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Abstract. From our experience with several organizations that employ sofi-
ware product families, we have learned that deriving individual products from
shared software artifacts is a time-consuming and expensive activity. In the re-
search community, product derivation methodologies are rather scarce, how-
ever. By studying product derivation, we believe we will be better able to pro-
vide and validate industrially practicable solutions for application engineering.
In this paper, we present a framework of terminology and concepts regarding
product derivation that serves as basis for further discussion. We exemplify this
framework with two industrial case studies, i.e. Thales Nederland B.V. and
Robert Bosch GmbH.

1 Introduction

Since the 1960s, reuse has been the long-standing notion to solve the cost, quality and
time-to-market issues associated with development of software applications. A major
addition to existing reuse approaches since the 1990s are software product families
[Bosch 2000][Clements 2001][Weiss 1999]. The basic reuse philosophy of software
product families is intra-organizational reuse through the explicitly planned exploita-
tion of similarities between related products. This philosophy has been adopted by a
wide variety of organizations and has proved to substantially decrease costs and time-
to-market, and increase the quality of their software products.

In a software product family context, software products are developed in a two-
stage process [Linden 2002], i.e. a domain engineering stage and a concurrently run-
ning application engineering stage. Domain engineering involves, amongst others,
identifying commonalities and differences between product family members and im-
plementing a set of shared software artifacts in such a way that the commonalities can
be exploited economically, while at the same time the ability to vary the products is
preserved. During application engineering individual products are derived from the
product family, viz. constructed using a subset of the shared software artifacts.

Over the past few years, domain engineering has received substantial attention
from the software engineering community. Most of those research efforts are focused
on methodological support for designing and implementing shared software artifacts
in such a way that application engineers should be able to derive applications more
easily. Most of the approaches, however, fail to provide substantial supportive evi-
dence. The result is a lack of methodological support for application engineering and,



consequently, organizations fail to exploit the full benefits of software product fami-
lies.

Rather than adopting the same top-down approach, where solutions that are fo-
cused on methodological support for domain engineering imply benefits during appli-
cation engineering, we adopt a bottom-up approach in our research. By studying
product derivation, we believe we will be better able to provide and validate industri-
ally practicable solutions for application engineering.

The main contribution of this paper is that we provide a framework of concepts re-
garding product derivation that serves as basis for further discussion. This framework
is based on our experience with organizations that employ software product families.
The framework is exemplified with two industrial case studies, i.e. Robert Bosch
GmbH and Thales Nederland B.V. The case study was part of the first phase of
ConlPF (Configuration of Industrial Product Families), a research project sponsored
by the IST-programme [ConIPF 2003]. Robert Bosch GmbH and Thales Nederland
B.V. are industrial partners in this project. Both companies are large and mature in-
dustrial organizations that mark two ends of a spectrum of product derivation; Robert
Bosch produces thousands of medium-sized products per year, while Thales Neder-
land produces a small number of very large products.

The remainder of this article is organized as follows. In the next section, we de-
scribe our product derivation framework. In section 3, we exemplify the framework
with the industrial case studies. Related work is presented in section 4, and the paper
is concluded in section 5.

2 Product Derivation Framework

In this section, we present a product derivation framework that is based on the results
of case studies of the aforementioned and other organizations. This framework con-
sists of a two-dimensional classification for product families, as well as a generic
software derivation process. We discuss both in the next two subsections.

2.1 Product Family Classification

As illustrated in the introduction, product families are a successful form of intra-
organizational reuse that is based on exploiting common characteristics of related
products. Most of the product families we encountered in practice can be classified
according to two dimensions of scope, i.e. scope of reuse and domain scope.

The first dimension, scope of reuse, denotes to which extent the commonalities be-
tween related products are exploited. We identify four levels of scope of reuse, rang-
ing from reusing the way products are built (standardized infrastructure), to capturing
most common functionality (platform), to exploiting both common functionality and
functionality that is shared by a sufficiently large subset of family members (software
product line), to capturing almost all common and different characteristics of the
product family members (configurable product family).

In addition to the scope of reuse dimension, we identify a second dimension, do-
main scope. The domain scope denotes the extent of the domain or domains in which



the product family is applied, and consists of four levels of scope, i.e. single product
family, programme of product families, hierarchical product families [Bosch 2000]
and product population [Ommering 2002]. Due to limited space, we leave a detailed
discussion on both classification dimensions beyond the scope of this paper. In the
following sections, we focus on product derivation in a single product family, i.e. the
scope where a single product family is used to derive several related products.

2.2 A Generic Product Derivation Process

We have generalized the derivation processes we encountered in single product fami-
lies to a generic process as illustrated in Figure 1. The generic product derivation
process consists of two phases, i.e. the initial and the iteration phase. In the initial
phase, a first configuration is created from the product family assets. In the iteration
phase, the initial configuration is modified in a number of subsequent iterations until
the product sufficiently implements the imposed requirements.

In addition to the phased selection activities described above, typically some code
development is required during product derivation. This adaptation aspect can occur
in both the iteration phase and the initial phase. Below, we provide a more detailed
description of both phases, as well as a separate description of the adaptation aspect.
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Fig. 1. The generic product derivation process. The shaded boxes denote the
two phases. Requirements engineering manages the requirements throughout
the entire process of product derivation.

2.2.1 Initial Phase

The input to the initial phase is a (sub)set of the requirements that are managed
throughout the entire process of product derivation (see Figure 1). These requirements
originate from, among others, the customers, legislation, the hardware and the product
family organization. In the initial phase, two different approaches towards deriving
the initial product configuration exist, i.e. assembly and configuration selection (see
also Figure 2). Both approaches conclude with the initial validation step.

Assembly: The first approach to initial derivation involves the assembly of a subset
of the shared product family assets to the initial software product configuration. We
identify three types of assembly approaches.

o In the construction approach the initial configuration is constructed from the prod-
uct family architecture and shared components. The first step in the construction
process, as far as necessary or allowed, is to derive the product architecture from
the product family architecture. The next step is, for each architectural component,



to select the closest matching component implementation from the component
base. Finally, the parameters for each component are set.

e In case of generation, shared artifacts are modeled in a modeling language rather
then implemented in source code. From these modeled artifacts, a subset is selected
to construct an overall model. From this overall model an initial implementation is
generated.

e The composition type is a composite of the types described above, where the initial
configuration consists of both generated and implemented components, as well as
components that are partially generated from the model and extended with source
code. This type is not represented in Figure 2.
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Fig. 2. The initial phase. During the initial phase, products are derived by
assembly or configuration selection.

Configuration Selection: The second approach to initial derivation involves selecting

a closest matching existing configuration. An existing configuration is a consistent set

of components, viz. an arrangement of components that, provided with the right op-

tions and settings, are able to function together.

e An old configuration is a complete product implementation that is the result from a
previous project. Often, the selected old configuration is the product developed
during the latest project as it contains the most recent bug-fixes and functionality.

o A reference configuration is (a subset of) an old configuration that is explicitly
designated as basis for the development of new products. A reference configuration
may be a partial configuration, for example if almost all product specific parameter
settings are excluded, or a complete configuration, i.e. the old configuration includ-
ing all parameter settings.



e A base configuration is a partial configuration that forms the core of a certain
group of products. A base configuration is not necessarily a result from a previous
product. In general, a base configuration is not an executable application as many
options and settings on all levels of abstraction (e.g. architecture or component
level) are left open. In contrast to a reference and old configuration, where the fo-
cus during product derivation is on reselecting components, the focus of product
derivation with a base configuration is on adding components to the set of compo-
nents in the base configuration.

The selected configurations are subsequently modified by rederiving the product ar-

chitecture, adding, re- and deselecting components and (re)setting parameters.

The effectiveness of configuration selection in comparison to assembly is a func-
tion of the benefits in terms of effort saved in selection and testing, and the costs in
terms of effort required for changing invalidated choices as a result of new require-
ments. Configuration selection is especially viable in case a large system is developed
for repeat customers, i.e. customers who have purchased a similar type of system be-
fore. Typically, repeat customers desire new functionality on top of the functionality
they ordered for a previous product. In that respect, configuration selection is basi-
cally reuse of choices.

Initial Validation: The initial validation step is the first step that is concerned with
determining to what extent the initial configuration adheres to the requirements. In the
rare case that the initially assembled or selected configuration does not provide a suf-
ficient basis for further development, all choices are invalidated and the process goes
back to start all over again. In case the initial configuration sufficiently adheres to the
requirements, the product is finished. Otherwise, the product derivation process enters
the iteration phase.

2.2.2 Iteration Phase

The initial validation step marks the entrance of the iteration phase (illustrated in Fig-
ure 3). In some cases, an initial configuration sufficiently implements the desired
product. In most cases, however, one or more cycles through the iteration phase are
required, for a number of reasons.

First, the requirements set may change or expand during product derivation, for ex-
ample, if the organization uses a subset of the collected requirements to derive the ini-
tial configuration, or if the customer has new wishes for the product. Second, the con-
figuration may not completely provide the required functionality, or some of the
selected components simply do not work together at all. This particularly applies to
embedded systems, where the initial configuration is often a first ‘guess’. This is
mainly because the exact physics of the controlled mechanics is not always fully
known at the start of the project, and because the software performs differently on dif-
ferent hardware, e.g. due to production tolerances and approximated polynomial rela-
tionships. Finally, the product family assets used to derive the configuration may have
changed during product derivation, for example, due to bug fixes.

During the iteration phase, the product configuration is therefore modified and
validated until the product is deemed ready.



Modification: A configuration can be modified on three levels of abstraction, i.e. ar-
chitecture, component and parameter level. Modification is accomplished by selecting
different architectural component variants, selecting different component implementa-
tion variants or changing the parameter settings, respectively.

Validation: The validation step in this phase concerns validating the system with re-
spect to adherence to requirements and checking the consistency and correctness of
the component configuration.
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Fig. 3. The iteration phase. The product configuration is modified in a num-
ber of iterations, until the product is deemed ready by the validation step.

2.2.3 Adaptation

Requirements that are not accounted for in the shared product family artifacts can
only be accommodated by adaptation (denoted by the dashed boxes in Figure 2 and
Figure 3). Adaptation involves adapting the product (family) architecture and adapt-
ing or creating component implementations. We identify three levels of artifact adap-
tation, i.e. product specific adaptation, reactive evolution and proactive evolution.
Product specific adaptation: The first level of evolution is where, during product
derivation, new functionality is implemented in product specific artifacts (e.g. product
architecture and product specific component implementations). To this purpose, ap-
plication engineers can use the shared artifacts as basis for further development, or
develop new artifacts from scratch. As functionality implemented through product
specific adaptation is not incorporated in the shared artifacts, it cannot be reused in
subsequent products unless an old configuration is selected for those products.
Reactive evolution: Reactive evolution involves adapting shared artifacts in such a
way that they are able to handle the requirements that emerge during product deriva-
tion, and can also be shared with other product family members. As reactively evolv-
ing shared artifacts has consequences with respect to the other family members, those
effects have to be analyzed prior to making any changes.



Proactive evolution: The third level, proactive evolution, is actually not a product
derivation activity, but a domain engineering activity. It involves adapting the shared
artifacts in such a way that the product family is capable of accommodating the needs
of the various family members in the future as opposed to evolution as a reaction to
requirements that emerge during product derivation. Proactive evolution requires both
analysis of the effects with respect to current product family members, as well as
analysis of the predicted future of the domain and the product family scope. Domain
and scope prediction is accomplished in combination with technology roadmapping
[Kostoff 2001].

Independent of the level of evolution, the scope of adjustment required on architecture
or component level varies in four different ways.

Add variation points: A new variation point has to be constructed if functionality
needs to be implemented as variant or optional behavior, and no suitable variation
point is available. To this purpose, an interface has to be defined between the variable
behavior and the rest of the system. Furthermore, an appropriate mechanism and as-
sociated binding time have to be selected and the mechanisms and variant functional-
ity have to be implemented. In addition, in the situation where existing stable func-
tionality is involved, the functionality has to be clearly separated from the rest of the
system and re-implemented as a variant that adheres to the variation point interface.
In case the binding time is in the post-deployment stage, software for managing the
variants and binding needs to be constructed.

Change the realization of existing variation points: Adjustment to a variation point
may be required for a number of reasons. Changes to a variation point interface, for
example, may be required to access additional variable behavior. Furthermore,
mechanism changes may be required to move the point at which the variant set is
closed to a later stage, while a change to the binding time may be required to increase
flexibility or decrease resource consumption. In addition, variation point dependen-
cies and constraints may need to be alleviated. In any case, changes to a variation
point may affect all existing variants of the variant set in the sense that they have to be
changed accordingly in order to be accessible.

Add or change variant: When the functionality fits within the existing set of variation
points, it means that the functionality at a point of variation can be incorporated by
adding a variant to the variant set. This can be achieved by extending or changing an
existing variant, or developing a new variant from scratch. These new or changed
variants have to adhere to the variation point interface, as well as existing dependen-
cies and constraints.

Remove a variant or variation point: A typical trend in software systems is that func-
tionality specific to some products becomes part of the core functionality of all prod-
uct family members, e.g. due to market dominance, or that functionality becomes ob-
solete. The need to support different alternatives, and therefore variation points and
variants for this functionality, may disappear. As a response, all but one variant can be
removed from the asset base, or the variation point can be removed entirely. If in the
latter case one variant is still needed, it has to be re-implemented as stable behavior.



3 Case Description

In the previous section, we have established a framework of concepts regarding prod-
uct derivation. In this section, we present the case studies we performed at Thales
Nederland B.V. and Robert Bosch GmbH. The business units we interviewed for this
case study apply a single product family domain scope to derive their software prod-
ucts. We present a brief description of the companies and their product families, in
which we show how the derivation processes instantiate the generic process discussed
in section 2.

3.1 Thales Naval Netherlands

Thales Nederland B.V., the Netherlands, is a subsidiary of Thales S.A. in France and
mainly develops Ground Based and Naval Systems in the defense area. Thales Naval
Netherlands (TNNL), the Dutch division of the business group Naval, is organized in
four Business Units, i.e. Radars & Sensors, Combat Systems, Integration & Logistic
Support, and Operations. Our case study focused on software parts of the TACTICOS
naval combat systems family produced by the Business Unit Combat Systems, more
specifically, the Combat Management Systems.

A Combat Management System (CMS) is the prime subsystem of a TACTICOS
(TACTical Information and COmmand System) Naval Combat System. Its main pur-
pose is to integrate all weapons and sensors on naval vessels that range from fast pa-
trol boats to frigates. The Combat Management System provides Command and Con-
trol and Combat Execution capabilities in the real world, as well as training in
simulated worlds.

The asset base used to derive combat management systems is also referred to as the
infrastructure. It contains both in-house developed and COTS (Commercial-Off-The
Shelf) components, and captures functionality common to all combat management
systems. The Tacticos product family is therefore classified as a family with a plat-
form as the scope of reuse.

Derivation Process at business unit Combat Systems

Initial Phase. Combat Systems uses configuration selection to derive the initial prod-
uct configurations. To this purpose, the collected requirements are mapped onto an
old configuration, whose characteristics best resemble the requirements at hand.
When in subsequent steps all components and parameters are selected, adapted and
set, the system is packaged and installed in a complete environment for the initial
validation. If the configuration does not pass the initial validation, the derivation proc-
ess enters the iteration phase.

Iteration phase. The initial configuration is modified in a number of iterations by re-
and de-selecting components, adapting components and changing existing parameter
settings, until the product sufficiently adheres to the requirements.

Adaptation. Combat Systems applies both reactive evolution and product specific
changes when components need to be adapted (see section 2.2.3). Components are
also adapted through proactive evolution during domain engineering. Whether re-
quirements are handled by reactive evolution or product specific adaptation, is deter-



mined by several Change Control Boards, i.e. groups of experts (such as architects)
that synchronize change requests within and between different projects.

3.2 Robert Bosch GmbH

Robert Bosch GmbH, Germany, was founded in 1886 in Stuttgart. Currently, it is a
worldwide operating company that is active in the Automotive, Industrial, Consumer
Electronics and Building Technology areas. Our case study focused on two business
units, which for reasons of confidentiality, we refer to as business unit A and B, re-
spectively. The systems produced by both business units consist of both hardware, i.e.
the sensors and actuators, and software.

The product family assets of business unit A capture both common and variable
functionality. Family A is therefore classified as a family with a software product line
as scope of reuse. The product family assets of business unit B provide functionality
that is common to many products in the family. Therefore, product family B is classi-
fied as a product family with a platform as scope of reuse.

Derivation Process at business unit A

Initial Phase. Starting from requirements engineering, business unit A uses two ap-
proaches in deriving an initial configuration of the product: one for lead products and
one for secondary products. For lead products, the initial configuration is constructed
using the assembly approach. For secondary products, i.e. in the case a similar prod-
uct has been built before, reference configurations are used to derive an initial con-
figuration. Where necessary, components from the reference configuration are re-
placed with ones that are more appropriate.

Iteration Phase. In the iteration phase, the initial configuration is modified in a num-
ber of iterations by reselecting components, adapting components, or changing pa-
rameters.

Adaptation. If the inconsistencies or new requirements cannot be solved by selecting
a different component implementation, a new component implementation is devel-
oped through reactive evolution, by copying and adapting an existing implementation,
or developing one from scratch.

Derivation Process at business unit B

Initial Phase. Each time a product needs to be derived from the platform of business
unit B, a project team is formed. This project team derives the product by assembly. It
copies the latest version of the platform and selects the appropriate components from
this copy. Finally, all parameters of the components are set to their initial values.
Iteration Phase. When the set of requirements changes, or when inconsistencies arise
during the validation process, components and parameters are reselected and changed
until the product is deemed finished.

Adaptation. When during the initial and iteration phase the requirements for a product
configuration cannot be handled by the existing product family assets, copies of the
selected components are adapted by product specific adaptation.



4 Related Work

After being introduced in [Parnas 1976], the notion of software product families have
received substantial attention in the research community since the 1990s. The adop-
tion of product families has resulted in a number books, amongst others [Bosch 2000]
[Clements 2001] [Jacobson 1997] [Weiss 1999], workshops (PFE 1-4), conferences
(SPLC 1 and 2), and several large European projects (ARES, PRAISE, ESAPS and
CAFE).
Several articles that were published through these channels are related to this paper.
The notion of a variation point was introduced in [Jacobson 1997]. The notion of
variability is further discussed in, amongst others, [Gurp 2001] and [Bachmann 2001].
[Geyer 2002] and [Salicki 2001] present the influence of expressing variability on the
product derivation process. They assume a more naive unidirectional process flow,
however, rather then a phased process model with iterations for reevaluating the
choice for variants. Well-known process models that resemble the ideas of the phased
product derivation model are the Rational Unified Process [Kruchten 2000] and
Boehm’s spiral model [Boehm 1988].

The 2-dimensional maturity classification of product families briefly discussed in
this paper is an extension and refinement of the 1-dimensional maturity classification
presented in [Bosch 2002].

5 Conclusions

Software product families have received wide adoption in industry. Most product
families we encountered can be classified according to two dimensions of scope, i.e.
scope of reuse and domain scope. In this paper, we focused on the scope of reuse di-
mension in a single product family domain scope, i.e. the dimension that denotes to
which extent commonalities between related products are exploited in a single prod-
uct family. The levels of scope in this dimension are standardized infrastructure, plat-
form, software product line, and configurable product family.

The work presented in this paper is motivated by the impression that despite the
substantial attention in the software product family research community to designing
reusable software assets, deriving individual products from shared software assets is a
rather time-consuming and expensive for a large number of organizations. In this pa-
per, we have presented a product derivation framework as basis for further discussion.
This framework consists of the product family classification mentioned above and a
software derivation process that we generalized from practice.

The generic derivation process consists of two main phases, i.e. the initial and the
iteration phase. In the initial phase, a first configuration is created from the product
family assets by assembling a subset of shared artifact or by selecting a closest match-
ing existing configuration. The initial configuration is then validated to determine to
what extent the configuration adheres to the requirements imposed by, amongst oth-
ers, the customer and organization. If the configuration is not deemed finished, the
derivation process enters the iteration phase. In the iteration phase, the initial configu-



ration is modified in a number of subsequent iterations until the product sufficiently
implements the imposed requirements.

Requirements not accounted for in the shared artifacts are handled by adapting
those artifacts. We have identified three levels of adaptation, i.e. product specific ad-
aptation, reactive evolution, and proactive evolution. Proactive evolution is actually
not a product derivation activity, but a domain engineering activity that we added for
completeness sake.

The main distinct characteristics of the product families from our case study are
summarized in the table below. As shown, the derivation processes at both organiza-
tions represent a subset of the generic process we discussed above.

Product Family Scope of reuse Initial derivation phase Adaptation
Combat Systems Platform Old configuration Reactive & product specific
Bosch A Product line Reference configuration & Reactive
assembly
Bosch B Platform Assembly Product specific

Table 1. The main characteristics of the product families at the business unit Combat Systems
at Thales Netherlands B.V., and two business units of Robert Bosch GmbH (A and B).

In [Deelstra 2003], we discuss several challenges that the industrial partners of the
ConlIPF project face during product derivation in terms of the framework presented in
this paper. Future work of the ConIPF project aims to define and validate methodolo-
gies that are practicable in industrial application and that address those product deri-
vation problems.
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