Grzegorz Rozenberg Frits Vaandrager (Eds.)

LECTURES ON EMBEDDED SYSTEMS

European Educational Forum School on Embedded Systems Veldhoven, The Netherlands, November 25-29, 1996

Preface

Embedded systems are computer systems that form an integral part of a larger system like a production cell, a controller for a home heating system, a television set, or an airplane. The term “embedded systems” encompasses thus a broad class of systems, ranging from simple microcontrollers to large and complex multiprocessors and distributed systems. In general engineering terms, embedded systems are used for the control of industrial or physical processes. Sensors continuously gather information from the environment. The service of the embedded system is to process this information and to signal the actuators in accordance with the mechanisms of the controlled process. This means that one can design and reason about embedded systems only if one takes the behavior of their environment into account. In computer science terms, embedded systems are distributed reactive systems. Typically, embedded systems have to react to stimuli from their environment in real-time. This can be highly nontrivial in situations where a lot of signal processing must be carried out on the inputs in order to compute the outputs (e.g., multimedia applications). Consequently, real-time issues often play a major role in the design and analysis of embedded systems.

This volume is based on the lectures presented at the School on Embedded Systems which took place in Veldhoven, The Netherlands, in the period November 25–29, 1996.

The School was the first event organized by the European Educational Forum (EEF) which is a joint initiative of three interuniversity research schools: BRICS (Basic Research In Computer Science) in Denmark, IPA (Institute for Programming research and Algorithmics) in The Netherlands, and TUCS (TUrku centre for Computer Science) in Finland. Altogether, EEF involves 14 universities in Denmark, The Netherlands, and Finland. The common denominator of BRICS, IPA, and TUCS is the training of Ph.D. students and young researchers. The mission of EEF is to organize educational training activities covering a broad spectrum of basic research and its applications directed at this audience.

Apart from papers based on the lectures presented at the School, some other papers have also been included in this volume. In this way, we hope to give a broad and well balanced picture of current research in embedded systems. The material from the School presented in this volume was prepared after the School, so that it also reflects the discussions that took place.

We are grateful to the contributors to this volume for their effort, and to the participants at the School for their enthusiastic and active participation. We also thank the members of the Program Committee for putting together such an interesting program. The members of the Program Committee were: Ralph Back, Ed Brinksma, Dieter Hammer, Kim Larsen, Mogens Nielsen, Kaisa Sere, and Frits Vaandrager (chair).

Finally, we are very much indebted to the management team of IPA, Jos Baeten, Alda Bouten, and Herman Geuvers, for organizing such a successful meeting.

February 1998 G. Rozenberg F.W. Vaandrager

Table of Contents

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 F.W. Vaandrager

Formal Models and Analysis

Verification of Clocked and Hybrid Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 Y. Kesten, Z. Manna, and A. Pnueli

Analyzing and Synthesizing Hybrid Control Systems . . . . . . . . . . . . . . . . . . . . . . . 74 M.S. Branicky

Model Checking Timed Automata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114 S. Yovine

Real-Time Systems

On Modeling Real-Time Task Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153 D. Chen, A. Mok, and S. Baruah

A Modular Approach for Programming Embedded Systems . . . . . . . . . . . . . . . 170 S. Ren, G.A. Agha

Development and Engineering

Proof-Based System Engineering and Embedded Systems . . . . . . . . . . . . . . . . . 208 G. Le Lann

A Design Notation and Toolset for High-Performance Embedded . . . . . . . . . . 249 Systems Development D. Bhatt, J. Shackleton

The Maturity of Object-Oriented Methodologies . . . . . . . . . . . . . . . . . . . . . . . . . . 268 A. van den Hoogenhof

Object Oriented Development of Embedded Systems with the . . . . . . . . . . . . .304 Octopus Method J. Kuusela

Case Studies

Engineering of Real-Time Systems with an Experiment in . . . . . . . . . . . . . . . . .316 Hybrid Control A.P. Ravn, T.J. Eriksen, M. Holdgaard, and H. Rischel

Formal Methods in the Design of a Storm Surge Barrier . . . . . . . . . . . . . . . . . . 353 Control System P. Kars

Statecharts in Use: Structured Analysis and Object-Orientation . . . . . . . . . . . 368 B.P. Douglass, D. Harel, and M. Trakhtenbrot

Industrial Perspective Embedded Systems in Consumer Products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395 R.H. Bourgonjon The Long Road from Research to Telecommunication Applications . . . . . . . . 404 H.F. van Rietschote Development of Embedded Software at ICT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .413 F.T.G. Veltmaat Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .423

Author Index

Agha, G.A. 170 Baruah, S. 153 Bhatt, D. 249 Bourgonjon, R.H. 395 Branicky, M.S. 74 Chen, D. 153 Douglass, B.P. 368 Eriksen, T.J. 316 Harel, D. 368 Holdgaard, M. 316 Hoogenhof, A. van den 268 Kars, P. 353 Kesten, Y. 4 Kuusela, J. 304 Le Lann, G. 208 Manna, Z. 4 Mok, A. 153 Pnueli, A. 4 Ravn, A.P. 316 Ren, S. 170 Rietschote, H.F. van 404 Rischel, H. 316 Shackleton, J. 249 Trakhtenbrot, M. 368 Vaandrager, F.W. 1 Veltmaat, F.T.G. 413 Yovine, S. 114