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Cluster analysis consists of methods for finding groups in data automatically.

Most methods have been heuristic and leave open such central questions as: How

many clusters are there? Which clustering method should I use? How should

I handle outliers? Classification involves assigning new observations to groups given

previously classified observations, and also has open questions about parameter

tuning, robustness and uncertainty assessment. This book frames cluster analysis

and classification in terms of statistical models, thus yielding principled estima-

tion, testing and prediction methods, and soundly-based answers to the central

questions. It develops the basic ideas of model-based clustering and classification

in an accessible but rigorous way, using extensive real-world data examples and

providing R code for many methods, and describes modern developments for high-

dimensional data and for networks. It explains recent methodological advances,

such as Bayesian regularization methods, non-Gaussian model-based clustering,

cluster merging, variable selection, semi-supervised classification, robust classifica-

tion, clustering of functional data, text and images, and co-clustering. Written for

advanced undergraduates and beginning graduate students in data science, as well as

researchers and practitioners, it assumes basic knowledge of multivariate calculus,

linear algebra, probability and statistics.
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To Mäılys and Maya

Gilles
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Preface

About this book

The century that is ours is shaping up to be the century of the data revolution. Our
numerical world is creating masses of data every day and the volume of generated
data is estimated to be doubling every two years. This wealth of available data
offers hope for exploitation that may lead to great advances in areas such as
health, science, transportation and defense. However, manipulating, analyzing
and extracting information from those data is made difficult by the volume and
nature (high-dimensional data, networks, time series, etc) of modern data.

Within the broad field of statistical and machine learning, model-based tech-
niques for clustering and classification have a central position for anyone interested
in exploiting those data. This textbook focuses on the recent developments in
model-based clustering and classification while providing a comprehensive in-
troduction to the field. It is aimed at advanced undergraduates, graduates or
first-year Ph.D. students in data science, as well as researchers and practitioners.
It assumes no previous knowledge of clustering and classification concepts. A basic
knowledge of multivariate calculus, linear algebra and probability and statistics is
needed.

The book is supported by extensive examples on data, with 72 listings of code
mobilizing more than 30 software packages, that can be run by the reader. The
chosen language for codes is the R software, which is one of the most popular
languages for data science. It is an excellent tool for data science since the most
recent statistical learning techniques are provided on the R platform (named
CRAN). Using R is probably the best way to be directly connected to current
research in statistics and data science through the packages provided by researchers.

The book is accompanied by a dedicated R package (the MBCbook package) that
can be directly downloaded from CRAN within the R software or at the following
address: https://cran.r-project.org/package=MBCbook. We also encourage
the reader to visit the book website for the latest information: http://math.
unice.fr/~cbouveyr/MBCbook/.

This book could be used as one of the texts for a graduate or advanced
undergraduate course in multivariate analysis or machine learning. Chapters 1
and 2, and optionally a selection of later chapters, could be used for this purpose.
The book as a whole could also be used as the main text for a one-quarter or

xv
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xvi Preface

one-semester course in cluster analysis or unsupervised learning, focusing on the
model-based approach.
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