Preface

Most applied optimization problems involve constraints: What is the maximum
profit that a manufacturer can make given a limited number of machines and a
limited labour force? What is the minimum amount of fuel that a fleet of trucks
can consume while making a specified set of deliveries? What is the smallest
amount of silicon needed to etch an electronic circuit while respecting limits on
signal propagation time, inter-wire distance, etc.? Applications of constrained
optimization are everywhere in industry, business, and government.

Of course, the solution returned by an optimization algorithm must also be
feasible: we want the best possible value of the objective function that satisfies all
constraints and variable bounds. Some optimization algorithms are not even able
to proceed towards optimality until a feasible solution is available. In addition, the
optimization question can be converted to a feasibility question, and vice versa.
And what happens when an algorithm is unable to find a feasible solution? How
do we know what went wrong? How do we repair the model? Questions of
optimization, feasibility, and infeasibility are inextricably linked.

There has been a surge of important developments related to feasibility and
infeasibility in optimization in the last two decades, a trend that continues to
accelerate even today. New and more efficient methods for seeking feasibility in
difficult optimization forms such as mixed-integer programs and nonlinear programs
are emerging. The first effective algorithms for analyzing infeasible models have
been discovered and implemented in commercial software. A community of
researchers in constraint programming has begun to integrate their knowledge and
approaches with the optimization community. Unanticipated spin-off applications of
the new algorithms are being found. It’s an exciting time.

The goal of this book is to summarize the state of the art in recent work at the
interface of optimization and feasibility. It should serve as a useful reference for
researchers, graduate students, and software developers working on optimization,
feasibility, infeasibility, and related topics. Readers having a reasonable grounding
in optimization (linear and nonlinear programming, mixed-integer programming,
etc.) should have no difficulty following the material.

Lightweight coverage of topics in constraint programming, with an emphasis
on constraint satisfaction problems, is included to illustrate the extensive overlap
and convergence in the two literatures. An ideal version of the book would cover
topics in constraint programming in the same depth as topics in optimization, but
this is beyond the scope of this project: collecting and organizing the wealth of
new developments relating to feasibility and infeasibility in optimization. I hope
the resulting book is useful to both optimizers and constraint programmers, and
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that it helps accelerate the ongoing merger of the two communities merge into a
stronger hybrid.
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