Designingand Optimizing a ScalableCORBA Notification Sewice

PradeefsoreandRon Cytron

{pradeepgytron} @cs.wustl.edu
Departmentf ComputerScience
WashingtorlJniversity, St.Louis

Abstract

Manydistributedapplicationsrequire a scalableevent-driven
communicationmodel that decouplessupplies from con-
sumes and simultaneoushgupportsadvancedjuality of ser
vice (QoS) propertiesand event filtering medanisms. The
CORBA Notification Service provides a publish/subscribe
medanismthat is designedo supportscalableevent-driven
communicationby routing events efficiently betweenmany
supplies and consumes, enforcing various QoS properties
(sudh asreliability, priority, ordering andtimeliness)andfil-
tering eventsat multiple pointsin a distributedsystem.

This paper provides several contributions to reseach on
scalablenatification services. First, we presentthe CORBA
Notification Service architectue and illustrate how it ad-
dresseslimitations with the earlier CORBA Event Service
Secondwe explain how we addressedckey designchallenges
faced when implementingthe Notification Servicein TAO,
whicdhis our high-performancgreal-timeORB.We discusghe
optimizationsusedto improve the scalability of TAO’s Notifi-
cation Service Finally, we presentempirical resultsof the
performanceof our implementation.

1

Many distributedapplicationssuchasreal-timeavionics mis-
sion computingsystems distributed interactve simulations,
and computerassistedstock trading, require an event-based
communicatiormodel. The CORBA [1] NotificationService
provides developersof theseapplicationswith a standards-
based,QoS- and filtering-enabledevent distribution mecha-
nism. Our work on the Notification Serviceleverageghe ex-
periencewe gaineddeveloping TAO'’s Real-Time Event Ser
vice [2] to provide aflexible, extensible,and predictableim-
plementation.In this paper we explore the key designchal-
lengesfacedin providing a scalablenotificationservice. We
alsodiscussoptimizationissuegelatedto footprint reduction
andconfigurability

The CORBA Event Sewice: The CORBA Event Service
provides provides decoupled,asynchronousnd transparent
communicatiorbetweerparticipants.ltefineghreeroles:
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e Supplies, which produceeventdata;
e Consumes, whichreceve andprocessventdata;

e Eventchannels which are mediatorq3] throughwhich
multiple consumersand supplierscommunicateasyn-
chronously

However, the CORBA EventServicehaslimitations- It does
not provide interfacesor policies for supportingQoS prop-
erties such as reliability, priority, ordering, and timeliness.
moreover, it doesnot have supportfor centralizediltering of

events. TheCORBA Notification Servicewasspecifiedoy the
OMG to addresghe limitationswith the CORBA Event Ser

vice.

2 Structure and Functionality in the
CORBA Notification Service

This sectionfirst describeghe structureof the core compo-
nents in the CORBA NotificationService[5].

2.1 ComponentStructure of the CORBA Noti-
fication Sewvice

Figure 1 illustratesthe componentsn the standardCORBA

Notification Service. This architecturds similar to the archi-
tectureof the CORBA Event Service[2], thoughsomecom-
ponentshave abroaderangeof capabilitiedn theNaotification
Service. Theenhancements the Notification Servicearchi-
tecturearebackwardly compatibleto presereinteroperability
with clientswritten for the CORBA Event Service. Eachof

thesecomponentss describedelow.

StructuredEvents: Structuredeventsdefineastandardiata
structureinto which a wide variety of eventmessagesanbe
stored.The schemdor structuredeventsis known to the No-
tification Serviceandits clients. Consumerganinstall differ-
entfilters thatusethe “filterable body” fields of the structured
eventdefinitionto matchwith thefilter constraintexpressions
efficiently. As shavn in Figure 2, the headerof a structured

1Thetermcomponentisedthroughouthis paperrefersto a “component”
in thegenerakensei.e., anidentifiableentityin a programyratherthanin the
morespecificsensef the CORBA ComponenModel [4].
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eventconsistof typeinformationandavariableheaderwhich
cancarrythe QoSpropertieof anevent. Theeventbodycon-
sistsof filterablebodyfieldsfollowedby the payloaddata.

Proxy objects: Proxy objects are delgyatesthat provide
complementarynterfacesto clients,i.e., a consumernbtains
and connectgo a proxy supplierand a supplierobtainsand
connectgo a proxy consumerHence a suppliersendsvents
to its proxy consumerwhereasa consumereceies events
from its proxy supplier This abstractiorenablesanorymous
connectity betweerconsumersndsuppliers.

Admin objects: Eachadminobjectis afactory[3] thatcre-
atesthe proxy interfaceto which eachclient will ultimately
connect. Consumeradminscreateproxy suppliersto which

consumergonnect.Corversely supplieradminscreateproxy

consumergo which the suppliersconnect. Supportingmul-

tiple adminobjectsin a given eventchannelenableghe log-

ical groupingof the proxy objectsassociatedvith the chan-
nel accordingto commonsubscriptioninformation. This fea-
tureis particularlyusefulwith respecto consumeradminob-

jects,sinceit enableghe channeto optimizethe servicingof

agroupof consumershatareinterestedn receving the same
setof events.

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

that affect the eventforwardingdecisionsmadeby proxy ob-
jectsencapsulata setof constraintsEachconstraintconsists
of (1) a sequencef eventtypesand (2) a string containing
a booleanexpressiorwhosesyntaxconformsto a constraint
grammar The default constrainfanguagedefinedby the No-
tification Serviceis ExtendedTCL, which extendsthe TCL
(Trader ConstraintLanguage)specifiedby the Trading Ser
vice [6].

Event channels: An event channelis a factory that cre-
atesconsumeradmin and supplieradmin objects. This dif-
fersslightly from the CORBA Event Serviceeventchannels,
which only have oneinstanceof adminobjects.QoSandad-
min propertiescanbe seton the eventchannelduringits cre-
ation. Theseparametersare passedas default valuesto ary
adminobjectcreatediy the channel.Theseparametersanbe
changedsubsequentlipy consumergandsuppliers.

QoS properties: The specification uses properties, i.e.,
<St ri ng, Any> tuplesto defineQoSproperties QoSprop-
ertiescanbeassociateavith aneventchanneladminobjects,
proxy suppliersand consumers,and individual event mes-
sagesThepropertiedefinedby thespecificatiorare:

o Reliability — The eventreliability and connectionrelia-
bility specify fault tolerancepropertiesto the Notifica-
tion Service.If thesepropertiesaresupportedhenafter
a Notification Serviceis restartedafter a crash,it must
reconnecto all its clientsanddeliverall eventsthathave
notexpiredyetto its consumers.

e Priority — This property controls the order in which
eventsaredeliveredto consumersTheeventchannelill
attemptto deliver messageto consumers$n priority or-
der.

e Expirationtimes— This propertyindicateghetimerange
in which an eventis valid. If aneventis not delivered
within a specifiedtime thenaneventchannekhoulddis-
cardit.

o Earliestdeliverytime— This propertyspecifieshow long
aneventmustbeheldin thechannebeforeit is delivered.

e MaximumEvents®tConsumer— This property bounds
the maximumnumberof eventsthe channelwill queue
on behalfof agivenconsumerThis propertyhelpsavoid
the casewhenthe channefills up its queueswith events
destinedor amishehaing consumer

e Order Policy — This propertyspecifieghe orderin which
eventsarebufferedfor delivery.

e Discad Policy — This propertyspecifieoliciesfor dis-
cardingeventswhenthequeuesarefull.



Admin properties: Thefollowing administratve properties
canbesetonaneventchannel:

¢ MaxQueuelLength Thispropertyspecifiegthemaximum
numberof eventsthatwill be queuedby the channebe-
forethechannebeginsdiscardingaventsor rejectingnen
eventsuponreceiptof eachnew event.

¢ MaxConsumex— This propertyspecifiesthe maximum
numberof consumershatcanbe connectedo the chan-
nelatary giventime.

e MaxSupplies — This property specifiesthe maximum
numberof suppliersthat canbe connectedo the chan-
nelatary giventime.

Designing and Optimizing TAO'’s
Notification Sewice

This sectiondescribesiow we implementedhe CORBA No-
tification Servicein TAO [7], which is a CORBA-compliant
ORB that supportsapplicationswith stringentQoS require-
ments. TAO’s Notification Servicemakes it easierto de-
velopdistributedapplicationsn heterogeneousrvironments
by providing applicationtranspareny high flexibility, scala-
bility, interoperability boundedresourceconsumptionfilter-
ing of events,andFIFO/deadline/priority-basesentdelivery.
Thefollowing designchallengesvereidentifiedprior toand
duringthedevelopmenbf TAO’s Notification Service:

1. Handling multiple event, supplier and consumertypes
uniformly.

2. Efficiently propagatingdifferenteventtypesto different
typesof consumers.

3. Minimizing interferencebetweerthe eventchannelpar
ticipants.

Ensuringfairnessn eventprocessing.
Optimizingthe performancef the CORBA Any type.

Optimizationdor footprintreduction.

N oo g A

Customizingevent channelsfor particular deployment
ernvironments.

8. Optimizingeventfilter evaluation.

Thesechallengesand our solutionsare discussedelov. To
enhancehe generalityof our solutions,we describethemin
termsof the patterngd3, 8] we usedto resol\e the designchal-
lenges.

3.1 Challenge 1: Handling Multiple Event,
Supplier and ConsumerTypesUniformly

Context: Eventstransmittecbetweereventchannelbpartici-
pantscanhave differentrepresentationsuchas Anys, struc-
turedevents,andsequencesf structurecevents.

Problem: An event channelmust propagateevents from

suppliersthat feedits eventsin any form to consumerghat
wanttheeventin ary otherform. Wheneventsareof thesame
type, however, we do not want to perform needlessonver

sionsto a canonicaformat,nor do we wantto copy the event
multiple timesin memory Similarly, therearedifferenttypes
of consumersindsupplierghatcanconnecto theeventchan-
nel. SincelDL interfacesaresimilarwe do notwantto write a
specificimplementatiorfor eachtype with redundantodein

eachoneof them.

Solution — the Adapter pattern: This patternconverts
the interfaceof a classinto anotherinterfacethat clients ex-
pect[3]. The Adapterpatternlets classesvork togetherthat
could not otherwisedueto incompatibleinterfaces.This pat-
tern relies on objectcomposition,i.e., the adapteeobjectis
containecby the adapteiobject. The adaptemlsoimplements
a targetinterface,which is the interfaceexpectedby a client
class.Theclient dealswith andinvokesmethodspnly onthe
targetinterface. The adaptefimplementatiorof the targetin-
terface delegatesoperationsto the adaptee. Hence,various
adapteesanconformto thetargetinterfaceandthusmaintain
asingleinterfaceto aclient.

Applying the Adapter pattern in TAO: Figure 3
shavs how TAO uses a base class to representan
event. The Any_Event and Structured_Event

Notify_Event
Any_Event Structured_Event

Figure3: TheNot i f y_Event Abstraction

classes (adapters) “adapt” the CORBA::Any and
CosNoti fication:: StructuredEvent (adapteesjo
the Not i f y_Event interface(target). Theseclasseknow
how to managememory and corvert betweenthe various
types,i.e.,, Any andSt r uct ur ed. This designresultsin a
uniform treatmentof eventsthroughoutTAQ'’s Notification
Service event channelimplementation,thereby minimizing



code duplication and allowing the integration of different
stratgjiesto processll typesof events.
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Figure 4 shavs the classes TAO's Natifica-
tion Service uses to represent proxy objects. The
Any_Pr oxyConsuner, Struct ur ed_ProxyConsuner
and Sequence_ProxyConsuner classes (Adapters)
are used to adapt the CosEvent: : ProxyConsuner,
CosNot i f yAdmi n: : Struct ur edPr oxyConsuner,
and CosNoti f yAdm n:: SequencePr oxyConsuner
interfaces (Adaptees)to the Noti fy_Pr oxyConsuner
(Target) interface. Similarly, the Pr oxySuppl i er classes
areadaptedo theNot i f y_Pr oxySuppl i er interface.

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

Context: Whenaneventis sendfrom asupplierto theevent
channelthereceving consumer(sinight not accepthe same
type of event, e.g., an event sendas an Any type could be
recevedasanAny, astructuredevent,or asequencef struc-
turedevents.

Problem: We needto propagatelifferenteventtypesto dif-
ferenttypesof consumerefficiently.

Solution — the Visitor pattern: This patterndecouple®p-

erationsthat traverseelementsn a complex objectstructure
from the objectstructureitself [3]. The Visitor patternletsus
definea new operatiorwithout changingthe classe®f theel-

ementson which it operates.Whena visitor objectcalls the
accept methodof anelemenin anobjectstructuretheim-

plementatiorof the accept operationcalls backthe visitor

objectsvi si t methodandpasseformationaboutits own

concreteype.

Applying the Visitor pattern to TAO: Figure5 illustrates
how eachconsumetypeimplementshedi spat ch_event

method,which in turn invokesthe push_event methodfor
consumeispecific event dispatching. When an event is se-
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Figure5: DoubleDispatchingfor EventPropagation

lectedto be dispatchedo a consumerthe event processing
engineinvokesthe di spat ch_event methodof the proxy
consumer In turn, the specificimplementatiorof this virtual
methodnvokesthecorrectpush_event methodof theevent.
This methodthenperformsary necessartypecorversionand
initiateseventdispatchingo theremoteconsumer

3.3 Challenge 3: Minimizing InterferenceBe-
tweenEvent Channel Participants

Context: An Eventchannelshouldbe ableto handleevent
delivery from suppliersand shouldbe ableto performevent
forwarding with the minimum possiblelateng, i.e., suppli-
ersdeliveringan eventto the channelshouldnot have to wait
while the channelforwards eventsto recipientconsumers.
Similarly whenthe eventchannefforwardseventsto multiple
consumersgachconsumemightspendanunbounde@dmount
of time in theimplementatiorof 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 consumereturns
from the call. Anothercaseof sucha couplingoccurswhena
methodon afilter objectis invokedto checkif anevent’s prop-
ertiesmatchthefilter constraints A constraintcould be arbi-
trarily complex andthefilter itself could be a remoteobject.
Thesefactorscanaffect the eventchannels event processing
time.

Problem: A reasonableimplementationshould strive to
minimizetheinterferencéetweerdifferentparticipantof the



eventchannel.

Solution — the Active Object pattern: Thispatterndecou-
plesmethodexecutionfrom methodnvocationin orderto sim-
plify synchronizedaiccesgo an objectthatresidesn its own
threadof control [8]. The Active Objectpatternallows one
or moreindependenthreadsof executionto interlease their
accesso datamodeledasa singleobject.

Applying the Active Object pattern to TAO: Using the

Active Objectpatternatthevariousstageof eventprocessing

enablesheminimizationof theinterferencéetweertheevent
channelparticipants. As shavn in Figure 6, eventsand the
operationperformedon them are encapsulateés command

Command Queue

Dispatch to remote

consumer

Enqueuing Thread ————

&

Processing

Thread Pool Filtering

-

Figure 6: Asynchronougvent ProcessindJsing the Active
ObjectPattern

objects. Enqueueinghread(s)placeeventsinto a command
gueueaccordingto a buffering order policy. An Active ob-
jectwith worker threadsdequeuesndexecuteshe command
objectsin the queue.Note thatthe ORB itself canbe config-
uredto increaseconcurreng by usingthe Leader/Bllowers
pattern[8]. In this casegachORB invocationis handlecby a
separatehread,allowing multiple eventsto be deliveredcon-
currentlyto theeventchannel.

3.4 Challenge 4: Ensuring Fairnessin Event
Processing

Context: The priority QoS property specifiesthe relative
importanceof anevent. The Notification Serviceensureghat
priorities are respectedhy enqueueingaventsin an internal
buffer accordingo priority.

Problem: A long-duratiorfilter evaluationoperatiorinvolv-
ing amaximumof four remotefilters (1 eachfor theProxyOb-
jectsandl eachat the Admin Objects)canstare otherevents
in thequeueandpreventthemfrom beingprocessegromptly.

Solution — the Command Object pattern: This pattern
encapsulatea requestasan object, therebyallowing param-
eterizationof differentrequest43]. The actualnatureof the
requestis hiddenby the CommandObjectinterface. Differ-
entconcretamplementatiorof the Commandnterfaceimple-
menttherequestandprovide semanticgo it. This patterncan

be usedto decompos¢he internaleventprocessingvithin an
eventchanneinto stagedo ensurdairness.

Applying the solution in TAO: Thefilter evaluation,sub-
scriptionlookup and event dispatchingoperationsare encap-
sulatedascommandbjects.As shavn in Figure7 insteadof

performingthesesix operationsynchronouslythe evaluation
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Figure7: ProcessinCommandObjectsto EnsureFairness
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is broken up into discreteoperations.If the eventis still eli-
gible for further processingfter executingan commandop-
eration, it is enqueuedackinto the commandqueueasthe
following commandbjectandsubsequentlgequeuedor fur-
ther processing.Finally, the dispatchingcommandsendsout
the eventto theremoteconsumer

3.5 Challenge5: Optimizing the Performance
of Anys

Context: A CORBA-compliant Notification Service must
be ableto processventscontainingAnys.

Problem: In CORBA, Anys are expensve datatypesbe-
causethey canhave mary levels of nesting. For example,an
Any canbe containedwithin a structure which canitself be
containedwithin an Any andsoforth. Whena demarshaling
enginedecodeghis expensve type from a commondatarep-
resentatio(CDR) stream,it makesa copy of the entiredata
buffer usedto representhe Any. Likewise, copying an Any
canrequireseveralmemoryallocationsandbuffer copysto ob-
tain a new representationf the CDR stream. Moreover, the
C++ mappingof CORBA Anys requiresthemto be respon-
sible for any memoryreturnedto the application. Optimized
ORBsshouldshargheAny contentsevenif therearemultiple
copiesof the Any object.

Solution — Referencecounting via the Handle/Body id-

iom: This presentsnultiple logical copiesof the samedata
while sharingthe samephysicalcopy [9]. In C++, thisidiom

is oftenusedto automatehememorymanagemernh conjunc-
tion with referencecountingandsmartpointers.



Applying the solution in TAO: In TAO the CDR marshal-
ing enginedoesnot copy the CDR streaminto the Any, in-
stead,all CDR streamsare referencecounted,and the Any
only incrementghereferencecountto maintainalogical copy
of the buffer. Likewise,oncethe contentsof the Any areex-
tractedby theapplicationthe Any objectbecomesesponsible
for deallocatingheextractedobject. This extractedobjectcan
be sharedby multiple instancef the CORBA: : Any object,
minimizing the costof copying andextractingthe contentge-
peatedly The useof the Handle/Bodyidiom implementshis
optimizationwithout changingthe semanticgequiredby the
standardC++ mapping.

3.6 Challenge 6: Optimizations for Footprint
Reduction

Context: The Notification Service specificationhas mary
featureghatmight be requiredby all applicationsge.g., some
deeplyembeddedystemanay not wantto incur theincrease
in memoryfootprintfor certainunneededeatures.

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

Solution — the Builder pattern: This patternseparatethe
constructiorof acomplex objectfromits representatiosothat
the sameconstructiorprocessancreatedifferentrepresenta-
tions[3].
Applying the solution in TAO: The Builder patternuses
theappropriatesetsof librariesto composea configuratiorre-
quiredin a particularuse-caseFor example,a configuration
containingno-filtering+ AnyPoxySuppliert AnyPoxyCon-
sumer+ reactivedispatding strategy would yield the seman-
tics of the CORBA EventService.
Thesefeaturesareseparatechto librariesasfollows:

e The three different pairs of proxy supplier and proxy
consumetypesare separatednto differentlibraries. In
a specific configuration, only the requiredtype (e.g.,
the pushproxy supplier)may be loadedby a builder at
startup.Hence the othertypesof proxy implementations
arenotloadedsincethey arenotneeded.

¢ An applicationmay not requirefiltering, in which case
thefiltering enginelibrary is notloadedby the builder.

The DispatchingStratgjiescould be simplereactve dis-
patching, or asynchronouslispatchingas describedin
Section3.2.

3.7 Challenge7: Customizing Event Channels
for Particular DeploymentEnvironments

Context: ThestandardCORBA NotificationServiceis con-
figurablein thefollowing manner:

1. A usercanspecifyfeaturesequiredby configuration.

2. A specificclassimplementatiorcanbe modified by the
userto enhancer customizebehaior.

3. Userscanvarydefaultpropertiessuchasthreadpool size
andlocking strateyy.

Problem: A mechanismis neededo allow the application
developersto usethe variousconfigurableoptionin the Noti-
ficationService.

Solution — the Component Configurator pattern: This
patterndecoupleshebehaior of componenservicesromthe
pointin time at which serviceimplementatiorare configured
into anapplication[8].

Applying the solutionin TAO: All objectsin TAO’s Notifi-

cationServiceimplementatiorarecreatedvia factoryobjects.
Thesefactoriescanbe loadedstaticallyor dynamicallyby us-
ing the ACE framework [10]. Figure8 showvs a schematicof

the how the ComponentConfiguratoris usedin the Notifica-
tion Service.

Uses Configurator

Notify Engine

Loads Libraries

Specifies Options

? Component -Configurator

Configuration File Filter Library Dispatching Library Proxy Library

Figure 8: Apply the ComponentConfiguratorPatternin the
NotificationService

3.8 Challenge8: Optimizing Filter Evaluation

Context: Admin objectsin the Notification Servicecanbe
associategith filter objects.All proxy’sconnectedo suchan
adminsharethelist of filter objectsassociateavith theadmin.
Moreover, the proxysthemselesareassociateavith filter ob-
jects. An event mustsatisfy the constraintsspecifiedby the
filters atboththe proxy andadminlevel.

Problem: After anadminlevel filter hasbeenmatchedsuc-
cessfullyagainstanevent,we donotwantto repeathis match-
ing operationfor eachproxy connectedo the sameadmin.



Solution — Optimization principle pattern of “passing
hints”:  We usea variationof the optimizationprinciple pat-
tern“passinginformationbetweenayers’[11]. This pattern
is commonlyusedin protocolstackoptimizationswhereeach
protocollayerpassesertaininformationto thelayerontop to
helpit avoid demultiplexing overhead.

Applying the solution in TAO: In TAO’s Natification Ser
vice,we passahintto proxy objectsto skipfilter evaluationof

their parentadminobjectif this hasalreadybeenperformed.

We canoptimizethe filtering of a given eventby a group of
proxiessinceeachmemberof the grouplogically appliesthe
saméfilters to the sameevent. Thus,theresultsof the evalua-
tion of a giveneventagainst givenfilter canbe sharedby all
proxy objectsmanagedy a givenadminobject.

Figure9 shavstheconfiguratiorof aconsumerndmin(with

Filter A

| Consumer Admin

Filter B Filter C

‘1 Proxy Supplier 1 | | Proxy Supplier 2

Figure9: TheOptimizingFilter Evaluation

filter A) of proxy supplierl (with filter B) andproxy supplier
2 (with filter C). An eventmustpasdfilters at bothlevelsto be
dispatchedo consumer Filter Ais evaluatedirst andthere-
sultof thatevaluationis passesa hint to boththeproxy sup-
pliers. This hint is usedsubsequentlyo determinef a proxy
filter shouldbeevaluated.

4 Empirical Benchmarking Results

This sectionpresentsheresultsof empiricalbenchmarkshat
guantifyvariousaspect®f TAO’s Notification Serviceperfor
mance.

4.1 Overview of the TestbedEnvironment and
Benchmarks

The experimentswere conductedon a QuadCPUPC with
400MHz Pentium2processors512KB on-chip cache,with
256MB of free RAM memoryandrunningthe Linux operat-
ing systemversion2.2.18.The benchmarkingrogramswere
compiledusingthe GCC compilerversion2.95.4 with all op-
timizationsenabled.All benchmarksvererun in the POSIX

2An interfilter group operatorspecifiesif the resultsof evaluating the
proxy andadminfilters shouldbelogically AND or R

real-timethreadschedulingclass[12]. This schedulingclass
enhanceshe integrity of our resultsby ensuringthe threads
createdduring the experimentwere not preemptedarbitrarily
during their execution. Using this testbed we conductedhe
following performancexperiments:

e Eventchannelscalability— In this experimentwe shav
the behavior of the EventChannelwith progressiely in-
creasingnumberof consumerswith eachconsumerre-
ceving the sameeventfrom one suppliertransmittinga
burstof events.

e Measuringtheeffectof Threadconfiguation— In this ex-
periment,we measurehe throughputof consumerspb-
tainedin differentthreadconfigurationscenarios.

e Eventchannelfiltering overhead— In this experiment,
we measurethe impact of filtering events on channel
throughputby settinga filter at the consumeadminand
measuringhe throughputobtainedbeforeand after set-
ting thefilter.

4.2 Measuring Event Channel Scalability

Scalability measuement technique: In this experiment,
we measurethe scalability of TAO’s Notification Service,
wherescalabilityis definedin termsof perconsumethrough-
put asthe numberof event consumersncrease. In this test
thereis no eventfiltering i.e., every consumerreceveseach
eventsentto aneventchannel.

Within an event channelwe usea threadpool to process
incomingevent messagesThe pool sizeis increasedrom 1
(reactie) to n to measurenow the increasein concurreng
affectsperformance.

Scalability measuement results: The perconsumer
throughputis measuredvith 1, 5, 15 and20 consumersand
1 supplierA burstof 1000structuredeventsis deliveredwith
increasingnumberof dispatchingthreadsin the Notification
Service- none, 1, 2, 3, 4. All the consumersand suppliers
arecolocatedn the sameprocesswhich usesl worker thread
to run the ORB eventloop. The Notification Serviceis run
in a seperatgrocesson the samemachine. Hencethe two
ORB'’s usethe loopbackinterfaceto communicate thereby
eliminatingary variancein theresultsdueto network load.

figure 10 shawvsthattheperconsumethroughpuincreases
with increasingconcurreng, however this speedupnminimizes
asthe numberof consumersncreasedueto the overheadof
synchronizatiormndcontext-switchingbetweerthethreads.
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4.3 Measuring the effect of Thread configura-
tion

Threadconfiguration measuiementtechnique: In thisex-
perimentwe connectl supplierand2 consumerso the event
channel.Oneof the consumergslow) hasa delayof 1 secin
it’ spushimplementationTheotherconsume(fast)hasnode-
lay.By configuringthe Notification Servicecorrectly we will

shav how thethroughputof thefastconsumercanremainun-
affectedthoughit is connectedo the sameevent channelas
theslow consumer

Casel=Reactive,Case2 = 2 Threads,1 Shared Queue,Case3 =
Threadand Queue,per Proxy Supplier

Consumer | Throughput (events/sec)]|

|| Casel | Slow | 0.99 ||
Fast 0.99
Case2 | Slow 0.99
Fast 1.2
Case3 | Slow 0.99
Fast 519

Tablel: Effectof Threadconfigurationon Throughput

Thread configuration measuement results: The per

consumethroughpuis measuredh 3 differentconfigurations
of the Notification Service.In thereactve case(Case], there
areno dispatchinghreads.In the secondconfiguration(Case

catedthreadthatdequeuetheevents.Eentsdestinedor each
consumetype arequeuedn their respectre proxy suppliers.
This configurationdecoupleghe datapathof eachconsumer
which greatlyincreaseshethroughpubf thefastconsumer

4.4 Measuring Event Filtering Overhead

Filtering overhead measurementtechniques: We sendan
eventburstof 1000structuredeventsbetweerll supplierandl
consumecolocatedn thesameprocessTheNotificationSer
vice is run onthe samehostwith 2 and4 dispatchinghreads.
Theconsumethroughpuis measuredavithoutandthenwith a
filtering constraintat the consumeadmin.Themeasurements
areobtainedor 5, 15,30 and50 consumers.

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

Throughput (events/sec)] |

Consumers | NF, 2T | F2T FAT
5 502 432 442
15 199 166 170
30 102 86 87
50 61.5 52 53

Table2: Filtering Overhead

Filtering overheadresults: By introducinga filter, the av-
eragethroughputdrops by 15% percent.Byincreasingthe
numberof dispatchinghreadsto 2, the throughputincreases
slightly by 2% for the5 and15 consumergase.

5 RelatedWork

A numberof researchprojectshave focusedon distributed
publish/subscribenechanismsk-or example,Rajkumaretal.,
describeareal-timepublisher/subscriberototypedeveloped
atCMU SEI[13]. Their Publisher/Subscribanodelis func-
tionally similar to the CORBA Event and Notification Ser
vices, thoughit usesreal-timethreadsto preventpriority in-
versionwithin the communicatiorframevork. Oneinterest-
ing aspectof the CMU modelis the separatiorof priorities
for subscriptiorandeventtransferso that theseactuities can
be handledby differentthreadswith differentpriorities. How-
ever, the modeldoesnot utilize any QoS specificationdrom
publisherqsuppliers)r subscribergconsumers)As aresult,
themessagelelivery mechanisndoesnot assigrthreadprior-
ities accordingo the prioritiesof publishersor subscribersln

2), eventsarequeuedn asinglequeue.Thisqueueds accessed contrast,TAO's Real-timeEvent Service[2] utilizes QoS pa-

by 2 dispatchinghreads.Irthis casewve noticeaslightincrease
in thethroughputbof thefastconsumerin thethird configura-
tion (Case3), we usea queueper proxy supplierwith a dedi-

rameterdrom suppliersandconsumerso guarante¢heevent
delivery semanticsleterminedoy a real-timeschedulingser
vice.



COBEA[14] is a CORBA-basedeventarchitectureservice
thatgenerateparameterizea@vents,which arepublishedby a
tradingservice. For scalability clientsmustregistertheir in-
terestat the service,at which point an accesscontrol check
is carriedout. Subsequentlywhene&er a matchingeventoc-
curs,the client is notified. This COBEA projectis similar to
the TAO Notification Service,the main differencebeing that
TAO’s Notification Serviceis basedonthe OMG standard.

ThereareseveralcommercialCORBA-compliantNotifica-
tion Serviceimplementationsvailablefrom vendorssuchas
lona, Inprise, SunSoft[15], and DTSC. lona also sells Or-
bixTalk, which is a messagingechnologybasedon IP mul-
ticast. Unfortunately sincethe CORBA Notification Service
specificatiordoesnot addresgssuescritical for real-timeap-
plications theseémplementationsirenot acceptableolutions
for mary domains.

6 Concluding Remarks

Many distributedapplicationssuchasreal-timeavionics mis-
sion computing systems,distributed interactve simulation,
and computerassistedstock trading, require an event-based
communicatiormodel. By usingthe Notification Servicede-
scribedin this papertheseapplicationsanbebuilt effectively

by leveraginga middlevare solutionthat is standards-based,

flexible, and optimizedfor high-performancend scalability
The CORBA Notification Servicebuilds upon the CORBA
Event Service,which delivers eventsto all consumerson-
nectedto it on a best-efort basis. The Notification Service

extendsthis serviceby providing the following two general [11]

mechanisms:

¢ Eventfiltering, whichallow applicationgo controlwhich
supplier events are disseminatedo which consumers.
This selectve control helps reduceredundantnetwork

traffic, i.e., eventsthat would be rejectedby consumer 13!

applicationsafter traversingthe network are not sentin
thefirst place.

QoSproperties suchasreliability, priority, ordering,and
timeliness,which allow applicationsto boundresource

consumptiorof the Notification Service. It alsoenables [15]

applicationgo specifythe orderingof eventsin anevent
channel therebyallowing eventsto be propagatedvith
prioritiesanddeadlinecriteria,ratherthanthestrict FIFO
orderingof thestandardCORBA EventService.

TAO’simplementatiorof theNotificationServiceaddresses
theissueof scalabilityandhigh-performancéy applyingsuit-
ablepatternsandreusabldramenork componentspptimizing
thecritical pathof eventpropagatioratthe service-andORB-
levels, and providing configurabilityto reducememoryfoot-
print andcustomizedeployment.

All thesourcecode,documentationexamplesandtestsfor
TAO andits NotificationServiceandReal-timeEventService
mechanismsre open-sourceand can be downloadedfrom
www. ¢s. wust | . edu/ ~schm dt/ TAO. ht i .
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