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Abstract

Manydistributedapplicationsrequire a scalableevent-driven
communicationmodel that decouplessuppliers from con-
sumers andsimultaneouslysupportsadvancedquality of ser-
vice (QoS)propertiesand event filtering mechanisms. The
CORBA Notification Service provides a publish/subscribe
mechanismthat is designedto supportscalableevent-driven
communicationby routing events efficiently betweenmany
suppliers and consumers, enforcing various QoSproperties
(such asreliability, priority, ordering, andtimeliness),andfil-
teringeventsat multiplepointsin a distributedsystem.

This paper providesseveral contributions to research on
scalablenotificationservices. First, we presentthe CORBA
Notification Servicearchitecture and illustrate how it ad-
dresseslimitations with the earlier CORBA Event Service.
Second,we explain how we addressedkey designchallenges
faced when implementingthe Notification Servicein TAO,
which is our high-performance, real-timeORB.Wediscussthe
optimizationsusedto improvethescalabilityof TAO’s Notifi-
cation Service. Finally, we presentempirical resultsof the
performanceof our implementation.

1 Intr oduction

Many distributedapplications,suchasreal-timeavionicsmis-
sion computingsystems,distributed interactive simulations,
and computer-assistedstock trading, requirean event-based
communicationmodel. TheCORBA [1] NotificationService
provides developersof theseapplicationswith a standards-
based,QoS- and filtering-enabledevent distribution mecha-
nism. Our work on theNotificationServiceleveragestheex-
periencewe gaineddevelopingTAO’s Real-Time Event Ser-
vice [2] to provide a flexible, extensible,andpredictableim-
plementation.In this paper, we explore the key designchal-
lengesfacedin providing a scalablenotificationservice.We
alsodiscussoptimizationissuesrelatedto footprint reduction
andconfigurability.

The CORBA Event Service: The CORBA Event Service
provides provides decoupled,asynchronousand transparent
communicationbetweenparticipants.Itdefinesthreeroles:

�
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� Suppliers, whichproduceeventdata;
� Consumers, whichreceiveandprocesseventdata;
� Eventchannels, which aremediators[3] throughwhich

multiple consumersand supplierscommunicateasyn-
chronously.

However, theCORBA EventServicehaslimitations- It does
not provide interfacesor policies for supportingQoS prop-
erties such as reliability, priority, ordering, and timeliness.
moreover, it doesnot have supportfor centralizedfiltering of
events.TheCORBA NotificationServicewasspecifiedby the
OMG to addressthe limitationswith theCORBA EventSer-
vice.

2 Structure and Functionality in the
CORBA Notification Service

This sectionfirst describesthe structureof the corecompo-
nents1 in theCORBA NotificationService[5].

2.1 ComponentStructure of the CORBA Noti-
fication Service

Figure1 illustratesthe componentsin the standardCORBA
NotificationService.This architectureis similar to thearchi-
tectureof theCORBA EventService[2], thoughsomecom-
ponentshaveabroaderrangeof capabilitiesin theNotification
Service.Theenhancementsin theNotificationServicearchi-
tecturearebackwardlycompatibleto preserveinteroperability
with clientswritten for the CORBA Event Service. Eachof
thesecomponentsis describedbelow.

Structur edEvents: Structuredeventsdefineastandarddata
structureinto which a wide varietyof eventmessagescanbe
stored.Theschemafor structuredeventsis known to theNo-
tificationServiceandits clients.Consumerscaninstall differ-
entfilters thatusethe“filterablebody” fieldsof thestructured
eventdefinitionto matchwith thefilter constraintexpressions
efficiently. As shown in Figure2, the headerof a structured

1Thetermcomponentusedthroughoutthispaperrefersto a “component”
in thegeneralsense,i.e., anidentifiableentity in aprogram,ratherthanin the
morespecificsenseof theCORBA ComponentModel [4].
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Figure1: Componentsin theCORBA NotificationService
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Figure2: StructuredEvent

eventconsistsof typeinformationandavariableheader, which
cancarrytheQoSpropertiesof anevent.Theeventbodycon-
sistsof filterablebodyfieldsfollowedby thepayloaddata.

Proxy objects: Proxy objects are delegatesthat provide
complementaryinterfacesto clients, i.e., a consumerobtains
andconnectsto a proxy supplieranda supplierobtainsand
connectsto a proxy consumer. Hence,a suppliersendsevents
to its proxy consumer, whereasa consumerreceives events
from its proxy supplier. This abstractionenablesanonymous
connectivity betweenconsumersandsuppliers.

Admin objects: Eachadminobjectis a factory[3] thatcre-
atesthe proxy interfaceto which eachclient will ultimately
connect. Consumeradminscreateproxy suppliersto which
consumersconnect.Conversely, supplieradminscreateproxy
consumersto which the suppliersconnect. Supportingmul-
tiple adminobjectsin a giveneventchannelenablesthe log-
ical groupingof the proxy objectsassociatedwith the chan-
nel accordingto commonsubscriptioninformation. This fea-
tureis particularlyusefulwith respectto consumeradminob-
jects,sinceit enablesthechannelto optimizetheservicingof
a groupof consumersthatareinterestedin receiving thesame
setof events.

Filter and Mapping Filter Objects: Filter objectscanbe
associatedwith all admin and proxy objects. Filter objects

thataffect theevent forwardingdecisionsmadeby proxy ob-
jectsencapsulatea setof constraints.Eachconstraintconsists
of (1) a sequenceof event typesand(2) a string containing
a booleanexpressionwhosesyntaxconformsto a constraint
grammar. Thedefault constraintlanguagedefinedby theNo-
tification Serviceis ExtendedTCL, which extendsthe TCL
(TraderConstraintLanguage)specifiedby the Trading Ser-
vice [6].

Event channels: An event channelis a factory that cre-
atesconsumeradmin and supplieradmin objects. This dif-
fers slightly from theCORBA EventServiceeventchannels,
which only have oneinstanceof adminobjects.QoSandad-
min propertiescanbeseton theeventchannelduring its cre-
ation. Theseparametersarepassedasdefault valuesto any
adminobjectcreatedby thechannel.Theseparameterscanbe
changedsubsequentlyby consumersandsuppliers.

QoS properties: The specification uses properties, i.e.,�
String,Any 	 tuples,to defineQoSproperties.QoSprop-

ertiescanbeassociatedwith aneventchannel,adminobjects,
proxy suppliersand consumers,and individual event mes-
sages.Thepropertiesdefinedby thespecificationare:

� Reliability – The event reliability and connectionrelia-
bility specify fault tolerancepropertiesto the Notifica-
tion Service.If thesepropertiesaresupportedthenafter
a Notification Serviceis restartedafter a crash,it must
reconnectto all its clientsanddeliverall eventsthathave
notexpiredyet to its consumers.

� Priority – This property controls the order in which
eventsaredeliveredtoconsumers.Theeventchannelwill
attemptto deliver messagesto consumersin priority or-
der.

� Expirationtimes– Thispropertyindicatesthetimerange
in which an event is valid. If an event is not delivered
within a specifiedtime thenaneventchannelshoulddis-
cardit.

� Earliestdeliverytime– Thispropertyspecifieshow long
aneventmustbeheldin thechannelbeforeit is delivered.

� MaximumEventsPerConsumer– This property bounds
the maximumnumberof eventsthe channelwill queue
onbehalfof agivenconsumer. Thispropertyhelpsavoid
thecasewhenthechannelfills up its queueswith events
destinedfor a misbehaving consumer.

� OrderPolicy – Thispropertyspecifiestheorderin which
eventsarebufferedfor delivery.

� Discard Policy – This propertyspecifiespoliciesfor dis-
cardingeventswhenthequeuesarefull.



Admin properties: Thefollowing administrativeproperties
canbesetonaneventchannel:

� MaxQueueLength– Thispropertyspecifiesthemaximum
numberof eventsthatwill bequeuedby thechannelbe-
forethechannelbeginsdiscardingeventsor rejectingnew
eventsuponreceiptof eachnew event.

� MaxConsumers – This propertyspecifiesthe maximum
numberof consumersthatcanbeconnectedto thechan-
nelatany giventime.

� MaxSuppliers – This property specifiesthe maximum
numberof suppliersthat canbe connectedto the chan-
nelatany giventime.

3 Designing and Optimizing TAO’s
Notification Service

This sectiondescribeshow we implementedtheCORBA No-
tification Servicein TAO [7], which is a CORBA-compliant
ORB that supportsapplicationswith stringentQoS require-
ments. TAO’s Notification Servicemakes it easierto de-
velopdistributedapplicationsin heterogeneousenvironments
by providing applicationtransparency, high flexibility , scala-
bility, interoperability, boundedresourceconsumption,filter-
ingof events,andFIFO/deadline/priority-basedeventdelivery.

Thefollowingdesignchallengeswereidentifiedprior toand
duringthedevelopmentof TAO’sNotificationService:

1. Handling multiple event, supplier and consumertypes
uniformly.

2. Efficiently propagatingdifferentevent typesto different
typesof consumers.

3. Minimizing interferencebetweenthe eventchannelpar-
ticipants.

4. Ensuringfairnessin eventprocessing.

5. Optimizingtheperformanceof theCORBA Any type.

6. Optimizationsfor footprint reduction.

7. Customizingevent channelsfor particular deployment
environments.

8. Optimizingeventfilter evaluation.

Thesechallengesandour solutionsarediscussedbelow. To
enhancethe generalityof our solutions,we describethemin
termsof thepatterns[3, 8] weusedto resolvethedesignchal-
lenges.

3.1 Challenge 1: Handling Multiple Event,
Supplier and ConsumerTypesUniformly

Context: Eventstransmittedbetweeneventchannelpartici-
pantscanhave differentrepresentation,suchasAnys, struc-
turedevents,andsequencesof structuredevents.

Problem: An event channelmust propagateevents from
suppliersthat feed its eventsin any form to consumersthat
wanttheeventin any otherform. Wheneventsareof thesame
type, however, we do not want to perform needlessconver-
sionsto a canonicalformat,nor do we wantto copy theevent
multiple timesin memory. Similarly, therearedifferenttypes
of consumersandsuppliersthatcanconnectto theeventchan-
nel. SinceIDL interfacesaresimilarwedonotwantto write a
specificimplementationfor eachtypewith redundantcodein
eachoneof them.

Solution 
 the Adapter pattern: This patternconverts
the interfaceof a classinto anotherinterfacethat clientsex-
pect [3]. The Adapterpatternlets classeswork togetherthat
couldnot otherwisedueto incompatibleinterfaces.This pat-
tern relies on object composition,i.e., the adapteeobject is
containedby theadapterobject.Theadapteralsoimplements
a target interface,which is the interfaceexpectedby a client
class.Theclient dealswith andinvokesmethods,only on the
target interface.Theadapterimplementationof the target in-
terfacedelegatesoperationsto the adaptee. Hence,various
adapteescanconformto thetargetinterfaceandthusmaintain
a singleinterfaceto aclient.

Applying the Adapter pattern in TAO: Figure 3
shows how TAO uses a base class to represent an
event. The Any Event and Structured Event
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Figure3: TheNotify Event Abstraction

classes (adapters) “adapt” the CORBA::Any and
CosNotification::StructuredEvent (adaptees)to
the Notify Event interface(target). Theseclassesknow
how to managememory and convert betweenthe various
types,i.e., Any andStructured. This designresultsin a
uniform treatmentof events throughoutTAO’s Notification
Serviceevent channelimplementation,therebyminimizing



code duplication and allowing the integration of different
strategiesto processall typesof events.

Proxy




Notify_ProxyConsumer

Notify_ProxySupplier

�

Any_ProxyConsumer

�

Structured_ProxyConsumer

�

Sequence_ProxyConsumer

�

Similarly for ProxySuppliers

�

Figure4: Abstractionfor ProxyObjects

Figure 4 shows the classes TAO’s Notifica-
tion Service uses to represent proxy objects. The
Any ProxyConsumer, Structured ProxyConsumer
and Sequence ProxyConsumer classes (Adapters)
are used to adapt the CosEvent::ProxyConsumer,
CosNotifyAdmin::StructuredProxyConsumer,
and CosNotifyAdmin::SequenceProxyConsumer
interfaces (Adaptees) to the Notify ProxyConsumer
(Target) interface. Similarly, the ProxySupplier classes
areadaptedto theNotify ProxySupplier interface.

3.2 Challenge 2: Efficiently Propagating Dif-
ferent Event Types to Different Types of
Consumers

Context: Whenaneventis sendfrom asupplierto theevent
channel,thereceiving consumer(s)mightnot acceptthesame
type of event, e.g., an event sendas an Any type could be
receivedasanAny, a structuredevent,or asequenceof struc-
turedevents.

Problem: We needto propagatedifferenteventtypesto dif-
ferenttypesof consumersefficiently.

Solution 
 the Visitor pattern: Thispatterndecouplesop-
erationsthat traverseelementsin a complex objectstructure
from theobjectstructureitself [3]. TheVisitor patternletsus
definea new operationwithoutchangingtheclassesof theel-
ementson which it operates.Whena visitor objectcalls the
accept methodof anelementin anobjectstructure,theim-
plementationof theaccept operationcalls backthe visitor
object’svisit methodandpassesinformationaboutits own
concretetype.

Applying the Visitor pattern to TAO: Figure5 illustrates
how eachconsumertypeimplementsthedispatch event
method,which in turn invokesthepush event methodfor
consumer-specificevent dispatching. When an event is se-
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Figure5: DoubleDispatchingfor EventPropagation

lectedto be dispatchedto a consumer, the event processing
engineinvokesthedispatch event methodof the proxy
consumer. In turn, thespecificimplementationof this virtual
methodinvokesthecorrectpush eventmethodof theevent.
Thismethodthenperformsany necessarytypeconversionand
initiateseventdispatchingto theremoteconsumer.

3.3 Challenge3: Minimizing Interfer enceBe-
tweenEvent ChannelParticipants

Context: An Eventchannelshouldbe ableto handleevent
delivery from suppliersandshouldbe able to performevent
forwarding with the minimum possiblelatency, i.e., suppli-
ersdeliveringaneventto thechannelshouldnot have to wait
while the channelforwards events to recipient consumers.
Similarly whentheeventchannelforwardseventsto multiple
consumers,eachconsumermightspendanunboundedamount
of time in theimplementationof its push method.

Since events are forwarded by the event channelvia a
CORBA two-way method,the channelhasno choicebut to
have the dispatchingthreadwait while the consumerreturns
from thecall. Anothercaseof sucha couplingoccurswhena
methodonafilter objectis invokedto checkif anevent’sprop-
ertiesmatchthefilter constraints.A constraintcouldbearbi-
trarily complex andthe filter itself could be a remoteobject.
Thesefactorscanaffect the eventchannel’s eventprocessing
time.

Problem: A reasonableimplementationshould strive to
minimizetheinterferencebetweendifferentparticipantsof the



eventchannel.

Solution 
 the ActiveObject pattern: Thispatterndecou-
plesmethodexecutionfrommethodinvocationin ordertosim-
plify synchronizedaccessto anobjectthat residesin its own
threadof control [8]. The Active Objectpatternallows one
or more independentthreadsof executionto interleave their
accessto datamodeledasasingleobject.

Applying the Active Object pattern to TAO: Using the
ActiveObjectpatternat thevariousstagesof eventprocessing
enablestheminimizationof theinterferencebetweentheevent
channelparticipants. As shown in Figure 6, eventsand the
operationperformedon them are encapsulatedas command
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Figure6: AsynchronousEvent ProcessingUsing the Active
ObjectPattern

objects. Enqueueingthread(s)placeeventsinto a command
queueaccordingto a buffering orderpolicy. An Active ob-
ject with worker threadsdequeuesandexecutesthecommand
objectsin thequeue.Note that theORB itself canbeconfig-
ured to increaseconcurrency by using the Leader/Followers
pattern[8]. In this case,eachORB invocationis handledby a
separatethread,allowing multiple eventsto bedeliveredcon-
currentlyto theeventchannel.

3.4 Challenge 4: Ensuring Fairnessin Event
Processing

Context: The priority QoS property specifiesthe relative
importanceof anevent. TheNotificationServiceensuresthat
priorities are respectedby enqueueingevents in an internal
buffer accordingto priority.

Problem: A long-durationfilter evaluationoperationinvolv-
ing amaximumof four remotefilters(1 eachfor theProxyOb-
jectsand1 eachat theAdmin Objects)canstarveotherevents
in thequeueandpreventthemfrom beingprocessedpromptly.

Solution 
 the Command Object pattern: This pattern
encapsulatesa requestasan object,therebyallowing param-
eterizationof differentrequests[3]. The actualnatureof the
requestis hiddenby the CommandObject interface. Differ-
entconcreteimplementationof theCommandinterfaceimple-
menttherequestandprovidesemanticsto it. Thispatterncan

beusedto decomposetheinternaleventprocessingwithin an
eventchannelinto stagesto ensurefairness.

Applying the solution in TAO: The filter evaluation,sub-
scriptionlookupandevent dispatchingoperationsareencap-
sulatedascommandobjects.As shown in Figure7 insteadof
performingthesesix operationssynchronously, theevaluation
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Figure7: ProcessingCommandObjectsto EnsureFairness

is brokenup into discreteoperations.If the event is still eli-
gible for further processingafter executingan commandop-
eration,it is enqueuedback into the commandqueueas the
followingcommandobjectandsubsequentlydequeuedfor fur-
therprocessing.Finally, thedispatchingcommandsendsout
theeventto theremoteconsumer.

3.5 Challenge5: Optimizing the Performance
of Anys

Context: A CORBA-compliant Notification Servicemust
beableto processeventscontainingAnys.

Problem: In CORBA, Anys are expensive data typesbe-
causethey canhave many levelsof nesting.For example,an
Any canbe containedwithin a structure,which canitself be
containedwithin anAny andso forth. Whena demarshaling
enginedecodesthis expensive typefrom a commondatarep-
resentation(CDR) stream,it makesa copy of the entiredata
buffer usedto representtheAny. Likewise,copying anAny
canrequireseveralmemoryallocationsandbuffercopystoob-
tain a new representationof the CDR stream.Moreover, the
C++ mappingof CORBA Anys requiresthemto be respon-
sible for any memoryreturnedto theapplication.Optimized
ORBsshouldsharetheAny contentsevenif therearemultiple
copiesof theAny object.

Solution 
 Referencecounting via the Handle/Body id-
iom: This presentsmultiple logical copiesof thesamedata
while sharingthesamephysicalcopy [9]. In C++, this idiom
is oftenusedtoautomatethememorymanagementin conjunc-
tion with referencecountingandsmartpointers.



Applying the solution in TAO: In TAO theCDR marshal-
ing enginedoesnot copy the CDR streaminto the Any, in-
stead,all CDR streamsare referencecounted,and the Any
only incrementsthereferencecountto maintaina logicalcopy
of thebuffer. Likewise,oncethecontentsof theAny areex-
tractedby theapplicationtheAny objectbecomesresponsible
for deallocatingtheextractedobject.Thisextractedobjectcan
besharedby multiple instancesof theCORBA::Any object,
minimizingthecostof copying andextractingthecontentsre-
peatedly. Theuseof theHandle/Bodyidiom implementsthis
optimizationwithout changingthe semanticsrequiredby the
standardC++ mapping.

3.6 Challenge 6: Optimizations for Footprint
Reduction

Context: The Notification Servicespecificationhas many
featuresthatmight berequiredby all applications,e.g., some
deeplyembeddedsystemsmaynot want to incur the increase
in memoryfootprint for certainunneededfeatures.

Problem: A requiredsetof Notification featuresshouldbe
“composable”by users.

Solution 
 the Builder pattern: Thispatternseparatesthe
constructionof acomplex objectfrom its representationsothat
thesameconstructionprocesscancreatedifferentrepresenta-
tions[3].

Applying the solution in TAO: The Builder patternuses
theappropriatesetsof librariesto composeaconfigurationre-
quiredin a particularuse-case.For example,a configuration
containingno-filtering+ AnyProxySupplier+ AnyProxyCon-
sumer+ reactivedispatchingstrategywouldyield theseman-
ticsof theCORBA EventService.

Thesefeaturesareseparatedinto librariesasfollows:
� The three different pairs of proxy supplier and proxy

consumertypesareseparatedinto differentlibraries. In
a specific configuration,only the required type (e.g.,
the pushproxy supplier)may be loadedby a builder at
startup.Hence,theothertypesof proxy implementations
arenot loadedsincethey arenotneeded.

� An applicationmay not requirefiltering, in which case
thefiltering enginelibrary is not loadedby thebuilder.

� TheDispatchingStrategiescouldbesimplereactive dis-
patching,or asynchronousdispatchingas describedin
Section3.2.

3.7 Challenge7: Customizing Event Channels
for Particular DeploymentEnvir onments

Context: ThestandardCORBA NotificationServiceis con-
figurablein thefollowing manner:

1. A usercanspecifyfeaturesrequiredby configuration.

2. A specificclassimplementationcanbe modifiedby the
userto enhanceor customizebehavior.

3. Userscanvarydefaultproperties,suchasthreadpoolsize
andlockingstrategy.

Problem: A mechanismis neededto allow the application
developersto usethevariousconfigurableoptionin theNoti-
ficationService.

Solution 
 the Component Configurator pattern: This
patterndecouplesthebehavior of componentservicesfromthe
point in time at which serviceimplementationareconfigured
into anapplication[8].

Applying the solution in TAO: All objectsin TAO’sNotifi-
cationServiceimplementationarecreatedvia factoryobjects.
Thesefactoriescanbeloadedstaticallyor dynamicallyby us-
ing theACE framework [10]. Figure8 shows a schematicof
the how theComponentConfiguratoris usedin the Notifica-
tion Service.
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Figure8: Apply the ComponentConfiguratorPatternin the
NotificationService

3.8 Challenge8: Optimizing Filter Evaluation

Context: Admin objectsin the Notification Servicecanbe
associatedwith filter objects.All proxy’sconnectedto suchan
adminsharethelist of filter objectsassociatedwith theadmin.
Moreover, theproxysthemselvesareassociatedwith filter ob-
jects. An event mustsatisfy the constraintsspecifiedby the
filtersatboththeproxyandadminlevel.

Problem: After anadminlevel filter hasbeenmatchedsuc-
cessfullyagainstanevent,wedonotwantto repeatthismatch-
ing operationfor eachproxyconnectedto thesameadmin.



Solution 
 Optimization principle pattern of “passing
hints”: We useavariationof theoptimizationprinciplepat-
tern “passinginformationbetweenlayers” [11]. This pattern
is commonlyusedin protocolstackoptimizationswhereeach
protocollayerpassescertaininformationto thelayeron top to
helpit avoid demultiplexing overhead.

Applying the solution in TAO: In TAO’s NotificationSer-
vice,wepassahint to proxyobjectsto skipfilter evaluationof
their parentadminobjectif this hasalreadybeenperformed.
We canoptimizethe filtering of a given event by a groupof
proxiessinceeachmemberof thegrouplogically appliesthe
samefilters to thesameevent.Thus,theresultsof theevalua-
tion of a giveneventagainsta givenfilter canbesharedby all
proxyobjectsmanagedby agivenadminobject.

Figure9 showstheconfigurationof aconsumeradmin(with
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Figure9: TheOptimizingFilter Evaluation

filter A) of proxy supplier1 (with filter B) andproxy supplier
2 (with filter C). An eventmustpassfiltersatbothlevelsto be
dispatchedto consumers2. FilterA is evaluatedfirst andthere-
sultof thatevaluationis passedasahint to boththeproxysup-
pliers. This hint is usedsubsequentlyto determineif a proxy
filter shouldbeevaluated.

4 Empirical Benchmarking Results

Thissectionpresentstheresultsof empiricalbenchmarksthat
quantifyvariousaspectsof TAO’sNotificationServiceperfor-
mance.

4.1 Overview of the TestbedEnvir onment and
Benchmarks

The experimentswere conductedon a QuadCPUPC with
400MHz Pentium2processors,512KB on-chip cache,with
256MB of freeRAM memoryandrunningtheLinux operat-
ing systemversion2.2.18.Thebenchmarkingprogramswere
compiledusingtheGCCcompilerversion2.95.4,with all op-
timizationsenabled.All benchmarkswererun in the POSIX

2An inter-filter group operatorspecifiesif the resultsof evaluating the
proxyandadminfiltersshouldbelogically AND or OR

real-timethreadschedulingclass[12].This schedulingclass
enhancesthe integrity of our resultsby ensuringthe threads
createdduring theexperimentwerenot preemptedarbitrarily
during their execution. Using this testbed,we conductedthe
following performanceexperiments:

� Eventchannelscalability – In this experimentwe show
thebehavior of theEventChannelwith progressively in-
creasingnumberof consumerswith eachconsumerre-
ceiving the sameevent from onesuppliertransmittinga
burstof events.

� Measuringtheeffectof Threadconfiguration– In thisex-
periment,we measurethe throughputof consumers,ob-
tainedin differentthreadconfigurationscenarios.

� Eventchannelfiltering overhead– In this experiment,
we measurethe impact of filtering events on channel
throughputby settinga filter at theconsumeradminand
measuringthe throughputobtainedbeforeandafter set-
ting thefilter.

4.2 Measuring Event ChannelScalability

Scalability measurement technique: In this experiment,
we measurethe scalability of TAO’s Notification Service,
wherescalabilityis definedin termsof per-consumerthrough-
put as the numberof event consumersincrease. In this test
thereis no event filtering i.e., every consumerreceiveseach
eventsentto aneventchannel.

Within an event channelwe usea threadpool to process
incomingeventmessages.The pool sizeis increasedfrom 1
(reactive) to " to measurehow the increasein concurrency
affectsperformance.

Scalability measurement results: The per-consumer
throughputis measuredwith 1, 5, 15 and20 consumers,and
1 supplier.A burstof 1000structuredeventsis deliveredwith
increasingnumberof dispatchingthreadsin the Notification
Service- none,1, 2, 3, 4. All the consumersandsuppliers
arecolocatedin thesameprocesswhich uses1 worker thread
to run the ORB event loop. The Notification Serviceis run
in a seperateprocesson the samemachine. Hencethe two
ORB’s use the loopbackinterfaceto communicate,thereby
eliminatingany variancein theresultsdueto network load.

figure10showsthattheper-consumerthroughputincreases
with increasingconcurrency, however thisspeedupminimizes
asthenumberof consumersincrease,dueto theoverheadof
synchronizationandcontext-switchingbetweenthethreads.
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4.3 Measuring the effect of Thread configura-
tion

Thr eadconfiguration measurementtechnique: In thisex-
periment,weconnect1 supplierand2 consumersto theevent
channel.Oneof theconsumers(slow) hasa delayof 1 secin
it’spushimplementation.Theotherconsumer(fast)hasnode-
lay.By configuringtheNotificationServicecorrectly, we will
show how thethroughputof thefastconsumercanremainun-
affectedthoughit is connectedto the sameevent channelas
theslow consumer.

Case1=Reactive,Case2 = 2 Thr eads,1 SharedQueue,Case3 =
Thr eadand Queue,per Proxy Supplier

Consumer Thr oughput (events/sec)

Case1 Slow 0.99

Fast 0.99
Case2 Slow 0.99

Fast 1.2
Case3 Slow 0.99

Fast 519

Table1: Effectof ThreadconfigurationonThroughput

Thr ead configuration measurement results: The per-
consumerthroughputis measuredin 3 differentconfigurations
of theNotificationService.In thereactivecase(Case1), there
areno dispatchingthreads.In thesecondconfiguration(Case
2), eventsarequeuedin asinglequeue.Thisqueueis accessed
by2 dispatchingthreads.Inthiscasewenoticeaslightincrease
in thethroughputof thefastconsumer. In thethird configura-
tion (Case3), we usea queueperproxy supplierwith a dedi-

catedthreadthatdequeuestheevents.Eventsdestinedfor each
consumertypearequeuedin their respective proxy suppliers.
This configurationdecouplesthedatapathof eachconsumer,
whichgreatlyincreasesthethroughputof thefastconsumer.

4.4 Measuring Event Filtering Overhead

Filtering overheadmeasurementtechniques: We sendan
eventburstof 1000structuredeventsbetween1 supplierand1
consumercolocatedin thesameprocess.TheNotificationSer-
vice is run on thesamehostwith 2 and4 dispatchingthreads.
Theconsumerthroughputis measuredwithoutandthenwith a
filtering constraintat theconsumeradmin.Themeasurements
areobtainedfor 5, 15,30and50consumers.

NF=No Filter, F=Filter, 2T=2 Thr eads,4T=4 Thr eads

Thr oughput (events/sec)

Consumers NF, 2T F,2T F,4T
5 502 432 442

15 199 166 170
30 102 86 87
50 61.5 52 53

Table2: FilteringOverhead

Filtering overheadresults: By introducinga filter, theav-
eragethroughputdrops by 15% percent.Byincreasingthe
numberof dispatchingthreadsto 2, the throughputincreases
slightly by 2%for the5 and15consumerscase.

5 RelatedWork

A numberof researchprojectshave focusedon distributed
publish/subscribemechanisms.For example,Rajkumaret al.,
describea real-timepublisher/subscriberprototypedeveloped
at CMU SEI [13]. Their Publisher/Subscribermodelis func-
tionally similar to the CORBA Event and Notification Ser-
vices,thoughit usesreal-timethreadsto preventpriority in-
versionwithin the communicationframework. Oneinterest-
ing aspectof the CMU model is the separationof priorities
for subscriptionandevent transferso that theseactivities can
behandledby differentthreadswith differentpriorities.How-
ever, the modeldoesnot utilize any QoSspecificationsfrom
publishers(suppliers)or subscribers(consumers).As a result,
themessagedeliverymechanismdoesnotassignthreadprior-
itiesaccordingto theprioritiesof publishersor subscribers.In
contrast,TAO’s Real-timeEventService[2] utilizesQoSpa-
rametersfrom suppliersandconsumersto guaranteetheevent
delivery semanticsdeterminedby a real-timeschedulingser-
vice.



COBEA [14] is a CORBA-basedeventarchitectureservice
thatgeneratesparameterizedevents,whicharepublishedby a
tradingservice.For scalability, clientsmustregistertheir in-
terestat the service,at which point an accesscontrol check
is carriedout. Subsequently, whenever a matchingeventoc-
curs,theclient is notified. This COBEA projectis similar to
the TAO Notification Service,the main differencebeingthat
TAO’sNotificationServiceis basedontheOMG standard.

ThereareseveralcommercialCORBA-compliantNotifica-
tion Serviceimplementationsavailablefrom vendors,suchas
Iona, Inprise, SunSoft[15], and DTSC. Iona also sells Or-
bixTalk, which is a messagingtechnologybasedon IP mul-
ticast. Unfortunately, sincethe CORBA NotificationService
specificationdoesnot addressissuescritical for real-timeap-
plications,theseimplementationsarenot acceptablesolutions
for many domains.

6 Concluding Remarks

Many distributedapplications,suchasreal-timeavionicsmis-
sion computingsystems,distributed interactive simulation,
and computer-assistedstock trading, requirean event-based
communicationmodel. By usingtheNotificationServicede-
scribedin thispaper, theseapplicationscanbebuilt effectively
by leveraginga middlewaresolutionthat is standards-based,
flexible, andoptimizedfor high-performanceandscalability.
The CORBA Notification Servicebuilds upon the CORBA
Event Service,which delivers eventsto all consumerscon-
nectedto it on a best-effort basis. The Notification Service
extendsthis serviceby providing the following two general
mechanisms:

� Eventfiltering, whichallow applicationsto controlwhich
supplier events are disseminatedto which consumers.
This selective control helps reduceredundantnetwork
traffic, i.e., eventsthat would be rejectedby consumer
applicationsafter traversingthe network arenot sentin
thefirst place.

� QoSproperties, suchasreliability, priority, ordering,and
timeliness,which allow applicationsto boundresource
consumptionof theNotificationService.It alsoenables
applicationsto specifytheorderingof eventsin anevent
channel,therebyallowing eventsto be propagatedwith
prioritiesanddeadlinecriteria,ratherthanthestrictFIFO
orderingof thestandardCORBA EventService.

TAO’simplementationof theNotificationServiceaddresses
theissueof scalabilityandhigh-performanceby applyingsuit-
ablepatternsandreusableframework components,optimizing
thecritical pathof eventpropagationat theservice-andORB-
levels,andproviding configurabilityto reducememoryfoot-
print andcustomizedeployment.

All thesourcecode,documentation,examples,andtestsfor
TAO andits NotificationServiceandReal-timeEventService
mechanismsare open-sourceand can be downloadedfrom
www.cs.wustl.edu/ # schmidt/TAO.html.
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