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Introduction

This book is a type of “handbook” on data science and data scientists, and con-
tains information not found in traditional statistical, programming, or computer
science textbooks. The author has compiled what he considers some of the most
important information you will need for a career in data science, based on his
20+ years as a leader in the field. Much of the text was initially published over
the last three years on the Data Science Central website, which is read by millions
of website visitors. The book shows how data science is different from related
fields and the value it brings to organizations using big data.

This book has three components: a multi-layer discussion of what data science
is and how it relates to other disciplines; technical applications of and for data
science including tutorials and case studies; and career resources for practic-
ing and aspiring data scientists. Numerous career and training resources are
included (such as data sets, web crawler source code, data videos, and how to
build APIs) so you can start practicing data science today and quickly boost
your career. If youre a decision maker, you will find information to help you
make decisions on how to build a better analytic team, whether and when you
need specialized solutions, and which ones will work best for your need.

Who This Book Is For

This book is intended for data scientists and related professionals (such as
business analysts, computer scientists, software engineers, data engineers,
and statisticians) who are interested in shifting to big data science careers. It is
also for the college student studying a quantitative curriculum with the goal of
becoming a data scientist. Finally, it is for managers of data scientists, and people
interested in creating a startup business or consultancy around data science.

XXi



xxii Introduction

These readers will find valuable information throughout the book, and spe-
cifically in the following chapters:

m Data science practitioners will find Chapters 2, 4, 5, and 6 particularly
valuable because they contain material on big data techniques (cluster-
ing and taxonomy creation) and modern data science techniques such as
combinatorial feature selection, hidden decision trees, analytic APIs, and
when MapReduce is useful. A number of case studies (fraud detection,
digital analytics, stock market strategies, and more) are detailed enough to
allow the reader to replicate the analyses when facing similar data in the
real world when doing their jobs. However, it is also explained in simple
words, not spending too much time on technicalities, code, or formulas,
to make it accessible to high level managers.

m Students attending computer science, data science, or MBA classes will
find Chapters 2, 4, 5, and 6 valuable for their purposes. In particular, they
will find more advanced material in Chapters 2, 4, and 5, such as practical
data science methods and principles, most of it not found in textbooks
or taught in typical college curricula. Chapter 6 also provides real life
applications and case studies, including more in-depth technical details.

= Job applicants will find resources about data science training and pro-
grams in Chapter 3. Chapters 7 and 8 provide numerous resources for job
seekers including interview questions, sample resumes, sample job ads,
a list of companies that routinely hire data scientists, and salary surveys.

m Entrepreneurs who want to launch a data science startup or consultancy will
find sample business proposals, startup ideas, and salary surveys for consul-
tants in Chapter 3. Also, throughout the book, consultants will find discus-
sions on improving communication in data science work, lifecycles of data
science projects, book and conference references, and many other resources.

m Executives trying to assess the value of data science, where it most benefits
enterprise projects, and when architectures such as MapReduce are useful
will find valuable information in Chapters 1, 2, 6 (case studies), and 8 (sample
job ads, resumes, salary surveys). The focus of these chapters is usually not
technical, except, to a limited extent, in some parts of Chapters 2 and 6, where
new analytic technologies are introduced.

What This Book Covers

The technical part of this book covers core data science topics, including;:

m Big data and the challenges of applying traditional algorithms to big data
(Solutions are provided, for instance in the context of big data clustering
or taxonomy creation.)
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= A new, simplified, data science—friendly approach to statistical science,
focusing on robust model-free methods

m State-of-the-art machine learning (hidden decision trees and combinatorial
feature selection)

m New metrics for modern data (synthetic metrics, predictive power,
bumpiness coefficient)

m Elements of computer science that are needed to build fast algorithms

m MapReduce and Hadoop, including numerical stability of computations
performed with Hadoop

The focus is on recent technology. You will not find material about old tech-
niques such as linear regression (except for anecdotal references), since such
are discussed at length in all standard books. There is some limited discussion
on logistic-like regression in this book, but it’s more about blending it with
other classifiers and proposing a numerically stable, approximate algorithm
(approximate solutions are often as good as the exact model, since no data fits
perfectly with a theoretical model).

Besides technology, the book provides useful career resources, including job
interview questions, sample resumes, and sample job ads. Another important
component of this book is case studies. Some of the case studies included here
have a statistical/machine learning flair, some have more of a business/decision
science or operations research flair, and some have more of a data engineering
flair. Most of the time, I have favored topics that were posted recently and very
popular on Data Science Central (the leading community for data scientists),
rather than topics that I am particularly attached to.

How This Book Is Structured

The book consists of three overall topics:

m What data science and big data is, and is not, and how it’s different from
other disciplines (Chapters 1, 2, and 3)

m Career and training resources (Chapters 3 and 8)

m Technical material presented as tutorials (Chapters 4 and 5, but also the sec-
tion on Clustering and Taxonomy Creation for Massive Data Sets in Chapter
2, and the section on New Variance for Hadoop and Big Data in Chapter 8),
and in case studies (Chapters 6 and 7)

The book provides valuable career resources for potential and existing data
scientists and related professionals (and their managers and their bosses), and
generally speaking, to all professionals dealing with increasingly bigger, more
complex, and faster flowing data. The book also provides data science recipes,
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Introduction

craftsmanship, concepts (many of them, original and published for the first
time), and cases studies illustrating implementation methods and techniques
that have proven successful in various domains for analyzing modern data —
either manually or automatically.

What You Need to Use This Book

The book contains a small amount of sample code, either in R or Perl. You can
download Perl from http://www.activestate.com/activeperl/downloads and
R from nttp://cran.r-project.org/bin/windows/base/. If you use a Windows
machine, I would first install Cygwin, a Linux-like environment for Windows.
You can get Cygwin at http://cygwin.com/install.html. Python is also avail-
able as open source and has a useful library called Pandas.

For most of the book, one or two years of college with some basic quantitative
courses is enough for you to understand the content. The book does not require
calculus or advanced math — indeed, it barely contains any mathematical for-
mulas or symbols.

Yet some quite advanced material is described at a high level. A few technical
notes spread throughout the book are for those who are more mathematically
inclined and interested in digging deeper. Two years of calculus, statistics, and
matrix theory at the college level are needed to understand these technical
notes. Some source code (R, Perl) and data sets are provided, but the emphasis
is not on coding.

This mixture of technical levels offers the opportunity for you to explore the
depths of data science without advanced math knowledge (a bit like the way
Carl Sagan introduced astronomy to the mainstream public).

Conventions

To help you get the most from the text and keep track of what’s happening,
we’ve used a number of conventions throughout the book.

m Notes, tips, cross-references, and asides to the current discussion are offset
and placed in features like this.

As for styles in the text:
m We highlight new terms and important words when we introduce them.
m We show keyboard strokes like this: Ctrl+A.
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m We show filenames, URLs, and code within the text like so:

persistence.properties.

m We present code like this:

We use a monofont type with no highlighting for most code examples.






What Is Data Science?

Sometimes, understanding what something is includes having a clear picture
of what it is not. Understanding data science is no exception. Thus, this chapter
begins by investigating what data science is not, because the term has been
much abused and a lot of hype surrounds big data and data science. You will
first consider the difference between true data science and fake data science.
Next, you will learn how new data science training has evolved from traditional
university degree programs. Then you will review several examples of how
modern data science can be used in real-world scenarios.

Finally, you will review the history of data science and its evolution from
computer science, business optimization, and statistics into modern data sci-
ence and its trends. At the end of the chapter, you will find a Q&A section from
recent discussions I've had that illustrate the conflicts between data scientists,
data architects, and business analysts.

This chapter asks more questions than it answers, but you will find the answers
discussed in more detail in subsequent chapters. The purpose of this approach
is for you to become familiar with how data scientists think, what is important
in the big data industry today, what is becoming obsolete, and what people
interested in a data science career don’t need to learn. For instance, you need
to know statistics, computer science, and machine learning, but not everything
from these domains. You don’t need to know the details about complexity of
sorting algorithms (just the general results), and you don’t need to know how
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to compute a generalized inverse matrix, nor even know what a generalized
inverse matrix is (a core topic of statistical theory), unless you specialize in the
numerical aspects of data science.

This chapter can be read by anyone with minimal mathematical or technical
knowledge. More advanced information is presented in “Technical Notes” like
this one, which may be skipped by non-mathematicians.

(o (Lo 1R A 3 3 3\ [d 3B You will find definitions of most terms used in this book in

Chapter 8.

Real Versus Fake Data Science

Books, certificates, and graduate degrees in data science are spreading like
mushrooms after the rain. Unfortunately, many are just a mirage: people tak-
ing advantage of the new paradigm to quickly repackage old material (such as
statistics and R programming) with the new label “data science.”

Expanding on the R programming example of fake data science, note that R
is an open source statistical programming language and environment that is
at least 20 years old, and is the successor of the commercial product S+ R was
and still is limited to in-memory data processing and has been very popular
in the statistical community, sometimes appreciated for the great visualiza-
tions that it produces. Modern environments have extended R capabilities (the
in-memory limitations) by creating libraries or integrating R in a distributed
architecture, such as RHadoop (R + Hadoop). Of course other languages exist,
such as SAS, but they haven’t gained as much popularity as R. In the case of
SAS, this is because of its high price and the fact that it was more popular in
government organizations and brick-and-mortar companies than in the fields
that experienced rapid growth over the last 10 years, such as digital data (search
engine, social, mobile data, collaborative filtering). Finally, R is not unlike the
C, Perl, or Python programming languages in terms of syntax (they all share
the same syntax roots), and thus it is easy for a wide range of programmers to
learn. It also comes with many libraries and a nice user interface. SAS, on the
other hand, is more difficult to learn.

To add to the confusion, executives and decision makers building a new
team of data scientists sometimes don’t know exactly what they are looking for,
and they end up hiring pure tech geeks, computer scientists, or people lacking
proper big data experience. The problem is compounded by Human Resources



