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1. INTRODUCTION 
Framework-based components approaches (e.g. CCM, EJB) 
have until not achieved a breakthrough in the real-time and 
embedded community. Yet, the interest in component based 
paradigms is increasing, along with the need to make sys-
tems less dedicated, more flexible, and follow standardized 
software platforms. 
The work described here has been done in the context of the 
European projects COMPARE and MERCED1 which focus 
on the development of a flexible component technology for 
complex embedded real-time systems. A promising ap-
proach is the container/component pattern employed by the 
CORBA Component Model (CCM) [2]. The component is 
embedded into the container through which all interactions 
with the external world are managed. Some non-functional 
concerns, such as transactions and persistency are already 
supported. 
However, the standardized CCM container is not flexible 
enough. Transactions are useful for enterprise applications, 
but we rarely need these in embedded systems which re-
quire different services. An example is a configurable syn-
chronization policy enforced by the container, but there is 
no possibility to add such a service in a consistent way. 
Since CCM supports only synchronous method invocations 
and a specific form of event delivery, another motivation 
for more adaptability is the wish to use additional interac-
tion mechanisms, for instance an event delivery mechanism 
provided by the target RTOS. In order to do this, we could 
configure a CORBA ORB, e.g. by means of pluggable 
transport protocols. We consider this inadequate, since an 
ORB has a higher overhead compared to a native commu-
nication layer. We don’ t seek a fixed extension of the set of 
supported interactions: in the embedded and RT domain, 
we often need to add interaction mechanisms that exactly fit 
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domain and target – we require a general procedure how to 
add specific interaction mechanisms. 
 We motivated the need for two kinds of adaptability in a 
container: the flexible management of services and interac-
tion mechanisms. In the next two sections, we deal with 
these two aspects and present their realization in CCM. 

2. Open container 
This section deals with an open container, i.e. a container 
tailored by means of plug-ins that support the handling of 
non functional aspects. We call these plug-ins container 
services. The following considerations are based on the 
lightweight variant of CCM [1]. 

The general approach is the separation of concerns 
principle: we keep real-time and quality-of-service (QoS) 
related code as far as possible out of the component code. 
Instead, we add the real-time aspects by means of declara-
tions that are part of the container configuration. This en-
hances the reusability: the remaining “business code”  is free 
of specific aspects of a certain target configuration and is 
therefore reusable. 

2.1 Container Services 
A major feature of the open container is its flexibility. In-
stead of providing a predetermined set of container ser-
vices, it is possible to register a new service with a con-
tainer using a plug-in architecture. 

 

Figure 1: Container Services 

As shown in Figure 1, one or more container services can 
intercept the call through a receptacle on the client side. In 
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the same way, incoming calls can be intercepted at the ser-
vice side. A container service can also invoke methods on a 
component facet without being triggered by an incoming 
call. This is for instance useful for time triggered activation 
of a certain facet. 
The contrary is possible, but discouraged: a component 
implementation (the executor) might invoke an interface 
provided by the container service. There are two problems 
with the latter: the component code depends on a specific 
container service and it needs additional mechanisms to 
retrieve a suitable reference to that service. 
In the context of the QoS-for-CCM submission [4], we co-
operate with Fraunhofer Fokus to standardize the support of 
non-functional constraints via interception. 

3. The CCM connector 
In this section, we motivate the use connectors in CCM and 
roughly sketch their implementation strategy, for more de-
tails see [5]. 
In its native field (Architecture Description Languages [3]), 
the connector is a clearly distinguished entity dedicated to 
interaction management. It enables a more flexible middle-
ware, since it supports customized interaction protocols. 
Interaction patterns are often bound to a given application 
domain (e.g. pipes and filters in communication SW). The 
way interactions are dealt with is part of the domain exper-
tise. Thus, building reusable interaction media (connectors) 
enables to gather and reuse (i.e. capitalize) SW practitio-
ners’  knowledge on interactions management.  

3.1 Component Model Extensions 
3.1.1 Port Responsibilities 
Due to the introduction of connectors, ports only define the 
interface in terms of operations and are not directly respon-
sible for the interaction mechanism that is chosen. The se-
mantics of uses and provides is that of a local method call 
and a method callback respectively. The implementation of 
the invoked method in the connector fragment could exe-
cute for instance a synchronous CORBA call or emit an 
event via a specific RTOS primitive. 

3.1.2 Templates and Derived Interfaces 
The ports of an event bus connector refer naturally to a ge-
neric interface for publishing an event to the bus (and an-
other for delivering it to a subscriber). However, the use of 
generic interfaces is not useful for many other connectors, 
for instance for asynchronous invocations. It has to be pos-
sible to instantiate the connector and its ports with a certain 
interface. We use the terms fixed and adaptive connector, 
respectively. 

3.1.3 Access through Connector Fragments 
In a deployment view the connector is split into two frag-
ments that are co-located with the components using them. 

Each fragment has to be bound to the component using it. 
Please note that the connection between a component and a 
connector fragment is always a local method invocation. In 
order to setup this connection, we need to obtain references 
of component and connector ports first. 

4. Related Work 
Wang et al. recognized the possibility that a CCM container 
can manage QoS properties [6]. The work is done in the 
context of the CCM implementation CIAO (DOC group). 
Galik and Bures from the Charles University provide a 
flexible connector framework [7] with interception possi-
bilities, yet their framework is much more general and not 
focused on CCM (yet, they use OMG’s D+C specification). 
Their implementation is written in Java whereas we target 
C++ and embedded C++. 

5. Summary 
We extended the CORBA container model with regard to 
two aspects: 
1. The possibility to add container services that can inter-

cept the call chain to the component at various places. 
Thus, we reach a flexible, open container. 

2. Adding separately reusable interaction patterns by 
means of connectors. 

Both aspects are configured based on a declarative applica-
tion description and not in the code. This separation of con-
cerns makes specific configuration choices explicit instead 
of hiding it into the code and facilitates the reuse of the 
component in different contexts. 
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