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Preface

CCL (Construction of Computational Logics and later Constraints in Com-
putational Logic) is the name of an ESPRIT working group which met re-
gularly from 1992 to 1999 (see http://www.ps.uni-sb.de/ccl/). It united
research teams from Germany, France, Spain, and Israel, and was managed
by the company COSYTEC.

In its final few years, the main emphasis of the working group was on
constraints — techniques to solve them and combine them and applications
ranging from industrial applications to logic programming and automated
deduction. At the end of the working group, in fall 1999, we organized a
summer school, intending to summarize the main advances achieved in the
field during the previous 7 years. The present book contains the (revised)
lecture notes of this school. It contains six chapters, each of which was written
by some member(s) of the working group, covering the various aspects of
constraints in computational logic. We intend it to be read by non specialists,
though a prior knowledge in first-order logic and programming is probably
necessary.

Constraints provide a declarative way of representing infinite sets of data.
As we (attempt to) demonstrate in this book, they are well suited for the
combination of different logical or programming paradigms. This is known
since the 1980s for constraint logic programming, but has been combined with
functional programming in more recent years; a chapter (by M. Rodŕıguez-
Artalejo) is devoted to the combination of constraints, logic, and functional
programming.

The use of constraints in automated deduction is more recent and has
turned out to be very successful, moving the control from the meta-level to
the constraints, which are now first-class objects. This allows us to keep a
history of the reasons why deductions were possible, hence restricting further
deductions. A chapter of this book (by H. Ganzinger and R. Nieuwenhuis) is
devoted to constraints and theorem proving.

Constraints are not only a nice mathematical construction. The chapter
(by H. Simonis) on industrial applications shows the important recent deve-
lopments of constraint solving in real life applications, for instance scheduling,
decision making, and optimization.



VI Preface

Combining constraints (or combining decision procedures) has emerged
during the last few years as an important issue in theorem proving and ve-
rification. Constraints turn out to be an adequate formalism for combining
efficient techniques on each particular domain, thus yielding algorithms for
mixed domains. There is now a biannual workshop on these topics, of which
the proceedings are published in the LNAI series. The chapter on Combining
Constraints Solving (by F. Baader and K. Schulz) introduces the subject and
surveys the results.

Before these four chapters on applications of constraint solving, the in-
troductory chapter (by J.-P. Jouannaud and R. Treinen) provides a general
introduction to constraint solving. The chapter on constraint solving on terms
(by H. Comon and C. Kirchner) introduces the constraint solving techniques
which are used in, e.g. applications to automated deduction.

Every chapter includes an important bibliography, to which the reader is
referred for more information.

We wish to thank the reviewers of these notes, who helped us improve the
quality of this volume. We also thank the European Union who supported
this work for 6 years and made possible the meeting in Gif.

January 2001 Hubert Comon
Claude Marché

Ralf Treinen
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Université Paris-Sud
F-91405 Orsay Cedex
France
E-mail: jouannau@lri.fr
Web: http://www.lri.fr/demons/jouannau



VIII Full Addresses of Contributors and Editors

Claude Kirchner
LORIA & INRIA
615, rue du Jardin Botanique
BP-101
F-54602 Villers-lès-Nancy
France
E-mail: Claude.Kirchner@loria.fr
Web: http://www.loria.fr/˜ckirchne/

Claude Marché
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Université Paris-Sud
F-91405 Orsay Cedex
France
E-mail: treinen@lri.fr
Web: http://www.lri.fr/demons/treinen



Contents

1 Constraints and Constraint Solving: An Introduction . . . . . . 1
Jean-Pierre Jouannaud, Ralf Treinen
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 A First Approach to Constraint Based Calculi . . . . . . . . . . . . . . . . . . 2
1.3 A Case Study of a Constraint System: Feature Constraints . . . . . . . 18
1.4 Programming with Incomplete Constraint Solvers . . . . . . . . . . . . . . . 29
1.5 Committed Choice: A More Realistic Approach . . . . . . . . . . . . . . . . . 33

2 Constraint Solving on Terms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
Hubert Comon, Claude Kirchner
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
2.2 The Principle of Syntactic Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
2.3 Unification Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
2.4 Dis-Unification Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
2.5 Ordering Constraints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
2.6 Matching Constraints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
2.7 Principles of Automata Based Constraint Solving . . . . . . . . . . . . . . . 78
2.8 Presburger Arithmetic and Classical Word Automata . . . . . . . . . . . . 79
2.9 Typing Constraints and Tree Automata . . . . . . . . . . . . . . . . . . . . . . . . 84
2.10 Set Constraints and Tree Set Automata . . . . . . . . . . . . . . . . . . . . . . . . 88
2.11 Examples of Other Constraint Systems Using Tree Automata . . . . . 91

3 Combining Constraint Solving . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
Franz Baader, Klaus U. Schulz
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
3.2 Classification of Constraint Systems and Combination Approaches 105
3.3 The Nelson-Oppen Combination Procedure . . . . . . . . . . . . . . . . . . . . . 112
3.4 Combination of E-Unification Algorithms . . . . . . . . . . . . . . . . . . . . . . 119
3.5 The Logical and Algebraic Perspective . . . . . . . . . . . . . . . . . . . . . . . . . 129
3.6 Generalizations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
3.7 Optimization and Complexity Issues . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
3.8 Open Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152



XII Table of Contents

4 Constraints and Theorem Proving . . . . . . . . . . . . . . . . . . . . . . . . . 159
Harald Ganzinger, Robert Nieuwenhuis
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
4.2 Equality Clauses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160
4.3 The Purely Equational Case: Rewriting and Completion . . . . . . . . . 166
4.4 Superposition for General Clauses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
4.5 Saturation Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186
4.6 Paramodulation with Constrained Clauses . . . . . . . . . . . . . . . . . . . . . 189
4.7 Paramodulation with Built-in Equational Theories . . . . . . . . . . . . . . 192
4.8 Effective Saturation of First-Order Theories . . . . . . . . . . . . . . . . . . . . 194

5 Functional and Constraint Logic Programming . . . . . . . . . . . . 202
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