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Introduction
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Programming was so easy when it was just following print('Hello, world!') tutorials. Perhaps you’ve followed a well-structured book or online course for beginners, worked through the exercises, and nodded along with its technical jargon that you (mostly) understood. However, when it came time to leave the nest to write your own programs, maybe you found it hard to fly on your own. You found yourself staring at a blank editor window and unsure of how to get started writing Python programs of your own.

The problem is that following a tutorial is great for learning concepts, but that isn’t necessarily the same thing as learning to create original programs from scratch. The common advice given at this stage is to examine the source code of open source software or to work on your own projects, but open source projects aren’t always well documented or especially accessible to newcomers. And while it’s motivating to work on your own project, you’re left completely without guidance or structure.

This book provides you with practice examples of how programming concepts are applied, with a collection of over 80 games, simulations, and digital art programs. These aren’t code snippets; they’re full, runnable Python programs. You can copy their code to become familiar with how they work, experiment with your own changes, and then attempt to re-create them on your own as practice. After a while, you’ll start to get ideas for your own programs and, more importantly, know how to go about creating them.

How to Design Small Programs

Programming has proven to be a powerful skill, creating billion-dollar tech companies and amazing technological advances. It’s easy to want to aim high with your own software creations, but biting off more than you can chew can leave you with half-finished programs and frustration. However, you don’t need to be a computer genius to code fun and creative programs.

The Python programs in this book follow several design principles to aid new programmers in understanding their source code:


	Small  Most of these programs are limited to 256 lines of code and are often significantly shorter. This size limit makes them easier to comprehend. The choice of 256 is arbitrary, but 256 is also 28, and powers of 2 are lucky programmer numbers.

	Text based  Text is simpler than graphics. Since the source code and program output are both text, it’s easy to trace the cause and effect between print('Thanks for playing!') in the code and Thanks for playing! appearing on the screen.

	No installation needed  Each program is self-contained in a single Python source file with the .py file extension, like tictactoe.py. You don’t need to run an installer program, and you can easily post these programs online to share with others.

	Numerous  There are 81 programs in this book. Between board games, card games, digital artwork, simulations, mathematical puzzles, mazes, and humor programs, you’re bound to find many things you’ll love.

	Simple  The programs have been written to be easy to understand by beginners. Whenever I had to choose between writing code using sophisticated, high-performance algorithms or writing plain, straightforward code, I’ve chosen the latter every time.



The text-based programs may seem old school, but this style of programming cuts out the distractions and potholes that downloading graphics, installing additional libraries, and managing project folders bring. Instead, you can just focus on the code.

Who Is This Book For?

This book is written for two groups of people. The people in the first group are those who have already learned the basics of Python and programming but are still unsure of how to write programs on their own. They may feel that programming hasn’t “clicked” for them. They may be able to solve the practice exercises from their tutorials but still struggle to picture what a complete program “looks like.” By first copying and then later re-creating the games in this book, they’ll be exposed to how the programming concepts they’ve learned are assembled into a variety of real programs.

The people in the second group are those who are new to programming but are excited and a bit adventurous. They want to dive right in and get started making games, simulations, and number-crunching programs right away. They’re fine with copying the code and learning along the way. Or perhaps they already know how to program in another language but are new to Python. While it’s no substitute for a complete introductory Python course, this book contains a brief introduction to Python basics and how to use the debugger to examine the inner workings of a program as it runs.

Experienced programmers might have fun with the programs in this book as well, but keep in mind that this book was written for beginners. 

About This Book

While the bulk of this book is dedicated to the featured programs, there are also extra resources with general programming and Python information. Here’s what’s contained in this book:


	Projects  The 81 projects are too numerous to list here, but each one is a self-contained mini-chapter that includes the project’s name, a description, a sample run of the program’s output, and the source code of the program. There are also suggestions for experimental edits you can make to the code to customize the program.

	Appendix A: Tag Index  Lists all of the projects categorized by their project tags.

	Appendix B: Character Map  A list of character codes for symbols such as hearts, lines, arrows, and blocks that your programs can print.



How to Learn from the Programs in This Book

This book doesn’t teach Python or programming concepts like a traditional tutorial. It has a learn-by-doing approach, where you’re encouraged to manually copy the programs, play with them, and inspect their inner workings by running them under a debugger.

The point of this book isn’t to give a detailed explanation of programming language syntax, but to show solid examples of programs that perform an actual activity, whether it’s a card game, an animation, or exploration of a mathematical puzzle. As such, I recommend the following steps:


	Download the program and run it to see what the program does for yourself.

	Starting from a blank file, copy the code of the game from this book by manually typing it yourself. (Don’t use copy and paste!)

	Run the program again, and go back and fix any typos or bugs you may have introduced.

	Run the program under a debugger, so you can carefully execute each line of code one at a time to understand what it does.

	Find the comments marked with (!) to find code that you can modify and then see how this affects the program the next time you run it.

	Finally, try to re-create the program yourself from scratch. It doesn’t have to be an exact copy; you can put your own spin on the program.



When copying the code from this book, you don’t necessarily have to type the comments (the text at the end of a line following the # symbol), as these are notes for human programmers and are ignored by Python. However, try to write your Python code on the same line numbers as the programs in this book to make comparison between the two easier. If you have trouble finding typos in your program, you can compare your code to the code in this book with the online diff tool at https://inventwithpython.com/bigbookpython/diff/.

Each program has been given a set of tags to describe it, such as board game, simulation, artistic, and two-player. An explanation of each of these tags and a cross-index of tags and projects can be found in Appendix A. The projects are listed in alphabetical order, however.

Downloading and Installing Python

Python is the name of both the programming language and the interpreter software that runs your Python code. The Python software is completely free to download and use. You can check if you already have Python installed from a command line window. On Windows, open the Command Prompt program and then enter py --version. If you see output like the following, then Python is installed:

C:\Users\Al>py --version
Python 3.13.1

On macOS and Linux, open the Terminal program and then enter python3 --version. If you see output like the following, then Python is installed:

$ python3 --version
Python 3.13.1

This book uses Python version 3. Several backward-incompatible changes were made between Python 2 and 3, and the programs in this book require at least Python version 3.1.1 (released in 2009) to run. If you see an error message telling you that Python cannot be found or the version reports Python 2, you can download the latest Python installer for your operating system from https://python.org/. If you’re having trouble installing Python, you can find more instructions at https://installpython3.com/.

Downloading and Installing the Mu Editor

While the Python software runs your program, you’ll type the Python code into a text editor or integrated development environment (IDE) application. I recommend using Mu Editor for your IDE if you are a beginner because it’s simple and doesn’t distract you with an overwhelming number of advanced options.

Open https://codewith.mu/ in your browser. On Windows and macOS, download the installer for your operating system and then run it by double-clicking the installer file. If you are on macOS, running the installer opens a window where you must drag the Mu icon to the Applications folder icon to continue the installation. If you are on Ubuntu, you’ll need to install Mu as a Python package. In that case, open a new Terminal window and run pip3 install mu-editor to install and mu-editor to run it. Click the Instructions button in the Python Package section of the download page for full instruction details.

Running the Mu Editor

Once it’s installed, let’s start Mu:


	On Windows 7 or later, click the Start icon in the lower-left corner of your screen, enter mu in the search box, and select Mu when it appears.

	On macOS, open the Finder window, click Applications, and then click mu-editor.

	On Ubuntu, press ctrl-alt-T to open a Terminal window and then enter python3 –m mu.



The first time Mu runs, a Select Mode window appears with the following options: Adafruit CircuitPython, BBC micro:bit, Pygame Zero, and Python 3. Select Python 3. You can always change the mode later by clicking the Mode button at the top of the editor window.

You’ll be able to enter the code into Mu’s main window and then save, open, and run your files from the buttons at the top.

Running IDLE and Other Editors

You can use any number of editors for writing Python code. The Integrated Development and Learning Environment (IDLE) software installs along with Python, and it can serve as a second editor if for some reason you can’t get Mu installed or working. Let’s start IDLE now:


	On Windows 7 or later, click the Start icon in the lower-left corner of your screen, enter idle in the search box, and select IDLE (Python GUI).

	On macOS, open the Finder window and click Applications▶Python 3.13▶IDLE (Python 3.13 64-bit).

	On Ubuntu, select Applications▶Accessories▶Terminal and then enter idle3. (You may also be able to click Applications at the top of the screen, select Programming, and then click IDLE 3.)

	On the Raspberry Pi, click the Raspberry Pi menu button in the top-left corner; then click Programming and Python 3 (IDLE). You can also select Thonny Python IDE from under the Programming menu.



There are several other free editors you can use to enter and run Python code, such as:


	Thonny, a Python IDE for beginners, at https://thonny.org/.

	PyCharm Community Edition, a Python IDE used by professional developers, at https://www.jetbrains.com/pycharm/.



Installing Python Modules

Most of the programs in this book only require the Python Standard Library, which is installed automatically with Python. However, some programs require third-party modules such as pyperclip, bext, playsound, and pyttsx3. All of these can be installed at once by installing the bigbookpython module.

For the Mu Editor, you must install the 1.1.0-alpha version (or later). As of 2020, you can find this version at the top of the download page at https://codewith.mu/en/download under the “Try the Alpha of the Next Version of Mu” section. After installation, click the gear icon in the lower-left corner of the window to bring up the Mu Administration window. Select the Third Party Packages tab, enter bigbookpython into the text field, and click Ok. This installs all of the third-party modules used by the programs in this book.

For the Visual Studio Code or IDLE editor, open the editor and run the following Python code from the interactive shell:

>>> import os, sys
>>> os.system(sys.executable + ' -m pip install --user bigbookpython')
0

The number 0 appears after the second instruction if everything worked correctly. Otherwise, if you see an error message or another number, try running the following instructions, which don’t have the --user option:

>>> import os, sys
>>> os.system(sys.executable + ' -m pip install bigbookpython')
0

No matter which editor you use, you can try running import pyperclip or import bext to check if the installation worked. If these import instruction don’t produce an error message, these modules installed correctly and you’ll be able to run the projects in this book that use these modules.

Copying the Code from This Book

Programming is a skill that you improve by programming. Don’t just read the code in this book or copy and paste it to your computer. Take the time to enter the code into the editor for yourself. Open a new file in your code editor and enter the code. Pay attention to the line numbers in this book and your editor to make sure you aren’t accidentally skipping any lines. If you encounter errors, use the online diff tool at https://inventwithpython.com/bigbookpython/diff/ to show you any differences between your code and the code in this book. To get a better understanding of these programs, try running them under the debugger.

After entering the source code and running it a few times, try making experimental changes to the code. The comments marked with (!) have suggestions for small changes you can make, and each project lists suggestions for larger modifications.

Next, try re-creating the program from scratch without looking at the source code in this book. It doesn’t have to be exactly the same as this program; you can invent your own version!

Once you’ve worked through the programs in this book, you might want to start creating your own. Most modern video games and software applications are complicated, requiring teams of programmers, artists, and designers to create. However, many board, card, and paper-and-pencil games are often simple enough to re-create as a program. Many of these fall under the category of “abstract strategy games.” You can find a list of them at https://en.wikipedia.org/wiki/List_of_abstract_strategy_games.

Running Programs from the Terminal

The programming projects in this book that use the bext module have colorful text for their output. However, these colors won’t appear when you run them from Mu, IDLE, or other editors. These programs should be run from a terminal, also called command line, window. On Windows, run the Command Prompt program from the Start menu. On macOS, run Terminal from Spotlight. On Ubuntu Linux, run Terminal from Ubuntu Dash or press ctrl-alt-T.

When the terminal window appears, you should change the current directory to the folder with your .py files with the cd (change directory) command. (Directory is another term for folder.) For example, if I were on Windows and saved my Python programs to the C:\Users\Al folder, I would enter the following line.

C:\>cd C:\Users\Al

C:\Users\Al>

Then, to run Python programs, enter python yourProgram.py on Windows or python3 yourProgram.py on macOS and Linux, replacing yourProgram.py with the name of your Python program:

C:\Users\Al>python guess.py
Guess the Number, by Al Sweigart al@inventwithpython.com

I am thinking of a number between 1 and 100.
You have 10 guesses left. Take a guess.
--snip--

You can terminate programs run from the terminal by pressing ctrl-C rather than close the terminal window itself.

Running Programs from a Phone or Tablet

Ideally you’ll have a laptop or desktop computer with a full keyboard to write code, as tapping on a phone or even tablet keyboard can be tedious. While there are no established Python interpreters for Android or iOS, there are websites that host online Python interactive shells you can use from a web browser. These will also work for laptops and desktops, in case you’re an instructor who doesn’t have account permission to install new software on your classroom’s computers.

The websites https://repl.it/languages/Python3/ and https://www.pythonanywhere.com/ have Python interpreters that are free to use in your web browser. These websites will work with most of the projects in this book. However, they won’t work with programs that make use of third-party modules, such as bext, pyperclip, pyttsx3, and playsound. They also won’t work with programs that need to read or write files with the open() function. If you see these terms in the program’s code, the program won’t work in these online Python interpreters. However, the majority of programs in this book will work just fine.

How to Get Help

Unless you can hire a private tutor or have a programmer friend who can answer your programming questions, you’ll need to rely on yourself to find answers to your questions. Fortunately, your questions have almost certainly been asked before. Being able to find answers on your own is an important skill for programmers to learn.

Don’t feel discouraged if you find yourself constantly looking up answers to your programming questions online. You may feel like it’s “cheating” to check online instead of memorizing everything about programming from the start, but as long as you’re learning, it’s not cheating. Even professional software developers search the internet on a daily basis. In this section, you’ll learn how to ask smart questions and search for answers on the internet.

When your program tries to carry out an invalid instruction, it displays an error message called a traceback. The traceback tells you what kind of error occurred and which line of code the error occurred on. Here’s an example of a program that had an error while calculating how many slices of pizza each person should get:

Traceback (most recent call last):
  File "pizza.py", line 5, in <module>
    print('Each person gets', (slices / people), ' slices of pizza.')
ZeroDivisionError: division by zero

From this traceback, you might not realize that the problem is that the people variable is set to 0, and so the expression slices / people caused a zero-divide error. Error messages are often so short they’re not even full sentences. Since programmers encounter them regularly, they’re intended as reminders rather than full explanations. If you’re encountering an error message for the first time, copying and pasting it into an internet search often returns a detailed explanation of what the error means and what its likely causes are.

If you’re unable to find the solution to your problem by searching the internet, you can post your question to an online forum or email someone. To make this process as efficient as possible, ask specific, well-stated questions. This means providing full source code and error message details, explaining what you’ve already tried, and telling your helper what operating system and version of Python you’re using. Not only will the posted answers solve your problem, but they can help future programmers who have your same question and find your post.

Typing Code

You don’t have to be able to type fast to be a programmer, but it helps. While many people take a “hunt and peck” approach to typing, a faster typing speed can make programming less of a chore. As you work through the programs in this book, you’ll want your eyes on the code and not on your keyboard.

There are free websites for learning how to type, such as https://typingclub.com/ or https://www.typing.com/. A good typing program will display a keyboard and transparent hands on the screen so you can practice without the bad habit of looking down at the keyboard to find keys. Like every skill, typing is a matter of practice, and writing code can provide you with plenty of opportunities to type.

Keyboard shortcuts allow you to perform actions in a fraction of the time it takes to move the mouse to a menu and perform the action. A shortcut is often written like “ctrl
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