
Preface

An important step in the design of complex systems is the decomposition of a system
into a number of separate components which interact in some well-defined way. A
typical question is how to design a component that when combined with a known
part of a system, called the context, satisfies a given specification. This question
arises in several applications ranging from logic synthesis to the design of discrete
controllers. To formally solve such problems, the following questions need to be
addressed:

• How to model the system, its components and the specification?
• How is the interaction between the components defined?
• When does a system behavior satisfy its specification?

For the first issue, different types of mathematical models can be used to specify
the components of a system: finite automata (FA) and finite state machines (FSMs),
!-automata, Petri Nets are some of the most common formal models. Given an
answer to the first question, matching answers must be provided to the other two.

For instance, if FSMs are used to model the system, operators to compose FSMs
must be introduced together with the notion of an FSM conforming to another
FSM. For FSM conformance, appropriate choices are language containment or
simulation of one FSM by the other. For FSM composition, various forms have
been described in the literature. For example, one can define an abstract equation
over FSMs of the type MA ˇ MX � MC , where MA models the context, MC

models the specification, MX is unknown, ˇ stands for a composition operator
(e.g., �, synchronous composition or ˘, parallel composition), and � stands for
a conforming relation (e.g., � for reduction relation, or Š for equivalence relation).

For any given formal model, appropriate equations can be set up and their
solutions investigated. More complex equations or systems of equations can be
formulated depending on the topology of the system’s components.
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In this book, we cast the problem of computing the unknown component in the
common frame of solving equations over languages and automata. This allows to
unify the treatment of a panoply of variants of this problem, as formulated by
different research communities in different applicative domains. In particular, we
treat in-depth equations over languages, regular languages, finite automata, finite
state machines, and !-automata. Then we apply the machinery of equations over
finite state machines to sequential synthesis and resynthesis, and study a host
of specific topologies, exact and heuristic techniques, and optimization scenarios.
Finally, we enlarge the scope to domains such as testing, supervisory control, game
theory, and specialized forms of synthesis for co-Büchi specifications. In the case of
supervisory control, we characterize all controllers that satisfy partial controllability
in the classical sense, and then we extend them to the relaxed notion of weak
controllers.

The book is a blend of theory, especially in the chapters of Part I, with the
description of a software package implementing most of the theory in Part II,
together with applications to sequential synthesis in Part III and to sundry domains
in Part IV.

This book grew out of an intense collaboration of the authors, in North America,
Europe, and Russia. In particular, it capitalizes on the research activities carried
forth in the CAD group at UC Berkeley, devoted to efficient optimization of digital
designs, and on the theoretical research in Tomsk about automata theory. The
convergence of these lines of investigation fostered a better understanding of the
subject matter.

We thank all the Ph.D. students and researchers who contributed to this research
in Berkeley, Tomsk and elsewhere, collaborating with the authors.

We are grateful to NATO for the funding of travels and meetings where the
authors could converge from their distant locations, and where the book took shape.
The NATO grants were:

1. “Logic synthesis and analysis through automata and language equation solving”,
NATO Science Program, No. PST.CLG.979698, Collaborative Linkage Grant.
No. 971217, project duration: 2003–2005.

2. “Discrete Event System Optimization through Automata/FSM Equation Solv-
ing” NATO Collaborative Linkage Grant CBP.NR.CLG 982314, project dura-
tion: 2006–2009.

Among the participants to those meetings, we thank Roland Jiang, National Tai-
wan University, Taipei, and Anatoly Chebotarev, Ukrainian Academy of Sciences,
Kiev, for interesting discussions on the themes covered in the book. A couple of
meetings were held at PARADES, in the historical Palazzo Bonadies, Rome, and
we thank Alberto for making that charming venue available to us. Tiziano thanks
Bob for inviting him to visit UC Berkeley throughout many summers, to work on
the book and enjoy the research ambience of his alma mater.
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Thanks to Giovanni Castagnetti and Matteo Piccolo, research assistants at the
University of Verona, for proofreading parts of the manuscript, and checking many
of the examples with BALM. Giovanni and Matteo extended BALM (now BALM-
II) to solve automatically parallel equations.
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