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Abstract

Due to recentadvancesin the capabilitiesof MEMScompo-
nents,it is nowfeasibleto usecommodity-off-the-shelf(COTS)
middleware to develophigh-performancereal-timeembedded
systems.Such systemshavestringentrequirementsfor latency,
determinism,and priority preservation.Thecurrent genera-
tion of COTSmiddlewaredoesnot givetheapplicationdevel-
opertheability to specifyandcontrol the level of an applica-
tion’send-to-endQualityof Service(QoS),which is a require-
mentfor manyreal-timeembeddedsystems.

In this paper, we describeof how we usedQuO, a Qual-
ity of Service(QoS)middleware frameworkdevelopedat BBN
Technologies,to control the deliveryof eventsin the CORBA
Real-Time EventServiceprovidedby the TAO CORBA ORB.
We describehow we configured QuO in an in-bandconfigu-
ration to control eventdeliveryin a Real-TimeEventChannel
betweentwo CORBA objectscollocatedin the sameprocess.
Theoverheadof controlling theEventChannelwith QuOwas
measured and compared against sendingeventsthrough the
EventChannelwith noQuOcontrol.

We observethat QuO added latency and decreasedthe
EventChannel’s throughputwhenusedto control the Event
Channelin-band. We concludethat usingQuOin an in-band
configuration may be not be appropriate for sometypesof
high-performanceembeddedsystems. However, further re-
search mustbe doneto confirm if this is true, especiallyin
moredistributedsystemswherenetworklatencyconcernstend
to dominate. In addition,further work mustbedoneto evalu-
atetheoverheadin usingQuOcontrol mechanismsin out-of-
bandconfigurations.

Subject Areas: Quality of Service;Real-timeCORBA; Dis-
tributedandReal-TimeMiddleware;EmbeddedSystems

1 Introduction

Real-timeandembeddedsystemsareincreasinglybeingused
in a wide variety of applications,such as flight avionics,
weaponssystems,telecommunications,andmedicaldevices.
Advancesin microelectromechanicalsystems(MEMS) have
madeit increasinglyfeasibleto manufacturelow-costmicro-
controllers,with morecapabilitiesavailableon a single-chip
node.Newerreal-timeembeddedsystemswill increasinglybe
distributedaseachsensoror actuatorwill have local intelli-
genceanddigital communicationcapability[1].

A critical capability of many embeddedsystemsapplica-
tions is the ability to provide real-time information with a
known Quality of Service(QoS).Control informationin such
applicationsmustbetransmittedwith aknowndelayandmini-
mal jitter. Suchdatacanchangedynamicallyatany instant,so
thetimelinessof thedatais asimportantastheaccuracy of the
measurement.An exampleof suchan applicationwould be
themeasurementof thepressureof apipe.Thecurrentdesign
of a real-timeembeddedsystemscommonlyinvolvesthe use
of low-level API’s which arespecificto a certainapplication
andsetof hardwareandreal-timeoperatingsystems(RTOS).
While it is possibleto implementQoSusingsuchtechniques,
thisapproachusuallyleadsto thedesignof applicationswhich
areinflexible, difficult to port to new typesof hardware,and
expensive to maintain.

With the increasinghardwareandsoftwarecapabilitiesof
MEMS componentsin embeddedsystemsit is increasingly
feasibleto usehigher-level frameworksandmiddlewaresoft-
ware,to solvesomeof theproblemsinherentin building such
systems,suchasQoS,fault tolerance,andsecurity.

The Quality Objects(QuO) groupat BBN is currentlyde-
veloping such a framework. QuO was originally designed
to facilitate the developmentof complex distributedapplica-
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tions over Wide Area Networks (WAN)[2]. The QuO ar-
chitecture is currently being used to addresssuch diverse
problemdomainssuchas security[3], dependability[4], and
survivability[5]. QuO currently works on top of lower-level
middlewarebasedon theOMG CORBA standard[6] andalso
with Java RemoteMethodInvocation(RMI)[7].

Mucheffort atBBN hasgoneinto integratingtheQoScapa-
bilities of QuOwith TAO, a high performanceCORBA ORB,
developedat WashingtonUniversity St. Louis and Univer-
sity of California Irvine. TAO hasbeenoptimizedfor high-
performancecomputingtasks[8], and hasbeensuccessfully
deployed in applicationswith stringentperformancerequire-
mentssuchasflight avionics[9], telecommunications[11], and
medicalimaging[10].

CORBA providesthreemethodsfor inter-objectcommuni-
cation: (1) a best-effort one-way invocationmodel,(2) a two-
way synchronousrequest/responsemodel,and(3) a two-way
asynchronousmethodinvocation(AMI) model. TAO comes
with an implementationof a Real-timeEvent Service[12],
which enablesmore flexible modesof inter-object commu-
nication. The Event Serviceallows an arbitrary numberof
event suppliersto sendevent datato an arbitrarynumberof
eventconsumers,with thesuppliersandconsumersnothaving
any knowledgeof eachother. This facilitatesasynchronous
andgroupcommunicationmodels.TheTAO Real-timeEvent
Serviceimproveson the OMG’s Event Servicespecification
by addingsuchcapabilitiesas: eventcorrelation,eventfilter-
ing, andreal-timescheduling.TheOMG NotificationService
specificationis an enhancementto the original OMG Event
Servicespecificationthat addsevent filtering and QoS, but
doesnot specify the useof real-timescheduling[13]. The
lack of real-timeschedulingguaranteesin the OMG Notifi-
cationServiceis not acceptablefor many real-timeapplica-
tions, which requireeventsto be transmittedwithin certain
timing constraints.Thereis currentlyan effort underway in
theOMG to combinewith theNotificationServicesomeof the
new Real-Time CORBA featuresnewly addedto theCORBA
specification,2.4[6]. This effort aimsto integrateReal-Time
CORBA featuressuchasprioritiesandscheduling.

The TAO Real-timeEvent Serviceprovidesan ideal inter-
objectcommunicationmechanismfor CORBA objectsin sys-
temswith stringentperformancerequirementsandtiming con-
straints. This paperwill focus on currentresearchon using
QuOto controleventdeliveryin theTAO Real-timeEventSer-
vice, in a configurationwhich couldbeusedin real-timeem-
beddedsystem,i.e., by collocatingQuOandtheEventService
within thesameprocessaddressspace.Thispaperwill specif-
ically focuson the overheadaddedby addingQuO adaptive
controlto theEventService.

2 TAO Real-Time Event Service

2.1 Event Service Model

In the typical CORBA model,a client objecthasa reference
to anotherobjectwhich it wishesto invokea methodon. This
CORBA object can be local within the sameaddressspace,
or remote.CORBA allows theclient to invoke a methodon a
CORBA objectin anasynchronousfashion(AMI or one-way),
or it caninvokeamethodandthenwait for aresponsefrom the
object(two-waysynchronous).

TheEventServiceactsasa mediatorbetweenCORBA ob-
jects,allowing aclientwith asinglemethodinvocationto sup-
ply datato oneor moreCORBA objects. The Event Service
dividesobjectsinto eventsuppliersandeventconsumers. The
Event Servicehastwo basicmodelsby which suppliersand
consumerscan communicate: the push model and the pull
model. In the pushmodel, the event suppliers”push” their
eventsonto a CORBA objectcalledthe Event Channel.The
EventChannelis thenresponsiblefor pushingeventsto event
consumers.In the pull model, a client will try to ”pull” an
eventfromtheEventChannel.Thisactionwill causetheEvent
Channelto try to pull anevent from aneventsupplier. Event
Channelscanbeconfiguredto acceptbothpull andpushevent
requests,sopull andpushconsumerscanbecombinedin com-
plex configurationscalledhybridpush/pullmodels. Unlikethe
typical CORBA model, in which objectsmust have a refer-
enceto everyobjectwith whichthey wishto communicate,the
EventServicefacilitatesanonymous,many-to-many commu-
nication. Eventsuppliersdo not needto have any knowledge
of the consumersof their events,andvice versa. This paper
will focusonly on thepushmodelof theEventService.

Event Supplier Event Channel Event Consumer
push() push()

Direction of Event Flow

Figure1: EventServicePushModel

2.2 CORBA interface for the Push Model

The following interface,definedin CORBA IDL, definesthe
interfacefor thepushmodel:

modul e RtecEventComm�
i n t er f ace PushConsumer

2



�
oneway voi d push ( i n EventSet data ) ;
voi d di sconnect push consumer ( ) ;�

;

i n t er f ace PushSuppl i er�
voi d di sconnect push suppl i er ( ) ;�

;

�
;

An objectthatperformstheroleof aneventconsumermust
implementthePushConsumerinterface,andaneventsupplier
must implementthe PushSupplierinterface. The consumers
andsuppliersconnectto eachothervia methodsdefinedin the
RtecEventChannelAdminmodule.

modul e RtecEventChannel A dmi n�
i n t er f ace ProxyPushSuppl i er :

RtecEventComm : : PushSuppl i er�

voi d connect push consumer (
i n RtecEventComm : : PushConsumer

push consumer ,
i n ConsumerQOS qos )

r ai ses ( A l readyConnected , TypeError ) ;�
;

i n t er f ace ProxyPushConsumer :
RtecEventComm : : PushConsumer�

voi d connect push suppl i er (
i n RtecEventComm : : PushSuppl i er

push suppl i er ,
i n Suppl i erQOS qos )

r ai ses ( A l readyConnected ) ;�
;

i n t er f ace ConsumerAdmin�
ProxyPushSuppl i er

obt ai n push suppl i er ( ) ;�
;

i n t er f ace Suppl i erA dmi n�
ProxyPushConsumer

obtai n push consumer ( ) ;�
;

i n t er f ace EventChannel�

ConsumerAdmin f or consumers ( ) ;

Suppl i erA dmi n f o r supp l i er s ( ) ;�
;�

;

2.2.1 PushConsumer setup

An object which implementsthe PushConsumerinterface
must first acquirean object referenceto an EventChannel.
Thereferencecanbeobtainedby suchmeansastheCORBA
Naming Service,or the referencecould be a local object if
the EventChannelis instantiatedin the sameprocess. The
PushConsumermusttheninvokethefor consumers() method
on the EventChannelto obtain a referenceto a Consumer-
Admin object. The PushConsumermust theninvoke the ob-
tain pushsupplier() methodon the ConsumerAdminobject
to obtain a referenceto a ProxyPushSupplier. The Push-
Consumerregisters itself with the EventChannelby invok-
ing the connectpushconsumer()methodon the ProxyPush-
Supplier. After this point,whenever theEventChannelhasan
event, it will invoke thepush()methodon thePushConsumer
to supplytheevent.

2.2.2 PushSupplier setup

The setup sequencefor a PushSupplieris very similar to
that for a PushConsumer. The PushSupplierwill invoke the
for suppliers()methodontheEventChannelandobtainaSup-
plierAdmin object.ThePushSupplierwill theninvoketheob-
tain pushconsumer()to obtainaProxyPushConsumerobject.
Next, theconnectpushsupplier()methodon theProxyPush-
Consumerobjectmustbeinvoked.Thiswill registerthePush-
Supplierwith theEventChannel.Whenever thePushSupplier
hasan event, it must call the push()methodon the Proxy-
PushConsumer. Thiswill sendtheeventto theEventChannel,
whichwill in turn invokethepush()methodsof any PushCon-
sumerswhich areattachedto it.

The main differencebetweena PushSupplieranda Push-
Consumeris that a PushSupplierexplicitly invokesa push()
methodon a ProxyPushConsumerto sendan event, while
thePushConsumerneverdirectly invokesa methodto receive
an event. Instead,the EventChannelwill invoke the Push-
Consumer’spush()methodto sendit anevent.

3 QuO Contract for Event Channel

The TAO Real-Time Event Channelallows a user to spec-
ify QoSparametersto theconnectpushconsumer()andcon-
nect pushsupplier methodsin the RtecEventChannelAdmin
module.TheConsumerQOSandSupplierQOSparametersin
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Event Supplier Event Consumer
push() push()

Event

Channel

ProxyPushConsumer ProxyPushSupplier

Figure2: EventServicePushModel,showingproxyinterfaces

thesemethodscontaininformationwhich is usedby theTAO
Real-Time Scheduler. TheSchedulerusesthis informationto
dispatcheventsaccordingto event priorities and scheduling
strategies[16]. While effective for many use-cases,this im-
plementationof QoSoffers limited flexibility , sinceit 1) only
influencesthebehavior of theScheduler, and2) is controlled
at theapplicationlevel. In particular, it doesnot have a direct
interfaceto resourcemanagerswhichcouldchangesystempa-
rameterswhichinfluenceQoS,nordoesit specifyadaptivebe-
haviors for theeventsuppliersandeventconsumers.

The QuO middlewareframework allows an applicationto
(1) specifyits level of QoS,(2) interfacewith instrumentation
probeswhich canmeasureQoSandsystemperformance,(3)
interfacewith resourcemanagerswhich cantunesystempa-
rameterswhich influenceQoS,and(4) specifybehaviors for
adaptingto QoSvariationsat run-time.Theseattributesmake
QuOanidealchoicefor controllingQoSfor acommunications
mechanismlike theTAO Real-TimeEventChannel.Onepos-
sibleintegrationof QuOwith theEventChannelis illustrated
in thefollowing figure.

Figure3: QuOcontrolof theTAO EventChannel

QuO canperformboth in-bandadaptation,in which QuO
inserts itself into the normal invocation path of a CORBA
method,andout-of-bandadaptation,in which it performsits

evaluationsoutsidethe invocationpath,andachievesan indi-
recteffectbymodifyingaspectsof theinvocationpath.To per-
form in-bandadaptation,QuOdefinesadelegateobjectwhich
inherits from the interfaceof a regular CORBA object. The
delegatekeepsa referenceto theCORBA objectfor which it
actsasasurrogate.A client theninvokesamethodon thedel-
egate,asif it wasthe”real” object.Thedelegatecanthende-
cidewhetherto passtheinvocationdownto theobjectto which
it hasareference,droptheinvocation,or engagein someother
adaptivebehavior.

The delegatebasesits decisionson informationgiven to it
by a contract object.Thecontract specifiesa setof operating
regionsandconditionsfor thesystem.Thestateof thesystem
at any time is determinedby informationgivento thecontract
by systemconditionobjects, whichmeasureattributesof asys-
temsuchasnetworkor CPUload.Whenthesystemleavesone
operationregion andentersanother, thecontractwill execute
a transitionfunction.Thetransitionfunctioncanhavevarious
effects,suchaschangingthe in-bandbehavior of thedelegate,
or instructinga resourcemanagerout-of-bandto changethe
allocationof systemresources.

For theexperimentdescribedin Section4, wecreatedadel-
egateclassfor theProxyPushConsumer. Insteadof invokinga
push()methodonaProxyPushConsumeranddirectlysending
aneventto theEventChannel,a PushSupplierwould thusin-
steadinvokea push()methodon a QuOdelegateclass.Based
onconditionsspecifiedin thecontract,thepushedeventwould
eitherbepassedalongto theEventChannel,or dropped.

Quality Description Languages QuOusesa setof Quality
DescriptionLanguages[19] to describethe structureof dele-
gatesandcontracts. QuO comeswith a setof codegenera-
torswhichcanconvertthesedescriptionsto C++or Javacode.
The Structure DescriptionLanguage (SDL) describesa dele-
gate’s interfaceandits adaptive behaviors. The SDL for the
ProxyPushConsumerusedfor this experimentconsistsof the
following:

del egat e behav i or for i n t er f ace
RtecEventComm : : PushConsumer and
cont r act s PushConsumerEC Contract i s

quo : : ValueSC ev ent count er
bi nd wi th cpl uspl us code

�
0 ;

�
;

cal l push :
regi on Pass :

cpl uspl us code
�

ev ent count er �
� l ongV al ue (
ev ent count er �
� l ongV al ue ( ) + 1) ;�
;

pass t hr ough ;
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r egi on Drop :
cpl uspl us code

�
ev ent count er ��� l ongV al ue (
ev ent count er ��� l ongV al ue ( ) + 1) ;�

;

def aul t :
pass t hr ough ;

end del egat e behav i or ;

This SDL definition specifiesthat a delegateobjectwhich
implements the PushConsumerinterface will be created.
Therewill be two operatingregionsthat this delegatewill re-
spondto: PassandDrop. For eachregion, a counterwill be
incrementedeachtime the push()methodis invoked. In the
Passregion, the methodinvocationwill thenbe passeddown
to theactualProxyPushConsumerthat this delegatehasa ref-
erenceto. In the Drop region, no suchinvocationwill take
place,andtheeventwill be“dropped”.

A contractwhich specifiesthe operatingregionsfor a sys-
temis specifiedby aContractDefinitionLanguage(CDL) def-
inition. Thefollowing CDL definitionwasusedin theexperi-
ment:

cont r act PushConsumerEC Contract (
syscond quo : : ValueSC Val ueSCImpl

eventCounter )

�
r egi on Pass

( ( ( l ong ) eventCounter ) � = 0
and ( ( l ong ) eventCounter � = 500) )���

t r ansi t i on any ��� Pass
�

synchronous
�

eventCounter . l ongV al ue ( ) ;�
�

r egi on Drop
( ( l ong ) eventCounter � 500)���

t r ansi t i on any ��� Drop
�

synchronous
�

eventCounter . l ongV al ue ( ) ;�
�

�
;

Thiscontractdefinestwo operatingregions:PassandDrop.
It alsodefinesasystemconditionobject,event counter. When

the event counteris between0 and500, the systemis in the
Pass region. The systemis in the Drop region when the
event counteris greaterthan500.

4 Description of Experiment

Placinga delegatein the methodinvocationpath,while nec-
essaryfor in-bandformsof adaptation,mayintroduceperfor-
manceoverhead.Therefore,in thissectionwedescribeexper-
imentsconductedto quantify the overheadof in-bandadap-
tation using the Event Channeland QuO configurationsde-
scribedin Section2 andSection3.

For theexperimentsdescribedin this section,all testswere
run on a CompaqDeskproProliant 550 Mhz Pentiumclass
machine,underthe RedhatLinux 6.2 operatingsystem.The
examplewascompiledusingthe TAO version1.1.8ORB. A
pre-releaseversionof QuOversion3 wasusedto developthe
contractanddelegate.All testswererunastherootsuperuser,
to allow threadsto run in thereal-timeschedulingclass.

In the TAO software distribution, thereis a test program,
ECT Throughput, to testthethroughputof anEventChan-
nel with a PushSupplierand a PushConsumercollocatedin
thesameprocess.Thisexamplewasmodifiedto provideQuO
adaptivecontrol. In theunmodifiedexample,thePushSupplier
acquireda referenceto a ProxyPushConsumer, and invoked
this object’spush()methodto sendanevent. This in turn dis-
patchedtheeventto theEventChannel,whichthentransmitted
theeventto thePushConsumer. TheECT Throughput test
programmeasuredthe latency in sendingthe messageto the
EventChannel,andthe latency in sendingtheevent from the
EventChannelto thePushConsumer. This testwasdesigned
to measuretheoverheadof sendinganeventthroughtheORB,
versuspassingtheeventthrougha localC++ function.

In themodifiedversionof theexample,thePushSupplierac-
quiredareferencetoaQuOdelegateversionof theProxyPush-
Consumer. To sendan event, the PushSupplierinvoked the
push()methodon the QuO delegate. TheQuO delegatethen
sentthe event to an actualProxyPushConsumer, or dropped
the event,dependingon the system’s operatingregion at that
point.

For eachtest, 1000 events were sent through the Event
Channel,andthe averageevent latency andthroughputwere
measured.Becausewheneventsareall droppedthereis no
throughputto theclient, themostusefulcomparisonto assess
performancedegradationis betweenthecasewith no QuOin-
volvement(i.e., thenormalCORBA methodinvocationpath)
and the casewith QuO in the loop but with no eventsbe-
ing dropped. Therefore,following resultswere obtainedby
slightly modifying the contractso that no eventswould be
droppedby thedelegate,eventhoughtransitionsbetweenthe
regionscouldoccurasdescribedbefore.Theresultsobtained
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aresummarizedin thefollowing table.

Typeof run Average Throughput
Latency ( � s) (events/sec)

Consumer 31 10932
(withoutQuO)
Supplier
(withoutQuO) 45 10304
Consumer
(with QuO, 278 2362
2 contract
evals)
Supplier
(with QuO, 298 2348
2 contract
evals)
Consumer
(with QuO, 280 2591
1 contract
eval)
Supplier
(with QuO, 301 2526
1 contract
eval)

Thefirst andsecondrows of resultswereobtainedby run-
ning the ECT Throughput programwithout QuO adapta-
tion. The third and fourth rows of resultswere obtainedby
running ECT Throughput with the default QuO contract
anddelegateadded.In thedefault implementationof theQuO
delegate,theQuOcontractis evaluatedtwo timespermethod
invocation. To obtain the fifth andsixth rows of results,the
QuOdelegatewasmanuallymodifiedsothatthecontractwas
evaluatedonly oncepermethodinvocation.

A subsequentsetof testswererun,modifyingtheQuOcon-
tract so that it would drop eventsafter 500 eventshadgone
throughthe Event Channel. The QuO delegatesuccessfully
droppedall eventsafterthefirst 500eventsweresentthrough
the event channel. Measuredlatency and throughputresults
for the Supplierside in this casewere similar to the results
shown above,althoughno eventsweredeliveredto theClient
duringtheeventdroppingphase.

5 Analysis of Results

Without QuOadaptationadded,theECT Throughput pro-
gram just measuresthe latency of sendingan event through
the ORB in a singleprocesswith two CORBA objects. This
is on the order of 30-40 � s, with an event throughputof
about10,000eventsper second.With in-bandQuO adapta-
tion added,the averagelatency in the supplierandconsumer
increasedby approximately240 � s, andtheeventthroughput

decreasedby a factorof approximately4.5. This would indi-
catethatin-bandadaptationusingaQuOdelegateaddssignifi-
cantoverheadin comparisonto theoverheadaddedby sending
aneventthroughtheEventChannelandORB.This is notsur-
prising given the highly optimizednatureof the TAO Event
Channel,the lack of communicationoverheadin the collo-
catedexample,and the small amountof data in the events.
QuO, which was originally targetedtoward wide-area,dis-
tributed environments,hasnot beenoptimizedfor the local
eventdeliveryenvironment.

The current implementationof the QuO delegateevalates
theQuOcontracttwo times:oncebeforeinvoking themethod
onthedelegatedobject,andonceafterinvokingthemethodon
thedelegatedobject.Thefifth andsixthsetsof resultswereob-
tainedby removingthesecondcontractevaluationwhichis not
neededfor the one-way event delivery. The latency of these
resultswas not significantly different (i.e., 2 � s more) than
theresultsobtainedwith two contractevaluationsperdelegate
methodinvocation. However, event throughputincreasedby
approximately200eventspersecond.This indicatesthat the
time to evaluatethe contractis on the order of, but smaller
than,the time to deliver theeventandprovidesevidencethat
out-of-bandQuOadaptation(usingacontractthatis not in the
pathof eventdelivery) is aviablealternativefor thecollocated
eventchannelexample. More experimentsareneededto test
this.

6 Conclusions

The experimentdescribedin this paper illustrated that the
QuO framework couldsuccessfullybe insertedin the normal
CORBA methodinvocationpathof theTAO Real-TimeEvent
Channel,betweentwo CORBA objectscollocatedin thesame
process. The QuO delegate successfullycould control the
passingor droppingof events,basedon the type of contract
used.Thedelegatecouldhave alsoperformedothertypesof
adaptation,suchaschangingtheeventtypeor theeventprior-
ity.

The currentimplementationof the QuO framework added
a significantamountof latency andreducedthethroughputof
theEventChannel,whenusedto performQoScontrolin-band
on thesameprocessor. For someclassesof high-performance
embeddedsystems,this may be unacceptable.However, for
a more distributed system,wherenetwork latency concerns
tendto dominate,theincreasedlatency addedby QuOmaybe
negligible. Additional experimentsneedto be conductedto
testthis. Of particularinterestareembeddedsystems,suchas
dynamicavionics missionplanningplatforms[18], in which
someinvocationpathsrequirein-bandadaptationandcantol-
eratetheoverheadof a delegate,while otherinvocationpaths
cannottoleratetheoverheadandmayonly beadaptedvia out-
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of-bandtechniques[18].
The QuO framework shouldalso be analyzedand instru-

mented,to identify bottleneckareasthat can be eliminated.
Thesebottlenecksmaybedueto inefficientuseof threadmu-
texes,unnecessarycopying of methodparameters,etc.

Further Directions: Theapplicationof QoSmiddlewareto
embeddedsystemsis a dynamicareaof research.The QuO
group at BBN is actively researchingthe applicationof the
QuOframework to suchsystems.Furtherresearchdirections
includeintegratingQuOwith TAO’s implementationof Noti-
fication[13] andReal-TimeNotification[14] services,investi-
gatingtheuseof PortableInterceptors[17] to increasetheper-
formanceof QuO delegates,and further comparisonsin the
efficiency of usingQuO mechanismsin-bandversusout-of-
bandin theCORBA methodinvocationpath,andtheir impact
on variousclassesof applications.
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