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Abstract. The move towards Service Grids, where servicesare composedo

meetthe requirement®f a usercommunitywithin constraintsspecifiedby the
resourceprovider, presenimary challengego serviceprovision anddescription.
To supportour researchactiities in the autonomousompositionof servicesto

form a SemanticServiceGrid we describegheadoptionwithin ICENI of webser

vicesto enableinteroperabilitywith the recentlyproposedOpenGrid Services
Architecture.
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1 Intr oduction

The early ComputationalGrids, federationf distributedresourcesgemonstratethe
ability to securelyaccessemotecomputationatesourceshroughasingle‘Grid’ iden-
tity [1, 3]. Therecentproliferationof computationatesourcesndtheiradoptionby the
appliedsciencecommunityhasled to a new usercommunity— e-scientistsThe func-

tionality providedby theseGrid infrastructurehasexpandedn recentyearsto support
the challengegpresentedy the distributed petabytedatacollectionscontainedwithin

the DataGridsinherentin mary of today’s scientificexperimentq12, 9].

Recentlythedemand$rom thee-commercande-scienceommunitiehaveforced
the corvergenceof technologybetweernthesetwo fields. Within the e-science&eommu-
nity, it hasbecomeclearthat the underlyinginfrastructuresieedto be portable,easy
to deploy andstraightforvardto extend.While bothcommunitieshave beenfacedwith
a proliferation of servicesfrom the differentorganisationsFinding the ‘best’ service
capableof meetingthe needsof a user or acommunityof usersjs inherentlycomplex
eitherthe serviceis a stockquoteor the solutionof a partial differentialequation.

It is thereforeessentiathat servicesbe transparentlyand efficiently composable
to meetthe needsof the end-usersTo this end,two aspectof the serviceneedto be
defined:its functional characteristicencapsulatedvithin a well-definedand discov-
erableinterface,while an appropriatemeta-dataschemadescribests non-functional
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behaiour. By developinginfrastructureghatcancomprehendhesemeta-datantolo-
gies,servicexanbeautomaticalllcomposedo meetthedefinedneedsf boththeuser
andthe resourceproviders. We classify suchan infrastructureas a SemanticService
Grid - whereserviceamaybeautonomouslgomposedo meetthe definedneedf the
user

In [13], Tim Berners-Leealefinesthe SemantidMeb as‘an extensionof the current
webin whichinformationis givenwell-definedmeaningpetterenablingcomputerand
peopleto work in cooperation.Lik ewise, the SemanticServiceGrid canbe described
asan ‘extensionof the currentGrid in which informationandservicesaregivenwell-
definedmeaning petterenablingcomputersaandpeopleto work in cooperation’.

Thispaperdescribesheevolutionof ICENI (ImperialCollegee-SciencéNetworked
Infrastructure)to meetthe demandsof a SemanticService Grid. We describehow
ICENI is being extendedto enableintegration with other infrastructuresbuilt upon
web-serviceprotocolssuchasthe recentlyproposedOpenGrid ServiceArchitecture
(OGSA) [4]. We feel that SemanticServiceGrids needto be built uponfour key con-
cepts:

— All servicesareannotatedvith informationrelatingto their capability;

— All servicesareprovidedfor aspecifieddurationandcommunity- expressedhrough
a‘Servicelevel Agreement’;

— New serviceswith anew ServiceLevel Agreementareinstantiatedhroughnego-
tiationswith anexisting service;

— Serviceswithin suchanarchitecturearepresentedy differentviews.

2 The Emerging Sewice Grid

The key requirementin arny serviceorientedGrid middlewvareis a descriptionof its
interfaceandcapability This informationis essentialn orderto composea setof ser
vicesto meeta users requirementsVery few of the existing Grid infrastructurege.g.
Globus[3] andLegion [10]) provide the meango accesshis informationfor ageneric
interface.Insteadhey rely onthedefinitionof several‘well-known’ protocolsaccessed
througha client side API. Our work over the lasttwo yearshasbeenfocusedon the
developmentof ICENI, a Grid middlevaredesignedo containandexpresssuchmeta-
data.

2.1 ICENI

Within ICENI, we make a clearseparatiorbetweerthe managememf a resourceand
its useby a wider community[6, 7]. All computational software, hardware or stor
ageresourcesappearas Jini serviceswithin a private administratve domain.The re-
sourceswithin the private administratve domainare publishedas servicesin a pub-
lic computationatommunityby the domainmanagerwhich annotategachresource
with informationrelatingto its accessusagepolicy andduration.The serviceswithin a
computationatommunityareaccessetby the usersandhigherlevel serviceshrough
well-definedinterfacesandan XML basedequest respons@rotocolbasedaroundthe
exchangeof documentslefinedby well known schemas.
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2.2 WebSelwices

Webserviceapplicationshave recentlybeenpopularisedhroughe-commercedoption
andstrongindustrialbacking.The developmentof web servicesprotocolssuchasthe
SimpleObjectAccessProtocol(SQAP), Web ServiceDescriptionLanguaggWSDL)
andthe UniversalDescription,Discovery andintegration(UDDI) protocolhassimpli-
fied theintegrationandinteractionbetweerserviceprovidedby differente-commerce
organisationsThesethreeprotocolsprovide the meando discover servicestheir capa-
bility andto interactwith themin a platformneutralmechanism.

Therequirement$rom the developersof Grid middlewvarecoupledwith theemeg-
ing capability of web services technologyhascreateda new avenuefor Grid service
providerswhich allows themto benefitfrom, andcontritute to, the e-commerceom-
munity. However, existing web servicesprotocolshave not beendesignedor the use
in computeor dataintensve infrastructureslthoughoptimisedimplementation®f the
SQAP protocolshave beenproduced2, 11].

The dynamicnatureof servicesin the Grid comparedo the relatively static pro-
vision of servicesin e-commercervironmentsmeansmanagemenandsearchingor
availableresourcedecomeincreasinglycomplex andunscalableThesedimitations of
web servicesprotocolswithin the Grid are well recognisedICENI, alongsideother
Grid middleware,recogniseshe suitability of web servicesashigh-level protocolsfor
serviceco-ordinationTheseprotocolsmaybeusedto discoverandselectthe mostopti-
mal low-level communicatiormechanisntherebyachiesing inter-operabilityandhigh
performancevithin a specifiedquality of service.

2.3 OpenGrid SetvicesAr chitecture

TherecentlyproposedpenGrid ServicesArchitecture(OGSA)[4] hasbroughtabout
a cornvergenceof the grid and web servicescommunities It leveragescommercially
supportedvebservicegrotocolsto build a Grid infrastructure OGSAadoptsthegen-
eralweb serviceapproactfor describinginterfaceandbehaviours of all Grid services
by usingWSDL. Extensiondo WSDL are proposedwithin the OGSAto addresghe

previously definedlimitations of web servicesandto describeserviceversioning,com-

patibility, binding-neutralcommunicatiorand servicestate.A technologypreview of

the OGSA referencamplementatiordevelopedby the Globus teamhasbeenrecently
madepublic. The ICENI containerextendsthe referenceimplementationin orderto

closelytrackthe changesn the proposedspecification.

3 The SemanticSewice Grid

The ServiceGrids outlinedin the previous sectionprovidesa basicinfrastructurefor
building other, highekrlevel, applicationorientedservices.f theseservicesareanno-
tatedwith meta-datarelatingto their capability and use,thenusers,or agentsacting
ontheir behalf,areableto autonomoushdiscover, understanéndexploit this service
relatedmeta-datdo meettheir own definedgoalsor requirementsThe developmenibf
suchinfrastructuresywhich we classasa SemanticServiceGrid, is essentialf they are
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to transparentlymeetthe needsof the appliede-scientistAs a move towardssuchan
architecturewe arecontinuingto developICENI by exposingour existing servicesand
meta-datastructureswithin awebservicedramework.

3.1 ICENI Sevice Ar chitecture

The ICENI architecturds constructedrom a clearabstractiorbetweerresourcegnd

their exposureas useraccessibleservices.The technicalcapabilitiesof the resource,
its attributes,are expressedwithin an XML documentby the resourceadministrator
througha definedXML schemalnteractionwith a serviceis alsothroughXML doc-

umentsbasedupona specifiedschemausinga request responsenodeof interaction.
All servicesarederivedfrom aresourceandareexposedwith a defined ServiceLevel

Agreement(SLA) or contract thatspecifieshow andby who the servicethe resource
maybeused.

Inherentto this modelis the ability for anotherserviceor userto negotiateand
instantiatea servicewith a new SLA. This new servicemay only be accessiblgo a
particularsubsebf the original services usercommunityor its functionality.

A basicserviceinterface,commonto all serviceswithin ourarchitectureis defined
usingWSDL. By building upontherecentlyannounce@GSA,we will enableservices
to:

— Discoverthe supportegorotocolschemasndversions;

— Discoverthe supportedattribute schemasndversions;

— Extractthedefinedattributes;

— Interactwith aservicethroughits supportedserviceprotocols;

— Negotiatethe creationof anew servicewith anew servicelevel agreement;
— Accounting(chaging) information.

By versioningthe attributesand protocol languageghrough XML schemasywe
are able to discover servicesthat we can directly or indirectly (throughtranslation)
‘understand’.

3.2 ICENI Web Sewices

By integratingICENI with the OGSA infrastructurewe utilise web serviceprotocols
asa meanto provide an interoperabldayer betweenother grid middleware. ICENI
employs Jini asthe primary serviceinfrastructureto take advantageof dynamicregis-
tration, servicelookup, distributed objectaccessandthe platform-portabilityprovided
by Java. We acknavledgea tight couplingto the Jini technologylimits the interoper
ability of the systembut web serviceson their own do not caterfor the dynamicsof the
grid ervironment.We believe a two-layerarchitectureutilising Jini at the community
level andweb servicesat the globallayercanrealisethe benefitsandflexibilities of the
two technologiesGrid implementationcompatibleat the Jini layer cancommunicate
directly, while disparatesystemsanresole to thewebservicelayer. Theability to se-
lecttransport-le@el bindingin web servicesvould provide furtherscopefor developing
high-performancéransporfor data-intensie grid application.
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Fig. 1. JiniandWeb Services.

ICENI bridgesthe two complementaryechnologiesy introducinga web service
containeasthehubto exposelini objectasweb-enabledrid service We recognisehat
it is impracticalfor eachtransientlini resourcéo bean OGSA-compliantontainerAs
aresult,ICENI maintainsa persistensetof containerde senedasislandsfor services
in thecommunityto dock. TheseJini serviceshind to thecontainersn orderto become
OGSA-capableThe containeractsasa SOAP-to-Jara endpoint,a securitygateleeper
anda setof serviceregistriesdefiningcommunityboundaries.

Our implementatioris basedon the GSl-enabledveb servicecontainerdeveloped
by the Globus teamaspart of the OGSA referenceémplementation[4]. We have en-
hancedthe implementatiorby exposingit asJini objectto take advantageof the dis-
tributed event modeland leasingmechanismA resourcemodelledas Jini objectcan
explicitly lookupthe containeranddeploy itself asweb-enabledyrid service.The Jini
distributedeventmodelleverageghe problemof garbagecollectingthe statesof tran-
sientservices.The containerecevesregistrationeventspostedby the Jini lookup ser
vice to maintaina consistenserviceavailability in theregistry.

The deplgymentagentis introducedas an optionaltranslationlayer betweenJini
servicesandthe exposedOGSA-compliangrid servicesThe deploymentagentswho
are themseles Jini object, monitor a set of Jini lookup servicesfor the arrival and
departureof servicesandcontainersUponarrival of a Jini servicesunderstoody the
deploymentagent,it dynamically generatestubthatis deployable to the particular
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type of containersknown to the agentandthe correspondindVSDL documentwhich
describeghe exposedmethod=of thegrid service.

Theadwantageof thistranslatioris twofold. It allows usto providefine-graincontrol
of servicepromotionacrossvirtual organisatiorbasedon definedpolicies.By virtual-
ising the underlyingservice differentviews of the sameobjectcanbe exposedsuchas
the setof supportednethodgor a particularcommunitysenedby the givencontainer
or different security constraint.Java’s dynamicclassgenerationand loading mecha-
nismsenablea dynamicandtransparentranslatiorprocesslt enablesisto experiment
with variousinvocationstrategiesby wrappingmethodcall in the stub,suchasstateless

round-robininvocationto agroupof Jini serviceof thesametype or statefulinvocation
to a persistentini object.
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Sewice Discovery. To facilitate dynamic servicediscovery, client must be able to
queryavailable servicesthrougha registry. In a Jini environment,applicationqueries
the Jini lookup serviceshy matchingdatamembersf an Entry objectassociatedvith
theservicesICENI hasimplementedhe OGSAR@gistry porttypewhichwrapstheJini
lookup mechanisnfor servicediscovery. The Jini leasingmechanisnensuretransient
serviceawill beremovedfrom theregistry whenthey ceasdo exist.

ThestandardDGSAGridServiceport type mandates setof methodgor querying
servicedata.This mechanisnallows usto exposel CENI servicespecificcontractinfor-
mationaswell asthe comprehensie XML descriptionof the ICENI component$6].
We ervisagethe developmenbf arich queryinterface(e.g. XQuery, XPathexpression,
etc.) be usedin theregistry for queryingthe rich setof metadataassociatedvith the
service.

Eachgrid servicedeployedon the containethasanassociate@GSAGrid Service
Handle(GSH). A handlemapperserviceprovidesthe translationbetweenGSH to a
Grid ServiceReferencéGSR).Client canthenusethis GSHto locatethe Grid Service
Referencd GSR) encodedas WSDL asthe network-wide pointerto the specificgrid
instanceOGSAdoesnotmandatehe GSRstrictly beaWSDL documentlt is therefore
possibleto encodehe GSRasa Java stubwhichtheclientcanuseto directlyinvokethe
underlyingJava Jini instancesThis indirection providesan avenuefor implementing
load-balancingandfail-over schemewith multiple instanceof the containerwork in
cooperationo serne acommunity

Authentication and Authorisation. An opensystemincursa high securityrisk. The
exposureof valuableresourceshroughthe web servicecontainemeedso be secured
through effective authenticatiorand authorisation|CENI usesthe X.509 certificate
asthe authenticatioomechanismThe containeradoptsthe Grid Security Infrastruc-
ture [5] using SSL authenticatiorandencryptionlayersasthe underlyingtransportfor
the SOAP endpointsClientsidentify themselesusingtheir certificateduringthe SSL
handsha&. The containerextractsthe distinguishechamefrom theclient certificateand
passeshe distinguishechameandservicelD pair to the Identity Managerto authorise
accesdasednthe correspondingervicecontract.

3.3 SewiceFactory

Within ICENI, we exposea resourcananagedrom a privateadministratve domainto
acommunityof userghrougha SLA or contract.Thisagreemenspecifiegheindividu-
als,groupsandorganisationshatareableto usetheresourceprovidedby thatservice
andthe costs(if any) occurredin their use.An exampleof suchanagreemenits given
in AppendixA. Any interactionwith the servicehasto meettheseaccessontrolsand
usagerequirementsA memberof this communitymay negotiate‘exclusive’ accesgo
a subsetof theseresourcedor their own use.This exclusive accesss representedby
the creationof a new service(associatedo the parentservice)for a specifiedduration
with a SLA requestedby the communitymember

Thereforethe basicserviceinterfaceprovidesa methodthat allows the serviceto
be spavnedfor a particularsetof usersanddurationspecifiedby a contract.The new
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servicewill have the accesgestrictionsspecifiedby the contractandwill appearasa
new Jini serviceandthereforeasa webserviceinstance.

The new contracthasto be a sub-contracbf the existing contract.Meaningthis
mechanisntannotbe usedto extendthe access capabilitiesof the service but should
be usedto make the serviceavailableto a smallersetof usersor for a shorterperiodof
time.

As anexample,considerthe useof a computationatesourceconsistingof 16 pro-
cessordy aproject’s Principallnvestigator(Pl). The computationatesources instan-
tiatedasa servicedefinedwithin the SLA asbeingaccessible¢o a particulargroup of
local users,ncluding the PI. Fromthis service,the Pl is ableto negotiatea subsetof
theseresourcedor their own useandthat of their local collaboratorsFor instance 8
processorsnay be madeavailablefor the exclusive useof the Pl andhis collaborators
for aperiodof 5 hoursfor whichthePI will beinvoicedfor theiruse.ThePl andhiscol-
laboratorsarethenableto utilise the computationakervicefor its durationafterwhich
it is reclaimed.

We feel thatthis genericmodelmaybe appliedto thebasicresourcesvithin a Grid
ernvironmentsuchasstoragenetworking, datasets applicationsuseraccountsetc.

4 Discussion

ICENI entitiescanthusbe consideredoth as OGSA compliantweb services(asthe
specificationis finalised),andas Jini objectswithin a local Jini space Thereis no re-
dundang in this pattern;ratherthe ICENI resourcepresenta differentfaceaccording
to therole in which they arebeingused.This enablesa notion of ‘views’ — different
actorswill communicatevith andinfluencelCENI entitiesaccordingto their particu-
lar needsThe public ComputationaCommunityview presentshe ICENI resourcess
web serviceswhich areaccessibldy theworld at large, while the private Administra-
tive Domainview allows entity examinationthrougha Jini mechanismThe notion of
views neednotberestrictedo the synegy betweerthe JiniandWeb Servicegprotocols
however;it canbeervisagedhatotherviews maybespecificallytailoredto supportend
userssteeringapplicationsand manipulatingentitiesin termsof dataflav, or for soft-
waredevelopersto designapplicationcomponentshatinteractwith ICENI resources,
utilising tools capturingcontrol flow. Theseaspectf ICENI are discussedn other
paperdqfor example[6, 8,7]), anddemonstrat¢éhe potentialfor acompletelyintegrated
grid programmingernvironmentwith multiple pointsof view.

5 Conclusions

Our currentwork with ICENI hasdemonstratedhe useof Jini asa dynamicservice
managementramevork within a Grid ervironment.However, we recognisethat the
adoptionof Jini restrictsinter-operabilityasboth the client and sener endpointsneed
to to be implementedn Java. By building upon standardweb serviceprotocols,we
areableto promoteinter-operabilityandto provide a structuredmechanismthrough
WSDL's extensibility elementto access services functionalityandmeta-data.
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Theseextensionsncludea new binding specificatiorfor expressinglini endpoints,
adescriptiorfor binding-specificecuritymechanismandreferenceso therich service
meta-dataWe ervisagethe WSDL documentwill sene asa network-wide pointerto
thedeployedservice Higherlevel mechanismsanexploit its self-describinghatureto
supportheautonomouservicecompositiorto meettheneedsf usersanddynamically
adaptto the underlyingavailability of resourcesThe proliferationof serviceswithin a
servicegrid ervironmentis simplifiedthroughthe useof views.

We have shavn how the powerful mechanismsvithin ICENI for resourcesharing
through servicelevel agreementgan be exposedas web services.Our web service
infrastructurewill trackthe OGSAasit developsandwill ultimatelyresultin anOGSA
compliantinterfaceto the Jini encapsulatedesourcesThis work wasdemonstrateth
April 2002at the openingof the UK e-ScienceCoreprogrammes Nationale-Science
Centre(NeSC)in Edinkurgh, Scotland.
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A Example of a XML documentdescribing a Sewice Level
Agreement

<?xm version="1.0" encodi ng="UTF-8"?>

<contract
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
xm ns="http://wwm.iceni.ac.uk/xm Schena/ contract"
xsi : schemaLocati on="http://ww. i ceni.ac. uk/xm Schema/ contr act
/vol /iceni/icpc-core/data/xm/grid/contract/CONTRACT. xsd"
duration="1200">

<al | ow>
<entity type="person" nane="CN="JohnDoe, OU=doc. i c. ac. uk, O=LeSG'i d, C=UK"/ >
</ al |l ow>

<deny startDay="friday" startHour="13" stopDay="sunday">
<entity type="group" nane="|CPC'/>
</ deny>

<al | ow st opDay="sat ur day" stopHour="20">
<entity type="organisation" name="EUDataGid"/>
</ all ow>

</contract >



