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To my parents
who began this whole work

Preface

Content

As suggested by the intensive activity in logic programming both in the research and the
application areas, the use of logic as a programming language is now widely accepted.
Besides, the recent development of parallel architectures of computers has strengthened the
interest for concurrent computations. Concurrent logic programming has emerged from these
two fields of activities. It seems particularly promising because of its declarative and symbolic
appeals and because of its inherent non-deterministic feature, which makes it very well suited
for parallel executions. This book is a step in the study of concurrent logic programming, It
discusses the design of a concurrent logic programming language, named Conclog, and a
methodology for constructing programs in this language.

(i) The language

The main features of Conclog originate from the approach adopted in its design. Instead of
directly dealing with operational tricks to ensure efficiency, the ideal logic programming
paradigm has been taken as a reference. A sound and complete parallel execution model of
Horn clauses is described first. It uses or-parallelism and full and-parallelism. Subgoals of
conjunctions are reduced independently, regardless of shared variables. Subsequent
conflicting bindings are reconciled intermittently by equation manipulations. This basic
scheme is then extended to incorporate negation. To that effect, substitutions are generalized
and inequations are introduced in the reconciliation process. The extended scheme turns out to
be sound and as complete as possible when the negation-as failure-rule and the resolution
principle are used. Finally, extra-logical features are defined for optimization and
practicability purposes.

We claim that the resulting language allows an easy declarative programming. As a
consequence of our concern of computing general Horn clauses in a sound and as complete as
possible way, problems can be solved in a declarative manner. In particular, annotation
handling is not required to obtain soundness and completeness. Furthermore, multi-directional
and multi-solution procedures are supported quite naturally. Nevertheless, efficiency has also
been taken into account. Assuming suitable hypotheses on their use, procedures can be
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transformed into very efficient ones through the introduction of appropriate control
information.

Since our main concern is the ease of programming, extra-logical features are kept
minimal and have a simple semantics. These properties are not obtained at the expense of
generality. Examples ranging from pure logical to classical concurrent applications are
developed to support our claim.

(ii) The methodology

The proposed methodology is aimed at guiding the construction of a program in Conclog in a
rigorous way. Although Conclog has been taken as target language, we believe that it can be
easily adapted to other concurrent logic languages.

The methodology covers the entire programming process, from informal specifications
to efficient Conclog programs. It is based on three phases. The first phase is dedicated to
writing specifications. A specification consists essentially of a structured description of the
computed relation in natural language. Necessary types, environment conditions and
operational properties may be specified as well. The second phase consists in constructing a
description in (pure) first order logic. Such a description is composed of two parts: a definition
of predicates and a set of properties relating them. The last phase consists in deriving Conclog
programs from the logic description. It proceeds in two steps. A first correct program is
derived from the logic description. It is then transformed into more efficient versions by
means of correctness-preserving transformations.

Structure

The book is structured in twelve chapters organised in four parts: an introductory part, a
concluding part and two main parts discussing the design of Conclog and programming in it.

(i) The introduction part

The introductory part is composed of two chapters. Chapter 1 presents the goals of the book
and places it in the concurrent logic programming context. Chapter 2 provides the background
material necessary to understand it.

(ii) The design part

The design of the language is described in six chapters. Chapter 3 presents the auxiliary
reconciliation calculus. Chapter 4 discusses the design of the parallel execution model of Horn
clauses. Chapter 5 extends it to tackle negation. Chapter 6 describes the Conclog extra-logical
features. Chapter 7 examines a possible extension of the resulting model. Chapter 8 compares
Conclog with other parallel schemes and concurrent logic languages.
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(iii) The programming part

Three chapters are devoted to programming in Conclog. Chapter 9 presents the methodology.
Chapter 10 and Chapter 11 apply it to concrete examples ranging from applications free from
behavioral requirements (Chapter 10) to the simulation of dynamic systems (Chapter 11).

(iv) The conclusion part

Finally, the conclusion part, composed only of Chapter 12, sums up our work and suggests
subjects for future research.

Guide to the reader

Conclog has been designed in full details. Theoretical properties have been proved too. It
follows that some parts are necessarily specific and/or theoretical. They may discourage the
reader interested in using Conclog or interested in having just an overview of it. To this end,
the chapters of the book have been conceived in order to allow some parts to be skipped
without any trouble. In a first reading, we suggest that the reader consult the introductory
Sections 3.1.1, 3.2.1, 4.1, 5.1, 6.1 and Section 6.2. He should get enough information to
understand the language and to use it.

Similarly, Chapters 10 and 11 have been written in such a way that a minimal
knowledge of the methodology is necessary to understand them. The reader just interested in
the direct coding of programs can thus just read the introductory Section 9.1.

Our methodology does not intend to be a universal panacea. Nevertheless, it aims at
easing the construction of the programs. We thus warmly recommend Chapter 9 explaining it.

Finally, this book has been conceived to be as self-contained as possible. The reader
unfamiliar with logic programming can read it without first consulting other books.
Nevertheless, we have been quite concise in recalling the basic foundations of logic
programming. References are given where the reader can find complementary information, if
necessary.
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