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Abstract

Predicting performance in early stages of software development is an
important issue, especially in the case of systems developed as an assem-
bly of components. The analysis of such Component based systems (CBS)
may be di! cult or impossible to conduct, because of the combinatorial
state space explosion. To cope with this phenomenon, the paper pro-
poses an e! cient compositional method for modelling and per formance
analysis of CBS, applied to the CORBA Component Model (CCM). The
method starts from the deÞnition of the architecture of the s ystem and its
components, and applies a systematic translation into a structured inter-
connection of formal models (Stochastic Well formed Nets (SWN),a high
level model of Stochastic Petri Nets) associated to components and their
interactions. We then derive performance indices of the system through
an e! cient analysis based on the structure previously built .

1 Introduction

The desire to bring better quality and higher e! ciency in software design has
led to the development of Component Based Systems (CBS). These systems
are made of elementarybricks or components, assembled together [19]. This
approach has attracted both academic and industrial communities in many en-
gineering Þelds (embedded systems, web-based applications, etc). Severalcom-
ponent modelshave been deÞned for this purpose such as EJB, CCM (CORBA
Component Model), .NET, Fractal, PECOS, Koala. For most of these models,
an Architecture Description Language (ADL) [14] allows to describe an assem-
bly of components. From this description, a set of tools generate the application
code and perform some formal veriÞcations such as type compatibilities. Com-
ponent based technologies provide rapid development and promise signiÞcant
beneÞts. However, when assembling components, software designers should have
some assurance that the resulting system meets the performance expected by
users and avoids contention and bottlenecks. Moreover, forlarge architectures
of CBS, such properties are more di! cult to derive. So, it is advisable to have
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methods and tools that allow qualitative and quantitative analysis of CBS, to
support designers in their activities.

To achieve this goal, several work was proposed mainly for qualitative anal-
ysis. [1]uses model checking of Labeled Transition Systems (LTS) to prove tem-
poral logic properties of a Fractal CBS. [7] and [17], are respectively based on hi-
erarchical coloured Petri nets (HCPN) and generalized stochastic nets (GSPN).
In contrast, performance analysis is usually carried out with measures on ex-
isting systems using performance testing [9]. We can however note proposals
for predictive performance modelling [4]. This approach, followed by [21, 10],
translates architecture designs, mostly given in the UML language into adequate
performance models such as Layered Queuing Networks (LQN) [8], Stochas-
tic Petri Nets (SPN)and Stochastic Process Algebras (SPA).However, we claim
that UML is not sufficiently expressive to model complex systems, and that QN
don’t allow synchronization, resource contention and conflicts modelling, which
are important characteristics of actual systems.

In this perspective, we propose a structured compositional approach for per-
formance analysis of a CBS, trying as possible to reduce complexity of the
analysis. The main idea is to start from the architecture description of the CBS
expressed in an ADL, to model components, to derive the CBS global model, and
then to apply a structured compositional method to derive performance indices.
XXX Components are modelled with Stochastic Well-formed Net (SWN) [3], a
special class of Stochastic coloured Petri Nets, that we believe being the most
suitable formalism for performance analysis of complex symmetrical systems.
SWNs constitute a high level state based model, able to model complex systems
with concurrency and conflicts and enabling performance indices evaluation.
Moreover, they benefit from a large set of analysis algorithms and tools [13].

Our approach first translates systematically components interfaces and in-
teractions in the SWN context. Two main interaction patterns are defined
between components: synchronous request/response interactions provided with
the method invocation (such as an RPC or RMI communication) and asyn-
chronous interactions given through notification of events. We then show how
to build the global SWN of the CBS. Finally, we apply a structured method,
derived from our previous works [5, 6] and adapted to CBS, allowing to com-
pute performance indices in an efficient way. Computations are based on a
combined aggregation/tensorial representation of the underlying Markov chain
of the global SWN, which reduces the complexity of the analysis (time and
memory). In a previous paper [18], we have studied modelling and performance
evaluation of Julia implementation of FRACTAL based CBS, which provides
synchronous interactions between FRACTAL components. The present paper
extends this work to more general CBS with asynchronous event-based inter-
actions. We have chosen to illustrate our approach with the Corba Component
Model, CCM (CCM-CBS) [15]. CCM is indeed a language-neutral model, using
the two classical interaction modes : request/response and event-based.

This paper is organized as follows. Section 2 presents the main features of
the CCM model, illustrated by an example of application. We then give details
of our method in section 3 We illustrate in section 4, the application of the
approach to our example. We conclude and give future work in section 5.
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Figure 1: CCM component interfaces (left), CCM based application architecture
(middle) and the Avionics control system example (right)

2 The Corba Component Model

The CORBA Component Model (CCM) [15] is a component model independent
from operating systems and programming languages, designed to address the
limitations with earlier versions of CORBA 2.x middleware.
CCM features A CCM component is an implementation entity, described by a
set ofattributes and a set of communication points termedports or interfaces in
the sequel. Attributes are named values exposed through accessor and mutator
operations, primarily intended to be used for component conÞguration. Inter-
faces (Þgure 1, left) are access points of four types:facets and receptaclessup-
porting a synchronous-style interaction andevent sourcesand sinks providing
asynchronous event-based communication.Facets accept point-to-point invo-
cations from other components;receptaclesindicate a dependency on point-to-
point method interface of another component;event sourcesemit asynchronous
messages (events) of a speciÞed type to one or more interested components, and
event sinks receive from sources events of a speciÞed type. CCM support for
events follows thepublish/subscribe event pushmodel [15], compatible with the
CORBA notiÞcation service: Sinks, saidsubscribers, register (subscribe) for a
class of events published by a source (publisher). Intermediate event channels
are used to broker event messages between publishers and subscribers. A chan-
nel manages a speciÞed type of event. It receives an event notiÞcation from one
publisher and acknowledges it. Then, it sends the notiÞcation to all interested
subscribers. At reception of an event, a subscriber acknowledges it and runs an
event handler for processing the event.

A CCM component is located inside acontainer which provides it with the
runtime environment and allows it to access a set of system and middleware
services such as persistence, transaction, security and event services (Þgure 1,
middle). A container also o! ers non-functional services related to lifecycle (e.g.
create, delete, etc.), bindings and invocations. A CCM application is built by
deÞning anassemblyentity using XML Schema templates.
Illustration: An avionics control application We exemplify our approach
with a typical industrial avionics control application (Þg ure 1, right) presented
in [20]. In this application, a Rate Generator component sends periodic pulse
events to a positioning sensor (GPS) component. This GPS refreshes cached
coordinates available through a facet namedMyLocation, and notiÞes aDisplay-
ing devicewith Ready events. This component reads current coordinates via its
receptacleGPSLocation, and then updates the display.
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3 Modelling and analysis of CCM-CBS

In order to allow qualitative and performance analysis of CBSs, we developed a
general method, based on theStochastic Well-formed Model(SWN), and con-
centrating on performance properties. An SWN [3] is a special class of coloured
Petri net, a Well-formed (WN), with probabilistic extensio ns. The structured
deÞnition of an SWN allows us to compact its reachability graph in a Symbolic
Graph, SRG, composed ofsymbolic markings Moreover, the SRG provides an
aggregate version of the underlying Markov chain of the SWN.To analyze a
CBS, our method consists of two main phases: Generation of a global SWN of
the CBS, called G-SWN, starting from the CBS description architecture and
component implementations. Then, a structured analysis ofthe G-SWN is ap-
plied. The G-SWN of a CCM CBS is built by modelling Þrst components and
their interfaces with an SWN model termed aComponent SWN or C-SWN. C-
SWNs are then modiÞed to be composable with others, in the sense of Petri net
composition (fusion of places or transitions), leading toComposable Component
SWNs (CC-SWNs). Finally, the interacting CC-SWNs are composed together
through fusion of element interfaces, providing the G-SWN.

3.1 From CCM-CBS to SWN models

When modelling CCM based applications, we considered the following points:
(i) We study ÒstableÓ (i.e. Þxed) architectures of CCM-CBS and we do not
address performance of reconÞguration behaviours, as performance indices are
mainly computed over long periods (steady-state analysis). Hence, we do not
model non-functional services pertaining to initialization and reconÞguration
steps.
(ii) We model explicitly the event channel, characterized in CCM, with only one
publisher of a speciÞc event type and several subscribers.
(iii) We model container services not related to architecture modiÞcation, be-
cause lifecycle and binding services relate to transient conÞgurations.
(iv) We use basic colour classes to model data entities (requests and parameters,
request or event data,...) and active entities (processes,threads).
In the sequel, before presenting component modelling, we describe the mod-
elling of event interfaces. Details on facet/receptacle modelling can be found in
our previous work [18] which deÞned mapping rules (1, 2 and 3)for translating
requestor (receptacle) and service (facet) interfaces into the SWN context.

3.1.1 Event-based interfaces

Modelling event interfaces requires knowledge of the eventhandler implementa-
tion and of the resuming point after processing of event. An event handler may
be implemented inside the subscriber(s) as an internal operation. It may also
trigger a service request to another component which can be the publisher itself.
This strategy, known ascontrol-push data-pull mode, is commonly encountered
when a data producer, being the publisher, publishes an event indicating that
some data was updated and is ready to be consumed. To retrievethe data,
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Figure 2: SWN models of event publisher interface (left), event channel (middle)
and subscriber (right)

the subscriber calls an accessor method in a facet provided by the component
storing the data. On the other hand, after an event processing, the subscriber
may resume the suspended activity, or jump to another processing mode.
Because of space constraints, we present in the sequel the modelling of two cases:
(i) the case of subscriber internal event processing and activity resuming, and
(ii) the control-push data-pull case also with resuming activity.
The other cases can be deduced following a quite similar modelling.
Mapping rule 4: Event interfaces, case (i)(1)
• A publisher interface of a component, identiÞed by a set PTh of colours mod-
elling possible publisher threads, is modelled with a transition TNE representing
the notiÞcation of events (see Þgure 2, left), withPthreads, Ack_channel places
as preconditions, andReleasTh, SentEvents as postconditions.
• An event channel managing a set E of events of a speciÞed type is modelled
with two transitions TRE and TSE, expressing respectively receiving events
from publishers and sending these events to subscribers (Þgure 2, middle). The
TRE transition is controlled by Rec_Events and SoE places and has theCAck
and GenerEvents places as postconditions. While theTSE transition is con-
trolled by GenerEvents and Ack_subscrib places and has as postconditions the
SoE and SE_channel places.
• The SWN of a subscriber interface of a component, identiÞed by a set STh
of colours modelling possible subscriber threads (see Þgure 2, right for an ex-
ample), is made of two parts: (i) a local processing modelledby the BeginTask
and EndTask transitions, controlled by two places ReceivEvents and SThreads
places, and (ii) an event processing part triggered with theTTrigger transition
modelling reception of an event.TTrigger is also controlled byReceivEvents and
SThreads and hasSAck and EToProcess as postconditions. The event handler
is modelled with the TEHandler transition.

In the publisher model, placesPthreads and Ack_channel model respectively
the publisher threads and the ready state of the component. Whereas, places
ReleasTh and SentEvents model respectively the publisher threads resuming
their activities and event notiÞcations. TheAck_channel and SentEvents places
are uncoloured as we model publishers notifying one speciÞctype of events.

In the event channel model, theRec_Events and SoE places model respec-
tively received notiÞcations and the set of possible events. Rec_Events is not
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coloured. Postconditions of TE (CAck and GenerEvents) model respectively
acknowledgment and generated events to be sent to subscribers. CAck is also
not coloured, and GenerEventshas the same domain as SoE. The Ack_subscrib
place models the “ready to broadcast events” state of the channel. It is also un-
coloured as the Ack_channel of the publisher. The SE_channel place models
events sent to subscribers by the channel.

In the subscriber model, when an event is received in place ReceivEvents,
the local processing is interrupted thanks to inhibitor arcs which prevent firings
of transitions BeginTask and EndTask (and possibly others expressing other
local activities). The SThreads place is coloured with the STh basic class,
while ReceivEventshas the same domain as the SoE place (neutral or set of
event colours when dealing with several types of events). The reception of
event causes the sending of an acknowledgment in the uncoloured place via
the firing of the transition TTrigger (or TTrigger1 ), SAck and execution of
an event handler. Note that we abstracted the model of event processing into
one transition TEHandler (or TEHandler1 ). We can replace this transition
with a subnet detailing the handler when we are interested in the impact of
processing details on performances of the system. Globally, the triggering of the
handler shall be achieved in a “short” period of time, with respect to components
activities. This may be reflected in firing rates ratios (for instance 0.001/1.0)
of TTrigger, TTrigger1 transitions, over BeginTask, EndTask and TEHandler,
TEHandler1 transitions.
Dealing with multiple subscribers A publisher interface can push events
to several subscribers. In this case, the C-SWN of the event channel must
be modified (see mapping rule 5) in order to be composable at the same time
with several publishers and subscribers models (fusion of places or transitions).
This modification gives rise to a CC-SWN modelling the event channel. Note
that CC-SWNs corresponding to publishers and subscribers components are the
obtained C-SWNs without any modification. Moreover, in the figure, we model
for clarity only one transition (Task1) for the local processing of the subscriber.
Mapping rule 5: Event interfaces, case (i)(2) The C-SWN of an event
channel with multiple subscribers is modified by duplicating places SE_channel,
Ack_subscribe and their arcs, as many times as there are subscribers.
Control-push data-pull mode In this case, the publisher is endowed with a
facet and an event source, and the subscriber with a receptacle and an event
sink. Mapping rule 7 gives the corresponding modelling. For ease of modelling,
we abstract the local processing of the subscriber component to one transition.
Mapping rule 6: Event interfaces case(ii) The SWN of figure 3 models the
control-push data-pull case. The event channel remains unchanged, as defined
in mapping rule 4. The publisher, identified with a set PTh of colours mod-
elling publisher threads, sends events through the TNE transition. It exposes
a facet interface using a set MP of business methods parameterized with a set
of parameters, and modelling the service providing data related to the event.
The subscriber, identified with a set STh of subscriber threads, receives event
notifications in the Received Eventsplace, and triggers a service request through
a receptacle (given by the transitions TBRS and TERS ) to obtain event data.

In this modelling, the subscriber performs a local processing until receiving
a notification of an event (in place Received Events). In this case, it sends an
acknowledgment for this event through the transition TTrigger , and invokes a
business method (transition TBRS ) to the publisher component.
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Figure 3: CC-SWNs of event interfaces in control-push data-pull mode

3.1.2 Building CC-SWNs for CCM components

Starting from each component implementation, the C-SWN of a component is
built by analyzing the source code of the component, fixing a level of details for
modelling and following the algorithm below:

CC-SWN BUILDING ALGORITHM
1. Translate each facet defined with the "provides" keyword using

mapping rules 1 and 3. Model activities related to the servic e.
2. Translate each receptacle defined with the "uses" keywor d using

mapping rules 1 and 2.
3. Translate each event source defined with the "publishes" or "emits"

keyword using mapping rules 4 or 6 and 5 eventually.
4. Translate each event sink defined with the "consumes" key word using

mapping rules 4, 6 and 5 eventually. Model activities relate d to
the event handler.

5. If any processing involved in any interface invokes inter nal methods
of the component, model activities associated with these fu nctions.

End

Modelling activities in any stage is done by an expert. Obviously, abstraction
may be used at this stage by selecting an appropriate level of details of com-
ponents. At the highest abstraction level, an activity is modelled with a single
transition. When we obtain the model, we associate rates to transition, as we use
stochastic models. These rates may be estimated through a model parameters
estimation phase, where a test application (see for instance the Grinder tool,
http://grinder.sourceforge.net ) is ran in order to measure the parameters
needed for performance prediction.

Let us illustrate the building of the CC-SWN of a CCM component with
the NavDisplay component of the avionics control system. We start from the
implementation code given below:

eventtype tick {public rateHz rate};interface position {l ong get_pos()};
interface tickConsumer:Components:: EventConsumerBase

{ void push_tick(in tick the_tick);};
interface NavDisplay : Components:: CCMObject
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Figure 4: The NavDisplay C-SWN and CC-SWN

{ void connect_GPSLocation(in position c);
position disconnect_GPSLocation();tickConsumer get_co nsumer_Refresh();
position get_connection_GPSLocation(); };

component NavDisplay {uses position GPSLocation;consume s tick Refresh;};
class NavDisplay_Executor_Impl: public virtual CCM_NavD isplay,
public virtual CORBA:: LocalObject
{ public: virtual void push_Refresh(tick *ev) {this->refr esh_reading();}

virtual void refresh_reading(void)
{ position_var cur = this->context_->get_connection_GPS Location();

long coord = cur->get_pos(); }; };

From the definition of the component interfaces, we derive first a model
of the receptacle GPSLocation, with the BRS and ERS transitions. ST2 is
the basic colour class modelling the NavDisplay threads. We also model the
event sink to which an event handler refresh_reading is associated, triggered
by the GPS through the push_refresh operation. We model the handler with
several transitions: a beginning transition refresh_reading, a couple of receptacle
transitions BRS, ERS modelling the request to the GPS facet, and ending
transition EndHandler. We obtain the C-SWN of figure 4, top. This C-SWN is
completed using mapping rule 2, getting thus the CC-SWN of figure 4, bottom.
We model the other components in the same way. Communication between the
GPS and NavDisplay components is a control-push data pull scenario. Event
channels are also modelled between the RateGen and GPS components, and the
GPS and NavDisplay components as described in mapping rule 5.

3.1.3 Containers

A container is made up of a set of interconnected CCM components and a set of
services o! ered to its components. It mediates invocations of components from
or to external components belonging to other containers, through: (i) either a
callback (external) interface which acts as an interceptor for all incoming calls to
the component, (ii) or an interceptor for outgoing calls, internal to the container.
So, building the SWN of the container requires connecting its components CC-
SWNs, modelling the services and modelling the mediation role.
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Connecting the components CC-SWNs Interconnection of the CC-SWNs
is translated into the fusion of transition/places corresponding to interfaces of
communicating components. Precisely, we proceed to:
- Fusion of transitions (TBRS,TBPS) and (TERS,TEPS) associated with facet/
receptacles of each couple of interacting components.
- Fusion of places (SentEvents, Rec_Events) and (Ack_channel, CAck) asso-
ciated to event interfaces of each publisher and its event channel, and places
(SE_channel,ReceivEvents) and (Ack_subscriber, SAck) associated to event
interfaces of each subscriber and the corresponding event channel.
Fusion of two transitions (resp. places) consists in defining a unique transition
(resp. place) and keeping associated arcs of fused transitions (resp. places).
Colour classes of the two transitions are mapped in one to one correspondence
for common parameters of the interface and specific colour classes of each transi-
tion (resp. place) are kept. Hence, the colour domain of the resulting transition
is the Cartesian product of colour classes of the fused transitions without rep-
etition. Whereas, colour classes of two fused places are mapped in one to one
correspondence leading to the colour domain of the fused place.
Modelling container services Achieving this modelling requires to asso-
ciate a CC-SWN model to each container service and a second SWN mod-
elling the routing of a component request to the service needed. We assume a
monothreaded container. Mapping rule 7 describes this concern.
Mapping rule 7: Container services
¥ A container service is modelled with an abstracted component having one
service interface, identified by a set of server threads colours and o! ering a set
MP of methods (figure 5, middle). One transition Executeabstracts the service.
¥ Routing a request to an invoked container service is modelled with the model
of figure 5, left. A single place ContainerThread models the unique thread of the
container. The InterceptCallServ transition expresses intercepting a request. It
is controlled by the ContainerThread place. The TBRSIntern transition models
the request made by the container to its service. The result is obtained with the
TERSIntern transition and sent to the requester using EndCallServ transition.

We choose to abstract the activity induced by a container service, as our goal
is to consider the impact of a service on the execution of the analyzed CBS. On
another side, the container can manage its component instances, threads or
resources using pooling technique to reduce some overhead. If the designer is
interested in knowing the impact of this pooling on performances of his appli-
cation, we can consider this by associating a consequent rate to the transition

131 N. Salmi, P. Moreaux and M. Ioualalen

UKPEW 2008 – http://ukpew.org/



TBRSIntern related to the invoked operation. Note that, for more clarity, the
SWNs given in Þgure 5 are not coloured, but should be.
Modelling the mediation role Outgoing component calls are mediated by the
container. This is modelled, as in the case of a container service invocation, using
mapping rule 7. External invocations to components services located inside a
container are also intercepted by this container on an external interface, and
routed to the concerned component. This is modelled with mapping rule 8.
Mapping rule 8: Callback interfaces
Routing an external invocation to a component service of a container is mod-
elled with the model of Þgure 5, right. The InterceptExt transition models the
interception of a request. It is controlled by the ContainerThread place. The
TBRSCallExt transition represents the submission of a request to the concerned
component. The result is obtained with the TERSCallExt transition and sent
to the requester usingEndCallExt transition.
CC-SWN of a container modelling a container leads to a CC-SWN whose
interfaces are deÞned as the callback interfaces and non-connected interfaces
associated with internal invocation of external services.

CONTAINER CC-SWN BUILDING ALGORITHM
1. Model each container service using mapping rule 7.
2. Connect communicating CCM components.
3. For each invocation of a container service, build a mediat ion

part using mapping rule 7, connect it to the requested compon ent
in the left side, and to the service model in the right side.

4. Model each callback interface using mapping rule 8, and co nnect
it to the requested component service.

5. For each internal invocation of a service offered by an ext ernal
component, build a mediation part following mapping rule 7,
and connect it to the requester component.

End

3.1.4 Modelling the CCM application

Modelling a CCM application requires interconnection of its containers CC-
SWNs. This is done via connection of their interfaces, as done for CCM compo-
nents. The resulting CC-SWN is then completed, as usual, by ÒclosingÓ inter-
faces of the application with a simple Petri net to provide a G-SWN with Þnite
state space.

For our application, the three components are included in one container
Their CC-SWNs are interconnected. We then close therate_control interface
of the application (initially of the RateGen component), which provides the
start and stop methods.

3.2 Structured performance analysis of CBS

After generating the G-SWN of a CCM-CBS and the (CCSW Nk)k! K of the
components, we apply the last step of our analysis approach,aiming mainly
at computing performance indices of a system. We can also check qualitative
properties like deadlocks or reachability of a particular state (i.e. a marking).
Analysis of a CCM-CBS can be performed through the direct analysis of the G-
SWN obtained in the Þrst step of our method. This approach hasbeen followed
in [2] for analysis of a composition of SWNs, and implementedin the Algebra
tool of the GreatSPN package [16]. In our approach, we ratherbeneÞt from the
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Transition Rate Transition Rate Transition Rate
NewTick 0.5 push_ready 0.75 return_location 0.9
push_pulse 0.8 push_refresh 0.8 BPS 8
push_tick 0.8 GPS_Local 0.4 Nav_Local 0.4

Table 1: Transition rates of the studied conÞguration

compositionality of a CBS in order to provide an e! cient steady-state perfor-
mance analysis with regard to computation time and memory requirements.

For this purpose, we devise an extension of our previous work[5, 6] adapted
to CBS, and applied here to analysis of CCM-CBS. Let us remindthat our
previous approach deÞnes a structured analysis method which decomposes a
(global) SWN into several subnets connected in either a synchronous or else an
asynchronous manner, and study each subnet augmented with ÒpartsÓ abstract-
ing interactions with other subnets. These separated studies are used to derive
a tensorial representation of the generator of the underlying aggregated Markov
chain of the global net, used to compute performance indices.

3.2.1 Structured analysis method for CBS, applied to CCM-CBS

Extension to CBS of our structured analysis rises three problems:
1. Composition of CC-SWNs of components, as we start from thedeÞnition

of components in the case of a CBS. This is in contrast to the previous method
where a global SWN is decomposed into several subnets. Composition of SWNs
models of a CBS has been explained above.

2. Bringing an interconnection of components into a synchronous or an asyn-
chronous composition of SWNs. We map a request/response interaction into a
synchronous composition of CC-SWNs, while we model an eventinteraction
with an asynchronous composition of CC-SWNs. We emphasize here that our
modelling of interfacesensuresthat conditions of synchronous and asynchronous
compositions of subnets given in [12, 11] are fulÞlled.

3. Impact of having mixed synchronous and asynchronous compositions in
the same global model, as the structured method was deÞned for either a syn-
chronous composition or else asynchronous composition of SWNs. This problem
requires the following su! cient conditions for applying our method:
(i) If (N1, N2) and (N1, N3) (resp. (N2, N3)) are in pairwise client/server rela-
tionship, then (N2, N3) (resp. (N1, N3)) are not in client/server relationship.
(ii) If (N1, N2) are in publish/subscribe relationship and in client/server rela-
tionship too, then event colours are not involved in the client/server interaction.
(iii) If (N1, N2) and (N1, N3) are in publish/subscribe relationship, and if (N2, N3)
are in client/server relationship, then event colours are not involved in the
(N2, N3) interaction.

We give next our analysis algorithm based on the structured method. We
start with the G-SWN of the application and the set of CC-SWNs correspond-
ing to componentsE= { CC-SWNk | 1 ! k ! K } .
1. Find the set of SWN subnets(Nk )1≤k≤K ′ representing a possible decompo-
sition of the G-SWN, that fulÞll conditions stated in [12, 11] for a structured
representation of the SRG and its aggregated generator. These SWNs do not
necessarily correspond to the CC-SWNs of the set E due to restricted conditions
above. This point is investigated by checking Þrst service invocation interac-
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Figure 6: GPS processing request response time (left) and NavDisplay event
handling response time (right) with respect to component receiving rate

tions, and then event interactions.
2. Extension of the SWNs Nk to autonomous (said extended) SWNs øNk .
3. Generation of the SRGs of these extended SWNs.
4. Computation of the synchronized product of these SRGs and of the tensorial
representation of the generator of the underlying aggregated Markov chain.
5. Computation of the steady state distribution of the aggregated model and
computation of the required performance indices.
6. Expression of the results in the initial context of the components.

Automation of points 1 and 6 are currently under development, whereas the
the others steps have been automated in a tool compSWN, the new version of
the TenSWN tool [5].

4 Illustration

The set of (CC-SW Nk ) obtained when modeling components satisfy conditions
for a structured analysis. We use our tool compSWN on this set to compute
steady-state probabilities. The solver runs on a Suse linux 9.2 workstation with
Intel Pentium IV (3GHz) and 512 MO.

We are interested in studying the variation of two performance indices: (i)
the response time of processing a request in the GPS, with regard to its no-
tification receiving rate (push_tick rate), and (ii) the response time of the
event handling in the NavDisplay, with respect to its notification receiving rate
(push_refresh rate). We choose a configuration of the CBS leading to an SRG
size of 281760 symbolic markings (3937280 ordinary markings). We take fixed
rate values of a critical set of transitions (see table 1); then, we vary transition
rates (not mentioned transitions have rate equal to 1, i.e. faster than all others,
rates being given in the same unit). We obtain diagrams of figure 6.

The left diagram shows an improved response time as the receiving rate of
the transition push_tick increases. This is somewhat surprising, as the response
time gets reduced when the GPS gets overloaded. This a priori contradictory
behaviour indicates that the system is not stable in the initialization phase,
but adapts its activity to events arrival. The right diagram for two di! erent
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request processing rates in the GPS (return_location transition) shows a very
slightly increasing response time with increasing of eventreceiving rate in the
NavDisplay. The increasing of response time is expected since the load of the two
components (NavDisplay and GPS which processes the event request) becomes
more important. However, we note the very slow increasing ofthe response
time, which shows a good conÞguration not saturated for a long period of time.

5 Conclusion

In this paper, we have proposed a method allowing us to study,in an efficient
way, performances of Component Based Systems designed withthe CORBA
Component Model. The approach starts from the architecturedescription of a
CCM based application and the code of its components. It provides an SWN
(the G-SWN) of the whole system and a collection of SWNs corresponding to
the components or the containers of the application. A structured composi-
tional analysis method is used to compute performance indices. If, SWNs of
the components are complex, this approach provides memory and time savings.
Current work relates to automatizing information extracti on for direct CCM
interface. Future work will try to extend application condi tions for structured
analysis and semi-automatic veriÞcation of these conditions.
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