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Abstract. The move towardsServiceGrids, whereservicesare composedto
meetthe requirementsof a usercommunitywithin constraintsspecifiedby the
resourceprovider, presentmany challengesto serviceprovision anddescription.
To supportour researchactivities in theautonomouscompositionof servicesto
form aSemanticServiceGrid wedescribetheadoptionwithin ICENI of webser-
vices to enableinteroperabilitywith the recentlyproposedOpenGrid Services
Architecture.
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1 Intr oduction

TheearlyComputationalGrids,federationsof distributedresources,demonstratedthe
ability to securelyaccessremotecomputationalresourcesthroughasingle‘Grid’ iden-
tity [1,3]. Therecentproliferationof computationalresourcesandtheiradoptionby the
appliedsciencecommunityhasled to a new usercommunity– e-scientists.Thefunc-
tionality providedby theseGrid infrastructureshasexpandedin recentyearsto support
the challengespresentedby the distributedpetabytedatacollectionscontainedwithin
theDataGridsinherentin many of today’sscientificexperiments[12,9].

Recently, thedemandsfromthee-commerceande-sciencecommunitieshaveforced
theconvergenceof technologybetweenthesetwo fields.Within thee-sciencecommu-
nity, it hasbecomeclear that the underlyinginfrastructuresneedto be portable,easy
to deploy andstraightforwardto extend.While bothcommunitieshavebeenfacedwith
a proliferationof servicesfrom the differentorganisations.Finding the ‘best’ service
capableof meetingtheneedsof a user, or a communityof users,is inherentlycomplex
eithertheserviceis a stockquoteor thesolutionof a partialdifferentialequation.

It is thereforeessentialthat servicesbe transparentlyand efficiently composable
to meetthe needsof the end-users.To this end,two aspectsof the serviceneedto be
defined:its functionalcharacteristicsencapsulatedwithin a well-definedanddiscov-
erableinterface,while an appropriatemeta-dataschemadescribesits non-functional
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behaviour. By developinginfrastructuresthatcancomprehendthesemeta-dataontolo-
gies,servicescanbeautomaticallycomposedto meetthedefinedneedsof boththeuser
andthe resourceproviders.We classifysuchan infrastructureasa SemanticService
Grid - whereservicesmaybeautonomouslycomposedto meetthedefinedneedsof the
user.

In [13], Tim Berners-LeedefinestheSemanticWebas‘an extensionof thecurrent
webin whichinformationis givenwell-definedmeaning,betterenablingcomputersand
peopleto work in cooperation.’ Likewise,theSemanticServiceGrid canbedescribed
asan ‘extensionof thecurrentGrid in which informationandservicesaregivenwell-
definedmeaning,betterenablingcomputersandpeopleto work in cooperation’.

Thispaperdescribestheevolutionof ICENI (ImperialCollegee-ScienceNetworked
Infrastructure)to meet the demandsof a SemanticServiceGrid. We describehow
ICENI is being extendedto enableintegration with other infrastructuresbuilt upon
web-serviceprotocolssuchasthe recentlyproposedOpenGrid ServiceArchitecture
(OGSA) [4]. We feel thatSemanticServiceGridsneedto bebuilt uponfour key con-
cepts:

– All servicesareannotatedwith informationrelatingto their capability;
– All servicesareprovidedfor aspecifieddurationandcommunity- expressedthrough

a ‘ServiceLevel Agreement’;
– New services,with anew ServiceLevel Agreement,areinstantiatedthroughnego-

tiationswith anexistingservice;
– Serviceswithin suchanarchitecturearepresentedby differentviews.

2 The Emerging Service Grid

The key requirementin any serviceorientedGrid middleware is a descriptionof its
interfaceandcapability. This informationis essentialin orderto composea setof ser-
vicesto meeta user’s requirements.Very few of theexisting Grid infrastructures(e.g.
Globus[3] andLegion [10]) providethemeansto accessthis informationfor a generic
interface.Insteadthey rely onthedefinitionof several‘well-known’ protocolsaccessed
througha client sideAPI. Our work over the last two yearshasbeenfocusedon the
developmentof ICENI, a Grid middlewaredesignedto containandexpresssuchmeta-
data.

2.1 ICENI

Within ICENI, we make a clearseparationbetweenthemanagementof a resourceand
its useby a wider community[6,7]. All computational,software,hardware or stor-
ageresourcesappearasJini serviceswithin a privateadministrative domain.The re-
sourceswithin the privateadministrative domainarepublishedasservicesin a pub-
lic computationalcommunityby the domainmanager, which annotateseachresource
with informationrelatingto its access,usagepolicy andduration.Theserviceswithin a
computationalcommunityareaccessedby theusersandhigher-level servicesthrough
well-definedinterfacesandanXML basedrequest/ responseprotocolbasedaroundthe
exchangeof documentsdefinedby well known schemas.
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2.2 WebServices

Webserviceapplicationshaverecentlybeenpopularisedthroughe-commerceadoption
andstrongindustrialbacking.Thedevelopmentof webservicesprotocolssuchasthe
SimpleObjectAccessProtocol(SOAP), WebServicesDescriptionLanguage(WSDL)
andtheUniversalDescription,Discovery andIntegration(UDDI) protocolhassimpli-
fied theintegrationandinteractionbetweenservicesprovidedby differente-commerce
organisations.Thesethreeprotocolsprovidethemeansto discoverservices,theircapa-
bility andto interactwith themin a platformneutralmechanism.

Therequirementsfrom thedevelopersof Grid middlewarecoupledwith theemerg-
ing capabilityof web service’s technologyhascreateda new avenuefor Grid service
providerswhich allows themto benefitfrom, andcontribute to, thee-commercecom-
munity. However, existing web servicesprotocolshave not beendesignedfor the use
in computeor dataintensive infrastructuresalthoughoptimisedimplementationsof the
SOAP protocolshavebeenproduced[2,11].

The dynamicnatureof servicesin the Grid comparedto the relatively staticpro-
vision of servicesin e-commerceenvironmentsmeansmanagementandsearchingfor
availableresourcesbecomeincreasinglycomplex andunscalable.Theselimitationsof
web servicesprotocolswithin the Grid are well recognised.ICENI, alongsideother
Grid middleware,recognisesthesuitability of webservicesashigh-level protocolsfor
serviceco-ordination.Theseprotocolsmaybeusedto discoverandselectthemostopti-
mal low-level communicationmechanismtherebyachieving inter-operabilityandhigh
performancewithin a specifiedqualityof service.

2.3 OpenGrid ServicesAr chitecture

TherecentlyproposedOpenGrid ServicesArchitecture(OGSA)[4] hasbroughtabout
a convergenceof the grid andweb servicescommunities.It leveragescommercially
supportedwebservicesprotocolsto build a Grid infrastructure.OGSAadoptsthegen-
eralwebserviceapproachfor describinginterfaceandbehavioursof all Grid services
by usingWSDL. Extensionsto WSDL areproposedwithin the OGSA to addressthe
previouslydefinedlimitationsof webservicesandto describeserviceversioning,com-
patibility, binding-neutralcommunicationandservicestate.A technologypreview of
theOGSAreferenceimplementationdevelopedby theGlobus teamhasbeenrecently
madepublic. The ICENI containerextendsthe referenceimplementationin order to
closelytrackthechangesin theproposedspecification.

3 The SemanticService Grid

The ServiceGrids outlinedin the previous sectionprovidesa basicinfrastructurefor
building other, higher-level, applicationorientedservices.If theseservicesareanno-
tatedwith meta-datarelating to their capabilityanduse,thenusers,or agentsacting
on their behalf,areableto autonomouslydiscover, understandandexploit this service
relatedmeta-datato meettheir own definedgoalsor requirements.Thedevelopmentof
suchinfrastructures,which we classasa SemanticServiceGrid, is essentialif they are
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to transparentlymeetthe needsof the appliede-scientist.As a move towardssuchan
architecture,wearecontinuingto developICENI by exposingourexistingservicesand
meta-datastructureswithin awebservicesframework.

3.1 ICENI Service Ar chitecture

TheICENI architectureis constructedfrom a clearabstractionbetweenresourcesand
their exposureasuseraccessibleservices.The technicalcapabilitiesof the resource,
its attributes,are expressedwithin an XML documentby the resourceadministrator
througha definedXML schema.Interactionwith a serviceis alsothroughXML doc-
umentsbasedupona specifiedschemausinga request/ responsemodeof interaction.
All servicesarederivedfrom a resourceandareexposedwith a defined‘ServiceLevel
Agreement’(SLA) or contract,thatspecifieshow andby who theservicetheresource
maybeused.

Inherentto this model is the ability for anotherserviceor userto negotiateand
instantiatea servicewith a new SLA. This new servicemay only be accessibleto a
particularsubsetof theoriginal service’susercommunityor its functionality.

A basicserviceinterface,commonto all serviceswithin ourarchitecture,is defined
usingWSDL. By building upontherecentlyannouncedOGSA,wewill enableservices
to:

– Discover thesupportedprotocolschemasandversions;
– Discover thesupportedattributeschemasandversions;
– Extractthedefinedattributes;
– Interactwith aservicethroughits supportedserviceprotocols;
– Negotiatethecreationof anew servicewith anew servicelevel agreement;
– Accounting(charging) information.

By versioningthe attributesand protocol languagesthroughXML schemas,we
are able to discover servicesthat we can directly or indirectly (throughtranslation)
‘understand’.

3.2 ICENI Web Services

By integratingICENI with the OGSAinfrastructure,we utilise webserviceprotocols
as a meanto provide an interoperablelayer betweenother grid middleware. ICENI
employs Jini astheprimaryserviceinfrastructureto take advantageof dynamicregis-
tration,servicelookup,distributedobjectaccessandtheplatform-portabilityprovided
by Java. We acknowledgea tight couplingto the Jini technologylimits the interoper-
ability of thesystembut webserviceson theirown do notcaterfor thedynamicsof the
grid environment.We believe a two-layerarchitectureutilising Jini at the community
level andwebservicesat thegloballayercanrealisethebenefitsandflexibilities of the
two technologies.Grid implementationcompatibleat the Jini layer cancommunicate
directly, while disparatesystemscanresolve to thewebservicelayer. Theability to se-
lect transport-level bindingin webserviceswouldprovidefurtherscopefor developing
high-performancetransportfor data-intensivegrid application.
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Fig.1. Jini andWebServices.

ICENI bridgesthe two complementarytechnologiesby introducinga web service
containerasthehubto exposeJini objectasweb-enabledgrid service.Werecognisethat
it is impracticalfor eachtransientJini resourceto beanOGSA-compliantcontainer. As
a result,ICENI maintainsapersistentsetof containersbeservedasislandsfor services
in thecommunityto dock.TheseJini servicesbind to thecontainersin orderto become
OGSA-capable.Thecontaineractsasa SOAP-to-Java endpoint,a securitygatekeeper
andasetof serviceregistriesdefiningcommunityboundaries.

Our implementationis basedon theGSI-enabledwebservicecontainerdeveloped
by the Globus teamaspart of the OGSA referenceimplementation[4]. We have en-
hancedthe implementationby exposingit asJini objectto take advantageof the dis-
tributedevent modeland leasingmechanism.A resourcemodelledasJini objectcan
explicitly lookup thecontaineranddeploy itself asweb-enabledgrid service.TheJini
distributedeventmodelleveragestheproblemof garbagecollectingthestatesof tran-
sientservices.Thecontainerreceivesregistrationeventspostedby theJini lookupser-
vice to maintainaconsistentserviceavailability in theregistry.

The deploymentagentis introducedasan optional translationlayer betweenJini
servicesandtheexposedOGSA-compliantgrid services.Thedeploymentagents,who
are themselves Jini object,monitor a set of Jini lookup servicesfor the arrival and
departureof servicesandcontainers.Uponarrival of a Jini servicesunderstoodby the
deployment agent,it dynamicallygeneratesstub that is deployable to the particular
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typeof containersknown to theagentandthecorrespondingWSDL documentwhich
describestheexposedmethodsof thegrid service.

Theadvantageof thistranslationis twofold. It allowsusto providefine-graincontrol
of servicepromotionacrossvirtual organisationbasedon definedpolicies.By virtual-
ising theunderlyingservice,differentviewsof thesameobjectcanbeexposed,suchas
thesetof supportedmethodsfor a particularcommunityservedby thegivencontainer
or different securityconstraint.Java’s dynamicclassgenerationand loading mecha-
nismsenableadynamicandtransparenttranslationprocess.It enablesusto experiment
with variousinvocationstrategiesby wrappingmethodcall in thestub,suchasstateless
round-robininvocationto agroupof Jini servicesof thesametypeor statefulinvocation
to a persistentJini object.
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Service Discovery. To facilitate dynamicservicediscovery, client must be able to
queryavailableservicesthrougha registry. In a Jini environment,applicationqueries
theJini lookupservicesby matchingdatamembersof anEntry objectassociatedwith
theservices.ICENI hasimplementedtheOGSARegistryport typewhichwrapstheJini
lookupmechanismfor servicediscovery. TheJini leasingmechanismensuretransient
serviceswill beremovedfrom theregistry whenthey ceaseto exist.

ThestandardOGSAGridServiceport typemandatesa setof methodsfor querying
servicedata.Thismechanismallowsusto exposeICENI servicespecificcontractinfor-
mationaswell asthe comprehensive XML descriptionof the ICENI components[6].
Weenvisagethedevelopmentof arich queryinterface(e.g.XQuery, XPathexpression,
etc.) be usedin the registry for queryingthe rich setof metadataassociatedwith the
service.

Eachgrid servicesdeployedon thecontainerhasanassociatedOGSAGrid Service
Handle(GSH). A handlemapperserviceprovidesthe translationbetweenGSH to a
Grid ServiceReference(GSR).ClientcanthenusethisGSHto locatetheGrid Service
Reference(GSR)encodedasWSDL asthe network-wide pointerto the specificgrid
instance.OGSAdoesnotmandatetheGSRstrictly beaWSDL document.It is therefore
possibleto encodetheGSRasaJavastubwhichtheclientcanuseto directly invokethe
underlyingJava Jini instances.This indirectionprovidesan avenuefor implementing
load-balancingandfail-over schemewith multiple instancesof the containerwork in
cooperationto serveacommunity.

Authentication and Authorisation. An opensystemincursa high securityrisk. The
exposureof valuableresourcesthroughthewebservicecontainerneedsto besecured
througheffective authenticationand authorisation.ICENI usesthe X.509 certificate
as the authenticationmechanism.The containeradoptsthe Grid SecurityInfrastruc-
ture[5] usingSSLauthenticationandencryptionlayersastheunderlyingtransportfor
theSOAP endpoints.Clientsidentify themselvesusingtheircertificatesduringtheSSL
handshake.Thecontainerextractsthedistinguishednamefrom theclientcertificateand
passesthedistinguishednameandserviceID pair to theIdentity Managerto authorise
accessbasedon thecorrespondingservicecontract.

3.3 ServiceFactory

Within ICENI, we exposea resourcemanagedfrom a privateadministrativedomainto
acommunityof usersthroughaSLA or contract.Thisagreementspecifiestheindividu-
als,groupsandorganisationsthatareableto usetheresourcesprovidedby thatservice
andthecosts(if any) occurredin their use.An exampleof suchanagreementis given
in AppendixA. Any interactionwith theservicehasto meettheseaccesscontrolsand
usagerequirements.A memberof this communitymaynegotiate‘exclusive’ accessto
a subsetof theseresourcesfor their own use.This exclusive accessis representedby
thecreationof a new service(associatedto theparentservice)for a specifiedduration
with a SLA requestedby thecommunitymember.

Thereforethe basicserviceinterfaceprovidesa methodthat allows the serviceto
bespawnedfor a particularsetof usersanddurationspecifiedby a contract.Thenew
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servicewill have the accessrestrictionsspecifiedby the contractandwill appearasa
new Jini serviceandthereforeasawebserviceinstance.

The new contracthasto be a sub-contractof the existing contract.Meaningthis
mechanismcannotbeusedto extendtheaccess’scapabilitiesof theservice,but should
beusedto make theserviceavailableto a smallersetof usersor for a shorterperiodof
time.

As anexample,considertheuseof a computationalresourceconsistingof 16 pro-
cessorsby a project’sPrincipalInvestigator(PI). Thecomputationalresourceis instan-
tiatedasa servicedefinedwithin theSLA asbeingaccessibleto a particulargroupof
local users,including the PI. Fromthis service,the PI is ableto negotiatea subsetof
theseresourcesfor their own useandthat of their local collaborators.For instance,8
processorsmaybemadeavailablefor theexclusive useof thePI andhis collaborators
for aperiodof 5 hoursfor whichthePI will beinvoicedfor theiruse.ThePI andhiscol-
laboratorsarethenableto utilise thecomputationalservicefor its durationafterwhich
it is reclaimed.

We feel thatthis genericmodelmaybeappliedto thebasicresourceswithin a Grid
environmentsuchasstorage,networking,datasets,applications,useraccounts,etc.

4 Discussion

ICENI entitiescanthusbe consideredboth asOGSA compliantweb services(asthe
specificationis finalised),andasJini objectswithin a local Jini space.Thereis no re-
dundancy in this pattern;rathertheICENI resourcespresenta differentfaceaccording
to the role in which they arebeingused.This enablesa notion of ‘views’ – different
actorswill communicatewith andinfluenceICENI entitiesaccordingto their particu-
lar needs.ThepublicComputationalCommunityview presentstheICENI resourcesas
webserviceswhich areaccessibleby theworld at large,while theprivateAdministra-
tive Domainview allows entity examinationthrougha Jini mechanism.Thenotionof
viewsneednotberestrictedto thesynergy betweentheJini andWebServicesprotocols
however;it canbeenvisagedthatotherviewsmaybespecificallytailoredto supportend
userssteeringapplicationsandmanipulatingentitiesin termsof dataflow, or for soft-
waredevelopersto designapplicationcomponentsthat interactwith ICENI resources,
utilising tools capturingcontrol flow. Theseaspectsof ICENI arediscussedin other
papers(for example[6, 8,7]), anddemonstratethepotentialfor acompletelyintegrated
grid programmingenvironmentwith multiplepointsof view.

5 Conclusions

Our currentwork with ICENI hasdemonstratedthe useof Jini asa dynamicservice
managementframework within a Grid environment.However, we recognisethat the
adoptionof Jini restrictsinter-operabilityasboth theclient andserver endpointsneed
to to be implementedin Java. By building uponstandardweb serviceprotocols,we
areableto promoteinter-operabilityandto provide a structuredmechanism,through
WSDL’s extensibilityelement,to accessa service’s functionalityandmeta-data.
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Theseextensionsincludeanew bindingspecificationfor expressingJini endpoints,
adescriptionfor binding-specificsecuritymechanismsandreferencesto therich service
meta-data.We envisagethe WSDL documentwill serve asa network-widepointerto
thedeployedservice.Higher-level mechanismscanexploit its self-describingnatureto
supporttheautonomousservicecompositiontomeettheneedsof usersanddynamically
adaptto theunderlyingavailability of resources.Theproliferationof serviceswithin a
servicegrid environmentis simplifiedthroughtheuseof views.

We have shown how the powerful mechanismswithin ICENI for resourcesharing
throughservicelevel agreementscan be exposedas web services.Our web service
infrastructurewill tracktheOGSAasit developsandwill ultimatelyresultin anOGSA
compliantinterfaceto theJini encapsulatedresources.This work wasdemonstratedin
April 2002at theopeningof theUK e-ScienceCoreprogramme’sNationale-Science
Centre(NeSC)in Edinburgh,Scotland.
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A Example of a XML documentdescribing a Service Level
Agreement

<?xml version="1.0" encoding="UTF-8"?>

<contract
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xmlns="http://www.iceni.ac.uk/xmlSchema/contract"
xsi:schemaLocation="http://www.iceni.ac.uk/xmlSchema/contract

/vol/iceni/icpc-core/data/xml/grid/contract/CONTRACT.xsd"
duration="1200">

<allow>
<entity type="person" name="CN="JohnDoe,OU=doc.ic.ac.uk,O=LeSGrid,C=UK"/>

</allow>

<deny startDay="friday" startHour="13" stopDay="sunday">
<entity type="group" name="ICPC"/>

</deny>

<allow stopDay="saturday" stopHour="20">
<entity type="organisation" name="EUDataGrid"/>

</allow>

</contract>


