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Abstract

Thispaperpresentsa comparisonbetweenCORBA andtheAda95DistributedSystems
Annex. We also focuson the latestdevelopmentsmadeby the ENSTresearch teamto
GLADEthatare relatedto CORBA services.1

1 Intr oduction

Beforecomparingtwo modelsfor distributingheterogeneousapplications,onemustre-
alize that they have very differentgoals.TheObjectManagementGroup(OMG) was
formedto promotestandardsfor thedevelopmentof distributedheterogeneousapplica-
tions.TheCommonObjectBrokerRequestArchitecture(CORBA) is thekey compo-
nentof its ObjectManagementArchitecture(OMA). CORBA [9] is anarchitecturefor
interoperabledistributedobjectsystems.

The DistributedSystemAnnex (DSA) of Ada 95 pursuesa differentobjective. It
providesamodelfor programmingdistributedsystemswithin thedisciplinedsemantics
of a languagethatsupportstype-safeobject-orientedandreal-timeprogramming.From
our experience,DSA hasvery powerful featurescomparedto CORBA andoffers an
interestingbalancebetweenabstractionandperformance.CORBA specifiesa flexible
architecturebasedon interoperableandreusablecomponents.Our generalobjective is
to proposetheinterestingfeaturesof CORBA to DSA users.

1 Thecurrentreleaseof GLADE, theimplementationof Annex E of theAda ReferenceManual
for the GNAT compiler, hasbeendevelopedby the ENST teamandis maintainedby ACT
Europe.Seehttp://www.act-europe.fr/.



1.1 Programming modelsfor distrib uted systems

UsingOSnetwork servicesIn [11] wepresentseveralprogrammingtechniquesfor de-
velopingdistributedapplications.Theseapplicationshave traditionallybeendeveloped
usingnetworkprogramminginterfacessuchasTCPor UDPsockets.Programmersex-
plicitly have to performcalls to operatingsystemservices,a taskthat canbe tedious
anderror-prone.This includesinitializing socketconnectionanddeterminingpeerlo-
cation,marshallingandunmarshallingdatastructures,sendingandreceiving messages,
debuggingandtestingseveralprogramsat thesametime,andportingthemon several
platformsto accountfor subtledifferencesbetweennetworkinterfaces.

Of course,thiscodecanbeencapsulatedin wrappersto reduceits complexity but it
is clearthatmostof it couldbeautomaticallygenerated[12]. Messagepassingdiverts
developer’s attentionfrom the applicationdomain.The queryandreply scenariois a
classicalschemein distributedapplications;usingmessagepassingin sucha situation
couldbecomparedto usinga “goto” mechanismin a non-distributedapplication.This
is known to causesignificantproblemswith respectto modernprogramminglanguages.
A morerobustdesignwouldbeto usea structuredapproachbasedonprocedurecall.

Usinga middleware envir onment A middlewareenvironmentis intendedto provide
highlevel abstractionsin orderto easedevelopmentof userapplications.Environments
like CORBA or DistributedComputingEnvironment(DCE) offer an approachto de-
velop client/server applicationsusing the RemoteProcedureCall model (RPC).The
RPCmodel [1] is inspiredfrom the queryandreply scheme.Comparedto a regular
procedurecall, argumentsarepushedinto a streamalongwith somedataspecifying
which remoteprocedureis to beused.Thestreamis thentransmittedover thenetwork
to theserver. Theserver decodesthestream,doestheregularsubprogramcall, thenput
theoutputparametersinto anotherstreamalongwith the exception(if any) raisedby
thesubprogram,andsendsthisstreambackto thecaller. Thecallerdecodesthestream
andraisestheexceptionif needed.

CORBA providesthesameenhancementsto the remoteproceduremodelthatob-
ject languagesprovide to classicalprocedurallanguages.This includesencapsulation,
inheritance,typechecking,andexceptions.ThesefeaturesareofferedthroughanInter-
faceDefinitionLanguage(IDL).

Themiddlewarecommunicationframework providesall themachineryto perform,
somewhat transparently, remoteprocedurecallsor remoteobjectmethodinvocations.
For instance,eachCORBA interfacecommunicatesthroughanObjectRequestBroker
(ORB).A communicationsubsystemsuchasanORB is intendedto allow applications
to useobjectswithout beingawareof their underlyingmessagepassingimplementa-
tion. But theusermayalsorequirea largenumberof complex servicesto develop the
distributedapplication.Someof themaredefinitivelyneededlike alocationservicethat
allowsclientsto referenceremoteservicesviahigherlevelnamesinsteadof atraditional
schemefor addressingremoteservicesinvolving Internethostaddressesandcommu-
nicationport numbers.Otherservicesprovide domainindependentinterfacesthat are
frequentlyusedby distributedapplicationslike namingservices.



Using a distrib uted language Ratherthandefininga new languagelike an IDL, an
alternative idea is to extend a programminglanguagein order to provide distributed
features.Thedistributedobjectparadigmprovidesa moreobject-orientedapproachto
programmingdistributedsystems.Thenotionof a distributedobjectis anextensionto
theabstractdatatypethatpermitstheservicesprovidedin thetypeinterfaceto becalled
independentlyof wherethe actualserviceis executed.Whencombinedwith object-
orientedfeaturessuchasinheritanceandpolymorphism,distributedobjectspromotea
moredynamicandstructuredcomputationalenvironmentfor distributedapplications.

Ada 95 includesa DistributedSystemsAnnex (DSA) which definesseveralexten-
sionsallowing a userto write a distributedsystementirely in Ada, usingpackagesas
thedefinitionof remoteprocedurecall or remotemethodcall ondistributedobjects[3].
Thedistributedsystemsmodelsof Ada95,Java/RMI [7], andModula-3[2] areall very
close,andall replaceIDL with a subsetof the language.The languagesupportsboth
remoteprocedurecallsandremoteobjectmethodinvocationstransparently.

A programwritten in sucha languageis supposedto communicatewith a pro-
gramwritten in thesamelanguage,but this restrictionalsoyieldsusefulconsequences.
Thelanguagecanprovide morepowerful featuresbecauseit is not constrainedby the
smallestcommonsubsetof featuresavailablein all hostlanguages.In Ada 95,theuser
definesa specificationof remoteservicesandimplementsthemexactlyashewouldfor
ordinary, non-distributedservices.TheAda 95 environmentcompilesthemto produce
astubfile andaskeletonfile thatautomaticallyincludescallsto theactualservicebody.
Creatingobjects,obtainingor registeringobjectreferencesor adaptingtheobjectskele-
tonto theuserobjectimplementationaretransparentbecausethelanguageenvironment
hasa full controlon thedevelopmentprocess.

2 DSA vs. CORBA comparison

2.1 Overview of DSA

TheAda DistributedSystemsAnnex providesa solutionfor programmingdistributed
systems.An Ada applicationcanbepartitionedfor executionacrossa networkof com-
putersso that typedobjectsmaybe referencedthroughremotesubprogramcalls.The
remotely-calledsubprogramsdeclaredin a library unit categorizedasremotecall inter-
face(RCI) or remotetypes(RT) maybeeitherstaticallyor dynamicallybound,thereby
allowing applicationsto useoneof thefollowing classicalparadigms:

Remotesubprograms: for theprogrammer, a remotesubprogramcall is similar to
aregularsubprogramcall.Run-timebindingusingaccess-to-subprogramtypescanalso
beusedwith remotesubprograms.

Distrib utedobjects:particularaccesstypescanbedefined,whichdesignateremote
objects.Whena primitivedispatchingoperationis invokedon anobjectdesignatedby
a remoteaccess,a remotecall is performedtransparentlyon thepartitiononwhich the
objectwascreated.

Sharedobjects:datacanbesharedbetweenactivepartitions,providingarepository
similar to a sharedmemory, a sharedfile systemor a database.Entrylessprotected
objectsallow safeaccessandupdateonsharedobjects.Thisfeatureis orthogonalto the
notionof distributedobjects,whichareonly accessedthroughexportedservices.



Unit_3 (*)
Unit_2 (*)

Processing Node

Unit_2 (*)
Unit_3 (*)

Data_1

Processing Node

Data_3
Unit_1

(File, Database, Shared Mem)

Storage Node

Network

Partitions (* = duplicated)

(a)Overview of DSA

�������
� ���	����

�����

CORBA Bus (inter ORB communication)

Dynamic

Invocation

IDL

Stubs Interface

ORB IDL

Skeleton Adapter

Object

(language B)
Object Implementation

IDL specification

Client
(language A)

(b) Overview of CORBA

Fig. 1. Comparingthetwo architectures

An Ada95distributedapplicationis asetof partitionexecutedconcurrentlyonone
or moremachines;eachpartitionis constitutedof oneor morecompilationunitswhich
togetherconstituteanexecutablebinary.

2.2 Overview of CORBA

CORBA is anindustry-sponsoredeffort to standardizethedistributedobjectparadigm
via theCORBA InterfaceDefinition Language(IDL). Theuseof IDL makesCORBA
moreself-describingthanany otherclient/server middleware.[10] describesthemain
featuresof CORBA, which are InterfaceDefinition Language,LanguageMappings,
Stubs,SkeletonsandObjectAdapters,ORB,InterfaceRepository,DynamicInvocation,
ORBprotocolsandCORBA services.

The IDL specifiesmodules,constants,typesand interfaces.An object interface
definesthe operations,exceptionsandpublic attributesa client can invoke or access.
CORBA offers a modelbasedsolely on distributedobjects.In somerespects,it can
becomparedto Java, asthis languageonly providesan object-orientedprogramming
model,andignorestheclassicalstructuredprogrammingmodel.

An IDL translatorgeneratesclient stubsand server skeletonsin a host language
(e.g.,C++, C, Java, Ada 95) [9]; a languagemappingspecifieshow IDL entitiesare
implementedin thehostlanguage.Dependingon thefeaturesavailablein thehostlan-
guage,the mappingcanbe moreor lessstraightforward.Whenan IDL featureis not
definedin the host language,the mappingprovidesa standardizedbut complex way
of simulatingthemissingfeature.Althoughtheuserworkswith thegeneratedcode,a
goodunderstandingof thelanguagemappingis oftennecessary.

Whenthehostlanguagedoesnot provide object-orientedfeatures,the userhasto
dealwith a complex simulationof thosefunctions.A C++ programmerhasto follow
several rulesrelatedto parameterspassedby reference.Definingwhetherthecalleeor
the caller is responsiblefor parametermemoryallocationcanbe consideredasC++



programmingconventions.The mostdifficult partsof the Ada mapping,that an Ada
programmershouldavoid whenpossible,aremultiple inheritanceandforwarddeclara-
tions.

The IDL translatorproducesseveral host languagesourcefiles dependingon the
languagemapping:client files calledstubsandserver files calledskeletons. Thesefiles
arespecificto avendorandproduct,asthey makecallsto aproprietarycommunication
subsystem,but their structureandinterfacearesupposedto follow a standardcanvas.
Theclient stubsconvert userqueriesinto requeststo the ORB, which transmitsthese
requeststhroughanobjectadapterto theserver skeleton(figure1(b)).

2.3 Interface Definition Language

In DSA, the IDL is a subsetof Ada 95. The useridentifies interfacepackagesat
compiletime.Somelibrary-level packagesarecategorizedusingpragmas:

RemoteCall Interface (RCI) : Library unitscategorizedwith this pragmacande-
claresubprogramsto becalledandexecutedremotely. ThisRPCoperationis astatically
boundoperation.In theseunits,clientsandserversdonotsharetheirmemoryspace.

Dynamicallyboundcallsareintegratedwith Adacapabilitiesto dereferencesubpro-
grams(remoteaccessto subprogram— RAS) andto dispatchon class-wideoperands
(remoteaccesson classwide types— RACW). Theseremoteaccesstypescanbede-
claredin anRCI package.

A remoteaccesstype can be seenas a fat pointer — a structurewith a remote
addressanda local address.The remoteaddresscan describethe hoston which the
entity hasbeencreated;the local addressdescribesthe servicein the remoteaddress
space.

RemoteTypes(RT): Unlike RCI units,library unitscategorizedwith this pragma
candefinedistributedobjectsandremotemethodson them.They canalsodefinethe
remoteaccesstypesdescribedabove.A subprogramdefinedin aRT unit is notaremote
subprogram.Unlike RCI units,a RT unit arenot to beplacedon only onepartitions,
they actlike regularunitsinstead.

Shared Passive(SP): the entitiesdeclaredin suchlibrary units areto bemapped
on a sharedaddressspace(file, memory, or database).Whentwo partitionsusesuch
a library unit, they cancommunicateby readingor writing a commonvariable.This
correspondsto thesharedvariablesparadigm.Entry-lessprotectedobjectsdeclaredin
theseunitsprovideatomicaccessto shareddata,akin to in a transaction.

In RT or RCI units,variablesareforbiddenandnon-remoteaccesstypesareallowed
only aslong astheir marshallingsubprogramsareprovided.Any exceptionraisedin a
remotemethodor subprogramcall is propagatedto thecaller.

An additionalpragmaAll_Calls_Remotein aRCI unit canforcearemoteprocedure
call toberoutedthroughthecommunicationsubsystemevenfor alocalcall.Thisallows
debuggingof anapplicationin anon-distributedsituationthatis closeto thedistributed
case.

A pragmaAsynchronousallowsstaticallyanddynamicallyboundremotecallsto be
executedasynchronously. An asynchronousproceduredoesn’t wait for thecompletion
of the remotecall andlets the callercontinueits executionpath.The proceduremust



haveonly in or accessparameters,andany exceptionraisedduringtheexecutionof the
remoteprocedureis lost.

All suchcategorizedunitscanbegeneric.Instancesof thesegenericpackagescan
beeithercategorizedor not. In thelattercase,theunit losesits categorizationproperty.

Eachcategorizationpragmahasvery specificdependancy rules.As a generalrule,
RCI � RT � SP � Pure.That meansthat a Remote_Typespackagedeclarationcan
only dependonotherRemote_Types,Shared_Passive andPureunits.

The exampleshown on figure 2(a) highlightsseveral DSA features.This systemis
basedon a storageanda setof factoriesandworkers.Eachoneof theseentitiesis a
partition itself. A factoryhiresa worker from a pool of workersandassignsa job to
him. Theworkerperformsthe job andsavestheresultin a storagecommonto all the
factories.Theworkernotifies thefactoryof theendof his job.

The worker producesa resultcorrespondingto a query. Whenneeded,a factory
consumesthis result.To do this,we definea protectedareain theSPpackageStorage
(sample2(d)).An entrylessprotectedobjectensuresserializedaccesson this area.

Typesis a Remote_Typespackagethat definesmostof the remoteservicesof the
above system(sample2(f)). First,wedefinea callbackmechanismusedby aworkerto
notify theendof his job to a factory. This is implementedusingRASNotify.

We defineanabstracttaggedtypeWorker which is intendedto betheroot typeof
the whole distributedworker hierarchy. Assignallows a factory to proposea job to a
workeranda way to notify its employertheendof this job. Any_Worker is a remote
accessto classwide type (RACW). In otherwords,it is a referenceto a distributed
objectof any derivedtypeof Workerclass.

G1_Worker is derived from type Worker andAssignis overridden(sample2(c)).
Sample2(e)shows how to derive a secondgenerationof workersG2_Workerfrom the
first generationG1_Worker. As mentionedabove, this RT packagecanbe duplicated
on several partitionsto produceseveral typesof workers,andalsoworkersat several
remotelocations.

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

In orderto useevenmoreDSAfeatures,Factoryis definedasagenericRCIpackage
(sample2(b)).Therefore,any instantiationdefinesa new factory(sample2(h)).To bea
RCI itself, this instantiationhasalsoto becategorized.

In CORBA, the IDL is a descriptive language;it supportsC++ syntaxfor constant,
typeandoperationdeclarations.FromIDL descriptions,a translatorcangenerateclient
headerfilesandserver implementationskeletons.

An IDL file startsby defininga module. This providesa namespaceto gathera set
of interfaces.This is a way to introducea level of hierarchywhosedesignationlooks
like ( � module� :: � interface� :: � operation� ). TheAda 95 bindingmapsthis element
into a (child) package.#includestatementsmakeany othernamespacesvisible.

A modulecandefineinterfaces. An interfacedefinesa setof methodsthata client
caninvokeon anobject.An interfacecanalsodefineexceptionsandattributes.An ex-
ceptionis like aC++ exception:adatacomponentcanbeattachedto it. An attributeis a
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(a)Globalpicture

with Storage; use Storage;
generic
package Factory is
   pragma Remote_Call_Interface;

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

(b) Genericremoteunit

with Types, Storage; use Types, Storage;
package One_Worker is
   pragma Remote_Types;

   type G1_Worker is
      new Worker with private;

   procedure Assign
     (W : access G1_Worker;
      Q : Integer;
      N : Notify);
private
   −− Declaration not shown
end One_Worker;

(c) First generationworker

package Storage is
   pragma Shared_Passive;

   protected Queue is
      procedure Save (Q, R : Integer);
      procedure Load
        (Q : in Integer;
         R : out Integer);
   private
      −− Declaration not shown
   end Queue;
end Storage;

(d) Sharedmemorydata

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

   type G2_Worker is
      new G1_Worker with private;

   procedure Assign
     (W : access G2_Worker;
      Q : Integer;
      N : Notify);
private
   −− Declaration not shown
end Another_Worker;

(e)Secondgenerationworker

with Storage; use Storage;
package Types is
   pragma Remote_Types;

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

   type Worker is
      abstract tagged limited private;
   procedure Assign
     (W : access Worker;
      Q : in Integer;
      N : in Notify) is abstract;

   type Any_Worker is
      access all Worker’Class;
   pragma Asynchronous (Any_Worker);

private
   −− Declaration not shown
end Types;

(f) SeveralDSA features

with Types; use Types;
package Workers is
   pragma Remote_Call_Interface;

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

(g) Staticanduniqueworkerspool

with Factory;
package One_Factory is new Factory;
pragma Remote_Call_Interface (One_Factory);

(h) Remoteunit instantiation

Fig.2. A completeDSA example



componentfield. For eachAttribute, theimplementationautomaticallycreatesthesub-
programsGet_AttributeandSet_Attribute. Only Getis providedfor readonlyattributes.
An interfacecanderive from oneor moreinterfaces(multiple inheritance).

The Ada 95 binding mapsthis elementinto a packageor a child package.For
theclient stub,the implementationwill automaticallycreatea taggedtypenamedRef
(which is derived from CORBA.Object.Refor from anotherRef type definedin an-
other interface)in a packagewhosenamematchesthe one of the interface.For the
server skeleton,theimplementationwill automaticallycreatea taggedtypenamedOb-
ject (which is derivedfrom animplementationdefinedprivatetaggedtypeObject)in a
packagenamedImpl, which is a child packageof a packagenamedafter the interface
name( � interface� .Impl).

A methodis definedby auniquename(nooverloadingis allowed)andits signature
(the typesof its formal parameters).Eachparametercanbeof modein, out or inout,
whosemeaningsarecomparableto their Ada homonyms.Every exceptionthatcanbe
raisedby a methodmustalsobedeclaredaspartof themethodsignature(section2.4
for therationale).

The oneway attribute canbe appliedto a subprogram,giving it at-most-oncese-
manticsinsteadof theexactly-oncedefault.This precludesa methodfrom having out-
put parameters,a returnvalue,or raisedexception.It is not portableto assumethatthe
callerresumesits executiononcetheinputparametersaresent.

MostCORBA datatypesmapin a straightforwardway ontopredefinedAda types,
with the exceptionof any andsequence. any, that candesignateany CORBA type, is
mappedontoa streamtypewith readandwrite operations.A sequenceholdsa list of
itemsof a giventype andis representedin Ada usinga pair of lengthygenericpack-
ages.OnemaynotethattheCORBA string typeis mappedontotheUnbounded_String
Ada95 type.TheIDL doesnot provideanequivalentto unconstrainedarrays.

The Ada 95 mappingprovidesspecialmechanismsto implementtwo difficult-to-
mapCORBA features.First, it providesa translationof multiple inheritance.As de-
scribedabove, an Ada 95 packagedefinesa typederived from the first interface,and
extendsthe list of its primitive operationsto achieve inheritancefrom otherinterfaces
(this solutionis quite similar to mixins, asdescribedin [14]). Anotherunnaturalfea-
tureof CORBA for anAda programmercomesfrom forwarddeclarations.In Ada,two
packagespecificationscannot“with” eachothers,but this canoccurbetweentwo IDL
interfaces.To solve this, themappingproposesto create“forward” packages.This can
resultin a very non-intuitive situationwherethe client stubdoesnot “with” its usual
interfacepackagesbut “forward” packagesinstead.

Whendeveloppinga distributedapplicationwith CORBA, two situationsmayap-
pear. Ontheserverside,theprogrammeris responsiblefor theIDL file. Hehasto under-
standtheAda 95 languagemappingin orderto avoid structureswith a non-trivial im-
plementationwhenever possible,suchasforwarddeclarationandmultiple inheritance.
On both theserver andtheclient side,theprogrammerhasto dealwith thegenerated
code.A goodunderstandingof themappingis usefulto getbackandforth from theIDL
file to the generatedcodein orderto keepan overview of the distributedapplication.
Understandingthis mappingcanbea tedioustaskdependingof thehostlanguage.



IDL interfaceinformationcanbestoredon-linein adatabasecalledInterfaceRepos-
itory (IR). A CORBA specificationdescribeshow theinterfacerepositoryis organized
andhow to retrieve informationfrom it. The readerwill notethat this informationis
closeto whattheAda SemanticInterfaceSpecification(ASIS,see[4]) canprovide.

Theinterfacerepositoryallowsaclient to discover thesignatureof a methodwhich
it did not know at compiletime. It cansubsequentlyusethis knowledgetogetherwith
valuesfor the method’s parametersto constructa completerequestand invoke the
method.The setof functionsthat permitsthe constructionof a methodinvocationre-
questat run time is theDynamicInvocationInterface(DII).

The IR API allows the client to explore the repositoryclassesto obtaina module
definition tree.From this tree, the client extractssubtreesdefining constants,types,
exceptions,andinterfaces.Fromaninterfacesubtree,theclient canselectanoperation
with its list of parameters(type,nameandmode)andexceptions.

A client hasthenthreewaysto makea request.As in thestaticcase,hecansend
it andwait for theresult;hecanalsomaya one-waycall anddiscardtheresult.With
dynamicrequests,a third mechanismis offered:theclientcansendtherequestwithout
waitingfor theresult,andobtainit later, asynchronously.

The DII hasa server-side counterpart,called Dynamic SkeletonInterface.Both
mechanismsarepowerful but very complex andtediousto use.In somerespects,they
alsoviolatetheAda 95philosophy, becausestrongtyping is not preserved.Mostusers
will keepworkingwith staticinvocations.

2.4 Communication Subsystem

Thecommunicationsubsystemis oneof the key pointsof a distributedsystem:it of-
fers basicservicessuchasthe capability to transmita messagefrom onepart of the
distributedprogramto another. Thoseelementaryservicesarethenusedby higherlevel
servicesto build a fully functionaldistributedsystem.

Thelimit betweenwhatbelongsto thecommunicationsubsystemandwhatbelongs
to anexternalservicemaysometimesbedifficult to draw. Moreover, somethingconsid-
eredasa servicein CORBA maybeviewedaspurelyinternalin DSA.

In theDSA world, everythingthatis not doneby thecompilerin regardto thedistri-
butionbelongsto thepartitioncommunicationsubsystem(PCS).For example,figuring
out on which partitiona packagethat will be calledremotelyis locatedis part of the
PCS’sresponsibility.

ThePCSentrypointsarewell definedin DSA, anddescribedin theSystem.RPC
packagedeclaration.By looking at this package,onecannoticethat thereis nothing
relatedto abortionof remotesubprogramcalls,althoughtheAnnex statesthat if such
a call is aborted,an abortionmessagemustbe sentto the remotepartition to cancel
remoteprocessing.ThatmeansthatthePCSis in chargeof detectingthata call to one
of its entrypointshasbeenabortedandmustsendsuchanabortionmessage,without
any helpfrom thecompiler.

Another interestingcharacteristicof the PCSis its behavior regardingunknown
exceptions.Whenan exceptionis raisedasa resultof the executionof a remotesub-
programcall, it is propagatedbackto thecaller. However, thecallermaynot have any



visibilit y overtheexceptiondeclaration,butmaystill catchit with awhenothersclause.
But if thecallerdoesnot catchit andlet it bepropagatedupstream(maybein another
partition),andif theupstreamcallerhasvisibilit y over this exception,it mustbeable
to catchit usingits name.That meansthat the 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
namesto objectreferences)is a distributedobjectwith a standardIDL interface.

While this approachseemsmorepure,it hasperformancedrawbacks.Beingitself
a distributedobject,thenamingservicecannotbeoptimizedfor theneedsof a specific
ORB.A specialcaseis alsorequiredin theORB for it to beableto locatethenaming
serviceitself (chickenandegg problem):in order to get a referenceon a distributed
object (an IOR, InterfaceObjectReference)to start with, the programmerneedsto
haveanIOR for thenamingservice.ThisIOR canberetrievedfrom thecommandline,
from afile or by invokingtheORBInterface,dependingon theCORBA version.

Regardingexceptionpropagation,an ORB is not able to propagatean exception
that hasnot beendeclaredin the IDL interface.This restriction,althoughannoying
becauseit restrictstheusageof exceptions,is understandablegiventhemulti-language
CORBA approach:whatshouldbedone,for example,whena C++ exceptionreaches
a callerwritten in Ada?Notethatanimplementationmayprovidemoreinformationin
theCORBA exceptionmessage,suchastheC++ or Adaexceptionname.

2.5 Application development

The DSA doesnot describehow a distributedapplicationshouldbe configured.It is
up to theuser(usinga partitioningtool whosespecificationis outsidethescopeof the
annex) to definewhat the partitionsin his programareandon which machinesthey
shouldbeexecuted.

GLADE providesa ConfigurationTool anda Partition CommunicationSubsystem
to build a distributedapplication.TheGNATDIST tool andits configurationlanguage
have beenspeciallydesignedto let theuserpartitionhis programandspecifythema-
chineswheretheindividualpartitionswill beexecuting[5]. TheGenericAdaReusable
Library for InterpartitionCommunication(GARLIC) is a high level communication
library [6] that implementsthe interfacebetweenthe Partition CommunicationSub-
systemdefinedin the ReferenceManualandthe networkcommunicationlayer with
object-orientedtechniques.

The CORBA ORB providesa coresetof basicservices.All otherservicesarepro-
vided by objectswith IDL. The OMG hasstandardizeda setof useful serviceslike
Naming,Trading,Events,Licensing,Life Cycle,...A CORBA vendoris free to pro-
vide an implementationof theseservices.The NamingServiceallows theassociation
(binding) of objectreferenceswith user-friendly names.TheEventsserviceprovidesa
wayfor serversandclientsto interactthroughasynchronouseventsbetweenanonymous
objects.



2.6 Summary

CORBA providesanoutstandingandverypopularframework. TheIDL syntaxis close
to C++. The objectmodel is closeto Java: CORBA definesonly distributedobjects.
Furthermore,whenusing the Ada mapping,the stuband skeletongeneratedcodeis
closeto Java with two rootclasses,Ref for clientsandObjectfor servers.

DSA providesamoregeneralmodel.This includesdistributedobjects,but alsoreg-
ular remotesubprogramsandreferencesto remotesubprograms.Sharedpassive pack-
agescanbedefinedasanabstractionfor a (distributed)sharedmemory, a persistency
supportor a database.Basically, theIDL is a subsetof Ada 95andtheremoteservices
aredefinedin packagescategorizedby threekindsof pragmas(RCI, RT, SP).Thedis-
tributedboundariesaremoretransparentastheapplicationis notsplit into IDL andhost
languagesources.hostlanguages.

In DSA, any Ada type canbeusedexceptaccesstypes,but this canbesolvedby
providing themarshallingoperationsfor sucha type.Theexceptionmodelis entirely
preserved.Overloadingis allowedin DSA (not in CORBA). Theusercanalsodefine
genericpackagesandusemixin mechanismto obtainsomekindof multipleinheritance.

TheDSA usercandesign,implementandtesthis applicationin a non-distributed
environment,and then switch to a distributedsituation.With this two-phasedesign
approach,the useralwaysworks within his favorite Ada 95 environment.The useof
pragmaAll_Calls_Remotealsofacilitatesdebuggingof a distributedapplicationin a
non-distributedcontext.

To work on client stubsor server skeletons,the CORBA userwill have to deal
with generatedcode.In any case,understandingthehostlanguagemappingis always
very useful. It can be requiredfor somelanguageslike C++. An Ada programmer
shouldavoid usingforwarddeclarationor multiple inheritance(andin somerespects,
sequence).

TheCORBA userhasto re-adapthis codeto the codegeneratedby the translator
from the IDL file anytime the latter is modified. He also hasto usethe predefined
CORBA typesinsteadof Adastandardtypes;hehasto call ORBfunctionsor anaming
serviceto obtainremoteobjectreferences.

As Ada95is its own IDL, theuserdoesnotdealwith any generatedstubor skeleton
code.The configurationenvironmenttakescareof updatingobject,stubandskeleton
fileswhensourceshavebeenupdated.Thesystemautomaticallyprovidessomenaming
functionslike declaringRCI services.It alsotakescareof abortingremoteprocedure
calls,detectingdistributedtermination,checkingversionconsistency betweenclients
andservers,andpreservingandpropagatingany remoteexception.

The RM doesnot requirea DSA implementationto work on heterogeneoussys-
temsbut GLADE, like any reasonableimplementation,providesdefaultXDR-like mar-
shallingoperations.This featurecanbeinhibitedfor performancereasons.An ORB is
requiredto implementa CommonDataRepresentation(CDR) to ensuresafecommu-
nicationsbetweenheterogeneoussystems.

CORBA is a very rich but very complex standard.Its drawbacksincludethe high
learningcurve for developingandmanagingCORBA applicationseffectively, perfor-
mancelimitations,aswell asthelackof portabilityandsecurity[13]. Thesedrawbacks



arethe price to pay for languageinteroperability, a facility the Ada 95-orientedDSA
doesnotprovide.

Interoperabilitybetweencompilersis not yet an issuewith DSA becausethereis
only oneimplementationavailable(GLADE). But it is a validationrequirementto per-
mit auserto replacehiscurrentPCSwith athird-partyPCS.Wecannotethis issuewas
not resolvedin CORBA until revision 2.2.For thesamereasons,we canexpectfuture
DSA implementationsto ensurePCScompatibility.

Usingits IDL, theOMGhasdescribedanumberof CommonObjectServices(COS)
[8] thatarefrequentlyneededin distributedsystems.Unfortunately, thesespecifications
arelimited to IDL descriptions,andmostof the semanticsareup to the vendor. The
DSA missessuchuser-level libraries,includingbasicdistributedsoftwarecomponents.
Moregenerally, thelack of componentlibrarieshasalwaysbeena problemfor Ada.

ImplementingCORBA servicesasnativeAda 95distributedobjects,takingadvan-
tageof the standardlanguagefeatures,yields a simpler, easyto understandanduse
specification.We have alreadyimplementedthe Naming service,the Eventsservice
anda servicecloseto the Concurrency onewith DSA. DeveloppingtheCORBA ser-
viceswasaninterestingexperience.We realizedthatalthoughthoseservicesarenicely
specifiedby an IDL file, their semanticsis quite vaguein sucha way portability is
dramaticallybroken.Thiswork will bedescribedin a futurepaper.

Anothermajorgoalof theGLADE teamis to export DSA servicesto theCORBA
world. Theideais to translateall DSA featuresto equivalentIDL featuresusingASIS.
Thiswouldallow aDSA userto connecthisDSA serverto anORB.Thiswouldalsoal-
low applicationswrittenin otherlanguagesto invokeDSA features.Wearealsoseeking
to usethisapproachto offer a DII mechanismfor DSA (subsection3.4).

3 DSA servicesfor CORBA users

3.1 Objective

ServicesimplementedasRT or RCI packagescancurrentlybeinvokedonly from other
Ada 95 codeusingthe DSA mechanisms:remoteprocedurecallsanddistributedob-
jects.This may be considereda drawback by softwarecomponentdeveloperswhen
they considerusingtheDSA to implementdistributedservices,becausethis limits the
scopeof their productsto Ada95applicationdevelopers.

In orderto promotetheuseof Ada 95asa competitive platformfor thecreationof
distributedservices,we aim at providing a meansfor CORBA applicationsto become
clientsof DSA services.This requires:

– anautomatedtool to generateanIDL specificationfrom a DSA packagedeclara-
tion; thisspecificationshallbeusedby CORBA clientdevelopersto generatestubs
for calling theservicesexportedby theDSA package;

– any necessaryinterfacecodeto mapCORBA requestsontoAdaprimitiveoperation
invocations;thiscodeshallbereplicatedoneachprogrampartitionthatinstantiates
theDSA package,sothat its distributedobjectinstancescanreceive methodinvo-
cationrequestsfrom theCORBA softwarebus.



3.2 From DSA specificationto IDL file

ASIS[4] is anopen,published,vendor-independentAPI for interactionbetweenCASE
toolsandanAdacompilationenvironment.ASISdefinestheoperationssuchtoolsneed
to extract informationaboutcompiledAdacodefrom thecompilationenvironment.

We are seekingto generatean IDL interfacespecificationfrom a DSA package
declarationusingtheASIS API andanASIS-compliantcompilationenvironment.The
ASIS interfaceallows thetool developerto takeadvantageof theparsingfacility built
in thecompiler;it providesaneasyaccessto thesyntaxtreebuilt by thecompilerfrom
thepackagespecification.

We will use it to obtain a list of RemoteAccessto Class-Wide (RACW) types
declaredin Remote_Typespackages.ThesetypesaretheAda95constructsthatdenote
distributedobjects.We will thenretrieve theattributesandprimitive operationsof the
correspondingclasses,andtranslatetheminto IDL interfacespecifications,with one
IDL modulecorrespondingto oneDSA package,andoneIDL interfacecorresponding
to oneRACW. To the extent possible,we will do so in accordancewith the standard
mappingbetweenAdaandCORBA constructs.

We seekto definea mappingof all languagesconstructspermittedin a RCI or
RT packageto IDL constructs.We will develop an automatedtool that performsthe
translationof a DSA packagedeclarationto anIDL interfacespecification;ASIS will
beusedto inter-operatewith a compliantcompilationsystem.Independencebetween
our tool andtheunderlyingenvironmentimplementationwill thusbeassured.

3.3 Binding DSA entities with CORBA

In the previous sectionwe exposedhow we soughtto producean IDL interfacedef-
inition from the declarationof a DSA package.In order to allow CORBA clients to
makecallsto DSA services,wealsohave to provideamechanismto translateCORBA
requeststo DSA methodinvocationsat run-time.

To this effect, we are consideringa two-stepapproach.We will first generatea
CORBA server skeletonin Ada usingtraditionalORB software:usingan IDL defini-
tion generatedby theautomatedtool describedin 3.2 anda preexistentIDL translator,
wewill producea CORBA skeletonin Ada.We will fill in this skeletonby implement-
ing CORBA requesthandlingasinvocationsof primitive operationson DSA objects.
Eachinstanceof aRemote_Typespackagewill beaccompaniedwith aninstanceof the
skeletoncode,andwill actasa CORBA server: it will provideaccessto its localDSA
objectinstancesfor all clientson theCORBA softwarebus(figure3).

Wewill thereforehaveto maptheDSAaddressingspace(RACWi. e.fatpointers—
section2.3) into theCORBA addressingspace(CORBA objectreferences).EachDSA
object instancewill thusbe referablein the CORBA addressspace;clientsthat want
to obtainservicesfrom the DSA objectswill sendrequeststo theassociatedCORBA
objects,in accordancewith thegeneratedIDL definition.

Weseekto provideanautomaticcodegenerationtool thatwill produce“glue” code
tomapCORBA requeststo DSA objectprimitiveinvocations.Thenecessaryadaptation
codeto interfacewith theunderlyingORBshallalsobeprovided;this includesa map-
ping of Ada datatypesto CORBA types,includinga translationof DSA fat pointers
into CORBA objectreferences.
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3.4 DII usingDSA

CORBA’s InterfaceRepositoryserviceallows clientsto retrieve a method’s signature
at run time from an interfacerepository, and to invoke that methodeven thoughits
specificationwasunknown to theclient at compiletime usingtheDII mechanism(see
2.3). The DSA doesnot definea similar mechanism.However, a similar servicecan
easilybeprovidedusinganRCI packagethatwill actasa DSA interfacerepository, an
ASIS tool thatwill automatethe registrationprocessof offeredservices,anda utility
packagefor dynamicrequestconstruction.

Theinterfacerepositorywill bea straightforwardRCI server thatoffers two kinds
of services.For DSAserviceproviders(i. e.otherRCIor remotetypespackages),it will
providea meansto registeraninterface,comprisinga setof primitiveoperationnames
andtheirsignatures.For clients,it will offer ameansof retrieving thedescriptionof the
primitiveoperationsof a distributedobject,givena referenceto thisobject.

ASISgreatlysimplifiestheregistrationprocesson theserver side:usingASIS,one
canautomaticallytraversethespecificationof a DSA server package,andgeneratethe
correspondingcalls to the interfacerepository’s registrationfunction.After this regis-
trationprocessis completed,theinterfaceis known to therepository. In thecaseof the
registrationof theprimitiveoperationsof adistributedobject(designatedby aRACW),
for example,any client thatobtainsanaccessvaluedesignatinganobjectof this type
canretrievethedescriptionof its primitiveseventhoughit knew nothingof it atcompile
time,anddoesnotsemanticallydependon theserver’s specification.

A function will finally constructa requestmessagefrom an interfacedescription
retrievedfrom therepository, andactualparametersprovidedby theclient. This mes-
sagewill besentto theserver usingthePCS,just like a normalremotecall generated
by the compilerin a “static” serviceinvocation.Apart from thegeneratedregistration
functions,no IR or DII-specificcodeis requiredon theserver side;it shouldbenoted
in particularthat from the server point of view, a dynamicallyconstructedrequestis
treatedexactly in thesameway asa traditional,staticrequest.The dynamicinterface



discoveryandinvocationmechanismsareconfinedin theDSA interfacerepositoryand
theclientdynamicrequestconstructionlibrary.

Thissystemis goingto beimplementedatENSTin thenext few months;DSAusers
will thusgain thesameflexibility with dynamicinvocationasis currentlyavailableto
CORBA programmers.

4 Conclusions

We have offered a comparisonof the CORBA and Ada DistributedSystemsAnnex
modelsfor distributedheterogeneousapplications.We have describeda futuretool for
exportingDSA servicesto theCORBA world. Our generalobjective is to proposethe
interestingfeaturesof CORBA to DSA users.
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