothof whicharederivedfrom Jini
Lookup Seners.Resourcesvithin arealorganisatiorare
representedn the private administratve domainas Jini
services. Theseresourcesare characterisedy an XML
encodedseriesof staticattributes(e.g. operatingsystem)
anddynamicattributes(e.g. queuestatus).The ‘resource
managercanconfiguretheseresourcesemotely(4).

The ‘domain manager’publicisesthe capabilitiesof
theresourcesvithin theprivateadministratve domaininto
severalpubliccomputationatommunities Thecomputa-
tional communitiesandthe usageandaccessontrol po-
licesfor eachresourcen aparticularcomputationatom-
munity aredefinedwithin the‘policy manager’ Different
resourcesan appearwith differentpoliciesin different
computationatommunities.Incomingrequestgo usea
resourcearedelgyatedto the ‘identity managerfor veri-
ficationthroughan X.509 public key infrastructure.

The resourcanformationstoredwithin the computa-
tional communityis acces$y theuserthroughtoolssuch
asthe ‘resourcebrowser’ andis alsoavailableto higher
level servicessuchasthe ‘application mapper’and ‘re-
sourcebroker’. Theapplicationmapperusesinformation
relatingto the constructiorof the applicationandits per
formanceon differentresourcego maximiseits perfor
manceon asubsebf theseresource$5). The mappingof
anapplicationto a setof resourcess describedy an‘ex-
ecutionplan’. Theresourcebroker usesthe functionality
within theapplicationmapperto balancehe executionof
a particularapplicationin the computationacommunity
with otherapplicationghatarealreadypresento provide
aglobally optimalmappingof applicationgo resources.

Theinformationrelatingto theapplicationsconstruc-
tion andtheuserswishesrelatingto executionareplaced
into thecomputationatommunityasan‘applicationspec-
ification’ and madeavailable to the other services. As
resourcesare allocatedto the applicationand execution
is initiated the applicationspecifications updatedto re-
flect this informationandprovidesa contactpoint for fu-
ture interactionwith other services. This could include
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reschedulin@s'better’ resourcebecomeavailableor com-
putationalsteeringof the application(6).

3 Grid Programming Mode

It isimpossibleo proscribeaGrid programmindanguage
on the diverseapplicationswithin the e-scienceeommu-
nity. Likewise, it is difficult to proscribea programming
modelunlessit providesthe flexibility to encompassgx-
isting legagy applicationsandthosecompatiblewith cur-
rentsoftwareengineeringractices.

We areprototypinga componenbasednodelthatal-
lows legagy applicationsto be encapsulatea@s a single
componenwith definedinterfaces(7; 8). Our modelal-
lows a componeng interfaceto be matchedo any num-
ber of valid implementations.The decouplingbetween
a componentdnterface and implementationallows the
componento be deployed on the ‘best’ currently avail-
able executionplatformswithin a distributed Grid ervi-
ronment(9). For example, eachcomponentmay have
severalimplementationsuchasdifferentalgorithms(e.qg.
iterative or directsolvers)for differentplatforms(e.g. So-
laris or Linux) for differentarchitectureqe.g. serial or
parallel). We describethe componentinterface,its im-
plementationgndcapabilitiesthroughCXML - an XML
schemdor Componengpplicationg10)

More generally we define an applicationas a net-
work of linkedcomponentsvherewe areableto describe
the frequeny and datavolume of their interactions. By
combiningour knowledgeof theseinteractionswith in-
formationasto how a component implementatiorwill
behae on a particularplatform, with datarelatingto the
platformscurrentstate,we are able to optimiseits per
formancewithin a particularpolicy (5). The decoupling
betweenan interfaceandits implementatioralsoallows
us, by storing persistentdataoutsideof the component,
to migrateanapplications componentso otherresources
duringexecution.

In our model, a user submitsa job (as an applica-
tion specification)to the ‘Grid’ by placinga CXML de-
scriptionof the applicationnetwork andthe userrequire-
mentsinto the public computationatommunity The ap-
plicationmappematchethe componentsisedin the ap-
plication to the implementationghat exist within the re-
sourcesn thecomputationatommunity Theapplication
network is instantiatedon distributed resourcesith the
bestcomponenimplementationgo maximisea userde-
finedcriteria. Theeffective deploymentof theapplication
acrosddistributedresourcess enabledby the rich meta-
datarelating to the resourcesapplicationstructureand
implementationswvailableto the higherlevel services A
componengxpectsto be deployedinto alocal ‘Grid con-
tainer’ thatprovidesaccesgo a minimal setof basicser
vices. The detaileddefinition of thesecontainerservices
is currentlyunderinvestigation.

4 Grid Services

Ourexperiencesvith ICENI andotherinfrastructuressuch
as Glohus, have demonstratedhe needfor a minimum
setof serviceso supporte-sciencavithin computational
Grids. We characterisg¢heseservicesinto two groups:
low-level serviceghatinterfacedirectly to theunderlying
Grid fabric or provide essentiakervicesandhigherlevel
serviceautilising theselower-level services.All services
areregisteredwith a Registry Servicein thelocal compu-
tational community that exchangesnformation with its
peersin otherorganisations.

4.1 Registry Service

The Registry Service(lik e the Jini Lookup Service)pro-
videsa ‘known’ point for informationexchangebetween
clientsandotherservices.The local privateregistry ser
vice within anorganisatiorfederatests internalservices
into a communitywide infrastructurehroughthe actions
of thedomainmanagerThedomainmanagefpushes'in-
formationrelatingto capabilityandusagepoliciesof the
local communitys servicedo (potentially)several public
communitywide Registry Serviceswithin differentvir-
tual organisations.

The domainmanagerandcommunitywide Registry
Servicecanbe viewed aspart of a peerto-peernetwork.
We intendto usethis structureto propagatehe services
within onecommunityto othercomputationatommuni-
ties. Propagatiorcontinueswhile thereis anintersection
betweenthe acceptablaiseagepoliciesof servicesfrom
the remotedomainwith the local usercommunity This
approactshouldensurethatall usersallowedto useare-
sourcewill have accesdo it providing thereis atleastan
indirectlink betweerthetwo communities Modelling of
this infromation structureand an examinationof the ser
vice propagatiordistancds undervay.

4.2 Low-leve Services

Thelocal private Registry Servicewill containa number
of low-level services:

e ServiceRgjister— provides a mechanisnfor ser
vice registration,discovery andinstantiation

e Authentication- verificationof theuseror hostus-
ing X.509 certificates

e Authorisation— expressionof a resources’usage
andaccesgontrolpolicy

e ExecutionResources- invoke a deployed compo-
nentonaresource

e Software Resources- anindex of the locally de-
ployedsoftwarecomponents
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e StorageResources- arepresentationf the stored
files and disk spaceincluding temporarystorage
space

e DataResources encapsulationf storedstructured
datasuchasvirtual collectionsof flat files or rela-
tional databases

e Networking Resources- a representatiorof net-
working that canresene networking bandwidthto
meetan applications quality of service(QoS)re-
guirements

e Messagingervice-reliableandsecuredelivery of
messaget otherservices

e Accounting-recordingof resourcaitilisationagainst
(potentially)definedquotas

All resourcediave to beassociateavith anauthorisa-
tion and authenticatiorservicebeforethey canbe used.
The authorisatiorserviceverifiesthe ability of a userto
usearesourcéeforetheservicetselfisinvoked. It should
be notedthatnotall resourceseedto be presentvithin a
singlelocal directoryserviceasaremotereferenceo the
servicemaybegiven.

4.3 Higher-level Services
Thehighetrlevel servicesnclude:

e DataMover — a servicethatfinds the ‘best’ mech-
anismto move a file from one storageresourceto
another

o Workflow Processo+ managesheexecutionof an
applicationspecificationconsistingof oneor more
componentslefinedusingCXML

e ComponenRepositoryResource- a repositoryof
deployableGrid components

e Application Mapper- to find the optimal distribu-
tion of anapplicationovera setof resources

e ResourceBroker— to find the most‘cost-efective’
useof resourcedor a particularapplicationinheri-
tance

e Bank Accounting— the operationof a computa-
tionaleconomyrequiresasecurécurrengy’ abstrac-
tion to allow the operationof banksand userac-
counts

Much of the functionality provided by theseservices
is alreadyunderdevelopmentoy oursehes(5; 9) or other
groups. The low-level executionand authenticatiornin-
frastructurealreadyexists within the Globustoolkit. Re-
sourcebrokers have beendevelopedto supportcompu-
tational economicsthrough projectssuch as Nimrod/G
(11). However, protocolswithin experimentakervicesare

generallypoorlydocumentedhhibiting third partyimple-
mentations.

To improve the transpareng betweenrthe clientsand
serviceabstractionsvithin ICENI all interactionsareen-
capsulatedvithin XML encodedmessagesOur current
XML schemasrebeingexpandedo form a setof inte-
gratedprotocolfor interactionwith otherservicesWe see
theseprotocolsasbeingstandardisethroughtherelevant
working andresearchgroupswithin the Global Grid Fo-
rum.

5 Waeb Serviceswithin a Grid Envi-
ronment

FutureGrid services like the networking andfile trans-
fer (FTP)protocolsin usetoday will beaccessethrough
protocolswith communitywide acceptance.To enable
interoperabilitybetweendifferent implementationst is
importantthattheseprotocolsbe open,self-documenting
andextensiblevhene/erpossibleto allow innovationfrom
within the community The web serviceprotocolsbeing
developedwithin the W3C andotherindustrybodiespro-
vide a definedstructurethat encapsulatetheserequire-
ments.

Currentwebservicesaredefiendthroughmultiple pro-
tocols.An XML syntaxSQAP definesanenvelopestruc-
turewith a definedheadelandbody containingthe users
messagen XML. WSDL specifiesthe ‘endpoints’ and
deliverymechanisnfior aparticularSOAP messageWSDL
definedservicegand othermeta-datajmay be registered
within a community throughthe UDDI (Universal De-
scription,Discoveryandintegration- http://www.uddi.og)
schema.Otherorganisationareableto searchthe meta-
datawithin aUDDI repositoryto find thedesiredservices.

Thismechanisnfior serviceregistrationdiscoreryand
usageusingweb protocolsis similar to the useof MDS
within Globus andthe Jini Lookup Sener in ICENI. A
currentconcernwith a UDDI repositoryof web services
is the apparentassumptiorof servicestability. Both the
Jini and MDS mechanismsecognisethat the Grid is a
dynamicervironmentandthatserviceswill appeaydisap-
pearandpossiblyreappearThe MDS architecturespeci-
fiesthefrequeng of updatesaandthe durationof their va-
lidity. Jini servicesaremadeavailablefor aperioddefined
in its ‘lease’. A leasemay be renavedwhile the appear
anceanddisappearancef Jini servicecanbepropagated
to otherserviceghroughaneventmodel.

It is not clearif protocolssuchasUDDI areableto
reflectthe dynamiccompositionof the Grid. Additional
house-lkeepingprocessesnay be neededto ensurethat
the UDDI registry containsonly active services.Our ap-
proachis to developa hybrid architecturehatretainsthe
flexibility of the Jini servicemodelwhile ensuringcom-
patibility with othewebservicesnfrastructure.

TheexistingclientandsenerinteractionthroughXML
encodedmessagesvithin ICENI is retainedalong with



7 CONCLUSIONS

the Jini servicediscovery mechanisms.The ICENI ser
vices are madeavailable to clients usinga web service
protocol througha proxy embeddedwithin an applica-
tion sener. SeeFigure2. Both the internal ICENI and
SQAP encodedvebservicesnessagessethesamexXML
schemao describehe messageontent.

6 The Semantic Grid

The Grid middlewarenow beingdevelopedto supporte-

Sciencewithin the UK and elsavhereis evolving into a
service-orientedrchitectureouilt uponstandardvebpro-

tocols suchas XML, SQAP, WSDL and UDDI. While

developing protocolswithin sucha framework promotes
interoperabilitythereis no certaintythat theseprotocols
will alwaysbe understood.t is here,we feel, thata Se-
mantic Grid will startto develop asserviceshecomeca-
pableof discovery andself-organisation.

Tim Berners-Lealefineghe SemantidVebas'an ex-
tensionof the currentwebin which informationis given
well-definedmeaningpetterenablingcomputerandpeo-
ple to work in cooperation. (12). Likewise,the Seman-
tic Grid canbe describedasan ‘extensionof the current
Grid in which information and servicesare given well-
definedmeaningpetterenablingcomputer@andpeopleto
work in cooperation’.In suchanernvironmentit is essen-
tial thatinformationrelatingto the needsof the userand
their applications,and the resourceproviders and their
networking, storageandcomputationatesourcesll have
easily discoreredand definedmeaningthat can be used
by higherlevel servicedo effectively exploit the Grid.

Thedevelopmenbf theseservice-orientedntologies
will enablecompatibleservicesto autonomouslybuild
thelargecomplex distributedcomputingervironmentthat
constituteghe Grid. Fundamentato this goalis the ex-
pressiorof Grid serviceghroughwell definedprotocols.
Fromtheseprotocolswe areableto understandhe capa-
bilities of the serviceand, potentially reasonasto how
it caninteractwith other servicesto meetthe needsof
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Figure 2: ExtendingICENI to supportinteractionwith
webservices.

the users. This reasoningcan take placeat several lev-
els, from servicecompositionand applicationassembly
to the representatiomndexploitation of knowledgegen-
eratedthroughdataand computationservices(13). The
mechanismdor exploiting the serviceand dataontolo-
gies within the SemanticGrid may rangefrom simple
schedulersapplicationmappersandresourcebrokersto
sophisticatedautonomousmobileandintelligentagents.

7 Conclusions

ComputationalGridsaredemonstratin@ corvergenceof
mary existing areasof computerscienceresearch.The
high performancecomputingcommunityare developing
new algorithmsto supportheterogeneouside areacom-
putationbetweerdifferentsupercomputersApplications
arehaving to deploy to new resource®xpectingonly the
servicesavailablewithin a ‘standardcontainer’ernviron-
ment. Usersandapplicationsarediscovering distributed
resourcesand servicesmaintainedthrougha network of
peerto-peerdirectoryservices.The autonomousliscov-
ery andassemblyof a Grid ervironmentfrom the avail-
ableservicess reducingthe compleity involvedin con-
structinga complex softwareenvironmentwhile improv-
ing robustnesshroughmultiple services.

We considerthe movementtowardsa SemanticGrid
(atboththe serviceandknowledgelayers)asessentialn
simplifying the effective utilisation of sophisticatedlis-
tributedservicesThedescriptionof theseservicequsing
existing web-serviceprotocols)will enabletheir intelli-
gent compositionand exploitation with minimal human
interaction. The transparenaind optimal delivery of so-
phisticateccomputationahnddataservicegdo theapplied
sciencecommunitywill bekey to thesuccessfuhdoption
of e-science.

We have shavn how ICENI will continueto useJini
asa registrationandservicediscosery mechanisnwhile
exposingits functionality within a web servicesframe-
work to promoteinteroperabilitywith other infrastruc-
tures. The XML schemagyoverningthe interactionbe-
tweendifferent ICENI serviceswill continueto be de-
velopedand encapsulatedvithin SOAP for use by the
webservicesnterface.Servicewithin ourcomputational

communitiesvill bepropagatetb otherorganisationshrough

apeerto-peemechanism.
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