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PREFACE

The stepwise development of complex systems through various levels of abstraction is
good practice in software and hardware design. However, the semantic link between
these different levels is often missing. This book is intended as a detailed case study
how such links can be established. It presents a theory of concurrent processes where
three different semantic description methods are brought together in one uniform
framework. Nets, terms and formulas are seen as expressing complementary views of
processes, each one describing processes at a different level of abstraction.

e Petri nets are used to describe processes as concurrent and interacting machines
which engage in internal actions and communications with their environment
Or user.

e Process terms are used as an abstract concurrent programming language. Due
to their algebraic structure process terms emphasise compositionality, i.e. how
complex terms are composed from simpler ones.

e Logical formulas of a first-order predicate logic, called trace logic, are used as a
specification language for processes. Logical formulas specify safety and liveness
aspects of the communication behaviour of processes as required by their users.

At the heart of this theory are two sets of transformation rules for the top-down
design of concurrent processes. The first set can be used to transform logical formulas
stepwise into process terms, and the second set can be used to transform process terms
into Petri nets. These rules are based on novel techniques for the operational and
denotational semantics of concurrent processes.

This book grew out of my research work in the area of concurrent processes which
started during my visit to the Programming Research Group in Oxford. The text is
based on the my habilitation thesis — a kind of second doctoral thesis — completed at
the University of Kiel, and on graduate courses on the subject given at the Universities
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of Kiel, Saarbriicken and Oldenburg. Parts of the material have also been presented
at international summer schools in France, The Netherlands and Germany.

What I found most difficult when designing the structure of this book was to
choose the definitions and concepts in such a way that everything fits together
smoothly: Petri nets, process terms, logical formulas, and the transformations. Var-
ious subtletees that do not come to surface when writing short research papers had
to solved.

How to use this Book

This book is intended for graduate students and researchers interested in concurrency
theory. The emphasis is on the relationship between Petri nets, algebraic process
terms and logical formulas in the systematic construction of concurent processes.
This book does not contain material on Petri nets or process algebra that is covered
by other books.

The prerequisites for this book are fluency in the mathematical concepts of sets,
relations and functions; familiarity with the basic concepts around automata and
regular languages; some practice in reading formulas in predicate logic; and a back-
ground in programming. In some parts also basic knowledge from decidability theory
is assumed. Apart from these assumptions I have presented the central concepts of
this book in a self-contained manner.

A large part of this book is appropriate for a one-semester course on concurrent
processes for graduate studies. For a course with emphasis on process construction I
suggest the following structure:

Introduction: 1.1,

Petri Nets: 2.1-22 A, 24,

Process Terms: 3.1 - 3.4, 3.5 and 3.8 without proofs, B,
Logical Formulas: 4.1 4.5,

Process Construction: 5.1, 5.3 — 5.6.

The figures refer to the sections in the list of contents, and the letters A and B to
possible additions from other sources:

e A: More on Petri nets, e.g. from [Rei85]. In particular, verification of net
properties using S-invariants and illustrated by mutual exclusion examples fits
well to rest of the book.

e B: Introduction to process algebra, e.g. from [BW90b]. The axiomatic view of
process algebra should be explained. Also simple examples of process verifica-
tion using algebraic laws are recommended.

The remaining sections of this book, in particular 2.3, 3.6, 3.7, 4.6, 4.7, 5.2 and
5.7, are advanced. They are suitable for study groups or seminar work. Extensions
of the theory and directions for further research are stated in the sections 6.1 — 6.5.
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