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Preface

Design and operation of manufacturing systems and their supply chains is a domain of significant
research worldwide. The complexity of this domain stems from the large dimension of such systems
that are highly parallel and distributed, from significant sources of uncertainties and from the degrees
of flexibility. Formal methods are mathematical techniques, often supported by tools, for developing
man-made systems. Formal methods and mathematical rigor enable manufacturing engineers to
handle fundamental design principles, such as abstraction or modular and hierarchical development,
and to deal with typical engineering problems and quality goals, like reliability, flexibility, and
maintainability. Formal methods can provide both a deep understanding of the system, thus helping
to cover holes in the specification, and an improved system reliability, through verification and
validation of the desired properties. Automata, statecharts, queueing networks, Petri nets, min-max
algebras, process algebras, and temporal logic—based models are becoming more and more used for
an integrated view of design specification, validation, performance evaluation, planning, scheduling
and control of manufacturing systems and their supply chains.

This book presents some of the most significant works representing the state of the art in the
area of formal methodologies for manufacturing systems, combining fundamentals and advanced
issues. It is divided into four main parts, each devoted to a specific issue: modelling and simulation,
supervisory control (including deadlock prevention), performance evaluation (including scheduling
and optimization), and fault diagnosis and reconfiguration. Several formalisms are considered,
including finite state automata, Petri nets (discrete, timed, continuous, and hybrid), process algebra
and max-plus algebra, exemplifying the advantages of each of them in the solution of a specific
problem. Within each part, more detailed problems are considered, and the most significant solutions
are discussed and illustrated with a series of interesting and significant examples in the manufacturing
area. Individual chapters are written by leading experts in the field. Each topic is illustrated in detail,
its significance in manufacturing systems is underlined, and the most important contributions in that
specific area are surveyed.

The book is intended for researchers, postgraduate students and engineers interested in problems
occurring in manufacturing systems. In particular, it provides a comprehensive overview of the most
important formal model-based solutions to a series of major problems in manufacturing systems and
their supply chains, which are based on formal and rigorous modelling of the underlying system.
Each chapter in the book aims at providing a balance mixture of (1) fundamental theory, giving
the reader a clear introduction to the most important formalisms used for the modelling, analysis
and control of manufacturing systems; (2) tutorial value, providing the state of the art on a series
of problems that occur in manufacturing systems, such as deadlock prevention, supervisory control,
performance evaluation and fault diagnosis; and (3) applicability, presenting a series of case studies
and applications taken from the industrial world, that make it particularly appealing to practitioners.

A brief description of the book is as follows. Part I (Chapters 1 through 5) concerns modelling
and simulation of manufacturing systems. Chapter 1 focuses on Petri nets (untimed and timed) and
shows how these can be effectively used to represent manufacturing systems in a bottom-up and
modular fashion. Chapter 2 deals with a particular class of manufacturing systems for which a
linear representation in an algebraic structure called dioids can be given. Chapters 3 and 4 deal
with hybrid models of manufacturing systems. In particular, Chapter 3 focuses on hybrid Petri nets
(HPNs), a formalism that combines fluid and discrete event dynamics. Particular attention is devoted
to first-order hybrid Petri nets (FOHPNs) whose continuous dynamics are piecewise constant. It is
shown how FOHPNs can be effectively used to model both manufacturing systems and inventory
control systems. Chapter 4 focuses on stochastic flow models (SFMs) that preserve the essential
features needed to design effective controllers and potentially optimize performance without any need
to estimate the corresponding optimal performance value with accuracy. An overview of recently
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developed general frameworks for infinitesimal perturbation analysis (IPA) is also presented, through
which unbiased performance sensitivity estimates of typical manufacturing performance measures
can be obtained in such SFMs with respect to various controllable parameters of interest. Finally,
Chapter 5 deals with a problem occurring in many real manufacturing systems, namely, freight
transportation. It reviews the established transportation system modelling, including theory and
applications of transportation supply models, trip demand models and dynamic traffic assignment
methods, both for passenger and freight transportation, and also points out the characteristics of
freight transportation that influence the logistic chain performance.

Part IT (Chapters 6 through 12) is devoted to the supervisory control of manufacturing systems.
In particular, Chapters 6 through 8 introduce deadlock avoidance/prevention policies; Chapters 9
through 12 deal with supervisory control problems. Chapter 6 addresses the problem of deadlock
avoidance in flexibly automated manufacturing systems through the modelling abstraction of the
(sequential) resource allocation system (RAS). The pursued analysis uses concepts and results from
the formal modelling framework of finite state automata (FSA). Chapter 7 investigates the problem of
deadlock prevention in the Petri net framework. After an overview of the classical approaches based
on the addition of monitors that prevent siphons to become empty, a novel methodology is presented.
Chapter 8 also deals with Petri nets. Here the digraph theory is used to effectively derive control
laws that avoid deadlocks in single unit RAS, that is, systems where each part requires a single unit
of a single resource for each operation. In Chapter 9, Petri nets are used to solve supervisory control
problems of manufacturing systems. Different problem statements, depending on the considered
specifications, and different solutions are considered, in particular based on the theory of monitor
places and on the theory of regions. Extended finite automata (EFA), that is, automata augmented
with bounded discrete variables, and updates of these variables on the transitions, are introduced
in Chapter 10 and effectively used to automatically synthesize a supervisor. Decentralized control
and modular control problems are discussed in Chapter 11. Finally, Chapter 12 discusses how
manufacturing systems can often be modeled as max-plus-linear (MPL) systems and controlled via
model predictive control (MPC).

Part ITI (Chapters 13 through 20) addresses the issue of performance evaluation of manufacturing
systems and supply chains. Chapter 13 discusses approaches based on coloured Petri nets and
state space analysis. Performance evaluation and control of manufacturing systems using fluid (i.e.,
continuous) Petri nets are discussed in Chapter 14. Chapter 15, discusses how timed process algebra
called bounded true concurrency (BTC) can be effectively used for performance evaluation of flexible
manufacturing systems. The problem of designing the lean, that is, the smallest buffers necessary
and sufficient to achieve the desired line performance, is addressed in Chapter 16. Chapter 17 deals
with the issue of inventory allocation and cycle time improvement in manufacturing systems and
supply chains. Chapter 18 covers timed weighted event graphs, a subclass of Petri nets whose
transitions are associated with workshops or specific treatments and whose places represent storages
between the transitions. It deals with the minimization of the overall capacities of places, under
throughput constraints. Chapter 19 focuses on the application of Petri nets to the scheduling of
semiconductor manufacturing systems. To this aim, a hierarchical coloured timed Petri net (HCTPN)
is proposed and genetic algorithms are extended and then embedded into the constructed HCTPN to
find optimal/suboptimal schedules. Finally, Chapter 20 focuses on organization problems of health-
care systems, presenting a Petri net-based software for health-care service modelling and simulation
called MedPRO. Resource planning and scheduling are also in the scope of the tool.

Finally, Part IV (Chapters 21 through 23) illustrates fault diagnosis approaches for discrete event
systems that can be successfully applied to manufacturing systems. In particular, in Chapters 21 and
22 finite state automata and interpreted Petri nets, respectively, are used as reference formalisms.
In both chapters, diagnosability analysis is also performed. Chapter 21 also discusses the problem
of sensor selection for diagnosability and the problem of cooperative diagnosis for systems with
decentralized information. Chapter 23 addresses a problem strictly related to fault diagnosis occurring
in automated manufacturing systems, namely, that of online control reconfiguration.
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MATLAB® is a registered trademark of The MathWorks, Inc. For product information, please
contact:

The MathWorks, Inc.

3 Apple Hill Drive

Natick, MA 01760-2098 USA
Tel: 508-647-7000

Fax: 508-647-7001
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