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Abstract. Software product lines are a very promising approach to software
reuse. Because all product line members are derived from the same assets,
product lines are very sensitive to evolutionary changes of these assets.
Wrong decisions on how to handle these changes may lead to serious techni-
cal or economic problems that may even result in a failure of the whole prod-
uct line. On the other hand, there are certain kinds of changes that product
lines can cope much better with than single systems can.

The paper categorizes software evolution into different kinds and gives
guidelines on how to handle these, depending on their sources and (potential)
effects.

1 Introduction

Software product lines are a very promising approach to software reuse, they have prov-
en their applicability in a broad range of situations and produced impressing results.

A software product line is a collection of software products sharing a common set of
features that address the specific needs of a defined domain. These products can be de-
rived from a common product line infrastructure or, in other words, from a common
managed set of assets. In order to accomplish this, variability is key, implying that the
assets that comprise the product line infrastructure are variable enough to be adaptable
to different environments, user groups etc.

Due to the variability incorporated in the product line assets, the product line is able to
cope with certain kinds of changes better than single systems. Nevertheless, evolution
has its effects on all applications, whether they are derived from a product line or de-
veloped as single system.

The term software evolution, as used in this paper, can be characterized as the result of
many (typically small) changes over time, as defined by [10][10] and used in [6]. There
are two main sources of such changes:

+ Sometimes a product or a product line is evolved proactively. This is usually the
consequence of a respective strategy for the (market) introduction of a product or
a product line. For single system development in this situation, a basic product is
developed first that can afterwards be extended according to customer reactions
and requirements. For product lines, usually an incremental adoption strategy [2]
is chosen in this situation.
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+ The alternative to proactive development is reactive development. This happens
to most successful systems that have a reasonable life time because over time,
e.g., requirements start to shift, the products are used in new, unforeseen environ-
ments or they are combined with other, new software tools. In this situation, the
“many small changes” are usually performed as maintenance tasks, either for cor-
rective, adaptive, perfective, or preventive purposes [8].
Section 2 of this paper describes the different effects of proactive and reactive evolution
on product lines vs. single systems and discusses the different sources of evolution. Sec-
tion 3 gives guidelines on how to handle the different categories of reactive evolution
in a product line context. Section 4 summarizes the paper. References to related work
are given in the context of the respective topics.

2 Software Evolution

This section describes different kinds of software evolution and their respective sources
with the focus on product lines.

2.1  Evolution of Single Systems vs. Evolution of Product Lines

The term evolutionary (of incremental) development is well-known from single system
development. The idea is to either evolve a (initially rudimentary) system over time un-
til it satisfies the requirements that often were not well-defined in the beginning or to
add new components with additional functionality over time, after the initial product
has been carefully integrated into a certain environment [15]. The evolution of single
systems differs in at least two main aspects from the evolution of product lines:

* Typically, single systems are developed evolutionary in situations where not all
requirements are known at the beginning of the development (this is also called
evolutionary prototyping). Contrary to this, in the beginning of product line de-
velopment a reference architecture for the infrastructure (or, at least, a predictable
part of it) is created with the intention to realize it in increments over time. Con-
trary to single systems, the final state of the infrastructure (as far as it can be an-
ticipated) is defined rather early. This helps to avoid typical maintenance prob-
lems often caused from the numerous changes and the resulting structural degra-
dation in the case of single systems.

*  When single systems are developed evolutionary (or incrementally), their func-
tionality is extended step by step. In contrast to this, the term incremental product
line development denotes a step wise extension or improvement of the infrastruc-
ture as it has been defined early in the product line life cycle, whereas the com-
plete functionality of at least some initial products is already in place. Typically
at this early phase of the life cycle, some commonalities are realized as result of
separate, i.e., redundant, developments. Later on, during the development of new
products, the infrastructure is extended until the potential of reuse has been
reached.

These differences should illustrate that evolutionary development of single systems is
not comparable to that of software product lines.



2.2 Proactive Evolution

Talking about proactive evolution of a (whole) product line, that is, not only of single
product line members, implies that most or even all products should benefit from the
evolution. This can be achieved by generalizing or extending the product line infra-
structure in order to support additional requirements (infrastructure extension) or by
improving the infrastructure in order to make the derivation process more efficient (ex-
amples are better documentation or higher automation, e.g., developing application
generators). In practise, a combination of these two categories is most often useful.

Due to the effects of proactive evolution, software product lines can cope better with
some kinds of future changes than single systems: during their development potential
future requirements have been anticipated and the product line has been designed in a
way that the more likely ones can easily be integrated.

2.3 Sources of Reactive Evolution

As sketched in the introduction, the evolution of software can be characterized as the
result of many small changes over time. Talking about reactive evolution, these changes
usually happen during maintenance of the software (product line). The [8] defines four
categories of maintenance tasks:

+ Corrective maintenance. Reactive modification of a software product performed
after delivery to correct discovered problems.

* Adaptive maintenance. Modification of a software product performed after deliv-
ery to keep a software product usable in a changed or changing environment.

+ Perfective maintenance. Modification of a software product after delivery to im-
prove performance or maintainability.

* Preventive maintenance. Modification of a software product after delivery to de-
tect and correct latent faults in the software product before they become effective
faults.

Because corrective and preventive maintenance deal with actual or potential faults in
the software, they usually do not have large-scale effects on its overall structure. This
is different for the other two categories: adaptations in order to fulfill changing require-
ments or to make use of new (e.g., component) technology can result in large-scale
modifications of the software. The same holds for perfective maintenance which in-
cludes tasks like refactoring and restructuring of the software in order to improve its fu-
ture maintainability.

Software product lines are perfectly suited to deal with changes — if the variability
needed to support these changes has been built in. This in turn depends on different fac-
tors:

+ Was the type of change planned when the product line was architected/designed?

* Was the type of change foreseeable and, if so, was it considered to be likely
enough to be incorporated into the software?

+ If the type of change was anticipated, was it feasible from a cost, resource, and
time-to-market perspective to incorporate it into the software?
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Beyond foreseeable changes, there are often enough changes in laws, domains, or tech-
nology resulting in adaptive or perfective changes that are impossible to predict at the
time when a new product line is planned. [15] distincts three categories of reasons for
these changes:
* Functional reasons. Members of a product line have to be extended with new
functionality, e.g., in order to support new data exchange formats or as a reaction
to functionality extensions in competitor’s products.

+ Nonfunctional reasons. Non-functional changes often result from new or evolv-
ing technology (software or hardware). For example, faster processors, new de-
velopment approaches, or changing standards for documentation can cause
changes in the product line assets.

* Domain reasons. In order to support products within certain application domains,
product lines assets have to react immediately to changes within these domains.
Examples for such changes are new and innovative procedures, new technical de-
velopments, or changing governmental rules.

For product lines, there are two principle ways to deal with reactive evolution:

* The product line infrastructure is generalized, extended or improved in order to
support the changes and the desired products are derived afterwards. This way, all
products (as far as they are concerned) benefit immediately from reuse, respec-
tively all future product line members implement the changes at once.

* One or more reference products are developed (evolved) first, based on the exist-
ing assets but changes are made in product-specific form and the changes are
(re-) integrated into the infrastructure afterwards. Usually, changing requirements
can be supported faster this way but less products benefit from reuse and there
may arise problems when trying to integrate the product-specific changes into the
infrastructure.

In theory, the first alternative is optimal because all future products immediately benefit
from infrastructure reuse: as soon as new product line members are derived from the
infrastructure they are “automatically” based on the extended functionality. Unfortu-
nately, there is no direct advantage for existing products because, if the respective func-
tionality is relevant to them, they already contain that functionality, developed in a
product-specific way. Only future releases of these products will benefit from reduced
effort for maintenance and evolution. Typically, organizations implementing this first
strategy have relatively large domain engineering departments compared to their prod-
uct departments [3].

In many cases, the first alternative is not feasible and organizations implement the sec-
ond alternative where development of the product line infrastructure is typically done
as part of the development of a new product. This way, a part of the development effort
that is spent for a new developed product anyway and “only” the effort for making the
new functionality reusable has to be spent additionally. This strategy is appropriate in
situations where there is not enough time or money to build up the infrastructure before
product development or if there exists a reference customer who has functional require-
ments that will usually later on be asked for by other customers as well.



Table 1 shows different sources of evolution and possible strategies to handle them.
Filled bullets indicate recommendable strategies; strategies with non-filled bullets in
the respective field may be appropriate under certain conditions; the remaining combi-
nations should not be applied.

Strategies for handling First product development,
evolution First development of then product line infrastructure development
product line infrastructure,

Development of

Sources then product development | Development of a
. more than one
of evolution reference product .
product in parallel
. Infrastructure extension

Proactive,
preplanned
evolution Infrastructure

improvement

Functional reason O ‘ .
Reactive,
unplanned Non-functional reason .
evolution

Domain-based reason . O

Table 1: Sources of product line evolution and
strategies for handling them

3 How to Manage Product Line Evolution

It is relatively easy to handle anticipated evolution of a product line: respective varia-
tion points [4] are planned and realized during infrastructure development. Later on,
these variation points are used to add or remove optional functionality or to add new
alternative variants depending on their type and binding time built in.

Compared to this situation it is much more difficult to deal with unforeseen changes of
requirements. The following subsections address related problems and recommendable
strategies to manage them from different angles.

3.1 Feature Shift

A clear tendency shows that new and often expensive features, that initially are only
shipped with high-end products, over time become standard features. This results from
the fact that development organizations try to get a unique selling proposition for their
high-end software by offering such unique features that are not available with products
of competitors.! As soon as the respective functionality becomes available in competi-
tors’ products, these features start loosing their important role and shift towards core
functionality. The high-end products can be seen as kind of reference products for new
features that will later on be integrated into the product line infrastructure or the new
functionality might even be implemented as part of the infrastructure before it is

1. In the mobile phone or the automotive market it is very easy to observe this trend.
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shipped for the first time with a high-end product. Being available with the infrastruc-
ture, the new functionality can be reused by all products directly.

One could argue that it does make sense to integrate new functionality directly into the
infrastructure because this is cheaper (they are already “reused” for the high-end prod-
ucts) and they are then faster available for upcoming products. But there is a major ar-
gument against this: Fancy new features are much more important in fast-moving and
innovative markets than in stable and settled ones. But exactly in fast-moving and in-
novative markets it would be risky to invest into reusable product line assets, given that
it is very hard to predict customer acceptance of new features. Additionally building re-
usable assets is more expensive in terms of money and time-to-market (certainly the
more important argument in fast-moving markets!) than realizing the functionality in a
product-specific way. If customers show interest in the new features they should later
on be integrated into the infrastructure. If not, unnecessary investment has been saved.

3.2 Managing unforeseen Changes of Requirements

Figure 1 presents an overview over possible sources of unforeseen changes and appro-
priate reactions.

* In case of new or changed functional requirements it has to be decided if they af-
fect one or few specific product(s) only or if basically all product line members
are (or will be) affected. This decision should be based on the result of a product
line scoping (product portfolio definition and asset scoping, [13]); accordingly
the new functionality is implemented for one ore few specific products or it is in-
tegrated into the product line infrastructure.

+ If the new (functional or non-functional) requirements stem from a domain with
high reuse potential they affect the infrastructure and have to be integrated there.

* In case of new or changed non-functional requirements it has to be decided if
many (or all) product line members are (or will be) affected or if the requirements
are product-specific. In the first situation the infrastructure has to be adapted. In
the second situation where only a single product is affected, it can be appropriate
or even necessary to split this product from the product line: typically, non-func-
tional requirements are not implemented by single product components but the re-
spective code is spread over the whole product. In order to change such a non-
functional requirements it is very likely that large parts of the product have to be
modified. If later on a new release of that modified product is derived from the
product line infrastructure, all modifications have to be repeated. Because this
task is effort-intensive and error prone, it is usually preferable to split the product
from the line and evolve it separately (or even start a new line with it).

3.3 Evolution and Reintegration

In situations where new or changing requirements have non-functional origins or where
they originate in the domain, is it often preferable to evolve the product line infrastruc-
ture before the products. This results from the fact that such changes are often effort-
intensive and that at least part of the effort has to be spent more than once if first some
products and afterwards the infrastructure is adapted. In case of changing functional re-
quirements it is often preferable to first try out the respective features in one or few
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Figure 1: Handling unplanned requirement changes
in software product lines

products in order to get a better understanding before they are integrated into the infra-
structure (cf. Section 3.1).

Situations are rare where organizations have the option to react to changing require-
ments with an adaptation or extension of the infrastructure before new products are de-
rived from it or before existing products are changed. Contrary to proactive evolution
where infrastructure development and product development are at least loosely coordi-
nated with each other in advance, in case of reactive evolution the market pressure due
to competitors often forces the development of products and infrastructure in parallel.

One possibility to cope with that situation is to establish an infrastructure department in
parallel to development departments. An alternative to this is to develop in cycles where
the same development team first develops one or few products, then integrates their ad-
vanced functionality into the infrastructure before deriving more products from the new
infrastructure release and so on.

According to economic aspects, [14] recommend the development of single reference
products (branch-and-unite) especially in cases where new products are needed in spo-
radic intervals. They explicitly recommend to not develop more than one product in par-
allel (bulk) because their consolidation and the integration of parallel developments into
the infrastructure is effort-intensive, makes it more difficult to judge the economic suc-
cess of the product line, and may lead to quality problems. Contrary to this, [7] do rec-
ommend the development of several products in parallel, followed by explicit integra-
tion phases. In order to keep control, they restrict the development to certain layers in
so-called federated architectures.

3.4  Measures to track Evolution

In order to keep the (reactive) evolution of a product line under control it is useful to
establish certain metrics.

Many metrics that can be applied as needed, are documented for the development of sin-
gle systems [11]. Beyond that, the Goal Question Metric approach by [1] allows to de-



velop new metrics depending on the specific context and goals of their application. So
far, well-established metrics especially for product lines are not documented but there
some suggestions can be found in literature (cf. [12], [5], [9]).

In general it can be said that metrics for product lines are not different from metrics for
single systems, just the significance of attributes like maintainability, changeability etc.
is higher. Interestingly enough, there are no metrics documented that explicitly address
product line infrastructures.

There is another group of metrics which is interesting wrt. the evolvability of a product
line: during product line scoping (potential) risk factors are identified and (if possible)
quantified. Examples for such risk factors are the stability of a domain or the degree of
variability among the members of a product line. These factors should not only be con-
sidered during the creation phase of a new product line but instead be monitored care-
fully over the complete product line life time. If they are quantified they can be used to
indicate the need for activities to avoid or mitigate risks early on.

3.5 Reactive Evolution as Strategy

In principle, it is possible to choose consciously a reactive strategy to adopt and institu-
tionalize a software product line. This leads automatically to unforeseen evolution of
the product line and its infrastructure. While this approach avoids high initial invest-
ment as well as wrong decisions in which assets to invest, the benefits that can be ex-
pected from reuse are small (probably, synergy effects can only be expected from cor-
rective and preventive maintenance). Instead, there is the risk that the infrastructure has
often to be revised in order to provide an appropriate basis for current (and hopefully
future) products.

In general, such an strategy can not be recommended, exceptions may be products in
very small domains where it is clear from the beginning that future requirements will
not match the current ones that would be implemented in the infrastructure. But that
leads to the question if a product line strategy is at all appropriate in such a situation.

Choosing a reactive strategy also contradicts the perception of a product line as imple-
menting strategic (contrary to opportunistic) reuse of software [5].

4 Summary

The paper motivates the difference between proactive and reactive evolution of soft-
ware product lines. Whereas it is relatively easy for a product line to handle proactive
evolution (basically, its infrastructure has been designed for this task), the management
of reactive evolution is even more crucial than for non-product line systems because all
product line members are derived from the same set of assets (also called product line
infrastructure). Depending on the origin of changing requirements and on their (poten-
tial) effects, the paper gives guidelines on how to deal with assets and products affected
by changing requirements.
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