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Chapter 1

Intro

This is an alpha-quality book. There are mistakes, oh yes. When you find them, please drop an issue in
GitHub, or a pull request, or email me at beej@beej . us. When the number of defects gets low enough,
Ill offer a print version.

Hey, everyone! Have you been thinking about learning to program? Have you also been thinking of how
to do it in the easy-to-approach Python programming language?

Yes? Then this is the book for you. We’re going to start with the absolute basics and build up from there,
building up to being an intermediate developer and problem-solver! Python is the language we’ll be using
to make this happen.

But by the end of the book, you will have developed programming techniques that transcend languages.
After picking up Python, maybe try another language like JavaScript, Go, or Rust. They all have their
own features to explore and learn.

1.1 Audience

Beginning programmers. If you have limited experience or no experience, this book is targeted at you!

Attitude Prerequisite: be inquisitive, curious, have an eye for puzzles and problem solving, and be willing
to take on difficult challenges.

Technical Prerequisite: be a computer user. You know what files are, how to move them and delete them,
what subdirectories (folders) are, can install software, and how to type.

Are you a seasoned developer looking to start with Python? I’m sorry but this is not likely to be the book
you’re looking for. It will progress too slowly for your tastes. Just jump straight into the official Python
documentation!.

1.2 Platform and Tools

I make an effort in this book to cover Mac, Windows, and Unix variants (via Arch Linux).

We’ll cover installing Python 3 and the Visual Studio Code editor. (Both are free.) If you already have
a code editor you prefer using (Vim, Emacs, Sublime, Atom, PyCharm, etc.) feel free to use that. This
book’s 100% certified editor agnostic!

1.3 Official Homepage and Books For Sale

The official location of this document is:

* http://beej.us/guide/bgpython/

Uhttps:/docs.python.org/3/
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There you will also find example code.

1.4 Email Policy

I’'m generally available to help out with email questions so feel free to write in, but I can’t guarantee a
response. I lead a pretty busy life and there are times when I just can’t answer a question you have. When
that’s the case, I usually just delete the message. It’s nothing personal; I just won’t ever have the time to
give the detailed answer you require.

As a rule, the more complex the question, the less likely I am to respond. If you can narrow down your
question before mailing it and be sure to include any pertinent information (like platform, compiler, error
messages you’re getting, and anything else you think might help me troubleshoot), you’re much more
likely to get a response. For more pointers, read ESR’s document, How To Ask Questions The Smart
Way?.

If you don’t get a response, hack on it some more, try to find the answer, and if it’s still elusive, then write
me again with the information you’ve found, and hopefully, it will be enough for me to help out.

Now that I’ve badgered you about how to write and not write me, I’d just like to let you know that I fully
appreciate all the praise the guide has received over the years. It’s a real morale boost, and it gladdens me
to hear that it is being used for good! : -) Thank you!

1.5 Mirroring

You are more than welcome to mirror this site, whether publicly or privately. If you publicly mirror the
site and want me to link to it from the main page, drop me a line at beej@beej . us.

1.6 Note for Translators

If you want to translate the guide into another language, write me at beej@beej . us and I'll link to your
translation from the main page. Feel free to add your name and contact info to the translation.
This source markdown document uses UTF-8 encoding.

Please note the license restrictions in the Copyright, Distribution, and Legal section, below.

If you want me to host the translation, just ask. I’ll also link to it if you want to host it; either way is fine.

1.7 Copyright, Distribution, and Legal

Beej’s Guide to Python Programming is Copyright © 2019 Brian “Beej Jorgensen” Hall.

With specific exceptions for source code and translations, below, this work is licensed under the Creative
Commons Attribution- Noncommercial- No Derivative Works 3.0 License. To view a copy of this license,
visit

https://creativecommons.org/licenses/by-nc-nd/3.0/

or send a letter to Creative Commons, 171 Second Street, Suite 300, San Francisco, California, 94105,
USA.

One specific exception to the “No Derivative Works” portion of the license is as follows: this guide may
be freely translated into any language, provided the translation is accurate, and the guide is reprinted in
its entirety. The same license restrictions apply to the translation as to the original guide. The translation
may also include the name and contact information for the translator.

The source code presented in this document is hereby granted to the public domain, and is completely free
of any license restriction.

Educators are freely encouraged to recommend or supply copies of this guide to their students.

Zhttp://www.catb.org/~esr/fags/smart-questions.html
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Unless otherwise mutually agreed by the parties in writing, the author offers the work as-is and makes
no representations or warranties of any kind concerning the work, express, implied, statutory or other-
wise, including, without limitation, warranties of title, merchantability, fitness for a particular purpose,
noninfringement, or the absence of latent or other defects, accuracy, or the presence of absence of errors,
whether or not discoverable.

Except to the extent required by applicable law, in no event will the author be liable to you on any legal
theory for any special, incidental, consequential, punitive or exemplary damages arising out of the use of
the work, even if the author has been advised of the possibility of such damages.

Contact beej@beej . us for more information.

1.8 Dedication

Thanks to everyone who has helped in the past and future with me getting this guide written. And thank
you to all the people who produce the Free software and packages that I use to make the Guide: GNU,
Linux, Slackware, vim, Python, Inkscape, pandoc, many others. And finally a big thank-you to the literally
thousands of you who have written in with suggestions for improvements and words of encouragement.

I dedicate this guide to some of my biggest heroes and inspirators in the world of computers: Donald
Knuth, Bruce Schneier, W. Richard Stevens, and The Woz, my Readership, and the entire Free and Open
Source Software Community.

1.9 Publishing Information

This book is written in Markdown using the vim editor on an Arch Linux box loaded with GNU tools.
The cover “art” and diagrams are produced with Inkscape. The Markdown is converted to HTML and
LaTex/PDF by Python, Pandoc and XeLaTeX, using Liberation fonts. The toolchain is composed of 100%
Free and Open Source Software.
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Chapter 2

What is Programming, Anyway?

2.1 Objectives

+ Be able to explain what a programmer does
* Be able to explain what a program is
* Be able to summarize the four big steps in solving problems

2.2 More Terminology Than You Wanted

Let’s say you’re entirely new to this stuff. You have a computer, you know how to use it, but you don’t
know how to make it do exactly what you want it to.

It’s the difference between a user and a programmer, right?

But what does it mean to program a computer?

In a nutshell, you have a goal (what you want to compute), and programming is the way you get there.
A program is a description of a series of steps to complete that computation, blah blah blah...

Okay—instead think of a sequence of steps that you have to do to do anything. Like baking cookies for
example.

| Fun Computing Fact: everyone likes yummy cookies.

You often have that sequence of steps, that recipe, written down on a piece of paper. By itself, it’s definitely
not cookies. But when you apply a number of kitchen implements and ingredients and an oven to it, pretty
soon you have some cookies.

Of course, in that case, you have to do the work. With programming, the computer does the work for you.
But you have to write down the recipe.

The recipe is the program. Programming is the act of writing down that recipe so the computer can execute
it. And get those cookies baked.

Mmmm. Cookies.

Some programs are simple. “Add up these 12 numbers” is an example. It’s a breeze for the computer to
do that.

But others are more complicated. They can extend into millions of lines long, or even tens of millions,
written by large teams over many years. Think triple-A video game titles or the Linux operating system.

When you’re first starting, large programs like that seem impossible. But here’s the secret: each of those
large programs is made up of smaller, well-designed building blocks. And each of those building blocks
is made up of smaller of the same.

And when you start learning to be a programmer, you start with the smallest, most basic blocks, and you
build up from there.
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And you keep building! Writing software is a lifelong learning process. There are always new things to
learn, new technologies, new languages, new techniques. It’s a craft to be developed and perfected over
a lifetime. Sure, at first you won’t have that many tools in your toolkit. But every moment you spend
working on software gives you more experience solving problems and gives you more methods to attack
them.

2.3 What’s This Talk About Problem Solving?

In other words, I know what I want to see... how do I get there with the tools I know?

There’s a great scene in the movie Apollo 13! that I love. The CO, scrubbers on the command module
are spent, and the team wants to use the scrubbers from the lunar module to replace them. But the former
are round, and the latter are square and won’t fit. Of course, the spacecraft has limited resources to repair
it—just miscellaneous stuff on board that was meant for the mission.

On the ground, the team has all those items at hand, and they dump them on a table. A staff member holds
up a square scrubber and a round scrubber and tells everyone, “We gotta find a way to make this fit into
the hole for this.” He then gestures toward the table, adding, “Using nothing but that.”

And that’s what programming is like, except, obviously and fortunately no lives are at stake. (Typically.)

You have a limited set of programming techniques at your disposal, and you have the goal that you want
to achieve. How can you get to that goal using only those tools? It’s a puzzle!

2.4 So How To Solve It?

Fun Programming Fact: Most devs have no idea how to solve a problem when they’re first pre-
sented with it. They have to systematically attack it.

Programmers fully intend to use a well-reasoned approach to solving arbitrary problems. In reality, they
often run off in high spirits and dive right into coding before they’ve done some of the very important
preliminary work, but since they love programming so much they don’t seem to mind wasting time.

(And it’s not a waste of time because every second you’re programming, you’re learning!)

But lots of bosses do consider unplanned development to be a waste of time. Time is also known as
“money” to the company that hired you. And the only thing more precious to a company than money is
more money.

Imagine that you said, “I want to build an airplane!” and ran off an bought a pile of tools and metal and
rivets and levers and started bolting it together immediately. You might find after a while that, oh you
should have figured out how big the engine was before you built the fuselage, but, hey, no problem, you
have time. You can just rebuild the fuselage. So you do. But now the canopy doesn’t fit. So you have to
rebuild it again, and so on.

You could have saved a lot of time by actually planning what you were going to do before you started
building.

It’s the same with software.
| Fun Programming Proverb: Hours of debugging can save you minutes of planning.

There are several problem-solving frameworks out there. These are blueprints for how to approach a
programming problem and solve it, even if you have no idea how to solve it when you first see it.

One of my favorite problem-solving frameworks was popularized by mathematician George Pélya in 1945
in his book How To Solve It. It was originally written for solving math problems, but it’s surprisingly
effective at solving just about anything. The Four Main Steps are:

1. Understanding the Problem. Get clarity on all parts of the problem. Break it down into subprob-
lems, and break those subproblems down. If you don’t understand the problem, any solutions you

Thttps://www.youtube.com/watch?v=ry55-J4_VQ
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come up with will be solving the wrong problem! You know you understand the problem when you
can explain it to someone completely.

2. Devising a Plan. How are you going to attack this with the tools you have at your disposal and the
techniques you know? You know you’re done making a plan when you’re able to easily convert
your plan into code.

Often when planning you realize there’s something about the problem you don’t fully understand.
Just for a bit, pop back to Step 1 until it’s clear, then come back to planning.

3. Carrying out the plan Convert your plan into code and get it working.

Often in this phase, you find that there was either something you didn’t understand or something
the plan didn’t account for. Drop back a step or two until it’s resolved, then come back here.

4. Looking Back. Look back on the code you got working, and consider what went right and what
went wrong. What would you do differently next time? What techniques did you learn while writing
the code? Was there any place you could have structured things better, or anyplace you could have
removed redundant code?

What’s neat about this is that developers apply the steps of problem-solving to the entire program, and they
also apply it to the smaller problems within the program. A big computing problem is always composed
of many subproblems! The problem-solving framework is used within the problem-solving framework!

An example of a real-life problem might be “build a house”. But that’s made up of subproblems, like
“build a foundation” and “frame the walls” and “add a roof”. And those are made up of subproblems, like
“grade the lot” and “pour concrete”.

In programming, we break down problems into smaller and smaller subproblems until we know how to
solve them with the techniques we know. And if we don’t know a technique to solve it, we go and learn
one!

Being a developer is the same as being a problem solver. The problems ain’t easy, but that’s why it pays
the big bucks.

So you should expect that any time you see a programming problem in this book, on a programming
challenge website, at school, or work, that the answer will not be obvious. You’re going to have to work
hard and spend a lot of time to get through the first problem-solving steps before you’ll even be ready to
start coding.

2.5 What is Python?

Python is a programming language. This means it’s vaguely readable by humans, and completely readable
by a machine. (As long as you don’t make the tiniest mistake!) This is a good combination, since people
are bad at reading the actual 1011010100110 code that machines use. We use these higher-level languages
to help us get by.

In this case, another piece of software called the Python interpreter takes the code we write in the Python
language and runs it, performing the operations we’ve requested.

So before we begin, we need to install the Python interpreter. This is one of the most annoyingly painful
parts of the whole book, but luckily it only has to be done once.

Okay, gang! Let’s get it... over with!

...I'really need to work on the end of that inspirational speech.

2.6 Summary

* A programmer is a problem solver. They then write programs that implement a solution to that
problem.

» A program is a series of instructions that can be carried out by a computer to solve the problem.

» The main problem-solving steps are: Understand the Problem, Devise a Plan, Carry out the Plan,
Look Back.



Chapter 3

What software will I need?

3.1 Objectives

* Install Python, and explain what it does
 Learn what an Integrated Development Environment (IDE) is.

3.2 What Is All This?

Python is a programming language. It interprets instructions that you, the programmer, give it, and it
executes them. Think of it like a robot you can give a series of commands to ahead of time, and then have
it run off and do them on its own.

In programmer parlance, we call these sets of instructions code.

In addition to being a programming language, Python is also a program, itself! It’s a program that runs
other programs! We don’t have to worry about the details of that at all, except that since Python is a
program, it’s something we’ll have to install on our computers.

Python comes in different versions. The big versions are 2 and 3. We’ll be using Python 3 for
everything in this book. Python 2 is older, and is rarely used in new projects.

Python also comes with an Integrated Development Environment, or IDE. An IDE is a program that helps
you write, run, and debug (remove the errors from) code.

It’s main components are:
* The editor. This is like a word processor except specifically designed for use with code.

» The debugger. This helps you step through your code a line at a time and watch the data values
change as you go. It can help you find places where your code is incorrect.

* The console or terminal. This is a window where the output from your program appears (and where
you might type input to the program).

The name of Python’s built-in IDE is IDLE. There are other IDEs we’ll talk about later.

3.3 Installing Python

3.3.1 Windows

There are two ways to do this:

« Install from the Microsoft Store
« Install from the official website
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I can’t see any disadvantage to installing it from the store. Just remember to install Python 3 (not Python
2).

If you install it from the official website!, you need to remember to check the “Add to PATH” box during
the install procedure!

Another option to installing Python on Windows is through WSL. We’ll cover this later.

3.3.2 Mac

Download and install Python for Mac from the official website?.

Another option to installing Python on Mac is through Homebrew. We’ll cover this later.

3.3.3 Linux/Unix-likes

The Linux community tends to be pretty supportive of people looking to install things. Google for some-
thing like ubuntu install python3, replacing ubuntu with the name of your distribution.

3.4 Running IDLE

Here’s where we get to run the IDE for the first time. First we’ll look at how to do it on various platforms,
and then we’ll run some Python code in it.

Running IDLE depends on the platform:

Platform Commands

Windows Hit the Start menu and type “idle”. It should show up in the pick list and you can click to

open it.

Mac Hit CMD-SPACE and type “idle”. It should show up in the pick list and you can click to
open it.

Unix-like Type idle in the terminal or find it in your desktop pulldown menu.

If you run idle on the command line and it says something about the command not being found, try
running idle3.

If you get an error on the command line that looks like this:

** IDLE can't import Tkinter.
Your Python may not be configured for Tk. **

you’ll have to install the Tk graphical toolkit. This might be a package called tk or maybe python-tk.
If you’re on a Unix-like, search for how to install on your system. On a Mac with Homebrew, you can
brew install python-tk.

If you get another error, cut and paste that error into your favorite search engine to see what other people
say about how to solve it.

Once IDLE is up, you should see a window that looks vaguely like this:

3.5 Your First Command

In the IDLE window after the >>> prompt, type:

print("Hello, world!")

Thttps://www.python.org/downloads/
Zhttps://www.python.org/downloads/
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~ IDLE Shell 3.10.9 + Ao m x|
File Edit Shell Debug Options Window Help
Python 3.10.9 (main, Dec 19 2022, 17:35:49) [GCC 12.2.0] on linux |
Type "help", "copyright",