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Djemai.Kebbal,Guy.Bernard� @int-evry.fr

Abstract

This paper presentsand discussessomeinfrastructure
servicesnecessaryfor distributed applications develop-
ment.Themainserviceconsideredis thecomponentsearch
servicewhich includestraditional namingandtrading-like
services.A numberof studieshaveshownrecentlythatcur-
rent trading, basedon interfacetype conformance, is in-
sufficient for component-basedapplications.Thesestudies
haveconcludethat semanticinformation,describingespe-
cially thebehaviorof thecomponentandits context depen-
dencies,is required. Thistypeof tradingis calledsemantic
trading. In this paper, we addressthis problemand pro-
posea componentsearch servicemodelbasedon semantic
trading. Furthermore, wediscusstheintegrationof theser-
vicein a deploymenttool, throughanenhanceddeployment
processearly proposedbyCorbaComponentModel.

Keywords: distributed applications,software compo-
nents,trading, semantictrading, componentsearch service,
applicationdeployment.

1. Intr oduction

Developingscalabledistributedapplicationsrequiresthe
useof toolsallowing inter-operabilitybetweenapplications
or partsof applications.Thiscooperationschemeis usually
achieved throughthe notion of servicesprovidedby some
applicationsto otherapplications(client/servermodel).The
CommonObject RequestBroker Architecture(CORBA)
[8] is a well-known standardproviding suchcooperation
model. Search(namingandtrading)servicesprovidedby
themajorityof theimplementationsof thestandardaretools
for storingthecharacteristicsof servicesprovidedby some
suppliersandfinding themto applicationclientswishingto
usethemdynamically. Thesearchapproachis basedon the
conformancebetweenthetypeandsometimestheproperties
of thesuppliedandtherequestedservices.

Theemergenceof component-basedapproachesrenders

this type of trading inadequate[12]. Component-based
modelsallow to build distributed applicationsby assem-
bling somesoftware components.Componentsare char-
acterizedby well-definedinterfaces,context dependencies
and total transparency of their implementation.However,
thoughtheseinterfacesarewell-defined,this is insufficient
for choosingthe appropriatecomponentsto integratedur-
ing the applicationdeployment. Componentinterfacede-
scriptionmust be complementedby semanticinformation
describingthe functioning of components.The so-called
semantictradingis thereforerequired[12].

The remainderof this paperis organizedasfollows: in
thenext section,we introducethecomponentmodel. Sec-
tion 3 discussesthe tradingservicewithin the middleware
framework. Section4 presentsthespecificitiesof thecom-
ponenttradingandintroducesthe semantictrading. In the
section5, we proposea tool for locating components,a
componentsearchservice,basedon semantictrading.Sec-
tion 6 shows the utility of the proposedcomponentsearch
serviceaswell asothersystemutilities in the deployment
processof distributedapplications.Finally, section7 con-
cludesthiswork andpresentssomeopenissues.

2. Componentmodel

A softwarecomponentis a unit of compositionwith ex-
plicit specifiedinterfacesandcontext dependencies.A com-
ponentmay be deployed independentlyand is subjectto
compositionby third parties[11]. Componentsare there-
fore basicunits for building distributedapplications.Com-
ponentdevelopmentis generallyachieved at threediffer-
ent levels or steps: design, implementationand integra-
tion (assembly)in order to constructapplications. De-
sign stepconsistsof describingthe component’s function-
alities throughthe specificationof the component’s ports
(interfaces,events,etc.). Implementationstep,on theother
hand,consistsof writing the internal codeof the compo-
nent. Then, the componentcanbe deployed (instantiated
in a server) andmay be assembledwith othercomponents



within the framework of a distributed application. These
stepsform the commonapplicationdevelopmentprocess
focusingon the componentreuseaspect. Of course,this
processcanbe morecomplex whenwe consideradvanced
featureslike packaging,installation,personalization(con-
figuration),etc. Figure1 presentsthe structureof a Corba
ComponentModel (CCM) component[9], which is, at our
consideration,themostcompletecomponentmodelspecifi-
cationuntil now. Indeed,CCM includesmany conceptsand
featuresnot supportedby othercomponentmodelssuchas
EJB andCOM+. Thesedifferencesinclude, in particular,
themultipleinterfacesaspectwhich is not supportedby the
EJB model,andthe componentcategoriesvery restrictive
in thetwo models,especiallyin COM+. Moreover, COM+
is a proprietarymodel (Microsoft) in which the applica-
tion designfollowsa three-tier(client, server, database)ar-
chitecture. Similarly, EJB is a language-dependent(Java)
model. A major contribution of CCM derives from stan-
dardizingthecomponentdevelopmentcycleusingCORBA
as its middleware infrastructure[15]. CCM components
provide sometypesof featurescalledports which express
theintegration(composition)capabilitiesof thecomponent
[6]. Thesefeaturesare:
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Figure 1. CCM component structure .

� providedandrequiredinterfaces:determinethecom-
ponent context dependenciesand provide a syn-
chronouscooperationmodelbetweencomponents;

� supportedinterfaces:reflectthe inheritanceaspectof
components.They representinterfacesfrom whichthe

component’sequivalentinterface1 inherits;

� eventsourcesandsinks: provide anasynchronousin-
teractionmodelbetweencomponents;

� attributes: allow personalizing(configuration)of the
component.

CCM inheritsadvantagesof CORBA suchasplatform
andlanguageindependence.Figure2 presentsa morede-
tailedstructureof Corbacomponents.
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Figure 2. Component inheritance in CCM.

3. Trading

The aim of the trading function is sharinginformation
andservicesin distributedsystems.A traderis an object

1The component’s equivalent interface representsthe basereference
from which the componentis accessed,especially from component-
unawarecustomers[15].



that supportsthe trading servicein a distributed environ-
ment.It canbeviewedasanobjectthroughwhichotherob-
jectscanadvertisetheir capabilitiesandmatchtheir needs
againstadvertisedcapabilities[10]. Thetradingallowscus-
tomersto discover andselectservicesat run time andbind
to themdynamically. Theseservicesareearlyexportedby
suppliers. In the following, we presentsometradingsys-
temsanddiscusssomeof their relatedaspects.

3.1. Trading in ANSA

The trading in the ANSA systemis definedasfollows:
theactivity of choosingservices,suchthatthey matchsome
servicerequirement.The choiceis basedon the compari-
sonof the specificationof a servicerequired(providedby
a prospectiveconsumer)andtheservicespecificationssup-
plied by serviceprovidersor their agents[2]. An ANSA
traderis definedasanobjectperformingthetradingactivi-
tiesbasedon theentireor on a subsetof theserviceoffers.
Thetraderhasnot a specialstatus,it is consideredlike any
otherobject [2]. A tradingserviceis not the only service
thatcanstoreknowledgeaboutandreferencesto otherser-
vices;on thecontrary, any objectandservicecando this.

Serviceoffersselectionis basedon conformanceof ser-
vicetypeandaconstraintexpressionwhichmustcharacter-
ize therequiredservice.

3.2. Inf ormation exchangein UDDI

Universal Description, Discovery and Integration
(UDDI) definesa framework for publishing and discov-
ering information about web services[13]. Considered
servicesconsistof specificbusinessfunctionalitiesexposed
by companiesin order to be used by other compa-
nies. UDDI adoptsan approachbasedon the so-called
distributed registry which includes businessesand their
servicedescriptions.Built onSOAP (SimpleObjectAccess
Protocol) [14] and XML, UDDI intendsto ensureinter-
operability through a cross-languageand cross-platform
approach.Servicedescriptionin UDDI mustprovide three
kinds of information: white, yellow andgreen(technical)
pages-equivalentinformation,like the OMG specifications
[7]. UDDI businessregistry provides a framework for
exchangingservice information on Internet. The UDDI
registry is a distributed servicewith multiple root nodes
that replicatedatawithin eachother. Servicedescription
consistsof four typesof information:businessinformation,
serviceinformation,binding information,andinformation
aboutspecificationsfor services.Thesetypesarestructured
in a hierarchyandcorrespondto thefollowing entities:

� businessEntity: serves as the top-level information
managerconcerninga businessunit. It includessup-

port for yellow pagestaxonomies(particularindustry,
productcategory, geographicsituation).

� businessService:is a sub-structureof thebusinessEn-
tity structure. Its role is to keepinformation related
to eitherabusinessprocess(purchasingservices,ship-
pingservices,etc.)or categoryof services.

� bindingTemplate: within each businessServicelive
one or more technicalweb servicedescriptionsin a
bindingTemplatestructure(connectionaddressof the
service,etc.).

To discover a web serviceusingUDDI, the first stepis
to locatethebusinessEntityinformationof theservice.The
programmercan drill down for more detail abouta busi-
nessServiceor requesta full businessEntitystructure.The
programmerthenselectsa particularbindingTemplateand
usesit for contactingtheservice.

As wecanseeit, thetradingin thosesystemsis basedon
thenotionof servicerepresentedby aninterface.Searching
for serviceoffers requiresthe useof a matchingapproach
which allows thetraderto selectthewell-suitedserviceof-
fer correspondingto a requestedone.

3.3. Serviceoffers selection

An importerusesatraderto searchfor servicesmatching
somecriteria. A servicetype, which representsthe infor-
mationneededto describeaservice,is associatedwith each
traderservice[10]. It comprisesaninterfacetypeandsome
namedpropertytypes.Servicestypescanbestructuredinto
a hierarchyreflectinginterfacetype inheritanceanddeter-
mining thesubstitutionrulesbetweenservicetypes.

Servicetypeconformanceallows clientswishing to use
a servicewhich they can’t find to substituteit for another
servicewhichconformsto therequestedone.

Conformancein ANSA is basedon thenosurprisesrule
in which an interfaceis substitutedfor anothersupporting
all its operations. Moreover, eachoperationof the sec-
ondinterfaceexistsin thefirst onewith thesamenameand
its typeconforms.Operationconformancemeansthat they
have thesamelists of parametersandthesametermination
conditions[2].

4. ComponentTrading

Component-basedapplication developmentrequiresa
componentdescriptionlanguagelike IDL3 [9] or CDL [5].
Thiskind of languagesdescribesthecontext of components
(required/providedinterfaces,emitted/receivedevents,etc.)
and semanticrelationshipsbetweencomponentspecifica-
tionsandimplementations(e.g.component� is equivalent



to � undercondition � [5]). In conclusion,componentsare
characterizedby a numberof propertiesmakingtheclassi-
cal interfacetype conformanceinadequate.Theseproper-
tiescanbesummarizedin thefollowing:

� Context dependencies:as we have mentionedit, a
componentis characterizedby its context dependen-
ciesexpressedby ports(interfaces,events,etc.).Com-
ponentselectionmust take into accountthesedepen-
dencies;

� Complexity andtransparencyof componentimplemen-
tation: acomponentis describedby its portswhichare
interfaces. A userwho wantsto usethe component
must give a precisedescriptionof the serviceon an
interfacetype. The componentselectionis therefore
basedon asyntacticinformation.Dueto thecomplex-
ity of componentsand the diversity of domains,this
typeof informationbecomesinsufficient to character-
ize a component. Semanticinformation, describing
the componentfunctionalitiesand its behavior, must
be thenused. Componentbehavior includespre/post
conditions,invariants,etc. which maybe specifiedin
thesearchprocess.Thebehavioral informationis gen-
erallyextractedat thedesignphaseof components;

� Componentconformanceor compatibility: thesubsti-
tution of servicesin application-basedcomponentsis
thereforebasedon thecomponentcompatibility. That
is all conditionsunderwhichacomponentmaybesub-
stitutedfor another. This aspectwill bedevelopedbe-
low.

Thesedifferences,especiallytheconsiderationof these-
manticaspectof componentsin thesearchphase,havemo-
tivatedthe developmentof the so-calledsemantictrading
[12].

4.1.Componentcompatibility andsemantictrading

In component-basedapproaches,the matchingis based
on componentcompatibilityratherthaninterfacetypecon-
formance. Componentcompatibility includesconditions
underwhich a componentmay be substitutedfor another.
Theseconditionscanbeexpressedusingreusepatternslike
thosebasedon contracts.De Hondt [4] statesthatbeyond
therequiredandprovidedinterfacescompatibility, thecor-
rectinteractionbehavior mustbeconsideredaswell. Reuse
contractsexpressthe assumptionseachparticipantmakes
aboutits acquaintancewhich documentall inter-operation
dependenciesand emphasizesespeciallyon call-backsof
operationsto original component.For example,if compo-
nent � invokesan operation��� on a requiredinterfaceof
a component� , and ��� calls in turn anoperation�
	 on � ,

thenthis dependency mustberespectedin any composition
of � with anothercomponentproviding thatrequiredinter-
face. Reusecontractstrack suchdependenciesandallow
componentsto deviate from the reusecontractbasedon a
developerdocumentationwhich specifieshow they deviate
exactly. Reusecontractsarethensubjectto reuseoperators
(modifiers,like extension,refinement,...) having their ap-
plicability rules[4]. Reuseoperatorsallow thedetectionof
conflictsatthecompositionphaseandensureanappropriate
compositionof components.

Terzis suggeststhat behavioral information of compo-
nentsextractedgenerallyat systemdesignmustbeusedto
constructan ontology of the system’s design[12]. Gener-
ally, the conceptsof the ontologyarethe concepts(types)
identifiedduring the systemdesignandtheir relationships
can be directly mappedinto the ontology. The ontology
providesa basisfor a knowledgebasewhich encodesthe
systemdesignandensuresa commonvocabulary between
thecomponents.Designknowledge,combinedto anumber
of ruleswhichcapturecompositionpatterns,determinesthe
semanticinter-operability constraints[12].

Theontologyis a numberof termswith their definitions
and a specificationof their relationships[17]. The rela-
tionshipsare a formal specificationbetweenthe termsof
thedomain(part-of,subclass-of,etc.). Ontologiesprovide
a framework for expressingdesignconceptsof a system.
Theseconceptsaregenerallystoredin a knowledgebase.
To permit interactionand information exchangebetween
different domains,a standardizationof terminologymust
bedone.This canbeachievedby integratingontologiesof
differentdomains.Peoplefrom differentdomainscanthus
interactandinteroperatewithout beingforcedto beconsis-
tentwith theconceptsof others.

Basedon this kind of trading,Terzisproposesa trader
model associatedwith a compositionservice. The trader
receives requestsand repliesby a compositionof the re-
trievedcomponents,whichis performedby thecomposition
service. A numberof pre-processingcomponentsarepro-
vided in order to supportmultiple requestexpressionlan-
guagesandto transformrequestsin the basicformat. The
transformedrequestgoesthenfrom atranslatorwhichtrans-
forms it to a numberof alternative compositionstrategies
(assemblies).For eachstrategy, a numberof queriesfor
the tradingspaceis formed. The queryformationprocess
is supportedby the termsof the ontologywhich musten-
suresemanticinter-operabilitythroughqueryexpansionor
contraction.

[3] discussessomepropositionson reusein knowledge-
basedsystemsusing CORBA. Again, they bring out the
syntactic aspectof CORBA and argue that knowledge-
basedsystemshave addressedthe componentdesign,in-
tegrationandsemantics.They focuson the fact that reuse



implies that componentsmustbe describedin an abstract
fashionin order to allow developersto find and integrate
theappropriatecomponents.They arguethattheseabstrac-
tionsmustberepresentedin ontologies.Furthermore,they
discussinterfaceadaptingif thespecificationsdonotmatch
exactly. Interfaceadaptingconsistsof adaptingtheoutputs
of onemethodto inputsof anothermethod(adaptingone
IDL specificationto another).

In conclusion,for a componentto be reusableeasily, it
mustbe quickly found andunderstoodby developers.Se-
mantic trading which emphasizeson the functionality of
componentscontributessignificantly to achieve theseob-
jectives.

5. Componentsearch service

In this section,we describea searchservicewe arecur-
rently developingwithin the framework of a projectcalled
CÉSURE.CÉSUREis a projectwherethe objective is to
conceive a platform for applicationsof serviceprovided
to mobile users[1]. CÉSUREapplicationsaredistributed
applicationsfocusingon the mobility of usersthroughthe
smartcardsupportanddevelopedusingacomponent-based
model. CÉSUREis intendedto provide tools for develop-
ment,deploymentandmaintenanceof applications.A num-
berof systemutilities aredevelopedin this scope.This in-
cludescomponentsearch,monitoring,fault tolerance(com-
ponentreplication,failuredetection,applicationreconfigu-
ration,etc.)anddeploymenttools.

In CÉSURE, the deployment of an application con-
sists of searchingcomponentpackages,active instances
and hostson which componentimplementationsmust be
instantiated. For example, a user which has subscribed
to a weatherservice,may wish to usehis servicefrom a
mobile terminal. When it connects,the searchtool must
searchfor a componentcorrespondingto a man/machine
interfacewhich mustbeinstantiatedon theuser’s terminal.
Moreover, anactivecomponentcorrespondingto a weather
server must be found by the searchtool. Therefore,the
searchtool mustbeableto searchfor componentpackages,
instancesaswell ashostson which componentswill bein-
stantiated.

5.1. Componentsearch servicearchitecture

In this subsection,we presentthe architectureof the
componentsearchservicewhich we propose.The aim of
theserviceis to respondto componentsearchrequestswhat-
ever their form. In otherwords,the tool servesasnaming
andtradingservicesat thesametime. Thesemantictrading
is used.Furthermore,sincedistributedapplicationdeploy-
mentmay usealreadyactivatedcomponentinstances,the

servicemustbeableto distinguishtheserequestsandsearch
for active componentinstancesratherthanfor implementa-
tion packages.Figure3 shows themaincomponentsof the
tool:
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Figure 3. Component search service architec-
ture .

� Translator: this is the main componentof the ser-
vice. It is intendedto receive requestsandreply to the
client (a deployment tool in general). The translator
usestheknowledgebaseto transformoriginal requests
into well-suited,easily understandableand complete
requestsusing the ontology storedin the knowledge
base. Note that, syntacticandsemanticinformations
arecombinedin thesearchprocess.

� Search Tools: they representthe searchspace.They
consistof someclassicalsearchtools in which ser-
vicematchingis basedon interfacetypecompatibility.
This includesCORBA tradingandnamingservices,as
well asatool for locatingcomponentpackagesthrough
URLs. So, componentpackages,instancesor inter-
facescanbesearchedby thesametool. Moreover, the
searchcriteriamaybeadescriptionof theentity (com-
ponentpackage,service),a symbolicnameor an ab-
solutelocationof the entity. Following the case,the
trading,thenamingor theURL locatoris used.

� Knowledge base: the Knowledge-baseconstitutesa
basein whichall informations(ontologies)arekept.In
addition,it includesthematchingrulesbetweenterms
from differentdomains.Thematchingrulesconstitute
thusanintegrationof ontologiesencodingtheconcepts



of thosedomains. Moreover, domainsmay be hier-
archicallystructuredandrefinedfollowing inheritance
relationships.

� Choicepolicy: this componentallows the searchser-
vice to chooseamongmany matchingresponsesfol-
lowing therequestpreferences.Thesepreferencescan
be expressedusing an Object ConstraintLanguage
(OCL) [16].The choice may involve the component
reuseconstraintsbasedon someformalism like the
reusepatternsmodel. Finally, the matching offers
found can be storedby this component. So, the ap-
plicationmaychooseto useanotherfoundcomponent
by changingthe preferencesor the reuseconstraints.
Thisconstitutesaframework for acachingmechanism
in caseof largescaleenvironments.

5.2. Registeringand searching for components

Thecomponentsearchserviceprovidesanumberof ser-
vice interfaceslike an OMG trader. Theseinterfacesare
intendedin particularto registerandretrievecomponentof-
fers andto managethe searchserver. As in the traditional
traders,a componentmustinitially beregisteredwithin the
searchservicebeforebeingsearchedandusedby clients.
During the registrationphase,a componentdescriptionis
provided. The componentdescriptionconsistsof its con-
text dependenciesin asyntacticform aswell asits semantic
description.Thesearchphaseusestheentireor apartof the
previous information to retrieve the component.The fol-
lowing IDL describesa prototypefor a componentsearch
service.Themainsearchcriteriastructuresareshown.

/* Component’s context dependencies */
struct ComponentFeatures {
ComponentName name;
ComponentNameSeq inherits_components;
InterfaceFeaturesSeq supported_interfs;
Ports ports_descr;
AttributeNameSeq attributes;
CosTrading::PropertySeq component_props;

};

/* Component’s semantic information */
struct ComponentSemantics {
Domain ont_domain; /* ontology */
ComponentCharacteristics component_descr;
ComponentBehavior component_behav;
ComponentReuseConditions reuse_conds;
ComponentFunctionalities component_funcs;

};

Thedescriptionis well-adaptedto theCCM model.The
componentis describedby two structures:componentfea-
turesandcomponentsemantics.

5.2.1 Componentfeatures

Componentfeaturesstructureincludesa syntacticdescrip-
tion of the component,in particularits context dependen-
cies.It consistsof thefollowing fields:

� name:thenameof thecomponent.It indicatesin some
way thetypeof thecomponent.Componentscanthen
be structuredhierarchicallyfollowing the inheritance
property, like servicetypesin OMG traders.

� inherits components:asequenceof componentnames
(types)from which thecomponentinherits.

� supportedinterfs: asequenceof interfacedescriptions
concerningthesupportedinterfaces.ThestructureIn-
terfaceFeaturescomprisesasyntacticdescriptionof an
interface,in a traditional-likedescriptionmanner. The
syntacticdescriptionincludesthe interface type and
somenamedproperties.

� ports descr:asyntacticdescriptionof all component’s
ports(required,providedinterfacesaswell asemitted,
publishedandconsumedevents).Eachport, material-
ized by an interface,is describedby an InterfaceFea-
turesstructuresimilarly to thesupportedinterfaces.

� attributes: component’s attributesnames,which ex-
pressthecomponentconfigurationandpersonalization
capabilities.

� componentprops: a componentmaybecharacterized
by a set of propertieswhich correspondto the com-
ponentequivalent interface’s properties. During the
searchphase,a constraint,appliedto thoseproperties
andexpressedin a constraintlanguagelike OCL, may
bespecified.

5.2.2 Componentsemantics

Componentsemanticsstructureincludesadescriptionof all
semanticaspectsrelatedto thecomponent.Thiscomprises,
in particular, behavioral descriptionof its portsanda de-
scriptionof its functionalities. It consistsof the following
fields:

� ont domain: determinesthe ontology by identifying
thedomainfrom which therequestis originated.

� componentdescr: It describesthecomponentcharac-
teristics:thecomponentnatureandits technicalprop-
ertiesin particular. For example,a particularcompo-
nent implementationmay be describedby a number
of propertiesandutilizationconstraints:operatingsys-
tem,runtime,compilers,etc.



� componentbehav:expressesthebehavior of thecom-
ponent.Behavioral informationconsists,in particular,
of invariantsandpre/postconditions. For eachcom-
ponentport (interface), a numberof invariantsmay
be specifiedand for eachoperationof the interface,
a numberof pre/postconditionscanbe defined. The
behavioral informationspecificationmaybeexpressed
in anEiffel-like language.

� reuseconds: this structureis kept for eventuallyex-
pressingthe reuseconditionsof a component.These
conditionsmay be inspiredfrom the reusecontracts
studiedby De Hondt[4].

� componentfuncs: describescomponentfunctionali-
ties in a textual or other form. Componentimporters
mayusethispossibilityto searchfor somecomponent
by describingits functionalities. Whena component
is obtained,its context dependenciesincluding inter-
facedescription,syntaxandbehavioral conditionsare
known. So,thecomponentcanbesafelyused.

5.2.3 Componentsearch scenario

When a requestis submittedto the searchserver, it goes
throughthe translator, theheartof themodel. Thetransla-
tor transformstherequest,rich semantically, to a syntactic
request,usingthematchingrulesof ontologiesstoredin the
knowledgebase.The resultingrequestis thenlikely to be
understoodin otherdomainsandadaptedto the traditional
searchforms.

Matchingrulesstoredin theknowledgebaseandresult-
ing from ontologyintegrationareusedin adictionaryusage
manner. This allows translatingtermsoriginating from a
domainin anotherdomain. So, requestsinitiated from a
domaincanbeunderstoodandsatisfiedin anotherdifferent
domain,without userintervention.

All the searchcriteria of componentsin the searchre-
questareoptional.Thesearchmayconcernapartof acom-
ponentdescription.So,clientsmayprovideonly a descrip-
tion of thecomponent’sfunctionalitiesto accessthefull se-
manticandsyntacticcharacteristicsof thecomponent.This
opportunitymaybeveryusefulin thedevelopmentphaseof
applications.

6. Componentsearch serviceand deployment

Thedeploymentphaseis thelaststepin thedevelopment
processof applications. The deploymentof a distributed
applicationconsistsof installing andinstantiatingits com-
ponentson the hostingservers, configuringthem and as-
semblingthemfollowing the applicationassemblyspecifi-
cation. In many cases,somecomponentsusedin the as-
sembly are alreadyactive, their instantiationis therefore

unnecessary. The componentsearchserviceis responsible
for identifying andlocatingthesecomponents.Thesearch
serviceis typically usedby a deployment tool in order to
searchfor appropriatecomponentsandsometimesto opti-
mize their deployment. Deploymenttools,providedby an
ORB or othervendors,vary from simple tools which just
guaranteethe deployment constraints,to more elaborated
toolswhich ensuremoreadvancedproperties,like compo-
nentlocationservicesandloadbalancing.

6.1. Deploymentprocessin CCM

In CCM, the deployment is intendedto hook-upa so-
calledlogical componenttopologyto a physicalcomputing
environment[9]. In CCM, the deploymentis triggeredby
logical componentassemblyspecifiedin an assemblyfile,
andconcernscomponentsandcomponenthomes.

ComponentInstal lation

ComponentHome

Assembly

ServerActivator

ComponentServer

Container

Component

AssemblyFactory

DeploymentAppl ication
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<< instantiates>>

<< instantiates>>

<< instantiates>>

<< instantiates>>

Figure 4. CCM deplo yment architecture .

In the following, we summarizethe basicstepswhich
contributein thedeploymentprocessin CCM [9]:

1. Determine the target host configuration, on which
componentswill be installedandinstantiated.This is
donemostlikely in collaborationwith theuser. Com-
ponentsaredeployed in somecasesfollowing a pro-
cessor hostcollocationconstraints;

2. Install non-alreadyinstalledcomponentimplementa-
tionson appropriateplatforms;

3. Instantiatecomponentsandcomponenthomeson par-
ticular hosts. This can take into accountthe process
andhostcollocationconstraints;



4. Connectcomponentsasspecifiedin the application’s
assemblyfile.

Figure 4 illustratesthe architectureof the deployment
tool specifiedby CCM and the relationshipsbetweenthe
objectsparticipatingin theapplicationdeploymentprocess.
Thedeploymentis carriedout by a deploymentapplication
andsomehelperobjects(componentrepositories,assembly
andcomponentfactories,containers,etc.).

6.2. Deploymentprocessin CÉSURE

In this subsection,we will show how the infrastructure
servicesareusedat thedeploymentphaseof thedistributed
applicationin CÉSURE.

Although the deploymentprocessis well specifiedand
standardizedin CCM, this specificationpresentsa number
of drawbacksincluding:

� poornessof the mechanismwhich doesnot address
someissueslike the localizationof componentimple-
mentationsandthemanagementof hostconfiguration;

� vaguenessof the deployment processwhich does
not fix a numberof details such as the localization
of helperobjects(Assembly, ComponentInstallation,
etc.). This is caused,in our opinion, by the fact that
theprocessis not implementedandtested.

Theadditionalservices(componentsearchandmonitor-
ing services)can be consideredas CommonObject Ser-
vices(COS)andcanberetrievedby theORB, like in stan-
dardCORBA programming.Therefore,theseservicesmay
becentralized,distributedor semi-distributed.Thedeploy-
menttool may be unawareof their localization. However,
an importantissueis that the infrastructuremustoptimize
theuseof theseservices,byfindingthenearestserviceagent
in caseof a distributedarchitecturefor example.

Figure 5 depictsout the enhanceddeploymentprocess
which we proposefor CÉSURE applications. The main
stepsof CCM deploymentprocessareadoptedandadapted.
Furthermore,someadditionalstepsareincludedfollowing
the contribution of the additionalprovided services. The
deploymentprocessproceedsasfollows:

1. The DeploymentApplication is started. It begins by
locatingthecomponentsearchandmonitoringservers.
Then, it addressesthe searchservicein order to get
a hostconfigurationon which componentswill be in-
stantiated.Thelocationof componentsis eitherspeci-
fied by theapplicationin theassemblydescriptorfile,
or searchedby thecomponentsearchserver. Theloca-
tion of hostsis determined:

� by theapplicationin theassemblyfile,
� or by the searchservicein conjunctionwith the

monitoringserver following someconstraints.

Componentsearchand monitoring servers cooperate
in order to keep an up-to-datestate information on
hosts.Thehostconfigurationmanagementis ensured
by themonitoringserver which superviseshostactiv-
ities (load state,etc.) and informs systematicallythe
searchserver of the stateevolution of the configura-
tion. So,thesearchprocessfor hostsmayinvolvepre-
ciseloadinformationin theselectioncriteria.

2. Thesecondphasein thedeploymentprocessis thein-
stallationof theretrievedandnon-installedcomponent
implementationson theappropriateplatforms.This is
doneby calling the install operationon the Compo-
nentInstallation object.Theparametersof thisopera-
tion arethe implementationidentifier(id) anda string
denotingthecomponentfile location.

3. After thecomponentinstallationphaseis complete,the
deployment applicationcreatesan Assembly object.
This is doneby calling an AssemblyFactory object
on the host where the assemblyobject must be cre-
ated. The parametersof this operationareespecially
the assemblydescriptorfile location(steps3 and3.1
on the figure). The role of the assemblyobjectsis to
coordinatethe creationanddestructionof component
assemblies.

4. Thenext stepconsistsof creatingtheassemblyby con-
nectingcomponentinstances.Beforeconnectingthe
components,componentandhomeinstancesmustbe
first created.Componentinstancescreationis orches-
tratedby the Assemblyobjecton the basisof colloca-
tion constraintsandon hostconfigurationobtainedat
thefirst phase.

5. In order to createa component,the Assemblyobject
must createa componentserver, createa container
within the server, install a home object within the
server andthenusethehometo createthecomponent
[9]. This procedureis carriedby a ServerActivator
objectwhich resideson thehostwherethecomponent
instanceis to be created2. Thus, the componentcre-
ationis achievedin thefollowing steps:

(a) The Assembly object calls the cre-
ate componentserver operation on the
ServerActivatorof the host on which the com-
ponent is to be created. An empty server is

2Thereis oneServerActivator instanceoneachhost.Its referencemust
beknown by theAssemblyobject.
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thencreatedandtheComponentServer object’s
referenceis returned.

(b) Whenthe Assemblyobjectobtainsthe reference
of the createdComponentServer, it usesit to
createa Container within the server. This is
achieved by calling the createcontainer oper-
ation on the ComponentServerobject. The con-
taineridentifier is passedto theoperationwhich
createsthecontainerandreturnsareferenceto its
interface.

(c) The next stepconsistsof installing the Compo-
nentHome within the container. The Assembly
object calls then the install home operationon
theContainerinterface,giving it theidentifierof
thecomponent.Theoperationreturnsareference
to thecreatedcomponenthomeinterface.

(d) In the ComponentHomecreationoperation,the
containercalls the get implementation opera-
tion of the ComponentInstallationobject. This
operation gets a component implementation
identifierandreturnstheabsolutelocationof this
implementation. The containerthen loads the
implementationandinstantiatestheComponen-
tHome object.

(e) The next stepconsistsof creatingthe Compo-
nent. This is accomplishedby the Componen-

tHomeobject, when the Assemblyobject calls
thecreatecomponentoperationprovidedby its
interface. The returnvalueof the operationis a
referenceto thecreatedcomponent(of typeCC-
MObject ).

(f) Thecomponentis thenconfigured,if required.

6. When all componentsare created,the Assemblyob-
ject connectsthembasedon the informationspecified
in the connectblock of the assemblydescriptor. The
componentconnectionis accomplishedby calling the
receptacleconnectoperationof the CCMObject ref-
erence.

7. After that, the Assemblyobject calls configura-
tion completeoneachobjectin theassemblyto signal
thatall its initial connectionshavebeenfixed.

7. Conclusion

The developmentof large scaledistributedapplications
requiressomeinteroperabilitylevel, in orderto allow het-
erogeneousapplicationsto cooperate. Searchtools like
namingandtradingservicesprovide a framework facilitat-
ing this interoperability, throughthe notion of serviceof-
fersexportedby somesuppliersandmadeat thedisposalof



serviceimportersor clients. Searchapproachesare gen-
erally basedon the conformanceof the type and some-
timesthe propertiesof services.However, in component-
basedmodels,this typeof searchbecomesinadequate.In-
deed, component-baseddistributed applicationsare con-
structedby assemblingsomesoftwarecomponents.Match-
ing is thereforebasedon componentsubstitutabilitywhich
expressthe conditionsunderwhich a componentmay be
substitutedfor another. Theseconditionsinclude syntac-
tic propertiescharacterizingcomponentdependencies(in-
terfaces,events,etc.) as well as semanticproperties,in-
cludinginformationoncomponentfunctionalitiesandreuse
conditions.This is evenmoresignificantin largescaleen-
vironments,in which termsfrom differentdomainsmaybe
subjectto ambiguitiesandmiseinterpretation.

Searchserviceis an importanttool facilitating the dis-
tributedapplicationsdevelopment,deploymentandinterop-
erability. Therefore,developingandexperimentingsearch
servicesbasedon semantictradingis very important,in or-
derto measuretheefficiency, feasibilityandperformanceof
theapproach.Indeed,semantictradingconstitutesanessen-
tial framework for developingand supervisingdistributed
applicationsespeciallyin largescaleenvironments

Theassembly, createdin CCM deploymentsteps,speci-
fiesaninitial configurationanddoesnot addresstheevolu-
tionof thecomponentconnections.Thecomponentconnec-
tions may changefollowing the applicationevolution and
underlyingenvironmentstatechanges.Thesechangesin-
cludeespeciallyfailures,loadunbalance,etc. Theapplica-
tion mustbeableto adaptto thesesituationsandto continue
to evolve. Therefore,toolsallowing to keeptheseproperties
mustbeconsideredin thedeploymentandsupervisionpro-
cessof applications.

Within the framework of thecomponentsearchservice,
otherissuesandproblemsmustbeaddressed.Thisconcerns
many aspectsandin particulartheversioningproblem.In-
deed,whenmultiple versionsof the samecomponentmay
co-exist, thesearchservermustbeableto choosetheappro-
priateversionsamongall theavailableones.A solutionto
this problemmaybetheconsiderationof theversionprop-
erty, whichmustbespecifiedby theclient, in thesearchcri-
teria. Anothersolutionmaybea policy usedby thesearch
servicewhichallowstheautomationof thistask,suchasthe
choiceof themostrecentversionsystematically.
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