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Abstract

During the last decade consumer electronics products have changed radically. Traditionally,
these products were used for a few dedicated tasks, and were implemented through
hardware. Nowadays, these products are used for a variety of tasks and most of the
functionality is implemented through software. Furthermore there is an increasing amount
of variants needed to serve the market and a continuous pressure on development cost,
quality, and time-to-market. These trends have caused a significant impact on the way that
software product lines for consumer electronics are being developed.

This thesis starts in part | with an exploration of the problem space: namely the challenges
that are caused by the changing industry structures. This analysis shows that due to the
increasing amount of software and high speed of innovation it is unfeasible for an individual
company to develop the software on its own. As a consequence, consumer electronics
products are built using components from a large variety of specialized firms. A model of
five industry structure types is introduced that describes the transition and the consequences
for software architectures. It is shown that software supply chain is the dominant industry
structure for developing the software that is embedded in these products. This is because the
modularization of the architecture is limited and because resource constrained devices
require variants of software that are optimized for different hardware configurations.

To support applications from third parties, many consumer electronics firms offered a
stable interface towards the 3rd party applications. In this way these firms transitioned from
software product line engineering in an intra-organizational context to ecosystems for these
3rd party applications. Three types of ecosystems are identified that are currently used:
vertically integrated hardware/software platforms, closed source software platforms and
open source software platforms. A first step towards a decision support method is introduced
that can determine which type of ecosystem is most suitable for a specific type of consumer
electronics product from a software engineering perspective.

Part Il of this thesis presents solutions to the challenges for variability management that
arise when the software is developed through a supply chain. When a supplier delivers
products to multiple customers, this may lead to multiple product lines. In this thesis a
modelling approach is introduced that captures the context as a separate tree of a feature
model, which makes it possible to model multiple product lines in software supply chains.

A company that is in the middle of a supply chain, has to integrate components from
suppliers and offer (partly configured) products to its customers. To satisfy the variability
requirements by each customer it may be necessary to use components from different
suppliers, partly offering the same feature set, thus leading to overlapping feature models.
This thesis introduces a supplier independent feature model. In this concept, dependency
relations between the supplier independent feature model and the feature models of the
individual suppliers are used to capture the variability of the combined product line. The use
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of alternative components from suppliers partly may also lead to a product line with
components which are using different mechanisms for interfacing, binding and variability.
A model-driven approach is introduced for automating the integration between components.
This approach reduces the development costs and time-to-market.

As a result of the growing number of variation points, feature models often become too
complex to deal with. This thesis evaluates a textual variability language which shows that
the readability of models using a textual language is easier than with graphical languages,
especially when many constraints between features are used, which is common for feature
models in software supply chains.

Part 111 of this thesis presents solutions to the challenge of ensuring a sufficient quality
with a high pressure on time-to-market, as identified in the part I. This last part focusses on
testing, the last phase in a development process. The consequence for testing is that due to
the increasing amount of faults, of which many are caused by a mismatch between
components from different suppliers, and the limited time for testing, it is not feasible to
remove all faults before market introduction.

In this thesis a statistical model is introduced that determines the benefits of using
operation profiles, which is a method to increase the test efficiency based on the quantitative
usage by the end users. The analysis shows that using operational profiles improves the test
efficiency, however not when a high reliability is required. The analysis of risk based testing,
which is a method to focus testing on those areas that have the biggest impact on end user
and business, shows that when the usage frequency is treated as a separate dimension of the
risk matrix, the efficiency can be further improved.

To reduce the test effort caused by the high amount of variability, this thesis introduces
risk based testing for software product line engineering, which extends risk based for single
system engineering with a dimension that captures the percentage of product variants that
use a particular development artefact. This method provides the means to guide the test effort
for different test levels and set priorities during domain and application engineering.

Because operational profiles cannot be directly applied to testing of highly innovative
consumer electronics products, as it focuses primarily on technical reliability risks, this
thesis proposes an enhanced framework to analyze unexpected user-product interaction. In
this framework, product, user as well as environmental conditions are used to analyze user-
product interaction which will help reducing non-technical failures.

This thesis has the following key contributions:

e A classification of different industry structures and ecosystems for consumer
electronics is introduced along with their architectural challenges.

e Solutions for managing the variability in software supply chains have been created and
for managing large and complex feature models.

e Methods are introduced to improve the test efficiency for software product lines and for
highly innovative consumer electronics products.
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