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Abstract

With theadventof webservicesstandardsanda service-orientedGrid architecture,it is foreseeable
thatcompetingaswell ascomplimentingcomputationalserviceswill proliferate.Currentefforts in stan-
dardisingserviceinterfacefocuseson how one can executetheseservicesin termsof their syntactic
descriptions.Their capabilitiesandrelationswith otherservicetypesareonly articulatedthroughnatural
languagein theform of documentation.In this paper, we presenttheICENI semanticserviceadaptation
framework. Weseekto capturethecapabilityof servicesby annotatingtheirprogrammaticinterfaceusing
theWebOntologyLanguage(OWL)[2] in relationto somedomainconceptstherebyallowing servicesto
besemanticallymatchedbasedon their ontologicalannotation.By inferenceson this metadata,syntac-
tically differentbut semanticallyequivalentserviceimplementationsmaybeautonomouslyadaptedand
substituted.Combiningit with familiar high-level programminglanguage,we demonstratea practical
service-orientedprogrammingmodel.
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1 Intr oduction

The World Wide Web hasevolved from being a
collectionof hyperlinkeddocumentsto a platform
delivering networked services. The e-Commerce
communityneedsto integrateheterogeneousdis-
tributed systemswithin their supply-chainwhile
the Grid Computingcommunitymustaccessfed-
eratedandwidely-distributedcomputingresources
in a scalable,secureandcoordinatedmanner. By
representingthesesystemunitsaswell-definedser-
vices, we facilitate the reuseand substitutionof
compatiblecomponentsinto the workflow of a
largersystem.

Compatible services are often identified
through subclassrelationshipor interface inher-
itance. Substitutableimplementationare reused
throughpolymorphismof superclassor abstractin-
terface.Far from beinganautonomousoperation,
theburdenof usingbindingspecifictoolsor APIs
to generatestubsor performremoteinvocationhas
addedcomplexity in consumingremoteservices.
This approachto identifying reusableservicesis
insufficientin aservice-orientedarchitecture.Mul-

tiple serviceprovidersmight not agreeon a single
serviceinterfacehierarchyfor competitive reason.
Theseservicesaredeemedincompatiblealthough
they potentially provide the samefunctionality.
The intendedcapabilityof contemporaryservices
aremostly expressedin naturallanguages,which
hindersautomatedmatchingbecauseof potential
ambiguity and incompleteness.Researchin for-
mal methodshasexploredthe precisedescription
andintentionof interfaces. Even thoughthe task
of developing formal specificationis overwhelm-
ing andthe needfor programverificationdeemed
unnecessaryfor many applications.

In thispaperwepresentaframework for identi-
fying compatibleservicesbasedontheirexpressed
capabilitiesin relation to someontological con-
cepts. By associatingserviceoperationsto con-
ceptsandparametersto propertiesof theconcepts,
we demonstratethesesemanticmetadata,which
links the syntacticelementsof the serviceto the
domainontology, canbe inferredto identify com-
patibility. We arguethat the intelligenceprovided
by theinferencecanidentify thepointsof compat-
ibility betweentheclient requirementandtheser-



vice. In addition,themiddlewareneedsto possess
asetof transformationrulesfor adaptingandprox-
ying theserviceconsumableby theclient.

1.1 Background

TheWebServicesStandards[9][10][8] collectively
modelthepublish,find andbind operationsof the
serviceorientedarchitecture. The Web Services
DescriptionLanguage(WSDL) capturesthe pro-
grammaticinterface, network binding and mes-
sageformats of the service irrespective of their
implementingtechnologies.Its extensiblenature
is well-suited to act as a commonlanguagefor
describingservice interface encodedin CORBA
IDL, Java Interfaceor other proprietaryinterface
description language. Nonetheless,it only ex-
pressesthe syntacticspecificationof the service
in terms of the name of the methods,as well
as the expectedtypes. The Open Grid Services
Interface[11] (OGSI) builds on the relative matu-
rity of WSDL with the addednotion of transient
service.It mandatesasetof coreinterfacesandser-
vicedatato reflecttheneedfor asetof fundamental
servicesin aGrid environment.It implantslimited
semanticsto all Grid servicesin 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-
stanthumaninterferenceandawareness,to beself-
managing,self-healingand self-optimising. Ef-
forts in theSemanticWeb[4] hascontributedstan-
dardsandtoolsto autonomicallyextractstructured
informationfrom theWorld Wide Web. As theIn-
ternetis evolving into a platformfor servicedeliv-
ery, we would not only like to searchandidentify
relatedservicebut to consumetheserviceaccord-
ing to their serviceinterface.

2 The Metadata Space

Expressingresourcesemanticson theWorld Wide
Web hasbeenthe driving force behindthe recent
developmentof theSemanticWeb. TheGrid com-
munity is exploiting recentdevelopmentin grid
computingtechnologiesand serviceorientedar-
chitectureto build the SemanticGrid[5], an grid
infrastructurewith resourceand servicesseman-
tics. In this paperweproposetheconceptof meta-

data space asrealisationof theSematicGrid. The
separationof the metadataspacefrom the physi-
cal grid in figure 1 clarifiesthe the differencebe-
tweena servicemetadataandits implementation.
In themetadataspace,theusualmanualextraction
of servicesemanticsbecomesan autonomicpro-
cess. Eachgrid resourceis representedby its se-
manticannotationandthusresourceinteractionis
focusedpurelyon thesemanticdescriptions.

More specifically, themetadataspaceis anen-
vironment with a standardmetadatapublication
anddiscovery protocolto facilitatetheprocessing
of metadataandsemanticinteractionbetweengrid
resources.The advantageof having the metadata
spaceseparatedfrom the physicalgrid is to de-
couplegrid resourcesfrom their implementation
andhostingenvironment.Every participantin the
metadataspaceis characterisedasametadatapub-
lisher. Themetadatapublishedby a publisherfalls
into oneof the threecategories- requirement,im-
plementationor domain. We distinguishthe pub-
lisherby theirmetadatacategory. Thisdiffersfrom
the traditionalserviceorientedarchitecturewhere
participantscanbecharacterisedaseithera client,
a service,or a registry. The metadatapublished
into the metadataspacecanthenbe processedby
the Meta-Servicesto provide the autonomicse-
manticmatchingandinterfaceadaptation.Thefol-
lowing subsectionsdiscussthe different roles of
publishersin moredetails.

2.1 Implementation Publisher

This role canbe playedby any serviceproviders
in the traditional service oriented architectures.
The transformationform serviceto implementa-
tion publisherdependson thepublicationof its se-
manticannotationinto themetadataspace.An ex-
ampleof implementationpublisher’s semantican-
notationis shown in figure 21. The implementa-
tion provider behavesasa typical serviceprovider
within the its hostingenvironment. It projectsits
identity/exsistenceinto the metadataspaceby the
publicationof its semanticannotation.

1Following is a list of XML namespaceprefix used in this paper rdf= http://www.w3.org/1999/02/22-rdf-syntac-ns#, owl=
http://www.w3.org/2002/07/owl#, rdfs=http://www.w3.org/2000/01/rdf-schema#, art=http://lesc.ic.ac.uk/example/arithmetics
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Figure1: Themetadataspacein relationto differentGrid SOAs

//Semantic Annotation
<Description about="MathsService/add">
<type resource="&art;Add"/>
<art:hasOperand

resource=".../add/param/a"/>
<art:hasOperand

resource=".../add/param/b"/>
<art:hasResult

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

//Java service implementation
public int sum(int[] ele) {

//method body omitted
}

Figure2: A Javaserviceprovider’ssemanticannotation
in RDF

2.2 RequirementPublisher

A requirementpublisheris any grid servicecon-
sumerwith the capability of publishingsemantic
annotationinto the metadataspace. The require-
mentpublisherexpressesits syntacticrequirement
in a programminglanguageinterface. Semantic
requirementis then inlined into the sourcecode
throughannotation. The syntacticserviceinter-
face descriptionhas no importancein the meta-
dataspace.Requirementandimplementationare
matchedby using the publishedsemanticmeta-
data. The interoperationbetweendifferent ser-
vice orientedarchitecturesis achieved autonomi-
cally with theadaptationprocess.Therequirement
publisher(serviceconsumer)doesnot needto in-
terveneprogrammatically. Thepublisherscanpro-
gramwith their interfacewithout worrying about
the plumbing code that obscuresthe application
design.

2.3 Ontology Publisher

Anyone who writes and publishesontology into
the metadataspaceis characterisedas an ontol-
ogy publisher. This role is usually taken up by
domainexpert or standardbodiese.g the Dublin
Core MetadataInitiative[17]. Ontology are used
by meta-servicesasa knowledgestoreto support
their inferenceengines. They canonly thenpro-
vide theessentialsemanticinferencecapabilityfor
the metadataspace. The semanticmatchingand
serviceadaptationprocessboth restscrucially on
the quality and quantity of the publishedontolo-
giesin the metadataspace.Trust andconsistency
of ontologiesare importantissuesandare exam-
inedin section5.

2.4 Meta-service

Themeta-servicesprovidethemetadataspacewith
semanticmatchingandserviceadaptationcapabil-
ities. Semanticmatchingservicesfind compati-
bleimplementationandrequirementbasedontheir
publishedservicesemanticsonly. Adaptationser-
vicesgenerateserviceadaptationby usingthesyn-
tactic servicedetail suchas type declaration,ser-
vice binding etc. Adaptationservicesarecharac-
terisedby servicesthat residein multiple grid ar-
chitecturesand/ordifferent syntacticdescription.
This enablethem to act as the bridge acrossdif-
ferentservices,thusproviding a necessaryadapta-
tion betweenthe requirementand the implemen-
tation publisher. Meta-servicesform the hotspots
(seefigure1) of themetadataspace,all threetypes
of publishedinformationaregatheredto enablethe
matchingandadaptationprocess.



3 Semantic Matching and Ser-
viceAdaptation

Semanticmatchingandinterfaceadaptationarethe
two operationsthat enablethe autonomicadapta-
tion of grid services.Weenvisionarangeof differ-
ent metadata-servicesatisfyingthesepurposesto
emergein thesemanticgrid. This sectionfocuses
on the high level requirement/specificationrather
thantheimplementationdetailof theseservices.

3.1 SemanticAnnotation

Themeaningof servicesis implicitly expressedby
the implementationexpressedin the form of the
programminglanguagesourcecode. Thepurpose
of thesemanticannotationis to expressthis intrin-
sic meaningexplicitly and in a machineprocess-
able way. The ResourceDescriptionFramework
(RDF)[1] from W3C was designedto serve this
purposeandthe Web OntologyLanguage(OWL)
builds on RDF to providea way of addingdomain
specificvocabulary for resourcedescriptionby us-
ing conceptstaxonomy.

Semanticannotationof a serviceis developed
in 2 stages. First, the user annotatesa service
with intendedmeaning. This expressthe service
in termsof somedomainconceptandpropertyin
OWL. Next, differentaspectsof aservicemethod2

(for example,name,parameter, return type) need
to bedescribedindependentlyasdistinctresources.
Thisstageconcentratesonexpressingthesyntactic
meaningof the serviceby annotatingthe seman-
tics of the definition of the servicemethod. This
metadatais importantfor the adaptation.Without
this annotation,the adaptationservicewill 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 generatedautomaticallyby a suitableim-
plementedsourcecodeparser, thusmoving some
of the complexity of the annotationprocessaway
from thehumanwriter.

3.2 SemanticMatching

Thefirst stepin autonomicserviceadaptationis to
find servicesthatareconceptuallyequivalentto the
client’s requirements.Theserequirementsareex-

pressedthroughthesemanticannotationof the in-
terfaceby usingOWL. This tieseachof the inter-
facemethodto a domainconcept. Semantican-
notationsfrom implementationpublishersarede-
fined to beconceptuallyequivalentto the require-
ment when the requirementconceptis inferrable
from the implementations’s annotations.In prac-
tice, whetherone conceptis inferrable from an-
otherdependson thesearchandinferencecapabil-
ity of thesemanticmatchingserviceandthepres-
enceof suitablydefinedontologyin the metadata
space.

A semanticmatchingservicewill needto per-
form two main inferenceoperations- classand
property inferencing. Each interface annotation
ties the conceptof a methodto a ontologyclass.
The resultof classinferencingis a setof services
thatareconceptuallyequivalentto theclient inter-
facemethod. Classpropertyare representedby
methodsignatures.Propertyinferencingnarrows
down the conceptuallymatchedservicesinspect-
ing propertiesandtheir relations.This processre-
fines the original list by taking into accounton-
tology classproperties. This is a crucial step in
enablingserviceadaptation.It filters out concep-
tually incompatibleservicesfrom therequirement.
For example,a summationservicewith a param-
eter that refersto a precisionpropertyof a sum-
mationconceptis incompatiblewith arequirement
interfacethatis definedwith two integers,bothre-
lateto theoperandpropertyof thesummationcon-
cept. The final list of servicesare the onesthat
matchedwith theclient annotation’sclassconcept
andproperties.Thesearedefinedasconceptually
compatible.

Arithmetic
Operation

BinaryAdd Summation

hasOperand Operand

hasOperator Operator

#Operand=2
Operator="+"

Operator="+"

hasResult Result

subClassOf

domain

property

range

equivalentClass

Figure3: A toy ontologyaboutaddition

2It is importantto notethat semanticannotationscanbewritten at different levels in the sourcecode(statement,block, class,..)
to give differentlevels of expressiveness.Due to thescopeof thepaper, we concentrateour efforts on themethodlevel. Pleasesee
discussionfor futureworks.



3.3 CodeAdaptation

Adaptationservicegeneratesthe adaptedimple-
mentationcodefor therequirementpublisher. Re-
ceiving alist of conceptuallyequivalentimplemen-
tationsfrom thematchingservice,this servicedy-
namicallygeneratestheadaptorproxyon demand.
In the adaptationstage,the focus shifts from the
semanticmetadataaboutthemethodto themethod
structuremetadata.Theaim of theadaptationser-
viceis to findatransformationfunctionwith there-
quiredmethodsignatureasdomainandthe list of
conceptuallycompatibleservicesignaturesasthe
range.

Invocation Ar chitecture Selection First stepin
thegenerationof theadaptoris to identify thehost-
ing architectureof the targetservice. If the target
service’shostingarchitecturecannotbehandledby
any of the available invocation handlerthen the
adaptationprocessfor theparticularservicecannot
continue. This identificationprocessis achieved
by inspectingthetargetservice’ssyntacticdescrip-
tion. We useWSDL as the syntacticservicede-
scriptionlangaugeandthe binding elementin the
WSDL documentdeterminesthehostingarchitec-
ture.

SignatureTransformation Thestructuralinfor-
mationaboutmethodsignatureis describedin the
methodstructuremetadata. This metadataalone
is not enoughfor the transformation.Every adap-
tation serviceneedsa setof basictransformation
rules- axioms,to starta backwardchainingtrans-
formationprocess.For example,a simpleaxiom
that expressesthe notion of an identity, is neces-
saryin orderto eliminateparametersthatarecon-
ceptuallyequivalent (a+b = a+b+0). Type infor-
mationcanalsobeextractedfrom therequirement
andimplementation’sprogramstructuremetadata.
Inferencefrom oneto the otherrequiresthe pres-
enceof a suitabletype ontology in the metadata
space. In the exampleJava type ontology in fig-
ure 4, it is possibleto infer that a pair of integers
a andb areconceptuallyequivalentto an arrayof
two integers. More specifically, the ontology al-
lows anOWL inferenceengineto infer thatan in-
tegeris aninstanceof elementandthereforeit can
be treatedasoneof the elementin an integer ar-
ray. This is a very simpleexampleof type infer-
ence,moresophisticatedinferencingability (such
ascrossprogramminglanguagetype inferencing)
will comewith morerefinedtypeontology.

<rdf:RDF>
<owl:class rdf:ID="Array"/>

<rdfs:subClassOf>
<owl:Restriction>

<owl:onProperty
rdf:resource="#eleType"/>

<owl:Cadinality
rdf:datatype="&xsd;Integer">
1

</owl:Cardinality>
</owl:Restriction>

</rdfs:subClassOf>
</owl:class>
<owl:class rdf:ID="IntArray">

<rdfs:subClassOf rdf:ID="#Array"/>
<rdfs:subClassOf>

<owl:Restriction>
<owl:onProperty

rdf:resource="#eleType"/>
<owl:allValuesFrom

rdf:resource="#Integer"/>
</owl:Restriction>

</rdfs:subClassOf>
</owl:class>
<owl:ObjectProperty rdf:ID="eleType">

<rdfs:domain rdf:resource="#Array"/>
<rdfs:range rdf:resource="#Element"/>

</owl:ObjectProperty>
<owl:class rdf:ID="Integer">

<rdfs:subClassOf rdf:ID="#Element"/>
</owl:class>

</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/integrated Grid middleware that provides
an augmentedcomponentprogrammingmodel to
aid the applicationdeveloperin constructingGrid
applications,and an executioninfrastructurethat
exposescompute,storageandsoftwareresources
as serviceswith definedconditionsof when and
by whom theseresourcesmay be used. It utilises
openandextensibleXML schemasto encapsulate
meta-datarelating to resourcecapability, service
availability andapplicationbehaviour.

We are currently developing a prototypeim-
plementationof thesemanticmatchingandservice
adaptationframework presentedin this paper. The
goal is to integratethis framework with the meta-
datafacility in ICENI to bring aboutthe seman-
tic reasoningand adaptationability. The proto-
typeimplementationis scheduledto becompleted
in threestages,themetadataspaceimplementation
laysthefoundationastheknowledgestore.Ontol-
ogyprocessingis built ontopof themetadataspace
and finally the serviceadaptationframework. In



the following sectionswe presentthe currentim-
plementationstatusof eachof thelayers.

4.1 Metadata Space

The metadataspacerepresentsa layer on top of
grid architectureimplementations.To reflect this
importantdistinction, ICENI metadataspaceAPI
is constructedfrom a corecollectionof java inter-
facesto enabletheseparationof functionrepresen-
tationsandimplementations.The metadataspace
API (MS-API) givesmaximumflexibility for the
publication and discovery of RDF annotatedse-
manticservicemetadataby allowing customarchi-
tecturehandlers.

The main functionality that the MS-API pro-
vides is for the different grid architecturesto be
bindedto themetadataspacethroughArchitecture
Handlers. Oncea handleris registeredwith the
metadataspace,userscanthencarry out publica-
tion and discovery operationsthrougha uniform
interface. This consistentinterfaceshifts the un-
derlying complexity of programmingwith differ-
ent serviceorientedarchitecturesaway from the
enduserto thedevelopers.ArchitectureHandlers
are currently categorisedinto two types - Meta-
serviceandMetadataHandlers.

Meta-servicehandlers are the bindings be-
tween the concreteservice implementationsand
their Meta-servicerepresentationsin themetadata
space. In our currentprototypeimplementation,
we have developeda Meta-servicehandlertarget-
ing theJini[28] architecture.This handlerenables
thesearchingandinvocationof Meta-serviceswith
concreteJini implementation.Wehavealsoimple-
menteda basicsemanticmatchingservicein Jini.
Thecoreof thematchingserviceis its ontologyin-
ferenceengine- Euler[27]. Euler is a pureJava,
backward chaining rules basedproof engine. It
usesthe resolutioninferencemechanismandonly
followsEulerpathsto avoid endlessdeductions.

Metadatahandlerbindsthedifferentdatastore
implementationswith the metadataspaceabstrac-
tion. The current handlerunder developmentis
basedon theJXTA architecture.JXTA allows the
servicesemanticmetadatato bepublishedanddis-
coveredin a peerto peermanner. This is to be
evaluatedagainstthestandardwebservice(client-
server) model of publishingand discovering ser-
vicemetadata.

4.2 Metadata Processing

The metadataprocessinglayer is built using the
JENA2[7] semanticweb toolkit. JENA2 pro-
videscomprehensivesupportfor RDF, DAML and
OWL. This includesquery, datastorageandbuilt-
in ontologyinferenceengines.Theoneof themain
reasonfor choosingJENA astheprocessingtoolkit
is its pluggableframework. JENA2 allows dif-
ferent inferenceengine[13][14] andontologylan-
guageto be usedin our framework. It is unre-
alistic to assumethat all participantsin the meta-
dataspacewill beusingOWL astheontologylan-
guageanda standardinferenceenginefor all their
needs.JENA2 is currentlystill in betaandthe in-
ferencesupportis still preliminary. We have cur-
rently adaptedEulerasthe main inferenceengine
for our framework.

Themetadataprocessinglayerisprimarily con-
cernedwith the parsingandgenerationof seman-
tic metadata. Serviceinterfacemetadatacan be
automaticallygeneratedfrom a Java sourcecode
parser. The servicesemanticdatawill have to be
hand written by the user. The aim of the meta
processinglayer is to provide a JAVA2RDF parser
for thegenerationof theserviceinterfacemetadata
andaservicesemanticmetadatavalidator. Thereis
no plan in writing a high-level semanticdataedi-
tor sincetherearecurrentlymany widely available
tools for writing ontologybasedmetadatasuchas
OilEd[24] andProtege[25].

4.3 Service Adaptation

The prototype service adaptationengine trans-
forms interfacesignatureby usinga setof graph
transformation[26] rules. In RDF every sentence
has the form � �������	��

������������������
������
��� �����	��
 � . It is thereforenatural to view RDF
statementsas labelled directedgraphswith URI
asgraphlabel andevery graphedgehasdirection
going from object to the subject. Whensemantic
metadatais expressedin termsof RDF, although
written in XML, it canbe easilytransformedinto
labelled directedgraphs. In our adaptationen-
gine, we take this ’graphical’ approachto tackle
the problem of transformation. The engine try
and matchthe client requirementwith the list of
semanticallycompatibleservicesusing the avail-
ablegraphtransformationproductionrules. Once
a matchis found the adaptationenginethengen-
eratesthedynamicproxy by usingtheJava reflec-
tion’sProxyandInvocationHandlerAPI to provide
theclient-requiredinterface.
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We plan to usethe ApacheWeb ServiceInvo-
cation Framework[15](WSIF) as the basisof our
work on dynamic servicearchitectureselection.
WSIFenablesusersto interactwith abstractrepre-
sentationof web/gridservicesthroughtheirWSDL
description. Our future work involve extending
WSIFinto aGrid Serviceinvocationframework by
addingthe capabilityof processingWSDL exten-
sionelementsdefinedin OGSI.

5 Discussion

5.1 Workflow and Scheduling

Componentisedsoftware encapsulatesreusable
functionality to be deployed on-demand.Current
researchon Workflow languages[19][20] andGrid
Schedulingfocuseson the descriptionof service
interaction, as well as exploiting knowledge on
performancecharacteristicsof serviceimplemen-
tation to make deployment decision. By raising
the abstractionof servicecapability using ontol-
ogy, schedulerscan widen their scopeof service
selection. Ontological equivalent serviceimple-
mentationcan be exploited if it can be adapted
transparentlyto the abstractworkflow. Effort in
establishingontologicalvocabulary for describing
workflow andweb services[21] createsa founda-
tion for further researchin optimising workflow
basedon the conceptualintention of the compo-
sition.

5.2 Trust in Ontology and Adaptation

The metadataspaceis analogousto a public bul-
letin board. Conceptsarebeingintroducedby in-
dependentparties in a distributed and uncoordi-
natedmanner. Thisgivesriseto theproblemof en-
suringlogicalconsistency of ontologyreplicatedat
multiple autonomouspeers. Moreover, the meta-
data spaceneedsto guard againstmalicious at-

temptsin introducingfalseconcepts.Possibleso-
lutions might be to sign the OWL fragmentusing
XML Digital Signature[23], andimplementa dis-
tributedvoting[22] in achieving commonontology
consensusamongpeers.The quality andcorrect-
nessof the adaptationwould be difficult to ver-
ify without formal analysisof theadaptationcode.
By optionally exposingthe adaptationservicese-
lectionto theuser-level, flexible selectionschemes
canbedevisedbasedon thelevel of trust.

5.3 Stateful Services

Serviceis consideredasa collectionof function-
alities encapsulatedin a setof methods.Our cur-
rentprototypefocuseson annotatingandadapting
at themethodlevel. Multiple statelessservicescan
be groupedandinterchanged,so that they canbe
adaptedto serve a single client interfacerequire-
ment. However, invoking a methodon a state-
ful servicewould imposestatechange,thatcauses
side-effect when other methodsare being called.
As a result,statefulservicescanonly be grouped
to form one instanceif their statesare explicitly
madesharedandkeptconsistent.

6 Conclusion

In this paperwe have presentedICENI’s semantic
serviceadaptationframework basedon ontologi-
cal annotations.The threeaspectsof this frame-
work werepresented:themetadataspace,seman-
tic matchingandserviceadaptation.Themetadata
spacewasproposedasan independentknowledge
storefor thesemanticgrid. Semanticmatchingal-
lows us to searchfor servicesusing their seman-
tic ratherthansyntacticdescriptionn.Finally, the
serviceadaptationprocessexploits theintelligence
gatheredduringthematchingphase,andusesaset
of transformationrulesto generateanarchitecture
independentbindingon demand.
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