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Preface

Learning directly from data is critical to a host of disciplines in engineering
and the physical, social, and life sciences. Modern society is literally driven by an
interconnected web of data exchanges at rates unseen before, and it relies heav-
ily on decisions inferred from patterns in data. There is nothing fundamentally
wrong with this approach, except that the inference and learning methodologies
need to be anchored on solid foundations, be fair and reliable in their conclusions,
and be robust to unwarranted imperfections and malicious interference.

P.1 EMPHASIS ON FOUNDATIONS

Given the explosive interest in data-driven learning methods, it is not uncommon
to encounter claims of superior designs in the literature that are substantiated
mainly by sporadic simulations and the potential for “life-changing” applications
rather than by an approach that is founded on the well-tested scientific prin-
ciple to inquiry. For this reason, one of the main objectives of this text is to
highlight, in a unified and formal manner, the firm mathematical and statistical
pillars that underlie many popular data-driven learning and inference methods.
This is a nontrivial task given the wide scope of techniques that exist, and which
have often been motivated independently of each other. It is nevertheless impor-
tant for practitioners and researchers alike to remain cognizant of the common
foundational threads that run across these methods. It is also imperative that
progress in the domain remains grounded on firm theory. As the aphorism often
attributed to Lewin (1945) states, “there is nothing more practical than a good
theory.” According to Bedeian (2016), this saying has an even older history.
Rigorous data analysis, and conclusions derived from experimentation and
theory, have been driving science since time immemorial. As reported by Heath
(1912), the Greek scientist Archimedes of Syracuse devised the now famous
Archimedes’ Principle about the volume displaced by an immersed object from
observing how the level of water in a tub rose when he sat in it. In the account
by Hall (1970), Gauss’ formulation of the least-squares problem was driven by
his desire to predict the future location of the planetoid Ceres from observa-
tions of its location over 41 prior days. There are numerous similar examples
by notable scientists where experimentation led to hypotheses and from there
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