A Course In

Machi
ne Learni
pL- rning

A CourS

Hal Daumeé III



Copyright © 2015 Hal Daumeé llI
PusLisHED BY TODO
http://hal3.name/courseml/
TODO....

First printing, September 2015


http://hal3.name/courseml/

For my students and teachers.

Often the same.



10

About this Book 6

Decision Trees 8

Geometry and Nearest Neighbors

The Perceptron 39

Practical Issues 53

Beyond Binary Classification 70

Linear Models 86

Probabilistic Modeling 103

Neural Networks 116

Kernel Methods 128

Learning Theory 141

26

TABLE OF CONTENTS



11

12

13

14

15

16

17

18

19

Ensemble Methods 152

Efficient Learning 159

Unsupervised Learning 166

Expectation Maximization 175

Semi-Supervised Learning 181

Graphical Models 183

Online Learning 184

Structured Learning Tasks 186

Bayesian Learning 187

Code and Datasets 188

Notation 189

Bibliography 190

Index 191



0.1

0.2

MACHINE LEARNING IS A BROAD AND FASCINATING FIELD. It has
been called one of the attractive fields to work in*. It has applications
in an incredibly wide variety of application areas, from medicine to
advertising, from military to pedestrian. Its importance is likely to
grow, as more and more areas turn to it as a way of dealing with the
massive amounts of data available.

How to Use this Book

Why Another Textbook?

The purpose of this book is to provide a gentle and pedagogically orga-
nized introduction to the field. This is in contrast to most existing ma-
chine learning texts, which tend to organize things topically, rather
than pedagogically (an exception is Mitchell’s book?, but unfortu-
nately that is getting more and more outdated). This makes sense for
researchers in the field, but less sense for learners. A second goal of
this book is to provide a view of machine learning that focuses on
ideas and models, not on math. It is not possible (or even advisable)
to avoid math. But math should be there to aid understanding, not
hinder it. Finally, this book attempts to have minimal dependencies,
so that one can fairly easily pick and choose chapters to read. When
dependencies exist, they are listed at the start of the chapter, as well
as the list of dependencies at the end of this chapter.

The audience of this book is anyone who knows differential calcu-
lus and discrete math, and can program reasonably well. (A little bit
of linear algebra and probability will not hurt.) An undergraduate in
their fourth or fifth semester should be fully capable of understand-
ing this material. However, it should also be suitable for first year
graduate students, perhaps at a slightly faster pace.

ABOUT THIS BOOK
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0.3 Organization and Auxilary Material

There is an associated web page, http://hal3.name/courseml/, which
contains an online copy of this book, as well as associated code and
data. It also contains errate. For instructors, there is the ability to get
a solutions manual.

This book is suitable for a single-semester undergraduate course,
graduate course or two semester course (perhaps the latter supple-
mented with readings decided upon by the instructor). Here are
suggested course plans for the first two courses; a year-long course
could be obtained simply by covering the entire book.
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