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1 PRESENTATION

This book contains the papers that have been accepted for presentation at
the XIIT IFIP WG 10.5 International Conference on Computer Hardware De-
scription Languages and Their Applications 1997, or CHDL’97 for short, in
Toledo, 21-23 April 1997. CHDL has been held every other year since 1973, ro-
tating between locations in Europe, North America and Asia. The conference
originated under IEEE/ACM sponsorship and since 1981 has been organized
by IFIP Working Group 10.2 (now WG 10.5). Previously, the conference has
been held at the following locations:

1973: New Brunswick (New Jersey, USA)
1974: Darmstadt (Germany)

1975: New York (New York, USA)
1976: Palo Alto (California, USA)
1981: Kaiserslautern (Germany)

1983: Pittsburgh (Pennsylvania, USA)
1985: Tokyo (Japan)

1987: Amsterdam (The Netherlands)
1989: Washington (D.C., USA)

1991: Marseille (France)

1993: Ottawa (Canada)

1995: Chiba (Japan)

The CHDL topics have a significant history with over 100 HDLs being
published in the 1970s. Since the mid-1980s, HDLs have become commonplace
in system design and VLSI. Presently, we are in a consolidation phase, in which
languages and standards are increasingly being used, at the same time as the
scope is being broadened to include CAD tools and additional application
areas (such as analog, microwave or system-level design).

Altogether 42 papers have been received, maintaining a very high average
quality. The topics ranged from Specification to Implementaion, including Ver-
ification and Synthesis. Out of these papers, 17 were selected for presentation
and publication, arranged according to the following session topics:

® Specification and Design of Reactive Systems
® Verification Using Model Checking Techniques
® Formal Characterizations of Systems

® Analog Languages

©IFIP 1997. Published by Chapman & Hall
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® Languages in Design Flows

® Future Trends in Hardware Design

® HDLs for the XXI Century

® Formal Methods for Asynchronous and Distributed Systems

Furthermore, there are three invited presentations, the abstract of which
appear here. Finally, the content of seven poster presentations is included in
abbreviated form in this book. Two panel sessions have been scheduled, about
The Next HDL Paradigms and Analog and Mized-Signal HDLs .

CHDL’97 is held at the same location and dates as other workshops on
closely related areas:

@ Spring ’97 Conference of the VDHL Users’ Forum in Europe
® 2nd Workshop on Libraries, Component Modelling and Quality Assurance
® Esprit NADA workshop (about New Hardware Design Methods).

The first two are more practically oriented, whereas the third is of more
theoretical nature, as compared with CHDL. Nevertheless, there are no clear
boundaries, which is also shown by the fact that two papers accepted for
CHDL have been placed in sessions together with papers of the VHDL Users’
Forum. At any rate, we hope that this spectrum of offerings has enriched the
perspectives of the participants to the combined event. And in the same way
as in Toledo several cultures have coexisted, the Christian, the Jewish and
the Arabic, leaving a wealth of buildings for us to admire, we hope that the
multi-event in April 97 in Toledo will be of profit to different cultures and
perspectives in the area of HDLs and give rise to insightful findings.

We would like to thank all who made this conference possible. First, IFIP,
and in particular, TC10 and WG 10.5, who sponsored this event. Then, all
the members of the programme committee (most of them from WG 10.5),
who together with additional reviewers did an excellent job for the paper se-
lection. Furthermore, we thank the members of the steering and organizing
committees for doing their job with enthusiasm. We want also to express our
recognition to the fine relationship maintained with the organizers of the par-
allel events. In particular, Eugenio Villar from the University of Cantabria is
to be thanked for his co-operation in solving the problems that arose during
the organization of the events. The authors of submitted papers, tutorialists,
panelists and session chairs are to be thanked for their contribution. GRIAO
(Université de Montréal) helped by providing a machine and the part-time
help of an analyst. Finally, we would like to gratefully acknowledge the gen-
erous support provided by the Universidad Carlos III de Madrid and by the
Spanish Comision Interministerial de Ciencia y Tecnologia.

Carlos Delgado Kloos Ed Cerny
Leganés (Madrid/Spain) January 1997 Montréal (Canada)
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‘Synchronous Languages for
Hardware and Software Reactive
Systems

Gerard Berry
Ecole des Mines de Paris
B.P. 207, F-06904 Sophia-Antipolis CDX, France, berry@cma.cma.fr

Abstract

Synchronous languages are dedicated to hardware, software, or mixed reac-
tive systems that maintain a continuous interaction with their environment.
They come in two classes: data-oriented languages such as Lustre and Signal,
which are targeted to data-intensive applications such as continuous control
or signal processing, and control-oriented languages or visual formalisms such
as Esterel, Statecharts, or Argos, which are tailored for discrete controllers.
Data-oriented languages are equational and involve combinational or delayed
operations over multiply-clocked signals. Control-oriented languages have ex-
plicit primitives for sequencing, concurrency, and process preemption.

The synchronous languages are defined by precise mathematical semantics
based on a simple zero-delay model, unlike most HDLs that are based on more
intricate simulation models. The semantics makes it precise what a program
means, how it can be compiled, and how to verify its properties.

We analyze the synchronous programming primitives and we present the
semantical framework. We show how to synthesize RTL-level circuits from
synchronous programs and how to use circuit synthesis and optimization tech-
niques to produce efficient software codes as well. We present verification tech-
niques and algorithms for synchronous programs. We discuss combinational
cycles in synchronous programs, and we exactly characterize those that have
a synchronous behavior. Finally, we present some industrial applications of
synchronous languages.

More detailed information can be obtained from the Esterel web page at
http://www.inria.fr/meije/esterel or by sending an email message to
<esterel-request@cma.inria.fr>.

Keywords
Synchronous languages, reactive systems
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Towards a Complete Design Method
for Embedded Systems Using

Predicate/Transition—Nets*

B. Kleinjohann
C-LAB
Fiirstenallee 11, 33102 Paderborn, Germany, bernd @c-lab.de

J. Tacken
C-LAB
Fiirstenallee 11, 33102 Paderborn, Germany, theo @c-lab.de

C. Tahedl
Heinz Nixdorf Institut
Fiirstenallee 11, 33102 Paderborn, Germany, tahedl@uni-paderborn.de

Abstract
In this paper, we present a new approach to embedded system design based on model-
ing discrete and also continuous system parts with high level Petri—Nets. Our investi-
gations concentrate on a complete design flow, analysis on high level Petri—Nets and
their meaning for hardware/software partitioning of real-time embedded systems.
The concepts for hybrid modeling of discrete and continuous systems are applied in
an example in the domain of mechatronic systems.

Keywords
Design Method, Embedded Systems Design, Hardware/Software—Codesign, High
Level Petri Nets

1 INTRODUCTION

In recent years embedded systems have gained increasing importance. This develop-
ment is rooted in the growing number of systems containing embedded systems. Si-
multaneously the focus in design has shifted towards criteria requiring a common de-
sign process of the whole system. While classical hardware/software—codesign just
considered optimizing the contrary aims of maximizing speed and minimizing costs,
thinking about the fulfillment of hard real-time restrictions, minimization of the ab-
solute size and weight of the assembly group, reduction of energy—consumption, and

* Supported by DFG-Sonderforschungsbereich 376 “Massive Parallelitit: Algorithmen, Entwurfsmetho-
den, Anwendungen” s

© IFIP 1997. Published by Chapman & Hall
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- especially safety and reliability are getting more important now. Especially for the
systems’ reliability it is important to consider not only each single component on its
own but its behavior within the whole context. Many functional errors only expose
themselves when all individual components work together in the whole context, ob-
served over time. The individual components are typically partitioned into hardware
components (ASICs, FPGAs) and software components (parallel real-time software
on one or several general purpose processors) in order to ensure a realization fulfill-
ing all requirements.

When modeling embedded systems it is important to handle concurrency. As
shown in (Dittrich 1994) Petri-Nets are very well suited for the specification of con-
current systems. To handle the complexity they use hierarchical Petri—Nets as specifi-
cation language in order to support hardware/software—codesign. In our work we also
decided to use an extended form of Petri—Nets, namely Extended Predicate/Tran-
sition—Nets (Extended Pr/T-Nets). Our work differs from their approach as we use
Petri—Nets that support the notion of time and have a more powerful hierarchy se-
mantic. We additionally consider verification and partitioning methods using the
known methods for formal analysis of Petri—Nets.

Often embedded systems do not only contain discrete but also continuous system
parts. In order to model those parts with a continuous behavior we transform them
into a form that can be denotated by the event—based Petri—Net semantics. This trans-
formation is basically a discretization described in (Brielmann 1995). In contrast to
other methods that contain continuous time control, e.g., (Grimm et al. 1996), this
allows us to analyze properties for hardware/software—partitioning purposes in one
common model. Nevertheless a discretization means a loss of information in the
model. For our purposes this disadvantage is not relevant as analysis or optimiza-
tions that need the original continuous informations (e.g. differential equations) are
done on a higher level and an earlier design step. Using a combined graph-based
model for analog and digital system parts as described in (Grimm et al. 1996) has
the disadvantage that the analyzing facilities are limited to structural properties of
the graph.

In (Tanir et al. 1995) Pr/T-Nets are used for analysis purposes either, but do not
serve as a common model. The final implementation of the system is not compiled
from the Pr/T-Net model but from their common specification language DSL.

In (Esser 1996) object oriented Petri—Nets are used as a common model for hard-
ware/software—codesign. For this type of nets it will be very hard to develop analysis
methods. Actually it is possible to simulate object oriented Petri—Nets for design
validation.

As an example for an embedded system with discrete and continuous system parts
we use a decentralized traffic management system, based on communicating au-
tonomous units. Within the continuous system parts we have to deal with controllers
for certain properties of the vehicle. Discrete system parts are responsible for event—
oriented decisions within each vehicle and for communication between the vehicles
to organize crossroad management. When considering each subsystem in isolation,
the following problems would arise:
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Coupling. By now every single area of application has developed its own well un-
derstood techniques for modeling, combined with corresponding methods and tools
for analysis and simulation. Already at this level many predictions about the tempo-
ral and functional behavior of each subsystem can be made. To validate the behavior
of the whole system, the individual models have to be coupled. Often the models
are given in different domain—specific modeling languages, so coupling can only be
realized either on the level of simulation or within a hybrid language, that usually
does not offer any facilities for further analysis. Coupling of simulators allows a hy-
brid simulation in the sense of a combined simulation of all subsystems, while each
subsystem may be formulated in a different language for a specific simulator. On the
level of simulation temporal and functional behavior and performance can be studied
and validated. But not all errors can be found by simulation because of the exhaustive
number of possible simulation runs. Hence it is desirable to run a formal analysis of
the static and dynamic properties for formal verification purposes. The prerequisite
for this kind of analysis is that all models are given in an uniform language.

Analysis techniques. For every new modeling language the corresponding for-
mal analysis methods always have to be re-developed and re-implemented. They are
mostly based on classical analysis methods, e.g., the well-known ones for Petri—
Nets, and represent an extension or adaptation to the specific areas of application.
In order to avoid the expenditure of deducing new analysis techniques and to reuse
existing methods, it is apparently more effective to use a known modeling language
for the analysis that offers the desired methods suitable for the tasks at hand. So, we
decided to use a special form of high—level Petri—Nets in our approach.

Continuous Systems. A lot of methods that have evolved in the area of hard-
ware/software—codesign only consider discrete parts when partitioning the system
into hardware and software components. As we can see in our application example
continuous parts, e.g., controllers of continuous behavior, play an important role, too.
For the purpose of performance estimations or formal verification it is necessary to
have a common model for the discrete and continuous system parts. Thereby it is
sufficient to transform continuous parts into a discrete form on an implementation—
like level. On this level temporal and structural properties of these components are
still existent.

Global Optimization. A further problem in a separated design process of different
subsystems is that each individual domain has proprietary methods of optimization,
but no facility for a global optimization of the joint system exists. Especially when
coupling different subsystems it may be useful and more cost—effective to export
some functionality from one into another subsystem. An overall analysis of the joint
system may reveal states that can neverbe reached and therefore can be eliminated
from the design.

In the following sections we will give a brief introduction to our common formal
model and an overview of our proposed design flow. We then describe strategies for
hardware/software partitioning and formal analysis methods. Our application exam-
ple shows how to model a hybrid system using extended Pr/T-Nets and how to apply
some analysis methods for verification purposes.



