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Abstract. Managing embedded systems complexity and scalability is
one of the most important problems in software development. To bet-
ter address this problem, it is very recommended to have an abstraction
level high enough to model complex systems. Architectural description
languages (ADLs) intend to model these systems and manage their struc-
ture at a high abstraction level. Traditional ADLs do not provide appro-
priate formalisms to separate any kind of crosscutting concerns. This
frequently results in poor descriptions of the software architectures and
a tedious adaptation to constantly changing user requirements and spec-
ifications. AOSD (Aspect Oriented Software Development) deals with
these problems by considering crosscutting concerns in software devel-
opment. The effectiveness of AOSD appears when aspect concepts are
considered throughout the software’s life-cycle.

In this paper, we propose a new aspect language called AO4AADL
that adequately manipulates aspect oriented concepts at the software
architecture level to master complexity and ensure scalability.

1 Introduction

Implementing and managing software embedded systems are tedious tasks, due
to the complexity and strict requirements of such systems. A possible solution
to manage this complexity is to model these systems at architecture level. Ar-
chitecture description languages [1,2] are an important tool for early analysis
and feasibility testing. They can also support code generation and allow easier
management of the configuration and the deployment of systems.

Traditional ADLs provide formalisms to describe functional concerns (what
the system does) and non-functional concerns (the quality of service and the
conditions under which the system correctly operates). They lack of appropri-
ate formalisms representing crosscutting concerns (behavior that cuts across the
typical divisions of responsibility). This lack frequently results in poor descrip-
tions of the architectures and a tedious adaptation to the constantly changing
user requirements and execution context. The specification of non-functional
concerns is not well-modularized, as it is tangled with the specification of each
component’s core functionality or scattered across the specification of different
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components. This results in an increase of the model complexity. Furthermore,
when the designer modifies one of the concerns, he should manipulate all parts of
the model related to that concern which is challenging as these parts are mixed
with elements of other concerns. AOSD deals with these problems by considering
crosscutting concerns in software development.

In this paper we propose AO4AADL, an aspect oriented language for AADL [2],
a well known ADL. This language considers aspects as an extension of AADL us-
ing “annexes”, an intrinsic mechanism to extend the AADL language. We consider
that aspects can be specified in a language other than AADL, and then integrated
in AADL models as annexes. The remainder of this paper is organized as follows.
Section 2 overviews the syntax and the semantics of a new aspect oriented lan-
guage for AADL in terms of pointcut and advice. Section 3 gives the related works
and Section 4 concludes the paper and presents ongoing work.

2 The AO4AADL Language

Considering aspect concepts at the beginning of software life cycle is consider-
ably valuable: it improves comprehensibility, evolution and reuse in the develop-
ment of complex software systems. For this purpose, we extended AADL. Many
reasons led us to this choice. AADL is a concrete ADL in which all elements cor-
respond to concrete entities that allows describing both hardware and software
parts of the system. It introduces two extension mechanisms: properties and an-
nexes. These mechanisms make the language much easier to enrich. Moreover,
they offer a good foundation for additional capabilities in analysis, automated
system integration, distribution, and dynamism. Based on the annex extension
mechanism, we propose to enrich AADL specifications with aspect concepts.

An AO4AADL aspect consists of two parts: (1) pointcut specification deter-
mines the conditions under which the aspect is invoked by the corresponding
functional components and (2) advice specification encapsulates the behaviour
of the aspect depending on its location. If the aspect influences only one com-
ponent, it should be declared as an annex inside this component. If the aspect
influences the behaviour of more than one component, it should be declared as
an annex library in an AADL package outside the components.

2.1 Pointcut Specification

A pointcut is defined as a set of joinpoints which are used to accomplish the com-
position between the aspect description and the base description of the software
system. Pointcut definitions consist of a left-hand side containing the specifica-
tion of the pointcut name and parameters (the data available when the events
happen) and a right-hand side consisting of the pointcut itself.

A joinpoint specifies a well-defined point of the aspect behaviour execution.
AO4AADL explicitly defines the architectural joinpoints as places where the
effect of aspect annex can occurs. They include: (1) the subprograms already
declared in the AADL specifications (2) the outgoing data flow emerging from
an AADL component and (3) the incoming data into an AADL component
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with either a call or an execution primitive. Moreover, a joinpoint can expose
instance of checks and control to specify when the arguments are instances of
specific types or the types of the specified identifiers.

In real architectural configuration, aspect behaviour may be executed by sev-
eral architectural joinpoints. Hence, an architectural pointcut should be defined
as an expression that specifies the set of joinpoints to which the behaviour of an
aspect is applicable. In order to express the architectural quantification mech-
anism, we introduce the operators “and” (“&&”) and “or” (“||”) as well as
wildcards such as “*” to describe sets of joinpoints invoking the same advice.

Listing 1 shows an example of an aspect code, CheckCode, described in
AO4AADL. It belongs to the software part of an automated teller machine
(ATM). It specifies that the client has exactly three authentication attempts.
Each time it gets an incorrect code, the system prompts for the code again. If
it reaches the third time, the card will be rejected and an explanatory message
is displayed to the customer. The example shows also the interaction between
the AO4AADL code and the corresponding AADL entities (here, the out port
RestoreCode out specified in the AADL thread containing the annex).

Listing 1. Example of AO4AADL aspect

1 a spect CheckCode{
2 po in tcu t V e r i f i c a t i o n ( ) : c a l l ou tp o r t Res to r eCode ou t ( . . ) ;
3 adv i ce around ( ) : V e r i f i c a t i o n ( ) {
4 v a r i a b l e s { coun te r : I n t e g e r Typ e ; message : S t r i ng Type ;}
5 i n i t i a l l y { coun te r :=1; message :=”Card Re jec ted ! ” ;}
6 i f ( coun te r = 3){
7 Re jec tedCa rd ou t ! ( message ) ;
8 coun te r := 1;}
9 e l s e {

10 proceed ( ) ;
11 coun te r := coun te r + 1;}}}

2.2 Advice Specification

The advice defines the crosscutting relationships among the aspect behaviour
and the place where to inject this behaviour (joinpoint). AO4AADL provides
three kinds of crosscutting interactions listed by the keywords: before (the ad-
vice action runs before the joinpoint), after (the action runs after each join-
point) and around (the action runs before and after of each joinpoint. The
joinpoint itself can be executed by calling proceed). To each pointcut, we can
associate one or more crosscutting behaviour which is expressed in an advice sec-
tion allowing one or more advice sections can be associated to the same pointcut.

The syntax used to specify the action performed by the advice action on the
functional component is inspired from the AADL Annex Behavior [2] with some
modifications to express other requirements1.

In our aspect CheckCode (Listing 1), the advice is presented in lines (3 – 12).
We use an around advice to execute the joinpoint only if the user has remaining
attempts. In the other case, the card will be rejected.
1 The full AO4AADL grammar can be found on www.redcad.org/projects/AO4AADL
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3 Related Work

There are several points of view on how to represent aspects at architectural level
but most of existing Aspect-Oriented architectural approaches agree on that the
semantics of the composition should be somehow extended in order to ensure
the connection between the aspects and the basic components.

As stated by [3], extending a component based formalism to AOSD is per-
formed either symmetrically or asymmetrically. Some existing implementation
of AOSD in an ADL used the asymmetric approach [4,5]. They use two different
formalism to describe the model and the aspect. Some other implementations
use the symmetric approaches [6]. They use components to model both func-
tional components and aspects. In our case, we integrated the aspect code in the
model (in the same document) while keeping out model compatible with tools
that do not support AO4AADL. Therefore we used the AADL annex extension
mechanism. This allows us to have a whole new formalism to describe the as-
pects (benefit of the asymmetric approach) while keeping a single model which
can be reusable among different tools (benefit of the symmetric approach).

4 Conclusion and Future Work

In this paper, we presented AO4AADL, an aspect-oriented ADL, which extends
the AADL language using the annex extension mechanism to capture crosscut-
ting concerns at architectural level. We defined a rigorous grammar that sup-
ports most of aspect concepts. We are currently working on the implementation
of the code generator from AO4AADL aspect to AspectJ aspect. Future work
include using AO4AADL for defining an approach for managing “at runtime”
configurable (adaptive) embedded systems.
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