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Abstract

With the advent of web servicesstandardsinda service-orientedrid architecturejt is foreseeable
thatcompetingaswell ascomplimentingcomputationakerviceswill proliferate.Currenteffortsin stan-
dardisingserviceinterface focuseson how one can executetheseservicesin termsof their syntactic
descriptionsTheir capabilitiesandrelationswith otherservicetypesareonly articulatecthroughnatural
languagén theform of documentationlin this paperwe presenthe ICENI semanticserviceadaptation
framework. We seekto capturethecapabilityof servicedy annotatingheir programmatiénterfaceusing
theWebOntologyLanguaggOWL)[2] in relationto somedomainconceptgherebyallowing servicego
be semanticallymatchedasedon their ontologicalannotation.By inferencesn this metadatasyntac-
tically differentbut semanticallyequivalentserviceimplementationsnay be autonomousladaptecand
substituted. Combiningit with familiar high-level programminglanguage we demonstratex practical

service-orientegirogrammingmodel.
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1 Intr oduction

The World Wide Web has evolved from being a
collectionof hyperlinkeddocumentgo a platform
delivering networked services. The e-Commerce
community needsto integrate heterogeneoudis-
tributed systemswithin their supply-chainwhile
the Grid Computingcommunitymustaccesded-
eratedandwidely-distributedcomputingresources
in a scalable secureand coordinatednanner By
representinghesesystenmunitsaswell-definedser
vices, we facilitate the reuseand substitutionof
compatible componentsinto the workflow of a
largersystem.

Compatible services are often identified
through subclassrelationshipor interface inher
itance. Substitutableimplementationare reused
throughpolymorphisnof superclassr abstractn-
terface. Far from beingan autonomou®peration,
the burdenof usingbinding specifictools or APIs
to generatestubsor performremoteinvocationhas
addedcompleity in consumingremoteservices.
This approachto identifying reusableservicesis
insufficientin aservice-orientedrchitectureMul-

tiple serviceprovidersmight not agreeon a single
serviceinterfacehierarchyfor competitve reason.
Theseservicesaredeemedncompatiblealthough
they potentially provide the same functionality.

The intendedcapability of contemporaryservices
are mostly expressedn naturallanguagesyhich

hindersautomatedmatchingbecauseof potential
ambiguity and incompleteness.Researchin for-

mal methodshasexploredthe precisedescription
andintention of interfaces. Eventhoughthe task
of developingformal specificationis overwhelm-
ing andthe needfor programverificationdeemed
unnecessarfor mary applications.

In this papemwe presentframavork for identi-
fying compatibleservicedhasedntheir expressed
capabilitiesin relation to some ontological con-
cepts. By associatingserviceoperationsto con-
ceptsandparameterso propertief the concepts,
we demonstratehesesemanticmetadata,which
links the syntacticelementsof the serviceto the
domainontology canbeinferredto identify com-
patibility. We arguethatthe intelligenceprovided
by theinferencecanidentify the pointsof compat-
ibility betweerthe client requirementndthe ser



vice. In addition,the middlewareneedgo possess
asetof transformatiorrulesfor adaptingandprox-
ying the serviceconsumabldy theclient.

1.1 Background

TheWeb ServicesStandards[J10][8] collectively
modelthe publish,find andbind operationf the
serviceorientedarchitecture. The Web Services
DescriptionLanguage(WSDL) capturesthe pro-
grammaticinterface, network binding and mes-
sageformats of the serviceirrespectve of their
implementingtechnologies. Its extensiblenature
is well-suited to act as a common languagefor
describingserviceinterface encodedin CORBA
IDL, Java Interfaceor other proprietaryinterface
descriptionlanguage. Nonethelessjt only ex-
presseghe syntactic specificationof the service
in terms of the name of the methods, as well
as the expectedtypes. The Open Grid Services
Interface[1] (OGSI) builds on the relative matu-
rity of WSDL with the addednotion of transient
service.lt mandates setof coreinterfacesandser
vicedatato reflecttheneedfor asetof fundamental
servicedn aGrid ervironment.It implantslimited
semanticso all Grid servicesn termsof theability
to querystateandcontrollife-cycle. However, cus-
tom serviceshave to resortto thetraditionalmeth-
odsto expresstheir capability

Researchin Autonomic Computing[16 aims
to transform computing tasks that require con-
stanthumaninterferenceandawarenesso beself-
managing,self-healingand self-optimising. Ef-
fortsin the SemantidNVeb[4] hascontributedstan-
dardsandtoolsto autonomicallyextractstructured
informationfrom the World Wide Weh As theIn-
ternetis evolving into a platformfor servicedeliv-
ery, we would not only like to searchandidentify
relatedservicebut to consumehe serviceaccord-
ing to their serviceinterface.

2 The Metadata Space

Expressingesourcesemanticon the World Wide
Web hasbeenthe driving force behindthe recent
developmenbf the SemantidVeh The Grid com-
munity is exploiting recentdevelopmentin grid
computingtechnologiesand service oriented ar-
chitectureto build the SemanticGrid[5], an grid
infrastructurewith resourceand servicesseman-
tics. In this paperwe proposethe concepibof meta-

data space asrealisationof the SematicGrid. The
separatiorof the metadataspacefrom the physi-
cal grid in figure 1 clarifiesthe the differencebe-
tweena servicemetadataandits implementation.
In the metadatapacethe usualmanualextraction
of servicesemanticdbbecomesan autonomicpro-
cess. Eachgrid resourcds representedby its se-
manticannotationandthusresourcenteractionis
focusedpurely onthe semantiaescriptions.

More specifically the metadataspaces anen-
vironmentwith a standardmetadatapublication
anddiscovery protocolto facilitatethe processing
of metadatandsemantidnteractionbetweergrid
resources.The advantageof having the metadata
spaceseparatedrom the physicalgrid is to de-
couple grid resourcedrom their implementation
andhostingervironment. Every participantin the
metadatapacds characterisedsa metadatapub-
lisher The metadatgublishedby a publisherfalls
into oneof the threecateyories- requirementjm-
plementatioror domain. We distinguishthe pub-
lisherby theirmetadataateyory. This differsfrom
the traditional serviceorientedarchitecturevhere
participantscanbe characterisedseithera client,
a service,or a registry. The metadatapublished
into the metadataspacecanthenbe processedby
the Meta-Serviceso provide the autonomicse-
manticmatchingandinterfaceadaptationThefol-
lowing subsectiongliscussthe differentroles of
publishersn moredetails.

2.1 Implementation Publisher

This role canbe playedby ary serviceproviders
in the traditional service oriented architectures.
The transformationform serviceto implementa-
tion publisherdepend®nthe publicationof its se-
manticannotatiorinto the metadatapace An ex-
ampleof implementatiorpublishers semantican-
notationis shavn in figure 21. The implementa-
tion provider beharesasatypical serviceprovider
within the its hostingervironment. It projectsits
identity/exsistencanto the metadataspaceby the
publicationof its semanticannotation.

IFollowing is a list of XML namespacegrefix usedin this paperrdf= http://wwww3.019/1999/02/22-rdf-syaic-ns#, owl=
http://mwww3.01g/2002/07/wil#, rdfs=http://wwww3.01g/2000/01/rdf-schemasart=http://lesc.ic.ac.déxampk/aithmetcs
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Figure 1: Themetadataspacen relationto differentGrid SQAs

// Semantic Annotation

<Descri pti on about ="Mat hsServi ce/ add" >
<type resource="&art; Add"/ >
<art: hasQperand

resource=".../add/ paranfa"/>
<art: hasQperand

resource=".../add/ paran b"/>
<art: hasResul t

resource=".../add/return"/>

</ Descri ption>

//Java service inplenmentation
public int sun(int[] ele) {

/1 met hod body onmitted
}

Figure2: A Javaserviceprovider's semanti@annotation
in RDF

2.2 RequirementPublisher

A requirementpublisheris ary grid servicecon-
sumerwith the capability of publishingsemantic
annotationinto the metadataspace. The require-
mentpublisherexpressedts syntacticrequirement
in a programminglanguageinterface. Semantic
requirementis theninlined into the sourcecode
through annotation. The syntacticserviceinter-
face descriptionhas no importancein the meta-
dataspace. Requirementindimplementatiorare
matchedby using the publishedsemanticmeta-
data. The interoperationbetweendifferent ser
vice orientedarchitecturess achiezed autonomi-
cally with theadaptatiorprocessTherequirement
publisher(serviceconsumerdoesnot needto in-
terveneprogrammaticallyThe publisherscanpro-
gramwith their interfacewithout worrying about
the plumbing code that obscuresthe application
design.

2.3 Ontology Publisher

Anyone who writes and publishesontology into
the metadataspaceis characterisedis an ontol-
ogy publisher This role is usually taken up by
domainexpert or standardbodiese.g the Dublin
Core Metadatalnitiative[17. Ontology are used
by meta-servicess a knowledgestoreto support
their inferenceengines. They canonly then pro-
vide theessentiabemantidnferencecapabilityfor
the metadataspace. The semanticmatchingand
serviceadaptationprocessboth restscrucially on
the quality and quantity of the publishedontolo-
giesin the metadataspace.Trustandconsisteng
of ontologiesare importantissuesand are exam-
inedin section5.

2.4 Meta-sewice

Themeta-serviceprovidethemetadatapaceawith
semantianatchingandserviceadaptatiorcapabil-
ities. Semanticmatchingservicesfind compati-
bleimplementatiorandrequiremenbasedntheir
publishedservicesemanticonly. Adaptationser
vicesgenerateserviceadaptatiorby usingthe syn-
tactic servicedetail suchastype declaration,ser
vice binding etc. Adaptationservicesare charac-
terisedby servicesthat residein multiple grid ar
chitecturesand/or different syntacticdescription.
This enablethemto act asthe bridge acrossdif-
ferentservicesthusproviding a necessaradapta-
tion betweenthe requirementand the implemen-
tation publisher Meta-servicedorm the hotspots
(seefigure 1) of themetadatapaceall threetypes
of publishednformationaregatheredo enablethe
matchingandadaptatiorprocess.



3 Semantic Matching and Ser-
vice Adaptation

Semantianatchingandinterfaceadaptatiorarethe

two operationghat enablethe autonomicadapta-
tion of grid services We ervisionarangeof differ-

ent metadata-serviceatisfyingthesepurposego

emepein the semantiogrid. This sectionfocuses
on the high level requirement/specificatiorather
thantheimplementatiordetail of theseservices.

3.1 SemanticAnnotation

Themeaningof serviceds implicitly expressedy
the implementationexpressedn the form of the
programminganguagesourcecode. The purpose
of thesemanti@annotations to expresshisintrin-
sic meaningexplicitly andin a machineprocess-
ableway. The ResourceDescriptionFramevork
(RDF)[]] from W3C was designedto sene this
purposeandthe Web Ontology Language(OWL)
builds on RDFto provide away of addingdomain
specificvocahulary for resourcedescriptionby us-
ing conceptdaxonomy

Semanticannotationof a serviceis developed
in 2 stages. First, the userannotatesa service
with intendedmeaning. This expressthe service
in termsof somedomainconceptand propertyin
OWL. Next, differentaspect®f a servicemethod
(for example,name,parameterreturntype) need

to bedescribedndependentlasdistinctresources.

This stageconcentratesn expressinghesyntactic
meaningof the serviceby annotatingthe seman-
tics of the definition of the servicemethod. This
metadatds importantfor the adaptation.Without
this annotationthe adaptatiorservicewill not be
able to understatnd the meaningof the different
serviceaspects. In figure ?? we introducea toy
object orientedprogrammeontology for annotat-
ing programmestructure. This type of annotation
can be generatechutomaticallyby a suitableim-
plementedsourcecodeparsef thus moving some
of the compleity of the annotationprocessaway
from the humanwriter.

3.2 SemanticMatching

Thefirst stepin autonomicserviceadaptatioris to
find serviceghatareconceptuallyequivalentto the
client’'s requirements.Theserequirementsre ex-

pressedhroughthe semanticannotatiorof thein-
terfaceby usingOWL. This ties eachof the inter-
face methodto a domainconcept. Semantican-
notationsfrom implementationpublishersare de-
finedto be conceptuallyequivalentto the require-
mentwhen the requirementconceptis inferrable
from the implementations annotations.In prac-
tice, whetherone conceptis inferrable from an-
otherdepend®nthe searchandinferencecapabil-
ity of the semantiomatchingserviceandthe pres-
enceof suitablydefinedontologyin the metadata
space.

A semantianatchingservicewill needto per
form two main inferenceoperations- classand
property inferencing. Each interface annotation
ties the conceptof a methodto a ontology class.
The resultof classinferencingis a setof services
thatareconceptuallyequivalentto the clientinter-
face method. Classproperty are representedy
methodsignatures.Propertyinferencingnarravs
down the conceptuallymatchedservicesinspect-
ing propertiesandtheir relations. This procesge-
fines the original list by taking into accounton-
tology classproperties. This is a crucial stepin
enablingserviceadaptation.lIt filters out concep-
tually incompatibleservicedrom therequirement.
For example,a summationservicewith a param-
eterthat refersto a precisionproperty of a sum-
mationconcepis incompatiblewith arequirement
interfacethatis definedwith two integers,bothre-
lateto theoperandoropertyof the summatiorcon-
cept. The final list of servicesare the onesthat
matchedwith the client annotations classconcept
andproperties.Theseare definedas conceptually
compatible.
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Figure 3: A toy ontologyaboutaddition

2|t is importantto note that semanticannotationsanbe written at differentlevels in the sourcecode(statementblock, class,..)
to give differentlevels of expressieness.Due to the scopeof the paper we concentrat®ur efforts on the methodlevel. Pleasesee

discussiorfor futureworks.



3.3 CodeAdaptation

Adaptationservice generateghe adaptedimple-
mentationcodefor the requiremenpublisher Re-
ceiving alist of conceptuallyequivalentimplemen-
tationsfrom the matchingservice this servicedy-
namicallygenerateshe adaptomproxy on demand.
In the adaptationstage,the focus shifts from the
semantianetadataboutthe methodto themethod
structuremetadataThe aim of the adaptatiorser
viceisto find atransformatioriunctionwith there-
quiredmethodsignatureasdomainandthe list of
conceptuallycompatibleservicesignaturesasthe
range.

Invocation Ar chitecture Selection First stepin

thegeneratiorof theadaptoiis to identify the host-
ing architectureof the target service. If the target
serviceshostingarchitectureannotbehandledoy

ary of the available invocation handlerthen the
adaptatiorprocesdor the particularservicecannot
continue. This identificationprocessis achieved
by inspectinghetargetservices syntacticdescrip-
tion. We useWSDL asthe syntacticservicede-
scriptionlangaugeandthe binding elementin the
WSDL documentdetermineghe hostingarchitec-
ture.

Signature Transformation  The structuralinfor-
mationaboutmethodsignatureis describedn the
methodstructuremetadata. This metadataalone
is not enoughfor the transformation.Every adap-
tation serviceneedsa setof basictransformation
rules- axioms,to starta backward chainingtrans-
formationprocess. For example,a simple axiom
that expresseghe notion of an identity, is neces-
saryin orderto eliminateparametershatarecon-
ceptuallyequivalent (a+b = a+b+0). Type infor-
mationcanalsobe extractedfrom the requirement
andimplementatiors programstructuremetadata.
Inferencefrom oneto the otherrequiresthe pres-
enceof a suitabletype ontology in the metadata
space. In the example Java type ontologyin fig-
ure4, it is possibleto infer thata pair of integers
aandb are conceptuallyequivalentto an array of
two integers. More specifically the ontology al-
lows an OWL inferenceengineto infer thatanin-
tegeris aninstanceof elementandthereforeit can
be treatedas one of the elementin aninteger ar
ray. This is a very simple exampleof type infer-
ence,more sophisticatednferencingability (such
ascrossprogramminglanguagetype inferencing)
will comewith morerefinedtypeontology

<r df : RDF>
<ow :class rdf:ID="Array"/>
<rdf s: subd assCOf >
<ow : Restriction>
<owl : onProperty
rdf : resour ce="#el eType"/>
<owl : Cadinality
rdf : dat at ype="&xsd; | nt eger " >
1
</ow : Cardinality>
</ow : Restriction>
</rdfs: subd assCOf >
</ ow : cl ass>
<ow :class rdf:ID="IntArray">
<rdf s: subd assOf rdf: | D="#Array"/>
<rdf s: subd assOf >
<ow : Restriction>
<owl : onProperty
rdf : resour ce="#el eType"/ >
<ow : al | Val uesFrom
rdf : resource="#Il nteger"/>
</ow : Restriction>
</rdfs: subd assOf >
</ ow : cl ass>
<ow : Obj ect Property rdf: | D="el eType">
<rdf s: domai n rdf:resource="#Array"/>
<rdf s:range rdf:resource="#El ement"/>
</ ow : Obj ect Property>
<ow : class rdf: | D="Integer">
<rdf s: subC assOf rdf: | D="#El enent"/>
</ ow : cl ass>
</ rdf : RDF>

Figure4: A SimpleOntologyof Java Types

4 The ICENI SemanticLayer

The Imperial College e-Science Networked
Infrastructure[18 - ICENI - is a service ori-
ented/intgrated Grid middleware that provides
an augmenteccomponeniprogrammingmodelto
aid the applicationdeveloperin constructingGrid
applications,and an executioninfrastructurethat
exposescompute,storageand software resources
as serviceswith definedconditionsof when and
by whomtheseresourcesnay be used. It utilises
openandextensibleXML schemago encapsulate
meta-datarelating to resourcecapability service
availability andapplicationbehaiour.

We are currently developing a prototypeim-
plementatiorof the semantianatchingandservice
adaptatiorframewnork presentedhn this paper The
goalis to integratethis framewvork with the meta-
datafacility in ICENI to bring aboutthe seman-
tic reasoningand adaptationability. The proto-
typeimplementatioris scheduledo be completed
in threestagesthe metadatapacdmplementation
laysthe foundationasthe knowledgestore.Ontol-
ogy processings built ontop of themetadatapace
andfinally the serviceadaptationframework. In



the following sectionswe presentthe currentim-
plementatiorstatusof eachof thelayers.

4.1 Metadata Space

The metadataspacerepresents layer on top of
grid architectureémplementations.To reflectthis
importantdistinction, ICENI metadataspaceAPI
is constructedrom a corecollectionof javainter-
facedo enablethe separatiorof functionrepresen-
tationsandimplementations.The metadataspace
APl (MS-API) gives maximumflexibility for the
publicationand discovery of RDF annotatedse-
manticservicemetadatdy allowing customarchi-
tecturehandlers.

The main functionality that the MS-API pro-
videsis for the different grid architectureso be
bindedto the metadataspacethroughArchitecture
Handlers. Oncea handleris registeredwith the
metadataspace userscanthencarry out publica-
tion and discovery operationsthrougha uniform
interface. This consistentinterface shifts the un-
derlying compleity of programmingwith differ-
ent serviceorientedarchitecturesaway from the
enduserto the developers.ArchitectureHandlers
are currently categorisedinto two types- Meta-
serviceandMetadataHandlers.

Meta-servicehandlers are the bindings be-
tweenthe concreteservice implementationsand
their Meta-serviceepresentations the metadata
space. In our currentprototypeimplementation,
we have developeda Meta-servicehandlertarget-
ing the Jini[28] architecture.This handlerenables
thesearchingandinvocationof Meta-servicesvith
concretelini implementationWe have alsoimple-
menteda basicsemantianatchingservicein Jini.
Thecoreof thematchingserviceis its ontologyin-
ferenceengine- Euler[27. Euleris a pureJava,
backward chaining rules basedproof engine. It
usesthe resolutioninferencemechanisnandonly
follows Euler pathsto avoid endlessleductions.

Metadatahandlerbindsthe differentdatastore
implementationwith the metadatespaceabstrac-
tion. The currenthandlerunder developmentis
basedon the JXTA architecture JXTA allows the
servicesemantianetadatdo bepublishedanddis-
coveredin a peerto peermanner This is to be
evaluatedagainsthe standardveb service(client-
sener) model of publishingand discovering ser
vice metadata.

4.2 Metadata Processing

The metadataprocessingayer is built using the
JENA2[7] semanticweb toolkit. JENA2 pro-
videscomprehensie supportfor RDF, DAML and
OWL. Thisincludesquery datastorageandbuilt-
in ontologyinferenceenginesTheoneof themain
reasorfor choosingJENA astheprocessingoolkit
is its pluggableframewnork. JENA2 allows dif-
ferentinferenceengine[13[14] andontologylan-
guageto be usedin our framework. It is unre-
alistic to assumethat all participantsin the meta-
dataspacewill beusingOWL astheontologylan-
guageanda standardnferenceenginefor all their
needs.JENA2 is currentlystill in betaandthein-
ferencesupportis still preliminary We have cur-
rently adaptedeuler asthe maininferenceengine
for our framework.

Themetadatgrocessindayeris primarily con-
cernedwith the parsingand generatiorof seman-
tic metadata. Serviceinterface metadatacan be
automaticallygeneratedrom a Jasa sourcecode
parser The servicesemanticdatawill have to be
handwritten by the user The aim of the meta
processindayeris to provide a JAVA2RDF parser
for thegeneratiorof the serviceinterfacemetadata
andaservicesemantianetadataalidator Thereis
no planin writing a high-level semanticdataedi-
tor sincetherearecurrentlymary widely available
toolsfor writing ontologybasedmetadatasuchas
OilEd[24] andProteye[2].

4.3 Sewice Adaptation

The prototype service adaptationengine trans-
forms interface signatureby using a setof graph
transformation[2p rules. In RDF every sentence
has the form < object >< predicate ><
subject >. It is thereforenaturalto view RDF
statementsas labelled directed graphswith URI
asgraphlabelandevery graphedgehasdirection
going from objectto the subject. When semantic
metadatdas expressedn termsof RDF, although
written in XML, it canbe easilytransformednto
labelled directed graphs. In our adaptationen-
gine, we take this 'graphical’ approachto tackle
the problem of transformation. The enginetry
and matchthe client requirementwith the list of
semanticallycompatibleservicesusing the avail-
ablegraphtransformatiomproductionrules. Once
a matchis found the adaptatiorenginethengen-
erateghe dynamicproxy by usingthe Java reflec-
tion’s ProxyandinvocationHandleAPI to provide
theclient-requirednterface.



semantic
. [m®tadata
N
N

dapt ation
Engi ne v

semantic
net adat a N

SERVI CE

(int[] nunbers)

Figure5: Theadaptatiorproxy

We planto usethe ApacheWeb Servicelnvo-
cation Framevork[15](WSIF) asthe basisof our
work on dynamic service architectureselection.
WSIF enablesiserdo interactwith abstractepre-
sentatiorof web/gridserviceghroughtheirWSDL
description. Our future work involve extending
WSIFinto aGrid Serviceinvocationframenork by
addingthe capability of processingVSDL exten-
sionelementglefinedin OGSI.

5 Discussion
5.1 Workflow and Scheduling

Componentisedsoftware encapsulatesreusable
functionality to be deployed on-demand.Current
researcton Workflow languages[1}§20] andGrid

Schedulingfocuseson the descriptionof service
interaction, as well as exploiting knowledge on

performancecharacteristic®f serviceimplemen-
tation to make deploymentdecision. By raising
the abstractionof service capability using ontol-

ogy, schedulerscan widen their scopeof service
selection. Ontological equivalent serviceimple-

mentationcan be exploited if it can be adapted
transparentiyto the abstractworkflow. Effort in

establishingontologicalvocatulary for describing
workflow andweb services[2] createsa founda-
tion for further researchin optimising workflow

basedon the conceptualintention of the compo-
sition.

5.2 Trust in Ontology and Adaptation

The metadataspaceis analogougo a public bul-
letin board. Conceptsarebeingintroducedby in-
dependenpartiesin a distributed and uncoordi-
natedmanner This givesriseto the problemof en-
suringlogical consisteng of ontologyreplicatechat
multiple autonomougeers. Moreover, the meta-
data spaceneedsto guard againstmalicious at-

temptsin introducingfalseconcepts.Possibleso-
lutions might be to signthe OWL fragmentusing
XML Digital Signature[23 andimplementa dis-
tributedvoting[22 in achiezing commonontology
consensusimongpeers. The quality and correct-
nessof the adaptationwould be difficult to ver
ify withoutformal analysisof the adaptatiorcode.
By optionally exposingthe adaptatiorservicese-
lectionto theuserlevel, flexible selectionrschemes
canbedevisedbasednthelevel of trust.

5.3 Stateful Sewices

Serviceis consideredas a collection of function-
alities encapsulateth a setof methods.Our cur-
rent prototypefocuseson annotatingandadapting
atthemethodlevel. Multiple statelesservicesan
be groupedandinterchangedso that they canbe
adaptedo sene a single client interfacerequire-
ment. However, invoking a methodon a state-
ful servicewould imposestatechangethatcauses
side-efect when other methodsare being called.
As aresult, statefulservicescanonly be grouped
to form oneinstanceif their statesare explicitly
madesharedandkeptconsistent.

6 Conclusion

In this paperwe have presentedCENI’s semantic
serviceadaptationframewvork basedon ontologi-
cal annotations. The threeaspectf this frame-
work werepresentedthe metadataspace seman-
tic matchingandserviceadaptation The metadata
spacewasproposedasan independenknowledge
storefor the semantia@yrid. Semantiamatchingal-
lows usto searchfor servicesusing their seman-
tic ratherthan syntacticdescriptionn.Finally, the
serviceadaptatiorprocesexploitstheintelligence
gatheredluringthematchingphaseandusesaset
of transformatiorrulesto generatean architecture
independenbindingon demand.
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