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Foreword

When we, in the late 1980s, worked in a European ESPRIT project on what later
became the MUNIN network, expert systems and neural networks were the pre-
dominant new artificial intelligence techniques. However, we felt that the most
important ingredient of medical diagnosis, causality with inherent uncertainty, could
not be captured by these techniques.

Rather than trying to model the experts we felt that we should go back to
the ancient scientific tradition of modeling the domain, and the new challenge
was to incorporate causal uncertainty. We called our models causal probabilistic
networks (CPNs). They are now called Bayesian networks. The task, we thought,
is quite simple: determine a CPN through dialogues with the experts. The rest is
just mathematics and computer power.

We were wrong in two ways. It is not ‘just’ mathematics and computer power.
But even worse, to determine a CPN through dialogues with the experts is much
more intriguing than we anticipated. Over the two decades since the revival of
Bayesian networks, several books have addressed the first problem. Although the
need is widely recognized, no book has so far focused on the second problem.

This book meets the demand for an aid in developing Bayesian network models
in practice. The authors have done a great job in collecting a large sample of
Bayesian network applications from a wide range of domains.

Each chapter tells a story about a particular application. However, they do more
than that. By studying the various chapters, the reader can learn very much about
how to collaborate with domain experts and how to combine domain knowledge
with learning from databases. Furthermore, the reader will be presented to a long
list of advantages, problems and shortcomings of Bayesian network modeling and
inference.

The sample also reflects the two sides of Bayesian network. On the one hand, a
Bayesian network is a causal probabilistic network. On the other hand, a Bayesian
network is a way of decomposing a large joint probability distribution. In some of
the applications, causality is an important part of the model construction, and in
other applications, causality is not an issue.

I hope that this book will be studied by everyone who is about to model a
domain containing causality with inherent uncertainty: this book will teach him/her
if and how to use Bayesian networks.

Finn V. Jensen
Aalborg University






Preface

The spectacular improvements of the technologies to produce, transmit, store and
retrieve information are leading to a paradox: in many circumstances, making the
best use of the available information is much more difficult today than a few
decades ago. Information is certainly abundant and easily accessible, but at the
same time (and to a large extent, consequently) often inconsistent, contradictory,
and of uncertain traceability and reliability. The process of interpreting information
remains an essential one, because uninterpreted information is nothing else than
noise, but becomes more and more delicate. To mention only one domain covered
in this book, striking examples of this phenomenon are the famous criminal cases
which remain unsolved, despite the accumulation over years of evidences, proofs
and expert opinions.

Given this challenge of optimally using information, it is not surprising that
a gain of interest for statistical approaches has appeared in many fields in recent
years: the purpose of statistics is precisely to convert information into a usable
form.

Bayesian networks, named after the works of Thomas Bayes (ca. 1702—-1761)
on the theory of probability, have emerged as the result of mathematical research
carried out in the 1980s, notably by Judea Pearl at UCLA, and from that time on,
have proved successful in a large variety of applications.

This book is intended for users, and also potential users of Bayesian networks:
engineers, analysts, researchers, computer scientists, students and users of other
modeling or statistical techniques. It has been written with a dual purpose in mind:

e highlight the versatility and modeling power of Bayesian networks, and also
discuss their limitations and failures, in order to help potential users to assess
the adequacy of Bayesian networks to their needs;

e provide practical guidance on constructing and using of Bayesian networks.

We felt that these goals would be better achieved by presenting real-world appli-
cations, i.e., models actually in use or that have been at least calibrated, tested,
validated, and possibly updated from real-world data — rather than demonstration
models, prototypes, or hypothetical models. Anyone who has constructed and used
models to solve practical problems has learned that the process is never as straight-
forward as in textbook cases, due to some ever-present difficulties: unability of the
model to capture some features of the problem, missing input data, untractability
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(model size/computing time), and non-validable results. Our aim in the book is,
also, to identify and document the techniques invented by practitioners to overcome
or reduce the impact of these difficulties.

Besides a brief theoretical introduction to Bayesian networks, based on some
basic, easily reproducible, examples (Chapter 1), the substance of this book is 20
application chapters (Chapters 2—21), written by invited authors.

In selecting the applications, we strove to achieve the following objectives:

1. cover the major types of applications of Bayesian networks: diagnosis,
explanation, forecasting, classification, data mining, sensor validation, and
risk analysis;

2. cover as many domains of applications as possible: industry (energy,
defense, robotics), computing, natural and social sciences (medicine, biol-
ogy, ecology, geology, geography), services (banking, business, law), while
ensuring that each application is accessible and attractive for nonspecialists
of the domain;

3. invite ‘famous names’ of the field of Bayesian networks, but also authors
who are primarily known as experts of their field, rather than as Bayesian
networks practitioners; find a balance between corporate and academic
applications;

4. describe the main features of the most common Bayesian network software
packages.

Chapter 22 is a synthesis of the application chapters, highlighting the most promis-
ing fields and types of applications, suggesting ways that useful lessons or applica-
tions in one field might be used in another field, and analysing, in the perspective of
artificial intelligence, where the field of Bayesian networks as a whole is heading.

A companion website for this book can be found at: www.wiley.com/go/pourret
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