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Abstract

Using a middleware when designinga new distributed
applicationallows portability acrossnumeroussoftware
andhardwarearchitectures,but introducesa new layerof
potentialincompatibilitiesdueto theexistenceof various
middlewarestandards.

This paperpresentsthe architecture of DROOPI (Dis-
tributed ReusableObject-OrientedPolymorphic Infras-
tructure). This project aims at definingand implement-
ing a modular middleware emphasizingsoftware reuse,
customizabilitytowards environmentand applicationre-
quirements,and transparent interoperability throughthe
supportof multiple middleware personalities. Someof
thesecapabilitiesmaybe foundin similar projects. Our
objectiveis to bring all thesepropertiesin a singleenvi-
ronment,enablingcommunicationbetweenvariouscom-
ponentsusingdifferentmiddlewarestandards.

1 Intr oduction

The emergenceof distributedapplicationshasraisedthe
needfor portability acrossnumeroussoftwareandhard-
ware architectures. A way to addressthis problem is
to usea middleware when designinga new distributed
application. However, this solution introducesa new
layer of potential incompatibilities: variousmiddleware
standardshave beendefined,which use different com-

municationprotocols. Examplesof such standardsin-
cludeCORBA, theAda95DSA(DistributedSystemsAn-
nex) andJava/RMI. Theseincompatibilitiesseriouslyim-
pair thereusabilityof distributedapplicationcomponents,
which remainisolatedin a givenenvironment.

This interoperabilityproblem may be solve caseby
caseusing specificgateways betweentwo components.
However, this approachdoesnot promotereusabilityof
middlewarecode,andthusfails to scaleto applicationsin
the large. Multi-personalitymiddlewareshave emerged
from the observation that much of a middleware’s be-
haviour is independentof the personality it assumes.
For example,the genericmiddlewarecomponentsof the
Jonathanproject[5], canbecustomizedfor a givenmid-
dlewarestrategy (CORBA or Java/RMI). Similarly, Quar-
terware [11] can endorseseveral personalitiesand pro-
vides the core facilities of other existing middlewares:
CORBA, Java/RMI andMPI (a middlewarebasedon the
message-passingdistribution paradigm). To resolve the
problemof interoperability, which is notaddressedby the
two listed projects,we proposeto extendthe conceptof
agenericmiddlewareto supportmultiple personalitiessi-
multaneously, within a single executingmiddleware in-
stance.

This requiresa very flexible andcustomizabledesign.
Sucha designhasotherbeneficialeffectson middleware
properties.To ensurepredictabilityof a real-time,high-
integrity system,a programmermay want to restrict the
computationalmodel. For this reason,Ada 95 allows the



definitionof profiles,which arepropersubsetsof Ada 95
guaranteeingtime efficiency anddeterminismat compile
time. Existingprofilesdo not addressdistribution issues,
but they provide pertinentrestrictionson languagefea-
turesthatonecanuseto implementlightweightconfigu-
rationsof agivenmiddleware.

Our objective is to design and implement DROOPI,
a DistributedReusableObject-OrientedPolymorphicIn-
frastructure.DROOPI aimsto build, usingour experience
asmiddlewareimplementors,a modularmiddlewarede-
signemphasizingsoftwarereuse,customizabilitytowards
environment and applicationrequirements,and includ-
ing thesupportof transparentinteroperabilitythroughthe
supportof multiple middlewarepersonalities.

This paperpresentsthe DROOPI architecture.Section
2 presentssimilarprojectsandsketchesthemainfeatures
we want to implement.Then,section3 describesthear-
chitecturewe have elaboratedfor DROOPI before con-
cludingremarks.

2 Stateof the art

2.1 Implementation of platform-specific
middlewares

Thesepastyears,wehavedevelopedtwo middlewaresim-
plementingtwo differentdistributedobject-orientedmod-
els. Both middlewaresare targeted to work with the
programminglanguageAda 95. Ada 95 is the first
standardizedobject-orientedlanguage(ANSI/ISO/IEC-
8652:1995).

It is alsothefirst standardizedlanguageincludingdis-
tribution features.The Ada 95 DistributedSystemsAn-
nex (DSA) providesan interestingapproachto distribu-
tion: existing constructsfor separationof interfaceand
implementationareextendedwith distributionsemantics;
all existingpropertiesof thelanguagearepreserved.

A greateffort wasledbyAdaCoreTechnologies(ACT)
to provide the Ada communitywith a free high-quality
Ada 95 compilercalledGNAT. This compiler, which im-
plementsthecoreAda 95 languageaswell asall theop-
tional annexes,belongsto theGCC family andsharesits
backendwith C andC++ compilers.As othercompilers
from theGCC suite,GNAT supportsmany nativeandcross
configurations.

In collaboration with ACT, we developed GLADE,
the only certified conforming implementationof DSA.
GLADE is availableunderthesamefreelicenseasGNAT.
It has been designedfor this particular compiler, but
shouldbe portableto any Ada 95 compilationenviron-
mentwith minimalefforts.

Then,theOMG CORBA modelbecomespopular. This
modelhasanoutstandinginteroperabilityarchitecture;it
addressesthe needfor interoperabilitybetweensoftware
componentsdevelopedusing various languageson dis-
cretemachinearchitectures.

Thanksto our previous experiencein developing the
GLADE middleware,we have developedAdaBroker, the
uniquefree CORBA environmentproviding an Ada 95
mapping. This project provides a translator with a
full Ada95ORB.ThisincludesaPortableObjectAdapter
(giving applicationdevelopersa tool-independent,fine-
grainedcontrolover themanagementof objectswithin a
server) andall thebasicOMG CommonObjectServices
(COS)aswell.

UsingaJavaVirtual Machine(JVM) createsinnovative
possibilitiesfor distribution(codemigration,stubsdown-
load).TheJVM canalsobeeasilyprogrammedin Ada95,
for examplewith theJGNAT compiler[1].

We thus also consideredSun’s Java/RMI (Remote
Method Invocation). However, its approachto distribu-
tion is veryclassicalanddoesnot introducenew ideasbe-
yond featuresalreadypresentin CORBA or DSA. Work
is in progresswithin the OMG to integrate RMI as a
subsetof CORBA [7]. Furthermore,the RMI distribu-
tion modelexhibitssevereshortcomings:althoughthein-
tent of the RMI specificationis to provide distribution-
transparentremoteinvocation,Java languagesemantics
cannotbepreservedcorrectlyin a distributedcontext [2].

2.2 Aspectsof a genericmiddleware

From our experienceas implementorsof GLADE and
AdaBroker, we have identified common architectural
characteristicsof theDSA andCORBA distribution plat-
forms. Both fit in a much more generalmodel encom-
passingmany object-orienteddistribution platforms. We
thereforeendeavoredto formally defineagenericmiddle-
warearchitecturebasedon thatmodel,with anemphasis
on thefollowing essentialfeatures:



genericity The middleware shall factor out common
componentsthatcanbesharedamongdifferentper-
sonalities.Examplesof suchcomponentsincludethe
managementof environmentresourcessuchascon-
trol threadsanddatatransportendpoints.

patterns Aspects of common or personality-specific
componentsthat correspondto well-known design
patternsshall be identified, and their implementa-
tionsshallreflecttheiraffiliation to agenericdesign.

customizability The middleware shall enableusersto
control and tailor its functionality according to
his specificpurposesandapplicationrequirements.
They will thusbeableto control theresourceusage
aswell asaspectsof middlewareoperations(suchas
the choiceof a particularcommunicationprotocol)
to fit their specificrequirements.

envir onmentprofiles Proper subsets of middleware
functionalitiesshall be definedto satisfy real-time
propertiesand exhibit predictablebehaviours. For
example,we planto providea minimal implementa-
tion with no useof non-deterministictaskingprim-
itives as identified by the Ravenscarprofile for
real-time, high-integrity systems[4]. A subsetof
CORBA for embeddedsystemshasalreadybeende-
finedwith similarobjectives:minimumCORBA [6].

interoperability The middlewareshall allow objectsto
interoperateregardlessof whetherthey are imple-
mentedusingthesamedistribution platform,or dis-
creteones. A server objectcreatedin a given plat-
form shall thus be accessibleby clients using any
otherplatform.

2.3 Relatedprojects

Thefollowing projectsexemplify theidentifiedfeatures:

Jonathan is adistributedprocessingenvironmentfor the
Java Virtual Machinewhich offers thepossibility to
integratevarioustypesof bindingsbetweenobjects
in an application[5]. Jonathansupportsa CORBA
anda Java/RMI personalityusinga genericdistribu-
tion kernel.

TAO is a modularORB whosedesignis basedon the
pervasive useof patterns[10]. Patternshelp to re-
ducethecomplexity andimprovethemaintainability
of theORB. An ORB with a modularpattern-based
designsuchasTAO alsoprovesto bemoreextensi-
bleandevolvablethana conventionalORB.

Quarterwar e adoptsa CORBA-lik e model to offer a
component-basedmiddleware [11, 3]. This design
allows specializationandoptimizationto fit require-
mentsof a particularapplication. Quarterwarecan
endorseseveralpersonalities,whichprovidethecore
facilities of other existing middlewares: CORBA,
Java/RMI andMPI.

GLADE comprisesa configurableinter-task synchro-
nization library that can transparentlyoffer no-
operationplaceholderimplementationsfor synchro-
nizationprimitiveswhenthereis only onetaskin a
partition.Avoidingtheuseof languagetaskingprim-
itivesimprovesthepredictabilityandreal-timeprop-
erties of the application[8] The runtime library’s
memoryfootprint is alsoreduced.

CIAO is acodegenerationtool developedto let GLADE
andAdaBroker interoperate[9]. It allows services
developedusingAda 95 DSA to beaccessedby any
CORBA-compliant client. This constitutesa first
steptowardsfull interoperabilitybetweenDSA and
CORBA.

DROOPI ’s objective is to defineandimplementa mid-
dleware able to provide various personalitiessuch as
DSA, CORBA or RMI. We aim to integrateall the es-
sentialfeatureslistedin section2.2.

Unlike othermiddlewaresthat canbe tailoredto sup-
port variouspersonalities(suchas Jonathanor Quarter-
ware), DROOPI ’s goal is to supportmultiple personali-
ties within the sameinstanceof a running middleware,
so asto provide interoperabilitybetweenobject-oriented
distributedapplications.

3 Ar chitecture of a generic middle-
ware

DROOPI ’s architectureis the resultof a researchprocess
drivenby theproblemof interoperatingdifferentdistribu-



tion platforms.TheCIAO projectshowedthatautomatic
generationof gateway componentscouldaddressthis is-
sueto a certainpoint. It alsooutlinedthat theofferedin-
tegrationwasnotasseamlessaswewouldhaveexpected.
Wethusdecidedto investigateappropriatemechanismsto
bridgethegapbetweenexistingmiddlewareplatforms.

3.1 Lessonslearned fr om the CIAO project

CIAO has successfullyallowed the generationof gate-
waysbetweendistribution platforms. However, this ap-
proachhasa numberof drawbacks.Somearerelatedto
thecurrentimplementation,but othersareessentialto the
approach.

Using a gateway to convert requestsfrom one plat-
form to the othermeansthatall requestswill have to go
througha bottleneck.Dependingon thesizeof theappli-
cation,this maybea majordrawbackin termsof perfor-
mance.Reliability is alsoatstake,becausethecomputing
nodeexecutingthegatewaybecomesasinglepointof fail-
ure.Both issuesmaybeaddressedby establishingseveral
gateways. This introducesanotherconcern:consistence
of the information usedby all gateways to translatere-
quests.It becomesdifficult to ensurethattranslatedobject
referencesdesignatingthesameDSA objectseenthrough
differentgatewaysareidenticalCORBA references,i. e.
to preserveobjectidentityacrossgateways.

TheCIAO approachalsorequiresapplicationdevelop-
ers to performspecificstepsto make distributed(DSA)
applicationopento CORBA clients. While mostof this
processis automated,it requiresa modificationto theap-
plicationto includetheproxyunitsin oneof its partitions.

Our currentinteroperabilityapproachprovidesa more
convenientway to make objectsdefinedwithin oneenvi-
ronmentavailablein another. Our objective is to enable
usersto definemiddlewarepersonalitiesboth at the “ap-
plicationlevel” andat the“ORB protocollevel”.

Theapplicationlevel is theinterfacebetweenanappli-
cationobject(clientor server) in adistributedsystem,and
its hostmiddleware. The“ORB protocollevel” is the in-
terfacewhereourgenericmiddlewarecommunicateswith
othermiddlewareusingtheirspecificcommunicationpro-
tocols.

3.2 Recurring services in distrib uted
object-orientedapplications

In this section,we presenta genericdescriptionof the
functionsthatonecanexpectto find in a distributedOO
platform;wethusprovideanarchitecturalmodelfor such
a platform, andwe show how CORBA andDSA canbe
interpretedas instancesof this model. This description
capturesthe commonstructuraland functionalelements
of distribution middlewares,in order to help structuring
a genericmiddlewareimplementationsupportingeachof
theseelementsundervariouspersonalities.

In this paperwe restrictourselvesto middlewaressup-
porting the distributedobjectparadigm. Otherdistribu-
tion models,suchasplain RPCor MessagePassing,can
be implementedin terms of distributed object oriented
primitives. An abstractmodelof the distributedOO ar-
chitecturethusnotionallyencompassesthoseotherarchi-
tectures.

Basicservicesofferedby distributionmiddlewarescon-
stitutean abstractionlayer over OperatingSystemcom-
municationfacilities.Thislayerhasto preservethefunda-
mentalpropertiesof theOOmodel:addressing(embody-
ing identity of objects), exchangeof requests(transport,
datarepresentation,requestprotocol,embodyingmethod
calls), and resourcemanagement(activation of objects,
requestsdispatching,embodyingobjectslife cycle).

We now describethesefunctionalareas:

Addr essing

Definition Eachobjectneedsto beassignedan ad-
dress(or reference). An addressis anpieceof
informationwhich canbepassedfrom nodeto
node,anddenotesoneparticularobjectunam-
biguouslyall over its existence.

Properties An addressmust be a global identifier
for an object. Addressesneedto designatean
objectunambiguously:they mustbe globally
unique.

Transport

Definition A nodemustbeableto establisha com-
municationlink to anobject. This link is used
to transmitrequestsfor theexecutionof object
methods.



Properties Messagesmustbereliablydelivered.

Marshalling

Definition Requestdata must be translatedinto a
representationsuitablefor transmissionover a
network.

Properties In order to build interoperableapplica-
tions, this representationhasto be previously
standardized.For instance,the middlewareat
the calling andreceiving endsof the commu-
nicationchannelhave to agreeon thesizeand
endiannessof integers.

Protocol

Definition The middleware implementsa protocol
for the transmissionof requestsamong in-
stancesof distribution runtimes.

Properties The fundamentalprimitives of a dis-
tributed objectsprotocol are Requestand Re-
ply, which areusedto implementremoteinvo-
cationof subprogramsandmethods.Abortion
of pendingrequestscan also be provided by
protocolprimitives.Furtherprimitivesmaybe
foundin particularplatforms;theseareusedto
performvarioushigh-level functions,andcan
be functionally understoodasrequestssentto
objectsthatarepartof theplatformimplemen-
tation.

Activation

Definition The middlewarehasto activateandde-
activatetheconcreteentitiesimplementingob-
jects. When a requestis received, it ensures
that theobjectreferenceis mappedontoanac-
tual object implementation. The middleware
may have to createan object implementation
on-the-fly, or to retrieve an object statefrom
persistentstorage.

Properties Eachrequestmustbe processedwithin
the correctcontext (including objectstateand
identity, historyof precedingrequests,etc.)

Dispatching

Definition When a requestreachesa node, it has
to be assignedonto an executionresource(a
threadof control) for processing.The distri-
bution runtimehasto find a suitablethreadon
thenode,or createoneif necessary.

Properties The dispatchingmechanismshouldnot
introducedeadlocks. If possible,it shouldpro-
cessrequestsfairly; requestprioritizationsup-
portmayalsobeprovided.

Thepreviously listedservicesaresufficient to provide
thecorefunctionalitiesof adistributionmiddleware.They
arebuilt atoptheoperatingsystemcommunicationfacili-
tiesandprovidedistributedobject-orientedabstractions.

However, applicationsoften requiresupportfor more
sophisticatedfunctionsrelatedto distribution:

Naming

Definition TheNamingserviceallows objectrefer-
encesto be associatedwith symbolic names,
and nodesto query the servicefor any refer-
enceassociatedwith a name.

Synchronization

Definition A synchronizationservicemay be pro-
videdto synchronizetheoperationof nodesex-
ecutingactionsin parallel.

Interface Repository

Definition An applicationmay needto invoke op-
erationson objects whose interface was not
known whenthe applicationwascreated.For
this invocation to be performedcorrectly, a
descriptionof the interfacemustbe available.
Thepurposeof InterfaceRepositoryServicesis
to propagatesuchinformation: they distribute
servicedescriptionsto interestednodes.

Properties Theabstractionsmanipulatedby theIn-
terfaceRepositoryservicemustreflecttheplat-
form’sservicemodel.
A dynamicinvocationmechanismis necessary
to usetheinformationprovidedby aninterface
repository. This facility enablesnodesto in-
voke dynamicallydiscoveredmethods.A dy-
namic invocationinterfacereifies the process



of creatingaremotemethodinvocationrequest.
After the requestobject is constructed,it can
be processedlike any ordinary methodinvo-
cationon a remoteobject;thereceiving object
cannotdistinguishdynamically-constructedre-
questsfrom statically-createdones.

Termination

Definition A distributedapplicationconsistsof aset
of computingnodesthat cooperateto reacha
goal. If, at somepoint in time, all nodesagree
that this goal hasbeenreached,they may de-
cide to globally terminateprocessingandper-
form anorderlyshutdown. A Terminationser-
vice canbeimplementedto establishthis deci-
sion.

Properties Suchaservicemustdetermineaconsen-
susamongparticipatingnodeson whetherto
end the application. The Terminationservice
providesasupportfor applicationsto makethis
decision. Implementationof this servicere-
quires specific supportfrom the ORB in ad-
dition to the low-level serviceslisted above.
Specifically, the implementationof the Termi-
nation serviceneedssomeway to inspectthe
stateof theORB’s internalthreadsof control.

Shareddata

Definition Nodesin a distributed applicationmay
want to sharepart of their data. A shared
dataserviceprovidessharedstoragetranspar-
ently for theapplicationdeveloper:distributed
shareddataappearslike normallocal data;the
distribution runtimetakescareof propagating
theeffectsof dataaccessbetweennodes.

Properties A sharedstorageservicemust provide
all nodeswith a consistentview of the shared
variables. Several modelsof consistency can
bedefined.

3.3 Ar chitecture summary and rationale

We propose to make use of a layered architecture
that decouplesapplication-level personalitiesfrom ORB
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Middleware core
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Figure 1: Overview of the DROOPI architecture

protocol-level personalitiesthrougha genericORB core
layer. The application-layerpersonalitiesare interfaces
presentedby the middleware to the applicationcompo-
nentsusing it: client andserver objects. Theseperson-
alitiesdependon codegeneratedfrom user-providedser-
vicedescriptionsto mappersonality-specificrequestssent
by clients objectsto server objectsfrom a personality-
dependentrepresentationto a personality-independent
one.

This representationis thenpassedto anORB protocol
personalityfor transmissionto thetargetobject.It should
be notedthat our architecturedoesnot imposeany con-
strainton the protocolpersonalityto be usedfor a given
applicationpersonality;both layers are entirely decou-
pled. This allows the architectureto offer interoperabil-
ity betweendistribution platformsasseenby application
developers.

This personality-independent,reified representationof
methodinvocationrequestsis very similar to theRequest
objectdefinedby theCORBA DynamicInvocationInter-
face. It is alsothe key point in avoiding a combinatorial
explosionwhen addingnew personalitiesto the generic
middleware. Adding a new setof applicationandproto-
col personalitiesonly requiresthedevelopmentof:

	 anapplicationpersonalitylibrary;

	 aprotocolpersonalitylibrary.

Adding a new personalityis thus a task of constant
complexity; this couldnot be achievedwith the gateway



generationapproach,where the complexity of support-
ing a new distribution platform would requirethe devel-
opmentof asmany gatewaysasexisting supportedplat-
forms.

Figure 1 summarizesthe proposedarchitecture. The
key-pointswe identifiedin 2.2areaddressedasfollows:

genericity This designcapturesthecommonbehaviours
thatarerepresentedin variousdistributionplatforms.
Thesebehaviours are implementedas commodity
componentsproviding servicesto othermiddleware
modules.An typical exampleis theelaborationof a
commongenericrepresentationfor requests.

patterns We usegeneric,reusablemodulesextensively.
Whenawell-known designpatternis encounteredin
thedesignof DROOPI, we reflectit theimplementa-
tion by the useof Ada 95 facilities suchasgeneric
unitsandabstracttaggedtypes.

customizability Our architecturedelineatesabstractin-
terfacesbetweencomponents,and allows several
concreteimplementationsof theseinterfacesto al-
low compile-timeandrun-timecustomizationof its
behaviour. This will alsoallow supportof multiple
platforms(nativecompiler, Java virtual machine).

envir onmentprofiles Multiple applicationprofiles will
besupportedthroughcustomizationof key resource
managementcomponents,suchas the memoryal-
locationsubsystem,or the taskcreation/destruction
subsystem.Thiswill allow thedefinitionof anORB
configurationcompatiblewith theRavenscarprofile.
A minimal subsetof CORBA, minimumcORBA [6],
hasbeendefinedby theOMG to run in such“light”
environments.

interoperability This architecturedecouplestheperson-
alitiespresentedto thelocal applicationandto other
middlewares (and henceother computing nodes):
objectscreatedwithin onepersonalityof thegeneric
middleware becometransparentlyavailable to any
client that usesa distribution platform for which a
correspondingprotocolpersonalityexists.

4 Conclusionsand futur eworks

DROOPI is a novel middleware that will allow interop-
erabilityof distributedobject-orientedapplicationsacross
distributionplatforms.Wehavecompletedthefirst stepof
this project,which consistsin the definition of a generic
middlewarearchitecture.This architectureintegratesand
extendsseveralaspectsof existing middlewares.

The implementationof this designhasstartedquickly,
thanksto the re-useof several modulesfrom previous
projects.We have integratedfrom the very beginningof
theprojecttheport to theJava virtual machineby devel-
opingconcurrentlyanativeversionandaJVM versionof
DROOPI. We take alsocareof usinga restrictive subset
of Ada 95 to ensurethecompatibilitywith commonreal-
time environmentprofiles.

To implementservicesthat make use of the generic
middleware, a code generatortranslating service de-
scriptions to the middleware’s internal, personality-
independentrepresentationis necessary. This phaseof
applicationdevelopmentis currentlyaddressedby ad-hoc
tools basedon theGLADE andAdaBroker codegenera-
tors. In the future, we will investigatenew solutionsto
providegenericcodegenerationfacilities,thusextending
thenotionof a genericmiddlewareto a completegeneric
distributedapplicationdevelopmenttool suite.

Like GLADE and AdaBroker, software developed
within the DROOPI projectwill be madeavailableto the
communityasa freesoftware product.
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