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Foreword

Whether it is called statistics, data science, machine learning, or artificial intelligence,
learning patterns from data is transforming the world. Nearly every industry imaginable
has been touched (or soon will be) by machine learning. The combined progress of both
hardware and software improvements are driving rapid advancements in the field, though it
is upon software that most people focus their attention.

While many languages are used for machine learning, including R, C/C++, Fortran,
and Go, Python has proven remarkably popular. This is in large part thanks to scikit-learn,
which makes it easy to not only train a host of different models but to also engineer
features, evaluate the model quality, and score new data. The scikit-learn project has
quickly become one of Python’s most important and powerful software libraries.

While advanced mathematical concepts underpin machine learning, it is entirely
possible to train complex models without a thorough background in calculus and matrix
algebra. For many people, getting into machine learning through programming, rather
than math, is a more attainable goal. That is precisely the goal of this book: to use Python
as 2 hook into machine learning and then add in some math as needed. Following in the
footsteps of R for Everyone and Pandas for Everyone, Machine Learning with Python for Everyone
strives to be open and accessible to anyone looking to learn about this exciting area of
math and computation.

Mark Fenner has spent years practicing the communication of science and machine
learning concepts to people of varying backgrounds, honing his ability to break down
complex ideas into simple components. That experience results in a form of storytelling
that explains concepts while minimizing jargon and providing concrete examples. The
book is easy to read, with many code samples so the reader can follow along on their

computer.
With more people than ever eager to understand and implement machine learning; it is

essential to have practical resources to guide them, both quickly and thoughtfully. Mark
fills that need with this insightful and engaging text. Machine Learning with Python for
Everyone lives up to its name, allowing people with all manner of previous training to
quickly improve their machine learning knowledge and skills, greatly increasing access to

this important field.

Jared Lander,
Series Editor



Preface

In 1983, the movie WarGames came out. I was a preteen and I was absolutely engrossed:
by the possibility of a nuclear apocalypse, by the almost magical way the lead character
interacted with computer systems, but mostly by the potential of machines that could learn.
[ spent years studying the strategic nuclear arsenals of the East and the West— fortunately
with a naivete of a tweener—but it was almost ten years before I took my first serious
steps in computer programming. Teaching a computer to do a set process was amazing.
Learning the intricacies of complex systems and bending them around my curiosity was a
great experience. Still, I had a large step forward to take. A few short years later, worked
with my first program that was explicitly designed to learn. I was blown away and I knew

I found my intellectual home. I want to share the world of computer programs that learn

with you.

Audience
Who do I think you are? I've written Machine Learning with Python for Everyone for the
absolute beginner to machine learning. Even more so, you may well have very little
college-level mathematics in your toolbox and I'm not going to try to change that. While
many machine learning books are very heavy on mathematical concepts and equations,
I've done my best to minimize the amount of mathematical luggage you'll have to carry. I
do expect, given the book title, that you’ll have some basic proficiency in Python. If you
can read Python, you'll be able to get a lot more out of our discussions. While many books
on machine learning rely on mathematics, I'm relying on stories, pictures, and Python
code to communicate with you. There will be the occasional equation. Largely, these can
be skipped if you are so inclined. But, if I've done my job well, I’ll have given you enough
context around the equation to maybe—just maybe—understand what 1t 1s trying to say.

Why might you have this book in your hand? The least common denominator 15 that
all of my readers want to learn about machine learning. Now, you might be coming from
very different backgrounds: a student in an introductory computing class focused on
machine learning, a mid-career business analyst who all of sudden has been thrust beyond
the limits of spreadsheet analysis, a tech hobbyist looking to expand her interests, or a
scientist needing to analyze data in a new way. Machine learning is permeating society.
Depending on your background, Machine Learning with Python for Everyone has difterent
things to offer you. Even a mathematically sophisticated reader who is looking to do a
break-in to machine learning using Python can get a lot out of this book.

So, my goal is to take someone with an interest or need to do some machine learning
and teach them the process and the most important concepts of machine learning in a
concrete way using the Python scikit-learn library and some of its friends. You'll come
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away with overall patterns, strategies, pitfalls, and gotchas that will be applicable in every
learning system you ever study, build, or use.

Approach

Many books that try to explain mathematical topics, such as machine learning, do so by
presenting equations as if they tell a story to the uninitiated. I think that leaves many of
us—even those of us who like mathematics!—stuck. Personally, I build a far better mental
picture of the process of machine learning by combining visual and verbal descriptions
with running code. I'm a computer scientist at heart and by training. I love building things.
Building things is how I know that I've reached a level where I really understand them.
You might be familiar with the phrase, “If you really want to know something, teach it to
someone.” Well, there’s a follow-on. “If you really want to know something, teach a
computer to do it!” That’s my take on how I'm going to teach you machine learning.
With minimal mathematics, I want to give you the concepts behind the most important
and frequently used machine learning tools and techniques. Then, I want you to
immediately see how to make a computer do it. One note: we won'’t be programming
these methods from scratch. We'll be standing on the shoulders of giants and using some
very powerful, time-saving, prebuilt software libraries (more on that shortly).

We won't be covering all of these libraries in great detail—there is simply too much
material to do that. Instead, we are going to be practical. We are going to use the best tool
for the job. I'll explain enough to orient you in the concept we're using—and then we’ll
get to using it. For our mathematically inclined colleagues, I'll give pointers to more
in-depth references they can pursue. I'll save most of this for end-of-the-chapter notes so
the rest of us can skip it easily.

If you are flipping through this introduction, deciding if you want to invest time in this
book, I want to give you some insight into things that are out-of-scope for us. We aren't
going to dive into mathematical proofs or rely on mathematics to explain things. There are
many books out there that follow that path and I'll give pointers to my favorites at the ends
of the chapters. Likewise, I’'m going to assume that you are fluent in basic- to intermediate-
level Python programming. However, for more advanced Python topics—and things that
show up from third-party packages like NumPy or Pandas—TI'll explain enough of what’s
going on so that you can understand each technique and its context.

Overview

In Part I, we establish a foundation. I'll give you some verbal and conceptual
introductions to machine learning in Chapter 1. In Chapter 2 we introduce and take a
slightly different approach to some mathematical and computational topics that show up
repeatedly in machine learning. Chapters 3 and 4 walk you through your first steps in
building, training, and evaluating learning systems that classify examples (classifiers) and
quantify examples (regressors).

Part II shifts our focus to the most important aspect of applied machine learning
systems: evaluating the success of our system in a realistic way. Chapter 5 talks about general
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evaluation techniques that will apply to all of our learning systems. Chapters 6 and 7 take
those general techniques and add evaluation capabilities for classifiers and regressors.

Part III broadens our toolbox of learning techniques and fills out the components of a
practical learning system. Chapters 8 and 9 give us additional classification and regression
techniques. Chapter 10 describes feature engineering: how we smooth the edges of rough
data into forms that we can use for learning. Chapter 11 shows how to chain multiple steps
together as a single learner and how to tune a learner’s inner workings for better
performance.

Part IV takes us beyond the basics and discusses more recent techniques that are
driving machine learning forward. We look at learners that are made up of multiple little
learners in Chapter 12. Chapter 13 discusses learning techniques that incorporate
automated feature engineering. Chapter 14 is a wonderful capstone because it takes the
techniques we describe throughout the book and applies them to two particularly
interesting types of data: images and text. Chapter 15 both reviews many of the techniques
we discuss and shows how they relate to more advanced learning architectures—neural
networks and graphical models.

Our main focus is on the techniques of machine learning. We will investigate a number
of learning algorithms and other processing methods along the way. However,
completeness is not our goal. We'll discuss the most common techniques and only glance
briefly at the two large subareas of machine learning: graphical models and neural, or deep,
networks. However, we will see how the techniques we focus on relate to these more

advanced methods.
Another topic we won'’t cover is implementing specific learning algorithms. We'll build

on top of the algorithms that are already available in scikit-learn and friends; we’ll create
larger solutions using them as components. Still, someone has to implement the gears and
cogs inside the black-box we funnel data into. If you are really interested in implementation
aspects, you are in good company: I love them! Have all your friends buy a copy of this
book, so I can argue I need to write a follow-up that dives into these lower-level details.

Acknowledgments
I must take a few moments to thank several people that have contributed greatly to this
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