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A wide variety of problems can be modeled as Constraint Satisfaction Problems (or CSPs). In several
scenarios, to describe a problem in terms of some mandatory conditions and the available resources to
satisfy them turns out to be extremely convenient. For instance, imagine some of the conditions that the
program chair of a conference must consider when assigning reviewers for submissions: every paper must
be revised by a fixed number of reviewers, both reviewers and authors should belong to different institutions,
there is a maximum of papers a program committee member can revise, among other similar conditions. A
possible modelling approach for this problem would be, for instance, to define n different variables for each
submission, each one representing a selected reviewer (that is, each paper is reviewed by n persons). That is,
the possible values for such variables (their domain) would be all available reviewers. Finally, a satisfactory
solution would be an assignment of papers to reviewers in such a way that every constraint in the problem
is met.

However, there are situations that can not be faithfully represented by using this classical formulation
of CSPs. For instance, those problems stating preferences or costs over the constraints, or those asserting
contradictory constraints in such a way that it is impossible to find a suitable solution for the problem.
Human descriptions of preferences are specially prone to be contradictory constraints. Returning to our
paper reviewing example: it might be the case where the program chair must review more papers than it was
originally planned, thus violating the constraint stating a maximum number of submissions per reviewer.
Also, the program chair may be tempted to decide that some constraints are more important than others. In
these cases, sometimes it is necessary to consider only a subset of such constraints or to satisfy them in an
incomplete manner in order to obtain a solution.

Multiple research efforts (both theoretical and practical) have been carried out in order to shed light
in modelling and solving this kind of “relaxed” constraints, commonly referred to as soft constraints. The
goal of the theoretical proposals has been to devise a generic framework that associate preferences and
similar notions to several kinds of CSPs. Therefore, properties and generic results obtained from using such
frameworks apply to diverse contexts. Unfortunately, few works have tried to take to the practical side the
main notions and properties derivable from theoretical frameworks. Indeed, some prototypes implementing
toy examples of the techniques are available, however, none of the theoretical frameworks has been used
in producing a programming technigque on its own. In contrast, the practical works have proposed ad-hoc
solutions that albeit useful, are not applicable to other contexts. As a consequence, properties that can be
derived from such solutions are only applicable to restricted contexts.

Our B.Sc. thesis focuses on one formal framework for handling soft constraints. More precisely, we
study a framework based on a mathematical structure known as semiring. Intuitively, the framework gives



a mathematical account of the basic elements of a CSP (i.e., variables and constraints) while formally as-
sociating some elements representing preferences (known as valuations) and the constraints in the CSP. In
this context, a semiring (an ordered set plus two operations) thus represents the set of valuations and the
operations over them. This semiring-based constraints framework was originally proposed by Bistarelli,
Rossi and Montanari in [1] and later consolidated in Bistarelli’s doctoral dissertation [2].

From a global perspective, the aim of our work is to devise tools that enable Mozart [3], a concurrent
constraint programming language, to effectively use soft constraints statements in its programs. A brief
description of solving processes for a CSP in Mozart follows. In Mozart solving processes are divided
in two phases: propagation and distribution (or labelling). In propagation the goal is to remove those
values in variables’ domains that are inconsistent wrt each constraint. Solving processes for each constraint
are governed by a concurrent agent (propagator) that waits for events that may lead to further pruning
in variables’ domains. Since it is possible that after propagation the CSP is not fully solved (i.e., that
every variable’s domain has a single value), it is necessary to distribute some (unsolved) variables in the
CSP, including additional constraints representing the choice of a particular value in those variables. Such
new constraints must be carefully chosen so that they induce further propagation processes. As a result,
propagation and distribution complement to each other to solve a CSP.

The choice of Mozart as base language is supported by the consolidated expertise our research group
has in using and extending such a language and, in general, in the theory and practice of the concurrent
constraint programming (CCP) model [9]. Therefore, the idea of including soft constraints tools in Mozart
is not only convenient but, given the outlined background, is also a relevant research topic. From the
harmonic integration of these tools within the concurrent model of Mozart, a straightforward inclusion of
soft constraints statements in real-life constraint problems would be possible.

We follow a two-fold approach to conduct this study. Firstly, we propose a set of soft constraints for
Mozart. An initial subject of research consists in selecting the most appropriate mechanisms for including
soft constraints in Mozart. In this issue we consider two alternatives. While the first one is based on
exploiting the functional approach of Mozart for implementing semiring operations, the second proposes
the implementation of low-level propagators, taking advantage of the standard (low-level) extension tools
provided by the language. A priori, both approaches present concrete advantages and disadvantages wrt the
other. In [4] we evaluate prototype implementations of both approaches and conclude that the propagator
approach is more convenient for our purposes. An influential factor in this choice resides in the fact that
propagators are highly compatible with Mozart’s computation model. This not only allows for transparent
integration between soft and classical constraints in Mozart programs, but also ensures a significant level of
efficiency.

Extended capabilities of the propagator approach for soft constraints are studied in [5]. There, some new
propagators enforcing additional soft constraints are presented and evaluated. One of the most remarkable
features of this extended implementation is an economical approach for storing valuations associated with a
soft CSP. In such a scheme, only a value for each constraint and a value valid for the whole problem need
to be explicitly saved. These values are the main criteria when discarding values from variables’ domains,
and they are only stored when a solution is found. This implicit approach for valuation manipulation is the
source of the good performance of our implementation as well as constitutes a distinguishing feature of our
work wrt some related efforts.

Development in these extended capabilities is carried out in parallel with a conservative modification to
the original semiring-based model for soft constraints. This modification is required as the way of calculat-
ing valuations, using the two kinds of parameters mentioned before, is quite different from the calculation
defined in the model (where every tuple representing a constraint has explicitly associated a valuation). We
show how our valuation scheme is just a specific instance of the original model. An initial version of our
formal modification is presented in [6]; a more complete description is given in our thesis document ([8]).

The second major strand of our work is the study of a theoretical proposal for abstracting soft con-
straints. In certain cases, this proposal provides hints that may help to speed up solving processes. As such,
two challenges are involved in this part of our work: (i) the study of applicability of the proposal and (ii)



the relationship of the implicit valuation scheme with the abstraction results. We develop an iterative proce-
dure that implements this proposal for Mozart. For doing so, we define a mechanism for implementing soft
constraints only using classical constraints. The idea is to define (classical) constraints that simulate the be-
haviour of soft ones. We find that these special constraints, so-called classical counterparts, are particularly
efficient when soft CSPs have a large number of soft constraints. By means of an example, we show how to
proof the equivalence (in terms of propagation power) between a soft constraint and a classical counterpart.
We also study the influence parameters for the iterative procedure have in overall performance. Our results
in this matter are condensed in [7]. Evaluation in real-world problems is included there.

The final part of our research consists in the analysis of the developed implementations wrt a category
of CSPs. Such a category is formed by four kinds of CSPs, which differ in the number of soft constraints
they include. In addition for the results suggesting the use of the abstraction procedures in problems with
a considerable number of soft constraints, we find that the soft propagators are more convenient when only
a few soft constraints are present in the problem. This basic observation comes from the extensive perfor-
mance evaluations we carry out. Hints wrt the use of soft constraints in existing constraint programming
applications are also given. Most of these applicability results have not been published yet; they are also
condensed in our thesis document [8].

Summing up, the models and tools proposed in this thesis contribute to the state of the art in constraint
processing by giving a very concrete idea of the applicability of soft constraints techniques in concurrent
constraint programming environments. We propose a set of general guidelines for soft constraint implemen-
tation and take them to the practical side in a particular programming language (Mozart). These guidelines
are inherently efficient and also general: every notion proposed is independent from Mozart’s capabilities.
As a matter of fact, the first author is currently participating in a research project which intends to imple-
ment our soft constraints ideas in the generic constraint library GECODE [10]. Since our implementations
directly emerge from consolidated theoretical results they inherit a great deal of support.
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