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Abstract

This paper provides a summary of the ICSE 2004 workshop on
software engineering for automotive systems. We outline the main
characteristics of automotive software engineering and indicate
how the workshop papers relate to these characteristics. Further-
more, we summarize the discussion at the workshop.
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Introduction

Software is taking a leading role in automotive development and
innovation. It is commonly estimated that software and electronics
account for ca. 90% of all innovations. Already today cost for
software and electronics in current premium cars amount to up to
40% of the overall cost. The applications are not anymore limited
to classical embedded control systems, such as airbag control soft-
ware, but cover a broad range from mission critical embedded
systems in the X-by-wire field, driver assistance to infotainment
and personalization in the MMI (Man Machine Interface) area.

The next generation of premium cars is expected to host a cumu-
lated amount of up to one gigabyte of binary code of software de-
ployed via a set of embedded platforms. To design, implement and
manage a complexity of such a huge, heterogeneous distributed
system with increasingly short innovation cycles, neither the tech-
niques and methods of classical embedded systems are suitable,
nor the known ones in the desktop and business software domains.
To tackle this challenge, we furthermore need new adapted soft-
ware engineering methods for the automotive domain that allow to
design the different software types specifically, corresponding to
their requirements, and later on integrate the system parts into one
reliable and manageable system. We therefore see the discipline of
automotive software engineering (ASE) as a massively emerging
research field with heavy impact in industry.

This background already motivated a panel discussion on automo-
tive software engineering at ICSE 2003 which was well attended.
This year we therefore decided to organize this workshop with a
special focus on the adoption of established software engineering
concepts to the automotive domain. This can be a building block
towards automotive software engineering as an explicit discipline
of software engineering including tailored techniques and meth-
ods.

The rest of the paper is organized as follows. In the following sec-
tion we outline the main characteristic of ASE. The paper then
lists the workshop presentations and relates them. Finally, we

summarize the concluding discussion at the workshop.

Characteristics of Automotive Software Engineering

It is vital to understand the basic characteristics of a domain in
order to introduce domain specific engineering techniques. In this
section we sketch these characteristics for the automotive domain.
A more detailed description is given in [2].

Heterogeneity. Automotive software is very diverse ranging from
entertainment and office related software to safety-critical real-
time control software. We cluster automotive software into three
groups: Infotainment & Comfort Software (including system ser-
vices with soft real-time requirements), Safety or Security Critical
Software and (hard) real-time Software. In the infotainment do-
main, traditional IT concepts play an important role, while for
control systems, which usually are hard real-time systems, tech-
niques form control theory must be intermixed with methods from
computer science.

Emphasis on Software Integration. Automotive software is de-
veloped in tight collaboration between OEMs (original equipment
manufacturers) and suppliers. As a result, OEMs have to integrate
independently developed systems or software. While this always is
a difficult task for a complex system, the situation in automotive
software engineering is even worse, because suppliers usually
have a lot of freedom in how they realize a solution. (In business
IT the client would often strongly constrain the technologies that
may be used by a supplier to facilitate integration and mainte-
nance.) Furthermore, the OEM usually only has black-box specifi-
cations of the subsystems to be integrated which makes successful
testing and error localization more difficult. In addition, distrib-
uted development in itself makes it difficult or impossible for the
OEM to modify parts of the subsystems in order to localize errors.

Unit based cost structure. Due to the large produced quantities,
production and material cost by far outweigh engineering cost in
the automotive domain. Traditionally, the cost per produced unit
plays the decisive role for all decisions on how car functions are
realized. For automotive software engineering this is problematic,
because it drives system engineers to design hardware that is as
cheap as possible for the required function. This usually means
that performance and memory is small. Thus, the software engi-
neer is confronted with a hardware that is only sufficient for the
function to be implemented if the implementation is highly opti-
mized. In particular this means that abstraction layers possibly
have to be sacrificed to performance, and modern development
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methodologies and programming languages often cannot be used.
This of course makes developing complex software that is correct
and delivered in time a very difficult task. In the recent past
important automotive system development projects were delayed
because of software problems.

Further main drivers of complexity are a large number of product
variants, depending on the marketing strategy of the OEM, and
long product life cycles. Service for the product typically has to be
available for 15+ years which also affects automotive software.

Summary of workshop presentations

The introduction to the workshop was the invited talk on Chal-
lenges in Automotive Sofiware Engineering by Jirgen Bortolazzi
(DaimlerChrysler AG) which gave a very good summary of the
field and of typical problem areas.

The papers and their authors were as follows.

1. D. Nystrém, M. Nolin (Mélardalen University), A. Tesa-
novic, C. Norstrdm, J. Hansson (Linkdping University).
COMET: A Component-Based Real-Time Database for
Automotive Systems

2. S. Buehne, K. Lauenroth, K. Pohl (University of Duis-
burg-Essen), M. Weber (DaimlerChrysler AG). Modeling
Features for Multi-Criteria Product-Lines in Automotive
Industry

3. M. Conrad, I. Fey (DaimlerChrysler AG), S. Sadeghipour
(ITPower Consultants). Systematic Model-Based Testing
of Embedded Control software: The MB3T Approach

4. M. Horstmann, E. Schnieder (TU Braunschweig), P
Maider, S. Nienaber, H.-M. Schulz (EXTESSY AG). A
framework for interlacing Test and Design

5. L. Kriiger, D. Gupta, R. Mathew, P. Moorthy, W. Phillips,
S. Rittmann (University of California, San Diego). To-
wards a Process and Tool-Chain for Service-Oriented
Automotive Software Engineering

6. H. Lonn, T. Saxena (Volvo Technology Corp.), M. Nolin
(Miardalen University), M. Torngren (Royal Institute of
Technology, Sweden). FAR EAST: Modeling an Auto-
motive Software Architecture Using the EAST ADL

7. L. Vitkin, T.K. Jestin (Delphi Electronics & Safety). In-
corporating Autocode Technology into Software Devel-
opment Process

8. G. Costagliola, S. Di Martino, F. Ferrucci, M. Risi
(University of Salerno), G. Oliviero, D. Freni (Elasis
Scpa). Towards a Design Pattern for Automotive
Telematics Systems

Papers’ Summaries. Papers 1 and 2 are in the context of two spe-
cific topics in ASE, real-time databases for the continuously grow-
ing amount of information to be managed in cars, and product line
engineering for automotive systems. Papers 3 and 4 address auto-
motive specific testing techniques. Papers 5-7 are concerned with
(model-based) specification and development methodologies for
embedded software in the automotive domain. A design pattern
for infotainment systems was introduced in paper 8.
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Overall the range of papers very well reflects the heterogeneity of
the domain influenced by classic IT concepts, like the design pat-
tern in paper 8, as well as by specific engineering methods for
reactive systems, as e.g. in papers 6 and 7. The specification and
testing techniques in papers 3 to 7 provide a basis to support the
integration of independently developed software/systems, which is
a characteristic of the automotive domain.

All papers are published in the workshop proceedings [1].

Workshop discussion and outlook

The discussion after the workshop focused around two topics. The
papers following model-based engineering approaches claimed
they introduced a systematic way of performing the considered
process phase/phases. This stimulated discussion whether a proc-
ess phase can be called systematic just because of the use of mod-
els or whether systematic development and model-based
development rather are orthogonal to each other.

The second point of discussion was whether the complexity in
automotive software engineering and the domain characteristics
are inherent to the (technical) domain, or to what extent they are a
result of business decisions, like the desire to offer many product
variants that can be shaped more or less freely.

As a whole the workshop stimulated the discussion between re-
searchers and practitioners in automotive software engineering.
The workshop contributions reflected that domain specific tech-
niques, like in paper 6, are about to emerge, thereby creating the
basis for future tailored techniques and tools. This success and the
positive feedback of the workshop participants motivates our plans
to continue this workshop at next year's ICSE.
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