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Abstract

Softwarearchitecturés becomingessentiafor thedevelopmenandmaintenancef
distributed systemslt providesthe conceptof style which refersto systemswith
similar features CORBA systemssharea commonframework, so they canbe de-
scribedasconformingsuchastyle. Thispapergivesafirst steptowardsits formaliza-
tion, by giving acomparisorof theconcept®f componenanddescriptionanguage,
andstudyingin detaila staticinvocationsystemgxpressedn darwin. Finally, it dis-
cussthe needof moredynamicstructureghanin currentSoftwareArchitecture.
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1 INTRODUCTION

Software systemsare shifting from monolithic to comple, distributed schemas.
Structurds becominga critical aspecin developmentyeuseandmaintenanceNew
abstractionsrerequiredto dealwith this, andperhapghe mostpromisingis Soft-
ware Architectuie, which hasbeendefinedas“the structue of the componentof
a program/systentheir interrelationshipsand principlesand guidelinesgoverning
their designand evolutionthroughtime” [4].

CORBA standard8] givesus a framearchitecturewvhich easeghe construction
of new distributedsystemsThey acquirecommonfeaturessharinganinfrastructure
which shouldbe formalizedin termsof SoftwareArchitecture.

This papeiis justafirst stepin this direction: CORBA systemsreviewedascon-
creteconfiguration®f acommonarchitecturabtyle anda conceptuatomparisons
provided.

To geta practicalperspectie, a samplesystem pasedon staticinvocation is ar
chitecturallydescribedn darwin. This ADL waschoserbecausdts object-oriented
focusanddynamiccapabilitiesmake it speciallyadequatdor our system.

In thefollowing, we give anintroductionto Software Architecture;thenwe con-
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siderthe perspectie of CORBA asa style,anddiscussthe similaritiesin the con-
ceptsof componenanddescriptionanguageFinally, the review of the staticinvo-
cationsystemshaws the needfor moredynamicconstructionsn existing ADLs.

2 INTRODUCTIONTO SOFTWARE ARCHITECTURE

In theintroductionwe quotedoneof themary existing definitionsof softwarearchi-
tecture.In short,it dealswith the formalizationof the global structureof a system,
emphasizindhe studyof the interactionbetweerits basicelementsnamedcompo-
nents Any systemcanbeseenasa compositiorof suchcomponentsthe layoutwill
beits architectue.

The main featureof a components thatit hasan interfacewhich expressests
relationshipto the rest of the architecture.The interfaceis usually sgmentedin
independenblockscalledports(portalsin darwin). If specificcommunicatiorcom-
ponentqconnectos) aredefined theirinterfacewill be sgmentedn roles

An architectureis definedby the creationof differentinstancesof eachtype of
componentandthejoining of themall in a structurethroughspecificbindings This
is calleda configuation, andis usuallyconsideredvithin a hierarchy

Whenwe want to studythe genericpatternsthat definea family of systemsn-
steadof describinga particularconfigurationwe speakof architectural style The
definitionof stylesis fundamentafrom the point of view of reuse andessentiafor
SoftwareArchitecturedevelopment.

The Architectue DescriptionLanguayes (ADLs) were proposedasa way to ex-
presstheseconceptsn anorganizedmannerIn spite of having this commoncon-
text, thesdanguages$ave very differentvisions[2]. Amongthe mostinterestingare
Aesop, UniCon, C2, Rapide, Wright anddarwin. In generalwhich onewe use
depend®nthetype of systemwe aredealingwith.

darwin originatesin realexperiencewith distributedsystemsbut it hasalsobeen
formalizedin 7-calculug5, 6]. Soit maintainsdbothahighconceptualevel andprac-
tical senselt hasbheenchoserasthe ADL for this paperdueto its specialsuitability
for CORBA, andto our particularcasestudy

3 AN ARCHITECTURAL VISION

In thefollowing, we review CORBA in thelight of SoftwareArchitectureconcepts,
shawing their similarities.

3.1 CORBA asan Architectural Style

Although CORBA is oftenreferredasan architecturewe mustpoint out thatit is

anarchitectural style in our definition. It presents generaldistributedschemathe
basisfor building mary particularconfigurations.
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This implies that when attemptingto systematizea “CORBA architectue” we
arenot referringto a singlesystem but to all the variationsthat could appeatiin a
generalinteractionpatternThenit is this patterr-CORBA—whatmustbemodelled,
to sene asafoundationfor laterdevelopments.

Thisisn't trivial, becausevery CORBA configuratioris variable Simplesystems
canevolve overtime into comple structuresOur style shouldbe flexible enoughto
allow suchchanges.

DistributedsystemdendtowardsCORBA or similarframavorks.To discoverthe
implications,a completedescriptionof the aforementionedtyle is indispensable.
Softwarearchitecturavill providethemeango systematizéhem.Thisformalization
will make possibleto verify the systemswhich conformto the style. It will also
enforcethe reuseof componentshy providing testedconfigurationsanda common
framawork. In short,it’s essentiafor the future developmenbf distributedsystems.

3.2 Theconcept of component

Architecturalandimplementatiorcomponentsre closebut not identicalconcepts.
We shouldnoteits coincidencesinddivergences.

An architecturalcomponentis an abstractautonomouslementwith a specific
interface,which dissociatedts interactionalandfunctionalaspectslt is anelement
atthedesignlevel.

Meanwhile,animplementatiorcomponents kind of a “distributedobject”, even
if notobject-orientedWhatidentifiesa CORBA componentactually is its interface
definitionin IDL. This providesa fixed interactionpattern,togethemwith language
independence.

There are undeniablesimilarities. First, by the separatiorbetweenfunctional-
ity and interaction,even using differentlanguagesSecond by encapsulationthe
boundarie®f a componenareoutlinedby their interfaces Finally, thoseinterfaces
aresggmentedimplementatiompublicmethodgservicesktorrespondo architectural
ports.Thisis mosteasilyseeron CORBA thanin ary otherdistributedernvironment.

Apparently CORBA is anideal mediumto implementthe abstraction®f Soft-
ware Architecture. However, the equivalenceis partial, andthe abstractiorievel is
quitedifferent.Specificallyit hasasinglekind of interactionpppositeo all possible
architecturatonnectorsCORBA is boundto procedurecall semanticsthusit’sless
expressvethanarny ADL.

3.3 TheDescription Language

As suggestedbove, CORBA is particularlyinterestingoughtto the IDL. This In-
terfaceDescriptionLanguages what allows the separatiorbetweeninterfaceand
implementationproviding languageéndependencandraisingthe abstractiorievel.

CurrentSoftware Architecturealreadydealswith componentsvith diversegran-
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ularity: from basicelementaup to completesubsystemsAny configurationcanbe
seenasa higherordercomponentjn a hierarchicalstructure.The oppositeis also
true:acomponents alower-orderconfiguration.

FutureSoftwareArchitecturewould comprisehewholedesignprocessAn initial
architecturavill berefinedinto moreandmorecomplex componentgntil implementation-
level detail is reachedTheneachcomponenis implementedreusingthe existing
onesandcreatingthe restfrom skeletonsgeneratedy interfacedescriptionsThis
guaranteeghe coherencen the interactions andallows implementorgo carejust
aboutpurefuncionality.

CORBA IDL foreshaduws thesecode-generatiorssuesandis fairly consistent
with therestof the exposedideas.Givenall that, it seemgjuite nearto be a “real”
ADL. But the resemblancé’s not closeenough.IDL is limited to useprocedure
calls,andit doesnt have ary explicit semanticsFurthermorebindings,instances,
and concreteconfigurationsare given by the dynamicsof the system,andcant be
expressedavithin thelanguagethenlosingthearchitecturatlaim. Finally, IDL is too
influencedby implementatioraspectssuchasthe useof strongtyping andmultiple
inheritancewhosepresencén SoftwareArchitectureis ratherdebatable.

4 A CORBA ARCHITECTUREIN éarwin

In orderto have a practicalperspectie of the meaningof this conceptuatorrespon-
denceswe review a particularCORBA systemin termsof aconcreteADL.

Our casestudyconsciouslyleavesout most CORBA dynamicfeaturesto avoid
theintersectiorof differentconcernsspeciallythoseregardingevolution. It is botha
minimal exampleandthedescriptionof CORBA’s mostbasicinteraction:ithe static
invocation Eventhis architectureshovs a high degreeof dynamismFewn ADLs are
capableof reflectingthesefacts;that's why darwin [3] hasbeenchosendespiteits
otherdrawbacks.

In the following, a basicknowledgeof CORBA mechanismwill be assumed;
furtherdetailscanbe easilyfoundin relatedbibliography[8, 9].

41 TheMinimal Static | nvocation

Initially, we distinguishfour componentypes:Client, Broker (ORB core),Adapter

andSenant (Sener). We consideljust oneinstanceof eachtype. The components

interactin a standardstaticinvocation following theschemashavn in Figurel.
Thecommunicatiorpathsaredividedin two:

@ [nitialization. Client and Adapterpresenthemselesto the Broker. Whenthe
Client tries to obtainits sener, a nev Senantis dynamicallyinstantiatedand
registered.This happensnly once.

® |nvocation(s). Client tries to invoke a service.A messageés sentthroughthe



ImpClien

component Static {

inst
C: Client;
B: Broker;
A: Adapter;
S: dyn Servant;

bind
C.init -- B.init;
A.init -- B.init;
C.s_id -- B.search id;
A.s_id -- B.s_id;
A.call -- S.service;
C.call -- B.callee;
B.caller -- A.callee;
A.serv_id -- S.iden;
}

A CORBA Architectue in darwin

component Broker ({ component Adapter {
require init; require init;
provide search_id; provide s_id;
provide callee; provide callee;
require s id; require serv_id;
require caller; require call;
} }
13
compongnt ? }ent { component Servant {
require init; : .
. R provide iden;
require s id; . .
. — provide service;
require call; }
}

component
require
require
require

inst
IC:
CC:

bind

Client
init;
s_id;
call;

ImpClien;
Stub;

IC.servicl --

.init
.s_id
.call

component
require
require
require
require
}

component
provide
require
require
}

.servic2 --

ImpClien
init;
s_id;
servicl;
servic2;

Stub {
servicl;
servic2;
call;

{

.servicl;
.servic2;

component Servant
provide s_id;
provide service;

inst
ISs:
E:

bind

ImpServ;
Skeleton;

IS.servicl -- E.servicl;

IS.servic2 -- E.servic2;
E.service -- service;

Is.s_id
}

component
provide
provide
provide
}

component
require
require
provide

}

-- s_id;

ImpServ {
s_id;

servicl;
servic2;

Skeleton {
servicl;
servic2;
service;

Figurel StaticlnvocationModelin darwin:

verlé& 2
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Broker and Adapter andthetaskis carriedout by the Senant. Theresultis then
sentback.

TheBrokeris responsiblé¢o find theright Adapter which actsastheSenant'sme-
diator. The pathsareobvious,giventhatprovide/require bindingsareasymmetrical,
but bidirectional.

Two particularfactsarearchitecturallysignificant:

@ Servants Creation. The Adapter mustinstancea new Senant whenit is re-
guestedthe needfor dynamicconstructor@risesfrom here.Fortunately jarwin
providesanadequat@bstractiorin theform of lazyinstantiation Requiredcom-
ponents(Servant) are defined,but not createduntil they are accessedas the
Figurespecifie{dyn S).

@ Marshalling EachClient's remotecall is transformednto a messageand de-
codedin the Senant; the samehappenswith the corresponding@nswerThisis a
definingfeatureof CORBA, anit’s carriedon by two IDL-generatedcommuni-
cationelementspamelythe Client’s Stub andthe Senant’s Skeleton.

We shouldthenrefinethe specificatiorto expresshis point. The abstractiorievel
is lowered,and Client and Senant are seenas the aggreyationof an implementa-
tion componen{lmpClien, ImpServ), which doesthereal job, anda connectora
concepthatédarwin hasto expresswith anormalcomponent.

This secondversionis the extensionalsoin Figurel. The overall architecturds
still the sameall the changesrewithin thelimits of pre-&istinginterfaceslt’sim-
portantto notethatlazyinstantiationcoversnow bothImpServ andits i Skeleton,
which arecreatedsimultaneously

4.2 Extendingthe Case Study

The exposedschemas a working model,andit usesseveralimplicit assumptions,
which becomesignificantin further developmentWe explore someof themin the
following.

® AdapterComponentThe Adapterspecificationshouldbe re-elaboratedits cur-
rent form shavs somedifficulties. For instancethe portal call is of the require
type, allowing it to bind to a single Senant. Eachnewv Senantrequiresa nev
portal,soour Adapteris too limited.
BesidesCORBA hasfour differentAdaptermodels,andall of themshouldbe
consideredSomeof them, however, requireeven moredynamismthanthe one
exposed.

® | azyInstantiationModel. Currently the Senantis lazy-instancedby anidentifi-
cationrequestThen,darwin’s directinstantiationmechanisntould seemmore
adequatewith a portalcreate actingasanobjectconstructor Neverthelessthis
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would invert all the portalsconsideredasthey only canbe of the require type.
We endup with a “server” which requiresservices jnsteadof providing them;
this paradoxmustberejected.
Lazyinstantiationrdoesnt have this problemsthoughthe activatingportal (iden,
picturedin grey) mustbe a provide, oppositeto the usualcase However, this is
evenmoreconsistentvith the semantic®f our system.

® Cardinality. We shouldconsiderthe additionof new instance®f the givencom-
ponentsClientsdon't poseary problems:the portalsin the Broker allow such
situation.Multiple Senantswould causethe conflictsalreadyexposedwith the
Adapter Multiple Adapterswvould solve this problemsatthe costof creatingnew
ones,now with the Broker itself.

To solvethis problemsve needanewv Adaptermodel.However, thiswouldrequire
adynamismthatcurrentADLs doesnt have yet.

5 CONCLUSIONS

Architecturalmodellingof CORBA is notsimple.We aredealingherewith anevo-
lutionaryframenwork, which useswidely a dynamisnthat SoftwareArchitecturehas
seldomconsideredintil recently

darwin hasbeena pioneerin this interest[6], andit manageso handlethe sys-
tem somehay, thanksto the asymmetryof its bindingsandits (lazy) instantiation
constructsEven CORBA's object-referenc@assings betterresembledy mobile
namesn its w-calculusformalization[5] thanany manipulationof CSP labels[1].

However, darwin semanticsare not flexible enough;it would be interestingto
detailthe protocolsof theportals.If we changdrom serviceto behavioual view [7],
which makesit possible the modelshouldbe reviewed. Anyway, darwin still lacks
theconcepif connectorand,specially style Thisis important,giventhatourlong-
termgoalis exactly this (CORBA styld.

Furtherdevelopmenshouldthenchangahe ADL; but noneof themis completely
suitable Suchmodeldik e dynamicinvocationor evolutionarynatureof ORBs cant
be expressedn currentlanguagesThis is not an exception:to reachthe next stage
in its developmentSoftware Architecturemusttacklethe studyof dinamism.
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