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Preface

This book is about compiling the Esterel language. One of us (Berry) created
Esterel in the early 1980s for programming embedded reactive systems. Over
time, we and others have developed both academic and commercial compilers
for it that generate software and hardware. The newest version of Esterel,
called Esterel V7, is being standardized by the IEEE as of 2006.

This book had its genesis in 2002 as Potop-Butucaru’s thesis. Written
under Berry and Robert de Simone, it made two main contributions: the
first semantics for Esterel that included data manipulation (long a part of
the language, this was its first formalization), and a very sophisticated code
generation technique that remains one of the best developed so far.

At Potop-Butucaru’s thesis defense, held during the SYNCHRON work-
shop in La Londes les Maures, France in November 2002∗, Edwards, a jury
member, remarked that the thesis would make a good book. Potop-Butucaru
interpreted this as meaning only that the thesis would make a good start-
ing point for the book. Thus, one of us (Edwards) expected to have a book
within a few months, but instead it took years.

Little more than the general outline of the original thesis remains at this
point; much has been added and clarified. We added chapters on the behav-
ioral semantics of Esterel (Chapter 4), recently-developed compilation tech-
niques used in the Columbia Esterel compiler (Chapter 10), and appendices
on the extra constructs in the language that are not covered formally but must
be handled by all compilers (Appendix A), the first formal language reference
manual for the dialect of Esterel described in this book (Appendix B), the
C language interface (Appendix C), and a description of the new Esterel V7
dialect of Esterel (Appendix D).

How to read this book

We divided this book into three parts. In the first part (Chapters 1–2), we
provide an intuitive description of the Esterel language—enough to familiarize
the reader with Esterel’s synchronous model of time and the implications it

∗A major side benefit of working on Esterel is that most of the meetings take place
along the Côte d’Azur, which, not coincidentally, includes the Esterel region after which
the language was named.
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viii Preface

has for compilation. This should also be enough to get one started writing
Esterel programs, but it does not presume to be a comprehensive tutorial on
coding in Esterel.

The second part (Chapters 3–6) describes the formal semantics of Esterel,
extending the work of Berry [7]. Why do we need three very different presen-
tations of Esterel semantics? Each takes a different approach to describing
how an Esterel program is to be executed and is appropriate for addressing
different issues in code generation. The behavioral semantics (Chapter 4)
is the simplest we present and most clearly addresses some of the thornier
aspects of Esterel’s rich control constructs and intra-cycle data dependencies.
Unfortunately, it is a poor starting point for implementing the language as
it represents control by rewriting the program. This makes for a convenient
formalism but would make for an extremely inefficient implementation.

The practical shortcomings of the behavioral semantics lead us to the
operational semantics (Chapter 5), which uses a more complicated formalism
that represents program state by decorating the program text with all manner
of diacritical marks. It is a much more complicated formalism as a result,
but much closer to a practical implementation that represents program state
as some sort of persistent marking of a program.

Unlike the behavioral and operational semantics, which use Plotkin’s
structural operational style, the third style presented in the second part—the
circuit translation—shows how to translate an Esterel program into a circuit
netlist. While this may appear surprising for a compiler that produces soft-
ware, it turns out to be quite effective as the semantics of the circuit model
very closely match those of Esterel and are much simpler. In fact, all the
efficient compilation techniques that we present in the third part of the book
start from GRC—a circuit-netlist-like intermediate representation.

Finally, the third part of the book (Chapters 7–10) gets at our main point:
how to translate Esterel programs into efficient software implementations.
After an overview, we present the GRC intermediate format (Chapter 8)—a
representation developed by Potop-Butucaru as part of his thesis work that
has become the foundation for a number of compilers. GRC is a hybrid rep-
resentation that resembles both a traditional control-flow graph and a circuit
netlist; it embodies all that we have learned about the structure of Esterel
semantics in the past twenty years. Generating efficient code from it is nat-
ural; we describe the basic translation in Chapter 9. Finally, in Chapter 10,
we describe how a slight variant of the representation has been used as the
basis of two back ends in the open-source Columbia Esterel compiler.

The four appendices contain information that had previously been scat-
tered in various technical reports and tutorials. Appendix A discusses parts of
the language that are not usually included in the formal presentation of the
language semantics, including valued signals, the pre operator, concurrent
trap-exit abortion handling, and task control. Most amount to syntactic
sugar, but deserve the more formal treatment we give them here.
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Appendix B is the first semi-formal language reference manual for the V5
dialect of Esterel we use in this book. Previously, this information has been
presented in a less formal tutorial style that was not as suitable for writing
a compiler. See the Esterel V5 primer [8].

Appendix C presents the C language interface used by all the compilers
described in this book. This interface was first used in the INRIA compiler
and has since become the de facto standard for code generated from Esterel.
The appendix explains, among other things, how to interface with the C code
generated by any Esterel compiler and actually make use of it, which in some
sense is the whole point of this book.

Finally, Appendix D presents the new Esterel V7 dialect, which has been
under development at Esterel Technologies since 2001 as a broad extension
of Esterel V5. The compilation techniques presented in this book are being
applied to this dialect, as its core semantics remain the same. The Esterel
V7 language is open (not proprietary) and its language reference manual [29]
has been submitted for IEEE standardization.
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