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Preface

How to Read This Book

This book is intended to take a reader who deals with data in spreadsheets on a
regular basis, but has never written a line of code. The opening chapters will get
you set up with the Python environment, and teach you how to get the comput-
er to look at data and take simple actions with it. Soon, you’ll learn to do things
with data in spreadsheets (CSV files) and databases.

At first this will feel like a step backwards, especially if you’re a power user of
Excel. Painstakingly telling Python how to loop through every cell in a column
when you used to select and paste feels slow and frustrating (especially when
you have to go back three times to find a typo). But as you become more profi-
cient, you’ll start to see where Python really shines, especially in automating
tasks that you currently do over and over.

This book is written so that you can work through it from beginning to end
and feel confident that you can write code that works and does what you ex-
pect at the end. It’s probably a good idea to type out the code at first, so that
you get used to things like tabs and closing your parentheses and quotes, but
all the code is available online (see “Using Code Examples,” below) and you
may wind up referring to those links to copy and paste as you do your own work
in the future. That’s fine! Knowing when to cut-and-paste is part of being an
efficient programmer! Reading the book as you go through the examples will
teach you why and how the code samples work.

Good luck on your journey to becoming a programmer!

Conventions Used in This Book

The following typographical conventions are used in this book:

Italic
Indicates new terms, URLs, email addresses, filenames, and file extensions.

vii
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Constant width
Used for program listings, as well as within paragraphs to refer to program
elements such as variable or function names, databases, data types, envi-
ronment variables, statements, and keywords.

Constant width bold
Shows commands or other text that should be typed literally by the user.

Constant width italic
Shows text that should be replaced with user-supplied values or by values
determined by context.

This element signifies a tip or suggestion.

This element signifies a general note.

This element signifies a warning or caution.

About Early Release books from O’Reilly

This is an early release copy of The Enterprise Data Lake. The text, figures, and
examples are a work in progress, and several chapters are yet to be written. We
are releasing the book before it is finished because we hope that it is already
useful in its current form and because we would love your feedback in order to
create the best possible finished product.

If you find any errors or glaring omissions, if you find anything confusing, or
if you have any ideas for improving the book, please email the editor at tmcgo-
vern@oreilly.com

Using Code Examples

Supplemental material (virtual machine, data, scripts, and custom command-
line tools, etc.) is available for download at https://github.com/cbrownley/
foundations-for-analytics-with-python.

This book is here to help you get your job done. In general, if example code is
offered with this book, you may use it in your programs and documentation.
You do not need to contact us for permission unless you’re reproducing a signif-
icant portion of the code. For example, writing a program that uses several
chunks of code from this book does not require permission. Selling or distribut-
ing a CD-ROM of examples from O’Reilly books does require permission. An-


https://github.com/cbrownley/foundations-for-analytics-with-python
https://github.com/cbrownley/foundations-for-analytics-with-python

swering a question by citing this book and quoting example code does not re-
quire permission. Incorporating a significant amount of example code from this
book into your product’s documentation does require permission.

We appreciate, but do not require, attribution. An attribution usually in-
cludes the title, author, publisher, and ISBN. For example: “Foundations for Ana-
lytics with Python by Clinton Brownley (O’Reilly). Copyright 2016 Clinton Brown-
ley, 978-1-491-92253-8.”

If you feel your use of code examples falls outside fair use or the permission
given above, feel free to contact us at permissions@oreilly.com.

Safari® Books Online

Safari Books Online is an on-demand digital library that delivers expert
content in both book and video form from the world’s leading authors in tech-
nology and business.

Technology professionals, software developers, web designers, and business
and creative professionals use Safari Books Online as their primary resource for
research, problem solving, learning, and certification training.

Safari Books Online offers a range of plans and pricing for enterprise, gov-
ernment, education, and individuals.

Members have access to thousands of books, training videos, and prepubli-
cation manuscripts in one fully searchable database from publishers like O’Reil-
ly Media, Prentice Hall Professional, Addison-Wesley Professional, Microsoft
Press, Sams, Que, Peachpit Press, Focal Press, Cisco Press, John Wiley & Sons,
Syngress, Morgan Kaufmann, IBM Redbooks, Packt, Adobe Press, FT Press, Apr-
ess, Manning, New Riders, McGraw-Hill, Jones & Bartlett, Course Technology,
and hundreds more. For more information about Safari Books Online, please
visit us online.

How to Contact Us

Please address comments and questions concerning this book to the pub-
lisher:

+ O’Reilly Media, Inc.

+ 1005 Gravenstein Highway North

« Sebastopol, CA 95472

« 800-998-9938 (in the United States or Canada)
« 707-829-0515 (international or local)

« 707-829-0104 (fax)
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Preface

To comment or ask technical questions about this book, send email to book-
questions@oreilly.com.

For more information about our books, courses, conferences, and news, see
our website at http://www.oreilly.com.

Find us on Facebook: http://facebook.com/oreilly

Follow us on Twitter: http://twitter.com/oreillymedia

Watch us on YouTube: http://www.youtube.com/oreillymedia

Follow Clinton on Twitter: @ClintonBrownley


mailto:bookquestions@oreilly.com
mailto:bookquestions@oreilly.com
http://www.oreilly.com
http://facebook.com/oreilly
http://twitter.com/oreillymedia
http://www.youtube.com/oreillymedia
http://twitter.com/ClintonBrownley

Why Read This Book? Why Learn These Skills?

If you deal with data on a regular basis then there are a lot of reasons for you to
be excited about learning how to program. One benéefit is that you can scale
your data processing and analysis tasks beyond what would be feasible or prac-
tical to do manually. Perhaps you’ve already come across the problem of need-
ing to process large files that contain so much data that it’s impossible or im-
practical to open them. Even if you can open the files, processing them manual-
ly is time-consuming and error-prone because any modifications you make to
the data take a long time to update and with so much data it’s easy to miss a
row or column of data that you intended to change. Or perhaps you’ve come
across the problem of needing to process many files, so many files that it’s im-
possible or impractical to process them manually. In some cases, you need to
use data from dozens, hundreds, or even thousands of files. As the number of
files increases, it becomes increasingly difficult to handle them manually. In
both of these situations, writing a Python script to process the files solves your
problem because Python scripts can process large files and lots of files quickly
and efficiently.

Another benefit of learning to program is that you can automate repetitive
data manipulation and analysis processes. In many cases, the operations we
carry out on data are repetitive and time-consuming. For example, a common
data management process involves receiving data from a customer or supplier,
extracting the data you want to retain, possibly transforming or reformatting
the data, and then saving the data in a database or other data repository (this is
the process known to data scientists as ETL—extract, transform, load). Similar-
ly, a typical data analysis process involves acquiring the data you want to ana-
lyze, preparing the data for analysis, analyzing the data, and reporting the re-
sults. In both of these situations, once the process is established, it’s possible to
write Python code to carry out the operations. By creating a Python script to
carry out the operations, you reduce a time-consuming repetitive process down
to the running of a script and free up your time to work on other impactful
tasks.

On top of that, carrying out data processing and analysis operations in a
Python script instead of manually reduces the chance of errors. When you pro-
cess data manually it’s always possible to make a copy/paste error or a typo.
There are lots of reasons why this might happen - you might be working so
quickly that you miss the mistake or you might be distracted or tired. Further-
more, the chance of errors increases when you’re processing large files, lots of
files, or carrying out repetitive actions. Conversely, a Python script doesn’t get
distracted or tired. Once you debug your script and confirm that it processes

11
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the data the way you want it to, it will carry out the operations consistently and
tirelessly.

Finally, learning to program is fun and empowering. Once you’re familiar
with the basic syntax it’s fun to try to figure out which pieces of syntax you need
and how to fit them together to accomplish your overall data analysis goal.
When it comes to code and syntax, there are lots of examples online that show
you how to use specific pieces of syntax to carry out particular tasks. Online ex-
amples give you something to work with, but then you need to use your creativ-
ity and problem-solving skills to figure out how you need to modify the code
you found online to suit your needs. The whole process of searching for the
right code and figuring out how to make it work for you can be a lot of fun.
Moreover, learning to program is incredibly empowering. Imagine the situations
I mentioned above involving large files or lots of files. When you can’t program,
these situations are either incredibly time-consuming or simply infeasible. Once
you can program, you can tackle both situations relatively quickly and easily
with Python scripts. Being able to carry out data processing and analysis tasks
that were once laborious or impossible provides a tremendous rush of positive
energy, so much so that you’ll be looking for more opportunities to tackle chal-
lenging data processing tasks with Python.

Who Is This Book For?

This book is written for people who deal with data on a regular basis and have
little to no programming experience. The examples in this book cover common
data sources and formats, including text files, comma-separated values (CSV)
files, Excel files, and databases. In some cases, these files contain so much data
or there are so many files that it’s impractical or impossible to open them or
deal with them manually. In other cases, the process used to extract and use
the data in the files is time-consuming and error-prone. In these situations,
without the ability to program, you have to spend a lot of your time searching
for the data you need, opening and closing files, and copying and pasting data.

Since our audience may never have run a script before, we’ll start from the
very beginning, explaining how to write code in a text file to create a Python
script. We’ll then run our Python scripts in a Command Prompt window on Win-
dows computers and a Terminal window on Mac computers. (If you’ve done a
bit of programming, you can skim chapter 1 and get right onto the data-
analysis parts in Chapter 2.)

Another way we’ve set out to make this book very user-friendly for new pro-
grammers is that instead of presenting code snippets that you’d need to figure
out how to combine to carry out useful work, the examples in this book contain
all of the Python code you need to accomplish a specific task. You might find



that you’re coming back to this book as a reference later on, and having all the
code at hand is really helpful then. Finally, following the adage “a picture is
worth a thousand words,” this book uses screen shots of the input files, Python
scripts, Command Prompt and Terminal windows, and output files so you can
literally see how to create the inputs, code, commands, and outputs.

We’re going to go into detail and try to how things work, as well as giving
you some tools that you can put into use. This approach will help you build a
solid basis for understanding “what’s going on under the hood”—there will be
times when you Google a solution to your problem and find useful code, but
having done the exercises in this book, you’ll have a good understanding of
how code you find online works, so you know both how to apply it in your situa-
tion, and how to fix it if it breaks. As you’ll build working code through these
chapters, you may find that you’ll use this book as a reference, or a “cookbook,’
with recipes to accomplish specific tasks. But remember, this is a “learn to
cook” book; you’ll be developing skills that you can generalize and combine to
do all sorts of tasks.

Why Windows

The majority of examples in this book show how to create and run Python
scripts on Microsoft Windows computers. The focus on Windows computers is
fairly straightforward - | want this book to help as many people as possible
and, according to available estimates, the vast majority of desktop and laptop
computers—especially in business analytics—have a Windows operating sys-
tem. For instance, according to Net Applications, as of December 2014 Microsoft
Windows’ share of the desktop and laptop operating system market is approxi-
mately ninety percent. Since | want this book to appeal to desktop and laptop
users and the vast majority of these computers have a Windows operating sys-
tem, | concentrate on showing how to create and run Python scripts on Win-
dows computers.

Despite the book’s emphasis on Windows, | also provide examples of how to
create and run Python scripts on Mac computers, where it’s needed. Almost ev-
erything that happens within Python itself will happen the same no matter
what kind of machine you’re running it on. But where there are differences be-
tween operating systems, I'll give specific instructions for each. For instance,
the first example in the Python Basics chapter illustrates how to create and run
a Python script on both Microsoft Windows and Mac computers. Similarly, the
first examples in the CSV Files and Excel Files chapters also illustrate how to
create and run the scripts on both Windows and Mac computers. In addition,
the Automation chapter covers both operating systems by showing how to cre-
ate scheduled tasks on Windows computers and cron jobs on Mac computers. If

Why Windows
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you are a Mac user, use the first example in each chapter as a template for how
to create a Python script, make it executable, and run the script. Then repeat
the steps to create and run all of the remaining examples in each chapter.

Why Python

There are many reasons to choose Python if your aim is to learn how to pro-
gram in a language that will enable you to scale and automate data processing
and analysis tasks. One notable feature of Python that isn’t present in many
other languages is its use of whitespace and indentation to denote line endings
and blocks of code. Many other languages use extra characters like semi-colons
and curly braces to indicate line endings and blocks of code. This makes it rela-
tively easy to see on first glance how a program is put together.

The extra characters found in other languages are troublesome for people
who are new to programming for at least two reasons. First, they make the
learning curver longer and steeper. When you’re learning to program you’re es-
sentially learning a new language and these extra characters are one more as-
pect of the language you need to learn before you can use the language effec-
tively. Second, they can make the code difficult to read. Since in these other
languages semi-colons and curly braces denote blocks of code, people don’t al-
ways use indentation to guide your eye around the blocks of code. Without in-
dentation, these blocks of code can look like a jumbled mess of semi-colons
and curly braces.

Python side-steps these difficulties by using whitespace and indentation,
not semi-colons and curly braces, to denote blocks of code. As you look through
Python code your eyes focus on the actual lines of code rather than the delim-
iters between blocks of code because everything around the code is white-
space. Python code requires blocks of code to be indented, and indentation
makes it easy to see where one block of code ends and another begins. More-
over, the Python community emphasizes code readability, so there is a culture
of writing code that is comparatively easy to read and understand. All of these
features make the learning curve shorter and shallower, which means you can
get up and running and processing data with Python relatively quickly com-
pared to many alternatives.

Another notable feature of Python that makes it ideal for data processing
and analysis is the number of standard and add-in modules and functions that
facilitate common data processing and analysis operations. Built-ins and stan-
dard library modules and functions come standard with Python, so when you
download and install Python you immediately have access to these built-in
modules and functions. You can read about all of the built-ins and standard
modules in the Python Standard Library (PSL): https://docs.python.org/3/



library/. Add-ins are other Python modules that you download and install sepa-
rately so you can use the additional functions they provide. You can peruse
many of the add-ins in the Python Package Index (PyPl): https://
pypi.python.org/pypi.

Some of the modules in the standard library provide functions for reading
different file types (e.g. text, comma-separated values, json, html, xml), manip-
ulating numbers, strings, and dates, using regular expression pattern matching,
parsing comma-separated values files, calculating basic statistics, and writing
data to different output file types and to disk. There are too many useful add-in
modules to cover them all, but a few that we’ll use or discuss in this book in-
clude xlrd and xlwt, mysqlclient/MySQL-python/MySQLdb, pandas, statsmo-
dels, and scikit-learn. xlrd and xlwt provide functions for parsing and writing
Microsoft Excel workbooks. mysqlclient/mysgl-python/MySQLdb provides func-
tions for connecting to MySQL databases and executing queries on tables in da-
tabases. pandas provides functions for reading different file types, managing,
filtering, and transforming data, aggregating data and calculating basic statis-
tics, as well as creating different types of plots. statsmodels provides functions
for estimating statistical models, including linear regression models, general-
ized linear models, and classification models. scikit-learn provides functions for
estimating statistical machine learning models, including regression, classifica-
tion, and clustering, as well as carrying out data pre-processing, dimensionality
reduction, and cross-validation.

If you’re new to programming and you’re looking for a programming lan-
guage that will enable you to automate and scale your data processing and
analysis tasks, then Python is an ideal choice. Python’s emphasis on white-
space and indentation means the code is easier to read and understand, which
makes the learning curve shorter and shallower than for other languages.
Python’s built-in and add-in packages facilitate many common data manipula-
tion and analysis operations, which makes it easy to complete all of your data
processing and analysis tasks in one place.

Base Python and Pandas

Pandas is an add-in module for Python that provides a lot of functions for read-
ing/writing, combining, transforming, and managing data. It also has functions
for calculating statistics and creating graphs and plots. All of these functions
simplify and reduce the amount of code you have to write to accomplish your
data processing tasks. The module has become very popular among data ana-
lysts and others who use Python because it offers a lot of helpful functions, it’s
fast and powerful, and it simplifies and reduces the code you have to write to
get your job done. Given its power and popularity, | want to introduce you to

Base Python and Pandas
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Pandas in this book. To do so, | present Pandas versions of the scripts in the CSV
and Excel chapters, | illustrate how to create graphs and plots with Pandas in
the Graphing and Plotting chapter, and | demonstrate how to calculate various
statistics with Pandas in the Data Analysis chapter. | also encourage you to pick
up a copy of Wes McKinney’s book, Python for Data Analysis

. He’s the original developer of the Pandas module and his book is an excel-
lent introduction to Pandas, NumPy, and IPython (additional add-in modules
you’ll want to learn about as you broaden your knowledge of Python for data
analysis).

At the same time, if you’re new to programming | also want you to learn ba-
sic programming skills. If you learn these skills, then you’ll develop generally
applicable problem-solving skills that will enable you to break down complex
problems into smaller components, solve the smaller components, and then
combine the components together to solve the larger problem. You’ll also de-
velop intuition for which data structures and algorithms you can use to solve
different problems efficiently and effectively. In addition, there are times when
an add-in module like Pandas doesn’t have the functionality you need or isn’t
working the way you need it to. In these situations, if you don’t have basic pro-
gramming skills you’re stuck. Conversely, if you do have these skills you can
create the functionality you need and solve the problem on your own. Being
able to solve a programming problem on your own is exhilarating and incredi-
bly empowering.

Since this book is for people who are new to programming, the focus is on
basic, generally applicable programming skills. For instance, the Python Basics
chapter introduces fundamental concepts, such as data types, data containers,
control flow, functions, if-else logic, and reading and writing files. In addition,
the CSV and Excel chapters present two versions of each script, a base Python
version and a Pandas version. In each case, | present and discuss the base
Python version first so you learn how to implement a solution on your own with
general code, and then | present the Pandas version. My hope is that you devel-
op fundamental programming skills from the base Python versions so you can
use the Pandas versions with a firm understanding of the concepts and opera-
tions Pandas simplifies for you.

Anaconda Python

When it comes to Python, there are a variety of applications in which you can
write your code. For example, if you download Python from Python.org, then
your installation of Python comes with a graphical user interface text editor
called Idle. Alternatively, you can download IPython Notebook and write your
code in an interactive, web-based environment. If you’re working on a Mac



computer or you’ve installed Cygwin on a Microsoft Windows computer then
you can write your code in a Terminal window using one of the built-in text edi-
tors like Nano, Vim, or Emacs. If you’re already familiar with one of these appli-
cations, then feel free to use it to follow along with the examples in this book.

However, in this section I’m going to provide instructions for downloading
and installing the free Anaconda Python distribution from Continuum Analytics
because it has some advantages over the alternatives for a beginning program-
mer—and for the advanced programmer, too! The major advantage is that it
comes with hundreds of the most popular add-in Python packages pre-
installed so you don’t have to experience the inevitable headaches of trying to
install them and their dependencies on your own. For example, all of the add-in
packages we use in this book come pre-installed in Anaconda Python.

Another advantage is that it comes with an integrated development environ-
ment called Spyder. Spyder provides a convenient interface for writing, execut-
ing, and debugging your code, installing packages, and launching IPython
Notebooks. It includes nice features, such as links to online documentation,
syntax coloring, keyboard shortcuts, and error warnings.

Another nice aspect of Anaconda Python is that it’s cross-platform - there
are versions for Linux, Mac, and Windows computers. So if you learn to use it on
a Windows computer and then you need to transition to a Mac you’ll still be
able to use the same familiar interface.

One aspect of Anaconda Python to keep in mind while you’re becoming fa-
miliar with Python and all of the available add-in packages is the syntax you
use to install add-in packages. In Anaconda Python, you use the conda in-
stall command to install add-in packages. For example, to install the add-in
package, argparse, you would type conda install argparse. This syntax is
different than the usual pip install command you’d use if you’d installed
Python from Python.org. If you’d installed Python from Python.org, then you’d
install the argparse package with python -m pip install argparse. Ana-
conda Python also allows you to use the pip install syntax, so you can use
either method to install an add-in package. It’s helpful to be aware of this slight
difference while you’re learning to install add-in packages.

To install Anaconda Python (Windows or Mac)

Go to: http://continuum.io/downloads (The website automatically detects your
Operating System, i.e. Windows or Mac)

Click “I WANT PYTHON 3.5*”

Click “Windows 64-bit Python 3.4 Graphical Installer” or“Mac OS X 64-bit
Python 3.4 Graphical Installer”

Double-click the downloaded .exe or .pkg file

Anaconda Python
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Follow the installer’s instructions

Text Editors

Even though we’ll be using Anaconda Python and Spyder in this book, it’s help-
ful to be familiar with some plain text editors that provide features for writing
Python code. For instance, if you didn’t want to use Anaconda Python then you
could simply install Python from Python.org and then use a plain text editor like
Notepad for Microsoft Windows or TextEdit for Mac computers. To use TextEdit
to write Python scripts, you need to open TextEdit and change the radio button
under TextEdit > Preferences from Rich text to Plain text so new files open as
plain text. Then you’ll be able to save the files with a “.py” extension.

An advantage of writing your code in a plain text editor is that a text editor
should already be on your computer, so you don’t have to worry about down-
loading and installing additional software. Another advantage is that most
desktops and laptops ship with a plain text editor so if you ever have to work on
a different computer, e.g. one that doesn’t have Spyder or a Terminal window,
you’ll be able to get up-and-running quickly with whatever text editor is avail-
able on the computer.

While writing your Python code in a text editor like Notepad or TextEdit
is completely acceptable and effective, there are other free text editors you can
download that offer additional features like code highlighting, adjustable tab
sizes, and multi-line indenting and dedenting. These features, particularly code
highlighting and multi-line indenting and dedenting, are incredibly helpful, es-
pecially while you’re learning to write and debug your code.

Below is a non-comprehensive list of some free text editors that offer these
features:

Microsoft Windows

+ Notepad++
http://notepad-plus-plus.org/

o Sublime Text
http://www.sublimetext.com/
« jEdit
http://www.jedit.org/

Macintosh

« Sublime Text
http://www.sublimetext.com/

. jEdit



http://www.jedit.org/

+ TextWrangler
http://www.barebones.com/products/textwrangler/

Again, I’ll be using Anaconda Python and Spyder in this book but feel free to
use a plain text editor to follow along with the examples. If you download one
of these editors, be sure to search online for the keystroke combination to use
to indent and dedent multiple lines at a time. It’ll make your life a lot easier
when you start experimenting with and debugging blocks of code.

Download Book Materials

All of the Python scripts, input files, and output files presented in this book are
available  online at:  https://github.com/cbrownley/foundations-for-
analytics-with-python

It’s possible to download the whole folder of materials to your computer, but
it’s probably simpler to just click on the filename and copy-paste the script into
your text editor. (Github is a website for sharing and collaborating on code—it’s
very good at keeping track of different versions of a project and managing the
collaboration process, but it has a pretty steep learning curve. When you’re
ready to start sharing your code and suggesting changes to others’, you might
take a look at Learning Git.)

Base Python and Pandas

Pandas is an add-in module for Python that provides a lot of functions for read-
ing/writing, combining, transforming, and managing data. It also has functions
for calculating statistics and creating graphs and plots. All of these functions
simplify and reduce the amount of code you have to write to accomplish your
data processing tasks. The module has become very popular among data ana-
lysts and others who use Python because it offers a lot of helpful functions, it’s
fast and powerful, and it simplifies and reduces the code you have to write to
get your job done. Given its power and popularity, | want to introduce you to
Pandas in this book. To do so, | present Pandas versions of the scripts in the CSV
and Excel chapters, | illustrate how to create graphs and plots with Pandas in
the Graphing and Plotting chapter, and | demonstrate how to calculate various
statistics with Pandas in the Data Analysis chapter. | also encourage you to pick
up a copy of Wes McKinney’s book, Python for Data Analysis He’s the original
developer of the Pandas module and his book is an excellent introduction to
Pandas, NumPy, and IPython (additional add-in modules you’ll want to learn
about as you broaden your knowledge of Python for data analysis).

Download Book Materials
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At the same time, if you’re new to programming | also want you to learn ba-
sic programming skills in “base” or “pure” Python. If you learn these skills, then
you’ll develop generally applicable problem-solving skills that will enable you
to break down complex problems into smaller components, solve the smaller
components, and then combine the components together to solve the larger
problem. You’ll also develop intuition for which data structures and algorithms
you can use to solve different problems efficiently and effectively. In addition,
there are times when an add-in module like Pandas doesn’t have the function-
ality you need or isn’t working the way you need it to. In these situations, if you
don’t have basic programming skills you’re stuck. Conversely, if you do have
these skills you can create the functionality you need and solve the problem on
your own. Being able to solve a programming problem on your own is exhilarat-
ing and incredibly empowering.

Since this book is for people who are new to programming, the focus is on
basic, generally applicable programming skills. For instance, the Python Basics
chapter introduces fundamental concepts, such as data types, data containers,
control flow, functions, if-else logic, and reading and writing files. In addition,
the CSV and Excel chapters present two versions of each script, a base Python
version and a Pandas version. In each case, | present and discuss the base
Python version first so you learn how to implement a solution on your own with
general code, and then | present the Pandas version. My hope is that you devel-
op fundamental programming skills from the base Python versions so you can
use the Pandas versions with a firm understanding of the concepts and opera-
tions Pandas simplifies for you.

Overview of Chapters

Chapter 1: Python Basics

The Python Basics chapter covers how to create and run a Python script, as well
as a lot of basic Python syntax. The chapter focuses on the elements of Python
that you need to know for later chapters in the book. For example, the chapter
discusses basic data types like numbers and strings and how you can manipu-
late them. It explains the main data containers, i.e. lists, tuples, and dictionar-
ies, and how you use them to store and manipulate your data. It also covers
how to deal with dates, as dates often appear in business analysis. The chapter
also discusses programming concepts like control flow, functions, and excep-
tions since these are important elements for including business logic in your
code and gracefully handling errors. Finally, the chapter explains how to get
your computer to read a text file, read multiple text files, and write to a CSV-
formatted output file. These are important techniques for accessing input data



and retaining specific output data that we expand on in later chapters in the
book.

Chapter 2: CSV Files

The CSV Files chapter covers how to read and write CSV files. The chapter starts
with an example of parsing a CSV input file “by-hand,” without Python’s built-in
csv module. It transitions to an illustration of potential problems with this
method of parsing and then presents an example of how to avoid these poten-
tial problems by parsing a CSV file with Python’s cvs module. Next, the chapter
discusses how to use three different types of conditional logic to filter for spe-
cific rows from the input file and write them to a CSV output file. Then the chap-
ter presents two different ways to filter for specific columns and write them to
the output file. After covering how to read and parse a single CSV input file, the
chapter moves on to discussing how to read and process multiple CSV files. The
examples in this section include presenting summary information about each
of the input files, concatenating data from the input files, and calculating basic
statistics for each of the input files. The chapter ends with a couple of examples
of less common procedures, including selecting a set of contiguous rows and
adding a header row to the data set.

Chapter 3: Excel Files

The Excel Files chapter covers how to read Excel workbooks with a downloada-
ble, add-in module called xlrd. The chapter starts with an example of intro-
specting an Excel workbook, i.e. presenting how many worksheets the work-
book contains, the names of the worksheets, and the number of rows and col-
umns in each of the worksheets. Since Excel stores dates as numbers, the next
section illustrates how to use a set of functions to format dates so they appear
as dates instead of as numbers. Next, the chapter discusses how to use three
different types of conditional logic to filter for specific rows from a single work-
sheet and write them to a CSV output file. Then the chapter presents two differ-
ent ways to filter for specific columns and write them to the output file. After
covering how to read and parse a single worksheet, the chapter moves on to
discussing how to read and process all worksheets in a workbook and a subset
of worksheets in a workbook. The examples in these sections show how to filter
for specific rows and columns in the worksheets. After discussing how to read
and parse any number of worksheets in a single workbook, the chapter moves
on to discussing how to read and process multiple workbooks. The examples in
this section include presenting summary information about each of the work-
books, concatenating data from the workbooks, and calculating basic statistics
for each of the workbooks. The chapter ends with a couple of examples of less
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common procedures, including selecting a set of contiguous rows and adding a
header row to the data set.

Chapter 4: Databases

The Databases chapter covers how to carry out basic database operations in
Python. The chapter starts with examples that use Python’s built-in sqlite3
module so that you don’t have to install any additional software. The examples
illustrate how to carry out some of the most common database operations, in-
cluding creating a database and table, loading data in a CSV input file into a da-
tabase table, updating records in a table using a CSV input file, and querying a
table. When you use the sqlite3 module, the database connection details are
slightly different than the ones you would use to connect to other database sys-
tems like MySQL, PostgreSQL, and Oracle. To show this difference, the second
half of the chapter demonstrates how to interact with a MySQL database sys-
tem. If you don’t already have MySQL on your computer, the first step is to
download and install MySQL. From there, the examples mirror the sqlite3 exam-
ples, including creating a database and table, loading data in a CSV input file
into a database table, updating records in a table using a CSV input file, query-
ing a table, and writing query results to a CSV output file. Together, the exam-
ples in the two halves of the chapter provide a solid foundation for carrying out
common database operations in Python.

Chapter 5: Applications

The Applications chapter contains three examples that demonstrate how to
combine techniques presented in earlier chapters to tackle three different
problems that are representative of some common data processing and analy-
sis tasks. The first application covers how to find specific records in a large col-
lection of Excel and CSV files. As you can imagine, it’s a lot more efficient and
fun to have a computer search for the records you need than it is for you to
search for them. Opening, searching in, and closing dozens of files isn’t fun, and
the task becomes more and more challenging as the number of files increases.
Since the problem involves searching through CSV and Excel files, the example
utilizes a lot of the material covered in the CSV and Excel chapters.

The second application covers how to group or “bin” data into unique cate-
gories and calculate statistics for each of the categories. The specific example is
parsing a CSV file of customer service package purchases that shows when cus-
tomers paid for particular service packages (i.e. Bronze, Silver, or Gold), organ-
izing the data into unique customer names and packages, and adding up the
amount of time each customer spent in each package. The example uses two
building blocks, creating a function and storing data in a dictionary, which are



introduced in the Python Basics chapter but aren’t used in the CSV, Excel, or Da-
tabases chapters. The example also introduces another new technique, keeping
track of the previous row you processed and the row you’re currently process-
ing, in order to calculate a statistic based on values in the two rows. These two
techniques—grouping or binning data with a dictionary and keeping track of
the current row and the previous row—are very powerful capabilities that en-
able you to handle many common analysis tasks that involve events over time.

The third application covers how to parse a text file, group or bin data into
categories, and calculate statistics for the categories. The specific example is
parsing a MySQL error log file, organizing the data into unique dates and error
messages, and counting the number of times each error message appeared on
each date. The example reviews how to parse a text file, a technique that briefly
appears in the Python Basics chapter and then disappears while we cover CSV
files, Excel files, and databases. The example also shows how to store informa-
tion separately in both a list and a dictionary in order to create the header row
and the data rows for the output file. This is a reminder that you can parse text
files with basic string operations and another good example of how to use a
nested dictionary to group or bin data into unique categories.

Chapter 6: Graphing and Plotting

The Graphing and Plotting chapter covers how to create common statistical
graphs and plots in Python with four plotting libraries - matplotlib, pandas,
ggplot, and seaborn. The chapter begins with matplotlib because it’s a long-
standing package with lots of documentation. (In fact, pandas and seaborn are
built on top of matplotlib.) The matplotlib section illustrates how to create his-
tograms, bar, line, scatter, and box plots. The pandas section discusses some of
the ways pandas simplifies the syntax you need to create these plots and illus-
trates how to create them with pandas. The ggplot section notes the library’s
historical relationship with R and the Grammar of Graphics and illustrates how
to use ggplot to build some common statistical plots. Finally, the seaborn sec-
tion discusses how to create standard statistical plots as well as plots that
would be more cumbersome to code in matplotlib.

Chapter 7: Data Analysis

The Data Analysis chapter covers how to produce standard summary statistics
and estimate regression and classification models with the pandas and stats-
models packages. pandas has functions for calculating measures of central
tendency, such as mean, median, and mode, as well as function for calculating
dispersion, such as variance and standard deviation. It also has functions for
grouping data, which makes it easy to calculate these statistics for different
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groups of data. The statsmodels package has functions for estimating many
types of regression and classification models. The chapter illustrates how to
build multivariate linear regression and logistic classification models based on
data in pandas DataFrames and then use the models to predict output values
for new input data.

Chapter 8: Automation

The Automation chapter covers how to schedule your scripts to run auto-
matically on a routine basis on both Microsoft Windows and Mac computers.
Until this chapter, we ran the scripts manually on the command line. Running a
script manually on the command line is convenient when you’re debugging the
script or running it on an ad-hoc basis. However, if your script needs to run on a
routine basis (e.g. daily, weekly, monthly, or quarterly) or you need to run lots
of scripts on a routine basis, then having to run scripts manually on the com-
mand line is a nuisance. On Windows computers, you create scheduled tasks to
run scripts automatically on a routine basis. On Mac computers, you create cron
jobs, which perform the same actions. The chapter includes several screen
shots to show you how to create and run scheduled tasks and cron jobs. By
scheduling your scripts to run on a routine basis, you don’t ever forget to run a
script and you can scale beyond what’s possible when you’re running scripts
manually on the command line.

Chapter 9: Conclusion

The Conclusion chapter covers some additional built-in and add-in Python
modules and functions that are important for data processing and analysis
tasks, as well as some additional data structures and algorithms that will en-
able you to efficiently handle a variety of complex programming problems you
may run into as you move beyond the topics covered in this book. Built-ins are
bundled into the Python installation so they are immediately available to you
when you install Python. The built-in modules discussed in this chapter include
collections, random, statistics, itertools, and operator. The built-in functions in-
clude enumerate, filter, reduce, and zip. Add-in modules don’t come with the
Python installation so you have to download and install them separately. The
add-in module discussed in this chapter is Scikit-Learn. This module provides
functions that simplify data pre-processing, dimensionality reduction, model-
ing, cross-validation, and prediction. The section on data structures and algo-
rithms summarizes stacks, queues, trees, and graphs, as well as brute force, di-
vide and conquer, greedy, and dynamic programming algorithms.



Python Basics

Running Python in the Shell

Many books and online tutorials about Python show you how to execute code
in the Python shell. To run Python code in this way, you’ll open a Command
Prompt window (in Windows) or a Terminal window (on a Mac) and type
“python” to get a Python prompt (which looks like this:>>>) and then simply
type your commands one at a time; then Python will execute them.

The following are two typical examples:

1.
>>> 4 + 5
9

>>> print("I'm excited to learn Python.")
I’m excited to learn Python

This method of executing code is fast and fun, but it doesn’t scale well as the
number of lines of code grows. When what you want to accomplish requires
many lines of code it is easier to write all of the code in a text file as a Python
script, and then run the script This section shows you how to create a Python
script.

How To Create a Python Script

To create a Python script:

1. Open the Spyder IDE or a text editor (e.g. Notepad, Notepad++, or Sub-
lime Text on a Windows computer; TextMate, TextWrangler, or Sublime
Text on a Mac)

2. Write the following two lines of code in the text file:
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#!/usr/bin/env python3
print("Output #1: I'm excited to learn Python.")

Thefirst line is a special line called the shebang, which you should always
include as the very first line in your Python scripts. Notice that the first
character is the pound or hash character, #. The # character precedes a
single-line comment, so the line of code isn’t read or executed on a Win-
dows computer. However, Macintosh and Unix computers use the line to
find the version of Python to use to execute the code in the file. Since Win-
dows machines ignore the line and Macintosh and Unix computers use
the line, the line makes the script transferable among the three types of
computers.
The second line is a simple print statement. This line will print the text
between the double quotes to the Command Prompt (Microsoft Win-
dows) or Terminal (Mac) window.

3. Open the ‘Save As’ dialog box.

4. Inthe location box, navigate to your Desktop so the file will be saved on
your Desktop.

5. In the format box, select ‘All Files’ so that the dialog box doesn’t select a
file type

6. Inthe ‘Save As’ or ‘File Name’ box, type

first_script.py
In the past you’ve probably saved a text file as a .txt file. However, in this

case we want to save it as a .py file to create a Python script.
7. Click ‘Save’

You’ve created a Python script.
Here’s what it looks like:

Anaconda Spyder

IMAGE

Notepad++ on Windows

IMAGE

TextWrangler on Mac

IMAGE



How to Run a Python Script

The next section will explain how to run the Python script in the Command
Prompt or Terminal window. You’ll see that it’s as easy to run it as it was to cre-
ate.

How to Run a Python Script

Spyder IDE

If you created the file in the Spyder IDE, then you can run the script by clicking
on the green triangle run button in the upper left hand corner of the IDE:
IMAGE

When you click the green triangle run button you’ll see the output displayed
in the Python console in the lower right hand side of the IDE. Figure 5 displays
both the green run button and the output inside red boxes.

Alternatively, you can run the script in a Command Prompt (Windows) or
Terminal (Mac) window. To do so, type the following depending on your operat-
ing system:

Windows Command Prompt

1. Open a Command Prompt window
When the window opens the prompt will be in a particular folder, also
known as a directory (e.g. “ C:\Users\Clinton ” or “C:\Users\Clin-
ton\Documents”)

2. Navigate to your Desktop (where we saved the Python script)
To do so, type the following line and then hit Enter:
cd “C:\Users\[Your Name]\Desktop”
Replace the square brackets and everything in between with your com-
puter account name, which is usually your name. For example, on my
computer I'd type: cd “C:\Users\Clinton\Desktop”
At this point, the prompt should look like C:\Users\Clinton\Desktop and
we are exactly where we need to be since this is where we saved the
Python script. The last step is to run the script.

3. Run the Python script
To do so, type the following line and then hit Enter:
python first_script.py
After you hit Enter you should see the following output printed to the
Command Prompt window:

Output#1: I'm excited to learn Python
IMAGE
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Terminal (Mac)

1. Open a Terminal window

When the window opens the prompt will be in a particular folder, also
known as a directory (e.g. /Users/clinton or /Users/clinton/Documents)

. Navigate to your Desktop, where we saved the Python script

To do so, type the following line and then hit Enter:

cd /Users/[Your Name]/Desktop

Replace the square brackets and everything in between with your com-
puter account name, which is usually your name. For example, on my
computer I'd type: cd /Users/clinton/Desktop

At this point, the prompt should look like /Users/clinton/Desktop and we
are exactly where we need to be since this is where we saved the Python
script. The last step is to run the script.

. Make the Python script executable

To do so, type the following line and then hit Enter:

chmod +x first_script.py

The chmod command is a Unix command that stands for change access
mode. The +x specifies that you are adding the execute access mode, as
opposed to the read or write access modes, to your access settings so
Python can execute the code in the script. You have to run the chmod
command once for each Python script you create to make the script exe-
cutable. Once you’ve run the chmod command once on a file, you can run
the script as many times as you like without re-typing the chmod com-
mand.

. Run the Python script

To do so, type the following line and then hit Enter:

./first_script.py

After you hit Enter you should see the following output printed to the Ter-
minal window:

Output#1: I'm excited to learn Python

IMAGE



A few more hints for interacting with the command line

A few more hints for interacting with the
command line

Up Arrow for Previous Command

One nice feature of Command Prompt and Terminal windows is that you can
press the up arrow to retrieve your previous command. Try pressing the up ar-
row in your Command Prompt or Terminal window now to retrieve your previ-
ous command, python first_script.py on Windows or ./
first_script.pyon Mac.

This feature, which reduces the amount of typing you have to do each time
you want to run a Python script, is very convenient, especially when the name
of the Python script is long or you’re supplying additional arguments, like the
names of input files or output files, on the command line.

Ctrl+c to Stop a Script

Now that you’ve run a Python script, this is a good time to mention how to in-
terrupt and stop a Python script. There are quite a few situations in which it be-
hooves you to know how to stop a script. For example, it’s possible to write
code that loops endlessly such that your script will never finish running. In oth-
er cases, you may write a script that takes a long time to complete and decide
that you want to halt the script prematurely if you’ve included print statements
and they show that it’s not going to produce the desired output.

To interrupt and stop a script at any point after you’ve started running the
script, press Ctrl+c on Microsoft Windows computers and control+c on Mac
computers. This will stop the process that you started with your command. You
won’t need to worry too much about the technical details, but a process is a
computer’s way of looking at a sequence of commands. You write a script or
program and the computer interprets it as a process, or, if it’s more complicat-
ed, as a series of processes that may go on sequentially or at the same time.

Read and Search for Solutions to Error Messages

Since we’re on the topic of dealing with troublesome scripts, let’s also briefly
talk about what to do when you type python first_script.py orattemptto
run any Python script and instead of running properly your Command Prompt
or Terminal window shows you an error message. The first thing to do is relax
and read the error message. In some cases, the error message clearly directs
you to the line in your code with the error so you can focus your efforts around
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that line to debug the error (your text editor or IDE will have a setting to show
you line numbers; if it doesn’t do it automatically, poke around the menus or do
an internet search for how). It’s also important to realise that error messages
are a part of programming, so learning to code involves learning how to debug
errors effectively.

Moreover, since error messages are common, it’s usually relatively easy to
figure out how to debug an error because you’re probably not the first person
to have encountered the error and looked for solutions online. One of your best
options is to copy the entire error message, or at least the generic portion of the
message, into your search engine (e.g. Google or Bing) and read in the top few
links about how other people have debugged the error.

It’s also helpful to be familiar with Python’s built-in exceptions, so you can
recognize these standard error messages and know how to fix the errors. You
can read about Python’s built-in exceptions in the Python Standard Library at:
https://docs.python.org/3/library/exceptions.html, but it’s still helpful to search
for these error messages online to read about how other people have dealt with
them.

Add More Code to first_script.py

Now, to become more comfortable with writing Python code and running your
Python script, try editing first_script.py by adding more lines of code and then
re-running the script. For extended practice, add each of the blocks of code
shown in this chapter at the bottom of the script beneath any preceding code,
re-save the script, and then re-run the script.

For example, add the two blocks of code shown below beneath the existing
print statement, re-save the script, and then re-run the script (remember, after
you add the lines of code to first_script.py and re-save the script, press the up
arrow to retrieve the command you use to run the script so you don’t have to
type it again):

This 1ine and the next line are comment lines
# Add two numbers together

X =4
y=>5
Z=X+Yy

print("Output #2: Four plus five equals {0:d}.".format(z))
# This line and the next line are comment lines

# Add two lists together

a=[1, 2, 3, 4]

b = ["first", "second", "third", "fourth"]
c=a+b

print("Output #3: {0}, {1}, {2}".format(a, b, <))



A few more hints for interacting with the command line

The first of these two examples shows how to assign numbers to variables,
add variables together, and format a print statement. Let’s examine the syntax
in the print statement, “{0:d}”.format(z). The curly braces { } are a placeholder
for the value that’s going to be passed into the print statement, which in this
case comes from the variable z. The 0 points to the first position in the variable
z. In this case z contains a single value so the 0 points to that value, but if z were
a list or tuple and contained many values the 0 would specify to only pull in the
first value from z.

The colon separates the value to be pulled in from the formatting of that val-
ue. The d specifies that the value should be formatted as a digit with no deci-
mal places. In the next section we’ll see how to specify how many decimal
places to show for a floating-point number.

The second example shows how to create lists, add lists together, and print
variables separated by a commas to the screen. The syntax in the print state-
ment “{0}, {1}, {2}”.format(a, b, c) shows how to include multiple
values in the print statement. The value in a is passed into {0}, the value in b is
passed into {1}, and the value c is passed into {2}. Since all three of these values
are lists, as opposed to numbers, we don’t specify a number format for the val-
ues. We'll be discussing these procedures and many more in the following sec-
tions in this chapter.

WHY USE .FORMAT WHEN PRINTING?

.format isn’t something you have to use with every print statement, but it’s very
powerful and can save you a lot of keystrokes. We’ll go into more uses of .format but
in the example you just created, note that print("Output #3: {0}, {1}, {2}".for-
mat(a, b, c)) gives the contents of your three variables separated by commas. If you
wanted to get that result without using .format, you’d need: print("Output #3:
",a,", ",b,", ",c), a piece of code that gives you lots of opportunities for typos.
We’ll cover other uses of .format but in the meantime, get comfortable with it so
you have options when you need them.

IMAGE 8 IMAGE 9
If you add the preceding lines of code to first_script.py, then when you re-

save and re-run the script you should see the following output printed to the
screen:
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Output #1: I'm excited to learn Python
Output #2: Four plus five equals 9
Output #3: [1, 2, 3, 4] ['first', 'second', 'third', 'fourth'] [1, 2, 3, 4, 'first'

IMAGE 10

Python’s Basic Building Blocks

With these two skills, (1) creating Python scripts and (2) running Python scripts,
you now have the basic skills necessary for writing Python scripts that can au-
tomate and scale existing manual business processes. Later chapters will go in-
to much more detail about how to use Python scripts to automate and scale
these processes, but before moving on it’s important to become more familiar
with some of Python’s basic building blocks. By becoming more familiar with
these building blocks you’ll understand and be much more comfortable with
how they’ve been combined in later chapters to accomplish specific data pro-
cessing tasks. Without further ado, here are some of Python’s basic building
blocks: first we’ll deal with some of the most common data types in Python,
and then we’ll work through ways to make your programs make decisions
about data with “if” statements and functions. Then we’ll work with the practi-
calities of having Python read and write to files that you can use in other pro-
grams or read directly: text and simple table (CSV) files.

Numbers

Integers

One of Python’s basic data types is numbers. This is obviously great since many
business applications have to do with analyzing and processing numbers. The
four main types of numbers in Python are: integer, floating-point, long, and
complex. This section covers integer and floating-point numbers since they are
the most common in business applications. You can add the following exam-
ples dealing with integer and floating-point numbers to first_script.py be-
neath the existing examples and re-run the script to see the output printed to
the screen. Let’s dive straight into a few examples involving integers:

X =9

print("Output #4: {0}".format(x))

print("Output #5: {0}".format(3**4))
print("Output #6: {0}".format(int(8.3)/int(2.7)))
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Output #4 shows how to assign an integer, the number 9, to the variable x
and how to print the x variable. Output #5 illustrates how to raise the number 3
to the power of 4 (which equals 81), and print the result. Outputs #6 and #7
demonstrate how to cast numbers as integers and perform division. In Output
#6, the numbers are cast as integers with the built-in int function, so the equa-
tion becomes 8 divided by 2, which equals 4.0.

Floating-point numbers

Like integers, floating-point numbers—numbers with decimal points—are very
important to many business applications. The following are a few examples in-
volving floating-point numbers:

print("Output #7: {0:.3f}".format(8.3/2.7))
y = 2.5%4.8

print("Output #8: {0:.1f}".format(y))

r = 8/float(3)

print("Output #9: {0:.2f}".format(r))
print("Output #10: {0:.4f}".format(8.0/3))

Output #7 is much like Output #6 directly above it, except we're keeping the
numbers to divide as floating-point numbers so the equation is 8.3 divided by
2.7: approximately 3.074. The syntax in the print statement in this example,
“{0:.3f}”.format(floating-point number / floating-point num-
ber), shows how to specify the number of decimal places to show in the print
statement. In this case, the .3f specifies that the output value should be printed
with three decimal places.

Output #8 shows multiplying 2.5 times 4.8, assigning the result into the vari-
able y, and printing the value with one decimal place. Multiplying these two
floating-point numbers together results in 12, so the value printed is 12.0. Out-
puts #9 and #10 show dividing the number 8 by the number 3 in two different
ways. The result in both, approximately 2.667, is a floating-point number.

An important detail to know about dealing with numbers in Python is that
there are several built-in functions and modules you can use to perform com-
mon mathematical operations. You’ve already seen two built-in functions, int
and float, for manipulating numbers. Another useful built-in module is the
math module.

Python’s built-in modules are on your computer when you install Python,
but when you start up a new script, the computer only loads a very basic set of
operation (this is part of why Python is quick to start up). To make a function in
the math module available to you in your script, all you have to do is add from
math import [function name] at the top of your script right beneath the
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shebang. For example, add the following line at the top of first_script.py,
below the shebang:

#!/usr/bin/env python3
from math import exp, log, sqrt

Once you’ve added this phrase to the top of first_script.py, you have three
useful mathematical functions as your disposal. The functions exp, log, and sqrt
take the number e to the power of the number in the parentheses, take the nat-
ural log of the number in parentheses, and take the square root of the number
in parentheses, respectively. The following are a few examples of using these
math module functions:

print("Output #11: {0:.4f}".format(exp(3)))
print("Output #12: {0:.2f}".format(log(4)))
print("Output #13: {0:.1f}".format(sqrt(81)))

The results of these three mathematical expressions are floating-point num-
bers, approximately 20.0855, 1.39, and 9.0, respectively.

This is just the beginning of what’s available in the mathmodule. There are
many more useful mathematical functions and modules in built-in to Python,
for business, scientific, statistical, and other applications, and we’ll meet quite
a few more in this book. For more information about these and other built-in
functions and modules, you can peruse the Python Standard Library at:
https://docs.python.org/3/library/index.html.

Strings

A string is another basic data type in Python; it usually means human-readable
text—and that’s a useful way to think about it, but it’s generally a sequence of
characters that only has meaning when they’re all in that sequence. Strings ap-
pear in many business applications, including supplier and customer names
and addresses, comment and feedback data, event logs, and documentation.
Some things look like integers, but they’re actually strings. Think of ZIP codes,
for example: the ZIP code 01111 (Springfield, Massachusetts) isn’t the same as
the integer “1111”—you can’t (meaningfully) add, subtract, multiply, or divide
ZIP codes—and you’d do well to treat ZIP codes as strings in your code. This
section covers some modules, functions, and operations you can use to man-
age strings.

As mentioned, strings are delimited by single, double, triple single, or triple
double quotations. The following are a few examples of strings:
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print("Output #14: {0:s}".format('I\'m enjoying learning Python.'))

print("Output #15: {0:s}".format("This is a long string. Without the backslash it would run o
on the right in the text editor and be very difficult to read and edit. By using \

the backslash you can split the long string into smaller strings on separate lines \

so that the whole string is easy to view in the text editor."))

print("Output #16: {0:s}".format('''You can use triple single quotations

for multi-line comment strings.'''))

print("Output #17: {0:s}".format("""You can also use triple double quotations
for multi-line comment strings."""))

Output #14 is similar to the one at the beginning of this chapter. It shows a
simple string delimited by single quotes. The result of this print statement is
“I’m enjoying learning Python.” Remember, if we had used double quotes to de-
limit the string it wouldn’t have been necessary to include a backslash before
the single quote in the contraction I'm.

Output #15 shows how you could use a single backslash to split a long one-
line string across multiple lines so that it’s easier to read and edit. Even though
the string is split across multiple lines in the script it is still a single string and
will print as a single string. An important point about this method of splitting a
long string across multiple lines is that the backslash must be the last character
on the line. This means that if you accidentally hit the spacebar so that there is
an invisible space after the backslash your script will throw a syntax error in-
stead of doing what you want it to do. For this reason, it’s prudent to use triple
single or triple double quotes to create multi-line strings.

Outputs #16 and #17 show how to use triple single and triple double quotes
to create multi-line strings. The output of these examples is, respectively:

Output #16: You can use triple single quotations

for multi-line comment strings.

Output #17: You can also use triple double quotations
for multi-line comment strings.

By using triple single or double quotes you do not need to include a back-
slash at the end of the top line. Also, notice the difference between Output #15
and Outputs #16 and #17 when printed to the screen. The code for Output #15
is split across multiple lines with single backslashes as line endings, making
each line of code shorter and easier to read, but it prints to the screen as one
long line of text. Conversely, Outputs #16 and #17 use triple single and double
quotes to create multi-line strings and they print to the screen on separate
lines.
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As with numbers, there are many built-in modules, functions, and operators
you can use to manage strings. A few useful operators and functions include +,
*,and len. The following are a few examples of using these operators on strings:

stringl = "This is a
string2 = "short string."

sentence = stringl + string2

print("Output #18: {0:s}".format(sentence))

print("Output #19: {0:s} {1:s}{2:s}".format("She is", "very "*4, "beautiful."))
m = len(sentence)

print("Output #20: {0:d}".format(m))

Output #18 shows how to add two strings together with the + operator. The
result of this print statement is This is a short string. The + operator adds the
strings together exactly as they are, so if you want spaces in the resulting string
you have to add spaces in the smaller string segments (e.g. after the letter “a” in
the Output #18) or between the string segments (e.g. after the word “very” in
Output #19).

Output #19 shows how to use the * operator to repeat a string a specific
number of times. In this case, the resulting string contains four copies of the
string “very ” (i.e. the word very followed by a single space).

Output #20 shows how to use the built-in len function to determine the num-
ber of characters in the string. The len function also counts spaces and punctu-
ation in the string’s length. Therefore, the string This is a short string. in the
Output #20 is 23 characters long.

A useful built-in module for dealing with strings is the string module. To
make string module functions available to you in your script, all you have to do
is add “from string import [function name]” at the top of your script right be-
neath the previous import statement. Now the top of first_script.py should look
like:

#!/usr/bin/env python3

from math import exp, log, sqrt

from string import split, join, strip, replace, lower, upper, capitalize

Once you’ve added this phrase to the top of first_script.py, you have
access to many functions that are useful for managing strings. The following are
a few examples of using these string functions:

Split

The following two examples show how to use the split function to break a
string into a list of the substrings that make up the original string. (Lists are an-
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other built-in data type in Python that we’ll discuss later in this chapter.) The
split function can take up to two additional arguments between the paren-
theses. The first additional argument indicates the character(s) on which the
split should occur. The second additional argument indicates how many splits
to perform (e.g. two splits results in three substrings).

stringl = "My deliverable is due in May"

stringl_listl = stringl.split()

stringl_list2 = stringl.split(" ",2)

print("Output #21: {0}".format(stringl_list1))

print("Output #22: FIRST PIECE:{0} SECOND PIECE:{1} THIRD PIECE:{2}"\
.format(stringl_list2[0], stringl_list2[1], stringl_list2[2]))

string2 = "Your,deliverable,is,due,in,June"

string2_list = string2.split(',')

print("Output #23: {0}".format(string2_list))

print("Output #24: {0} {1} {2}".format(string2_list[1], string2_list[5], string2_list[-1]))

In Output #21, there are no additional arguments between the parentheses
so the split function splits the string on whitespace. Since there are five white-
spaces in the string, the string is split into a list of six substrings. The newly cre-
ated listis ['My', 'deliverable', 'is', 'due', 'in', 'May'].

In Output #22, | explicitly include both arguments in the split function. The
first argument is " “ which indicates that | want to split the string on single
whitespaces. The second argument is 2, which indicates that | only want to split
on the first two single whitespaces. Since | specify two splits, | create a list with
three elements. The second argument can come in handy when you’re parsing
data. For example, you may be parsing a log file that contains a time stamp, an
error code, and an error message separated by spaces. In this case, you may
want to split on the first two spaces to parse out the time stamp and error code,
but not split on any remaining spaces so the error message remains intact.

In Outputs #23 and #24 the additional argument between the parentheses is
a comma. In this case, the split function splits the string wherever there is a
comma. The resulting listis ['Your!, ‘deliverable), ‘is', ‘due’, ‘in, ‘June'].

Join

The next example shows how to use the join function to combine substrings
contained in a list into a single string. The join function takes an argument be-
fore the word join, which indicates the character(s) to use between the sub-
strings as they are combined.
print("Output #25: {0}".format(','.join(string2_list)))

In the example, the additional argument—a comma—is included between
the parentheses. Therefore, the join function combines the substrings into a
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single string with commas between the substrings. Since there are six sub-
strings in the list, the substrings are combined into a single string with five com-
mas between the substrings. The newly created string is “Your,delivera-
ble,is,due,in,June”.

Strip

The next two sets of examples show how to use the strip, lstrip, and
rstrip functions to remove unwanted characters from the ends of a string. All
three functions can take an additional argument between the parentheses to
specify the character(s) to be removed from the ends of the string.

string3 = " Remove unwanted characters from this string.\t\t \n"
print("Output #26: string3: {0:s}".format(string3))
string3_lstrip = string3.lstrip()

print("Output #27: lstrip: {0:s}".format(string3_lstrip))
string3_rstrip = string3.rstrip()

print("Output #28: rstrip: {0:s}".format(string3_rstrip))
string3_strip = string3.strip()

print("Output #29: strip: {0:s}".format(string3_strip))

The first set of examples shows how to use the lstrip, rstrip, and strip
functions to remove whitespace, tabs, and newline characters from the left-
hand end, right-hand end, and both ends of the string, respectively. The left-
hand-side of string3 contains several spaces. In addition, on the right-hand-side
there are tabs, \t, more spaces, and a newline, \n, character. If you haven’t seen
the \t and \n characters before, they are the way a computer represents tabs
and newlines.

In Output #26 you’ll see leading whitespace before the sentence, you won’t
see the tabs and whitespace after the sentence (but they are there), and you’ll
see a blank line below the sentence as a result of the newline character. Out-
puts #27, #28, and #29 show you how to remove the whitespace, tabs, and new-
line characters from the left-hand-side, right-hand-side, and both sides of the
string, respectively. The s in {0:s} indicates that the value passed into the print
statement should be formatted as a string.

string4 = "$SHere's another string that has unwanted characters.__---++"
print("Output #30: {0:s}".format(string4))
string4 = "$$The unwanted characters have been removed.__---++"

string4_strip = string4.strip('S$_-+")
print("Output #31: {0:s}".format(string4_strip))
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This second set of examples shows how to remove other characters from the
ends of a string by including them as the additional argument in the strip func-
tion. In this case, the dollar sign, underscore, dash, and plus sign need to be re-
moved from the ends of the string. By including these characters as the addi-
tional argument, the program removes them from the ends of the string. The
resulting string in Output #31 is The unwanted characters have been re-
moved.

Replace

The next two examples show how to use the replace function to replace one
character or set of characters in a string with another character or set of charac-
ters. The function takes two additional arguments between the parentheses,
the first argument is the character or set of characters to find in the string and
the second argument is the character or set of characters that should replace
the characters in the first argument.

string5 = "Let's replace the spaces in this sentence with other characters."

string5_replace = string5.replace(" ", "!@!")
print("Output #32 (with '@!): {0:s}".format(string5_replace))

string5_replace = string5.replace( s "y
print("Output #33 (with commas): {0:s}".format(string5_replace))

Output #32 shows how to use the replace function to replace the single
spaces in the string with the characters !@!. The resulting string is Let's!@!
replace!@!the!@!spaces 1@!'in!@'this!@!sentence!@!with!@!oth-
er!@'characters.

Output #33 shows how to replace single spaces in the string with commas.
The resulting string is Let's,replace,the,spaces,in,this,sen-
tence,with,other,characters.

Lower, Upper, Capitalize

The final three examples show how to use the lower, upper, and capitalize
functions. The lower and upper functions convert all of the characters in the
string to lowercase and uppercase, respectively. The capitalize function ap-
plies upper to the first character in the string and Lower to the remaining char-
acters.

string6 = "Here's WHAT Happens WHEN You Use lower."
print("Output #34: {0:s}".format(string6.lower()))
string7 = "Here's what Happens when You Use UPPER."
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print("Output #35: {0:s}".format(string7.upper()))

string5 = "here's WHAT Happens WHEN you use Capitalize."

print("Output #36: {0:s}".format(string5.capitalize()))

string5_list = string5.split()

print("Output #37 (on each word):")

for word in string5_list:
print("{0:s}".format(word.capitalize()))

Outputs #34 and #35 are straightforward applications of the lower and up-
per functions. After applying the functions to the strings, all of the characters in
string6 are lowercase and all of the characters in string7 are uppercase.

Outputs #36 and #37 demonstrate the capitalize function. Output #36
shows that the capitalize function applies upper to the first character in the
string and Lower to the remaining characters. Output #37 places the capital-
ize function in a for loop. A for loop is a control flow structure that we’ll dis-
cuss later in this chapter, but let’s take a sneak peak.

The phrase for word in string5_list: basically says, “for each ele-
ment in the list, string5_list, do something” The next phrase, print
word.capitalize(), is what to do to each element in the list. Together, the
two lines of code basically say, “for each element in the list, string5_list, apply
the capitalize function to the element and print the element”. The result is
that the first character of each word in the list is capitalized and the remaining
characters of each word are lowercase.

There are many more modules and functions for managing strings in
Python. As with built-in math functions, you can peruse the Python Standard
Library at: https://docs.python.org/3/library/index.html for more about
them.

Regular Expressions and Pattern Matching

Many business analyses rely on pattern matching, also known as regular ex-
pressions. For example, you may need to perform an analysis on all orders from
a specific state (e.g. where state is Maryland). In this case, the pattern you’re
looking for is the word Maryland. Similarly, you may want to analyze the quality
of a product from a specific supplier (e.g. where supplier is StaplesRUs). Here,
the pattern you’re looking for is StaplesRUs.

Python includes the re module, which provides great functionality for
searching for specific patterns, i.e. regular expressions, in text. To make all of
the functionality provided by the re module available to you in your script, add
import re at the top of your script right beneath the previous import state-
ment. Now the top of first_script.py should look like:
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#!/usr/bin/env python3

from math import exp, log, sqgrt

from string import split, join, strip, replace, lower, upper, capitalize
import re

By importing the re module, you have a wide variety of metacharacters and
functions available for creating and searching for arbitrarily complex patterns.
Metacharacters are characters in the regular expression that have special
meaning. In their unique ways, metacharacters enable the regular expression to
match several different specific strings. Some of the most common metachar-
actersare|,(),[1,., %+ 2,7, $,and (?P<name>). If you see these characters in a
regular expression, you’ll know that the software won’t be searching for these
characters in particular but something they describe. You can read more about
these metacharacters at: https://docs.python.org/3/library/re.html

The re module also contains several useful functions for creating and search-
ing for specific patterns. The functions covered in this section are re.compile,
re.search, re.sub, and re.ignorecase or re.l:

# Count the number of times a pattern appears in a string
string = "The quick brown fox jumps over the lazy dog."
string_list = string.split()
pattern = re.compile(r"The", re.I)
count = 0
for word in string_list:

if pattern.search(word):

count += 1

print("Output #38: {0:d}".format(count))

The first line assigns the string The quick brown fox jumps over the
lazy dog. to the variable string. The next line splits the string into a list with
each word, a string, as an element in the list.

The next line uses the re.compile and re.I functions, and the raw string r
notation, to create a regular expression called regexp. The re.compile func-
tion compiles the text-based pattern into a compiled regular expression. It isn’t
always necessary to compile the regular expression, but it is good practice be-
cause doing so can significantly increase a program’s speed. The re.I function
ensures that the pattern is case-insensitive and will match both “The” and
“the” in the string. The raw string notation, r, ensures Python will not process
special sequences in the string, such as “\”, “\t”, or “\n”. This means there won’t
be any unexpected interactions between string special sequences and regular
expression special sequences in the pattern search. There are no string special
sequences in this example, so the r isn’t necessary in this case, but it is good
practice to use raw string notation in regular expressions. The next line creates
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a variable named count to hold the number of times the pattern appears in the
string and sets its initial value to zero.

The next line is a for loop that will iterate over each of the elements in the
list variable string_list. The first element it grabs is the word “The”, the sec-
ond element it grabs is the word “quick”, and so on and so forth through each of
the words in the list.

The next line uses the re.search function to compare each word in the list
to the regular expression. The function returns True if the word matches the
regular expression and returns None, or False, otherwise. This value is as-
signed to the variable result.

The next if-else block basically says, “If result evaluates to None, meaning
the word did not match the regular expression, then pass (i.e. do nothing, take
no action). Otherwise, the word matched the regular expression, so increase
the value in count by one.” Finally, the print statement prints the number of
times the regular expression found the pattern “The”, case-insensitive, in the
string. In this case, two times.

THIS LOOKS SCARY!

Regular expressions are very powerful when searching, but they’re a bear
for people to read (they’ve been called a “write-only language”!), so
don’t worry if it’s hard for you to understand one on first reading; even
the experts have difficulty at it!

As you get more comfortable with them, it can even become a bit of a
game to get them to produce the results you want. For a fun trip through
regular expressions, you can see Google’s Director of Research, Peter
Norvig, attempt to create a regexp that will match US President names—
and reject losing candidates for President—at https://www.oreilly.com/
learning/regex-golf-with-peter-norvig.

# Print the pattern each time it is found in the string
string = "The quick brown fox jumps over the lazy dog."
string_list = string.split()
pattern = re.compile(r"(?P<match_word>The)", re.I)</match_word>
print("Output #39:")
for word in string_list:
if pattern.search(word):
print("{:s}".format(pattern.search(word).group('match_word"')

This second example is different from the first example in that we want to
print each matched string to the screen instead of simply counting the number
of matches. To capture the matched strings so they can be printed to the screen
or a file, we need to use the (?P<name>) metacharacter and group function.
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Most of the code in this example is identical to the code discussed in the first
example, so this section will focus on the new code snippets.

The first new code snippet, (?P<name>), is a metacharacter that appears in-
side the re.compile function. This metacharacter makes the matched string
available later in the program through the symbolic group name <name>. In this
example, | called the group <match_word>.

The final new code snippet appears in the else section of the if-else block.
This code snippet basically says, “if result evaluates to True, then look in the
data structure returned by the search function and grab the value in the group
called match_word, assign the value to the variable found, and then print the
value in found to the screen”.

# Substitute the letter a for the word the in the string
string = "The quick brown fox jumps over the lazy dog."
string_to_find = r"The"

pattern = re.compile(string_to_find, re.I)
print("Output #40: {:s}".format(pattern.sub("a", string)

This final example shows how to use the re.sub function to substitute one
pattern for another pattern in text. Once again, most of the code in this exam-
ple is identical to the code discussed in the first two examples, so this section
will focus on the new code snippets.

The first new code snippet assigns the regular expression to a variable, pat-
tern, so the variable can be passed into the re.compile function. Assigning
the regular expression to a variable before the re.compile function isn’t nec-
essary, as mentioned; however, if you have a long, complex regular expression,
assigning it to a variable and then passing the variable to the re.compile func-
tion can make your code much more readable.

The final new code snippet appears in the last line. This code snippet uses
the re.sub function to look for the pattern, The, case-insensitive, in the vari-
able named string and replace every occurrence of the pattern with the letter
a. The result of this substitutionisa quick brown fox jumps over a lazy
dog.

For more information about other regular expression functions, you can pe-
ruse the Python Standard Library at https://docs.python.org/3/library/
index.html or Michael Fitzgeral’s book, Introducing Regular Expressions
(O’Reilly, 2012).
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Dates

Dates are an essential consideration in most business applications. You may
need to know when an event will occur, the amount of time until an event oc-
curs, or the amount of time between events. Because dates are central to so
many applications—and because they’re such a downright weird sort of data,
working in multiples of sixty, twenty-four, “about thirty,” and “almost exactly
three hundred sixty-five and a quarter,” there are special ways of handling dates
in Python.

Python includes the datetime module, which provides great functionality
for dealing with dates and times. To make all of the functionality provided by
the datetime module available to you in your script, add from datetime im-
port date, time, datetime, timedelta atthe top of your script beneath
the previous import statement. Now the top of first_script.py should look
like:

#!/usr/bin/env python3

from math import exp, log, sqrt

from string import split, join, strip, replace, lower, upper, capitalize
import re

from datetime import date, time, datetime, timedelta

By importing the datetime module, you have a wide variety of date and
time objects and functions at your disposal. Some of the useful objects and
functions include: today, year, month, day, timedelta, strftime, and
strptime. These functions make it possible to capture individual elements of a
date (e.g. year, month, or day), to add or subtract specific amounts of time from
dates, to create date-strings with specific formats, and to create datetime ob-
jects from date-strings. The following are a few examples of how to use these
datetime objects and functions:

# Print today's date, as well as the year, month, and day elements
today = date.today()

print("Output #41: today: {0!s}".format(today))

print("Output #42: {0!s}".format(today.year))

print("Output #43: {0!s}".format(today.month))

print("Output #44: {0!s}".format(today.day))

current_datetime = datetime.today()

print("Output #45: {0!s}".format(current_datetime))</p>

The first set of examples illustrates the difference between a date object

and a datetime object. By using date.today(), you create a date object that
includes year, month, and day elements but does not include any of the time
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elements like hours, minutes, and seconds. Contrast this with datetime.to-
day() which does include the time elements.

The Is in {0!s} indicates that the value being passed into the print statement
should be formatted as a string, even though it’s a number. Finally, you can use
year, month, and day to capture these individual date elements.

# Calculate a new date using a timedelta

one_day = timedelta(days=-1)

yesterday = today + one_day

print("Output #46: yesterday: {0!s}".format(yesterday))
eight_hours = timedelta(hours=-8)

print("Output #47: {0!s} {1!s}".format(eight_hours.days, eight_hours.seconds))

This example demonstrates how to use the timedelta function to add or
subtract specific amounts of time from a date object. In this example, | use the
timedelta function to subtract one day from today’s date. Alternately, we
could have used days=10, hours=-8, or weeks=2 inside the parentheses to cre-
ate a variable that is ten days into the future, eight hours into the past, or two
weeks into the past, respectively.

One thing to keep in mind when using timedelta is that it stores time dif-
ferences inside the parentheses as days, seconds, and microseconds and then
normalizes the values to make them unique. This means that minutes, hours,
and weeks are converted to 60 seconds, 3600 seconds, and 7 days, respectively,
and then normalized, essentially creating days, seconds, and microseconds
“columns” (think back to grade school math and the ones column, tens column,
and so on). For example, the output of hours=-8 is (-1 days, 57600 seconds)
rather than the simpler (-28,800 seconds). This is calculated as 86,400 seconds
(3,600 seconds per hour * 24 hours per day) - 28,800 seconds (3,600 seconds
per hour * 8 hours) = 57,600 seconds. As you can see, the output of normalizing
negative values can be surprising initially, especially when truncating and
rounding.

# Calculate the number of days between two dates

date_diff = today - yesterday

print("Output #48: {0!s}".format(date_diff))

print("Output #49: {0!s}".format(str(date_diff).split()[0]))

The third example shows how to subtract one date object from another. The
result of the subtraction is a datetime object that shows the difference in days,
hours, minutes, and seconds. For example, in this example the result is “1 day,
0:00:00".

In some cases, you may only need the numeric element of this result. For in-
stance, in this example you may only need the number 1. One way to grab this
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number from the result is to use some of the functions you already learned for
manipulating strings. The str function converts the result to a string, the split
function splits the string on whitespace and makes each of the substrings an
element in a list, and the [0] says “grab the first element in the list”, which in
this case is the number 1. We'll see the [0] syntax again in the next section,
which covers lists, because it illustrates list indexing and shows how you can
retrieve specific elements from a list.

# Create a string with a specific format from a date object

print("Output #50: {:s}".format(today.strftime('%m/%d/%Y"')))
print("Output #51: {:s}".format(today.strftime('%b %d, %Y')))
print("Output #52: {:s}".format(today.strftime('%Y-%m-%d')))
print("Output #53: {:s}".format(today.strftime('%B %d, %Y')))

The fourth set of examples shows how to use the strftime function to cre-
ate a string with a specific format from a date object. At the time of writing this
chapter, the four formats print today’s date as:

01/28/2016

Jan 28, 2016
2016-01-28
January 28, 2016

These four examples show how to use some of the formatting symbols, in-
cluding %Y, %B, %b, %m, and %d to create different date-string formats. You can
see the other formatting symbols the datetime module uses at: https://
docs.python.org/3/library/datetime.html

# Create a datetime object with a specific format from a string representing a date

datel = today.strftime('%m/%d/%Y"')
date2 = today.strftime('%b %d, %Y')
date3 = today.strftime('%Y-%m-%d')
date4 = today.strftime('%B %d, %Y')

# Two datetime objects and two date objects

# based on the four strings that have different date formats
print("Output #54: {!s}".format(datetime.strptime(datel, '%m/%d/%Y')))
print("Output #55: {!s}".format(datetime.strptime(date2, '%b %d, %Y')))

# Show the date portion only

print("Output #56: {!s}".format(datetime.date(datetime.strptime(date3, '%Y-%m-%d'))
print("Output #57: {!s}".format(datetime.date(datetime.strptime(dated, '%B %d, %Y')
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The fifth example shows how to use the strptime function to create a date-
time object from a date-string that has a specific format. In this example, datel,
date2, date3, and date4 are string variables that show today’s date in different
formats. The first two print statements show the result of converting the first
two string variables, datel and date2, into datetime objects. To work correctly,
the format used in the strptime function needs to match the format of the
string variable being passed into the function. The result of these print state-
ments is a datetime object, 2014-01-28 00:00:00.

Sometimes, you may only be interested in the date portion of the datetime
object. In this case, you can use the nested functions, date and strptime,
shown in the last two print statements to convert date-string variables to da-
tetime objects and then return only the date portion of the datetime object.
The result of these print statements is 2014-01-28. Of course, you do not need
to print the value immediately. You can assign the date to a new variable and
then use the variable in calculations to generate insights about your business
data over time.

Lists

Lists are prevalent in many business analyses. They can involve lists of custom-
ers, products, assets, sales figures, and on and on. Lists—ordered collections of
objects—in Python are even more flexible than that! The types of lists described
above contain similar objects, e.g. strings containing the names of customers or
floating-point numbers representing sales figures, but lists in Python do not
have to be that simple. They can contain an arbitrary mix of numbers, strings,
other lists, and tuples and dictionaries (described later in this chapter). Be-
cause of their prevalence, flexibility, and importance in most business applica-
tions, it is critical to know how to manipulate lists in Python.

As you might expect, Python provides many useful functions and operators
for managing lists. The following examples demonstrate how to use some of
the most common and helpful of these functions and operators:

Create a list

# Use square brackets to create a list

# len() counts the number of elements in a list

# max() and min() find the maximum and minimum numbers in nu

ts

# count() counts the number of times a value appears in a list
a_list = [1, 2, 3]

print("Output #58: {}".format(a_list))

print("Output #59: a_list has {} elements.".format(len(a_list)))
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print("Output #60: the maximum value in a_list is {}.".format(max(a_list)))
print("Output #61: the minimum value in a_list is {}.".format(min(a_list)))
another_list = ['printer', 5, ['star', 'circle', 9]]

print("Output #62: {}".format(another_list))

print("Output #63: another_list also has {} elements.".format(len(another_list)))
print("Output #64: 5 is in another_list {} time.".format(another_list.count(5)))

This first example shows how to create two simple lists, a_list and anoth-
er_list. You create a list by placing elements between square brackets.
a_list contains the numbers one, two, and three. another_1l1ist contains the
string “printer”, the number 5, and a list with two strings and one number.

This example also shows how to use four list functions: len, min, max, and
count. Len shows the number of elements in a list. min and max show the mini-
mum and the maximum values in a list, respectively. count shows the number
of times a specific value appears in the list.

Index values

# Use index values to access specific elements in a list
# [0] is the first element; [-1] is the last element
print("Output #65: {}".format(a_list[0]))

print("Output #66: {}".format(a_list[1]))

print("Output #67: {}".format(a_list[2]))

print("Output #68: {}".format(a_list[-1]))

print("Output #69: {}".format(a_list[-2]))

print("Output #70: {}".format(a_list[-3]))

print("Output #71: {}".format(another_list[2]))
print("Output #72: {}".format(another_list[-1]))

This second example shows how you can use list index values, or indices, to
access specific elements in a list. List index values start at 0, so you can access
the first element in a list by placing a 0 inside square brackets after the name of
the list. The first print statement in this example, print a_list[0], prints the first
element in a_list, which is the number 1. a_list[1] accesses the second element
in the list, a_list[2] accesses the third element, and so on and so forth to the
end of the list.

This example also shows that you can use negative indices to access ele-
ments at the end of a list. Index values at the end of a list start at -1, so you can
access the last element in a list by placing -1 inside square brackets after the
name of the list. The fourth print statement, print a_list[-1], prints the last ele-
ment in a_list, which is the number 3. a_list[-2] accesses the second to last ele-
ment in the list, a_list[-3] accesses the third to last element in the list, and so on
and so forth to the beginning of the list.
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#Use list slices to access a subset of list elements

# Do not include the starting indice to start from the beginning

# Do not include the ending indice to go all of the way to the end
print("Output #73: {}".format(a_list[0:2]))

print("Output #74: {}".format(another_1list[:2]))

print("Output #75: {}".format(a_list[1:3]))

print("Output #76: {}".format(another_list[1:]

This third example shows how to use list slices to access a subset of list ele-
ments. You create list slices by placing two indices separated by a colon be-
tween square brackets after the name of the list. List slices access list elements
from the first index value to the element one place before the second index val-
ue. For example, the first print statement, print a_list[0:2], basically says, “print
the elements in a_list whose index values are 0 and 1”. This print statement
prints [1, 2] since these are the first two elements in the list.

This example also shows that you do not need to include the first index val-
ue if the list slice starts from the beginning of the list, and you do not need to
include the second index value if the list slice continues to the end of the list.
For example, the last print statement, print another_list[1:], basically says,
“print all of the remaining elements in another_list, starting with the second el-
ement”. This print statement prints [5, [‘star’, ‘circle’, 9]] since these are the last
two elements in the list.

Copy a list

# Use [:] to make a copy of a list
a_new_list = a_list[:]
print("Output #77: {}".format(a_new_list))

This example shows how to make a copy of a list. This capability is impor-
tant for when you need to manipulate a list in some way, perhaps by adding or
removing elements or sorting the list, but you want the original list to remain
unchanged. To make a copy of a list, place a single colon inside square brackets
after the name of the list and assign it to a new variable. In this example,
a_new_list is an exact copy of a_list, so you could add or remove elements from
a_new_list or sort a_new_list without modifying a_list.

Concatenate lists

# Use + to add two or more lists together
a_longer_list = a_list + another_list
print("Output #78: {}".format(a_longer_list))
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This example shows how to concatenate two or more lists together. This ca-
pability is important for when you have to access lists of similar information
separately, but you want to combine all of the lists together before analyzing
them. For example, because of how your data are stored you may have to gen-
erate one list of sales figures from one data source and another list of sales fig-
ures from a different data source. To concatenate the two lists of sales figures
together for analysis, add the names of the two lists together with the + opera-
tor and assign the sum to a new variable. In this example, a_longer_list con-
tains the elements of a_list and another_list concatenated together into a sin-
gle, longer list.

IN and NOT IN

# Use in and not in to check whether specific elements are or are not in a list
a =2 in a_list
print("Output #79: {}".format(a))
if 2 in a_list:
print("Output #80: 2 is in {}.".format(a_list))
b = 6 not in a_list
print("Output #81: {}".format(b))
if 6 not in a_list:
print("Output #82: 6 is not in {}.".format(a_list))

This sixth example shows how to use in and not in to check whether specific
elements are or are not in a list. The results of these expressions are True and
False values depending on whether the expressions are true or false. These ca-
pabilities are important for business applications because you can use them to
add meaningful business logic to your program. For example, they are often
used in if statements such as “if SupplierY in SupplierList then do something,
else do something else”. We will see more examples of if statements and other
control flow expressions later in this chapter.

Append, Remove, Pop

# Use append() to add additional elements to the end of the list
# Use remove() to remove specific elements from the list

# Use pop() to remove elements from the end of the list
a_list.append(4)

a_list.append(5)

a_list.append(6)
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print("Output #83: {}".format(a_list))
a_list.remove(5)

print("Output #84: {}".format(a_list))
a_list.pop()

a_list.pop()

print("Output #85: {}".format(a_list))

This seventh example shows how to add elements to and remove elements
from a list. The append method adds single elements to the end of a list. You
can use this method to create lists according to specific business rules. For ex-
ample, to create a list of CustomerX’s purchases, you could create an empty list
called CustomerX, scan through a master list of all purchases and, when the
program “sees” CustomerX in the master list, append the purchase value to the
CustomerX list.

The remove method removes a specific value from anywhere in a list. You
can use this method to remove errors and typos from a list or to remove values
from a list according to specific business rules. In this example, the remove
method removes the number five from a_list.

The pop method removes single elements from the end of a list. Like with
the remove method, you can use the pop method to remove errors and typos
from the end of a list or to remove values from the end of a list according to
specific business rules. In this example, the two calls to the pop method remove
the numbers six and four from the end of a_list, respectively.

Reverse

# Use reverse() to reverse a list, in-place, meaning it changes the list

# To reverse a list without changing the original list, make a copy first

a_list.reverse()
print("Output #86: {}".format(a_list))
a_list.reverse()

print("Output #87: {}".format(a_list))
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This example shows how to use the reverse function to reverse a list in-
place. In-place means the reversal changes the original list to the new, reversed
order. For example, the first call to the reverse function in this example changes
a_listto [3, 2, 1]. The second call to the reverse function returns a_list to
its original order. To use a reversed copy of a list without modifying the original
list, first make a copy of the list and then reverse the copy.

Sorting

# Use sort() to sort a list, in-place, meaning it changes the list

# To sort a list without changing the original list, make a copy first
unordered_list = [3, 5, 1, 7, 2, 8, 4, 9, 0, 6]

print("Output #88: {}".format(unordered_list))

list_copy = unordered_list[:]

list_copy.sort()

print("Output #89: {}".format(list_copy))

print("Output #90: {}".format(unordered_list))

This example shows how to use the sort function to sort a list in-place. As
with the reverse method, this in-place sort changes the original list to the new,
sorted order. To use a sorted copy of a list without modifying the original list,
first make a copy of the list and then sort the copy.

# Use sorted() to sort a collection of lists by a position in the lists
my_lists = [[1,2,3,4], [4,3,2,1], [2,4,1,3]]
my_lists_sorted_by_index_3 = sorted(my_lists, key=lambda index_value: index_value[3

print("Output #91: {}".format(my_lists_sorted_by_index_3))

This example shows how to use the sorted function in combination with a
key function to sort a collection of lists by the value in a specific index position
in each list. The key function specifies the key to be used to sort the lists. In this
case, the key is a lambda function that says, “sort the lists by the values in index
position three, i.e. the fourth values in the lists.” (We’ll talk a bit more about
lambda functions later.) After applying the sorted function with the fourth value
in each list as the sort key, the second list [4,3,2,1] becomes the first list, the
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third list [2,4,1,3] becomes the second list, and the first list [1,2,3,4] be-
comes the third list. Also, whereas the sort function sorts the list in-place,
changing the order of the original list, the sorted function returns a new, sor-
ted list and does not change the order of the original list.

The next sorting example uses the built-in operator module, which pro-
vides functionality for sorting lists, tuples, and dictionaries by multiple keys. To
use the operator module’s itemgetter function in your script, add from op-
erator import itemgetter atthe top of your script:

#!/usr/bin/env python3

from math import exp, log, sgrt

from string import split, join, strip, replace, lower, u
italize

import re

from datetime import date, time, datetime, timedelta
from operator import itemgetter

By importing the operator module’s itemgetter function, you can sort a
collection of lists by multiple positions in each list:

# Use itemgetter() to sort a collection of lists by two index position

my_lists = [[123,2,2,444], [22,6,6,444], [354,4,4,678], [236,5,5,678], [578,1,1,290], [461,1,
my_lists_sorted_by_index_3_and_0 = sorted(my_lists, key=itemgetter(3,0))

print("Output #92: {}".format(my_lists_sorted_by index_3_and_0))

This example shows how to use the sorted() function in combination with
the itemgetter function to sort a collection of lists by the values in multiple
index positions in each list. The key function specifies the key to be used to sort
the lists. In this case, the key is the i1temgetter function and it contains two
index values, three and zero. This statement says, “First, sort the lists by the val-
ues in index position three and then, while maintaining this sorted order, fur-
ther sort the lists by the values in index position zero.”

This ability to sort lists and other data containers by multiple positions in
the lists is very helpful because you quite often need to sort data by multiple
values. For example, if you have daily sale transactions data, you may need to
sort the data first by day and then by transaction amount for each day. Or, if
you have supplier data, you may need to sort the data first by supplier name
and then by supply receipt dates for each supplier. The sorted and itemget-
ter functions provide this functionality.

For more information about functions you can use to manage lists, you can
peruse the Python Standard Library at: https://docs.python.org/3/library/
index.html
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Tuples

Tuples are very similar to lists, except that they cannot be modified. Since tu-
ples cannot be modified there are no tuple modification functions. It may seem
strange to have two data structures that are so similar, but tuples have impor-
tant roles that modifiable lists cannot fill, for example as keys in dictionaries.
Since tuples are less common than lists, this section will cover tuples very brief-

ly.

Create a tuple

# Use parentheses to create a tuple

my_tuple = ('x', 'y', 'z")

print("Output #93: {}".format(my_tuple))

print("Output #94: my_tuple has {} elements".format(len(my_tuple)))
print("Output #95: {}".format(my_tuple[1]))

longer_tuple = my_tuple + my_tuple

print("Output #96: {}".format(longer_tuple))

This first example shows how to create a tuple. You create a tuple by placing
elements between parentheses. This example also shows that you can use
many of the same functions and operators discussed for lists on tuples. For ex-
ample, the len function shows the number of elements in a tuple, tuple indices
and slices access specific elements in a tuple, and the + operator concatenates
tuples.

>Unpack tuples

# Unpack tuples with the left-hand side of an assignment operator
one, two, three = my_tuple

print("Output #97: {0} {1} {2}".format(one, two, three))

varl = 'red'

var2 = 'robin'

print("Output #98: {} {}".format(vari, var2))

# Swap values between variables

varl, var2 = var2, varl

print("Output #99: {} {}".format(vari, var2))

This second example shows one of the interesting aspects of tuples, unpack-
ing. It is possible to unpack the elements in a tuple into separate variables by
placing those variables on the left-hand side of an assignment operator. In this
example, the strings x, y, and z are unpacked into the variables one, two, and
three. This functionality is useful for swapping values between variables. In last
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part of this example, the value in var2 is assigned to varl and the value in
varl is assigned to var2. Python is evaluating both parts of the tuple at the
same time. In this way, red robin becomes robin red.

Convert tuple to list, list to tuple

# Convert tuples to lists and lists to tuples
my_list = [1, 2, 3]

my_tuple = ('x', 'y', 'z")

print("Output #100: {}".format(tuple(my_list)))
print("Output #101: {}".format(list(my_tuple)))

Finally, it is possible to convert tuples into lists and lists into tuples. This
functionality is similar to the str function, which you can use to convert an ele-
ment into a string. To convert a list into a tuple, place the name of the list inside
the tuple() function. Similarly, to convert a tuple into a list, place the name of
the tuple inside the 1ist() function.

For more information about tuples, you can peruse the Python Standard Li-
brary at: https://docs.python.org/3/library/index.html

Dictionaries

Dictionaries in Python are essentially lists that consist of pieces of information
paired with some unique identifier. Like lists, dictionaries are prevalent in many
business analyses. Business analyses may involve dictionaries of customers
(keyed to customer number), dictionaries of products (keyed to serial number
or product number), dictionaries of assets, dictionaries of sales figures, and on
and on.

In Python these data structures are called dictionaries, but they are also
called associative arrays, key-value stores, and hashes in other programming
languages. Lists and dictionaries are both useful data structures for many busi-
ness applications, but there are some important differences between lists and
dictionaries that you need to understand to use dictionaries effectively.

« In lists, you access individual values using consecutive integers called in-
dices, or index values. In dictionaries, you access individual values using
integers, strings, or other Python objects called keys. This makes diction-
aries more useful than lists in situations where unique keys, and not con-
secutive integers, are a more meaningful mapping to the values.

« In lists, the values are implicitly ordered because the indices are consecu-
tive integers. In dictionaries, the values are not ordered because the indi-
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ces are not just numbers. You can define an ordering for the itemsin a
dictionary, but the dictionary does not have a built-in ordering.

In lists, it is illegal to assign to a position (index) that does not already ex-
ist. In dictionaries, new positions (keys) are created as necessary.

Because they are not ordered, dictionaries can provide quicker response
time when searching for or adding values (the computer doesn’t have to

reassign index values when you insert an item). This can be an important
consideration as you deal with more and more data.

Given their prevalence, flexibility, and importance in most business applica-
tions, it is critical to know how to manage dictionaries in Python. The following
examples demonstrate how to use some of the most common and helpful func-
tions and operators for managing dictionaries:

Create a dictionary

# Use curly braces to create a dictionary

# Use a colon between keys and values in each pair

# len() counts the number of key-value pairs in a dictionary

empty_dict = { }

a_dict = {'one':1, 'two':2, 'three':3}

print("Output #102: {}".format(a_dict))

print("Output #103: a_dict has {!s} elements".format(len(a_dict)))

another_dict = {'x':'printer', 'y':5, 'z':['star', 'circle', 9]}

print("Output #104: {}".format(another_dict))

print("Output #105: another_dict also has {!s} elements".format(len(another_dict)))

This first example shows how to create a dictionary. To create an empty dic-
tionary, give the dictionary a name on the left-hand side of the equal sign and
include opening and closing curly braces on the right-hand side of the equal
sign.

The second dictionary in this example, a_dict, demonstrates one way to
add keys and values to a small dictionary. a_dict shows that a colon separates
keys and values and the key-value pairs are separated by commas between the
curly braces. The keys are strings enclosed by single or double quotations, and
the values can be strings, numbers, lists, other dictionaries, or other Python ob-
jects. In a_dict, the values are integers, but in another_dict the values are a
string, number, and list. Finally, this example shows that the len function
shows the number of key-value pairs in a dictionary.

Keys

# Use keys to access specific values in a dictionary
print("Output #106: {}".format(a_dict['two']))
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print("Output #107: {}".format(another_dict['z']

To access a specific value, write the name of the dictionary, an opening
square brace, a particular key (a string), and a closing square brace. In this ex-
ample, the result of a_dict['two'] is the integer 2, and the result of anoth-
er_dict['z']isthelist['star', 'circle', 9].

Copy

# Use copy() to make a copy of a dictionary
a_new_dict = a_dict.copy()
print("Output #108: {}".format(a_new_dict))

To copy a dictionary, add the copy function to the end of the dictionary
name and assign that expression to a new dictionary. In this example,
a_new_dict s a copy of the original a_dict dictionary.

Keys, Values, and Items

# Use keys(), values(), and items() to access

# a dictionary's keys, values, and key-value pairs, respectively
print("Output #109: {}".format(a_dict.keys()))

a_dict_keys = a_dict.keys()

print("Output #110: {}".format(a_dict_keys))

print("Output #111: {}".format(a_dict.values()))

print("Output #112: {}".format(a_dict.items()))

To access a dictionary’s keys, add the keys function to the end of the dictio-
nary name. The result of this expression is a list of the dictionary’s keys. To ac-
cess a dictionary’s values, add the values function to the end of the dictionary
name. The result is a list of the dictionary’s values.

To access both the dictionary’s keys and values, add the items function to
the end of the dictionary name. The result is a list of key-value pair tuples. For
example, the result of a_dict.items() is [('three, 3), ('two!, 2), (‘one’, 1)]. In
the next section on control flow, we’ll see how to use a for loop to unpack and
access all of the keys and values in a dictionary.

IN, NOT IN, and GET

if 'y' in another_dict:
print("Output #114: y is a key in another_dict: {}.".format(anot
keys()))

Dictionaries
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if 'c' not in another_dict:
print("Output #115: c is not a key in another_dict: {}."\
.format(another_dict.keys()))
print("Output #116: {!s}".format(a_dict.get('three')))
print("Output #117: {!s}".format(a_dict.get('four')))
print("Output #118: {!s}".format(a_dict.get('four', 'Not in dict')))

This example shows two different ways to test whether a specific key is or is
not in a dictionary. The first way to test for a specific key is to use an if state-
ment and in or not in in combination with the name of the dictionary. Using in,
the if statement tests whether y is one of the keys in another_dict. If this state-
ment is true, i.e. if y is one of the keys in another_dict, then the print statement
is executed; otherwise it is not executed. These if in and if not in statements are
often used to test for the presence of keys and, in combination with some addi-
tional syntax, to add new keys to a dictionary. We will see examples of adding
keys to a dictionary later in this book.

WHAT’S WITH THE INDENTATION?

You’ll note that the line after the if statement is indented; Python uses indentation
to tell whether an instruction is part of a logical “block” —everything that’s inden-
ted after the if statement is executed if the if statement evaluates to True, and
then the Python interpreter moves on. You’ll find that this same sort of indentation
is used in other kinds of logical blocks that we’ll discuss later, but for now, the im-
portant things to note are that Python uses indentation meaningfully, and that you
have to be consistent with them. If you’re using an IDE or an editor like Sublime
Text, the software will help you by giving you a consistent number of spaces each
time you use the “tab” key; if you’re working in a general text editor like Notepad,
you’ll have to be careful to use the same number of spaces for each level of indent
(generally, four).

The last thing to be aware of is that occasionally a text editor will insert a tab char-
acter rather than the correct number of spaces, leading to you as the programmer
pulling your hair out because the code looks right, but you’re still getting an error
message (like “Unexpected indent in line 37”). In general, though, Python’s use of
indentation makes the code more readable because you can easily tell where in the
program’s “decision” process you are as you work.

The second way to test for a specific key and to retrieve the key’s corre-
sponding value is to use the get function. Unlike the previous method of test-
ing for keys, the get function returns the value corresponding to the key if the



key is in the dictionary or returns None if the key is not in the dictionary. In addi-
tion, the get function also permits an optional second argument in the function
call, which is the value to return if the key is not in the dictionary. In this way, it
is possible to return something other than None if the key is not in the dictio-
nary.

Sort

# Use sorted() to sort a dictionary

# To sort a dictionary without changing the original dictionary,
opy first

print("Output #119: {}".format(a_dict))

dict_copy = a_dict.copy()

ordered_dictl = sorted(dict_copy.items(), key=lambda item: item[
print("Output #120 (order by keys): {}".format(ordered_dict1))
ordered_dict2 = sorted(dict_copy.items(), key=lambda item: item[1])
print("Output #121 (order by values): {}".format(ordered_dict2))

ordered_dict3 = sorted(dict_copy.items(), key=lambda x: x[1], reverse=True)
print("Output #122 (order by values, descending): {}".format(ordered_dict3))
ordered_dict4 = sorted(dict_copy.items(), key=lambda x: x[1], reverse=False)
print("Output #123 (order by values, ascending): {}".format(ordered_dict4))

This example shows how to sort a dictionary in different ways. As stated at
the beginning of this section, a dictionary does not have an implicit ordering;
however, you can use the code snippets above to sort a dictionary. The sorting
can be based on the dictionary’s keys or values and, if the values are numeric,
they can be sorted in ascending or descending order.

In this example, | use the copy function to make a copy of the dictionary
a_dict. The copy is called dict_copy. Making a copy of the dictionary ensures
that the original dictionary, a_dict, remains unchanged. The next line contains
the sorted function, a list of tuples as a result of the items function, and a
lambda function as the key for the sorted function.

There is a lot going on in this single line, so let’s unpack it a bit. The goal of
the line is to sort the list of key-value tuples that result from the items function
according to some sort criterion. key is the sort criterion, and it is equal to a
simple lambda function. A lambda function, you’ll recall, is a short function that
returns an expression at runtime. In this lambda function, 1tem is the sole pa-
rameter in the function and it refers to each of the key-value tuples returned
from the items function. The expression to be returned appears after the colon.
This expression is 1tem[0], so the first element in the tuple, i.e. the key, is re-
turned and used as the key in the sorted function. To summarize, this line of
code basically says, “sort the dictionary’s key-value pairs in ascending order,
based on the keys in the dictionary”. The next sorted function uses item[1]

Dictionaries
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instead of 1tem[0], so this line orders the dictionary’s key-value pairs in as-
cending order, based on the values in the dictionary.

The last two versions of the sorted function are similar to the preceding ver-
sion because all three versions use the dictionary’s values as the sort key. Since
this dictionary’s values are numeric, they can be sorted in ascending or de-
scending order. These last two versions show how to use the sorted function’s
reverse parameter to specify whether the output should be in ascending or de-
scending order. reverse=True corresponds to descending order, so the key-
value pairs will be sorted by their values in descending order.

For more information about managing dictionaries, you can peruse the
Python Standard Library at: https://docs.python.org/3/library/index.html

Control Flow

Control flow elements are critical for including meaningful business logic in pro-
grams. Many business processes and analyses rely on logic such as “if the cus-
tomer spends more than a specific amount, then do such and such” or “if the
sales are in category A code them as X, else if the sales are in category B code
them as Y, else code them as Z”. These types of logic statements can be ex-
pressed in code with control flow elements.

Python provides several control flow elements, including if-elif-else
statements, for loops, the range function, and while loops. As their name
suggests, 1f-else statements enable logic like “if this then do that, else do
something else”. The else blocks are not required, but make your code more
explicit. For loops enable you to iterate over a sequence of values, which can
be a list, tuple, or a string. You can use the range function in conjunction with
the len function on lists to produce a series of index values that you can then
use in the for loop. Finally, the while loop executes the code in the body as
long as the while condition is true.

If-Else

# if-else statement
X =5
if x &gt; 4 or x != 9:
print("Output #124: {}".format(x))
else:
print("Output #124: x is not greater than 4")



Control Flow

This first example illustrates a simple if-else statement. The i1f condition
tests whether x is greater than 4 or x is not equal to 9. With an or operator eval-
uation stops as soon as a True expression is found. In this case, x equals 5, and
5 is greater than 4, so x not equal (!=) to 9 is not even evaluated. The first condi-
tion, x > 4, is true, so print xis executed and the printed result is the number
5. If neither of the conditions in the i1f block had been true, then the print
statement in the else block would have been executed.

If-Elif-Else

# if-elif-else statement
if x &gt; 6:
print("Output #125: x is greater than six")
elif x &gt; 4 and x == 5:
print("Output #125: {}".format(x*x))
else:
print("Output #125: x is not greater than 4")

This second example illustrates a slightly more complicated if-elif-else
statement. As in the previous example, the 1f block simply tests whether x is
greater than 6. If this condition were true, then evaluation would stop and the
corresponding print statement would be executed. As it happens, 5 is not
greater than 6 so evaluation continues to the next elif statement. This state-
ment tests whether x is greater than 4 and x evaluates to 5. With an and opera-
tor evaluation stops as soon as a False expression is found. In this case, x
equals 5, 5 is greater than 4, and x evaluates to 5, so print x*xis executed and
the printed result is the number 25. (Because we use the equals sign for assign-
ing values to objects, we use a double equals sign (==) to evaluate equality.) If
neither the 1f nor the elif blocks had been true, then the print statementin
the else block would have been executed.

For Loops

['Jan', 'Feb', 'Mar', 'Apr', 'May', 'Jun', 'Jul', 'Aug', 'Sep', 'Oct', 'Nov', 'Dec']
z = ['Annie', 'Betty', 'Claire', 'Daphne', 'Ellie', 'Franchesca', 'Greta', 'Holly', 'Isabel',

<
n

print("Output #126:")
for month in y:
print("{!s}".format(month))

print("Output #127: (index value: name in list)")

for 1 in range(len(z)):
print("{0!s}: {1:s}".format(i, z[i]))
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print("Output #128: (access elements in y with z's index values)")
for j in range(len(z)):
if y[j].startswith('J"):
print("{!s}".format(y[j]))

print("Output #129:")
for key, value in another_dict.items():
print("{0:s}, {1}".format(key, value))

These four for loop examples demonstrate how to use for loops to iterate
over sequences. This is a critical capability for later chapters in this book and
for business applications generally. The first for loop example shows that the
basic syntax is for variable in sequence, do something. variable is a
temporary placeholder for each value in the sequence, and it is only recognized
in the for loop. In this first example the variable name is month. sequence is the
name of the sequence you are iterating over. In this example the sequence
name is y, which is a list of months. Therefore, this example says, “for each val-
ueiny, print the value”.

The second for loop example shows how to use the range function in com-
bination with the len function to produce a series of index values that you can
use in the for loop. To understand the interaction of compound functions, eval-
uate them from the inside out. The len function counts the number of values in
the list, z, which is ten. Then the range function generates a series of integers
from zero to the number one less than the result of the len function, which in
this case are the integers zero to nine. Therefore, this for loop basically says,
“for integer i in sequence zero to nine, print integer i followed by a space fol-
lowed by the value in the list z whose index value is i”. As you’ll see, using the
range function in combination with the len function in for loops will show up
in numerous examples in this book as this combination is tremendously useful
for many business applications.

The third for loop example shows how you can use the index values gener-
ated from one sequence to access values with the same index values in another
sequence. It also shows how to include an if statement to introduce business
logic in the for loop. In this example, | use the range and len functions again
to generate index values from the list z. Then, the 1f statement tests whether
each of the values with those index values in list y (y[0]= ‘Jan! y[1]='Feb!,
...,y[9]= ‘Oct') starts with the capital letter J.

The last for loop example shows one way to iterate over and access a dic-
tionary’s keys and values. In the first line of the for loop, the 1tems function
returns key-value tuples of the dictionary’s keys and values. The key and value
variables in the for loop capture each of these values in turn. The print state-



ment in the body of this for loop includes the str function to ensure each key
and value is a string and prints each key-value pair, separated by a space, on
separate lines.

Compact For Loops: List, Set, and Dictionary Comprehensions

List, set, and dictionary comprehensions are a way to write for loops compactly
in Python. List comprehensions appear between square brackets, whereas set
comprehensions and dictionary comprehensions appear between curly braces.
All comprehensions can include conditional logic, e.g. if-else statements.

LIST COMPREHENSION

The following example shows how to use a list comprehension to select a sub-
set of lists that meet a particular condition from a collection of lists.

# Select specific rows using a list comprehension

my_data = [[1,2,3], [4,5,6], [7,8,9]]

rows_to_keep = [row for row in my_data if row[2] &gt; 5]
print("Output #130 (list comprehension): {}".format(rows_to_keep))

In this example, the list comprehension says, “for each row in my_data, keep
the row if the value in the row with index position two, i.e. the third value, is
greater than five.” Since 6 and 9 are greater than 5, the lists retained in
rows_to_keep are [4,5,6] and [7,8,9].

SET COMPREHENSION

The next example shows how to use a set comprehension to select the set of
unique tuples from a list of tuples.

# Select a set of unique tuples in a list using a set comprehension
my_data = [(1,2,3), (4,5,6), (7,8,9), (7,8,9)]

set_of_tuplesl = {x for x in my_data}

print("Output #131 (set comprehension): {}".format(set_of_tuplesl))
set_of_tuples2 = set(my_data)

print("Output #132 (set function): {}".format(set_of_tuples2))

In this example, the set comprehension says, “for each tuple in my_data,
keep the tuple if it is a unique tuple.” You can tell the expression is a set compre-
hension instead of a list comprehension because it contains curly braces in-
stead of square brackets, and it’s not a dictionary comprehension because it
doesn’t use any key-value pair syntax.

Control Flow
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The second print statement in this example shows that you can get the
same result as the set comprehension by using Python’s built-in set function.
For this use case, it makes sense to use the built-in set function because it is
more concise and easier to read than the set comprehension.

DICTIONARY COMPREHENSION

The following example shows show to use a dictionary comprehension to select
a subset of key-value pairs from a dictionary that meet a particular condition.

# Select specific key-value pairs using a dictionary comprehension
my_dictionary = {'customerl': 7, 'customer2': 9, 'customer3': 11}
my_results = {key : value for key, value in my_dictionary.items

ue &gt; 10}

print("Output #133 (dictionary comprehension): {}".format(my_results))

In this example, the dictionary comprehension says, “for each key-value pair
in my_dictionary, keep the key-value pair if the value is greater than ten.” Since
the value 11 is greater than ten, the key-value pair retained in my_results is
{‘customer3’: 11}.

While Loops

print("Output #134:")

X =0

while x &lt; 11:
print("{!s}".format(x))
X +=1

This while loop example shows how to use a while loop to print the numbers
from 0 to 10. x = 0 initializes the x variable to 0. Then the while loop evaluates
whether x is less than 11. Since x is less than 11, the body of the while loop
prints the x value followed by a single space and then increments the value of x
by 1. Again, the while loop evaluates whether x, now equal to 1, is less than 11.
Since it is, the body of the while is executed again. The process continues in this
fashion until x is incremented from 10 to 11. Now, when the while loop evalu-
ates whether x is less than 11 the expression evaluates to false and the body of
the while loop is not executed.

The while loop is useful when you know ahead of time how many times the
body needs to be executed. More often, you will not know ahead of time how
many times the body needs to be executed, in which case the for loop can be
more useful.



Functions

In some situations you may find it expedient to write your own functions, rather
than using Python’s built-in functions or installing modules written by others.
For example, if you notice that you are writing the same snippet of code over
and over again, then you may want to consider turning that snippet of code into
a function. In some cases, the function may already exist in base Python or in
one of its “import”able modules. If the function already exists, it makes sense to
use the existing, tested function. However, in other cases, the function you need
may not exist or be available, in which case you need to create the function
yourself.

To create a function in Python, begin the line with the def keyword followed
by a name for the function, followed by a pair of opening and closing parenthe-
ses, followed by a colon. The code that makes up the body of the function
needs to be indented. Finally, if the function needs to return one or more val-
ues, use the return keyword to return the result of the function for use in your
program. The following example demonstrates how to create and use a func-
tion in Python.

# Calculate the mean of a sequence of humeric values def getMean(numeric-
Values): return sum(numericValues)/len(numericValues) if len(numericValues)
> 0 else float('nan’) my_listl =[2, 2, 4, 4, 6, 6, 8, 8] print(“Output #135
(mean): {!s}”.format(getMean(my_list1)))

This example shows how to create a function that calculates the mean of a
sequence of numbers. The name of the function is getMean. There is a phrase
between the opening and closing parentheses to represent the sequence of
numbers being passed into the function—this is a variaable that is only defined
within the scope of the function. Inside the function, the mean of the sequence is
calculated as the sum of the numbers divided by the count of the numbers. In
addition, | use an if-else statement to test whether the sequence contains any
values. If it does, the function returns the mean of the sequence. If it doesn't,
then the function returns nan (i.e. not a number). If | were to omit the if-else
statement and the sequence happened to not contain any values, then the pro-
gram will throw a division by zero error. Finally, the return keyword is used to
return the result of the function for use in the program.

In this example, my_list contains eight numbers. my_list is passed into the
getMean() function. The sum of the eight numbers is forty, and forty divided
by eight equals five. Therefore, the print statement prints the integer 5.

As you’d guess, other mean functions already exist. For example, NumPy has
a mean function. So you could get the same result as above by importing Num-
Py and using its mean function:

Control Flow
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import numpy as np
print np.mean(my_list)

Again, in some cases a particular function may already exist in base Python
or in one of its “import”able modules and in these cases it may make sense to
use the existing, tested function. An internet search for a decription of the func-
tionality you’re looking for and “Python function” is your friend. However, if you
want to do a task that’s specific to your business process, then it pays to know
how to create the function yourself.

Exceptions

An important aspect of writing a robust program is handling errors and excep-
tions effectively. You may write a program with implicit assumptions about the
types and structures of the data the program will be processing, but if any of
the data do not conform to your assumptions they may cause the program to
throw an error.

Python includes several built-in exceptions. Some common exceptions are
IOError, IndexError, KeyError, NameError, SyntaxError, TypeError,
UnicodeError, and ValueError. You can read more about these and other ex-
ceptions online at: http://docs.python.org/3/library/exceptions.html. Using
try-except is your first defense in dealing with error messages—and letting
your program keep running even if the data isn’t perfect!

The following example shows two versions (i.e. short and long) of a try-
except block to effectively catch and handle an exception. The example modi-
fies the function example from the previous section to show how to handle an
empty list with a try-except block instead of with an if statement:

Try-Except

# Calculate the mean of a sequence of numeric values
def getMean(numericValues):
return sum(numericValues)/len(numericValues)
my_list4 = [ ]
# Short version
try:
print("Output #138: {}".format(getMean(my_list4)))
except ZeroDivisionError as detail:
print("Output #138 (Error): {}".format(float('nan')))
print("Output #138 (Error): {}".format(detail))


http://docs.python.org/3/library/exceptions.html

In this example, the function getMean() does not include the if statement to
test whether the sequence contains any values. If the sequence is empty, as it is
in the list my_1l1ist2, then applying the function will result in a ZeroDivisio-
nError.

To use a try-except block, place the code that you want to execute in the try
block. Then, use the except block to handle any potential errors and to print
helpful error messages. In some cases an exception has an associated value.
You can access the exception value by including an as phrase on the except line
and then printing the name you gave to the exception value. Since my_list2
does not contain any values, the except block is executed, which prints nan and
then Error: float division by zero.

Try-Except-Else-Finally

# Long version
try:
result = getMean(my_list2)
except ZeroDivisionError as detail:
print "Output #142 (Error): " + str(float('nan'))
print "Output #142 (Error):", detail
else:
print "Output #142 (The mean is):", result
finally:

Reading a Text File

print "Output #142 (Finally): The finally block is executed every time"

This longer version includes else and finally blocks, in addition to the
try and except blocks. The else block is executed if the try block is success-
ful. Therefore, if the sequence of numbers passed to the getMean() function in
the try block contained any numbers, e.g. if we used my_1ist1, then the mean
of those values would be assigned to the variable result in the try block and
then the else block would execute and print “The mean is: 5.0.” Since
my_Llist2 does not contain any values, the except block executes and prints
“nan” and “Error: float division by zero.” Then the finally block executes, as it
always does, and prints “The finally block is executed every time.”

Reading a Text File

Your data is, almost without exception, stored in files. The files may be text files,
CSV files, Excel files, or other types of files. Getting to know how to access these
files and read their data gives you the tools to process, manipulate, and analyze
the data in Python. When you’ve got a a program that can handle many files per
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second, you really see payoff from writing a program rather than doing each
task one-off.

You’ll need to tell Python what file the script is dealing with—you could
hard-code the name of the file into your program but that would make it diffi-
cult to use the program on mnay different files. A versatile way to read from a
file is to include the path to the file after the name of the Python script on the
command line in the Command Prompt or Terminal window. To use this meth-
od, you need to import the built-in sys module at the top of your script. To
make all of the functionality provided by the sys module available to you in
your script, add “import sys” at the top of your script:

from math import exp, log, sqrt

from string import split, join, strip, replace, lower, upper, capitalize
import re

from datetime import date, time, datetime, timedelta

from operator import itemgetter

import sys

By importing the sys module, you have the argv list variable at your dispos-
al. This variable captures the list of command line arguments—everything that
you typed into the command line including your script name—passed to a
Python script. Like any list, argv has an index. argv[0] is the script name.
argv[1] is the first additional argument passed to the script on the command
line, which in our case will be the path to the file to be read by
first_script.py.

Create a text file

In order to read a text file we need to create a text file. To do so:

1. 1. Open the Spyder IDE or a text editor (e.g. Notepad, Notepad++, or Sub-
lime Text on a Windows computer; TextMate, TextWrangler, or Sublime
Text on a Mac computer)

2. 2. Write the following six lines in the text file:

I'm
already
much
better
at
Python.

3. 3. Save the file to your Desktop as: file_to_read. txt
4. IMAGE 11
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5. 4. Add the following lines of code at the bottom of first_script.py:

# READ A FILE
# Read a single text file
#input_file = sys.argv[1]

#print "Output #143: "

#filereader = open(input_file, 'r'")
#for row in filereader:

# print row.strip()
#filereader.close()

The first line in this example uses the sys.arguv list to capture the path to
the file we intend to read and assign the path to the variable, in-
put_file. The second line creates a file object, filereader, which con-
tains the resulting rows from opening the input_file in ‘r read mode.
The for loop in the next line reads the rows in the filereader object
one at a time. The body of the for loop prints each row, and the strip
function removes whitespace, tabs, and newline characters from the ends
of each row before it is printed. The final line closes the filereader ob-
ject once all of the rows in the input file have been read and printed to the
screen.

6. 5.Re-save first_script.py

7. 6.To read the text file, type the following line and then hit Enter:

python first_script.py file_to_read.txt

IMAGE 12

After you hit Enter you should see the following printed at the bottom of
your screen beneath any other previous output. Now you’ve read a text file in
Python.

I'm
already
much
better
at
Python.

IMAGE 13

Reading a Text File
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Script and Input File in Same Location

It was possible to simply type python first_script.py file_to_read.txt
on the command line because first_script.py and file_to_read.txt
were in the same location, that is, on your Desktop. If the text file is not in the
same location as the script, then you need to supply the full path to the text file
so that the script knows where to find the file.

For example, if the text file is in your Documents folder instead of on your
Desktop, you can use the following path on the command line to read the text
file from its alternative location: python first_script.py “C:\Users
\Clinton\Documents\file_to_read.txt”

Modern File Reading Syntax

Automatically Closes the File

The line of code we used to create the filereader object is a legacy way of
creating the file object. This method of creating a file object works just fine, but
creating a file object in this way leaves the file object open until either it is ex-
plicitly closed with the close function or the script finishes. While this behavior
isn’t usually harmful in any way, it is less clean and has been known to cause
errors in more complex scripts. Since Python 2.5, you can use the with state-
ment (shown below) to create a file object, and this syntax automatically closes
the file object when the with statement is exited.

input_file = sys.argv[1]
print("Output #144:")
with open(input_file, 'r', newline='') as filereader:
for row in filereader:
print("{}".format(row.strip()))</p>

As you can see, the with statement version is very similar to the previous
version, but it eliminates the need to include a call to the close function to
close the filereader object.

This example demonstrated how to use sys.argv to access and print the
contents of a single text file. It was a simple example, but we will build on this
example in later examples to access other types of files, to access multiple files,
and to write to output files.

The next section covers the glob module, which enables you to read and
process multiple input files with only a few lines of code. Since the power of the
glob module comes from pointing to a folder, i.e. directory, instead of to a file,



Reading Multiple Text Files with Glob

let’s delete or comment out the previous file-reading code so that we can use
argv[1] to point to a folder instead of to a file. Commenting out simply means
putting hash symbols before every line of code you want the machine to ignore,
soin first_script.py it should look like:

## Read a text file (older method) ##
#input_file = sys.argv[1]

#print("Output #143:")

#filereader = open(input_file, 'r', newline='")
#for row in filereader:

# print("{}".format(row.strip()))
#filereader.close()

## Read a text file (newer method) ##
#input_file = sys.argv[1]

#print("Output #144:")

#with open(input_file, 'r', newline='') as filereader:
# for row in filereader:

# print("{}".format(row.strip()))

With these changes, you are ready to add the glob code discussed in the
next section to process multiple files.

Reading Multiple Text Files with Glob

In many business applications, the same or similar actions need to happen to
multiple files. For example, you may need to select a subset of data from multi-
ple files, calculate statistics like totals and means from multiple files, or even
calculate statistics for subsets of data from multiple files. As the number of files
increases, the ability to process them manually decreases and the opportunity
for errors increases.

One way to read multiple files is to include the path to the folder, i.e. directo-
ry, that contains the input files after the name of the Python script on the com-
mand line. To use this method, you need to import the built-in os and glob
modules at the top of your script. To make all of the functionality provided by
the os and glob modules available to you in your script, add import os and
import glob atthe top of your script:

#!/usr/bin/env python3

from math import exp, log, sqgrt

from string import split, join, strip, replace, lower, upper, capitalize
import re

from datetime import date, time, datetime, timedelta

71



CHAPTER 1: Python Basics

72

from operator import itemgetter
import sys

import glob

import os

By importing the os module, you have several useful pathname functions at
your disposal. For example, the os.path. join function joins one or more path
components together intelligently. The glob module finds all path names
matching a specific pattern. By using os and glob in combination, you can find
all files in a specific folder that match a specific pattern.

In order to read multiple text files we need to create another text file. To do
so:

Create another text file

1. 1. Open the Spyder IDE or a text editor (e.g. Notepad, Notepad++, or Sub-
lime Text on a Windows computer; TextMate, TextWrangler, or Sublime
Text on a Mac computer)

2. 2. Write the following six lines in the text file:

This

text
comes
from

a
different
text
file.

3. 3. Save thefile to your Desktop as: another_file_to_read. txt
IMAGE 14

4. 4. Add the following lines of code at the bottom of first_script.py:

#Read multiple text files
print("Output #145:")
inputPath = sys.argv[1]
for input_file in glob.glob(os.path.join(inputPath,'*.txt')):
with open(input_file, 'r', newline='') as filereader:
for row in filereader:
print("{}".format(row.strip()))

The first line in this example is very similar to that used in the example of
reading a single text file, except that in this case we will be supplying a
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path to a folder, i.e. directory, instead of a path to a file. Here, we will be
supplying the path to the folder that contains the two text files.

The second line is a for loop that uses the os.path. join function and
the glob.glob function to find all of the files in a particular folder that
match a specific pattern. The path to the particular folder is contained in
the variable inputPath, which we will supply on the command line. The
os.path. join function joins this folder path with all of the names of
files in the folder that match the specific pattern expanded by the
glob.glob function. In this case, | use the pattern *.txt to match any
file name that ends with . txt. Since this a for loop, the rest of the syntax
on this line should look familiar. input_file is a placeholder name for
each of the files in the list created by the glob.glob function. This line
basically says, “for each file in the list of matching files, do the follow-
ing...”

The remaining lines of code are the same as the lines of code used to read
a single file. Open the input_f1ile variable in read mode and create a fil-
ereader object. For each row in the filereader object, remove whitespace,
tabs, and newline characters from the ends of each row, and then print
the row.

5. 5. Re-save first_script.py

6. 6. To read the text files, type the following line and then hit Enter:
python first_script.py "C:\Users\Clinton\Desktop" IMAGE 15

After you hit Enter you should see the following printed at the bottom of
your screen beneath any other previous output. Now you’ve read multiple text
files in Python.

This

text
comes
from

a
different
text
file.

I'm
already
much
better
at
Python.

IMAGE 16
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One great aspect of learning this technique is that it scales. This example in-
volved only two files, but it could have just as easily involved dozens to hun-
dreds or thousands or more files. By learning how to use the glob.glob func-
tion, you will be able to process a great number of files in a fraction of the time
it would take to do so manually.

Writing to a Text File

Most of the examples thus far have included print statements that send the
output to the Command Prompt or Terminal window. Printing the output to the
screen is useful when you are debugging your program or reviewing the output
for accuracy. However, in many cases, once you know the output is correct, you
will want to write the output to a file for further analysis, reporting, or storage.

Python provides two easy methods for writing to text and delimited files.
The write method writes individual strings to a file, and the writelines method
writes a sequence of strings to a file. The two examples below make use of the
combination of the range and len functions to keep track of the indices of the
values in the list so that the delimiter is placed between the values and a new
line character is placed after the last value.

Add code to first_script.py
1. 1. Add the following lines of code at the bottom of first_script.py:

# WRITE TO A FILE
# Write to a text file
my_letters = ['a', 'b', 'c', 'd', 'e', 'f', 'g', 'h', 'i', 'j']
max_1index = len(my_letters)
output_file = sys.argv[1]
filewriter = open(output_file, 'w')
for index_value in range(len(my_letters)):
if index_value < (max_index-1):
filewriter.write(my_letters[index_value]+'\t')
else:
filewriter.write(my_letters[index_value]+'\n')
filewriter.close()
print "Output #146: Output written to file"

In this first example, the variable my_letters is a list of strings. We want to
print these letters, each separated by a tab, to a text file. The one compli-
cation in this example is ensuring that the letters are printed with tabs



between them and a new line character (not a tab) is placed after the final
letter.

In order to know when we have reached the final letter we need to keep
track of the index values of the letters in the list. The len function counts
the number of values in a list, so max_index equals 10. Again we use
sys.argv[1] to supply the path to and name of the output file on the
command line in the Command Prompt or Terminal window. We create a
file object, filewriter, but instead of opening it for reading we open it
for writing with the ‘w’ write mode. We use a for loop to iterate through
the values in the list, my_letters, and we use the range function in combi-
nation with the len function to keep track of the index of each value in
the list.

The if-else logic enables us to differentiate between the last letter in
the list and all of the preceding letters in the list. Here is how the if-else
logic works: my_letters contains ten values, but indices start at zero so
the index values for the letters are 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. Therefore,
my_letters[0] is a and my_letters[9] is j. The if block evaluates
whether the index value x is less than nine, (max_index - 1) or 10 -1=9.
This condition is True until the last letter in the list. Therefore, the if
block says, “until the last letter in the list, write the letter followed by a
tab in the output file”. When we reach the last letter in the list the index
value for the letter is 9, which is not less than 9, so the i1f block evaluates
as False and the else block is executed. The write statement in the else
block says, “write the final letter followed by a new line character in the
output file”.

. 2. Comment out the earlier code for reading multiple files:

In order to see this code in action we need to write to a file and view the
output. Since we once again are going to use argv[ 1] to specify the path
to and name of the output file, let’s delete or comment out the previous
glob code so that we can use argv[1] to specify the output file. If you
choose to comment out the previous glob code, then in
first_script.py it should look like:

##Read multiple text files

#print("Output #145:")

#inputPath = sys.argv[1]

#for input_file in glob.glob(os.path.join(inputPath,'*.txt')):
# with open(input_file, 'r', newline='') as #filereader:

# for row in filereader:

# print("{}".format(row.strip()))

Writing to a Text File
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3. 3. Re-save first_script.py

4. 4.To write to a text file, enter the following line at the command prompt:
python first_script.py "C:\Users\Clinton\Desktop
\write_to_file.txt" IMAGE 17

5. 5. Open the output file, write_to_file.txt

After you hit Enter, you should not see any new output in the screen. Howev-
er, if you minimize all of your open windows and look at your Desktop there
should be a new text file called write_to_file.txt. The file should contain
the letters from the list my_Tletters separated by tabs with a new line charac-
ter at the end. Now you’ve used Python to write output to a text file.
abcdefghi jIMAGE18

The next example is very similar to this example, except it demonstrates us-
ing the str function to convert values to strings so they can be written to a file
with the write function. It also demonstrates the ‘@’ append mode to append
output to the end of an existing output file.

Writing to a Comma Separated Values “CSV” File
1. Add the following lines of code at the bottom of first_script.py:

# Write to a CSV file
my_numbers = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
max_index = len(my_numbers)
output_file = sys.argv[1]
filewriter = open(output_file, 'a'")
for index_value in range(len(my_numbers)):
if index_value < (max_1index-1):
filewriter.write(str(my_numbers[index_value])+',")
else:
filewriter.write(str(my_numbers[index_value])+'\n')
filewriter.close()
print "Output #147: Output appended to file"

This example is very similar to the preceding example, but | want to in-
clude it to demonstrate how to append to an existing output file and how
to convert non-string values in a list into strings so they can be written to
a file with the write function. In this example, the list contains integers.
The write function writes strings, so you need to use the str function to
convert the non-string values into strings before they can be written to
the output file with the write function.

In the first iteration through the for loop the str function converts 0, an
integer, to ‘0’, a string, so that the



write

function will write the zero to the output file followed by a single comma.
Writing each of the numbers in the list to the output file continues in this
way until the last number in the list, at which point the else block is exe-
cuted and the final number is written to the file followed by a new line
character instead of a comma.

Notice that we opened the file object, filewriter, in ‘@’ append mode
instead of write mode. If we supply the same output file name on the
command line, then the output of this code will be appended below the
output previously written to write_to_file.txt. Alternatively, if we
opened filewriter in ‘w’ write mode, then the previous output would
be deleted and only the output of this code would appear in
write_to_file.txt. You will see the power of opening a file object in ‘@’
append mode later in this book when we process multiple files and ap-
pend all of the data together into a single, concatenated output file.

2. Re-save first_script.py

3. To append to the text file, type the following line and then hit Enter:
python first_script.py “C:\Users\Clinton\Desktop\write_to_file.txt”

4. Open the output file, write_to_file.txt

After you hit Enter, you should not see any new output printed to the screen.
However, if you open write_to_file.txt you’'ll see that now there’s a new second
line that contains the numbers in my_numbers separated by commas with a
new line character at the end. Now you’ve used Python to write and append
output to a text file.

abcdefghtij
0,1,2,3,4,5,6,7,8,9

IMAGE 19

Finally, this example demonstrates an effective way for writing CSV files. In
fact, if we did not write the output from the previous, tab-based example to the
output file (that output was separated by tabs instead of by commas) and we
named the file write_to_file.csv instead of write_to_file.txt, then we would have
created a CSV file.

Print Statements

Print statements are an important aid to debugging any program. As you have
seen, many of the examples in this chapter included print statements as out-

Print Statements

7



CHAPTER 1: Python Basics

78

put. However, you can also add print statements in your code temporarily to
see intermediate output. If your code is not working at all or is not producing
results you expect, then start adding print statements in meaningful locations
at the top of your program to see if the initial calculations are what you expect.
If they are, continue down through subsequent lines of code to check that they
are also working as expected.

By starting at the top of your script, you can ensure that you identify the first
place where the results are in error and fix the code at that point before testing
the remaining sections of your code. The message of this brief section is “don’t
be afraid to use print statements liberally throughout your code to help you de-
bug your code and ensure it’s working properly!” You can always comment out
or remove the print statements later when you are confident your code is
working properly.

We’ve covered a lot of ground in this chapter. We’ve covered how to import
modules, basic data types and their functions and methods, pattern matching,
print statements, dates, control flow, functions, exceptions, reading single and
multiple files, as well as writing text and delimited files. If you’ve followed along
with the examples in this chapter you have already written over 500 lines of
Python code!

The best part about all of the work you have put in to working through the
examples in this chapter is that they are the basic building blocks for doing
more complex file processing and data manipulation. By working through the
examples in this chapter you’re now well prepared to understand and master
the techniques demonstrated in the remaining chapters in this book.

Chapter Exercises:

1. Create a new Python script. In it, create three different lists, add the three
lists together, and use a “for” loop and positional indexing, i.e. range(len()), to
loop through the list and print the index values and elements in the list to the
screen. An answer:

#!/usr/bin/env python3
farm_animals = ['cow','pig', 'horse']
domestic_animals = ['dog', 'cat','gold fish']
zoo_animals = ['lion', 'elephant', 'gorilla']
animals = farm_animals + domestic_animals + zoo_animals
for index_value in range(len(animals)):
print("{0:d}: {1!s}".format(index_value, animals[index_valuel))

2. Create a new Python script. In it, create two different lists of equal length.
One of the lists must contain unique strings. Also create an empty dictionary.



Chapter Exercises:

Use a “for” loop, positional indexing, and an “if” statement to test whether each
of the values in the list of unique strings is already a key in the dictionary. If it is
not, then add the value as a key and add the value in the other list that has the

same index position as the key’s associated value. Print the dictionary’s keys
and values to the screen.
An answer:

#!/usr/bin/env python3
animals_dictionary = {}
animals_list = ['cow','pig', 'horse']
other_list = [4567,[4,'turn',7,'left'], 'Animals are great.']
for index_value in range(len(animals_list)):
if animals_list[index_value] not in animals_dictionary:
animals_dictionary[animals_list[index_value]] = other_list[index
for key, value in animals_dictionary.items():
print("{0!s}: {1}".format(key, value))</p>

3. Create a new Python script. In it, create a list of equal-length lists. Modify
the code in the last example, “Writing to a CSV file”, to loop through the list of
lists and print the values in each of the lists to the screen as a string of comma-
separated values with a newline character on the end.

An answer:

#!/usr/bin/env python3
list_of_lists = [['cow','pig','horse'], ['dog','cat','gold fish'], ['lion','elephant', 'gorill.
for animal_list in list_of_lists:
max_index = len(animal_list)
output = "'
for index in range(len(animal_list)):
if index &lt; (max_index-1):
output += str(animal_list[index])+',"
else:
output += str(animal_list[index])+'\n'</p>
print(output)
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