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Abstract. Conventional product-line approaches tend to implement
product-lines from scratch rather than support the complete reuse of exist-
ing systems. In contrast to these “top-down” approaches the “bottom-up”
procedure proposed in this paper allows reuse. The modification and exten-
sion with variable elements is realised by aspects woven into existing systems.
A set of different concerns provide the different potential specialisations of
the variability. Moreover aspects may be used to implement the dependencies
between different flexible elements.

1 Introduction

The intention of software reuse is rather old. Already at the NATO science conference
on software engineering D. MclIlroy stated [12]:

“Software engineers should take a look at the hardware industry and establish
a software component subindustry. The produced software components should
be tailored to specific needs but be reusable in many software systems.”

One way to reuse code which comes Mcllroy’s vision very close is product-line soft-
ware engineering. A common procedure is to start with intensive domain engineering
in order to capture the requirements, features and variability of a product-line to be
developed. The precondition of this conventional approach is that the system to be
build has to be build from scratch. If a system is already existing as base for the
product-line this systems has to be re-engineered which usually bears a similar effort
as developing a new system.

2 “Bottom-up” Product-line

2.1 “Bottom-up” Product-line Development Process

In this paper we would like to introduce a concept in order to design the variablity
without a complete re-engineering of an existing system. Such an approach allows
to consider large systems like e-marketplaces as a potential target for product-line
engineering. We would like to call this concept the “bottom-up” approach of product-
line engineering.

In principle the compliance with the existing “top-down” approaches is that in
both cases extensive domain engineering is the base for the development or derivation
of the product-line system. Domain engineering allows to define the hot spots of the



product-line in contrast to the frozen spots ! which have to be reused as is. On base
of the definition of the required variable elements we start to derive a product-line.

The “bottom-up” approach uses existing systems as base of a product-line in con-
trast to “top-down” product-line development. The product-line is realised by adding
the hot spots modelled and designed by the domain engineering to the base system.
Like in common approaches the product-line may then be transformed into many dif-
ferent systems by specialisation and customisation of the hot spots. In our approach
the hot spots are considered as cross-cutting concerns.

2.2 UML Notation for Feature Modelling

The most common approach to model features and the variability of product-
lines is applying the FODA model. Despite the wide spread knowledge of the FODA
notation among researchers it is not very well-known in the world of software devel-
opment. System Developers are mostly not familiar with FODA although they are
experienced in other notations describing object-oriented models like UML. This led
us to the conclusion that it might be much more useful to apply the well-known UML
in order to model the features and variability [6].
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Fig. 1. UML Feature Model: Order Process of an eCommerce System

Figure 1 depicts the simplified feature model of a order processs that is part of
almost every eCommerce system. The overall concept OrderProcess is decomposed
into the features Payment, ShippingCost and Fulfilment. Payment is specialised in
several payment possibilities: by CreditCard or PayOnDelivery. As you can select only
a single method per order these are modeled as exclusive alternatives. In opposition,
the fulfilment strategies Delivery and Download can be co-existent, e.g. offering a
software per Download and sending a copy on CD via the slower postage delivery.
Delivery is also an precondition for PayOnDelivery, modeled with a ‘requires’ compo-
sition rule. Also ShippingCost only apply if you use Delivery. Therfore ShippingCost’s
are optional since they don’t have to be paid of only Download is used.

In contrast to a FODA model in our “bottom-up” approach an UML feature model
may be simply derived from models of the existing non-product-line system. Actually

! The terms hot spot and frozen spot have first been introduced in the domain of frameworks
[14].



the UML feature model is an abstract model of the system as it may be used in the
analysis phase in order to define the requirements (in fact the feature model repre-
sents the requirements for the product-line system). This abstract model has now to
be extended by the various alternatives, dependencies and exclusions which define the
potential realisations of the product-line system.

3 Variability of Systems

There is no formal pattern how the feature definition could be automatically
mapped to the architecture. Like in object-oriented notations (e.g. UML) there is
a certain semantical gap which makes it impossible to generate the derivation.

Since in our “bottom-up” approach the invariable elements (frozen spots) are
already known only the hot spots have to be addressed. This could be done in a tra-
ditional way or with aspects. The latter seems to be the natural way to solve the
problem.

3.1 Traditional Approaches

In [17] H.A. Schmid demonstrates how hot spots may be designed by applying
design patterns which is actually an conventional approach which preserves most of
the existing architecture. He determined that e.g. 19 of the 23 design patterns of
the GoF design pattern catalogue may be applied to model variability. Most of these
patterns are based on the Strategy pattern [8]: An abstract super-class defines an
interface which has to be kept by the real sub-classes. The sub-classes override the
inherited abstract methods and modify the architecture by this way. This approach
assures that the real sub-classes fulfil the requirements given in the super-class where
the sub-classes may be variably exchanged. When a sub-class doesn’t fit to the scheme
(interface) determined by the super-class the compiler will realise the problem (e.g.
the signature of an overriding method doesn’t fit to the abstract method or there is
no method given to override an abstract method in the super-class which is called by
the architecture).

The application of design patterns is very useful and eases the development of
variable hot spots. However the disadvantages of this approach are that a modifica-
tion requires a new class or object to be explicitly integrated by inheritance into the
system. It would be much better if the classes to adapt the product-line existed al-
ready in the product-line and are simply switched on or off. Moreover there exists no
possibility to define in advance negative (or positive) interactions between the features
to modify the product-line. This problem could be solved by applying the concept of
cross-cutting concerns.

3.2 Implementing Variability as Cross-cutting Concerns

Our intention is to modify the existing base system by adding new items (realising
the variability). In general these new elements may be either:
— filters that switch on or off specific existing functionality
— or predefined functionality which may be arbitrarily added to the system.

Both cases may be realised by applying aspects.

Figure 2 depicts the implementation of the variability by aspects. The aspects have
been woven in the existing base system and serve as filters and connection mechanisms
between the classes. They may be woven to classes which are already existing in the
base system as well as to classes which are added in order to build a product-line (like
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Fig. 2. Aspect Model of Order Process Variability

an additional way fulfilling customers order, e.g. Download if Delivery exists already
in the base system).

The applicability of aspects is given since aspects may be used to implement
design patterns. However the aspects may be simply woven into the existing system
in order to implement a variablity. The modification of the code like the traditional
implementation of flexible elements propose (c.f. section 3.1) is not required. Moreover
aspects allow to integrate several classes or subsystems depending on each other. In
the Order Process example Delivery and Shipping Cost are both integrated with the
same aspect in the system.

In contrast to simple design patterns interactions (requires and zor) between dif-
ferent hot spots can be modelled and implemented as well. These interactions are
indicated by a jagged arrow. When a system is derived from a product-line the inter-
action have to be taken into account in order to prevent errors. Further aspects may
be used to implement the interactions. These aspects assure that the required inter-
action is performed. A version system like proposed in [15] may support the design
and validation of a larger number of interactions. In this case versions express the
different possible customisations of the hot spots which are correct.

Since there exist different aspect concepts to realise aspects it is one goal of our
approach to define aspect systems which support this “bottom-up” product-line ap-
proach. Currently we investigate a transformation system operating on the abstract
syntax tree of a product line. Quite close alternatives may be the composition filter
approach [5], adaptive component connectors [13] or AST manipulation approaches
like [18].

4 Related Work

Complementary work may be found in all aspect-oriented and related approaches like
ASPECT]J [10] subject-oriented programming [9], adaptive programming [11] or also
transformation systems [3] (including the above mentioned adaptive plug & plays [13],



composition filters [1] or XML-based AST manipulations [18]). All these approaches
may potentially be applied to realise the “bottom-up” product-line approach. They
support the implementation of the “bottom-up” way of inserting variability into exist-
ing systems. Additionally generative programming [7] may provide means to generate
variable elements into base systems which is yet another realisation for separated
concerns.

In contrast to existing product-line engineering methods the “bottom-up” ap-
proach is oriented on the reuse and extension of existing systems. However there had
been approaches to apply aspect-oriented principles to build product-lines. One ap-
proach is GenVoca [2] which allows to build a system family as layered architecture.
Another approach may be found in [4]. This paper proposes the application of aspects
in product-line software development in general.

Complementary to the “bottom-up” approach is the field of feature interaction
which provides means to ensure that only correct flexible elements exist in a product-
line and that only valid systems may be derived from this product-line. Several ap-
proaches have been discussed at the ECOOP 2001 Feature Interaction in Composed
Systems workshop [16]. A potential solution for the modelling and verification of the
static dependencies between features (and the aspects realising the features as well)
may be the versioning approach introduced in [15].

5 Conclusion

The “bottom-up” product-line approach is invented in order to support the reuse
of complete existing systems. These systems are transfered to product-lines by the
weaving in of concerns which implement the variability (or a chosen customisation
respectively). Therefore the high effort for re-engineering existing systems or even
rebuild like in conventional approaches (“top-down” approaches) may be considerably
reduced.

The aspects realising the variablity serve as filters or connectors between classes
and subsystems and the static part of the product-line (frozen spot). Additionally the
interactions between the flexible elements may be realised by cross-cutting concerns.
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