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Abstract

Thispaperpresentsa comparisorbetweerCORBA andthe Ada95 DistributedSystems
Anne. We alsofocuson the latestdevelopmentsnadeby the ENSTreseach teamto
GLADEthatare relatedto CORBA services.

1 Intr oduction

Beforecomparingwo modelsfor distributingheterogeneouspplicationspnemustre-
alizethatthey have very differentgoals.The ObjectManagemenGroup (OMG) was
formedto promotestandard$or thedevelopmenif distributedheterogeneouspplica-
tions. The CommonObjectBroker Requestrchitecture(CORBA) is the key compo-
nentof its ObjectManagemenfrchitecture(OMA). CORBA [9] is anarchitecturdor
interoperablalistributedobjectsystems.

The Distributed SystemAnnex (DSA) of Ada 95 pursuesa differentobjective. It
providesamodelfor programminglistributedsystemswithin thedisciplinedsemantics
of alanguagehatsupportdype-safeobject-orientedndreal-timeprogrammingFrom
our experience DSA hasvery powerful featurescomparedo CORBA andoffers an
interestingbalancebetweenabstractiorandperformanceCORBA specifiesa flexible
architecturédbasedon interoperablendreusablecomponentsOur generalobjective is
to proposeheinterestingfeaturesof CORBA to DSA users.

! Thecurrentreleaseof GLADE, theimplementatiorof Annex E of the Ada ReferencéManual
for the GNAT compiler hasbeendevelopedby the ENST teamandis maintainedby ACT
EuropeSeehtt p: / / ww act - europe. fr/.



1.1 Programming modelsfor distrib uted systems

UsingOS network servicesIn [11] we presensereralprogrammingechniquesor de-
velopingdistributedapplications Theseapplicationshave traditionallybeendeveloped
usingnetworkprogrammingnterfacesuchasTCP or UDP socketsProgrammersx-
plicitly have to performcallsto operatingsystemservices a taskthat can be tedious
anderrorprone.This includesinitializing socketconnectionanddeterminingpeerlo-
cation,marshallingandunmarshallinglatastructuressendingandreceving messages,
deluggingandtestingseveral programsat the sametime, andportingthemon several
platformsto accountfor subtledifferencebetweemetworkinterfaces.

Of coursethis codecanbeencapsulateth wrappergo reduceits complexity but it
is clearthatmostof it could be automaticallygenerated12]. Messaggassingliverts
developers attentionfrom the applicationdomain.The queryandreply scenarios a
classicalschemen distributedapplicationsusingmessag@assingn sucha situation
couldbecomparedo usinga “goto” mechanisnin a non-distritutedapplication.This
is known to causesignificantproblemswith respecto moderrmprogrammindanguages.
A morerobustdesignwould beto usea structuredapproactbasecn procedureall.

Using a middleware ervironment A middlewareervironmentis intendedto provide
highlevel abstractiongn orderto easedevelopmenbf userapplicationsEnvironments
like CORBA or DistributedComputingErvironment(DCE) offer an approacho de-
velop client/serer applicationsusing the RemoteProcedureCall model (RPC). The
RPCmodel[1] is inspiredfrom the queryandreply scheme Comparedo a regular
procedurecall, agumentsare pushedinto a streamalongwith somedataspecifying
which remoteproceduras to be used.The streamis thentransmittecover the network
to thesener. Thesener decodeshe streamgdoestheregularsubprograncall, thenput
the outputparameterinto anotherstreamalongwith the exception(if ary) raisedby
the subprogramandsendghis streambackto the caller Thecallerdecodeghestream
andraiseghe exceptionif needed.

COREBA providesthe sameenhancement® the remoteproceduremodelthat ob-
jectlanguageprovide to classicalproceduralanguagesThis includesencapsulation,
inheritancetypecheckingandexceptions Thesefeaturesareofferedthroughaninter
faceDefinition Languag€IDL).

Themiddlevarecommunicatiorframenork providesall themachineryto perform,
someavhat transparentlyremoteprocedurecalls or remoteobject methodinvocations.
For instancegachCORBA interfacecommunicatethroughan ObjectRequesBroker
(ORB).A communicatiorsubsystensuchasan ORB is intendedo allow applications
to useobjectswithout beingaware of their underlyingmessaggassingimplementa-
tion. But the usermay alsorequirea large numberof comple servicego developthe
distributedapplication. Someof themaredefinitively neededike alocationservicethat
allowsclientsto referenceemoteservicewia higherlevel namesnsteadf atraditional
schemédor addressingemoteservicesinvolving Internethostaddresseand commu-
nicationport numbers Otherservicesprovide domainindependeninterfaceshat are
frequentlyusedby distributedapplicationdike namingservices.



Using a distrib uted language Ratherthandefininga new languagdike anIDL, an
alternatve ideais to extend a programminglanguagein orderto provide distributed
featuresThe distributedobjectparadigmprovidesa moreobject-orientechpproacho
programmingdistributedsystemsThe notion of a distributedobjectis anextensionto
theabstractatatypethatpermitstheserviceprovidedin thetypeinterfaceto becalled
independenthyof wherethe actualserviceis executed.When combinedwith object-
orientedfeaturessuchasinheritanceand polymorphismgdistributedobjectspromotea
moredynamicandstructureccomputationakrnvironmentfor distributedapplications.

Ada 95 includesa DistributedSystemsAnnex (DSA) which definesseveral exten-
sionsallowing a userto write a distributedsystementirelyin Ada, usingpackagesas
thedefinitionof remoteprocedurecall or remotemethodcall on distributedobjects[3].
Thedistributedsystemsnodelsof Ada 95, Java/RMI [7], andModula-3[2] areall very
close,andall replacelDL with a subsetof the language The languagesupportsboth
remoteprocedurecallsandremoteobjectmethodinvocationgransparently

A programwritten in sucha languageis supposedo communicatewith a pro-
gramwritten in thesamelanguagebut this restrictionalsoyieldsusefulconsequences.
Thelanguagecanprovide more powerful featureshecausét is not constrainedy the
smallestommonsubsedf featuresvailablein all hostlanguagesin Ada 95, theuser
definesa specificatiorof remoteservicesandimplementghemexactly ashewouldfor
ordinary non-distritutedservicesThe Ada 95 ervironmentcompilesthemto produce
astubfile andaskeletorfile thatautomaticallyincludescallsto theactualservicebody.
Creatingobjectspbtainingor registeringobjectreferencesr adaptingheobjectskele-
tonto theuserobjectimplementatioraretranspareribecaus¢helanguagesrvironment
hasa full controlonthedevelopmentprocess.

2 DSAvs. CORBA comparison

2.1 Overviewof DSA

The Ada DistributedSystemsAnnex providesa solutionfor programmingdistributed
systemsAn Ada applicationcanbe partitionedfor executionacrossa networkof com-
puterssothattypedobjectsmay be referencedhroughremotesubprograncalls. The
remotely-calledsubprogramsdeclaredn alibrary unit cateyorizedasremotecall inter-
face(RCI) or remotetypes(RT) maybeeitherstaticallyor dynamicallybound thereby
allowing applicationgo useoneof thefollowing classicaparadigms:

Remotesubprograms: for the programmera remotesubprograncall is similar to
aregularsubprograntall. Run-timebindingusingaccess-to-subprogratypescanalso
beusedwith remotesubprograms.

Distrib uted objects: particularaccessypescanbedefinedwhich designateemote
objects.Whena primitive dispatchingoperationis invokedon anobjectdesignatedyy
aremoteaccessa remotecall is performedransparentlypn the partition on which the
objectwascreated.

Sharedobjects: datacanbesharedetweeractive partitions, providing arepository
similar to a sharedmemory a sharedfile systemor a databaseEntrylessprotected
objectsallow safeaccesandupdateon sharedbjects.Thisfeatureis orthogonato the
notionof distributedobjects which areonly accessethroughexportedservices.
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Fig. 1. Comparinghetwo architectures

An Ada 95 distributedapplicationis asetof partitionexecutedconcurrentlyon one
or moremachinesgachpartitionis constitutecdf oneor morecompilationunitswhich
togetherconstituteanexecutablebinary,

2.2 Overview of CORBA

CORRBA is anindustry-sponsoredffort to standardizehe distributedobjectparadigm
via the CORBA InterfaceDefinition Languagg1DL). Theuseof IDL makesCORBA

moreself-describinghanary otherclient/serer middlewvare.[10] describeghe main
featuresof CORBA, which are InterfaceDefinition Languagel anguageMappings,
Stubs SkeletonandObjectAdaptersORB, InterfaceRepositoryDynamiclnvocation,
ORB protocolsandCORBA services.

The IDL specifiesmodules,constantstypes and interfaces.An objectinterface
definesthe operationsexceptionsand public attributesa client caninvoke or access.
CORBA offers a model basedsolely on distributed objects.In somerespectsijt can
be comparedo Java, asthis languageonly providesan object-orientegprogramming
model,andignorestheclassicaktructuredporogrammingmodel.

An IDL translatorgeneratelient stubsand sener skeletonsn a hostlanguage
(e.g.,C++, C, Java, Ada 95) [9]; alanguagemappingspecifieshow IDL entitiesare
implementedn the hostlanguageDependingn thefeaturesavailablein the hostlan-
guage the mappingcanbe moreor lessstraightforwardWhenan IDL featureis not
definedin the hostlanguagethe mappingprovidesa standardizedut comple way
of simulatingthe missingfeature Althoughthe userworkswith the generate¢ode,a
goodunderstandingf the languagemappingis oftennecessary

Whenthe hostlanguagedoesnot provide object-orientedeaturesthe userhasto
dealwith a complex simulationof thosefunctions.A C++ programmeihasto follow
severalrulesrelatedto parameterpassedy referenceDefiningwhetherthe calleeor
the caller is responsibldor parametememoryallocationcanbe consideredas C++



programmingcorventions.The mostdifficult partsof the Ada mapping,thatan Ada
programmeshouldavoid whenpossible aremultiple inheritanceandforwarddeclara-
tions.

The IDL translatorproducessereral hostlanguagesourcefiles dependingon the
languagemapping:clientfiles calledstubsandsener files calledskeletonsThesefiles
arespecificto avendorandproduct,asthey makecallsto a proprietarycommunication
subsystembut their structureandinterfaceare supposedo follow a standarccarvas.
The client stubsconvert userqueriesinto requestdo the ORB, which transmitsthese
requestshroughanobjectadapteto the sener skeleton(figure 1(b)).

2.3 Interface Definition Language

In DSA, the IDL is a subsetof Ada 95. The useridentifiesinterfacepackagesat
compiletime. Somelibrary-level packagesrecategorizedusingpragmas:

RemoteCall Interface (RCI): Library units categyorizedwith this pragmacande-
claresubprogramto becalledandexecutedemotely ThisRPCoperatioris astatically
boundoperationIn theseunits,clientsandsenersdo not sharetheirmemoryspace.

Dynamicallyboundcallsareintegratedwith Adacapabilitiego dereferencsubpro-
grams(remoteaccesso subprogram— RAS) andto dispatchon class-wideoperands
(remoteacces®n classwide types— RACW). Theseremoteaccessypescanbe de-
claredin anRCl package.

A remoteaccesgdype canbe seenas a fat pointer— a structurewith a remote
addressand a local addressThe remoteaddressan describethe hoston which the
entity hasbeencreated;the local addresslescribeghe servicein the remoteaddress
space.

RemoteTypes(RT): Unlike RCI units, library units catgorizedwith this pragma
candefinedistributedobjectsandremotemethodson them. They canalsodefinethe
remoteaccessypesdescribedbove. A subprograndefinedn aRT unitis notaremote
subprogramUnlike RCI units,a RT unit arenot to be placedon only one partitions,
they actlike regularunitsinstead.

Shared Passive(SP) the entitiesdeclaredn suchlibrary units areto be mapped
on a sharedaddresspace(file, memory or database)Whentwo partitionsusesuch
a library unit, they cancommunicateby readingor writing a commonvariable.This
correspondso the sharedvariablesparadigm Entry-lessprotectecbbjectsdeclaredn
theseunitsprovide atomicaccesdo shareddata,akin to in atransaction.

In RT or RCl units,variablesareforbiddenandnon-remoteccessypesareallowed
only aslong astheir marshallingsubprogramsireprovided. Any exceptionraisedin a
remotemethodor subprograntall is propagatedo the caller

An additionalpragmaAll_Calls_Remotén aRCl unit canforcearemoteprocedure
callto beroutedthroughthecommunicatiorsubsystenavenfor alocalcall. Thisallows
deluggingof anapplicationin anon-distritutedsituationthatis closeto thedistributed
case.

A pragmaAsynchronousillows staticallyanddynamicallyboundremotecallsto be
executedasynchronouslyAn asynchronouproceduraloesnt wait for the completion
of the remotecall andlets the caller continueits executionpath. The proceduranust



have only in or accesparametersaandary exceptionraisedduringtheexecutionof the
remoteprocedures lost.
All suchcatgyorizedunits canbe generic.Instance®f thesegenericpackagesan
beeithercatgorizedor not. In thelatter casethe unit losesits catgorizationproperty
Eachcatejorizationpragmahasvery specificdependancrules.As a generalrule,
RCI -~ RT = SP> Pure. That meansthat a Remote_¥pes packagedeclarationcan
only dependn otherRemote_¥pes,Shared_Bssve andPureunits.

The example shovn on figure 2(a) highlights several DSA features.This systemis
basedon a storageanda setof factoriesandworkers.Eachone of theseentitiesis a
partitionitself. A factory hiresa workerfrom a pool of workersandassignsa job to
him. The worker performsthe job andsavesthe resultin a storagecommonto all the
factories. Theworkernotifies thefactory of theendof his job.

The worker producesa resultcorrespondingo a query Whenneededa factory
consumeshis result. To do this, we definea protectedareain the SPpackageStorage
(sample2(d)). An entrylesgrotectecbbjectensureserializedacces®n this area.

Typesis a Remote_¥pespackagethat definesmostof the remoteservicesof the
above system(sample2(f)). First, we definea callbackmechanisnusedby aworkerto
notify the endof his job to afactory Thisis implementedisingRAS Notify.

We definean abstractaggedtype Worker which is intendedto be the root type of
the whole distributedworker hierarchy Assignallows a factory to proposea job to a
workeranda way to notify its employerthe endof this job. Any_Vérker is a remote
accesdo classwide type (RACW). In otherwords, it is a referenceto a distributed
objectof ary derivedtype of Workerclass.

G1_Worker is derived from type Worker and Assignis overridden(sample2(c)).
Sample2(e)shavs how to derive a secondyeneratiorof workersG2_Wbrkerfrom the
first generationG1_Wbrker As mentionedabove, this RT packagecanbe duplicated
on several partitionsto produceseveral typesof workers,and alsoworkersat several
remotelocations.

In sample2(g), we definea uniqueplacewhereworkerswait for jobs. Workersis
a Remote_Call_Interfacpackagewith servicesto hire andfree workers.Unlike Re-
mote_TypespackageskRemote_Call_Interfageackagesannotbeduplicated.

In orderto useevenmoreDSA featuresFactoryis definedasageneridRCl package
(sample2(b)). Therefore ary instantiatiordefinesa new factory(sample2(h)). To bea
RCl itself, thisinstantiatiorhasalsoto be cateyorized.

In CORRBA, the IDL is a descriptve languageit supportsC++ syntaxfor constant,
typeandoperationdeclarationsFromIDL descriptionsatranslatorcangeneratelient
headefilesandsenerimplementatiorskeletons.

An IDL file startsby definingamodule This providesa namespaceo gathera set
of interfacesThis is away to introducea level of hierarchywhosedesignatioriooks
like (< module>::<interface-::< operatior). The Ada 95 binding mapsthis element
into a (child) package#includestatementsakeary othernamespacewisible.

A modulecandefineinterfaces An interfacedefinesa setof methodshata client
caninvoke on anobject.An interfacecanalsodefineexceptionsandattributes.An ex-
ceptionis like a C++ exception:adatacomponentanbeattachedo it. An attributeis a



A_Worker

Passive

hire (1)

notify (4)

A_Factory

(a) Globalpicture

with Storage; use Storage;
generic
package Factory is

pragnma Renote_Cal | _Interface;

procedure Notify (Q : Integer);
pragma Asynchronous (Notify);
end Factory;

with Types, Storage; use Types, Storage;
package One_Worker is
pragma Renot e_Types;

type GL_Worker is
new Worker with private;

procedure Assign
(W: access Gl_Wrker;

Q: Integer;
N : Notify);
private

—— Declaration not shown
end One_Wér ker;

(b) Genericremoteunit

package Storage is
pragnme Shar ed_Passi ve;

protected Queue is
procedure Save (Q R : Integer);
procedure Load
(Q: in Integer;
R : out Integer);

private
—- Declaration not shown
end Queue;

end Storage;

(c) Firstgeneratiorworker

(d) Sharednemorydata

with Types, Storage; use Types, Storage;
with One_Worker; use One_Worker;
package Another_Worker is

pragnma Renot e_Types;

type G_Worker is
new Gl_Worker with private;

procedure Assign
(W: access G_Worker;

Q: Integer;
N : Notify);
private

—— Declaration not shown
end Anot her _Worker;

with Storage; use Storage;
package Types is
pragnma Renote_Types;

type Notify is
access procedure (Q: Integer);
pragnma Asynchronous (Notify);

type Worker is

abstract tagged |inmited private;
procedure Assign

(W: access Wrker;

Q: in Integer;

N: in Notify) is abstract;

type Any_Worker is
access all Wrker’ d ass;
pragna Asynchronous (Any_Worker);

private
—— Declaration not shown
end Types;

(e) Secondyeneratiorworker

with Types; use Types;
package Workers is
pragna Renote_Cal | _Interface;

procedure Free (W: in Any_Worker);
procedure Hire (W: out Any_Worker);
end Workers;

(f) SeveralDSA features

with Factory;
package One_Factory i s new Factory;
pragna Renote_Cal | _Interface (One_Factory);

(g) Staticanduniqueworkerspool

(h) Remoteunit instantiation

Fig. 2. A completeDSA example




componenfield. For eachAttribute, theimplementatiorautomaticallycreateshe sub-
programset AttributeandSet Attribute Only Getis providedfor readonlyattributes.
An interfacecanderive from oneor moreinterfacegmultiple inheritance).

The Ada 95 binding mapsthis elementinto a packageor a child package For
theclient stub,theimplementatiorwill automaticallycreatea taggedtype namedRef
(which is derived from CORBA.Object.Refor from anotherRef type definedin an-
otherinterface)in a packagewhosenamematchesthe one of the interface.For the
sener skeletontheimplementatiorwill automaticallycreatea taggedype namedOb-
ject(whichis derivedfrom animplementatiordefinedprivatetaggedtype Object)in a
packagenamedimpl, which is a child packageof a packagenamedafterthe interface
name((interfacé.Impl).

A methodis definedby a uniguename(no overloadings allowed)andits signature
(thetypesof its formal parameters)Eachparametecanbe of modein, out or inout,
whosemeaningsare comparableo their Ada homoryms. Every exceptionthatcanbe
raisedby a methodmustalsobe declaredaspart of the methodsignature(section2.4
for therationale).

The onavay attribute can be appliedto a subprogramgiving it at-most-oncese-
manticsinsteadof the exactly-oncedefault. This precludesa methodfrom having out-
put parametersa returnvalue,or raisedexception.lt is not portableto assumehatthe
callerresumedts executiononcetheinput parameteraresent.

Most CORBA datatypesmapin a straightforwardvay onto predefinedAda types,
with the exceptionof ary and sequenceary, that candesignateary CORBA type,is
mappedontoa streamtype with readandwrite operationsA sequencéoldsa list of
itemsof a giventype andis represente¢th Ada usinga pair of lengthygenericpack-
agesOnemaynotethatthe CORBA stringtypeis mappedntothe Unbounded_String
Ada95type.ThelDL doesnot provide anequivalentto unconstrainedrrays.

The Ada 95 mappingprovidesspecialmechanismso implementtwo difficult-to-
map CORBA features First, it providesa translationof multiple inheritance As de-
scribedabove, an Ada 95 packagedefinesa type derived from the first interface,and
extendsthelist of its primitive operationdo achiere inheritancefrom otherinterfaces
(this solutionis quite similar to mixins, asdescribedn [14]). Anotherunnaturalfea-
tureof CORBA for anAda programmecomedrom forwarddeclarationsin Ada, two
packagespecificationgannot‘with” eachothers but this canoccurbetweertwo IDL
interfacesTo solve this, the mappingproposedo create‘forward” packagesThis can
resultin a very non-intuitive situationwherethe client stub doesnot “with” its usual
interfacepackage$ut “forward” packagesnstead.

Whendeveloppinga distributedapplicationwith CORBA, two situationsmay ap-
pearOnthesenerside the programmeis responsibldor thelDL file. He hasto under
standthe Ada 95 languagemappingin orderto avoid structureswith a non-trivial im-
plementatiorwhen&er possible suchasforwarddeclaratiorandmultiple inheritance.
On boththe sener andthe client side,the programmeihasto dealwith the generated
code A goodunderstandingf themappinds usefulto getbackandforth from thelDL
file to the generatedodein orderto keepan overview of the distributedapplication.
Understandinghis mappingcanbe a tedioustaskdependingf the hostlanguage.



IDL interfacenformationcanbestoredon-linein adatabasealledinterfaceRepos-
itory (IR). A CORBA specificatiordescribesow theinterfacerepositoryis organized
andhow to retrieve informationfrom it. The readerwill notethatthis informationis
closeto whatthe Ada SemantidnterfaceSpecificationASIS, see[4]) canprovide.

Theinterfacerepositoryallows a clientto discover thesignatureof a methodwhich
it did not know at compiletime. It cansubsequentlysethis knowledgetogethemwith
valuesfor the methods parameterdgo constructa completerequestand invoke the
method.The setof functionsthat permitsthe constructionof a methodinvocationre-
questatruntime is the Dynamiclnvocationinterface(Dll).

The IR API allows the client to explore the repositoryclassego obtaina module
definition tree. From this tree, the client extracts subtreesdefining constantstypes,
exceptionsandinterfacesFromaninterfacesubtreethe client canselectanoperation
with its list of parametergtype,nameandmode)andexceptions.

A client hasthenthreewaysto makea requestAs in the staticcase he cansend
it andwait for the result; he canalsomay a one-waycall anddiscardthe result. With
dynamicrequestsathird mechanisnis offered:theclientcansendtherequeswithout
waiting for theresult,andobtainit later, asynchronously

The DIl hasa sener-side counterpartcalled Dynamic Skeletoninterface.Both
mechanismsare powerful but very complex andtediousto use.ln somerespectsthey
alsoviolate the Ada 95 philosophybecausestrongtypingis not presered. Most users
will keepworkingwith staticinvocations.

2.4 Communication Subsystem

The communicatiorsubsystenis one of the key pointsof a distributedsystem:it of-
fers basicservicessuchasthe capabilityto transmita messagdrom one part of the
distributedprogramto anotherThoseelementarservicesaarethenusedby higherlevel
servicedo build afully functionaldistributedsystem.

Thelimit betweerwhatbelonggo thecommunicatiorsubsystenandwhatbelongs
to anexternalservicemaysometime$edifficult to drav. Moreover, somethingonsid-
eredasa servicein CORBA maybeviewedaspurelyinternalin DSA.

In the DSA world, everythingthatis not doneby the compilerin regardto the distri-
bution belonggo the partitioncommunicatiorsubsystenfPCS).For example figuring
out on which partition a packagehatwill be calledremotelyis locatedis partof the
PCS5sresponsibility

ThePCSentrypointsarewell definedin DSA, anddescribedn theSyst em RPC
packagedeclaration By looking at this packagepne can noticethatthereis nothing
relatedto abortionof remotesubprograntalls, althoughthe Annex stategthatif such
a call is aborted,an abortionmessagenustbe sentto the remotepartition to cancel
remoteprocessingThatmeanghatthe PCSis in chage of detectingthata call to one
of its entry pointshasbeenabortedand mustsendsuchanabortionmessagewithout
ary helpfrom the compilet

Anotherinterestingcharacteristiof the PCSis its behaior regarding unknavn
exceptions Whenan exceptionis raisedasa resultof the executionof a remotesub-
programcall, it is propagatedbackto the caller However, the callermay not have ary



visibility overtheexceptiondeclarationbut maystill catchit with a whenothersclause.
But if the caller doesnot catchit andlet it be propagatedipstream(maybein another
partition),andif the upstreancaller hasvisibility over this exception,it mustbe able
to catchit usingits name.That meanghatthe PCSmustrecognizethata previously

unknown exceptionmapsonto a locally known one,for exampleby beingableto dy-

namicallyregistera new exceptioninto theruntime.

In CORBA, a much more fragmentedapproachof serviceswas adopted:they are
essentiallydefinedexternally For example,the namingservice (which mapsobject
namedo objectreferencesis a distributedobjectwith a standardDL interface.

While this approachseemanorepure,it hasperformancealravbacks.Beingitself
adistributedobject,the namingservicecannotbe optimizedfor the needsf a specific
ORB. A specialcaseis alsorequiredin the ORB for it to be ableto locatethe naming
serviceitself (chickenand egg problem):in orderto geta referenceon a distributed
object (an IOR, InterfaceObject Reference}o startwith, the programmemeedsto
have anIOR for thenamingservice. ThisIOR canberetrievedfrom thecommandine,
from afile or by invoking the ORB Interface dependingn the CORBA version.

Regardingexceptionpropagationan ORB is not ableto propagatean exception
that hasnot beendeclaredin the IDL interface.This restriction,althoughannoying
becausdt restrictsthe usageof exceptionsjs understandablgiventhe multi-language
CORBA approachwhatshouldbe done,for example,whena C++ exceptionreaches
acallerwritten in Ada?Notethatanimplementationmay provide moreinformationin
the CORBA exceptionmessagesuchasthe C++ or Adaexceptionname.

2.5 Application development

The DSA doesnot describehow a distributed applicationshouldbe configured.lt is
up to the user(usinga partitioningtool whosespecificationis outsidethe scopeof the
anne&) to definewhat the partitionsin his programare and on which machinesthey
shouldbeexecuted.

GLADE providesa ConfigurationTool anda Partition CommunicatiorSubsystem
to build a distributedapplication.The GNATDIST tool andits configurationlanguage
have beenspeciallydesignedo let the userpartition his programandspecifythe ma-
chineswheretheindividual partitionswill beexecuting[5]. TheGenericAdaReusable
Library for InterpartitionCommunication(GARLIC) is a high level communication
library [6] thatimplementsthe interfacebetweenthe Partition CommunicationSub-
systemdefinedin the ReferenceManual andthe network communicationayer with
object-orientedechniques.

The CORBA ORB providesa coresetof basicservicesAll otherservicesarepro-
vided by objectswith IDL. The OMG hasstandardized setof useful serviceslike
Naming, Trading, Events,Licensing,Life Cycle,...A CORBA vendoris free to pro-
vide animplementatiorof theseservicesThe Naming Serviceallows the association
(binding) of objectreferencesvith userfriendly namesThe Eventsserviceprovidesa
wayfor senersandclientsto interactthroughasynchronoueventsbetweeranorymous
objects.



2.6 Summary

COREBA providesanoutstandingandvery popularframevork. ThelDL syntaxis close
to C++. The objectmodelis closeto Java: CORBA definesonly distributedobjects.
Furthermorewhen using the Ada mapping,the stub and skeletongenerateadtodeis
closeto Javawith two root classesReffor clientsandObjectfor seners.

DSA providesamoregeneramodel.Thisincludesdistributedobjects but alsoreg-
ular remotesubprogramsndreferenceso remotesubprogramsSharedpassie pack-
agescanbe definedasan abstractiorfor a (distributed)sharedmemory a persisteng
supportor a databaseBasically the IDL is a subsebf Ada 95 andthe remoteservices
aredefinedin packagesatgorizedby threekinds of pragmagqRCI, RT, SP).Thedis-
tributedboundariesremoretransparenastheapplicationis notsplitinto IDL andhost
languagesourceshostlanguages.

In DSA, ary Adatype canbe usedexceptaccesgypes,but this canbe solved by
providing the marshallingoperationgor sucha type. The exceptionmodelis entirely
presered. Overloadingis allowedin DSA (notin CORBA). Theusercanalsodefine
generigpackagesndusemixin mechanisnto obtainsomekind of multipleinheritance.

The DSA usercandesign,implementandtesthis applicationin a non-distrituted
ervironment,and then switch to a distributed situation. With this two-phasedesign
approachthe useralwaysworks within his favorite Ada 95 ervironment. The useof
pragmaAll_Calls_Remotealsofacilitatesdehugging of a distributedapplicationin a
non-distritbutedcontext.

To work on client stubsor sener skeletonsthe CORBA userwill have to deal
with generatedode.In ary case,understandinghe hostlanguagemappingis always
very useful. It can be requiredfor somelanguagedike C++. An Ada programmer
shouldavoid usingforward declarationor multiple inheritance(andin somerespects,
sequence).

The CORBA userhasto re-adaptis codeto the codegeneratedy the translator
from the IDL file arnytime the latter is modified. He also hasto usethe predefined
CORBA typesinsteadof Ada standardypes;hehasto call ORB functionsor anaming
serviceto obtainremoteobjectreferences.

As Ada95isits own IDL, theuserdoesnotdealwith ary generatedtubor skeleton
code.The configurationenvironmenttakescare of updatingobject,stuband skeleton
fileswhensourcedave beenupdatedThesystemautomaticallyprovidessomenaming
functionslike declaringRCI serviceslt alsotakescareof abortingremoteprocedure
calls, detectingdistributedtermination,checkingversionconsisteng betweenrclients
andseners,andpreservingandpropagatingry remoteexception.

The RM doesnot requirea DSA implementatiorto work on heterogeneousys-
temsbut GLADE, like ary reasonablénplementationprovidesdefaultXDR-like mar
shallingoperationsThis featurecanbeinhibitedfor performanceeasonsAn ORB is
requiredto implementa CommonDataRepresentatiofCDR) to ensuresafecommu-
nicationsbetweerheterogeneousystems.

CORRBA is a very rich but very complex standardlts dravbacksincludethe high
learningcurwe for developingand managingCORBA applicationseffectively, perfor
mancdimitations,aswell asthelack of portability andsecurity[13]. Thesedravbacks



arethe price to pay for languagenteroperability a facility the Ada 95-orientedDSA
doesnot provide.

Interoperabilitybetweencompilersis not yet anissuewith DSA becausehereis
only oneimplementatioravailable(GLADE). But it is a validationrequiremento per
mit auserto replacehis currentPCSwith athird-partyPCS We cannotethisissuewas
notresohedin CORBA until revision 2.2. For the samereasonsye canexpectfuture
DSA implementationso ensurd®CScompatibility.

Usingits IDL, the OMG hasdescribecanumberf CommorObjectServicegCOS)
[8] thatarefrequentlyneededn distributedsystemsUnfortunatelythesespecifications
arelimited to IDL descriptionsandmostof the semanticsaare up to the vendor The
DSA missessuchuserlevel libraries,includingbasicdistributedsoftwarecomponents.
More generallythelack of componentibrarieshasalwaysbeena problemfor Ada.

ImplementingCORBA servicesaasnative Ada 95 distributedobjects taking adwvan-
tageof the standardanguagefeaturesyields a simpler easyto understancand use
specificationWe have alreadyimplementedthe Naming service,the Eventsservice
anda servicecloseto the Concurreng onewith DSA. Developpingthe CORBA ser
viceswasaninterestingexperienceWe realizedthatalthoughthoseservicesarenicely
specifiedby an IDL file, their semanticds quite vaguein sucha way portability is
dramaticallybroken.Thiswork will bedescribedn afuture paper

Anothermajor goal of the GLADE teamis to export DSA servicego the CORBA
world. Theideais to translateall DSA featuregdo equivalentIDL featureusingASIS.
Thiswould allow aDSA userto connechis DSA senerto anORB. Thiswould alsoal-
low applicationswrittenin otherlanguageso invoke DSA featuresWe arealsoseeking
to usethis approactto offer a DIl mechanisnior DSA (subsectiorB.4).

3 DSA servicesfor CORBA users

3.1 Objective

ServicesmplementedsRT or RCI packagesancurrentlybeinvokedonly from other
Ada 95 codeusingthe DSA mechanismstemoteprocedurecalls and distributedob-
jects. This may be considereda dravback by softwarecomponentdeveloperswhen
they considerusingthe DSA to implementdistributedservicesbecausehis limits the
scopeof their productgo Ada 95 applicationdevelopers.

In orderto promotethe useof Ada 95 asa competitive platformfor the creationof
distributedserviceswe aim at providing a meansor CORBA applicationgo become
clientsof DSA servicesThisrequires:

— anautomatedool to generatean IDL specificationfrom a DSA packagedeclara-
tion; this specificatiorshallbe usedby CORBA clientdeveloperdo generatetubs
for callingthe servicesxportedby the DSA package;

— ary necessarinterfacecodeto mapCORBA request®ntoAdaprimitive operation
invocationsthis codeshallbereplicatedon eachprogrampartitionthatinstantiates
the DSA packagesothatits distributedobjectinstancesanreceve methodinvo-
cationrequestgrom the CORBA softwarebus.



3.2 From DSA specificationto IDL file

ASIS[4] isanopen publishedyendorindependenfPI for interactionbetweeCASE
toolsandanAdacompilationervironment.ASIS definegheoperationsuchtoolsneed
to extractinformationaboutcompiledAda codefrom the compilationervironment.

We are seekingto generatean IDL interfacespecificationfrom a DSA package
declaratiorusingthe ASIS APl andan ASIS-compliantompilationernvironment.The
ASIS interfaceallows the tool developerto takeadwantageof the parsingfacility built
in thecompiler;it providesaneasyaccesgo the syntaxtreebuilt by the compilerfrom
the packagespecification.

We will useit to obtain a list of RemoteAccessto Class-Vide (RACW) types
declaredn Remote_¥pespackagesThesaypesarethe Ada 95 constructghatdenote
distributedobjects.We will thenretrieve the attributesandprimitive operationsof the
correspondinglassesandtranslatetheminto IDL interfacespecificationswith one
IDL modulecorrespondingo oneDSA packageandonelDL interfacecorresponding
to one RACW. To the extent possible we will do soin accordancevith the standard
mappingbetweenrAdaandCORBA constructs.

We seekto definea mappingof all languagesonstructspermittedin a RCI or
RT packageto IDL constructsWe will develop an automatedool that performsthe
translationof a DSA packageleclaratiorto anIDL interfacespecificationASIS will
be usedto inter-operatewith a compliantcompilationsystem.Independencbeetween
ourtool andtheunderlyingenvironmentimplementatiorwill thusbeassured.

3.3 Binding DSA entitieswith CORBA

In the previous sectionwe exposedhow we soughtto producean IDL interfacedef-
inition from the declarationof a DSA packageln orderto allow CORBA clientsto
makecallsto DSA serviceswe alsohave to provide amechanisnio translateCORBA
requestso DSA methodinvocationsat run-time.

To this effect, we are consideringa two-stepapproachWe will first generatea
COREBA sener skeletonin Ada usingtraditional ORB software:usingan IDL defini-
tion generatedy the automatedool describedn 3.2 anda preeistentIDL translatoy
wewill producea CORBA skeletonin Ada. We will fill in this skeletorby implement-
ing CORBA requesthandlingasinvocationsof primitive operationson DSA objects.
Eachinstanceof aRemote_¥pespackagewill beaccompanieavith aninstanceof the
skeletoncode,andwill actasa CORBA sener: it will provide accesgo its localDSA
objectinstancedor all clientsonthe CORBA softwarebus(figure 3).

Wewill thereforehaveto maptheDSA addressingpacd RACW . e.fatpointers—
section2.3)into the CORBA addressingpaceg CORBA objectreferences)EachDSA
objectinstancewill thusbe referablein the CORBA addresspaceclientsthat want
to obtainservicesfrom the DSA objectswill sendrequestgo the associatedCORBA
objects,n accordancevith thegeneratedDL definition.

We seekto provide anautomaticcodegeneratiortool thatwill producé‘glue” code
to mapCORBA requestso DSA objectprimitiveinvocationsThenecessargdaptation
codeto interfacewith theunderlyingORB shallalsobe provided;this includesa map-
ping of Ada datatypesto CORBA types,including a translationof DSA fat pointers
into CORBA objectreferences.
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Fig. 3. Calling DSA objectsfrom CORBA

3.4 DIl usingDSA

CORPBA's InterfaceRepositoryserviceallows clientsto retrieve a methods signature
at run time from an interfacerepository and to invoke that methodeven thoughits
specificationvasunknown to the client at compiletime usingthe DIl mechanisn{see
2.3). The DSA doesnot definea similar mechanismHowever, a similar servicecan
easilybeprovidedusinganRCI packagdhatwill actasa DSA interfacerepositoryan
ASIS tool thatwill automatethe registrationprocesf offeredservicesanda utility
packagdor dynamicrequestonstruction.

Theinterfacerepositorywill bea straightforwardRCl sener thatofferstwo kinds
of servicesFor DSA serviceproviders(i. e.otherRClI or remotetypespackages)t will
provide ameando registeraninterface comprisinga setof primitive operatiornames
andtheir signatureskor clients,it will offerameanf retrieving thedescriptiorof the
primitive operationf a distributedobject,givena referenceo this object.

ASIS greatlysimplifiestheregistrationproces®n the sener side:usingASIS, one
canautomaticallytraversethe specificatiorof a DSA sener packageandgeneratehe
correspondingalls to the interfacerepositorys registrationfunction. After this regis-
tration processs completedtheinterfaceis known to the repository In the caseof the
registrationof the primitive operation®f a distributedobject(designatedy a RACW),
for example,ary client that obtainsan acceswaluedesignatingan objectof this type
canretrieve thedescriptiorof its primitiveseventhoughit knew nothingof it atcompile
time,anddoesnot semanticallydependon the sener’s specification.

A functionwill finally constructa requestmessagédrom an interfacedescription
retrieved from the repository andactualparametergrovided by the client. This mes-
sagewill besentto thesener usingthe PCS,just like a normalremotecall generated
by the compilerin a “static” serviceinvocation.Apart from the generatedegistration
functions,no IR or DllI-specific codeis requiredon the sener side;it shouldbe noted
in particularthat from the sener point of view, a dynamicallyconstructedequests
treatedexactly in the sameway asa traditional, staticrequest.The dynamicinterface



discovery andinvocationmechanismareconfinedin the DSA interfacerepositoryand
theclientdynamicrequestonstructioribrary.

Thissystenmis goingto beimplementedit ENSTin thenext few months;DSAusers
will thusgainthe sameflexibility with dynamicinvocationasis currentlyavailableto
CORBA programmers.

4 Conclusions

We have offered a comparisorof the CORBA and Ada Distributed SystemsAnnex
modelsfor distributedheterogeneouapplicationsWe have describeda futuretool for
exporting DSA servicego the CORBA world. Our generalobjective is to proposethe
interestingfeaturesof CORBA to DSA users.
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