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Abstract

In this paper we report our experience
with modeling requirements in software
product lines. Variability of requirements
are handled with feature models.

Non-functional requirements may
have aspect-like characteristics. We show
how they can be represented within
feature models. A main result is that
feature models provide low-level sup-
port for aspects and we discuss how
they can be extended to provide better
support for feature models with aspect
characteristics.

1 Introduction

Software product lines [CN02, Bos00] fo-
cus on developing a family of related
products by applying a systematic and
managed re-use of development artifacts,
often called core asset base, across the
entire product family. Since the prod-
ucts vary, a major effort in developing
software product lines is to manage the

variability and commonality of artifacts
to enable the intended re-use. Variabil-
ity occurs throughout the entire lifecy-
cle and generally affects all re-usable arti-
facts, ranging from business cases, project
plans and requirements to program code
and test cases.

Aspects and aspect-oriented develop-
ment (AOD) investigate with new mod-
ularization techniques, to separate con-
cerns which are spread throughout an en-
tire software system. These concerns are
often entangled and intertwined if a sys-
tem is structured through traditional de-
velopment abstractions such as functions
or classes. Aspects originate in the pro-
gramming field but are currently mov-
ing towards other software engineering
disciplines. The two article collections
[FECAO05, CRS'05] give a good overview
of current results.

Aspects are a promising approach for
software product lines in particular, as
they can be used to improve modulariza-
tion of variable and common structures
in the core asset base and the products. In
the following, we present our experience
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with managing variability on the require-
ments level and discuss how this relates
to aspect-oriented approaches.

2 Requirements

In the projects considered for this paper,
we have used product lines for embed-
ded systems such as medical devices or
automotive systems to systematically ex-
ploit advantages in the development of
closely related products. For medical de-
vices in particular, a regulated develop-
ment environment is required, which fo-
cuses on highly consistent documenta-
tion of development artifacts and their re-
lationships (such as traces from require-
ments to implementation).

Embedded systems require resource
optimizations such as cpu speed, mem-
ory footprint, or power consumption.
This results in prominent non-functional
requirements for both core assets and
products. In traditional requirement
management processes, e.g. based on Use
Cases such as in the RUP [Kru98], non-
functional requirements find their proper
place in a special section of the require-
ments documents (e.g. the Supplemen-
tary Specification in the RUP).

However, when specifying or design-
ing the system in more detail and
more operationally, non-functional re-
quirements have an impact on various ar-
eas of the system and their implemen-
tation is scattered throughout the entire
system. In this situation non-functional
requirements reveal their cross-cutting
nature [CRST05].

A similar effect occurs with the in-
troduction of new technology concepts.
Such concepts might be introduced due
to updated legislation or because of new
mechanical constraints due to a new

shape of the device under consideration
to support the new marketing campaign.
Often these new concepts occur as a
maintenance step of a system. Adding
such concepts to existing systems often
results in modifications at several func-
tional areas within these systems. In ad-
dition, they usually interact with the clas-
sical non-functional requirements men-
tioned above. Depending on the pri-
ority of and interaction with the non-
functional requirements, the functional
requirements of such new concepts may
be different.

For single system development the
complexity and interaction of functional
and non-functional requirements does
not pose a big problem, but things get
complicated when they happen in a prod-
uct line where we want to maintain a core
asset base for all products. Variability
of products includes often different con-
straints concerning resource usage or, as
in our example, the product’s shape, such
that we required to provide these vari-
ants of functional requirements for the
same concepts. This necessitates manag-
ing requirements very systematically.

3 Features and Variability

A systematical approach towards man-
aging variability is to apply FODA-like
feature modeling as discussed in [CE00].
Feature models employ a hierarchical
structure of features as a refinement hier-
archy with explicit notions of variability.
This hierarchy is sometimes called a fea-
ture tree.

A feature f can be marked as an op-
tional feature or as an alternative to an-
other feature or to a set of other features,
which have to be siblings of f. If a fea-
ture is optional or an alternative, this fea-
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ture is a variable feature, otherwise it is
called a mandatory feature. In the hier-
archy, these variability indications have
only a local scope within the current sub-
tree. To broaden this scope, two further
relationships between features indepen-
dent of their position in the hierarchy are
introduced: requires and excludes. Apply-
ing these relationships results in a graph
structure of features.

Concerning variability information,
feature models can be transformed such
that only requires and excludes vertices
are used and features do not have to
be marked as variable features. This
transformed or canonicalized model is
the basis for verifying the consistency of
a set of selected features, e.g. the features
of a particular product.

Feature models are a general approach
to organize a set of notions and thus
resemble object-oriented class models.
They have proven to be helpful in our
projects as model for requirements en-
gineering within the context of software
product lines. Here, each requirement is
identified as a feature. The tree structure
is a refinement relationship between fea-
tures (i.e. requirements). Requirements
that are only used for some products are
marked as variable features. With requires
and excludes we state additional con-
straints between variable features. This
structure gives us the possibility to orga-
nize the requirements not only of a sin-
gle product but of the entire product line
within one model. A specific product is
represented by a consistent selection of
features, i.e. the product’s requirements.
Here, consistency is related only to the re-
lationships between features.

The dependency between non-
functional requirements and their
operational counterparts can be mod-
eled explicitly via feature relations,

since the non-functional requirements
point via the requires-relation to their
corresponding functional requirements.

ny np | n3
h X
fa ] x X
2 X X
82 | X

Table 1: requires-constraints within the
feature model

As an example, consider the feature
model given in Fig. 1, where we have
functional and non-functional require-
ments. In this model, all leaf nodes are
alternatives to their siblings. The requires-
constraints between non-functional and
functional requirements are shown in Ta-
ble 1. The non-functional requirement
n is refined into three alternatives n;,
ny and n3. On the functional side, we
have two requirements f and g which
are refined into two alternatives fi, f»
and g1,g> respectively. The requires-
constraints show that each n; identifies a
set A; of functional requirements, which
realize n;:

o A1 ={fy, %}
s Ay ={f1,8}
e As={fr, 41}

The linked non-functional and func-
tional requirements share some impor-
tant characteristics. In particular if a
functional requirement is a variability,
then all linked non-functional require-
ments have to be variable as well. This is
required to be able to select all dependent
functional requirements if the respective
non-functional requirements are selected.
In our example, this means that selecting
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Figure 1: A sample feature model. Rounded rectangles are mandatory features, trian-

gles denote alternative features.

ny results in selecting all features in A; as
well.

4 Features and Aspects

Generally, aspect-oriented approaches
fall roughly into two categories: de-
scribing aspects and composing aspects.
The approaches focusing in program-
ming, such as Aspect/] [KHH'01], are
examples of the latter category, where we
have means for both describing and com-
posing aspects (the so called weaving)
into an (existing) system. Modeling ap-
proaches, such as COSMOS [SR05], are
instances of the former category. They do
not focus on how the separated concerns
are systematically composed into a sys-
tem.

Feature models, as discussed above,
give us the possibility to model func-
tional and non-functional requirements,

their variability and their interdepen-
dency for an entire product line. The
cross-cutting nature of non-functional re-
quirements is immediately accessible by
the requires-relations to their functional
counterparts. Due to this dependency,
a selection of non-functional require-
ment #; results immediately in the se-
lection of the set A; of functional re-
quirements, modifying—if selected—the
product’s specification in several well-
defined places. Thus, the pairs (n;, A;) re-
semble aspects.

However, feature models, as we have
used them, provide only a somewhat im-
mature support for aspects. This is not
surprising, since feature models have not
been developed with aspects in mind.
Concern modeling is possible with fea-
ture models, however, it is limited to the
mapping from non-functional to func-
tional requirements. The non-functional
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requirements serve as concerns, which
influence dependent functional require-
ments. But the identification of non-
functional requirements as a concern or
an aspect is up to the analyst, since fea-
ture models neither provide concerns nor
aspects as first-class model entities and,
of course, not every non-functional re-
quirement qualifies as a concern.

Feature models provide a limited com-
position operator. Combining aspects re-
quired for a particular product results in
applying an advice which can roughly
be described as select this set of features
instead of that set. Due to the transi-
tivity of the requires-relation, a cascade
of further feature selection may happen.
The limited characteristic of this advice
is that the connection between what fea-
tures are selected and where they have
to be selected cannot be defined out-
side the feature model, but is an intrinsic
model information. Additionally, there
are no means to prescribe how the com-
position shall work, such as adding addi-
tional constraints or providing new vari-
able features.

5 Summary and Future
Investigations

FODA-based feature models provide a
practically usable model for variability of
requirements within an entire software
product line. They even provide some
support for aspect characteristics of re-
quirements, but only on a low level of ab-
straction.

In our experience, this low level of ab-
straction cannot be raised without sub-
stantially modifying the FODA-based ap-
proach. The reason for this is a general
weakness in the feature model: The re-

finement relationship between nodes in a
feature model has only a weak semantic
basis. There is no differentiation between
consists of and specializes relations as for
example used in object-oriented models.
Similarly, there are no rules how a re-
finement or variation is related to par-
ent nodes, such as the design by contract
rules define for proper object-oriented re-
finements [Mey88]. Thus, it depends only
on the modeler’s discipline how the fea-
ture model is structured. As a conse-
quence, there is no possibility to specify
generically how the feature model shall
be modified by applying an aspect with-
out explicit knowledge of how the feature
model looks like.

With such modifications of the feature
model, aspects, concerns, and compo-
sitional operators can be introduced as
first-class entities of feature models. This
would be an important step towards sys-
tematic re-use of aspects, and of using
aspects as granule of re-use in software
product lines.
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