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Abstract

Real-timeCORBA is a middlevare standad that has
demonstated successesn developing distributed, real-
time andembeddedDRE) systemsCustomizingeal-time
CORBA for anapplicationcanconsideably reducethesize
of the middlewvare and improve its performance However,
customizingniddlevareis an error-pronetaskandrequires
deepknowled@ of the CORBA standad aswell asthe mid-
dleware design. This paperpresentsZEN-kit, a graphical
tool for customizingRTZen(an RTSJ-basedmplementa-
tion of real-time CORBA). This customizatioris achieved
throughmodularizingthe middlevare sothat featuesmay
be insertedor remaved basedon the DRE applicationre-
guirements.This paper presentshree main contributions:
1) it describesiowreal-timeCORBA featuescanbemodu-
larizedandcon guredin RTZenusingcomponentsndas-
pects,2) it providesa con guration strategy to customize
real-time middlevare to achieve low-footprint ORBs,and
3) it presentZEN-kit,a graphicaltool for composingcus-
tomizedreal-timemiddlevare.

1. Intr oduction

Computerapplicationssystemghat are both distributed
andembeddedire becomingincreasinglyimportantin ap-
plicationareassuchastelecommunicationspbotics trans-
portation, and military commandand control systems.
Marny of thesesystemshave real-timerequirementaswell,
andare known asdistributed, real-time,embedded DRE)
systems.Due to their multiple constraintsacrossdifferent
dimensionof performanceDRE systemsareharderto de-
velop, maintain,and evolve than mainstreandesktopand
enterprisesoftware. DRE systemsmposestringentqual-
ity of service(QoS) constraints. Real-timeperformance,
for example,imposesstrict constraintaiponbandwidth la-
teng, and dependability Moreover, mary embeddedie-
vices must operateunder memory processqgrand power

limitations.

DifferentDRE applicationshave differentrequirements
and middleware that addressesll theserequirementsan
consumesigni cant amountof systenresourcesndmay
causemary restrictionsfor DRE applications. An obvi-
ous solution for this problemis to have customizedmid-
dleware for eachspeci c application[13]. By con gur-
ing a middleware for an application,we only include the
featuresrequiredfor that applicationand the rest of fea-
tures are excluded from the middleware structure. This
approachreducesresourceconsumptiorandincreaseghe
overallperformancef thesystem Althoughstandardsuch
asCORBA [18] have emegedandhave provensuccessful,
customizingmiddlewareis noteasyandthedevelopemeeds
to have a deepunderstandingf theimplementatiordetails
of the middleware. Issuessuchas dependenciebetween
differentmodulesshouldbe understoodaind addressedbe-
foreachiezing acceptableustomizableniddlevare.To this
end, our researchfocuseson improving the ease-of-usef
standards-baseget fully customizableeal-time CORBA
middleware.

RTZen [1] is a Java implementationof the real-time
CORBA speci cation [17]. However, becauseof unpre-
dictability issuesof the standardJava language RTZen is
implementedusing the Real-Time Speci cation for Java
(RTSJ)[30]. RTZenensurepredictabilityatthe ORB level
andmaintainamuchof Java's easeof useby shieldingRTSJ
compleities from the middlewareuser

In this paperwe describehow we cancustomizeRTZen
for differentapplicationsto reducememoryfootprint and
improve overall performance. We introducecomponents
and aspectsas tools to modularizeour real-time middle-
wareandpresenta conditionalcompilationstrateyy to cus-
tomizeRTZenfor differentapplications Differentfeatures
of RTZenthatcanbemodularizedascomponentsr aspects
are presentedand customizationof RTZen basedon these
featureds discussed Anothercontribution of this paperis
ZEN-kit, agraphicaltool for applyingthedescribedon g-
urationapproacho RTZen. ZEN-kit providesa graphical



ervironmentfor applicationdeveloperso easilycustomize
RTZen middlewvarebasedof the requirement®f their spe-
ci ¢ applicationswithout having a deepknowledgeof the
implementatiorof RTZen.

The rest of the paperis organizedas follows. In the
next sectionwe give an overvien of RTZen. Section3 de-
scribesthe con guration strateyy for customizingRTZen.
Sectiond presentshefeaturesof RTZenwhich canbeused
for customization.ZEN-kit andits functionalitiesare pre-
sentedn Section5. Section6 presentsan exampleof cus-
tomizationof RTZen using ZEN-kit. Section7 presents
somerelatedwork andSection8 concludeghe paper

2 Overviewof RTZen

RTZen [1] is an RTSJ implementationof a real-time
CORBA ObjectRequesBroker (ORB). Real-timeCORBA
is an openmiddlewvare standardfor real-timeapplications
from the OMG that canbe usedto allocate,scheduleand
controlresourceso addres®oSrequirement®f DRE sys-
tems.

UsingJava astheprogramminganguageprovidesmary

adwantagesuchassimplicity and platformindependence.

By implementingniddlevarein Java, we canleveragehese
bene tsin ourapplicationsHowever, Jasaintroduceshal-
lengedfor real-timesystemghatneeda high degreeof pre-
dictability. One of the main causesof concernis Java's

garbagecollectorthatmay causeanunboundedriority in-

versionhencereducingpredictability To addresshis chal-
lenge theReal-Time Speci cationfor Java (RTSJ)hasbeen
developedto allow Java programsto be usedfor real-time
systems. RTSJintroducesnew typesof memoryregions
(immortalandscopedgndreal-timethread€o decreasthe
needfor agarbagecollector

RTZen has beendesignedto comply with the restric-
tions imposedby RTSJ. It eliminatesthe unpredictabil-
ity causeddy garbagecollectionandimpropersupportfor
threadschedulinghroughthe useof appropriatelatastruc-
tures, threadingmodels,and scopedmemoryareaswhich
areprovided by RTSJ.RTZen ensuregredictabilityat the
ORB level and maintainsmuch of Java's easeof useby
shieldingRTSJ compleities from the middleware user It
alsoexploitsthe memorymanagemenrfeatureof RTSJ.In
fact, no heapmemoryis usedin the designof RTZenand
all the objectsareallocateckitherin theimmortalor scoped
memoryareas.

RTZenmaintainghedesignarchitectureof our previous
work, ZEN [13], whichis basedn thelayeredpluggability
modelillustratedin Figure 1. This designarchitectureal-
lows ORB componentso be factoredout of the ORB core
to reducemiddlevarememoryfootprint. This con gurable
architecturealsoallows RTZento be customizedor differ-
entapplications. RTZen hasan ORB kerneland different

protocolsand featurescan be pluggedinto or out of this
kernel basedon applicationrequirements. Each of these
featuresin turn canbe con gured with one or more plug-
gableoptions.
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Figure 1. The plug gable micr o-ORB architecture of RTZen

3 Con guration Strategy

The CORPBA standardsupportsawide rangeof applica-
tion domains;by de nition, standardsrenot usefulunless
they meetthe needsof a wide rangeof applications. Yet
eachspeci ¢ applicationtypically needsonly a small sub-
setof middlewarefeatures.For example,while a senerre-
guiressomePortableObject Adapter(PQA) functionality,
a pureclient doesnot. The removal of unneededeatures
reducegshememoryutilized by themiddleware , which may
bevaluableto DRE applicationdeveloperslt wouldalsobe
valuableto provide the applicationdeveloperswith aneasy
mechanismto con gure non-functionalpropertiessuchas
real-timememorymanagemenandsynchronizatiorof the
DRE application.

Pastexperiencehasshowvn thatthe rst steptoward de-
veloping customizableCORBA middlevareis to basethe
designon patternsto resohe commondesignforces,and
separateoncernsffectively [25]. Pluggabledesignframe-
works, suchasthe pluggableprotocol framawork [19], al-
low removal of portionsof themiddlewvarenotnecessarfor
a particularapplication,andthusallow for reductionof the
middlewarefootprint.

The pluggablearchitectureof RTZen allows the appli-
cationdeveloperto add desiredfeaturesto the core of the
ORB. To supportthis goal, we implementa stratgy based
on conditionalcompilationof the customRTZenORBii.e.,



we staticallybuild the customversionof RTZen by includ-
ing the featuresbasedon the requirementof the applica-
tion.

In contrastto conditional compilation, dynamic class
linking and loading provides feature subsettingautomati-
cally. The rst versionof ZEN usedthis approach[13].
With this approachpnly a small ORB kernelis loadedin
memory with variouscomponentdinked and loadeddy-
namicallyon demandasrequiredby the needsof the spe-
ci ¢ application. This approachreducesfootprint signif-
icantly, increasesextensibility, and is particularly useful
whenthe needsof the applicationare not known aheadof
time. However, the limitation of this approachss that on-
demandynamiclinking is asourceof unpredictability un-
acceptablen real-timesystems.Moreover, dynamiclink-
ing maynotbeavailableor appropriatdor someembedded
systems.A static con guration tool for CORBA ORBsis
thereforeneededo allow applicationdevelopersfull con-
trol over featuresubsetting,as requiredby real-timeand
embeddedystemsyet still beeasyto use.

In order to supportconditional compilation basedon
features,we rst identi ed featulesof core and real-time
CORBA that can be representedn software as modules
Thesemodulescaneitherbe pluggedinto the ORB coreor
not basedon the users applicationrequirementsWe used
two mechanismsn orderto createa modularstructureof
RTZen that canbe customizedstatically First, we modu-
larizedfeaturesthat areimplementedas pluggableclasses
or packagesnto componentsRTZencomponentaresoft-
waremodulesthatmayvary in internalimplementatiorbut
have a standardwvay in which they interfacewith the ORB
core. The componentdesignallows the developerto add
different implementationsof a feature, such as different
GIOP versions,TransportProtocols,or IOR Parsersto the
RTZen core. This mechanismalso providesa framewnork
for RTZento beextendedto includenewer featuresasthey
areimplemented.

The second mechanismthat we used was Aspect-
orientedprogrammingAOP)[10, 33]. Somefeaturessuch
asportableinterceptorandreal-timememorymanagement
arecross-cuttingconcernsthatis, codefor thesefeatureds
scatteredhroughoutthe ORB core. Using AOP in addition
to apluggablecomponentesignmaximizeghemodularity
of the ORBIin orderto allow subsettingf cross-cuttindea-
tures.Somerefactoringof theRTZencodewasnecessario
bedonebeforetheaspectsouldbeapplied;thisis however,
awell-known issueof aspect-orientegrogramming16].

We integrated the two mechanisms,namely feature-
based modularization and aspect-orientedorogramming
into a con guration tool that can be usedto producecus-
tomreal-timeJara ORBsfor DRE applications.Thetool is
describedn Sectionb.

4 Con gurable Featuresof RTZen

This sectiondescribescore andreal-time CORBA fea-
turesthat make RTZen con gurable. In orderto provide a
morecompletepicture,potentialcon gurablefeatureqd13]
areincludedandtheir cateyorizationis presented.

4.1 CurrentCon gurable Features

GIOP MessageHandling: TheGeneralnter-ORBPro-
tocol (GIOP) de nes the format of message®xchanged
betweenCORBA-compliant ORBs. Thereare four GIOP
versionsanda full implementatiorof GIOP Messaginge-
guiresnumerousnethodsanddemandprogramspacq12].
Many applicationsijn particular embeddeanesneedonly
a few GIOP methods;for example, pure seners (clients)
only require a requestreader (writer) and reply writer
(reader).Furthermoremary applicationsuseonly onever-
sion of GIOR Frequentlythe behavior of a particularpro-
gramis known beforehand,sodevelopersusingRTZencan
include only the necessargupportof GIOP Messagingat
compilationtime.

Transport Protocols: GIOP messagesanbe transmit-
tedusingavariety of transportprotocols(e.g. TCRP, UNIX-
domainsocletsand RTP). For a single protocolthereare
about ve differentclassegclient-orientedsener-oriented
andcommonclasses)gachcontainingafew methods Typ-
ically, several tens of classesare neededto handle the
mostcommonprotocols.Usingthe RTZen's pluggablede-
sign [13], developerscaninclude only the neededclasses
for therequiredprotocolsin the custommiddlevare.

RTZencurrentlysupportdIOP (Internetinter-ORB Pro-
tocol) andaserialcommunicatiorprotocol,andothertrans-
port protocolswill be supportedn nearfuture.

Portable Object Adapter: A PortableObject Adapter
(PQA) mapsclient requestdo the appropriatesenantin a
CORERA sener. Pureclientsneedno PQA, thusthe code
requiredto supportPQAs canbe omitted.

Portable Inter ceptors: PortableInterceptorsprovide
interceptionpoints which de ne stageswithin the request
and reply sequenceand are usedin CORBA Services
(e.g. SecurityService). Much of the codeassociatedvith
Portablelnterceptords scatteredhroughoutthe ORB and
is resistanto modularizatiorwith the object-orienteglug-
gablecomponentlimensiorof RTZen'sdesign20]. There-
fore,we areusingAspectJ9] to modularizePortablelnter-
ceptors,so that they neednot be includedif they are not
requiredby eitherthe sener or theclient.

Protocol Con guration: Real-time CORBA enables
the selection and con guration of communicationpro-
tocols on the client and sener side using Policy types
basedon a commoncon guration framewvork. The com-
municationprotocol is chosenaccordingto the speci ed



order of preference. Parametersof the TCP protocol
(such as send _buffer _size , recv _buffer _size ,
and keep _alive ) may also be con gured using the
ProtocolProperties interface. Aspectsmay be used
to selectthe orderof preferenceof the transportprotocols,
aswell asto con gure their parameters.

4.2 Potential Con gurable Features

Any Handlers: The Any datatypeis usefulfor generic
services(e.g. Noti cation Service)becausedt canhold an
instanceof ary datatype, but Any methodsconsumesig-
ni cant space Many DRE systemslo notrequireAny data
types,sonotincludingsupportor thisfeatureprovidescon-
siderablesavings.

IOR Parsers: CORBA supportsa variety of formatsfor
InteroperablébjectReference§lORs)to allow objectref-
erencesgo comefrom les, web pages,location services
or other sources. DifferentIOR formatsrequiredifferent
methodsfor parsingand handling. Typically, embedded
applicationsonly requirea small subsetof theseformats.
Consequenthsupportfor the remainingformatsneednot
beincluded.

Threadpools: Threadpoolsare an important feature
of real-time CORBA becausehey allow control over the
amountof resourcesdedicatedto concurreng and queu-
ing. Their con gurability hastwo dimensionsthe rst di-
mensioncompriseghe style for creatingthreadpoolgwith
or without “lanes'), their parametewalues(e.qg., priority,
numberof staticand dynamicthreads stacksize allowing
borraving andallowing requestbuffering), andthe associ-
ation of threadpoolsvith PQAs. The secondoneis related
to the threadpoolstratgly employed, and [24] describes
several alternatves. For example,insteadof the modi ed
Half-Sync/Half-Asyncstratgly implementedin RTZen, a
developermaydecideto usea Reactorbasedstratgyy when
eventsonly requirea shortamountof timeto process.

Explicit Binding: In order to improve appli-
cation predictability developers can invoke the
CORBA::Object::validate _connection oper
ation on the objectreferencesluring systeminitialization
forcing ary bindingrelatedoverheado occuraheadof the
rst invocationon anobjectreference.

Invocation Timeout: In some real-time distributed
applications(e.g. dataacquisition)clients can only wait
for repliesfor a speci ¢ amountof time in orderto pre-
sene the timeliness (and responsieness)of the entire
application. After this amountof time, a client cancels
the request(and discardsthe reply, if it returnedfrom
the sener) without degradingseverely the computatiorre-
sults' quality or applicationsfunctionality. By meanof the
Messaging::RelativeRoundtripTimeo utPoli cy,
real-time CORBA allows clientsto seta timeout for the

receiptof a reply to synchronousr asynchronougnvoca-
tions.

Dynamic Scheduling: Dynamic Schedulingis a real-
time CORBA optional featurethat allows applicationde-
velopersto choosethe schedulingdisciplinefor ORB and
applicationthreadsthat better ts their needs. For this
purposefeal-timeCORBA de nes a pluggableframenork
for the useof a setof well-known schedulingdisciplines:
Fixed-Priority Scheduling(FPS), Earliest Deadline First
(EDF), LeastLaxity First (LLF), and Maximize Accrued
Utility (MAU). It alsoallowsthe dynamicchangeof the pa-
rameterf the choserschedulingdiscipline.

4.3 Categorizationof Con gurable Features

The con gurable featurespreviously describedcan be
classi edasfollows:

1. Serveroriented Features are only usedby seners
(i.e.PQA)

2. SingleFaceted~eatures have atmostoneoptionvalue
at a time (i.e. protocol con guration and threadpool
stratayy)

3. Multiple Faceted,Multi-valued Features often have
multiple option values(i.e. IOR parsersandtransport
protocols)

4. Multiple Faceted,Single-valued~eatues may have
morethanoneoptionvalueat atime, but usuallyhave
onevalueatagivenuse(i.e. GIOPversion)

5. No-optionFeatules canbeexcludedcompletelyeither
from thesener, theclientor both,suchasthePortable
Interceptorfeature.

Accordingto our experience featuresfrom Category 1
maydramaticallycontributeto reducethecodesizeof client
programs,Categories 3 and 4 typically lead to moderate
footprint savings for DRE applications,and Cateyories 2
and>5 provide smallor no footprintreduction.

5 ZEN-kit

ZEN-kit is a tool for customizingRTZen that imple-
mentsthecon gurationstrateyy describedn Section3. De-
velopedasan Eclipseplug-in usingthe GraphicalEditing
Framevork (GEF) [21], ZEN-kit includesa graphicaled-
itor that affords control over selectingcore and real-time
CORBA featuregequiredby the application.

The goal in developingthis tool is to provide the user
with easeof con guration of the requiredRTZen features.
Unlike text-basedcon guration tools, ZEN-kit providesa
userfriendly graphical environment that presentsan ab-
stractview of the availablefeaturesandallows the userto
put themtogether Thetool alsointegratesmiddlevarede-
velopmentervironmentwith the middlewvare applications
developmenternvironment.



Figure 2 illustrates the composition functionality of
ZEN-kit. Thefeaturesareorganizedin a palettein differ-
entlayersanduserscannavigatebetweerlayersto choose
therequiredfeaturesattheappropriateggranularity Thetool
thengeneratethecon guration le thatis usedto build the
customORB.

Figure 2. A screen-shot of the Graphical User Interface
of ZEN-kit.

Previousresearcthasshowvn thatasthe numberof fea-
turesprovided by middlevareincreasesthe compleity in
con guring it with the optimumsubsebf requiredfeatures
increasesxponentially[34]. ZEN-kit attemptgo minimize
this compleity and promoteeaseof useby providing the
following features:

1. Hierar chical Structur e

ZEN-kit is designedo take advantageof the organiza-
tional propertief hierarchicablesignandtraversal known
aszooming. The useof hierarchicalorganizationis known
to help humansprocess,understandand remembercom-
plex artifactssuchassystemdesigng8, 31]. It is therefore
necessarfor all but thesimplestof softwaredesignsyetis
afeaturelackingin mary currentmodelingtools. ZEN-kit
is carefullydesignedo provide a userfriendly hierarchical
organizatiorof RTZen.

The RTZen featuresaregroupedinto threedistinctlay-
ers,dependingon how ne-grainedthey areandbasedon
thecoreandreal-timeCORBA speci cations(Figure3):

Level 1: representshe conceptualiew of the ORB.
Level 2: representshe featuresof eachmoduleof the
ORB, suchasthe ORB core.

Level 3: providesthe detailedview of the optionsfor
the choserfeature(e.g.IOR formator TransportPro-
tocol).

In order to simplify the con guration task to the appli-

cation developer ZEN-kit allows hierarchicaltraversal of

the RTZen featuresi.e, the usercanzoominto or out of a
modulein orderto view the desiredlevel of featuredetail.
This functionality gives the userthe ability to customize
RTZen at a higher degree of con guration granularityin

orderto minimizefootprint,or ne-tuneits properties.

2. Useof Standard Real-time CORBA Terminology

The secondrequirementfor easeof useis to de-
ne domain-speci c (i.e., application-orientederminol-
ogy basedon CORBA middlewarefeaturesfamiliar to the
middleware user ratherthantermsfrom the ORB design
and implementation. Appropriate terminology will help
the applicationdeveloperbetter understandhe impact of
designdecisionson the nal middlewareimplementation.
Therefore, ZEN-kit usesterms understoodby real-time
CORBA applicationdevelopersn variousdomainssuchas
telecommunicationgransportationandmilitary command
andcontrol. Termsgeneratediuring the ORB designand
implementationpn the otherhand,maybeincomprehensi-
bleto theuser
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Figure 3. An example illustrating the three-le vel hierar -
chical view of RTZen in CORBA domain-friendl y terms.

ZEN-kit givesuserscontrol over customizationallow-
ing thecon gurationof anORBwith memoryfootprintpro-
portionalto the true functionalrequirement®f eachappli-
cation. ZEN-kit is designedo simplify this tediousman-
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ual customizatiorfor the applicationdeveloper by provid-
ing anorganizedandlayeredview of the middleware. The
goalis to producea middlewarethatappeargo be custom-
written for eachparticularDRE application with minimum
dif culty .

6 Example: Customizationof Transport Pro-
tocols

This section presentsan example that illustrtes how
ZEN-kit simplify the customizatiorof RTZen. The exam-
ple illustrateshow the transportprotocolsusedby RTZen
are con gured for a simple applicationin orderto reduce
memoryfootprint.

Most CORBA systemaiseTCPasthetransporprotocol
andthey only supportllOP. But in mary casege.g.in in-
dustrialautomationDRE applicationseedto operateover
a serial communicationplatform, which is frequentlythe
only oneavailable. Moreover, memoryfootprintis a con-
cernfor thesesystemsin this scenariodeveloperscanuse
RTZenonly with theserialcommunicatiorsupportin order
to save on memoryutilization.

Componentizinghe transportprotocol functionality in
RTZenhoweveris not simply a matterof compilingRTZen
while excluding the classeor packagesorrespondingo
theunneedegrotocol. Partsof RTZenhaveto berefactored
sothatdependencielsetweerthe protocolmodulesandthe
RTZenORB coremaybeisolated.To remove someof these
dependenciese useaspectimplementedvith AspectJ9].
Identifying thesedependenciebasproven to be valuable
toward developinga more modularstructureof RTZen in
whichfeaturescanbe pluggedin without usingAOPR

In this example,in orderto con gure the transportpro-
tocolsof RTZenusingZEN-kit, developergraversethe hi-
erarchicastructureof featureqFigure3) andgoto Level 3.
At thislevel, they canselectherequiredtransporprotocols
(Figure4). In our example,the developerselectseitherthe
serialcommunicatiorprotocolor IOP andZEN-kit gener

atesacon guration le for building the customizedrersion
of RTZen. Note that ZEN-kit hidesthe designandimple-
mentationdetailsof RTZen, makingthe customizatiorpro-
cessextremelyeasy

Figure 5 illustratesthe footprint reductionthat results
from usingZEN-kit to customizethe transportprotocolsin
RTZen. The rst columnrepresentthefootprintof RTZen
without arny transportprotocol. The next columnspresent
theadditionalstaticmemoryrequiremenfor both,andthen
eachof the two transportprotocol features. Note that the
modestfootprint reductionobtainedfrom this con gurable
feature(Category 3) is consistenwith thecateyorizationde-
scribein the Sectior4.3.
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Figure 5. Footprint savings (in terms of the size of the
RTZen Jar les)

7 RelatedWork

Middlewarecon gurability andcustomizatiorconstitute
an active researcharea. Thesetopics are addressedrom
two approachesl) adynamicapproachin which the mid-
dlewareis capableof adaptingo thedynamicsof thesystem
by recon guring itself during runtime [26, 14, 15, 4, 22],
and?2) a staticapproachthatfocuson highly customizable
middlewarearchitecture§?7, 2, 33, 32] capableof ful lling
the requirement®f differentdistributedapplications.Our
work relatesto the static approach. Under this approach,
customizableniddlevarearchitecturearedevelopedusing
modularizationtechniquesasedon designpatterns,com-
ponentsand/oraspects.

In the domain of distributed, real-time and embed-
ded (DRE) systems, customizablemiddleware architec-
tures have receved an increasingattention[7, 3, 29], in
particularthosebasedon the real-time CORBA speci ca-
tion [23, 19, 5, 11, 13, 12, 20]. Commongoalsin this do-



main areto minimize the memoryfootprint of the system
andto provide quality of service.Usuallyadequateon gu-

rationtoolsarenot availablefor thesemiddlewvarearchitec-
tures,soit is dif cult for userswith limited knowledgeof

the architecturedesignto con gure effectively the middle-
warefor aparticularapplication.Therefore purwork com-
plementspreviousresearctby providing atool thataimsto

male easierthe customizabilityof real-timeCORBA mid-

dleware,in generalandRTZen,in particular

The following are someof the tools that facilitate the
customizatiorof DRE systemsVEST [28] providesanen-
vironmentfor constructingandanalyzingcomponent-based
distributedreal-timeembeddedystemsVEST helpsdevel-
opersselector createsoftware componentsgcomposeghem
into a product, map the passie componentonto threads,
map threadsonto speci ¢ hardware, and perform depen-
dengy checksandnonfunctionalnalysis.lt usedanguage-
independennotionsof aspectgprescriptiveaspectandas-
pectcheds) for non-functionabropertiesandappliesthem
at designtime ratherthan in the implementationphase.
VEST alsoincludeschecksfor memoryfootprint andend-
to-endschedulabilityamongothers.

On the otherhand,CoSMIC (ComponentSynthesisus-
ing Model-IntegratedComputing)[6] is amodel-drvende-
velopmenttoolsuite for con guring and deploying DRE
systemausing QoS-enabledomponenmiddlevare. CoS-
MIC addressesrosscuttingcon guration and deployment
concerngsat multiple layersof middlevareandapplications
in component-basedRE systemslt alsoleveragesnodel
checkingand analysistools to validatekey propertiesfor
con gured DRE systems.

Thesetoolkits aim to supportthe entire processof con-
struction,con guration, analysisand deploymentof DRE
systemswhereasZEN-kit supportshe easycustomization
of the ORB. Unlike VEST andCoSMIC,ZEN-kit provides
a hierarchicalview of RTZenfeatureghatallows develop-
ersto handletheinherentmiddlenarecomplexity.

To the bestof our knowledge,RTZen s the only avail-
able open-sourceeal-time CORBA implementatiorusing
RTSJand ZEN-kit is the tool to customizeit. Therefore,
ZEN-kit is the obvious choiceto beincorporatedn VEST
andCoSMICif they needto supportRTSJ-base®RE sys-
tems.

8 Conclusionand Futur e Work

This paperpresentedZEN-kit, a usekfriendly graphi-
caltool for customizingRTZen (anRTSJ-basedmplemen-
tation of real-time CORBA). ZEN-kit implementsa cus-
tomizationstratgy basedon conditionalcompilationthat
takesadvantageof theRTZen'smodulararchitectureUsing
this tool, developerscanselectvely include coreandreal-
time CORBA featuresinto the ORB in orderto meetspe-

ci ¢ requirement®f DRE applicationsjn particularthose
relatedto memoryfootprint.

We demonstratetheeffectivenes®f thetool by present-
ing an exampleto con gure transportprotocolsin RTZen.
From the example, we seethat the ORB can be easily
con gured using ZEN-kit andthe resultingcon gurations
presentthe expectedfootprint savings as comparedo the
original version. Furtherreductioncan be obtainedusing
the approachdescribedn [20]. In addition,the paperde-
scribedcore andreal-time CORBA featuresthat currently
andpotentiallymake RTZenhighly con gurable,andacat-
egorizationof themwasincluded.

For future work, we will modularizethe potentially
con gurable featuresof RTZen, and provide mechanisms
throughwhichthey canbe con gured. We will alsoaddva-
lidity checksfor customcon gurations,to ensurethe gen-
eratedORB is appropriateor the scopeand constraintof
theapplication.
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