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Abstract

The increasing complexity of embedded systems calls
for software design and implementation techniques that
support specialization without abandonment of reusability.
This brings up a conflict as software specialized in support-
ing a very dedicated case usually cannot be (easily) reused
for a different environment. Especially the “standard soft-
ware” packets such as operating systems, e.g., are con-
cerned with this problem. Particularly critical in this set-
ting are non-functional properties that are ingredient parts
of single components or crosscut in the extreme case the
entire system software. These properties not only limit com-
ponent reusability but also impair software maintenance in
general. The paper deals with this issue in the scope of op-
erating systems for the embedded-systems domain. It moti-
vates using concepts such as family-based software design,
feature modeling and aspect-oriented programming in or-
der to come up with highly customizable and yet reusable
system software solutions.

1. Introduction

The design and development of operating systems has
to reflect numerous constraints predefined by an application
domain. This domain consists, among others, of application
software at the top and the computer hardware at the bot-
tom, thus with the operating system in between “a rock and
a hard place”. There are many application domains with no
single operating-system solution being suited to all of them,
or even a subset only.

Due to the need for customized solutions, particularly
the embedded systems domain calls for a large assortment
of specialized operating-system components. Depending
on the application case, not only are number and kind (in
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functional terms) of the components varying, but also the
same single component may appear in highly different ver-
sions. Most crucial in this setting are non-functional proper-
ties that are ingredient parts of single components or cross-
cut in the extreme case the entire system software. These
properties not only limit component reusability but also im-
pair software maintenance in general. Being able to deal
with software variability—not only in the realm of operat-
ing systems—becomes more and more eminent for embed-
ded systems.

The automotive domain gives an example for the increas-
ing demand of software variability management. A modern
car can be considered a “distributed system on wheels”: 40
up to over 100 of (8-, 16-, 32-bit) microcontrollers inter-
connected by a complex network (e.g. LIN, CAN, MOST,
Flexray) is the normal case—as is a 1 l/100 km additional
fuel consumption due to the weight of all the network ca-
bles. At the time being about 35 % of the total costs of a
car is in the electronics. Automobile electronics, in turn,
makes up about 80 % of all the innovations in a car. Fur-
thermore, 90 % of these innovations comes up with software
and not hardware. Thus, software is not only a functional
issue of the mechatronics product “automobile”, but also an
economical one of high strategic importance.

On the one hand, there is a strong need to reuse software
solutions across the different variants and models of a car.
On the other hand, in a large number of cases, highly spe-
cialized software solutions need to be built depending on
the actual car variant or model. Alone relying on object-
oriented approaches to cope with the diversity of problems
coming up when developing embedded-systems software is
not enough. Specialization by means of inheritance, e.g.,
soon may result in unmaintainable class hierarchies if the
combinational complexity increases. Not to mention the
risk of performance loss and large memory footprints in
the case of an excessive exploitation of interface inheritance
and, thus, late binding. Alternative as well as supplement-
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