1. Aspect Oriented Requirements Engineering

Requirements engineering is the process of establishing the services that the customer requires from a system and the constraints under which it operates and is developed [Sommerville 2000]. The requirements themselves are the descriptions of the system services and constraints that are generated during the requirements engineering process. These descriptions can vary from very abstract and informal to rigorous and mathematical.

Crosscutting requirements – non-functional (such as security and reliability) or functional ones – are properties that affect the system as a whole or several parts of the system. Current requirements approaches are mainly directed to specify functionality, and, therefore, have some limitations to deal with the crosscutting nature of requirements.

Defining requirements engineering approaches to handle crosscutting requirements as aspects are essential to offer a better way to identify and manage conflicts that arises due to tangled specifications. Moreover, not only does it help enhancing the software maintainability and evolution, but also promoting its effective reusability. 

We will discuss common problems found when applying the aspect paradigm to the different activities of requirements engineering –  from identification to validation of requirements. Also, some solutions to these problems will be presented and examined. 

1.1 Problems 

The main activities of requirements engineering are requirements identification, modelling and specification, validation and management (which includes requirements traceability). The problems discussed are concerned in how aspects are dealt with at these activities. Essentially, these problems are expressed in terms of questions, which are presented below: 

· Identifying aspects: How to identify aspects at the requirements level? What is the relationship between aspects and non-functional requirements, constraints and concerns?

· Modelling aspects: How to model aspects at the requirements level? How to integrate and compose aspects with other modelling mechanisms and establish trade-offs?

· Tracing aspects: How to trace requirements level aspects through later development stages and during re-engineering? 

· Validating aspects: How to validate aspects identified at the requirements level? 

For each of these problems we will present and evaluate some solutions, as presented in the next section.

1.2 Solutions and their evaluations

1.2.1 Identifying Aspects

Before pinpointing solutions for the problems rose in the previous section, we need to clarify the relationships between aspects and non-functional requirements, constraints and concerns. We agree that non-functional requirements and constraints are likely candidates for aspects. Also we noticed that a concern is a more general concept, and an aspect is a concern that crosscuts other concerns in a systematic way.

Regarding the solutions found, we have, first of all, the identification of aspects can be realised by eliciting and modelling requirements using techniques such as viewpoints, use cases, scenarios, and stakeholder concerns, and then identifying crosscutting requirements. 

Another technique would be simply doing brainstorming without modelling. Also, we can also look at global properties (quality attributes), non-functional requirements and constraints, as they are potential aspects. 

Finally, it can also be argued that we don’t need specify aspects at requirements level, leaving it to later stages in the development process.

Evaluation

The use of existing techniques (listed above) to support the identification of crosscutting requirements has the advantage of exploiting the power and potential of existing mechanisms. However, there are some scalability problems, i.e., it is hard to observe crosscutting in the presence of a large number of viewpoints, use cases or scenarios. The interesting points here are that it can be easier to see the functional crosscutting against a base separation of concerns and the possibility to adapt existing techniques to support aspect identification.

Brainstorming can be also used. Since it is such a very simple technique, its main benefit is no substantial effort is required for initial structuring. Nevertheless, you could be absolutely brainstormed with too much information! Moreover, you are bound to miss something because it lacks structure. An interesting point is that you could find an aspect you might not find using other techniques.

In relation to global properties, we can only identify aspects by looking at those properties through refinement so that we can see a global property crosscutting with something – which implies that you also need the use of known elicitation requirements techniques. In general, these properties can be easier to spot. The interesting point here is that the global properties might not necessarily be global, and they might not even be an aspect.

Finally, you can even decide on not identifying aspects at requirements at all, i.e., doing it only at design or implementation, but you are definitely bound to lose traceability.

1.2.2 Modelling Aspects

Requirements are usually characterized by different models. For example, if you specify your system using UML [UML 2002], several models (e.g., class diagram, sequence diagrams) are created to show different perspectives of the system (which can also be considered as aspects). However, work is still in its infancy to model aspects. Thus, to represent aspects at the requirements level we may:

· Extend existing modelling mechanisms such as object-oriented models, finite state machines (FSM), concern-based mechanisms;

· Express them as requirements affected by multiple concerns in a concern graph. The edges of the concern graph express satisfaction of requirements by certain other entities.

· Use a template that describes the characteristics of an aspect and a UML extension that describes its crosscutting relationship with the other entities in the system.

Another concern is how to integrate and compose aspects with other modelling mechanisms and establish trade-offs. For this, it is necessary to:

· Define priorities for aspects to help establish trade-offs and 

· Define fine-grained modelling of crosscutting at the requirements level (as in AspectJ [ref]).

Evaluation

Firstly, the extension of existing modelling techniques and use of a concern graph have the following advantages: ride the power of existing techniques; ease of integration with existing techniques, tools, etc.; and ease of learning. However, there is always the drawback of inheriting the shortcomings of existing techniques.

Secondly, expressing aspects in a concern graph brings greater flexibility, as there are no modelling restrictions. On the other hand, it can be difficult to integrate with other techniques. Moreover, the maintenance costs can be higher. Another issue is that if the structure is complex, it might make it difficult to identify an aspect.

Finally, to establish priorities for aspects to facilitate the trade-offs obviously helps in taking decisions, but it can be hard to prioritise or specify the extent of the trade-off. In relation to the definition of fine-grained modelling of crosscutting, this provides an easier mapping; even so it is difficult to have such fine-grained model as this implies lack of abstraction. Last but not least, the join point model may be quite different from that at the implementation level.

1.2.3 Tracing Aspects

Traceability is concerned with the relationships between requirements, their sources and the system design [Sommerville 2000]. Links must be defined from design to requirements and from these to stakeholders who established these requirements, and also between dependent requirements. To trace requirements level aspects through later development stages and during re-engineering can be realised using the following techniques:

· Concern graph developed through stepwise concretisation of concerns; 

· Re-engineering through the use of a tool to find aspects in your code. Also, it can be used some form of code mining and extract patterns of crosscutting;

· Guidelines for the mapping and influence of aspects to later stages perhaps influenced by domain analysis.

Evaluation

Using concern graph, requirements at a very high-level describe how the problem is to be solved. It also develops high-level concepts that satisfy those requirements. So, this will result in new requirements at a lower level and the cycle goes on. The leaves of the graph are the code and in between are other documents such as design. Therefore, stepwise concretisation of concerns is a good alternative to maintain traceability. However, maintenance and scalability can be hard to manage. Development time is a question of evaluation in real world systems development.

Concerning the use of a tool to find aspects during re-engineering, there is no doubt that tool support is a plus, but the effort to develop such a tool can be unfeasible. An interesting point is accuracy: strategies should be defined to evaluate how accurate the tool is. 

Finally, having guidelines for the mapping and influence of aspects to later stages (possibly influenced by domain analysis), can promote early identification of traceability, but really good guidelines are needed, otherwise mistakes are likely to appear. 

1.2.4 Validating Aspects

Requirements validation should focus on verifying the final version of the requirements document for conflicts, omissions and deviation from standards [Kotonya and Sommerville 1998]. Therefore, its main concern is making sure that the requirements define the system that the customer really wants. 
Aspects can be validated using the following techniques: 

· Prototyping;

· Formal methods;

· Domain analysis;

· Early architecture development.

Evaluation

Prototyping requires intensive participation of stakeholders at an early stage, essential to validate aspects. However, things can be missed as it is not guaranteed, for example, that the prototype is able to express some non-functional requirements that are potential aspects (e.g. performance).

Formal methods like Z [Spivey 1992] (and object-oriented extensions [Duke et al 1991]), OCL [Warmer and Kleppe 1999], have the advantage of bringing more precision to the aspects’ specification o. Nevertheless, this doesn’t mean that the aspects are correctly specified. Therefore, the participation of the stakeholder is needed. But using formal methods is hard to obtain input from them, as they are not necessarily familiar with the notation. Moreover, it can be complicated and expensive, especially in the beginning of its use.

Domain analysis can be useful as domain constraints are taken into account revealing incorrect or missing aspects. As a drawback it’s really hard to generalise.

Early architecture development, if realized in parallel with requirements modelling, can promote early exchange of information between architecture and requirements design. That is, architectural decisions can be taken early based on the aspects’ specification and the prioritisation of the aspects can be reviewed as a consequence of architectural decisions. A point to be taken in consideration is that decision on architecture may be too early.

1.3 Conclusions

Dealing with aspects at the early stages of the software process prevents the well-known problems of tangled specifications and code from occurring. Several approaches have been proposed to handle tangled code (e.g. aspect-oriented programming), but none of them addresses the crosscutting nature of some requirements. Therefore, this shows the need to undertake aspects at the requirements level. 
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