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Foreword

Motto: Data does not lie, but all the same will not provide
information that we are not ready to grasp.

This book is primarily addressed to students of the Department of Economic Informatics and
Cybernetics, the Economic Informatics undergraduate programme in the English language,
within the Faculty of Cybernetics, Statistics, and Economic Informatics of the Bucharest
University of Economic Studies. This work covers the syllabus of the discipline titled Software
Development for Data Analysis. It may also be useful for master's and doctoral students,
researchers, and practitioners interested in methods for multivariate data analysis and their
implementation in a programming language. In this sense, it can also be an introduction to data
science through Python programming.

The goal is to complete the applicative component of the learning act in and to offer through
this work hands-on support for the activity carried out in the laboratories, but also for the
individual study of the multivariate data analysis discipline.

The work is structured into six chapters. Each chapter treats a multivariate data analysis
method. In addition, carefully crafted to be readily accessible to an enthusiastic programmer,
Python code implementations accompany the multivariate data analysis methods presented
throughout the book.

The first chapter presents the principal component analysis (PCA). The process of
determining the principal components is carried out in observation-driven and variable-driven
approaches. The criteria for choosing the number of axes are discussed, along with the
evaluation indicators. The second chapter deals with exploratory factor analysis (EFA). The third
chapter examines canonical correlation analysis (CCA). The fourth chapter discusses factorial
correspondence analysis (FCA) with an example regarding multiple correspondence analysis
(MCA). Chapter five presents hierarchical cluster analysis (HCA) as an unsupervised
classification method, and the sixth chapter is dedicated to discriminant analysis (DA) as one of
the fundamental supervised classification methods in multivariate data analysis.

For each method addressed, a theoretical preamble is provided which introduces the
fundamental results in the field of the discussed multivariate data analysis method and
formalises the necessary concepts. In addition, within each analysis method, we present the
methodological elements required for its implementation in Python. The presentation of each
method is accompanied by a case study that represents a practical example of Python
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implementation and processing, using the proposed IT solution, of one or more sets of input data.
In each case study, the results obtained are discussed and interpreted. The Python code is
written and tested with Python interpreter version 3.11 together with the corresponding
compatible versions of the packages employed, taking December 1, 2023, as a reference.

We aim to provide those interested in multivariate data analysis methods and their
implementation in one of today's most popular programming languages with an application-
orientated material with immediate utility that opens the way to new applications or research
activities from adjacent fields, such as pattern recognition, data mining, machine learning, etc.

In conclusion, the presented content underlines the idea of supporting and encouraging a
learning way that stimulates the conscious and coherent construction of Python solutions for
processing multivariate datasets. In this context, the bibliography we include at the end of the
book is more likely to point readers to various useful sources to deepen the knowledge
introduced through the practical examples presented in this work.

The authors are grateful to anonymous reviewers who, through their recommendations,
helped us achieve better-organised content for the book.

We thank Editura ASE, the editorial team, and the printing team, who made this book possible
through their professionalism and dedication.

Authors
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