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Background

Despite all efforts in domain engineering, industrial software product families often face
the classic software engineering challenges, such as high costs, long times-to-market, and
dependency on product derivation experts, during application engineering. These
challenges prevent organizations from exploiting the full benefits of product family
engineering.

As a response to these challenges, the ConIPF project (Configuration in Industrial
Product Families) was initiated in 2001. ConIPF was funded by the European Union
under the IST-programme (contract no. IST-2001-34438). The goal of this project was to
define and validate a product derivation methodology that is practicable in industrial
application. The project consortium consisted of two industrial partners (i.e. Robert
Bosch GmbH and Thales Naval Netherlands) and two academic partners (i.e. the
University of Hamburg and the University of Groningen).

One of the results of the ConIPF project is the ConIPF book. This book provides a
methodology for product derivation in industrial product families that is designed to
address the challenges typical in product family engineering. The basic idea behind the
ConlIPF methodology is the formalization of derivation knowledge into a configuration
model. This configuration model is used to provide automated support during product
derivation.

In this whitepaper, we introduce product family engineering in general and present a brief
overview of the ConIPF methodology. We furthermore show how your organization can
benefit from this methodology and illustrate this with some of our experiences.



Product Family Engineering

The idea behind product family engineering is that the investments required to develop
reusable artefacts during domain engineering, are outweighed by the benefits in deriving
the individual products during application engineering. A fundamental reason to research
and invest in sophisticated technologies for product families is to obtain the maximum
benefit out of this upfront investment, in other words, to minimize the proportion of
application engineering costs (see Figure 1).
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Figure 1: Domain vs. application engineering. The fundamental reason for researching and investing
in more sophisticated technology such as product families is decreasing the proportion of application
engineering costs.

To achieve this goal, the technology investments can be directed towards domain
engineering, or towards application engineering. The ConIPF methodology invests in
application engineering and sets a decrease in the costs for deriving individual products
as its main goal. The main reason behind this choice is that the industrial organizations
with which we work suffer from a lack of methodological guidance for product
derivation. This lack of guidance causes a number of challenges that result in the high
costs, longer times-to-market and dependency on product derivation experts.

An example of directing investments to domain engineering would be focusing on
methodological support for designing and implementing reusable software assets.
However, the degree of variability and the need for managing variability during
application engineering still remains. Both investments are seen as complementing each
other, because the maturity of a product line facilitates the introduction of the ConIPF
methodology.



The ConlPF Methodology

The basic idea behind the ConIPF methodology is the formalization of derivation
knowledge into a configuration model. This model captures knowledge related to
different types of product family entities (e.g. context, features, artefacts, and parameters)
as well as relations and restrictions between them. In combination with a configuration
tool, some of the artefacts and parameter settings needed to realize a product can be
automatically inferred from the selection of the context and the product features.

The ConlIPF methodology is presented in two parts. Each part addresses the tasks of the
ConlIPF methodology that have to be performed in the two stages of product family
engineering (see Figure 2), i.e. Application Engineering (I) and Domain Engineering (II).
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Figure 2: Overview of the main information flow between tasks of the ConIPF methodology.

Legend

:> Information flow
between tasks

Associated
information type

Configuration
Model

Domain
Modelling

Knowledge
Elicitation

Part I: Application Engineering

The first part of the methodology discusses how ConlIPF uses the configuration model to
create individual products. It provides an overview and detailed discussion of the process
that is followed to routinely derive the products. This process involves two interrelated
main tasks, i.e. Configure and Realize. The Configure task comprises creating different
parts of the product description. This product description specifies the context, features,
artefacts and parameter values of a product. Under the ConIPF methodology, this task is
supported by a configuration tool and the configuration model. Based on the features and
context selected by the application engineer, the configuration tool automatically infers
the artefacts needed to realize these features in the given context. The Realize task
realizes the product by actually selecting the artefacts from an asset store and setting the
parameters as described in the product description.

For situations that involve choices that cannot be realized according to restrictions in the
configuration model, the methodology furthermore describes how Application
Engineering interacts with the Domain Engineering. The application engineer can either
choose to change some configuration decisions or to collect some of the mismatches that
occur during product derivation. The collection of mismatches is passed on to the domain
engineer, who is responsible for making the necessary changes to the artefacts and



configuration model. These domain engineering tasks are described in Part II of the
methodology.

Part Il: Domain Engineering

The second part of the methodology discusses the creation and maintenance of the
configuration model. To create the configuration model, the appropriate knowledge has
to be selected in the knowledge elicitation task and transformed to a configuration model
using the guidelines of the domain-modelling task (Figure 2). For the Knowledge
Elicitation task, the ConIPF methodology provides a categorization approach for
collecting, extracting and loosely structuring derivation knowledge from different sources
(documents, experts). It is a step-wise, incremental approach that delivers an informal
configuration model. This informal model specifies the basic structure of different
concepts involved in product derivation, and is independent of the configuration tool.

During the Domain Modelling task, this informal configuration model is transformed to a
formal model. The informal model is mapped iteratively to the formal concepts in the
ConlPF configuration model. This configuration model is amenable for use by a
configuration tool. The domain modelling process also includes testing and evaluation
steps to provide confidence with respect to consistency and completeness of the
configuration model.

If the model is not consistent, or if mismatches arise during product derivation, the
Assessment and Evolution and Development tasks address identifying the necessary
changes to the product family and performing them. The ConIPF methodology
accommodates the transfer of these changes to the configuration model by performing
change operations in the Domain Modelling task. ConlPF does not provide specific rules
for the development of actual product family assets however, as this task is highly
dependent on the organization. The methodology does provide an Assessment process.
This process collects the mismatches of the multiple, parallel configuration processes.
and provides different steps that divide the assessment challenge into manageable pieces.
It identifies the sources of mismatches, and provides support for selecting an optimal
solution from a number of solutions with different advantages and disadvantages. After
the necessary changes have addressed the mismatches, the application engineering
process can continue with the new configuration model.



Applying ConlPF in Your Organization

The ConIPF methodology is largely based on the experiences we gained from its
application at two industrial partners in the project, i.e. Robert Bosch GmbH and Thales
Naval Netherlands. During experiments at these partners’ sites, the methodology was
assessed for viability in an industrial setting.

In the following, we first provide an impression of the size and contents of the
experiments. Subsequently, we summarize the main benefits of the ConlPF methodology,
and present issues that are important to consider when applying the ConlIPF
methodology.

Experience with the ConlPF methodology

The experiments at Bosch and Thales complemented each other, both in terms of size and
focus. The Bosch experiments were performed on the Car Periphery Systems (CPS)
product family, which was also used as guiding example throughout the ConIPF book.
Although being relatively small (less than hundred features), the configuration model
used during the experiments still enables the derivation of hundreds of different product
configurations. Compared to the Thales experiments, the Bosch experiments also covered
most aspects of the methodology.

The Thales experiments were primarily used to show that the methodology is scalable
and adaptable to a specific situation. The Thales experiments consisted of a configuration
process that was divided into two layers. One layer concerned the configuration of
features and artefacts (several hundreds), while the second layer concerned the
configuration of the thousands of parameters. Specific tools for modelling and
configuration were used in the experiments at both Bosch and Thales.

Benefits

The ConIPF methodology is designed for existing, mature, and relatively stable (parts of)
product families. The experiences with the methodology tell us that once a configuration
model is in place for such a product family, the configuration and realization tasks
immediately benefit. As the necessary artefacts and parameter values are automatically
inferred, the number of explicit decisions is reduced considerably and a large number of
common mistakes is avoided.

Automatic inference has a great impact on the time-to-market and cost, as the ConIPF
product derivation process involves less iterations than a manual process. However, the
ratio between number of products and degree of complexity of the dependencies in the
product family are decisive for applying the ConIPF methodology. If the degree of
complexity is high, the effort needed for setting up the configuration model pays off even
for a small number of products. If the number of products is high, the effort needed for
setting up the configuration model pays off even for a low degree of complexity.

As the expert knowledge is captured in the configuration model, it makes their specific
and deep expertise available to your organization. The results are that a product can be
derived at the features level , and that fewer experts have to be involved in the derivation



process. Their time is thus freed up, and the impact of experts leaving the organization is
reduced.

Important considerations

In addition to benefits, the experiments also revealed a number of issues that are
important to consider when applying the ConIPF methodology. We summarize these
issues in three key points.

A good understanding is required. In the first phase of the experiments, creation
of the configuration model was complicated by the fact that the knowledge-based
product configuration approach was very new to the software engineers. Adequate
explanations and training proved essential to the successful construction of the
configuration model. To improve the readability of the ConlPF book for software
engineers, we therefore illustrated each aspect with examples from an existing
case, and used established notations, such as SPEM (Software Process
Engineering Metamodel), in the description of the ConIPF methodology.

Tool support is essential: The experiments showed that mature tool support is
essential to the development and maintenance of the configuration model. Tools
are available on the market, but sometimes lack the support for evolution, or do
not show the rationale behind dependencies and parameter restrictions. This
complicates situations where the artefacts and the configuration model have to be
adapted. Therefore, the ConIPF book provides a detailed discussion of different
tools that can be used for the ConIPF methodology. The application of these
different tools ranges from early phases of domain modelling, to the automated
inference of artefacts during product derivation.

Validation of the configuration model is crucial: A final important aspect of
creating and maintaining the configuration model is associated with building
confidence that the configuration model is complete and correct. Building this
confidence in domain modelling is similar to testing in software development. It
involves expert reviews of the configuration model, as well as creating a test
suite. Results from the reviews and tests are used to iterate the domain modelling
process. As a result of the experiments, we provide a more detailed and structured
description on these activities during domain modelling.



Final remarks

The ConIPF methodology is described in detail in the ConIPF book [Hotz et al. 2005].
Our goal in developing this book was to provide a methodology that addresses all aspects
needed to derive products using the ConIPF process. In the book, we provide the tasks
and tools to create, maintain, and use a configuration model. What is left for you is to
take these tasks and tools, and to apply them to your product family. We believe you will
succeed in similar ways as we did in using this methodology.
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