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Abstract

Using a middlewvare when designinga new distributed
applicationallows portability acrossnumepus softwae
andhardware architectuies,but introducesa new layer of
potentialincompatibilitiesdueto the existenceof various
middleware standads.

This paper presentghe architecture of DrRooPI (Dis-
tributed ReusableObject-OrientedPolymorphic Infras-
tructure). This project aims at definingand implement-
ing a modular middlevare emphasizingsoftwae reuse
customizabilitytowards ervironmentand applicationre-
guirementsand transpaentinteroperability throughthe
supportof multiple middlevare personalities. Someof
thesecapabilitiesmaybe foundin similar projects. Our
objectiveis to bring all thesepropertiesin a singleenvi-
ronment.enablingcommunicatiorbetweenvariouscom-
ponentausingdifferentmiddlevare standads.

1 Intr oduction

The emegenceof distributed applicationshasraisedthe
needfor portability acrossnumeroussoftware and hard-
ware architectures. A way to addressthis problemis
to use a middlevare when designinga new distributed
application. However, this solution introducesa new
layer of potentialincompatibilities: variousmiddlewvare
standardshave beendefined, which use different com-
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municationprotocols. Examplesof such standardsn-
cludeCORBA, theAda95DSA (DistributedSystemsin-
nex) andJava/RMI. Theseincompatibilitiesseriouslyim-
pairthereusabilityof distributedapplicationcomponents,
which remainisolatedin a givenervironment.

This interoperability problem may be solve caseby
caseusing specific gatavays betweentwo components.
However, this approachdoesnot promotereusability of
middlewarecode,andthusfailsto scaleto applicationsn
the large. Multi-personalitymiddlevareshave emeged
from the obsenation that much of a middlevares be-
haviour is independentof the personalityit assumes.
For example,the genericmiddlevare component®of the
Jonathamroject[5], canbe customizedor a given mid-
dlewarestrateyy (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 middlevarebasedon the
message-passingdjstribution paradigm). To resohe the
problemof interoperabilitywhichis notaddressedty the
two listed projects,we proposeto extend the conceptof
agenericmiddlewvareto supportmultiple personalitiesi-
multaneouslywithin a single executingmiddlewvare in-
stance.

This requiresa very flexible and customizabledesign.
Sucha designhasotherbeneficialeffectson middleware
properties.To ensurepredictability of a real-time,high-
integrity system,a programmeimmay want to restrictthe
computationamodel. For thisreasonAda 95 allows the



definition of profiles,which arepropersubset®f Ada 95
guaranteeingime efficiency anddeterminismat compile
time. Existing profilesdo not addresglistribution issues,
but they provide pertinentrestrictionson languagefea-
turesthat onecanuseto implementlightweight configu-
rationsof agivenmiddleware.

Our objective is to designand implement DROOPI,
a Distributed ReusableObject-Oriented?olymorphicin-
frastructure.DROOPI aimsto build, usingour experience
asmiddlewareimplementorsa modularmiddlevare de-
signemphasizingoftwarereuse customizabilitytowards
ervironmentand applicationrequirements,and includ-
ing the supportof transpareninteroperabilitythroughthe
supportof multiple middlewarepersonalities.

This paperpresentgshe DrRooPI architecture.Section
2 presentsimilar projectsandsketcheghe mainfeatures
we wantto implement. Then,section3 describeghe ar
chitecturewe have elaboratedfor DrRooPI before con-
cludingremarks.

2 Stateof the art

2.1 Implementation of platform-specific

middlewares

Thesepastyearswe havedevelopedwo middlevaresm-
plementingwo differentdistributedobject-orienteanod-
els. Both middlevaresare targetedto work with the
programminglanguageAda 95. Ada 95 is the first
standardizedbject-orientedlanguage(ANSI/ISO/IEC-
8652:1995).

It is alsothefirst standardizedanguagencluding dis-
tribution features. The Ada 95 Distributed SystemsAn-
nex (DSA) providesan interestingapproachto distribu-
tion: existing constructsfor separatiorof interfaceand
implementatiorareextendedwith distribution semantics;
all existing propertiesof thelanguagearepresered.

A greateffort wasledby AdaCoreTechnologiegACT)
to provide the Ada communitywith a free high-quality
Ada 95 compilercalled GNAT. This compiler, which im-
plementshe core Ada 95 languageaswell asall the op-
tional annees, belongsto the GCC family and sharesdts
backendwith C andC++ compilers.As othercompilers
from the GCC suite,GNAT supportanary native andcross
configurations.

In collaborationwith ACT, we developed GLADE,
the only certified conforming implementationof DSA.
GLADE is availableunderthe samefree licenseasGNAT.
It has beendesignedfor this particular compiler but
shouldbe portableto any Ada 95 compilationerviron-
mentwith minimal efforts.

Then,the OMG CORBA modelbecomegpopular This
modelhasan outstandingnteroperabilityarchitecturejt
addressethe needfor interoperabilitybetweensoftware
componentdevelopedusing various languageson dis-
cretemachinearchitectures.

Thanksto our previous experiencein developing the
GLADE middlewvare,we have developedAdaBrolker, the
unigue free CORBA ervironmentproviding an Ada 95
mapping. This project provides a translator with a
full Ada950RB. ThisincludesaPortableObjectAdapter
(giving applicationdevelopersa tool-independentfine-
grainedcontrol over the managementf objectswithin a
sener) andall the basicOMG CommonObjectServices
(COS)aswell.

UsingaJava Virtual Machine(JVM) createsnnovative
possibilitiesfor distribution (codemigration,stubsdown-
load). TheJVM canalsobeeasilyprogrammedn Ada95,
for examplewith the JIGNAT compiler[1].

We thus also consideredSuns Java/RMI (Remote
Method Invocation). However, its approachto distribu-
tion is very classicanddoesnotintroducenew ideasbe-
yond featuresalreadypresenin CORBA or DSA. Work
is in progresswithin the OMG to integrate RMI as a
subsetof CORBA [7]. Furthermorethe RMI distribu-
tion modelexhibits severeshortcomingsalthoughthein-
tent of the RMI specificationis to provide distribution-
transparentemoteinvocation, Java languagesemantics
cannotbe preseredcorrectlyin adistributedcontext [2].

2.2 Aspectsof a genericmiddleware

From our experienceas implementorsof GLADE and
AdaBroker, we have identified common architectural
characteristicof the DSA and CORBA distribution plat-
forms. Both fit in a much more generalmodel encom-
passingmary object-orientedistribution platforms. We
thereforeendeaoredto formally definea genericmiddle-
warearchitecturedbasedon that model,with anemphasis
onthefollowing essentiafeatures:



genericity The middleware shall factor out common TAO is a modular ORB whosedesignis basedon the

componentshatcanbe sharedamongdifferentper
sonalities Exampleof suchcomponentincludethe
managemendf ervironmentresourcesuchascon-
trol threadsanddatatransportendpoints.

patterns Aspects of common or personality-specific
componentghat correspondo well-known design
patternsshall be identified, and their implementa-
tionsshallreflecttheir affiliation to agenericdesign.

customizability The middleware shall enableusersto
control and tailor its functionality according to
his specific purposesand applicationrequirements.
They will thusbeableto controltheresourcausage
aswell asaspect®f middlevareoperationgsuchas
the choiceof a particularcommunicationprotocol)
to fit their specificrequirements.

environmentprofiles Proper subsets of middleware
functionalitiesshall be definedto satisfy real-time
propertiesand exhibit predictablebehaiours. For
example,we planto provide a minimal implementa-
tion with no useof non-deterministidgaskingprim-
itives as identified by the Ravenscarprofile for
real-time, high-integrity systems[4]. A subsetof
CORBA for embeddedystemsdasalreadybeende-
finedwith similar objectves: minimumCORBR [6].

interoperability The middlewvare shall allow objectsto
interoperateregardlessof whetherthey are imple-
mentedusingthe samedistribution platform, or dis-
creteones. A sener objectcreatedin a given plat-
form shall thus be accessibleby clients using ary
otherplatform.

2.3 Relatedprojects

Thefollowing projectsexemplify theidentifiedfeatures:

Jonathan is adistributedprocessingnvironmentfor the
Java Virtual Machinewhich offersthe possibility to
integratevarioustypesof bindingsbetweenobjects
in an application[5]. Jonatharsupportsa CORBA
anda Java/RMI personalityusinga genericdistribu-
tion kernel.

penasie useof patterng[10]. Patternshelpto re-
ducethecompleity andimprove themaintainability
of the ORB. An ORB with a modularpattern-based
designsuchasTAO alsoprovesto be moreextensi-
ble andevolvablethana corventionalORB.

Quarterwar e adoptsa CORBA-like model to offer a
component-basethiddlevare[11, 3]. This design
allows specializatiorandoptimizationto fit require-
mentsof a particularapplication. Quartervare can
endorseseveralpersonalitieswhich providethecore
facilities of other existing middlewares: CORBA,
Java/RMI andMPI.

GLADE comprisesa configurableinter-task synchro-
nization library that can transparentlyoffer no-
operationplaceholdeimplementationgor synchro-
nization primitiveswhenthereis only onetaskin a
partition. Avoidingtheuseof languageaskingprim-
itivesimprovesthepredictabilityandreal-timeprop-
erties of the application[8] The runtime library’s
memoryfootprintis alsoreduced.

CIAO isacodegeneratiortool developedto let GLADE
and AdaBroler interoperatg9]. It allows services
developedusingAda 95 DSA to beaccessethy ary
CORBA-compliant client. This constitutesa first
steptowardsfull interoperabilitybetweenDSA and
CORBA.

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

Unlike othermiddlewvaresthat canbe tailoredto sup-
port various personalitiegsuchas Jonatharor Quarter
ware), DROOPI's goal is to supportmultiple personali-
ties within the sameinstanceof a running middlevare,
so asto provide interoperabilitybetweenobject-oriented
distributedapplications.

3 Architecture of a generic middle-
ware

DRroorI's architecturds the resultof aresearchprocess
drivenby the problemof interoperatinglifferentdistribu-



tion platforms. The CIAO projectshovedthatautomatic
generatiorof gatavay componentgould addresghis is-
sueto a certainpoint. It alsooutlinedthatthe offeredin-
tegrationwasnotasseamlesaswe would have expected.
Wethusdecidedo investigateappropriatanechanismso
bridgethe gapbetweerexisting middlevareplatforms.

3.1 Lessondearnedfrom the CIAO project

CIAO has successfullyallowed the generationof gate-
ways betweendistribution platforms. However, this ap-
proachhasa numberof drawbacks. Somearerelatedto
the currentimplementationbut othersareessentiato the
approach.

Using a gatevay to corvert requestsfrom one plat-
form to the othermeansthatall requestswill have to go
througha bottleneck.Dependingon the sizeof the appli-
cation, this may be a major dravbackin termsof perfor
mance Reliability is alsoat stale, becaus¢he computing
nodeexecutingthegatevay becomes singlepointof fail-
ure.Bothissuesnaybeaddressetly establishingeveral
gatevays. This introducesanotherconcern:consistence
of the information usedby all gatevaysto translatere-
guestslt becomedlifficult to ensurahattranslatedbject
referenceslesignatinghesameDSA objectseerthrough
differentgatevaysareidentical CORBA referencesi. e.
to presere objectidentity acrosgjatavays.

The CIAO approactalsorequiresapplicationdevelop-
ersto perform specificstepsto malke distributed (DSA)
applicationopento CORBA clients. While mostof this
procesds automatedit requiresa modificationto the ap-
plicationto includetheproxy unitsin oneof its partitions.

Our currentinteroperabilityapproactprovidesa more
corvenientway to make objectsdefinedwithin oneervi-
ronmentavailablein another Our objective is to enable
usersto definemiddleware personalitiedoth at the “ap-
plicationlevel” andatthe“ORB protocollevel”.

Theapplicationlevel is theinterfacebetweeran appli-
cationobject(clientor sener)in adistributedsystemand
its hostmiddleware. The“ORB protocollevel” is thein-
terfacewhereour genericmiddlevarecommunicatesvith
othermiddlewareusingtheir specificcommunicatiorpro-
tocols.

3.2 Recurring sewices in distributed

object-oriented applications

In this section,we presenta genericdescriptionof the
functionsthat onecanexpectto find in a distributed OO
platform;we thusprovide anarchitecturamodelfor such
a platform, andwe shov how CORBA andDSA canbe
interpretedas instancesof this model. This description
captureghe commonstructuraland functional elements
of distribution middlewares,in orderto help structuring
a genericmiddlevareimplementatiorsupportingeachof
theseelementsindervariouspersonalities.

In this paperwe restrictoursehesto middlevaressup-
porting the distributed object paradigm. Other distribu-
tion models,suchasplain RPCor MessagdPassing,can
be implementedin terms of distributed object oriented
primitives. An abstractmodelof the distributed OO ar
chitecturethusnotionallyencompasseoseotherarchi-
tectures.

Basicserviceofferedby distributionmiddlevarescon-
stitute an abstractionayer over OperatingSystemcom-
municatiorfacilities. Thislayerhasto preserethefunda-
mentalpropertieof the OO model: addressindembody-
ing identity of objectg, exchangeof requestgtransport,
datarepresentatiorrequestprotocol,embodyingmethod
calls), and resourcemanagemengactivation of objects,
requestslispatchingembodyingobjectslife cyclg.

We now describghesefunctionalareas:

Addressing

Definition Eachobjectneedsto be assignedhn ad-
dress(or refeilencg. An addresss an pieceof
informationwhich canbe passedrom nodeto
node,anddenoteone particularobjectunam-
biguouslyall overits existence.

Properties An addressmustbe a global identifier
for anobject. Addresseseedto designatean
objectunambiguously:they mustbe globally
unigue

Transport

Definition A nodemustbe ableto establisha com-
municationlink to anobject. Thislink is used
to transmitrequestdor the executionof object
methods.



Properties Messagesustbereliably delivered. Definition When a requestreachesa node, it has

to be assignedonto an executionresource(a

Marshalling threadof control) for processing. The distri-

bution runtime hasto find a suitablethreadon
thenode,or createoneif necessary

Properties The dispatchingmechanisnshouldnot

Definition Requestdata must be translatedinto a
representatiosuitablefor transmissiorover a

n rk. ) o
eFV\D - _ introducedeadocks. If possiblejt shouldpro-
Properties In orderto build interoperableapplica- cessrequestdairly; requestprioritization sup-
tions, this representatiomasto be previously portmayalsobe provided.

standardized For instance the middlevare at
the calling andrecevving endsof the commu-  The previously listed servicesaresufficient to provide
nicationchannelhave to agreeon the sizeand thecorefunctionalitiesof adistributionmiddlevare. They
endiannessf integers. arebuilt atopthe operatingsystemcommunicatiorfacili-
tiesandprovide distributedobject-orientedbstractions.
Protocol However, applicationsoften require supportfor more

sophisticatedunctionsrelatedto distribution:
Definition The middlewvare implementsa protocol

for the transmissionof requestsamongin- 'Naming

stancesf distribution runtimes. Definition The Namingserviceallows objectrefer
Properties The fundamentalprimitives of a dis- encesto be associatedvith symbolic names,

tributed objectsprotocol are Requestand Re- and nodesto query the servicefor ary refer

ply, which areusedto implementremoteinvo- enceassociateavith aname.

cationof subprogramsindmethods.Abortion

of pendingrequestscan also be provided by Synchronization

protocolprimitives. Furtherprimitivesmay be Definition A synchronizatiorservicemay be pro-
foundin particularplatforms;theseareusedto videdto synchronizeheoperatiorof nodesex-
perform varioushigh-level functions,and can ecutingactionsin parallel.

be functionally understoodas requestssentto _
objectsthatarepartof the platformimplemen- Interface Repository

tation. Definition An applicationmay needto invoke op-
Activation erationson objects whose interface was not
known whenthe applicationwas created. For
Definition The middleware hasto actvate and de- this invocation to be performedcorrectly a
activatethe concreteentitiesimplementingob- descriptionof the interfacemustbe available.
jects. Whena requestis receved, it ensures Thepurposeof InterfaceRepositoryServicess
thatthe objectreferencds mappecbntoanac- to propagatesuchinformation: they distribute
tual objectimplementation. The middleware servicedescriptiondo interestechodes.
may have to createan objectimplementation Properties The abstractionsnanipulateddy the In-
on-the-fly or to retrieve an object statefrom terfaceRepositoryservicemustreflecttheplat-
persistenstorage. form’s servicemodel.
Properties Eachrequestmustbe processeavithin A dynamicinvocationmechanisnis necessary
the correctcontext (including objectstateand to usetheinformationprovidedby aninterface
identity, history of precedingequestsetc.) repository This facility enablesnodesto in-

voke dynamicallydiscoreredmethods. A dy-
Dispatching namic invocationinterface reifies the process



of creatingaremotemethodnvocationrequest.
After the requestobjectis constructedjt can
be processedike ary ordinary methodinvo-

cationon a remoteobject;the receving object
cannotdistinguishdynamically-constructeck-

questdrom statically-creatednes.

Termination

Definition A distributedapplicationconsistof aset
of computingnodesthat cooperateto reacha
goal. If, at somepointin time, all nodesagree
that this goal hasbeenreachedthey may de-
cide to globally terminateprocessingand per
form anorderly shutdavn. A Terminationser
vice canbeimplementedo establistthis deci-
sion.

Properties Suchaservicemustdetermineaconsen-
susamongparticipatingnodeson whetherto
endthe application. The Terminationservice
providesasupportor applicationdo makethis
decision. Implementationof this servicere-
quires specific supportfrom the ORB in ad-
dition to the low-level serviceslisted above.
Specifically the implementatiorof the Termi-
nation serviceneedssomeway to inspectthe
stateof the ORB’s internalthreadsof control.

Shared data

Definition Nodesin a distributed applicationmay
want to sharepart of their data. A shared
dataserviceprovides sharedstoragetranspar
ently for the applicationdeveloper:distributed
shareddataappeardik e normallocal data;the
distribution runtime takes careof propagating
theeffectsof dataaccesbetweemodes.

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

3.3 Architecture summary and rationale

We proposeto make use of a layered architecture
that decouplesapplication-leel personalitiefrom ORB

[ Application components}

Z Z =
- Application personalities——

Profiles
(Ravenscar, minimumCORBA|
Multiple platform supporll
(JVM, native)
Customizable runtimII

Middleware core

S S
Protocol personalities £
I S

= N S

Other middleware

Figure 1: Overview of the DROOPI architecture

protocol-level personalitiegshrougha genericORB core
layer The application-layeipersonalitiesare interfaces
presentedby the middleware to the applicationcompo-
nentsusingit: client and sener objects. Theseperson-
alitiesdependon codegeneratedrom userprovided ser
vice descriptiongo mappersonality-specificequestsent
by clients objectsto sener objectsfrom a personality-
dependentrepresentationto a personality-independent
one.

This representatiois thenpassedo an ORB protocol
personalityfor transmissiorio the targetobject. It should
be notedthat our architecturedoesnot imposeary 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-independentgified representatioof
methodinvocationrequestss very similar to the Request
objectdefinedby the CORBA Dynamiclnvocationinter-
face. It is alsothe key pointin avoiding a combinatorial
explosionwhen addingnew personalitiego the generic
middleware. Adding a new setof applicationand proto-
col personalitie®nly requireshe developmenbf:

e anapplicationpersonalitylibrary;
e aprotocolpersonalitylibrary.

Adding a new personalityis thus a task of constant
compleity; this could not be achiezed with the gatevay



generationapproach,wherethe complexity of support-
ing a new distribution platform would requirethe devel-
opmentof asmary gatevaysas existing supportedplat-
forms.

Figure 1 summarizeghe proposedarchitecture. The
key-pointswe identifiedin 2.2 areaddressedsfollows:

genericity This designcaptureshe commonbehaiours
thatarerepresenteth variousdistribution platforms.
Thesebehaiours are implementedas commaodity
componentproviding serviceso othermiddlevare
modules.An typical exampleis the elaboratiorof a
commongenericrepresentatiofor requests.

patterns We usegeneric,reusablemodulesextensiely.
Whenawell-known designpatternis encountereth
the designof DrRooPI, we reflectit theimplementa-
tion by the useof Ada 95 facilities suchas generic
unitsandabstractaggedypes.

customizability Our architecturedelineatesabstractin-
terfacesbetweencomponents,and allows several
concreteimplementationf theseinterfacesto al-
low compile-timeandrun-time customizatiorof its
behaiour. Thiswill alsoallow supportof multiple
platforms(native compiler, Java virtual machine).

environmentprofiles Multiple applicationprofiles will

be supportedhroughcustomizatiorof key resource

managementomponentssuch as the memory al-

location subsystemor the task creation/destruction

subsystemThiswill allow the definitionof anORB
configurationcompatiblewith the Ravenscarprofile.
A minimal subsetof CORBA, minimumcORA [6],
hasbeendefinedby the OMG to runin such“light”
ervironments.

interoperability Thisarchitecturedecoupleshe person-
alities presentedo thelocal applicationandto other
middlewares (and hence other computing nodes):
objectscreatedwithin onepersonalityof the generic
middleware becometransparentlyavailable to ary
client that usesa distribution platform for which a
correspondingprotocolpersonalityexists.

4 Conclusionsand futur e works

DRroor! is a novel middleware that will allow interop-
erability of distributedobject-orientedpplicationsacross
distribution platforms.We have completedhefirst stepof
this project,which consistsin the definition of a generic
middlewarearchitecture This architecturéntegratesand
extendsseveralaspect®f existing middlewares.

Theimplementatiorof this designhasstartedquickly,
thanksto the re-useof sereral modulesfrom previous
projects. We have integratedfrom the very beginning of
the projectthe port to the Java virtual machineby devel-
opingconcurrentlya native versionanda JVM versionof
DroopI. We take alsocareof usinga restrictve subset
of Ada 95 to ensurehe compatibility with commonreal-
time ervironmentprofiles.

To implementservicesthat make use of the generic
middleware, a code generatortranslating service de-
scriptions to the middlewvares internal, personality-
independentepresentatioris necessary This phaseof
applicationdevelopments currentlyaddressetly ad-hoc
tools basedon the GLADE and AdaBroker codegenera-
tors. In the future, we will investigatenew solutionsto
provide genericcodegeneratiorfacilities, thusextending
the notion of a genericmiddlewareto a completegeneric
distributedapplicationdevelopmentool suite.

Like GLADE and AdaBroker, software developed
within the DrRooPI projectwill be madeavailableto the
communityasa freesoftwae product.
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