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Probability and Statistics for Data Science

This self-contained guide introduces two pillars of data science, probability theory,
and statistics, side by side, in order to illuminate the connections between statistical
techniques and the probabilistic concepts they are based on. The topics covered in
the book include random variables, nonparametric and parametric models, correla-
tion, estimation of population parameters, hypothesis testing, principal component
analysis, and both linear and nonlinear methods for regression and classification.
Examples throughout the book draw from real-world datasets to demonstrate con-
cepts in practice and confront readers with fundamental challenges in data science,
such as overfitting, the curse of dimensionality, and causal inference. Code in Python
reproducing these examples is available on the book’s website, along with videos,
slides, and solutions to exercises.

This accessible book is ideal for undergraduate and graduate students, data science
practitioners, and others interested in the theoretical concepts underlying data science
methods.

CARLOS FERNANDEZ-GRANDA is Associate Professor of mathematics and data sci-
ence at New York University, where he has taught probability and statistics to data
science students since 2015. The goal of his research is to design and analyze data
science methodology, with a focus on machine learning, artificial intelligence, and
their application to medicine, climate science, biology, and other scientific domains.
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“Fernandez-Granda’s Probability and Statistics for Data Science is a comprehensive yet
approachable treatment of the fundamentals required of all aspiring data scientists — whether
they be in academia, industry, or elsewhere. The language is clear and precise, and it is one of
the best-organized treatments of this material I have ever seen. With lucid examples and helpful
exercises, it deserves to be the leading text for these topics among undergraduate and graduate
students in this technical, fast-moving discipline. Instructors take note!”

—Arthur Spirling, Princeton University

“If you’re mathematically inclined and want to master the foundations of data science in one go,
this book is for you. It covers a broad range of essential modern topics — including nonparametric
methods, causal inference, latent variable models, Bayesian approaches, and a thorough intro-
duction to machine learning — all illustrated with an abundance of figures and real-world data
examples. Highly recommended.”

—David Rosenberg, Office of the CTO, Bloomberg
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Preface

I started teaching probability and statistics to data science students in 2015. At first, I fol-
lowed a traditional approach. I would begin with probability theory and then eventually
move on to statistics and data analysis. It did not work. Students found it hard to understand
the connection between the two halves of the course. By the time we reached statistics, they
would struggle to recall the relevant concepts from probability theory, and I would often
have to review them all over again. Motivated by this, I decided to completely restructure
the material and write this book.

The book is a self-contained, rigorous guide to probability and statistics for data science. It
intertwines the material on probability and statistics, explaining how to estimate each prob-
abilistic object from data right after its mathematical definition. For example, we present
nonparametric and parametric models just after defining random variables. This makes it
possible to provide examples with real data from the very beginning. Throughout the book,
these examples illustrate the connection between the material and practical data analysis,
confronting students with fundamental challenges in data science, such as overfitting, the
curse of dimensionality, and causal inference.

I began to think about how to best teach probability and statistics as a teaching assistant
for Ayfer Ozgiir and Abbas El Gamal in graduate school. Abbas gave me the opportunity to
teach my first course and encouraged me to use real-data examples, one of which survives in
this book (the call-center example in Chapter 2). The book is also influenced by several other
great teachers I had the luck to learn from in my studies, including Julian Manley, Eduardo
Lorenzo Pigueiras, Francis Bach, Dan Boneh, Stephen Boyd, and Andrea Montanari.

While writing the book, I received invaluable feedback from my students at the Center
for Data Science in New York University'. I had the good fortune to co-teach this mate-
rial with Brett Bernstein and Ilias Zadik and to have the help of my wonderful teaching
assistants Annika Brundyn, Nadine Hussami, Vlad Kobzar, Nhung Le, Mu Li, Xintong
Li, Sheng Liu, Taro Makino, Sreyas Mohan, Tinatin Nikvashvili, Jonas Peeters, Lisa Ren,
Levent Sagun, Michael Stanley, Zhiyuan Wang, and Weicheng Zhu. I am extremely grateful
to Diego Herrero Quevedo and Louis Mittel, who proofread the manuscript and provided
many insightful comments, and also to Juan Argote, Afonso Bandeira, Chris Chen, Shi-ang
Chi, Daniel Climent, Rajesh Ranganath, Alvaro Reig, and David Rosenberg for their helpful
suggestions.

In addition, I would like to thank Diana Gillooly, who originally suggested that I pub-
lish the book, my editor Lauren Cowles, for her help and extreme patience, my mentors
Emmanuel Candes, Julia Kempe, Bob Kohn, and Eero Simoncelli, for their guidance, and

' My favorite feedback from a student evaluation: The instructor is like Spanish wine. I don’t like Spanish wine.

X1
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xii Preface

the Division of Mathematical Sciences of the National Science Foundation, for their support
through grants 1616340 and 2009752.

Finally, I cannot end without thanking my in-laws Dimitra and Daniil, my parents Yolanda
and Carlos, my daughter Irida (for constantly sharing the books she was writing in kinder-
garten to motivate me), my daughter Iliana (for showing up as I was writing the book, and
making things more fun), and my wife Chrysa (for everything).
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Book Website

Supporting material for the book, including code, videos, slides, and solutions to all
exercises, can be found on the book website:

www.ps4ds.net
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