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Abstract
Softwarearchitectureis becomingessentialfor thedevelopmentandmaintenanceof
distributedsystems.It providesthe conceptof style, which refersto systemswith
similar features.CORBA systemssharea commonframework, so they canbe de-
scribedasconformingsuchastyle.Thispapergivesafirst steptowardsits formaliza-
tion,by giving acomparisonof theconceptsof componentanddescriptionlanguage,
andstudyingin detailastaticinvocationsystem,expressedin � arwin. Finally, it dis-
cusstheneedof moredynamicstructuresthanin currentSoftwareArchitecture.
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1 INTRODUCTION

Software systemsare shifting from monolithic to complex, distributed schemas.
Structureis becomingacritical aspectin development,reuseandmaintenance.New
abstractionsarerequiredto dealwith this, andperhapsthemostpromisingis Soft-
ware Architecture, which hasbeendefinedas “the structure of the componentsof
a program/system,their interrelationships, andprinciplesandguidelinesgoverning
their designandevolution throughtime” [4].

CORBA standard[8] givesusa framearchitecturewhich easestheconstruction
of new distributedsystems.They acquirecommonfeatures,sharinganinfrastructure
whichshouldbeformalizedin termsof SoftwareArchitecture.

Thispaperis justafirst stepin thisdirection:CORBA systemsareviewedascon-
creteconfigurationsof acommonarchitecturalstyle, andaconceptualcomparisonis
provided.

To geta practicalperspective,a samplesystem,basedon static invocation, is ar-
chitecturallydescribedin � arwin. ThisADL waschosenbecauseits object-oriented
focusanddynamiccapabilitiesmake it speciallyadequatefor oursystem.

In thefollowing, we give anintroductionto SoftwareArchitecture;thenwe con-
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sidertheperspective of CORBA asa style,anddiscussthesimilaritiesin thecon-
ceptsof componentanddescriptionlanguage.Finally, thereview of thestaticinvo-
cationsystemshowstheneedfor moredynamicconstructionsin existingADLs.

2 INTRODUCTIONTO SOFTWARE ARCHITECTURE

In theintroductionwequotedoneof themany existingdefinitionsof softwarearchi-
tecture.In short,it dealswith the formalizationof theglobalstructureof a system,
emphasizingthestudyof theinteractionbetweenits basicelements,namedcompo-
nents. Any systemcanbeseenasacompositionof suchcomponents;thelayoutwill
beits architecture.

The main featureof a componentis that it hasan interfacewhich expressesits
relationshipto the rest of the architecture.The interfaceis usually segmentedin
independentblockscalledports(portalsin � arwin). If specificcommunicationcom-
ponents(connectors) aredefined,their interfacewill besegmentedin roles.

An architectureis definedby the creationof different instancesof eachtypeof
component,andthejoining of themall in astructurethroughspecificbindings. This
is calledaconfiguration, andis usuallyconsideredwithin ahierarchy.

Whenwe want to studythe genericpatternsthat definea family of systemsin-
steadof describinga particularconfiguration,we speakof architectural style. The
definitionof stylesis fundamentalfrom thepoint of view of reuse,andessentialfor
SoftwareArchitecturedevelopment.

TheArchitecture DescriptionLanguages(ADLs) wereproposedasa way to ex-
presstheseconceptsin an organizedmanner. In spiteof having this commoncon-
text, theselanguageshaveverydifferentvisions[2]. Amongthemostinterestingare
Aesop, UniCon, C2, Rapide, Wright and � arwin. In general,which onewe use
dependson thetypeof systemwearedealingwith.� arwin originatesin realexperiencewith distributedsystems,but it hasalsobeen
formalizedin � -calculus[5, 6]. Soit maintainsbothahighconceptuallevelandprac-
tical sense.It hasbeenchosenastheADL for thispaper, dueto its specialsuitability
for CORBA, andto ourparticularcasestudy.

3 AN ARCHITECTURAL VISION

In thefollowing,wereview CORBA in thelight of SoftwareArchitectureconcepts,
showing their similarities.

3.1 CORBA as an Architectural Style

AlthoughCORBA is often referredasan architecture,we mustpoint out that it is
anarchitectural style, in our definition.It presentsa generaldistributedschema,the
basisfor building many particularconfigurations.
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This implies that whenattemptingto systematizea “CORBA architecture” we
arenot referringto a singlesystem,but to all the variationsthat could appearin a
generalinteractionpattern.Thenit is thispattern–CORBA– whatmustbemodelled,
to serveasa foundationfor laterdevelopments.

Thisisn’t trivial, becauseeveryCORBA configurationis variable.Simplesystems
canevolveover time into complex structures.Ourstyleshouldbeflexible enoughto
allow suchchanges.

DistributedsystemstendtowardsCORBA or similar frameworks.To discoverthe
implications,a completedescriptionof the aforementionedstyle is indispensable.
Softwarearchitecturewill providethemeanstosystematizethem.Thisformalization
will make possibleto verify the systemswhich conform to the style. It will also
enforcethereuseof components,by providing testedconfigurationsanda common
framework. In short,it’sessentialfor thefuturedevelopmentof distributedsystems.

3.2 The concept of component

Architecturalandimplementationcomponentsareclosebut not identicalconcepts.
We shouldnoteits coincidencesanddivergences.

An architecturalcomponentis an abstractautonomouselementwith a specific
interface,which dissociatesits interactionalandfunctionalaspects.It is anelement
at thedesignlevel.

Meanwhile,animplementationcomponentis kind of a “distributedobject”,even
if notobject-oriented.WhatidentifiesaCORBA component,actually, is its interface
definition in IDL. This providesa fixed interactionpattern,togetherwith language
independence.

Thereare undeniablesimilarities. First, by the separationbetweenfunctional-
ity and interaction,even using different languages.Second,by encapsulation;the
boundariesof a componentareoutlinedby their interfaces.Finally, thoseinterfaces
aresegmented:implementationpublicmethods(services)correspondtoarchitectural
ports.Thisis mosteasilyseenonCORBA thanin any otherdistributedenvironment.

Apparently, CORBA is an ideal mediumto implementthe abstractionsof Soft-
wareArchitecture.However, the equivalenceis partial,andthe abstractionlevel is
quitedifferent.Specifically, it hasasinglekind of interaction,oppositeto all possible
architecturalconnectors.CORBA is boundto procedurecall semantics,thusit’s less
expressivethanany ADL.

3.3 The Description Language

As suggestedabove, CORBA is particularlyinterestingoughtto the IDL. This In-
terfaceDescriptionLanguageis what allows the separationbetweeninterfaceand
implementation,providing languageindependenceandraisingtheabstractionlevel.

CurrentSoftwareArchitecturealreadydealswith componentswith diversegran-
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ularity: from basicelementsup to completesubsystems.Any configurationcanbe
seenasa higher-ordercomponent,in a hierarchicalstructure.The oppositeis also
true:a componentis a lower-orderconfiguration.

FutureSoftwareArchitecturewouldcomprisethewholedesignprocess.An initial
architecturewill berefinedintomoreandmorecomplex components,until implementation-
level detail is reached.Theneachcomponentis implemented,reusingthe existing
onesandcreatingthe restfrom skeletonsgeneratedby interfacedescriptions.This
guaranteesthe coherencein the interactions,andallows implementorsto carejust
aboutpurefuncionality.

CORBA IDL foreshadows thesecode-generationissues,andis fairly consistent
with therestof theexposedideas.Givenall that, it seemsquitenearto bea “real”
ADL. But the resemblanceit’s not closeenough.IDL is limited to useprocedure
calls,andit doesn’t have any explicit semantics.Furthermore,bindings,instances,
andconcreteconfigurationsaregivenby thedynamicsof the system,andcan’t be
expressedwithin thelanguage,thenlosingthearchitecturalclaim.Finally, IDL is too
influencedby implementationaspects,suchastheuseof strongtyping andmultiple
inheritance,whosepresencein SoftwareArchitectureis ratherdebatable.

4 A CORBA ARCHITECTUREIN � arwin

In orderto havea practicalperspectiveof themeaningof thisconceptualcorrespon-
dences,we review a particularCORBA systemin termsof a concreteADL.

Our casestudyconsciouslyleavesout mostCORBA dynamicfeatures,to avoid
theintersectionof differentconcerns,speciallythoseregardingevolution.It is botha
minimalexampleandthedescriptionof CORBA’smostbasicinteraction:thestatic
invocation. Eventhisarchitectureshowsa highdegreeof dynamism.Few ADLs are
capableof reflectingthesefacts;that’s why � arwin [3] hasbeenchosen,despiteits
otherdrawbacks.

In the following, a basicknowledgeof CORBA mechanismswill be assumed;
furtherdetailscanbeeasilyfoundin relatedbibliography[8, 9].

4.1 The Minimal Static Invocation

Initially, we distinguishfour componenttypes:Client,Broker (ORB core),Adapter
andServant (Server). We considerjust oneinstanceof eachtype.Thecomponents
interactin astandardstaticinvocation,following theschemashown in Figure1.

Thecommunicationpathsaredividedin two:

�
Initialization. Client andAdapterpresentthemselves to the Broker. Whenthe
Client tries to obtain its server, a new Servant is dynamicallyinstantiatedand
registered.Thishappensonly once.�
Invocation(s). Client tries to invoke a service.A messageis sent throughthe
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Figure 1 StaticInvocationModel in � arwin: ver. 1 & 2
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Broker andAdapter, andthetaskis carriedout by theServant.Theresultis then
sentback.

TheBrokeris responsibleto find theright Adapter, whichactsastheServant’sme-
diator. Thepathsareobvious,giventhatprovide/requirebindingsareasymmetrical,
but bidirectional.

Two particularfactsarearchitecturallysignificant:

�
Servant’s Creation. The Adaptermust instancea new Servant when it is re-
quested;theneedfor dynamicconstructorsarisesfrom here.Fortunately, � arwin
providesanadequateabstractionin theform of lazyinstantiation. Requiredcom-
ponents(Servant) are defined,but not createduntil they are accessed,as the
Figurespecifies(dyn S).�
Marshalling. EachClient’s remotecall is transformedinto a message,andde-
codedin theServant;thesamehappenswith thecorrespondinganswer. This is a
definingfeatureof CORBA, an it’s carriedon by two IDL-generatedcommuni-
cationelements,namelytheClient’s Stub andtheServant’sSkeleton.

We shouldthenrefinethespecificationto expressthispoint.Theabstractionlevel
is lowered,andClient andServant areseenasthe aggregationof an implementa-
tion component(ImpClien, ImpServ), which doesthereal job, anda connector, a
conceptthat � arwin hasto expresswith anormalcomponent.

This secondversionis theextensionalsoin Figure1. Theoverall architectureis
still thesame:all thechangesarewithin thelimits of pre-existinginterfaces.It’s im-
portantto notethat lazyinstantiationcoversnow both ImpServ andits i Skeleton,
whicharecreatedsimultaneously.

4.2 Extending the Case Study

Theexposedschemais a working model,andit usesseveral implicit assumptions,
which becomesignificantin furtherdevelopment.We exploresomeof themin the
following.

�
AdapterComponent.TheAdapterspecificationshouldbe re-elaborated.Its cur-
rent form shows somedifficulties.For instance,the portal call is of the require
type, allowing it to bind to a singleServant. Eachnew Servant requiresa new
portal,soourAdapteris too limited.
Besides,CORBA hasfour differentAdaptermodels,andall of themshouldbe
considered.Someof them,however, requireevenmoredynamismthanthe one
exposed.�
LazyInstantiationModel.Currently, theServant is lazy-instancedby anidentifi-
cationrequest.Then, � arwin’s direct instantiationmechanismcouldseemmore
adequate,with a portalcreate actingasanobjectconstructor. Nevertheless,this
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would invert all the portalsconsidered,asthey only canbe of the require type.
We endup with a “server” which requiresservices,insteadof providing them;
thisparadoxmustberejected.
Lazy instantiationdoesn’t have thisproblems,thoughtheactivatingportal(iden,
picturedin grey) mustbea provide, oppositeto theusualcase.However, this is
evenmoreconsistentwith thesemanticsof our system.�
Cardinality. We shouldconsidertheadditionof new instancesof thegivencom-
ponents.Clientsdon’t poseany problems:the portalsin the Broker allow such
situation.Multiple Servantswould causethe conflictsalreadyexposedwith the
Adapter. Multiple Adapterswouldsolvethisproblems,at thecostof creatingnew
ones,now with theBroker itself.

To solvethisproblemsweneedanew Adaptermodel.However, thiswouldrequire
adynamismthatcurrentADLs doesn’t haveyet.

5 CONCLUSIONS

Architecturalmodellingof CORBA is notsimple.We aredealingherewith anevo-
lutionaryframework,whichuseswidely adynamismthatSoftwareArchitecturehas
seldomconsidereduntil recently.� arwin hasbeena pioneerin this interest[6], andit managesto handlethesys-
tem somehow, thanksto the asymmetryof its bindingsandits (lazy) instantiation
constructs.EvenCORBA’s object-referencepassingis betterresembledby mobile
namesin its � -calculusformalization[5] thanany manipulationof CSP labels[1].

However, � arwin semanticsare not flexible enough;it would be interestingto
detailtheprotocolsof theportals.If wechangefrom serviceto behavioural view [7],
which makesit possible,themodelshouldbereviewed.Anyway, � arwin still lacks
theconceptof connectorand,specially, style. This is important,giventhatour long-
termgoalis exactly this (CORBA style).

FurtherdevelopmentshouldthenchangetheADL; but noneof themis completely
suitable.Suchmodelslikedynamicinvocationor evolutionarynatureof ORBscan’t
beexpressedin currentlanguages.This is not anexception:to reachthenext stage
in its development,SoftwareArchitecturemusttacklethestudyof dinamism.
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