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Foreword

Constraints are an ubiquitous concept, which in its broader sense pertains to every day
experience: they represent the conditions which restrict our freedom of decision. In fact,
how much our choices are constrained by the external world is a basic philosophical ques-
tion. In the formalized reasoning of scientific disciplines, constraints have been employed
extensively, from logic to numerical analysis, from mathematical programming to opera-
tions research. In computer science, constraints have been with us from the early days, for
modeling, representing and reasoning (see the interesting historical remarks in Chapter 2
of this handbook, Constraint Satisfaction: An Emerging Paradigm).

I see several good reasons for this ubiquity: one is the conceptually clear separation
between the perfectly declarative problem statements and the often cumbersome enumera-
tive efforts for finding solutions. Another reason is the complexity challenge: the classical
constraint satisfaction problem is NP-complete and in fact tautology checking in propo-
sitional calculus (a constraint problem on Boolean variables) has been the touchstone for
this complexity class. A further reason is that large, complex constraint problems often
occur in practice, they must be solved in one way or another, and fast, efficient, systematic
solutions have an enormous economic value.

What I find surprising about constraints is that within artificial intelligence and com-
puter science a relatively recent, relatively uniform body of knowledge has emerged which
often yields decisive advantages over classical, extensively studied and well developed
techniques. As for many success stories within computer science, success is largely due
to a mixture of structures, algorithms, languages, programming techniques and system im-
plementations. The aim of this handbook is to present this knowledge in all its facets.
Different chapters are largely self contained and all contribute to put the subject into focus,
similarly to the Hawaii Keck observatory, where the mirror is composed of 36 hexagonal
segments.

From the conceptual point of view, the main characteristic features of constraint pro-
gramming are constraint propagation, and the identification of various special cases which
make complexity tractable. The former (see Chapter 3) is an inference technique which
makes local constraints stronger without changing the global constraint. The latter issue
concerns both the structure (see Chapter 7, Tractable Structures for Constraint Satisfaction
Problems) and the kind of constraints (see Chapter 8, The Complexity of Constraint Lan-
guages). Less specific, but still very important issues are as follows: Backtracking Search
Algorithms, in Chapter 4; Local Search, in Chapter 5; Global Constraints, in Chapter 6;
Symmetry in Constraint Programming, in Chapter 10; and Modelling, in Chapter 11.

Another surprising fact about constraint theory is the incredibly close relationship with
logic programming. In a rather precise sense logic programming is a way of expressing,
and solving, certain classes of disjunctive, recursive constraints. Furthermore, logic pro-
gramming can be very elegantly generalized to constraint logic programming (see Chapter
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12), where the ordinary Herbrand constraint system, and its unification algorithm, are com-
plemented with specific constraint solvers. The interaction with the committed choice lan-
guages studied in the Japanese projects of the eighties also yielded very interesting models
of computation based on constraints. Amalgamation with more common (and efficiently
implemented!) programming languages is also possible (see Chapter 13, Constraints in
Procedural and Concurrent Languages).

Besides and beyond the beauty of its theoretical foundations, what contributes the most
to the practical convenience of constraint programming are: (i) the development of specific
results for important classes of constraints; (ii) the ability of extending the basic theory to
various additional aspects which are very relevant in practice; and (iii) the flexibility and
potential for integration with other modeling and solving methodologies.

About the development of specific results, this handbook includes chapters about con-
straints on finite (Chapter 14), structured (Chapter 17), temporal (Chapter 19), continuous
and interval-based (Chapter 16) domains. The potential to extend the basic theory in evi-
dent in the case of soft constraints, considered in Chapter 9. Ordinary constraints are either
satisfied or not, namely either true or false. Instead soft constraints return a more infor-
mative weight. Interestingly enough, the proposed extensions both accommodate several
important cases (fuzzy, hierarchical, optimization, probabilistic constraints), and still of-
ten exhibit essentially the same solution algorithms. Extensions to random, changing and
distributed/open constraints are treated in Chapters 18, 21 and 20 respectively.

About the last issue, in addition to the seamless integration with logic and imperative
programming languages we mentioned already, quite remarkable are the paradigms result-
ing from the integration of constraint programming with operations research (see Chapter
15), with scheduling and planning (see Chapter 22), with vehicle routing (see Chapter 23),
with component configuration (see Chapter 24), with (electricity, water, oil, data) networks
(see Chapter 25), and with bioinformatics (see Chapter 26).

The global scenario based on service-oriented computing which is now under devel-
opment offers additional theoretical and practical challenges to constraint programming.
Conditions for service deployment and discovery, both functional and involving different
aspects of quality of service, could be expressed in terms of hard and soft constraints, and
the negotiation phases should involve substantial constraint solving abilities. Transactions
among the various actors could also require partially backtrackable behavior or at least
programmable compensations. Some level of real time, distributed, global constraint solv-
ing should be implemented in the middleware, since lots of higher level applications will
be able to take advantage of, and pay for it.

I think that research and practical development in the area of constraint programming
will be very active for quite a while in the future, establishing closer and closer connections
with a variety of other design methodologies and even other disciplines. I consider this
handbook not only a very nice piece of scientific work, but also a contribution quite instru-
mental at disseminating advanced knowledge about constraint programming both within
the inner constraint community and across the much wider audience of potential users.

UGO MONTANARI
Dipartimento di Informatica
Universita di Pisa
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