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Abstract. The positive results obtained by researchers on aspect-oriented programming
during the last few years are promoting the aim to export their ideas to the whole software
development process. One of the stages in which Aspect Oriented Software Development
(AOSD) techniques can be introduced is software architectural design. This would make
design of complex systems an easier task whilst cost development, cost maintenance, reuse,
etc., would be improved. However, integrating both architectural design and aspect
orientation is a non-trivial task. The different nature of the aspects that can be involved in
an application and the different requirements that applications impose on the treatment of
aspects make it difficult to handle aspects in a uniform way while at the same time
preserving the simplicity of the design process. In this study the structure of the problem of
separation of crosscutting concerns in the architectural design based on the aspect oriented
approach is analysed. The analysis will identify the kind of changes that must be made in
the current technology to manage this sort of integration. In particular, this paper focuses on
how aspects separation can be handled by Architecture Description Languages and
architectural styles. The aim of this article is not to propose a particular solution but to
propose some general guidelines on which solutions can be based.

1. Introduction

During the last few years, a great amount of work has been done to propose AOP techniques
[Kic+96]. Time to harvest results has arrived and the results have shown the real benefits of
using aspect orientation in the application development process. These include: increase in
productivity, re-usability and adaptability. Thus, Aspect Orientation has been shown to be so
relevant that there is an increasing demand for it to be extended to the whole software
development process [Cla+99, Nak99, ChLu01]. So, concepts from AOP are been extended to
early stages in the software lifecycle, generating new disciplines like Aspect Oriented Software
Development (AOSD) and Aspect Oriented Design (AOD).

One of the stages on which AOD is focused is the architectural design of applications
[Gru00]. It seems reasonable to observe software architecture from the aspect-oriented point of
view due to several reasons. On the one hand, there are aspects that are inherent to the systems
themselves and, consequently, they could be treated in their architectural design. On the other
hand, aspects separation in the systems architecture would make design an easier task,
improving cost development, making it easy to reuse designs, reducing maintenance cost and so
on. However, aspect orientation and architectural design are disciplines that have evolved
separately and their integration is not as trivial as it may seem.

In this paper some methodological considerations about how to face the integration of the
aspects separation in the architectural design are presented. Thus, this work examines the
separation of crosscutting concerns during software architecture design from a structural point
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of view instead of a morphological one by studying the structure of the problem and extracting
general conclusions more than proposing a particular solution. This reasoning will conclude that
aspects separation at architectural level have some similarities with typical coordination
problems solved using coordination models and languages [Car92]. Leaning on this, the kind of
changes that must be introduced in current Architecture Description Languages to manage the
aspect separation when designing software systems is discussed.

In section 2, the difficulties that appear when integrating aspects separation in the current
state of software architecture will be shown. Next, in section 3, the process of how an
application can be designed by handling separately the non-functional aspects intervening on it
will be analysed. This analysis will show how separations of crosscutting concerns at
architectural design can be handled as a coordination problem. Finally, section 4 shows the
conclusions and outlines future works.

2. Software architecture and Aspect Orientation

During the last few years, software architecture design techniques have been acquiring more and
more relevance as the complexity of systems has been growing. The experience has
demonstrated the benefits of using these techniques when designing such systems. Software
architecture allows the software designer to specify the systems structure in terms of
components and connectors. Components specify the functionality of the system whilst
connectors determine the interaction between components. In these terms, software architects
can concentrate on the structural properties of the systems avoiding the implementation details.
This makes possible to face complex systems reducing cost and developing time.

Two of the most useful tools for software architects are both architectural styles and
Architectural Description Languages (ADL). Architectural styles give rules to build system
families with similar characteristics. A number of architectural styles that direct the work of the
software architects has been catalogued [ShGa96]. ADL are languages that provide primitives to
specify components and connectors. Several ADL have been developed with different features:
Rapide [Luc95], Darwin [MaKr96], Wrigh [All97], Acme [GaMoWi97], etc..

In order to introduce the concepts from aspect orientation in the architectural design of
applications, it would be necessary to adapt the current software architect s tools. However,
some previous works of our research group [NaPeMu01, PeNaMu01, NaPeMu02] has revealed
that this is a non-trivial task. With respect to the architectural styles, one may consider
proposing an architectural style for systems in which aspects will be handled in a separated way.
Nonetheless, our experience tells us that it is not easy for the following two reasons:

1. On the one hand, the different nature of the aspects intervening in a system makes it difficult
to handle them in a simple and uniform way using a single style.

2. On the other hand, the same aspects in different systems could require different treatment and
this makes it difficult to solve the problem in a simple way. For example, an application with
real time and distribution constraints may require treating the real time constraints before, and
then the distribution constraints. A second application with the same real time and
distribution constraints may require treating the aspects in the opposite order. Therefore, it
would be difficult again to use a single architectural style for the two applications.

With respect to ADL, current languages as the ones mentioned before do not provide
primitives to specify the aspects separation. ADL are designed to specify components and the
connections between their interfaces. Now, it would be necessary to specify connections not
only between components but also between components and aspects and aspects with others
aspects. However the idea of having interfaces on the aspects is not clear. It is not even clear
how to specify aspects.



All the above allows us to conclude that new mechanisms are required to introduce aspects
separation during architectural design. The next question is, what must be the nature of such a
mechanism?. To answer this question a structural point of view was adopted.

3. Aspect Separation at the Architectural Level: a Coordination Problem

In this section it is analyzed how separation of crosscutting concerns can be handled in
architectural design of software systems. The analysis will allow us to extract some general
conclusions. The structure of the faced problem is depicted in figures 1a and 1b
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Let us suppose that figures 1a and 1b specify the software architecture of the same system.
Figure la shows how software architectures are currently specified. The software architects
have to specify the functionality of the system using components and the interaction between
components using connectors. However the specification of the concerns intervening in the
system is crosscutting the specification of components. On the other hand, introducing concepts
from aspect orientation in architectural design must lead to a situation as the one described in
figure 1b.

In figure 1b the specification of aspects has been separated. Now the software architect has to
specify components with their interfaces, connections between interfaces and the separated
aspects. However, in order to produce an equivalent design to the one showed in figure la
software architects must carry out the following tasks:

1. To specify in components the points from which the specification of the aspects has been
extracted. That is, the software architect have to specify the join points in the specification
of components.

2. To specify the connections between aspects and join points. Such connections have a
different nature that connection between interfaces. The purpose of such connectors is to sort



out the specifications of the whole system in order to maintain the coherence of the original
system preserving its semantic. So, such connectors have to specify when and how each
aspect must be treated. This is a typical problem of coordination that has been solved with
coordination models and languages [Gpap98].

Having all the above in mind it can be concluded that to manage the separation of concerns at
architectural design of software systems the current ADL must be extended in order to provide
the following functionality:

1. To specify functional components with interfaces and connection between interfaces. This
functionality is already provided by current ADL. However, new ADL should make possible
to specify join points in functional components. So new primitives must be provided in order
to manage the specification of the joint points. These primitives should support the
specification of every kinds of joint points not restricted to a predefined set of them.

2. To specify aspects. Aspects have a different morphology that functional components in the
sense that they do not provide services and interfaces. However, in order to modularize
aspects, they would be specified as a special kind of component described by new primitives.

3. Finally, to specify connectors between join points and aspects. As it has been introduced
before the purpose of such connectors is to sort out the specification of the whole system.
This problem is already solved by coordination models and languages. So it must be studied
the possibility to import solutions from this area. In particular, exogenous coordination
models [Arb98, Frg6, Mur99 to name a few] specify the code to determine how functional
components coordinate in separated entities from those to be coordinated. Different
approaches support different kinds of functional and coordination components. However, in
all proposals the coordination components sort out the global execution of the tasks
implemented by the system. The same schema could be used here to specify connectors
between aspects and components. In this case there are two different kinds of components:
functional and aspect components, and connectors could be coordination components. The
mission of such components would be to specify when and how the aspect components must
be treated.

The sort of aspect components and connectors mentioned before could be reused from one
system specification to another. Patterns of usual aspects and connectors could be deduced and,
in this way, aspect-oriented architecture styles could be proposed.

4. Conclusions and future works

In this paper some guidelines to integrate concepts from aspect orientation in architectural
design of software systems have been presented. In particular the work is focused on the way in
which aspect separation can be handled by means of architectural styles and Architecture
Description Languages. Based on the previous experience of our research group it is concluded
that it is very difficult to deal with such integration preserving the simplicity during the design
process. Then the structure of the problem of separation of concerns at the architectural level
has been analysed. This analysis has allowed us to extract two important conclusions. First,
aspect separation at the architectural level can be reduced to a coordination problem. Second,
based on the above, a proposal has been put forward regarding the kind of changes that must be
made in the current tools for architectural design in order to support the separation of concerns.

Currently we are working along different lines. In particular, in order to be able to specify the
places where aspects must be treated, the way in which joint points can be characterised in
components is being analysed. Also, to specify the order and the treatment that aspects must
receive, we are studying the nature of the connectors. To specify this sort of connectors we are
studying the possibility of using Rew [Arb02] from Farhad Arbab. Farhad Arbab has a
recognised experience as a researcher in the area of coordination models and languages. He is



the father of the exogenous coordination model IWIM. Rew is a channel-based exogenous
coordination model wherein complex coordinators, called "connectors" are compositionally
built out of simpler ones. These features make connectors a simple and powerful mechanism
suitable to be used here. Finally, work is being done to determine the way in which the
specification of aspects can be reused from one system s architecture to another. In particular it
is being studied how the trading of aspect components could be done.
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