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Abstract. A number of requirements engineering (RE) approaches have focused on
addressing broadly scoped (non-functional) properties such as security, availability,
etc. More recently, several aspect-oriented requirements engineering (AORE) ap-
proaches have been proposed to tackle both functional and non-functional require-
ments of a crosscutting nature. In this paper, we analyse how some well-known RE
approaches address crosscutting concerns. We compare these approaches with AORE
approaches in order to identify the additional contributions the latter have to offer
while at the same time investigating what AORE can learn from traditional RE tech-
niques. We use our comparison to derive a set of challenges to be addressed by
AORE techniques. This paper is our position statement, rather then an attempt to pre-
cisely evaluate the discussed approaches, for which several large case studies are nec-
essary.

Introduction

Ever since the seminal work of Bell and Taylor [1] it has been recognised that software
requirements “need to be engineered”. Many Requirements Engineering approaches have
been developed to do just that, the majority of which have focused on functionality ex-
pected from software systems. In addition, a handful of RE approaches have focused on
broadly scoped properties (so-called non-functional requirements) of software systems.
These non-functional requirements have been recognised to influence (or crosscut) other
requirements, and mostly to be crucial for software systems’ success, yet to be difficult to
pin down due to their often conceptual nature.

In this paper we discuss and compare several RE approaches, looking at how they ad-
dress both functional and non-functional concerns for engineering requirements. Two
groups of approaches are considered in our comparison: the first group includes PREview
[2], Non-Functional Requirements Framework [3], and Problem Frames [4]; the second
group includes Arcade [5] and Theme/Doc [6]. The approaches in the first group have been
chosen to represent contemporary RE work which recognises presence of non-functional
concerns. The second group presents examples of work on Aspect-Oriented (AO) RE.
AORE work not only recognises the presence of non-functional concerns, but explicitly
distinguishes crosscutting (functional and non-functional) concerns as an independent
group of concerns needing additional treatment procedures. In particular, these procedures
include means for identifying and modularising crosscutting concerns as well as their con-
sequent composition with other concerns. This, in turn, requires a principled support for
composition.



By comparing these two groups of RE approaches, we hope to identify the additional
contributions that AORE has to offer. At the same time, we investigate what are the most
valuable lessons that AORE can learn from contemporary RE techniques. Finally, we use
this comparison to derive a set of key challenges pertaining to the handling of crosscutting
requirements to be addressed by AORE.

This paper is our position statement, rather then an attempt to precisely evaluate the dis-
cussed approaches, for which several large case studies are necessary.

We start by providing a comparison criteria (section 2), briefly introducing the selected
approaches (section 3), then compare the selected approaches using our criteria (section 4),
and finally conclude the paper with discussion of our findings and challenges (section 5).

2. Comparison Criteria

In order to derive criteria for assessment of Requirements Engineering approaches, we
have looked at the life cycle of requirements and analysed how they arise and progress
along the software development lifecycle and the life of the software product'. From that
we have selected such comparison criteria as to support this progression through the lifecy-
cle.

2.1. Requirement Lifecycle

During requirements engineering, in broad terms, the properties that the software must
exhibit have to be elicited. The analysis of the elicited information and the associated or-
ganisational and operational context results in the synthesis of a set of requirements. These
requirements need to be, as far as is possible, correct, complete and feasible. Achieving
these qualities typically requires negotiation and trade-off with and between the users and
other stakeholders. The set of requirements that emerges from the analysis activity needs to
be recorded in a specification document that communicates the requirements to the people
who will use them to develop the software. The documented requirements need to be vali-
dated to ensure that the software that they specify will meet the needs of the people from
whom the requirements were elicited [7]. As development proceeds, the requirements need
to be managed so that changes are controlled. The requirements will change and new re-
quirements will arise during the course of the system use, so coping with change is an es-
sential need for a requirements methodology.

Thus, RE process fundamentally addresses requirement discovery, understanding, re-
cording, checking, communication and management [7]. From analysis' of the qualities
needed for supporting these activities we have selected the assessment criteria briefly dis-
cussed below.

2.2 Comparison Criteria

Identification and handling of functional and non-functional crosscutting concerns
closely relates to requirement discovery and understanding. The identification part of this

! Due to lack of space we do not discuss the details of this analysis in the present paper.



criterion indicates if a given RE approach supports recognition of both types of crosscut-
ting concerns. This is crucial simply because if a crosscutting concern is not detected no
further treatment can be applied to it. The handling part of the criterion stipulates that
merely detecting a concern is not sufficient, a process should be provided to help in treating
the given concern.

Composability is the support for combining individual requirements into coarser-
grained requirements. Using the AO terminology, this support should include a well de-
fined joinpoint model and composition semantics. The joinpoint model exposes structured
points through which requirements can be composed. The composition semantics provide
systematic meaning to the composition.

Composability is related to understanding, checking and management activities. It is a
highly desirable property for an RE approach, allowing not only reviewing the require-
ments in their entirety, but also detection of potential conflicts very early on in order to
either take corrective measures or appropriate decisions for the next development step. The
composed requirements also become valuable sources of validation for the complete sys-
tem [8].

Trade-off analysis and decision support: Conflicts are inevitable between require-
ments. These can arise both from crosscutting and non-crosscutting requirements (e.g., due
to different needs of some requirement sources, etc.). This criterion indicates if an RE ap-
proach can facilitate their identification, analysis and resolution, thus relating to under-
standing, checking, management, and communication activities.

Traceability throughout lifecycle: preservation of traceability between the artefacts of
the software lifecycle is a necessary quality for understandable, maintainable, and manage-
able recorded software. This criterion could be broken into two counterparts: (a) traceabil-
ity of requirements and change to their sources of origin and (b) traceability between life-
cycle artefacts.

Support for mapping: most current RE approaches recognise that not all identified re-
quirements/concerns will progress into formal design artefacts: some will map onto deci-
sions, trade-offs, or similar. This criterion indicates if an RE approach provides support for
decisions on mapping (especially for crosscutting concerns) that facilitate efficient solution
choice. It is related to recording, communication, and management activities.

Evolvability: is the ease of adapting requirements artefacts due to change in the re-
quirements or removal/addition of a requirement. Ideally, effects due to change should be
localised and easy to introduce to make it viable to keep the recorded requirements arte-
facts up to date with the changing requirements. This supports understandability and man-
agement.

Scalability: indicates if an RE approach is equally well suited for small and large pro-
jects. This assists with management of growing projects.

3. Overview of RE Approaches

3.1 Contemporary (non-AQO) RE Approaches

We have selected the three approaches below because, to a greater or lesser degree, they
explicitly recognise the importance of non-functional requirements. Because of this crite-
rion, we do not review use-case and scenario-based approaches which (in contrast) have



established themselves as a new orthodoxy in RE. Note that none of the three approaches
below explicitly classify requirements into crosscutting and non-crosscutting.

3.1.1 PREview

PREview [2, 9, 10] is a Viewpoint-Oriented Approach (VOA) [11] which, as all VOA,
considers the problem-related information from different perspectives (called viewpoints)
[2] arising due to different responsibilities, roles, goals, etc. of the information sources.
PREview complements the standard notion of viewpoints with that of organisational con-
cerns: generalisation of the notion of goal that includes both organisational goals and con-
straints restricting the system or process to be analysed.

PREview concerns are identified at the very start of the RE process and decomposed
into questions, constraints, or requirements. Then viewpoints are identified and recorded
using provided viewpoint templates. During the requirements analysis, questions associated
with concerns must be linked to all viewpoints and answered by viewpoint sources. This is
followed by interaction detection and inconsistency resolution between viewpoints. In this
way PREview reveals how the concerns affect the viewpoints and requirements. The de-
composed concerns are used to make decisions on concern mapping to functional modules,
early architectural or other decisions, etc.

PREview suggests that functionality is often negotiable, as oppose to concerns (e.g.
safety in a safety-critical system).

Thus, PREview uses concerns as drivers in requirement discovery and viewpoints for
actual requirements discovery.

3.1.2 Non-Functional Requirements (NFR) Framework

Central to the NFR Framework [3] is the concept of softgoal: a goal that has neither a
clear-cut definition nor precise criteria for determining whether it has been satisfied. This
definition fits well for non-functional requirements (which are represented as softgoals); as
such a requirement can have different meaning and satisfaction criteria for different people,
and even for the same person working on different projects.

In the NFR framework softgoals represent three types of entities: overall constraints on
the system (NFR softgoals), concrete design or implementation solutions for constraints
(called operationalising softgoals), and rationale or explanations for decisions (called
claims). Softgoals are decomposed (or refined) into offspring softgoals that relate to their
parents through an IsA relationship. The offsprings also contribute to their parents either
positively, or negatively. The refinement methods are patterns and guidelines for decompo-
sition based on requirements engineers’ past experience and domain knowledge®. The
framework also provides an evaluation procedure used to determine the degree to which
the initial NFR softgoal is satisfied by evaluating the decisions about offsprings’ satisfac-
tion and contributions to the parents. Offsprings can have different priorities which can be
used while making decisions about trade-offs and resolving conflicts.

The conflict/support relationships between non-functional requirements (e.g., cost vs.
quality/ availability vs. dependability), also called correlations, are collected and cata-
logued. This catalogue is used to examine the cross-impact of the softgoals during trade-off
analysis and alternative solutions selection.

2 One can perceive these as loosely similar in role to that of design patterns [11].



3.1.3 Problem Frames

The Problem Frames (PF) approach [4] proposes to decompose complex problems into
structured sets of simpler, familiar classes of common sub-problems. (The classes of com-
mon problems should be identified from the body of problem analysis work, in a fashion
similar to design patters [12]). The combined descriptions/ solutions for the sub-problems
then serve as the description/solution to the original problem.

The broad characteristics of common problem classes and the interactions of the real
world problem domains with the intended computer system are extracted into problem
frames. Each problem frame can have a number of variations, extensions and flavours. PF
suggests that once the core problem frames are known to the developers, it is easier to
recognise and address the variations of these classes of problems and anticipate the diffi-
culties as well as produce efficient solutions for them.

A problem frame is represented by a problem diagram consisting of the machine (soft-
ware), one or more domains, the requirement and the shared phenomena between them.
Each problem frame is supplemented with a frame concern that tells what kinds of descrip-
tions are necessary to adequately understand the given problem and what are the logical
steps for its solution.

The kinds of problems addressed by PF are “... often called functional requirements
...” [4]. However, PF also recognises the importance of non-functional concerns, the most
important of which for PF is the composition concern. It is necessary to combine simple
problem frames into composite frames that depict realistic, complex problem analysis.
Hence, PF suggests that it is desirable to recognise concerns related to each problem frame
and “build up a repertoire of familiar concerns” [4]. PF even demonstrates how to realise
reliability as a separate problem frame. Yet, it is only possible to accomplish by mapping
the potential threats to reliability onto functionality, because only functionality can be
modelled by the machine element of PF. Thus, despite the importance of non-functional
concerns, they are not generally systematically treated in PF, neither is the issue of cross-
cutting, though some pointers to treating non-functional concerns have been suggested’.

3.2 Aspect-Oriented Approaches

AO Software Development aims to extend traditional software development techniques.
Below we present two AORE approaches and outline how they extend earlier RE work.

3.2.1 AORE with Arcade

In [5, 13] a general RE process model is developed for separating aspectual and non-
aspectual requirements, as well as their composition rules. A concrete instantiation of the
model, using viewpoints and an XML-based composition language, along with a support-
ing tool, called Arcade, is also provided®.

In the Arcade approach, aspectual requirements are similar to PREview concerns. The
PREview notion of viewpoints is also utilised for requirement elicitation. Aspectual re-
quirements crosscut the viewpoints. Both of these are represented using an XML-based
semi-structured framework. XML is also used for defining composition rules that employ

3 1t is worth noting that PF has been extended with AO concepts in [13]. However, this work is specific to the
security concern only and it is not clear if it can be generalised to other crosscutting concerns. In the rest of this
paper we discuss only the original PF work.

4 From now on we will use ‘Arcade approach’ to refer to this instantiation.



informal (concern-specific) actions and operations reflecting how aspectual requirements
affect (or advise) groups of viewpoint requirements that they crosscut. The set of composi-
tion rules is extensible; new problem specific rules can be created when required.

The validation of composition relationships, interaction and trade-off point detection
process is assisted via the Arcade tool. Once detected, conflicts are resolved via priority
fuzzy value assignment where the more important requirements receive higher priorities,
thus getting preference in conflict resolution. Finally, the aspectual requirements are
mapped to decisions, functions or design aspects.

The most valuable and novel contributions of this approach are its ability to separate and
then compose crosscutting and non-crosscutting requirements, flexible set of composition
operators, and original requirement presentation in XML. It also provides a thorough pro-
cedure for conflict identification and resolution. Arcade’s support for requirements map-
ping, though very useful, lacks the rigor and thoroughness of PREview or NFR concern
analysis. On the other hand, recent work on Arcade [8] allows the tracing and verification
of requirements and trade-offs to the later stages of software lifecycle.

Thus, using the AO terminology, in Arcade the concerns serve as aspects that crosscut
viewpoints; viewpoint requirements serve as joinpoints; and composition operators allow
quantification over viewpoint requirements during composition.

3.2.2 Theme/Doc

Theme/Doc [6, 14] is the RE part of the Theme approach. Them/Doc supports “aspect
identification and analysis in requirements documentation” where aspects manifest them-
selves as “descriptions of behaviours that are intertwined, and woven throughout” [6].
Thus, it is aimed at later stages of RE, when at least an initial Requirements document is
available for lexical analysis.

The approach is supported by the Theme/Doc tool which is quite central to the approach
because its analysis and steps are based on visualisations from the tool. The tool receives as
an input the requirements document along with a list of action words selected by the re-
quirement engineer. Action words and requirements are then depicted in the tool’s action
view as boxes; actions are linked with a line to the requirements that they appear in. If an
action is linked to more then one requirement it could potentially reflect a crosscutting
occurrence. The requirements engineer revisits the links, re-groups the words and require-
ments and clips the links between action words and requirements to which they provide
secondary functionality. Clipped links are replaced with a decorated link. This process
leads to grouping of requirements around main (base) and secondary (aspectual) function-
ality (called themes). The themes are then organised in accordance with order of composi-
tion: the base themes form the Ist level, themes that are linked through clipped-decorated
links to the base themes only form the 2nd level, themes crosscutting base and 2nd level
form the 3rd level and so on (this is the clipped action view of Theme/Doc tool).

Several other views are provided by the tool to help plan for design and mapping of the
requirement views to Theme/UML — the design counterpart of the Theme approach, as well
as verify the mapping between design and requirements.

Thus, some themes, that encapsulate aspectual functionality, crosscut other themes
where individual requirements in the theme serve as joinpoints; the order of composition
for themes is reflected by the levels of themes in clipped action view.

Currently the work on Theme/Doc approach is focused on addressing the scalability is-
sue of the approach [15].



4. Comparison

Having outlined the RE approaches (section 3), we now investigate how well they per-
form against our comparison criteria (presented in section 2).

4.1 Identification and handling of both (crosscutting) functional & non-functional
concerns

In the short descriptions of the contemporary RE approaches (section 3.1), we have noted
that each approach has mainly focused on either functional (PF) or non-functional (NFR,
PREview) concern identification and treatment. PREview and NFR recognise the crosscut-
ting impact of non-functional concerns, but do not consider similar characteristics for func-
tionality and neither does PF. In addition, PF does not provide a systematic support for
non-functional crosscutting concerns either (see section 3.1.3).

On the other hand, the AO approaches (section 3.2) come with a promise to treat both
types of concerns equally well. However, they have yet to demonstrate that this aim is
realistically achievable. The Arcade approach, for instance, has a generic enough mecha-
nism for concern handling which will suit both functional and non-functional concerns, but
it is not clear how the crosscutting functional concerns should be identified. Similarly, the
Theme/Doc approach has based aspect identification on using action words, but non-
functional requirements often do not have any action associated with them. It is suggested
that in such cases the requirements can be re-written to include action words, however this
assumes that such requirements can be identified by the requirements engineer and related
to other requirements. All this makes Theme/Doc less suitable for non-functional crosscut-
ting concern identification and treatment.

Thus, the key issue of identification and handling of both functional and non-functional
crosscutting and non-crosscutting concerns has not yet been adequately addressed by any
of the discussed approaches.

4.2 Composability

Problem decomposition is a natural way of reducing complexity, and it is indeed the path
taken by all the approaches discussed above. PREview decomposes per viewpoints and
concern, NFR — per softgoal, Problem Frames — per frame, Arcade — per aspect and view-
point, and Theme/Doc — per theme. On the other hand, the need for composing the decom-
posed requirements/concerns has been addressed less thoroughly.

Neither PREview nor NFR consider composition. In PF composite frames are built by
joining simple frames through their common domains. Since each frame has its own de-
scription of a domain and PF does not have well defined composition semantics for them,
the composition often requires solution-level information, thus departing from require-
ments to design and implementation issues. As a result, the composition is often an ad hoc
process, and though PF has a potentially usable joinpoint model, these joinpoints are incon-
sistent between different frames. This approach does not allow quantification for composi-
tion either. Nevertheless, we should note also that the most recent work on PF [16] has
started to look at this issue.



Theme/Doc in its clipped action view provides the order for theme composition, but it
does not produce a view for composed requirements. Instead it postpones actual composi-
tion to design level, where Theme/UML composition semantics are used. Hence, while
Theme/Doc does have a clear joinpoint model (with requirements in theme joinpoints) the
composition semantics at requirements level are missing.

Arcade supports requirement composability through a clear joinpoint model (where re-
quirements in a viewpoint are joinpoints) and well defined composition semantics provided
through its composition rules and operators. Moreover, the composition semantics are
adaptable for each problem, as the set of composition operators is extendable.

4.3 Trade-off analysis and decisions support

All the above discussed approaches recognise that concerns (as well as goals and view-
points) can support or contradict each other. However, not all these approaches provide
sufficient support for resolving such conflicts and trade-offs for alternative choices.

NFR provides good support via correlation catalogues, claims, contributions, and off-
spring priorities; so does Arcade through conflict detection, weight assignments, and con-
tribution tables. The recent work on PF only provides priority assignment [16] (e.g., to
events). PREview imposes a priority hierarchy in which concerns take precedence over
viewpoint requirements. Theme/Doc does not provide any explicit support.

4.4 Traceability through software lifecycle

With regards to traceability of requirements and change to their sources of origin, PRE-
view, NFR, and Arcade keep clear reference to the sources of requirements origin and
change. On the other hand, PF and Theme/Doc do not attend to this issue.

With regards to traceability between lifecycle artefacts, PREview concerns end up scat-
tered across viewpoints in the requirements elicitation stage and across requirements speci-
fication and design artefacts later on. On the other hand, Theme/Doc keeps clear links be-
tween requirements artefacts and their design incarnations due to direct match between its
RE and design models as well as the major action and theme views of the tool. NFR relates
its softgoals to the appropriate functional requirements via design decision links while the
operationalisations relate to design decisions via operationalisation links, thus, linking
requirements and designs as well as functional requirements with the non-functional ones
which they are related to. PF could be considered to partially support this criterion, as,
although it does not provide explicit means for traceability preservation, the approach is
focused on understanding the links between the real world and the machine, which become
documented in the problem diagrams and annotations. In addition, the solution patterns can
be traced to the problem frames via frame concerns. Finally, Arcade records what type of
architecture or design artefact a concern transforms to (e.g. decision, function, etc.), and
can trace it to architecture, design, and implementation via the PROBE framework [8].



4.5 Support for mapping

Amongst our considered approaches support for mapping is provided through templates for
Concern Decomposition, as in NFR and PREview methods, as well as through guidelines,
as partially provided by PF and Arcade.

On the other hand, although Theme/Doc does not provide explicit mapping support, all
the concerns modelled at the requirement stage are very cleanly mapped from Theme/Doc
to Theme/UML due to closeness of their requirements and design models.

4.6 Evolvability

With regards to evolvability, in PREview removal or addition of a concern will result in
heavy changes across all viewpoints requirements since the small number of concerns is
assumed to be stable (a legacy of PREview’s origin in the dependability domain). Simi-
larly, in PF a change in requirements can result in a change as serious as unsuitability of
previously selected frame decomposition.

In this respect the NFR framework is somewhat better, as it strives to first consider the
non-functional requirements in isolation, before correlating them together. Thus, with NFR
in case of change only the changed concern needs to be re-analysed, together with the cor-
relations. Similarly, Arcade approach uses a number of cross-reference tables to identify
impacts and contributions of concerns. In each of these tables the changed line/column will
have to be reviewed, without affecting the rest of the tables. The composed requirements
can also be updated by simply updating the composition specification.

Evolution in Theme/Doc requires re-generation of the views involving decision as to
which theme does the new requirement belong with, and how the change/addition of a
theme affects composition ordering. This process can also be supported through the trace-
ability functions of the tool.

4.7 Scalability

Although all the approaches discussed above strive to be scalable, in all cases, (at least
some aspects of) the proposed methodology does not scale adequately. In PREview, for
instance, the number of concerns usable per project is limited to about 6; the Softgoal In-
terconnection Graph in NFR, tables in Arcade, and graphical representation of concerns in
Theme/Doc all become unmanageably large, and so does the number of problem frames for
relatively large problems in the PF approach.

In some cases the issue of scalability can be reduced to tool support, but it is not always
sufficient, particularly when human interpretation or decision is necessary.

The results of the above discussion (representing our position on the discussed ap-
proaches) are summarised in Table 1 below. The summary is for the current state of affairs,
as in many cases (particularly AO) approaches have potential for improvement.



Criteria | PREview NFR PF Arcade Theme/Doc
I &H Non- Non- Functional Non- Functional
functional functional non- functional crosscutting
crosscutting; crosscutting crosscutting crosscutting; and non-
functional functional crosscutting
non- non-
crosscutting crosscutting
Com Not consid- Not consid- Partial sup- XML-based Partial sup-
ered ered port through composition port through
domains rules, actions sequence of
and operators | composition
Trade Partial sup- Correlation Partial sup- Conflict Not consid-
port through catalogues, port through detection, ered
priority of claims, con- priority weight as-
concerns over | tributions, assignment to | signment,
viewpoint offspring events and contribution
requirements | priorities actions. tables
Trace Source trace- | Source trace- | Source trace- | Source trace- | Source trace-
ability: view- | ability: ability: not ability: view- | ability: not
points. claims. considered. points. considered.
Artefact Artefact Artefact Artefact Artefact
traceability: traceability: traceability: traceability: traceability:
not consid- design deci- partial im- PROBE implicit
ered. sion, opera- plicit support | framework support
tionalisation through prob- through
links lem diagrams direct match
and annota- of RE and
tions, frame design mod-
concerns els
Map Partial sup- Partial sup- Partial sup- Partial sup- Implicit
port through port through port though port though support thogh
templates templates guidelines guidelines direct match
of RE & de-
sign models
Evolov | Not consid- Partial sup- Not consid- Cross- Partial sup-
ered port: through | ered reference port through
separate tables, sepa- separation per
softgoal rated compo- | theme
graphs sition
Scal Not consid- Partial sup- Partial sup- Tool support; | Not consid-
ered port though port though use of text & | ered
tools use of larger XML; sepa-
problems per | rate composi-
frame tion and
concerns

Table 1. Aggregated Summary of Comparisons: our position.

Legend: 1&H identification and handling of concerns; Com composability; Trade trade-
off analysis and decision support; Trace traceability; Map support for mapping; Evolv
evolvability; Scal scalability.



5. Discussion and Challenges

The discussion above reveals that, we believe, there is still a wide range of outstanding
issues (such as scalability, evolvability, etc.) for AORE to address. Due to lack of space we
constrain this section to a few crucial challenges from that range:

e Viability Challenge: While comparing the selected RE approaches, we recognise a
striking difference between the two groups in their corresponding aims. The first sets
out to solve RE problems from a specific perspective: non-functional requirements, or
concerns, or specific problem frames. The second intends to support both functional
and non-functional crosscutting and non-crosscutting concerns. However, as we have
discussed above, these approaches have not yet convincingly demonstrated that they
can deal with identification and treatment of all concerns. Besides, to date there are no
significant reports on application of these approaches. Thus, the first challenge for
AORE is to prove that a generic AORE approach addressing both crosscutting func-
tional and non-functional requirements is viable.

e Composition Challenge: It is also notable that the discussed approaches that address
non-functional requirements produce elaborate structures for their decomposition (e.g.
NFR), while the AO approaches do not. We believe that, in order to deeper under-
stand these concerns and their inter-relationships and influence, the AO work should
lean on these decomposition structures but complement them with equally elaborate
composition and mapping support. Although some initial work for this has been done
[51, it has just begun and the challenge for AORE is to develop thorough composition
semantics for requirements and more elaborate joinpoint models.

e Usability Challenge: The discussion in sections 2 and 3 also points out that the non-
AO approaches rely on patterns. For instance, problem frames are deduced from the
patterns of problems, refinements in NFR are based on patterns of decomposition, etc.
We believe that such patterns can be of great value in helping to disperse use of
AORE, and it is a challenge to AORE to develop and utilise patterns of crosscutting
requirements.

e Multidimensionality Challenge: Yet another outstanding issue is whether AO ap-
proaches will be able to move towards non-dominant decomposition of requirements.
In all RE work to date there is a dominant decomposition structure present (e.g., con-
cerns in PREview, softgoals in NFR). All other concerns are considered from the per-
spective of how they relate to the dominant ones. Thus, the challenge to AORE is to
put forward the first multidimensional RE approach.

Work on addressing these (and other) challenges is already underway within the Analy-
sis and Design Lab of AOSD-Europe Network of Excellence, as well as the MULDRE
project.
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