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Preface

Control of discrete-event dynamic systems is the topic of this book. The aim is to
provide an introduction to the field, starting at an elementary level and going to close
to the current research front. The reader will find concepts, theorems, algorithms,
and examples. Particularly addressed to Ph.D. students and junior researchers work-
ing on control of discrete-event dynamic systems (DEDS) and, more generally, on
control theory, this monograph only presumes a little background of elementary
topics of control theory. The chapters are almost all based on lectures of a summer
school for Ph.D. students held in June 2011 in Cagliari, Sardinia, Italy.

Three related modeling formalisms of DEDS are covered: automata, Petri nets,
and systems in dioids. The first focus of the book is on control of decentralized and
of distributed DEDS, informally speaking composed by the interconnection of two
or more subsystems. Most engineering systems are currently of this type. The sec-
ond focus of the book deals with heavily loaded or populated DEDS, eventually dis-
tributed, for which the so called state explosion problem becomes particularly acute.
Therefore it becomes important to consider ‘coarse views’ obtained through flu-
idization of the discrete event model. Those fluid or continuous over-approximated
views of DEDS lead to special classes of hybrid systems.

Control theory for DEDS is motivated by the ordering of events or actions. Prob-
lems of control of DEDS arise in control engineering, computer engineering, and
sciences. Areas in which DEDS control problems arise include manufacturing sys-
tems, automated guided vehicles, logistics, aerial vehicles, underwater vehicles,
communication networks, mobile phones or chemical engineering systems, but also
software systems on computers, laptops, and readers. The research into control of
DEDS, heavily loaded or not, is thus well motivated by engineering but also theo-
retically quite deep.

A brief description of the book by parts and by chapters follows. The first part
(nine chapters) concerns control of automata. After a chapter on modeling of en-
gineering systems by automata (Chapter 1) there follows one with the concepts
of automata, decidability, and complexity (Chapter 2). Supervisory control of au-
tomata is summarized first with respect to complete observations and subsequently
with respect to partial observations (Chapters 3 and 4, respectively). Observers and



VI Preface

diagnosers for automata, in particular distributed observers, are covered in Chap-
ter 5. Supervisory control of distributed DEDS is introduced by three special cases
in Chapter 6. That chapter is followed by one on distributed control with communi-
cation (Chapter 7) and one on coordination control (Chapter 8). Finally, Chapter 9
deals with timed automata.

The second part of the book addresses the control of Petri nets. It includes eleven
chapters and can be seen as structured into two main parts: the first one, includ-
ing eight chapters, dealing with discrete Petri nets; the second part, including three
chapters, dealing with fluid relaxations. The former eight chapters can be divided
into two blocks: the first six are devoted to untimed models, while the remaining
two are related to timed models. In particular, Chapters 10 and 11 introduce ba-
sic concepts and structural analysis techniques. Chapters 12 and 13 are related to
control. After considering supervisory control with languages specifications (Chap-
ter 12), structural methods tailored for resource allocation problems are studied in
the following one. Chapters 14 and 15 deals with diagnosis problems, the second
one using net unfolding. Petri nets enriched with different temporal metrics and se-
mantics are introduced in Chapter 16 and used in Chapter 17 for fault diagnosis,
now on-line over timed models.

Chapters 18, 19 and 20 are based on fluid relaxation of DEDS. In particular, the
fluid or continuous views of Petri nets are introduced in Chapter 18 on both untimed
and timed models, dealing even with improvements of the relaxation with respect to
the underlying discrete case. Finally, Chapters 19 and 20 are devoted to observability
and diagnosis, and controllability and control, respectively.

The third and last part deals with the modeling and control of DEDS in dioids.
A dioid is a mathematical structure with two operations, usually referred to as addi-
tion and multiplication, where the former, unlike in standard algebra, is idempotent.
The most well known example for a dioid is the so-called max-plus algebra. Re-
stricted classes of timed DEDS, in particular timed event graphs, become linear in
a suitable dioid framework. For such systems, control does not involve logical de-
cisions, only choices regarding the timing of events. They frequently appear in the
context of manufacturing systems, but also arise in other engineering areas. Chapter
21 shows how to model timed event graphs in dioid frameworks and provides a de-
tailed example from the area of high-throughput screening. Chapter 22 summarizes
and illustrates control synthesis for systems in dioids.

Cagliari, Italy Carla Seatzu
Zaragoza, Spain Manuel Silva
Amsterdam, Netherlands Jan H. van Schuppen

April 2012 Editors
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