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PART I
Introduction To
Programming


Chapter 1 - INTRODUCTION

"Most good programmers do programming not because they expect to get paid or get adulation by the public, but because it is fun to program."

—Linus Torvalds

I majored in political science at Clemson University. I considered computer science, and even enrolled in an Introduction to Programming class my freshman year, but quickly dropped it. It was too difficult. While living in Silicon Valley after graduation, I decided I needed to learn to program. A year later, I was working as a software engineer II at eBay (above an entry-level software engineer, but below a senior software engineer). I don't want to give the impression that this was easy. It was incredibly challenging. In between throwing things at the wall, I had a lot of fun.

I started my journey learning to program in Python, a popular programming language. This book, however, is not just about teaching you how to program in a particular language—although it does. It's about everything else the standard resources do not teach you. It's about the things I had to learn on my own to become a software engineer. This book is not for someone looking for a casual introduction to programming so they can write code as a hobby. This book is written specifically for those looking to program professionally. Whether your goal is to become a software engineer, an entrepreneur, or to use your new programming skills in another profession, I wrote this book for you.

Learning a programming language is only part of the battle. There are other skills you need in order to speak the language of computer scientists. I will teach you everything I learned on my journey from programming novice to professional software engineer. I wrote this book to give aspiring programmers an outline of what they need to know. As a self-taught programmer, I didn't know what I needed to learn. The introductions to programming books are all the same. They teach you the basics of how to program in either Python or Ruby, and send you on your way. The feedback I've heard from people finishing these books is "What do I do now? I am not a programmer yet, and I don't know what to learn next." This book is my answer to that question.

How This Book Is Structured

Many of the subjects covered in a single chapter of this book could be—and are—covered by entire books. My goal is not to cover every detail of every subject you need to know. My goal is to give you a map—an outline of all of the skills you need to develop to program professionally. This book is divided into five parts:

Part I: Introduction to Programming. You will write your first program as quickly as possible, hopefully today.

Part II: Introduction to Object-Oriented Programming. I cover the different programming paradigms—focusing on object-oriented programming. You will build a game that shows you the power of programming. You will be hooked on programming after this section.

Part III: Introduction to Programming Tools. You learn to use different tools to take your programming productivity to the next level. At this point, you are hooked on programming and want to get even better. You will learn more about your operating system, how to use regular expressions to boost your productivity, how to install and manage other people's programs, and how to collaborate with other engineers using version control.

Part IV: Introduction to Computer Science. This section is a light introduction to computer science. I cover two important topics: algorithms and data structures.

Part V: Landing a Job. The final section is about best programming practices, getting a job as a software engineer, working on a team, and improving as a programmer. I provide tips on how to pass a technical interview and work on a team, as well as advice on how to further enhance your skills.

If you don't have any programming experience, you should practice programming on your own as much as possible between each section. Don't try to read this book too quickly. Use it as a guide and practice for as long as you need in between sections.

I created an online course based on this book (plus bonus content) you might find helpful as well. It is available at udemy.com/course/self-taught-programmer. You can also subscribe to my weekly programming newsletter at theselftaughtprogrammer.io. 

Endgame First

The way I learned to program is the opposite of how computer science is usually taught, and I structured the book to follow my approach. Traditionally, you spend a lot of time learning theory—so much so, that many computer science graduates come out of school not knowing how to program. In his blog "Why Can't Programmers. Program?," Jeff Atwood writes, "Like me, the author is having trouble with the fact that 199 out of 200 applicants for every programming job can't write code at all. I repeat: they can't write any code whatsoever." This revelation led Atwood to create the FizzBuzz coding challenge, a programming test used in interviews to weed out candidates. Most people fail the challenge, and that's why you spend so much of this book learning the skills you will use in practice. Don't worry, you also learn how to pass the FizzBuzz test.

In The Art of Learning, Josh Waitzkin of Searching for Bobby Fischer fame describes how he learned how to play chess in reverse. Instead of studying opening moves, he started learning the endgame (when there are only a few pieces left on the board) first. This strategy gave him a better understanding of the game, and he went on to win many championships. Similarly, I think it is more efficient to learn to program first, then learn theory later, once you are dying to know how everything works. That is why I wait until Part IV of the book to introduce computer science theory, and I keep it to a minimum. While theory is important, it will be even more valuable once you already have programming experience.

You Are Not Alone

Learning how to program outside of school is increasingly common. A 2015 Stack Overflow (an online community of programmers) survey found 48 percent of respondents did not have a degree in computer science.1

The Self-Taught Advantage

When eBay hired me, I was on a team that included programmers with computer science degrees from Stanford, Cal, and Duke, as well as two physics PhD's. At 25, it was intimidating that my 21-year-old teammates knew 10 times more about programming and computer science than I did.

As intimidating as it is to work with people who have bachelor's, master's and Ph.Ds in computer science, never forget you have what I like to call the "self-taught advantage." You are not reading this book because a teacher assigned it to you, you are reading it because you have a desire to learn, and wanting to learn is the biggest advantage you can have. Also, don't forget that some of the most successful people in the world are self-taught programmers. Steve Wozniak, the founder of Apple, is a self-taught programmer. So is Margaret Hamilton, who received the Presidential Medal of Freedom for her work on NASA's Apollo Moon missions; David Karp, founder of Tumblr; Jack Dorsey, founder of Twitter; and Kevin Systrom, founder of Instagram.

Why You Should Program

Programming can help your career regardless of your profession. Learning to program is empowering. I love coming up with new ideas, and I always have a new project I want to start. Once I learned to program, I could sit down and build my ideas without needing to find someone to do it for me.

Programming will also make you better at everything else you do. There aren't many subjects that don't benefit from finely tuned problem-solving skills. Recently, I had the very tedious task of searching for housing on Craigslist. I was able to write a program to do the work for me and email me the results. Learning to program will free you from repetitive tasks forever.

If you want to become a software engineer, there is an increasing demand and not enough qualified people to fill the available positions. By 2020, an estimated 1 million programming jobs will go unfilled.2 Even if your goal isn't to become a software engineer, jobs in fields like science and finance are beginning to favor candidates with programming experience.

Sticking with It

If you don't have any programming experience and are nervous about making this journey, I want you to know you are capable of it. There are some common misconceptions about programmers like they all are great at math. They aren't. You don't need to be great at math to learn to program, but it does take hard work. With that said, a lot of the material covered in this book is easier to learn than you think.

To improve your programming skills, you should practice programming every day. The only thing that will hold you back is not sticking with it, so let's go over two ways to make sure you do.

When I was getting started, I used a checklist to ensure I practiced every day, and it helped me stay focused.

If you need extra help, Tim Ferriss, a productivity expert, recommends the following technique to stay motivated: give money to a friend or family member with instructions to return it to you upon completion of your goal within a given time frame, or donate it to an organization you dislike if you fail.

How This Book Is Formatted

The chapters in this book build on one another. I try to avoid re-explaining concepts, so keep this in mind. Important terms appear in bold when I first introduce them. There is a vocabulary section at the end of each chapter where each bold word is defined. There are also challenges at the end of each chapter to help you develop your programming skills, as well as links to the solutions.

Technologies Used in This Book

This book teaches certain technologies to give you as much practical programming experience as possible. I try to be technology agnostic, focusing on concepts instead of technologies.

In some cases, I had to choose between many different technologies. In Chapter 20: "Version Control" (for those readers who are unfamiliar with version control, I will explain later), I go over the basics of using Git, a popular version control system. I chose Git because I consider it the industry standard for version control. I use Python for the majority of the programming examples, because it is a popular programming language to learn, and it is a very easy language to read, even if you have never used it. There is also a huge demand for Python developers in just about every field.

To follow the examples in this book, you will need a computer. Your computer has an operating system—a program that is the middleman between the physical components of the computer and you. What you see when you look at your computer screen is called a graphical user interface or GUI, which is part of your operating system.

There are three popular operating systems for desktop and laptop computers: Windows, Unix, and Linux. Windows is Microsoft's operating system. Unix is an operating system created in the 1970s. Apple's current operating system is based on Unix. From here on out, when I refer to Unix, I am referring to Apple's desktop operating system. Linux is an open-source operating system used by the majority of the world's servers. A server is a computer or computer program that performs tasks, like hosting a website. Open-source means a company or individual does not own the software and it may be redistributed and modified. Linux and Unix are both Unix-like operating systems, which means they are very similar. This book assumes you are using a computer running Windows, Unix, or Ubuntu (a popular version of Linux) as your operating system.

Vocabulary

FizzBuzz: A programming test used in interviews to weed out candidates.
Operating system: A program that is the middleman between the physical components of the computer and you.
Graphical user interface (GUI): The part of your operating system you see when you look at your computer screen.
Windows: Microsoft's operating system.
Unix: An operating system created in the 1970s. Apple's operating system is based on Unix.
Linux: An open-source operating system used by the majority of the world's servers.
Open-source: Software that is not owned by a company or individual, but is instead maintained by a group of volunteers.
Server: A computer or computer program that performs tasks, like hosting a website.
Unix-like operating systems: Unix and Linux.

Challenge

1. Create a daily checklist that includes practicing programming.


Chapter 2 - GETTING STARTED

"A good programmer is someone who always looks both ways before crossing a one-way street."
—Doug Linder

What Is Programming

Programming is writing instructions for a computer to execute. The instructions might tell the computer to print Hello, World!, scrape data from the Internet, or read the contents of a file and save them to a database. These instructions are called code. Programmers write code in many different programming languages. In the past, programming was much harder, as programmers were forced to use cryptic, low-level programming languages like assembly language. When a programming language is low-level, it is closer to being written in binary (0s and 1s) than a high-level programming language (a programming language that reads more like English), and thus is harder to understand. Here is a simple program written in an assembly language:

# http://tinyurl.com/z6facmk 
global  _start
        section .text
_start:
        mov     rax, 1
        mov     rdi, 1
        mov     rsi, message
        mov     rdx, 13
        syscall
        ; exit(0)
        mov     eax, 60
        xor     rdi, rdi
        syscall
message:
        db      "Hello, World!", 10


Here is the same program written in a modern programming language:

# http://tinyurl.com/zhj8ap6 
print("Hello, World!")
 


As you can see, programmers today have it much easier. You won't need to spend time learning cryptic, low-level programming languages to program. Instead, you will learn an easy-to-read programming language called Python.

What Is Python

Python is an open-source programming language created by Dutch programmer Guido van Rossum, named after the British sketch comedy group Monty Python. One of van Rossum's key insights was that programmers spend more time reading code than writing it, so he created an easy-to-read language. Python is one of the most popular and easiest to learn programming languages in the world. It runs on all the major operating systems and computers and is used to build web servers, create desktop applications, and everything in between. Because of its popularity, there is a significant demand for Python programmers.

Installing Python

To follow the examples in this book, you need to have Python Version 3 installed. You can download Python for Windows and Unix at http://python.org/downloads . If you are on Ubuntu, Python 3 comes installed by default. Make sure you download Python 3, not Python 2. Some of the examples in this book will not work if you are using Python 2.

Python is available for 32-bit and 64-bit computers. If you purchased your computer after 2007, it is most likely a 64-bit computer. If you aren't sure, an Internet search should help you figure it out.

If you are on Windows or a Mac, download the 32- or 64-bit version of Python, open the file, and follow the instructions. You can also visit http://www.theselftaughtprogrammer.io/installpython for videos explaining how to install Python on each operating system.

Troubleshooting

From this point forward, you need to have Python installed. If you are having problems installing Python, please skip ahead to Chapter 11 to the section titled "Getting Help."

The Interactive Shell

Python comes with a program called IDLE, short for interactive development environment (also the last name of Eric Idle, one of the members of Monty Python's Flying Circus). IDLE is where you will be typing your Python code. Once you've downloaded Python, search for IDLE in Explorer (PC), Finder (Mac), or Nautilus (Ubuntu). I recommend creating a desktop shortcut to make it easy to find.

￼[image: ]

Click on the IDLE icon, and a program with the following lines will open (although this could change, so don't worry if the message is absent or different):

Python 3.5.1 (v3.5.1:37a07cee5969, Dec 5 2015, 21:12:44) [GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin Type "copyright", "credits" or "license()" for more information. >>>

This program is called the interactive shell. You can type Python code directly into the interactive shell, and it will print the results. At the prompt >>> type:

print("Hello, World!")

Then press enter.

IDLE might reject code copied from Kindle, other eBooks, or word processors like Microsoft Word. If you copy and paste code and get an unexplainable error message, try typing the code directly into the shell. You must type the code exactly as written in the example, including quotation marks, parentheses, and any other punctuation.

The interactive shell will respond by printing Hello, World!

￼[image: ]

In the programming world, it is a tradition when you teach someone a new programming language that the first program you teach them is how to print Hello, World! So, congratulations! You just wrote your first program.

Saving Programs

The interactive shell is useful for quick computations, testing small bits of code and writing short programs you don't plan on using again. You can also use IDLE to save a program for reuse. Start the IDLE application, click "File" (in the menu bar on the top left of the IDLE editor), then select "New File." Selecting this option will open up a text editor, which usually has a blank white background. You can write code in this text editor and save it to run later. When you run your code, the output will appear in the interactive shell. You need to save changes while editing code before running it again. Type the Hello, World! program into the text editor:

￼[image: ]​

Go to "File" again and select "Save As." Name your file "hello_world.py" and save it. Python file names have to end with .py. Once you've saved your file, click "Run" (in the menu bar in the top left corner of the IDLE editor), and select "Run Module." Alternatively, you can press the F5 key command, the equivalent of selecting "Run Module" from the menu bar. Hello, World! will print in the interactive shell, as if you had typed this line of code. But now, since you saved your program, you can run it as many times as you like.

The program you created is simply a file with a .py extension, located on your computer wherever you saved it. The name I chose for the file—"hello_world.py"—is completely arbitrary, you can name the file anything. Like this example, writing programs in Python simply involves typing text into files and running them using the interactive shell. Easy, right?

Running Example Programs

Throughout the book, I give examples of code and the results that print when you run them. Whenever I do this, you should enter the code and run it yourself.

Short examples are best run using the shell, and the text editor is better for longer programs you want to save and edit. If you make a mistake in your code in the interactive shell—a typo for example—and the code doesn't work, you have to type everything over again. Using the text editor lets you save your work, so if you make a mistake, you simply fix it and rerun the program.

Another reason the distinction is important is the output of a program running from a file versus the shell can be slightly different. If you type 100 into the interactive shell and press enter, the interactive shell will output 100. If you type 100 into a .py file and run it, there will be no output. This difference can cause confusion, so be mindful of where you are running a program from if you do not get the same output as the example.

Vocabulary

Programming: Writing instructions for a computer to execute.
Code: The instructions programmers write for a computer to execute.
Low-level programming language: A programming language closer to being written in binary (0s and 1s) than a high-level programming language.
Assembly language: A type of difficult-to-read programming language.
High-level programming language: A programming language that reads more like English than a low-level programming language.
Python: The easy-to-read, open-source programming language you will learn to use in this book. Created by Guido van Rossum and named after the British sketch comedy group Monty Python.

Challenge

1. Try to print something other than Hello, World!.

Solution: http://tinyurl.com/noeujfu.


Chapter 3 - INTRODUCTION TO PROGRAMMING

"It's the only job I can think of where I get to be both an engineer and an artist. There's an incredible, rigorous, technical element to it, which I like because you have to do very precise thinking. On the other hand, it has a wildly creative side where the boundaries of imagination are the only real limitation."

—Andy Hertzfeld

Our first program printed Hello, World! Let's print it a hundred times. Type the following code into the interactive shell (print needs to be indented exactly four spaces):

# http://tinyurl.com/h79ob7s 
for i in range(100):
    print("Hello, World!")
 


Your shell should print Hello, World! a hundred times. Even though you will probably never need to print Hello, World! a hundred times, this example shows you how powerful programming is. Can you think of anything else you can do a hundred times so easily? I can't. That is the power of programming.

Examples

From now on, code examples will look like this:

# http://tinyurl.com/h4qntgk  
for i in range(100):
    print("Hello, World!")
 
>> Hello, World!
>> Hello, World!
>> Hello, World!
…
 


The text # http://tinyurl.com/h4qntgk contains a URL that takes you to a web page that contains the code from it, so you can easily copy and paste it into the IDLE text editor if you are having problems getting the code to run. The text that comes after >> is the output of the interactive shell. Throughout the book, you will see >> after each programming example, which represents the output of the program (printed in the interactive shell). Ellipses (...) mean "and so on."

If there is no >> after an example, it means either the program doesn't produce an output, or I am explaining a concept and the output is not important.

Anything written in Courier New font is some form of code, code output or programming jargon. For example, if I refer to the word for in the previous example, it will be written in the Courier New font.

Courier New is a fix-width (non-proportional) font often used to display programming text. Each character has the same width, so indentation and other display characteristics of code alignment are easier to observe.

You can run examples from either the shell or a .py file. Be aware that, as I mentioned earlier, the output from the shell is slightly different so if you are not getting the same output, that is why. If an example prints an output but doesn't have the word print in it, you should enter the code into the shell. If the word print is in an example, you should run the code from a .py file.

Comments

A comment is a line (or part of a line) of code written in English (or another language), preceded by a symbol telling the programming language you are using to ignore that line (or part of a line) of code. In Python, the pound symbol is used to create comments.

A comment explains what a line of code does. Programmers use comments to make the line of code easier to understand for whoever reads it. You can write whatever you want in a comment, as long as it is only one line long:

# http://tinyurl.com/hut6nwu 
# This is a comment
print("Hello, World!")


>> Hello, World!

Only write a comment if you are doing something unusual in your code, or explaining something that is not obvious in the code itself. Use comments sparingly—do not comment on every line of code you write—save them for special situations. Here is an example of an unnecessary comment:

# http://tinyurl.com/jpzlwqq 
# print Hello, World!
print("Hello, World!")


It is unnecessary because it is already very clear what the line of code does. Here is an example of a good comment:

# http://tinyurl.com/z52c8z8 
import math
 
# length of a diagonal
l = 4
w = 10
d = math.sqrt(l**2 + w**2)


Even if you understood exactly how this code works, you still might not know how to calculate the length of a diagonal of a rectangle, so the comment is useful.

Printing

You are not limited to printing Hello, World! in your programs. You can print whatever you'd like, as long as you surround it with quotes:

# http://tinyurl.com/zh5g2a3 
print("Python")


>> Python

# http://tinyurl.com/hhwqva2 
print("Hola!")


>> Hola!


Lines

Python programs are made up of lines of code. Take a look at this program:

# http://tinyurl.com/jq2w5ro 
# line1
# line2
# line3
 


There are three lines of code. It is useful to refer to each piece of code by the line it is on. In IDLE, you can go to "Edit" and select "Go to Line" to jump to a particular line in your program. You can only enter one line of code into the shell at once. You cannot copy and paste multiple lines.

Sometimes a piece of code is long and takes up more than one line. Code surrounded by three quotes, parentheses, brackets and braces can extend to a new line:

# http://tinyurl.com/zcdx3yo 
print("""This is a really really
      really really long line of
      code.""")
 


You can use a backward slash \ to extend code to the next line when you wouldn't normally be able to:

# http://tinyurl.com/hjcf2sa 
print\
 ("""This is a really really
 really long line of code.""")
 


This example and the previous example have the same output. The slash allowed me to put ("""This is a really really really long line of code.""") and print on separate lines, which otherwise is not allowed. This practice is not very common in, but I do it throughout the book to make examples narrow so that they will fit on eBook readers with small screens.

Keywords

Programming languages like Python have words with special meanings, called keywords. for, a keyword you've already seen, is used to execute code multiple times. You will learn more keywords throughout this chapter.

Spacing

Let's take another look at your program that prints Hello, World! a hundred times:

# http://tinyurl.com/glp9xq6 
for i in range(100):
    print("Hello, World!")
 


As I noted earlier, print is indented four spaces. I will cover why shortly, but it lets Python know when blocks of code begin and end. In the meantime, please be aware that whenever you see an indent in an example, it is an indent of four spaces. Without proper spacing, your program will not work.

Other programming languages do not use spacing like this; they use keywords or brackets instead. Here is the same program written in another programming language called JavaScript:

# http://tinyurl.com/hwa2zae 
# This is a JavaScript program.
# It will not work.
 
for (i = 0; i < 100; i++) {
    console.log("Hello, World!");
}
 


Python proponents believe the required use of proper spacing makes Python less tedious to read and write than other languages. Like in the example above, even when space is not part of the programming language, programmers include it to make their code easier to read.

Data Types

Python groups data into different categories called data types. In Python, each data value, like 2 or "Hello, World!", is called an object. You will learn more about objects in Part II, but for now think of an object as a data value in Python with three properties: identity, data type, and value. An object's identity is its location in your computer's memory, which never changes. The data type of an object is the category of data the object belongs to, which determines the properties the object has and never changes. The value of an object is the data it represents—the number 2, for example, has a value of 2.

"Hello, World!" is an object with the data type str, short for string, and the value "Hello, World!". When you refer to an object with the data type str, you call it a string. A string is a sequence of one or more characters surrounded by quotes. A character is a single symbol like a or 1. You can use single quotes or double quotes, but the quotes at the beginning and end of a string must match:

# http://tinyurl.com/hh5kjwp 
"Hello, World!"


>> 'Hello, World!'

# http://tinyurl.com/heaxhsh 
'Hello, World!'


>> 'Hello, World!'

Strings are used to represent text, and they have unique properties.

The numbers you used to do math in the previous section are also objects—but they are not strings. Whole numbers (1, 2, 3, 4, etc.) have the data type int, short for integer. Like strings, integers have unique properties. For example, you can multiply two integers, but you cannot multiply two strings.

Decimal numbers (numbers with a decimal point) have a data type called float. 2.1, 8.2, and 9.9999 are all objects with the float data type. They are called floating-point numbers. Like all data types, floating-point numbers have unique properties and behave in a certain way, similarly to integers:

# http://tinyurl.com/guoc4gy 
2.2 + 2.2


>> 4.4

Objects with a bool data type are called booleans, and have a value of True or False:

# http://tinyurl.com/jyllj2k 
True


>> True

# http://tinyurl.com/jzgsxz4  
False


>> False

Objects with a data type NoneType always have the value None. They are used to represent the absence of value:

# http://tinyurl.com/h8oqo5v  
None


I explain how to use the different data types throughout this chapter.

Constants and Variables

You can use Python to do math, just like you would a calculator. You can add, subtract, divide, multiply, raise a number to a power, and much more. Remember to type all of the examples in this section into the shell.

# http://tinyurl.com/zs65dp8  
2 + 2


>> 4

# http://tinyurl.com/gs9nwrw  
2 - 2


>> 0

# http://tinyurl.com/hasegvj  
4 / 2


>> 2.0

# http://tinyurl.com/z8ok4q3  
2 * 2


>> 4

A constant is a value that never changes. Each of the numbers in the previous example is a constant; the number two will always represent the value 2. A variable, on the other hand, refers to a value that can change. A variable consists of a name made up of one or more characters. That name is assigned a value using the assignment operator (the = sign).

Some programming languages require the programmer to include variable "declarations" that tell the programming language what data type the variable will be. For example, in the C programming language, you create a variable like this:

# Do not run. 
int a;
a = 144;
 


Python makes it simpler; you create a variable simply by assigning a value to it with the assignment operator:

# http://tinyurl.com/hw64mrr  
b = 100
b


>> 100

Here is how to change the value of a variable:

# http://tinyurl.com/hw97que  
x = 100
x
 
x = 200
x


>> 100
>> 200

You can also use two variables to perform arithmetic operations:

# http://tinyurl.com/z8hv5j5  
x = 10
y = 10
z = x + y
z
a = x - y
a


>> 20
>> 0

Often when programming, you want to increment (increase) or decrement (decrease) the value of a variable. Because this is such a standard operation, Python has a special syntax—a shortcut—for incrementing and decrementing variables. To increment a variable, you assign the variable to itself, and on the other side of the equals sign you add the variable to the number you want to increment by:
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