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Abstract

This paper presentsand discussesomeinfrastructue
servicesnecessaryfor distributed applications develop-
ment.Themainserviceconsideedis thecomponenseach
servicewhich includestraditional namingandtrading-like
services A numberof studieshaveshownrecentlythat cur-
rent trading basedon interfacetype conformanceis in-
suficientfor component-basedpplications. Thesestudies
haveconcludethat semantidnformation,describingespe-
cially the behaviorof thecomponenaindits context depen-
denciesjs required. Thistypeof tradingis called semantic
trading In this paper we addressthis problemand pro-
posea componenseach servicemodelbasedon semantic
trading Furthermoe, wediscussheintegration of the ser
vicein a deploymentool, throughanenhancedieployment
processearly proposedoy CorbaComponenModel.

Keywords: distributed applications, softwae compo-
nentstrading semantidrading componensearch service
applicationdeployment.

1. Intr oduction

Developingscalabldistributedapplicationgequireshe
useof toolsallowing inter-operabilitybetweerapplications
or partsof applicationsThis cooperatiorschemes usually
achieved throughthe notion of servicesprovided by some
applicationgo otherapplicationgclient/serermodel). The
Common Object RequestBroker Architecture (CORBA)
[8] is a well-known standardproviding such cooperation
model. Search(hamingandtrading) servicesprovided by
themajority of theimplementationsf thestandardiretools
for storingthe characteristicef servicegprovided by some
suppliersandfinding themto applicationclientswishingto
usethemdynamically Thesearchapproactis basednthe
conformancéetweerthetypeandsometimetheproperties
of thesuppliedandtherequestedervices.

The emepgenceof component-baseapproachesenders

this type of trading inadequatg[12]. Component-based
modelsallow to build distributed applicationsby assem-
bling somesoftware components. Componentsare char
acterizedby well-definedinterfaces,context dependencies
andtotal transpareng of their implementation. However,
thoughtheseinterfacesarewell-definedthis is insufficient
for choosingthe appropriatecomponentdo integratedur-
ing the applicationdeployment. Componentinterfacede-
scription must be complementedy semanticinformation
describingthe functioning of components.The so-called
semantidradingis thereforerequired[12].

The remainderof this paperis organizedasfollows: in
the next section,we introducethe componenmodel. Sec-
tion 3 discusseshe trading servicewithin the middleware
framework. Section4 presentshe specificitiesof thecom-
ponenttradingandintroducesthe semantidrading. In the
section5, we proposea tool for locating componentsa
componensearchservice basedon semantidrading. Sec-
tion 6 shows the utility of the proposeccomponentsearch
serviceaswell asothersystemutilities in the deployment
procesf distributedapplications.Finally, section7 con-
cludesthis work andpresentsomeopenissues.

2. Componentmodel

A softwarecomponents a unit of compositionwith ex-
plicit specifiednterfacesandcontext dependencieA com-
ponentmay be deployed independentlyand is subjectto
compositionby third parties[11]. Componentsarethere-
fore basicunitsfor building distributedapplications.Com-
ponentdevelopmentis generallyachieved at three differ-
ent levels or steps: design,implementationand integra-
tion (assembly)in order to constructapplications. De-
sign stepconsistsof describingthe componens function-
alities through the specificationof the componens ports
(interfaces gvents,etc.). Implementatiorstep,on the other
hand, consistsof writing the internal code of the compo-
nent. Then,the componentcan be deployed (instantiated
in a sener) andmay be assembleavith othercomponents



within the framework of a distributed application. These componens equivalentinterfacée inherits;

stepsform the commonapplicationdevelopmentprocess
focusingon the componenteuseaspect. Of course,this e eventsourcesand sinks: provide an asynchronoun-

processcanbe more complex whenwe consideradvanced teractionmodelbetweercomponents;
featuredlike packaging,nstallation, personalizatior{con- . N . .
figuration), etc. Figure 1 presentghe structureof a Corba * attributes: allow personalizing(configuration)of the
ComponeniModel (CCM) componenf9], whichis, at our component.

considerationthemostcompletecomponentnodelspecifi- . _
cationuntil now. Indeed CCM includesmary conceptsand CCM inherits advantagesof CORBA suchas platform

featuresnot supportecby othercomponenmodelssuchas ~ andlanguagendependenceFigure 2 presentsa morede-
EJB and COM+. Thesedifferencesinclude, in particulay  tailedstructureof Corbacomponents.
themultipleinterfacesaspecthichis not supportedy the

EJB model,andthe componentateyoriesvery restrictve

in thetwo models,especiallyin COM+. Moreover, COM+

is a proprietarymodel (Microsoft) in which the applica-

tion designfollows a three-tier(client, sener, databasear- "
. . i ! ! __predefmed

chitecture. Similarly, EJB is a language-dependeflava)

model. A major contritution of CCM derivesfrom stan-

dardizingthecomponentevelopmentycle usingCORBA
asits middleware infrastructure[15]. CCM components
provide sometypesof featurescalled ports which express
theintegration(composition)capabilitiesof the component
[6]. Thesefeaturesare:
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Figure 2. Component inheritance in CCM.

Figure 1. CCM component structure .

3. Trading
e providedandrequiredinterfaces:determinethe com-
ponent context dependenciesand provide a syn- The aim of the trading function is sharinginformation
chronouscooperatiormodelbetweercomponents; andservicesin distributed systems. A traderis an object

. . . 1The component equivalent interface representshe basereference
e supportednterfaces:reflectthe inheritanceaspectof from which the componentis accessedespecially from component-

componentsThey represeninterfacedrom whichthe unavarecustomers15].



that supportsthe trading servicein a distributed erviron-

ment. It canbeviewedasanobjectthroughwhich otherob-

jectscanadwertisetheir capabilitiesand matchtheir needs
agains@adwertisedcapabilitied10]. Thetradingallows cus-
tomersto discover andselectservicesat run time andbind

to themdynamically Theseservicesareearly exportedby

suppliers. In the following, we presentsometrading sys-
temsanddiscusssomeof their relatedaspects.

3.1 Trading in ANSA

Thetradingin the ANSA systemis definedasfollows:
theactivity of choosingservicessuchthatthey matchsome
servicerequirement.The choiceis basedon the compari-
sonof the specificationof a servicerequired(provided by
aprospectie consumergandthe servicespecificationsup-
plied by serviceprovidersor their agents[2]. An ANSA
traderis definedasan objectperformingthe tradingactivi-
tiesbasedon the entireor on a subsebf the serviceoffers.
Thetraderhasnot a specialstatust is consideredik e ary
otherobject[2]. A tradingserviceis not the only service
thatcanstoreknowledgeaboutandreferenceso otherser
vices;onthecontrary ary objectandservicecando this.

Serviceoffersselectionis basedon conformancef ser
vicetypeandaconstrainexpressiorwhichmustcharacter
ize therequiredservice.

3.2 Information exchangein UDDI

Universal Description, Discovery and Integration
(UDDI) definesa framework for publishing and discov-
ering information about web services[13]. Considered
servicesconsistof specificbusinesgunctionalitiesexposed
by companiesin order to be used by other compa-
nies. UDDI adoptsan approachbasedon the so-called
distributed registry which includes businessesand their
servicedescriptionsBuilt on SOAP (SimpleObjectAccess
Protocol) [14] and XML, UDDI intendsto ensureinter
operability through a cross-languagend cross-platform
approach.Servicedescriptionin UDDI mustprovide three
kinds of information: white, yellow and green(technical)
pages-eqwialentinformation, 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: businessnformation,
serviceinformation, binding information, andinformation
aboutspecificationgor services.Thesetypesarestructured
in a hierarchyandcorrespondo thefollowing entities:

e businessEntity: senes as the top-level information
managerconcerninga businessunit. It includessup-

port for yellow pagesaxonomiegparticularindustry,
productcateyory, geographicsituation).

e businessServices a sub-structuref the businessEn-
tity structure. Its role is to keepinformation related
to eitherabusinesgprocesgpurchasingervicesship-
ping servicesgtc.) or catgyory of services.

e bindingTemplate: within each businessServicdive
one or more technicalweb servicedescriptionsin a
bindingTemplatestructure(connectionaddresof the
serviceetc.).

To discover a web serviceusing UDDI, thefirst stepis
to locatethe businessEntitynformationof the service.The
programmercan drill down for more detail abouta busi-
nessServicer request full businessEntitytructure. The
programmetthenselectsa particularbindingTemplateand
usesit for contactingthe service.

As we canseeit, thetradingin thosesystemss basedn
thenotionof servicerepresentefly aninterface.Searching
for serviceoffersrequiresthe useof a matchingapproach
which allows thetraderto selectthe well-suitedserviceof-
fer correspondingo arequestedne.

3.3 Sevice offers selection

An importerusesatraderto searctor servicesnatching
somecriteria. A servicetype, which representshe infor-
mationneededo describea service s associateavith each
traderservice[10]. It comprisesaninterfacetypeandsome
namedpropertytypes.Servicegypescanbestructurednto
a hierarchyreflectinginterfacetype inheritanceand deter
mining the substitutionrulesbetweerservicetypes.

Servicetype conformanceallows clientswishingto use
a servicewhich they cant find to substituteit for another
servicewhich conformsto therequesteane.

Conformancen ANSA is basedntheno surprisesrule
in which aninterfaceis substitutedior anothersupporting
all its operations. Moreover, eachoperationof the sec-
ondinterfaceexistsin thefirst onewith the samenameand
its type conforms.Operationconformanceneanshatthey
have the samdlists of parameterandthe sametermination
conditions[2].

4. ComponentTrading

Component-basedpplication developmentrequiresa
componentescriptionanguagdike IDL3 [9] or CDL [5].
Thiskind of languageslescribeshe context of components
(required/preidedinterfacesemitted/recaiedevents.etc.)
and semanticrelationshipsbetweencomponentspecifica-
tionsandimplementationge.g. component4 is equivalent



to B underconditionC [5]). In conclusioncomponentsire
characterizedby a numberof propertiesmakingthe classi-
cal interfacetype conformancdnadequate.Theseproper
tiescanbesummarizedn thefollowing:

e Contxt dependencies:as we have mentionedit, a
components characterizedy its context dependen-
ciesexpressedy ports(interfacesgvents,etc.). Com-
ponentselectionmusttake into accountthesedepen-
dencies;

e Compl«ity andtranspaencyof componenimplemen-
tation: acomponents describedy its portswhichare
interfaces. A userwho wantsto usethe component
must give a precisedescriptionof the serviceon an
interfacetype. The componentelectionis therefore
basedn a syntacticinformation.Dueto the complex-
ity of componentsand the diversity of domains,this
type of informationbecomesnsuficient to character
ize a component. Semanticinformation, describing
the componenfunctionalitiesand its behaior, must
be thenused. Componenbehaior includespre/post
conditions,invariants,etc. which may be specifiedin
thesearchprocessThebehaioral informationis gen-
erally extractedat thedesignphaseof components;

e Componentonformancer compatibility: the substi-
tution of servicesin application-basedomponentss
thereforebasedon the componentompatibility. That
is all conditionsunderwhichacomponenmaybesub-
stitutedfor another This aspecwill be developedbe-
low.

Thesedifferencesespeciallythe consideratiorof the se-
manticaspecbf componentsn the searchphasehave mo-
tivatedthe developmentof the so-calledsemantictrading
[12].

4.1 Componentcompatibility and semantictrading

In component-basedpproachesthe matchingis based
on componentompatibility ratherthaninterfacetype con-
formance. Componentcompatibility includes conditions
underwhich a componenimay be substitutedfor another
Theseconditionscanbe expressedisingreusepatternslike
thosebasedon contracts.De Hondt[4] statesthatbeyond
therequiredandprovidedinterfacescompatibility, the cor-
rectinteractionbehaior mustbe considerediswell. Reuse
contractsexpressthe assumption®achparticipantmakes
aboutits acquaintancevhich documentall inter-operation
dependencieand emphasizegspeciallyon call-backsof
operationgo original component.For example,if compo-
nent A invokesan operationo; on a requiredinterface of
acomponentB, ando; callsin turn anoperationo, on A,

thenthis dependeng mustberespectedn any composition
of A with anothercomponenproviding thatrequiredinter-
face. Reusecontractstrack suchdependencieand allow
componentdo deviate from the reusecontractbasedon a
developerdocumentatiornwhich specifieshow they deviate
exactly. Reusecontractsarethensubjectto reuseoperators
(modifiers,like extension,refinement,..) having their ap-
plicability rules[4]. Reuseoperatorsallow the detectionof
conflictsatthecompositiorphaseandensureanappropriate
compositionof components.

Terzis suggestghat behavioral information of compo-
nentsextractedgenerallyat systemdesignmustbe usedto
constructan ontology of the systens design[12]. Gener
ally, the conceptsof the ontology are the conceptstypes)
identified during the systemdesignand their relationships
can be directly mappedinto the ontology The ontology
provides a basisfor a knowledgebasewhich encodeghe
systemdesignand ensuresa commornvocahulary between
thecomponentsDesignknowledge ,combinedo anumber
of ruleswhich capturecompositiorpatternsdetermineshe
semantidnter-operability constaints[12].

Theontologyis a numberof termswith their definitions
and a specificationof their relationships[17]. The rela-
tionshipsare a formal specificationbetweenthe terms of
the domain(part-of, subclass-ofetc.). Ontologiesprovide
a framework for expressingdesignconceptsof a system.
Theseconceptsare generallystoredin a knowledgebase.
To permit interactionand information exchangebetween
different domains,a standardizatiorof terminology must
be done. This canbe achiesed by integratingontologiesof
differentdomains.Peoplefrom differentdomainscanthus
interactandinteroperatavithout beingforcedto be consis-
tentwith theconceptf others.

Basedon this kind of trading, Terzis proposes trader
model associatedvith a compositionservice. The trader
recevves requestsand repliesby a compositionof the re-
trievedcomponentsyhichis performecdby thecomposition
service. A numberof pre-processingomponentsre pro-
vided in orderto supportmultiple requestexpressionlan-
guagesandto transformrequestsn the basicformat. The
transformedequesgoeshenfrom atranslatomwhichtrans-
formsit to a numberof alternatve compositionstratejies
(assemblies).For eachstratgy, a numberof queriesfor
the trading spaceis formed. The queryformationprocess
is supportedby the termsof the ontology which musten-
suresemantidnter-operabilitythroughquery expansionor
contraction.

[3] discussesomepropositionson reusein knowledge-
basedsystemsusing CORBA. Again, they bring out the
syntactic aspectof CORBA and argue that knowledge-
basedsystemshave addressedhe componentdesign,in-
tegrationand semantics.They focuson the factthatreuse



implies that componentsnustbe describedn an abstract
fashionin orderto allow developersto find andintegrate
the appropriatecomponentsThey arguethattheseabstrac-
tions mustbe representeth ontologies.Furthermorethey

discusdnterfaceadaptingf thespecificationglo notmatch
exactly. Interfaceadaptingconsistsof adaptingthe outputs
of onemethodto inputs of anothermethod(adaptingone
IDL specificatiorto another).

In conclusion for a componento be reusablesasily it
mustbe quickly found and understoodyy developers. Se-
mantic trading which emphasize®n the functionality of
componentscontritutes significantly to achieve theseob-
jectives.

5. Componentsearch sewice

In this section,we describea searchservicewe arecur-
rently developingwithin the framework of a projectcalled
CESURE.CESURE:is a projectwherethe objective is to
conceve a platform for applicationsof service provided
to mobile users[1]. CESUREapplicationsaredistributed
applicationsfocusingon the mobility of usersthroughthe
smartcardsupportanddevelopedusingacomponent-based
model. CESUREis intendedto provide tools for develop-
ment,deploymentandmaintenancef applications A num-
berof systemutilities aredevelopedin this scope.This in-
cludescomponensearchmonitoring,faulttolerancgcom-
ponentreplication,failure detectionapplicationreconfigu-
ration,etc.) anddeploymenttools.

In CESURE, the deployment of an application con-
sists of searchingcomponentpackages,active instances
and hostson which componenimplementationanust be
instantiated. For example, a user which has subscribed
to a weatherservice,may wish to usehis servicefrom a
mobile terminal. Whenit connectsthe searchtool must
searchfor a componentcorrespondingo a man/machine
interfacewhich mustbeinstantiatecbn the users terminal.
Moreover, anactive componentorrespondingo a weather
sener must be found by the searchtool. Therefore,the
searchtool mustbeableto searchfor componenpackages,
instanceaswell ashostson which componentsvill bein-
stantiated.

5.1 Componentsearch service architecture

In this subsectionwe presentthe architectureof the
componentsearchservicewhich we propose. The aim of
theservicesto respondo componensearchrequestsvhat-
ever their form. In otherwords,the tool senesasnaming
andtradingservicesatthe sametime. The semantidrading
is used. Furthermoresincedistributed applicationdeploy-
ment may usealreadyactivated componentnstancesthe

servicemustbeableto distinguishtheserequestandsearch
for active componenitnstancesatherthanfor implementa-
tion packagesFigure3 shovs the main componentsf the
tool:

Component Search Service

Knowledge Base ‘

Reques . | v
g 8
z = | URL Locator '
[}
Reply =
il = §

= Trading Service '

Choice Policy
(preferences, OCL + ...)

Figure 3. Component search service architec-
ture.

e Translator: this is the main componentof the ser
vice. It is intendedto receve requestandreply to the
client (a deploymenttool in general). The translator
usegheknowledgebaseo transformoriginal requests
into well-suited, easily understandabland complete
requestausing the ontology storedin the knowledge
base. Note that, syntacticand semanticinformations
arecombinedn thesearchprocess.

e Searh Tools: they representhe searchspace. They
consistof someclassicalsearchtools in which ser
vice matchingis basedn interfacetype compatibility.
ThisincludesCORRBA tradingandnamingservicesas
well asatool for locatingcomponenpackageshrough
URLs. So, componentpackagesjnstancesor inter-
facescanbe searchedby the sametool. Moreover, the
searctrriteriamaybea descriptionof theentity (com-
ponentpackage service),a symbolicnameor an ab-
solutelocation of the entity. Following the case,the
trading,the namingor the URL locatoris used.

e Knowledg base: the Knowledge-baseconstitutesa
basan whichall informations(ontologies)arekept. In
addition,it includesthe matchingrulesbetweerterms
from differentdomains.The matchingrulesconstitute
thusanintegrationof ontologiesencodingheconcepts



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

e Choicepolicy: this componentllows the searchser
vice to chooseamongmary matchingresponsegol-
lowing therequespreferencesThesepreferencesan
be expressedusing an Object ConstraintLanguage
(OCL) [16].The choice may involve the component
reuseconstraintsbasedon someformalism like the
reuse patternsmodel. Finally, the matching offers
found can be storedby this component. So, the ap-
plicationmay chooseo useanotherfound component
by changingthe preference®r the reuseconstraints.
This constitutesa framework for acaching medianism
in caseof large scaleervironments.

5.2 Registeringand searching for components

Thecomponensearchserviceprovidesa numberof ser
vice interfaceslike an OMG trader Theseinterfacesare
intendedn particularto registerandretrieve componenbf-
fersandto managethe searchsener. As in the traditional
tradersa componenmustinitially beregisteredwithin the
searchservicebefore being searchedand usedby clients.
During the registrationphase,a componentdescriptionis
provided. The componentdescriptionconsistsof its con-
text dependencieis a syntacticform aswell asits semantic
description.Thesearchphaseausesheentireor a partof the
previous informationto retrieve the component. The fol-
lowing IDL describesa prototypefor a componentsearch
service.Themainsearctcriteriastructuresareshovn.

/* Conponent’s context dependencies */
struct Conponent Features {

Conmponent Nane narne;

Conponent NaneSeq i nherits_components;

I nterfaceFeaturesSeq supported_interfs;

Ports ports_descr;

AttributeNaneSeq attri butes;

CosTradi ng: : PropertySeq conponent _props;
1

/* Conponent’s senantic information */
struct Conponent Senantics {
Domai n ont _domai n; /* ontol ogy */

Conponent Characteri stics conponent _descr;

Conponent Behavi or conponent _behav;
Conponent ReuseCondi ti ons reuse_conds;

Conponent Functi onal i ti es conponent funcs;

}s

The descriptionis well-adaptedo the CCM model. The
components describedy two structures;componenfea-
turesandcomponensemantics.

5.2.1 Componentfeatures

Componenfeaturesstructureincludesa syntacticdescrip-
tion of the componentjn particularits context dependen-
cies.It consistof thefollowing fields:

e name:thenameof thecomponentlt indicatesn some
way the type of thecomponentComponentganthen
be structuredhierarchicallyfollowing the inheritance
property lik e servicetypesin OMG traders.

e inherits componentsasequencef componenhames
(types)from which the componentnherits.

e supportedinterfs: asequencef interfacedescriptions
concerningthe supportednterfaces.The structureln-
terfaceFeaturesomprises syntacticdescriptiornof an
interface,in atraditional-like descriptionmanner The
syntacticdescriptionincludesthe interface type and
somenamedproperties.

e ports descr:asyntacticdescriptiorof all componens
ports(required providedinterfacesaswell asemitted,
publishedandconsumedvents).Eachport, material-
ized by aninterface,is describedoy an InterfaceFea-
turesstructuresimilarly to the supportednterfaces.

e attributes: componens attributes names,which ex-
presshecomponentonfiguratiorandpersonalization
capabilities.

e componenprops: a componeninay be characterized
by a setof propertieswhich correspondo the com-
ponentequivalentinterfaces properties. During the
searchphase a constraint,appliedto thoseproperties
andexpressedn a constrainfanguagdike OCL, may
be specified.

5.2.2 Componentsemantics

Componensemanticstructurancludesa descriptiorof all
semanti@spectselatedto the componentThis comprises,
in particular behaioral descriptionof its portsanda de-
scriptionof its functionalities. It consistsof the following
fields:

e ontdomain: determineshe ontology by identifying
thedomainfrom which therequests originated.

e componentescr: It describegshe componentharac-
teristics:the componennatureandits technicalprop-
ertiesin particular For example,a particularcompo-
nentimplementationmay be describedby a humber
of propertiesandutilization constraintsoperatingsys-
tem,runtime,compilers etc.



e componenbehav:expresseshe behaior of thecom-
ponent.Behavioral informationconsistsjn particular
of invariantsand pre/postconditions. For eachcom-
ponentport (interface),a numberof invariantsmay
be specifiedand for eachoperationof the interface,
a numberof pre/postconditionscanbe defined. The
behaioral informationspecificatiormaybeexpressed
in anEiffel-likelanguage.

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

e componenfuncs: describescomponentfunctionali-
tiesin atextual or otherform. Componenimporters
may usethis possibilityto searchfor somecomponent
by describingits functionalities. Whena component
is obtained,its context dependenciesicluding inter-
facedescription syntaxandbehaioral conditionsare
known. So,thecomponentanbesafelyused.

5.2.3 Componentsearch scenario

When a requestis submittedto the searchsener, it goes
throughthe translatoy the heartof the model. Thetransla-
tor transformsthe requestrich semanticallyto a syntactic
requestusingthe matchingrulesof ontologiesstoredin the
knowledgebase. Theresultingrequestis thenlikely to be
understoodn otherdomainsandadaptedo the traditional
searcHorms.

Matchingrulesstoredin the knowledgebaseandresult-
ing from ontologyintegrationareusedin adictionaryusage
manner This allows translatingtermsoriginating from a
domainin anotherdomain. So, requestdnitiated from a
domaincanbe understoodndsatisfiedn anotherdifferent
domain,without userintervention.

All the searchcriteria of componentsn the searchre-
guestareoptional. Thesearchmayconcermapartof acom-
ponentdescription.So, clientsmay provide only a descrip-
tion of thecomponensfunctionalitiesto accesshefull se-
manticandsyntacticcharacteristicef the componentThis
opportunitymaybeveryusefulin thedevelopmenphaseof
applications.

6. Componentseairch service and deployment

Thedeploymentphasas thelaststepin thedevelopment
processof applications. The deploymentof a distributed
applicationconsistsof installing andinstantiatingits com-
ponentson the hosting seners, configuringthem and as-
semblingthemfollowing the applicationassemblyspecifi-
cation. In mary casessomecomponentausedin the as-
sembly are alreadyactive, their instantiationis therefore

unnecessaryThe componentsearchserviceis responsible
for identifying andlocatingthesecomponentsThe search
serviceis typically usedby a deploymenttool in orderto
searchfor appropriatecomponent@&nd sometimego opti-
mize their deployment. Deploymenttools, provided by an
ORB or othervendors,vary from simple tools which just
guaranteehe deployment constraintsto more elaborated
tools which ensuremoreadvancedpropertieslike compo-
nentlocationservicesandloadbalancing.

6.1 Deploymentprocessn CCM

In CCM, the deploymentis intendedto hook-upa so-
calledlogical componentopologyto a physicalcomputing
ervironment[9]. In CCM, the deploymentis triggeredby
logical componentassemblyspecifiedin an assemblyfile,
andconcerncomponentandcomponenhomes.
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Figure 4. CCM deplo yment architecture .

In the following, we summarizethe basic stepswhich
contritutein the deploymentprocessn CCM [9]:

1. Determine the target host configuration, on which
componentsill beinstalledandinstantiated.Thisis
donemostlikely in collaborationwith the user Com-
ponentsare deployed in somecasedollowing a pro-
cessor hostcollocationconstraints;

2. Install non-alreadyinstalled componentimplementa-
tionson appropriatelatforms;

3. Instantiatecomponentandcomponenhomeson par
ticular hosts. This cantake into accountthe process
andhostcollocationconstraints;



4. Connectcomponentss specifiedin the applications
assemblyfile.

Figure 4 illustratesthe architectureof the deployment
tool specifiedby CCM and the relationshipsbetweenthe
objectsparticipatingin theapplicationdeploymentprocess.
Thedeploymentis carriedout by a deploymenapplication
andsomehelperobjects(componentepositoriesassembly
andcomponentactoriescontainersetc.).

6.2 Deploymentprocessn CESURE

In this subsectionwe will shov how the infrastructure
servicesareusedat the deploymentphaseof thedistributed
applicationin CESURE.

Although the deploymentprocesss well specifiedand
standardizedh CCM, this specificationpresentsa number
of drawbacksincluding:

e poornessof the mechanismwhich doesnot address
someissuedik e thelocalizationof componentmple-
mentationsandthe managemenf hostconfiguration;

e vaguenessof the deployment processwhich does
not fix a numberof details such as the localization
of helperobjects(Assembly Componentinstallation,
etc.). Thisis causedjn our opinion, by the fact that
theprocesss notimplementedandtested.

Theadditionalservicegcomponensearchandmonitor
ing services)can be consideredas CommonObject Ser
vices(COS)andcanberetrieved by the ORB, like in stan-
dardCORBA programming.Therefore theseservicesnay
be centralizeddistributedor semi-distriluted. The deploy-
menttool may be unavare of their localization. However,
animportantissueis that the infrastructuremustoptimize
theuseof theseservicespyfindingthenearesserviceagent
in caseof a distributedarchitecturdor example.

Figure 5 depictsout the enhancedleploymentprocess
which we proposefor CESURE applications. The main
stepsof CCM deploymentprocessareadoptecandadapted.
Furthermoresomeadditionalstepsareincludedfollowing
the contribution of the additional provided services. The
deploymentprocessgproceedsasfollows:

1. The DeploymentApplication is started. It begins by
locatingthecomponensearchandmonitoringseners.
Then, it addresseshe searchservicein orderto get
a hostconfigurationon which componentsill bein-
stantiated Thelocationof componentss eitherspeci-
fied by the applicationin the assemblydescriptoffile,
or searchedby thecomponensearctsener. Theloca-
tion of hostsis determined:

e bytheapplicationin theassemblyfile,

e or by the searchservicein conjunctionwith the
monitoringsener following someconstraints.

Componentsearchand monitoring seners cooperate
in order to keep an up-to-datestate information on
hosts. The hostconfigurationmanagemenis ensured
by the monitoringsener which supervisehostactiv-
ities (load state,etc.) andinforms systematicallythe
searchsener of the stateevolution of the configura-
tion. So,thesearchprocesdor hostsmayinvolve pre-
ciseloadinformationin the selectioncriteria.

2. Thesecondphasen the deploymentprocesss thein-
stallationof theretrievedandnon-installeccomponent
implementation®n the appropriateplatforms. This is
doneby calling the install operationon the Compo-
nentinstallation object. Theparametersf this opera-
tion aretheimplementatioridentifier (id) anda string
denotingthe componenfile location.

3. After thecomponeninstallationphasds completethe
deployment applicationcreatesan Assembly object.
This is doneby calling an AssemblyFactory object
on the host where the assemblyobject must be cre-
ated. The parametersf this operationare especially
the assemblydescriptorfile location (steps3 and 3.1
on the figure). Therole of the assemblyobjectsis to
coordinatethe creationanddestructionof component
assemblies.

4. Thenext stepconsistof creatingtheassemblyy con-
nectingcomponentinstances. Before connectingthe
componentscomponentand homeinstancesnustbe
first created.Componeninstancesreationis orches-
tratedby the Assemblybjecton the basisof colloca-
tion constraintsand on hostconfigurationobtainedat
thefirst phase.

5. In orderto createa componentthe Assemblyobject
must createa componentsener, createa container
within the sener, install a home object within the
sener andthenusethe hometo createthe component
[9]. This procedures carriedby a SewerActivator
objectwhich resideson the hostwherethe component
instanceis to be created. Thus,the componentre-
ationis achieredin thefollowing steps:

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

2Thereis oneSenerActivator instanceon eachhost. Its referencemust
beknown by the Assemblyobject.
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thencreatedandthe ComponentSerer object’s
referencas returned.

Whenthe Assemblyobjectobtainsthe reference
of the createdComponentServert usesit to
createa Container within the sener. This is
achieved by calling the create.container oper
ation on the ComponentServeasbject. The con-
taineridentifieris passedo the operationwhich
createghecontaineandreturnsareferenceo its
interface.

The next stepconsistsof installing the Compo-
nentHome within the container The Assembly
object calls thenthe install_home operationon
the Containelinterface,giving it theidentifier of
thecomponentTheoperatiorreturnsareference
to thecreateccomponenhomeinterface.

In the ComponentHomereationoperation,the
containercalls the getimplementation opera-
tion of the Componentinstallatiombject. This
operation gets a component implementation
identifierandreturnstheabsolutdocationof this
implementation. The containerthen loads the
implementatiorandinstantiateshe Componen-
tHome object.

(e) The next stepconsistsof creatingthe Compo-

nent. This is accomplishedy the Componen-
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steps in CESURE.

tHome object, when the Assemblyobject calls
the create.componentoperationprovided by its
interface. Thereturnvalue of the operationis a
referenceo the createccomponen{of type CC-
MObject).

() Thecomponents thenconfiguredjf required.

6. When all componentsare created,the Assemblyob-
ject connectghembasedon the informationspecified
in the connectblock of the assemblydescriptor The
componentonnectionis accomplishedy calling the
receptacleconnectoperationof the CCMObject ref-
erence.

7. After that, the Assemblyobject calls configura-
tion_completeoneachobjectin theassemblyo signal
thatall its initial connection$ave beenfixed.

7. Conclusion

The developmentof large scaledistributed applications
requiressomeinteroperabilitylevel, in orderto allow het-
erogeneousapplicationsto cooperate. Searchtools like
namingandtradingservicegrovide a framawork facilitat-
ing this interoperability throughthe notion of serviceof-
fersexportedby somesuppliersandmadeatthe disposabf



serviceimportersor clients. Searchapproachesre gen-
erally basedon the conformanceof the type and some-
timesthe propertiesof services.However, in component-
basedmodels,this type of searchbhecomesnadequateln-

deed, component-basedistributed applicationsare con-

structedby assemblingsomesoftwarecomponentsMatch-
ing is thereforebasedon componensubstitutabilitywhich

expressthe conditionsunderwhich a componentmay be

substitutedfor another Theseconditionsinclude syntac-
tic propertiescharacterizingcomponentdependencie@n-

terfaces,events, etc.) aswell as semanticproperties,in-

cludinginformationon componenfunctionalitiesandreuse
conditions. This is even moresignificantin large scaleen-

vironmentsjn which termsfrom differentdomainsmay be

subjectto ambiguitiesandmiseinterpretation.

Searchserviceis an importanttool facilitating the dis-
tributedapplicationslevelopmentdeploymentandinterop-
erability. Therefore,developingand experimentingsearch
servicedhasedn semantidradingis very important,in or-
derto measureheefficiency, feasibility andperformancef
theapproachlndeed semantidradingconstitutemanessen-
tial framework for developing and supervisingdistributed
applicationespeciallyin large scaleervironments

Theassemblycreatedn CCM deploymentsteps speci-
fiesaninitial configurationanddoesnot addresshe evolu-
tion of thecomponentonnectionsThecomponentonnec-
tions may changefollowing the applicationevolution and
underlyingervironmentstatechanges.Thesechangesn-
cludeespeciallyfailures,load unbalanceetc. The applica-
tion mustbeableto adapto thesesituationsandto continue
to evolve. Thereforetoolsallowing to keeptheseproperties
mustbe consideredn thedeploymentandsupervisiorpro-
cessof applications.

Within the framework of the componensearchservice,
otherissuesandproblemsamustbeaddressedThisconcerns
mary aspectsandin particularthe versioningproblem. In-
deed,whenmultiple versionsof the samecomponenimay
co-&xist, thesearchsenermustbeableto choosaheappro-
priateversionsamongall the availableones. A solutionto
this problemmay be the consideratiorof the versionprop-
erty, which mustbespecifiedby theclient,in the searctcri-
teria. Anothersolutionmay be a policy usedby the search
servicewhichallowstheautomatiorof thistask,suchasthe
choiceof the mostrecentversionsystematically
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