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Preface



This is the third edition of
a book introducing you to
one of the world’s most popular programming languages: Python.
You may be a beginning programmer,
or have some experience and
want to add Python to the languages
you already know.
Throughout the book,
I’ll sometimes contrast Python with other languages,
to catch assumptions about how it works,
especially with subtle differences.


Computing languages are easier to learn
than human languages — they’re more concise and precise.
Python is recognized
as one of the easiest computing languages
to learn, read, and write.
It consists of
data (like nouns in spoken languages)
and instructions or code (like verbs).
In alternating chapters,
you’ll be introduced to Python’s
basic code and data structures,
learn how to combine them,
and build up to more advanced ones.
The programs that you read and write
will get longer and more complex.


You’ll learn the language,
and what to do with it.
We’ll begin with the core Python language and its
“batteries included” standard library,
and advance to finding, downloading,
installing, and using
some good third-party packages.
My emphasis is on whatever I’ve actually found useful
in twenty years of production Python development,
rather than fringe topics or complex hacks.


Although this is an introduction,
some advanced topics are included because
I want to expose them to you.
Areas like databases and the web are still covered,
but technology changes fast.
A Python programmer might now be expected to know something
about cloud computing, machine learning,
or event streaming.
You’ll find something here on all of these.


Python has some special features that work better
than adapting styles from other languages that you may know.
For example, using for and iterators is
a more direct way of making a loop than
manually incrementing some counter variable.


When you’re learning something new,
it’s hard to tell which
terms are specific rather than colloquial,
and which concepts are actually important.
In other words,
“Is this on the test?”
I’ll highlight terms and ideas that have
specific meaning or importance in Python,
but not too many at once.
Real Python code is included early and often.

Note

I’ll include a note such as this
when something might be confusing, or if there’s
a more appropriate Pythonic way to do it.




Python isn’t perfect.
I’ll show you things that seem odd or that should be avoided — and offer alternatives you can use, instead.








Audience


Although it helps if you’ve done some programming before,
I want to make it possible for beginning programmers to
get something out of this book.
Python is an excellent first computing language,
and you don’t need to read and understand all of this book
to get started.










Changes in the Third Edition


Although this largely follows the shape
of the second edition,
I’ve brought every page up to date:



	
Dropped chapters 20-22, and appendices A, C, and E.



	
Added chapters on AI, data science, and performance.



	
Expanded coverage of development environments.



	
Added discussion of recent Python features and fixes.



	
Emphasized the use of typing hints.



	
Featured FastAPI for web examples.



	
Updated many examples and arcane tidbits1.



	
Expanded old Chapter 19 (Be a Pythonista) into a full Part 2.














Outline


Part 1 (Chapters 1–13)
explains the basics of the Python language.
You should read these chapters in order.
I work up from the simplest data and code structures,
combining them on the way into more detailed and realistic programs.
You can try all the code in this part on your own machine.



	
Chapter 1 (Introduction):
Computer programs are
not that different from directions that you see every day.
Some little Python programs give you a glimpse
of the language’s looks, capabilities,
and uses in the real world.
You’ll see how to run a Python program
within its interactive interpreter
(or shell),
or from a text file saved on your computer.



	
Chapter 2 (Types and Variables):
Computer languages mix data and instructions.
Different types of data are
stored and treated differently by the computer.
They may allow their values to be
changed (mutable)
or not (immutable).
In a Python program,
data can be literal
(numbers like 78,
text strings like "waffle")
or represented by named variables.
Python treats variables like names or labels,
which is different from many other languages
and has some important consequences.



	
Chapter 3 (Numbers):
This chapter shows Python’s simplest data types:
booleans, integers, and floating-point numbers.
You’ll also learn the basic math operations.
The examples use Python’s interactive interpreter like a calculator.



	
Chapter 4 (Strings):
Learn how to create, combine, change, retrieve,
and print text strings.
You’ll see much more in Chapter 19.



	
Chapter 5 (Bytes):
Many data examples are binary,
and can be represented in Python by the
bytes and bytearray data types.



	
Chapter 6 (If and Match):
We’ll bounce between Python’s nouns (data types) and
verbs (program structures) for a few chapters.
Python code normally runs a line at a time,
from the start to the end of a program.
The if code structure lets you run different lines of code,
depending on some data comparison.



	
Chapter 7 (For and While):
Verbs again, and two ways to repeat code in a loop:
for and while.
You’ll be introduced to a core Python concept: iterators.



	
Chapter 8 (Tuples and Lists):
It’s time for the first of Python’s
higher-level built-in data structures:
lists and tuples.
These are sequences of values,
like LEGOs for building much more complex data structures.
Step through them with iterators,
and build lists quickly with comprehensions.



	
Chapter 9 (Sets and Dictionaries):
Dictionaries (aka dicts) and sets
let you save data by their values rather than
their position.
This turns out to be very handy
and will be among your favorite
Python features.



	
Chapter 10 (Functions):
Weave the data and code structures
of the previous chapters to
compare, choose, or repeat.
Package code in functions
and handle errors with exceptions.



	
Chapter 11 (Objects):
The term object is a bit fuzzy,
but important in many computer languages,
including Python.
If you’ve done object-oriented programming
in other languages,
Python is a bit more relaxed.
This chapter explains how to use objects and classes,
and when it’s better to use alternatives.



	
Chapter 12 (Modules and Packages):
This chapter demonstrates how to
scale out to larger code structures:
modules, packages, and programs.
You’ll see where to put code and data,
how to get data in and out,
handle options,
tour the Python Standard Library,
and take a glance at what lies beyond.



	
Chapter 13 (Review):
This is a look back at the preceding twelve chapters,
tying together some concepts






Part 2 (Chapters 14-18)
goes beyond the language, into
the tools and techniques you’ll need
to do serious Python programming.
This is an expansion of the single “Be a Pythonista”
chapter of the second edition.



	
Chapter 14 (Development Environment):
Here, we get into virtual environments
(Python version control)
and package management with pip and other tools.



	
Chapter 15 (Type Hints):
Although they’re completely optional to the Python
interpreter itself,
type hints really help make your code readable,
and they’re essential for
FastAPI,
Mojo,
and other recent applications.



	
Chapter 16 (Testing):
How do you know that your code works?
Some techniques can save you a lot of time and grief.



	
Chapter 17 (Debugging):
Sometimes you need to dig to find the problem.



	
Chapter 18 (Review):
This refreshes information from the previous
Tools
chapters.






Part 3 (Chapters 19-30)
shows how Python is used in specific application areas
such as the web, databases, networks, and so on;
read these chapters in any order you like.



	
Chapter 19 (Text Data):
Go beyond the basic string description in Chapter 4:
Unicode characters, regular expressions for text pattern matching,
and more.



	
Chapter 20 (Binary Data):
This area doesn’t seem to get much discussion in Python books.
You can do some tricky things in Python with non-textual data
that you might think require a lower-level language like C.



	
Chapter 21 (Dates and Times):
Dates and times can be messy to handle.
This chapter shows common problems and useful solutions.



	
Chapter 22 (Files):
Basic data storage uses files and directories.
This chapter shows you how to create and use them.



	
Chapter 23 (Data in Time: Concurrency):
This is the first hard-core system chapter.
Its theme is data in time — how to use
programs, processes, and threads
to do more things at a time
(concurrency).
Python’s asyncio is heavily featured.



	
Chapter 24 (Data in Space: Networks):
Send your code and data through space in networks
with services, protocols, and APIs.
Examples range from low-level TCP sockets,
to messaging libraries
and queuing systems,
to cloud deployment.



	
Chapter 25 (Data in a Box: Databases):
Data can be stored and retrieved
with basic flat files and
directories within filesystems.
They gain some structure with common text formats
such as CSV, JSON, and XML.
As data get larger and more complex,
they need the services of
databases — traditional relational ones,
and some newer NoSQL data stores.



	
Chapter 26 (The Web):
The web gets its own chapter — clients, servers, APIs, and frameworks.
You’ll crawl and scrape websites,
and then build real websites with
request parameters and templates.



	
Chapter 27 (Data Science):
Python is right at home here, with a very wide variety of
tools and methods that are used in production systems every day.



	
Chapter 28 (AI):
This new chapter is devoted to the very timely subject
of artificial intelligence.
Python has risen to prominence largely from its
heavy use in data modeling and AI development.
This chapter documents various approaches to using and developing
AI-based systems.



	
Chapter 29 (Performance):
This is another new chapter,
showing various methods of speeding
up Python in cases where it isn’t frisky enough.
It includes an introduction to
a very recent Python superset called Mojo,
which I think could have quite an impact
if its development plans goes well.



	
Chapter 30 (Review):
As before, this chapter refreshes some info from the
previous ones.














Python Versions


Computer languages change over time as
developers add features and fix mistakes.
The examples in this book were written and tested
with Python version 3.12,
the most current as this book was being edited.
and I’ll talk about its notable additions.
The
What’s New in Python
page is a technical reference;
a bit heavy when you’re just starting with Python,
but may be useful in the future
if you ever need to deal
with different Python versions.










About the Author


I’m a self-taught programmer,
which has been mostly a good thing.
I started by learning FORTRAN in 1975 — with punch cards!
It seems like another century now.
Oh,  wait, it was.
In 1977, I first encountered UNIX and C,
and was hooked.
When I finally ran out of money and time in graduate school
(doing biomedical research on circadian rhythms),
I was able to get a series of UNIX jobs,
such as developing early
graphic user interface (GUI) systems
in the early 80s, before the Mac and Windows.
I worked with the early non-commercial Internet
until it went public in the early 90s.
After the release then of Mosaic
(the first cross-platform browser),
I figured out that the Web would be the “next big thing”,
and pivoted to web development.


I did two startups, and developed early websites with C
and two newer languages:
Perl (invented in 1987 by Larry Wall) and
PHP (by Rasmus Lerdorf, in 1995).
I had read about Python, and finally played with it for
a week or two.
It was much better than I expected.
I was able to mock up most of a large application that
four of us had written previously in C over a year — including database
access and a graphical user display.
It was time for the pivot to Python, which led to the words
you’re reading now.


One advantage of my early exposure to computing is that
many of the things we take for granted now — relational databases, the Internet, the Web, GUIs,
object-oriented programming — came along after I’d already
been a professional programmer for a few years.
I could watch each new thing play out a bit before deciding how much
faith to accord it.
Even today, when you read about some cool-sounding tech
(say, microservices or serverless),
look for war stories:



	
What are its limits?



	
How do you fix it when it breaks?



	
How does it perform?



	
What are the security implications?






So, in this book,
you may sometimes see that
my opinions on some subjects
(such as object inheritance,
or MVC and REST designs for the web)
vary a bit from
the common wisdom.
Decide for yourself!


And thanks for jumping in.
One of my cats will thank you at the end of the book.










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.



	Constant width

	
Used for program listings, as well as within
paragraphs to refer to program elements such as variables, functions, and data types.



	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.





Note

This icon signifies a tip, suggestion, or general note.



Warning

This icon indicates a warning or caution.












Using Code Examples


The substantial code examples and exercises in this book
are
available online for you to download.
This book is here to help you get your job done.
In general,
you may use the code in this book in your programs and documentation.
You do not need to contact us for permission unless
you’re reproducing a significant portion of the code.
For example,
writing a program that uses several chunks of code
from this book does not require permission.
Selling or distributing examples from O’Reilly books
does require permission.
Answering a question by citing this book and quoting
example code does not require 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
includes the title, author, publisher, and ISBN.
For example:
“Introducing Python by Bill Lubanovic (O’Reilly). Copyright 2026 Bill Lubanovic, 978-1-098-17440-8.”


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










O’Reilly Online Learning

Note

For over 40 years, O’Reilly Media has provided technology and business training, knowledge, and insight to help companies succeed.




Our unique network of experts and innovators share their knowledge and expertise through books, articles, conferences, and our online learning platform. O’Reilly’s online learning platform gives you on-demand access to live training courses, in-depth learning paths, interactive coding environments, and a vast collection of text and video from O’Reilly and 200+ other publishers. For more information, please visit http://oreilly.com.










How to Contact Us


Please address comments and questions concerning this book to the publisher:


  	O’Reilly Media, Inc.

  	1005 Gravenstein Highway North

  	Sebastopol, CA 95472

  	800-889-8969 (in the United States or Canada)

  	707-827-7019 (international or local)

  	707-829-0104 (fax)

  	support@oreilly.com

  	https://oreilly.com/about/contact.html




We have a web page for this book, where we list errata, examples, and any additional information. You can access this page at https://oreil.ly/introducing-python-2e.


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


Find us on LinkedIn: https://linkedin.com/company/oreilly-media.


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



1 A good name for a band, or pet food?









Chapter 1. Introduction



A Note for Early Release Readers

With Early Release ebooks, you get books in their earliest form—the author’s raw and unedited content as they write—so you can take advantage of these technologies long before the official release of these titles.


This will be the 1st chapter of the final book. Please note that the GitHub repo will be made active later on.


If you have comments about how we might improve the content and/or examples in this book, or if you notice missing material within this chapter, please reach out to the editor at ccollins@oreilly.com.




Only ugly languages become popular.
Python is the one exception.

Don Knuth




You’re here.
Good.
Then let’s begin.


You may already know something about computers and Python,
or you may not.
If I’m going too slow for you in some section,
jump ahead a page or two.
You won’t hurt my feelings.


So, here we go.








Mysteries


Let’s begin with two mini-mysteries and their solutions.
What do you think the following two lines mean?


(Row 1): (RS) K18,ssk,k1,turn work.
(Row 2): (WS) Sl 1 pwise,p5,p2tog,p1,turn.


It looks technical, like some kind of computer program.
Actually, it’s a knitting pattern;
specifically,
a fragment describing how to turn the heel of a sock, like the one in Figure 1-1.



[image: socks]
Figure 1-1. Knitted socks




This makes as much sense to me as
a Sudoku puzzle does to one of my cats,
but if you’re a knitter, you probably understand it perfectly.


Let’s try another mysterious text, found on an index card.
You’ll figure out its purpose right away,
although you might not know its final product:


  1/2 c. butter or margarine
  1/2 c. cream
  2 1/2 c. flour
  1 t. salt
  1 T. sugar
  4 c. riced potatoes (cold)

Be sure all ingredients are cold before adding flour.
Mix all ingredients.
Knead thoroughly.
Form into 20 balls.  Store cold until the next step.
For each ball:
  Spread flour on cloth.
  Roll ball into a circle with a grooved rolling pin.
  Fry on griddle until brown spots appear.
  Turn over and fry other side.


Even if you don’t cook, you probably
recognized that it’s a
recipe1:
a list of food ingredients followed by directions for preparation.
But what does it make?
It’s lefse,
a Norwegian delicacy that resembles a tortilla (Figure 1-2).
Slather on some butter and jam or whatever you like,
roll it up, and enjoy.



[image: lefse]
Figure 1-2. Lefse




The knitting pattern and the recipe share some features:



	
A regular vocabulary of words, abbreviations, and symbols.
Some might be familiar, others mystifying.



	
Rules about what can be said, and where—syntax.



	
A sequence of operations to be performed in order.



	
Sometimes, a repetition of some operations (a loop),
such as the method for frying each piece of lefse.



	
Sometimes, a reference to another sequence of operations
(in computer terms, a function).
In the recipe,
you might need to refer to another recipe
for ricing potatoes.



	
Assumed knowledge about the context.
The recipe assumes you that know what water is and how to boil it.
The knitting pattern assumes that you can knit and purl
without stabbing yourself too often.



	
Some data to be used, created, or modified —
potatoes and yarn.



	
The tools used to work with the data—pots, mixers, ovens, knitting sticks.



	
An expected result. In our examples, something for your feet
and something for your stomach. Just don’t mix them up.






Whatever you call them — idioms, jargon, little languages—you see examples of them everywhere.
The lingo saves time for people who know it,
while mystifying the rest of us.
Try deciphering a newspaper column about bridge if you don’t
play the game,
or a scientific paper if you’re not a scientist
(or even if you are, but in a different field).










Little Python Programs


I used the knitting pattern and recipe to demonstrate that
programming isn’t that mysterious.
It’s largely a matter of learning the right words
and the rules.


Now, it helps greatly if there aren’t too many words and rules,
and if you don’t need to learn too many of them at once.
Our brains can hold only so much at one time.


Python is:



	
A computer programming language



	
Created in 1991 by the Dutch computer scientist Guido van Rossum



	
Grown and guided by Guido and others since then



	
Well designed



	
Easier to read and write than most alternative languages



	
A core of modern data science and
artificial intelligence (AI) computing



	
A valuable skill in today’s computing job market



	
Useful for small scripts, but also huge systems like Instagram.






Let’s finally see a small but real computer program
(Example 1-1).
What do you think this does?


Example 1-1. countdown.py


for countdown in 5, 4, 3, 2, 1, "hey!":
    print(countdown)



If you guessed that it’s a Python program that prints the lines


5
4
3
2
1
hey!


then you know that Python can be easier to
learn than a recipe or knitting pattern.
And you can practice writing Python programs
from the comfort and safety of your desk,
far from the hazards of hot water and pointy sticks.


The Python program has some special words and symbols
—
for, in, print, commas, colons, parentheses,
and so on
—
that are important parts of the language’s
syntax (rules).
The good news is that Python has a nicer syntax,
and less of it to remember,
than most computer languages.
It seems more natural
—
almost like a recipe.


Example 1-2 is another tiny Python program; it selects
one Harry Potter spell from a Python list
and prints it.


Example 1-2. spells.py


spells = [
    "Riddikulus!",
    "Wingardium Leviosa!",
    "Avada Kedavra!",
    "Expecto Patronum!",
    "Nox!",
    "Lumos!",
    ]
print(spells[3])



The individual spells are Python strings
(sequences of text characters, enclosed in quotes).
They’re separated by commas and
enclosed in a Python list that’s defined
by enclosing square brackets ([ and ]).
The word spells is a variable that gives the list
a name so that we can do things with it.
In this case,
the program would print the fourth spell:


Expecto Patronum!


Why did we say 3 if we wanted the fourth?
A Python list such as spells is
a sequence of values,
accessed by their offset from
the beginning of the list.
The first value is at offset 0,
and the fourth value is at offset 3.

Note

People count from 1,
so it might seem weird to count from 0.
It helps to think in terms of
offsets instead of positions.
Yes, this is an example of how computer programs
sometimes differ from common language usage.




Lists are very common data structures in Python,
and Chapter 8 shows how to use them.


The program in Example 1-3 prints a quote
from one of the Three Stooges,
but referenced by who said it
rather than its position in a list.


Example 1-3. quotes.py


quotes = {
    "Moe": "A wise guy, huh?",
    "Larry": "Ow!",
    "Curly": "Nyuk nyuk!",
    }
stooge = "Curly"
print(stooge, "says:", quotes[stooge])



If you were to run this little program, it would print the following:


Curly says: Nyuk nyuk!


quotes is a variable that names a Python dictionary
—
a collection of unique keys
(in this example, the name of the Stooge)
and associated values
(here, a notable saying of that Stooge).
Using a dictionary, you can store and look up things by name,
which is often a useful alternative to a list.


The spells example
used square brackets ([ and ]) to make a Python list,
and the quotes example
uses curly brackets ({ and },
which are no relation to Curly), to make
a Python dictionary.
Also, a colon (:) is used to associate each
key in the dictionary with its value.
You can read much more about dictionaries in Chapter 9.


That wasn’t too much syntax at once, I hope.
In the next few chapters, you’ll encounter more of these
little rules, a bit at a time.










Setup


Most likely, you’re working on one of the
three most prominent platforms:



	
Microsoft Windows



	
Apple macOS



	
Linux or other UNIX-like system






Programming is a text-heavy process.
Modern operating systems highlight
graphic user interfaces (GUIs) for most operations,
but to write programs,
you’ll need two things on your computer:



	
A terminal window for typing commands.



	
A text editor for creating and modifying files.






Part 2 will discuss fancier tools like
integrated development environments (IDEs)
that provide these features and more in one application,
but in Part 1 we only need a text-based terminal window
and an editor.
These are all widely
available on thr three main platforms that I mentioned above.


Coming right up,
and throughout this book, I’ll include platform-specific
notes as needed.










Install Python


Unfortunately, many operating systems do not come with Python,
so you may need to install it.
Even if your system has it, it may be an old version.
I recommend getting the most recent version of Python,
from the official website:
python.org.
Click the Downloads button, then the button for your platform,
and follow the directions.










Upgrade Python


In computing, it’s common to number software releases
as x.y.z, where x is the major version,
y is a minor version within x,
and z is a small bug fix or other change within y.


As this book was written,
the most recent major.minor release of Python was version 3.13.
The major version 3 took about ten years to replace the
previous major version 2.
The minor versions come out roughly
annually2.


In your terminal window, type
python -V.
You should see something like this:

$ python -V
Python 3.13.0b3

Note

If your Python version is earlier than 3.13,
watch in this book for notes that indicate
things that may act differently in earlier versions.












Run Python Programs


The program python can be run in two ways:



	
Interactively — you type a line at a time and see what happens



	
Execute a Python file






Let’s try both.










The Python Interactive Interpreter


Sometimes called the Python shell,
this is what you get if you just type python
(I’ve substituted [version info] below,
because the actual details can be long,
and differ across machines and versions):

$ python
Python ... [version info] ...
Type "help", "copyright", "credits" or "license" for more information.
>>>


Each line that starts with >>> is a prompt
for you to type a line of valid Python code.


You type Python code after that prompt, and it executes it,
line by line.
This is a quick way to test snippets of Python,
and I’ll use it through this book to illustrate
brief examples.
You can type whatever’s in +bold text+
into the Python interpreter on your machine as you read along.


Let’s try it:

$ python
Python ... (version info) ...
Type "help", "copyright", "credits" or "license" for more information.
>>> print("Hello? World?")
Hello? World?
>>>


print is a built-in Python function
and it writes anything
that you put between the parentheses to your terminal.
In this case, we gave it a text string,
which Python indicates with the enclosing quote (")
characters.












Python Files


You save Python code in files with a .py extension.
Run a Python file by typing the command python,
followed by the Python filename.


Save that single line that you typed in the previous section
into a file called hello.py:


print("Hello? World?")


Then, in your terminal window, tell Python to run it:

$ python hello.py
Hello? World?


Normally, we just use the interactive interpreter
to test little chunks of code, and Python files for
anything bigger.












A Bigger Example


I once worked for the
Internet Archive, which has been
saving Internet content for years.
Its most well known feature is the
Wayback Machine3,
which has been archiving web pages for years,
and is an invaluable resource to find old
copies of websites, even some that are long gone.
<c01_archive> below accesses the Wayback Machine
and illustrates many of the
things that you can do with Python, right out of the box.
You’ll learn all the details eventually, as you read through this book.
(The line numbers are not part of the code,
but were added for the explanation that follows.)


Example 1-4. archive.py


1 import webbrowser
2 import json
3 from urllib.request import urlopen
4 
5 print("Let's find an old website.")
6 site = input("Type a website URL: ")
7 era = input("Type a year, month, and day, like 20150613: ")
8 url = f"http://archive.org/wayback/available?url={site}&timestamp={era}"
9 response = urlopen(url)
10 contents = response.read()
11 text = contents.decode("utf-8")
12 data = json.loads(text)
13 try:
14     old_site = data["archived_snapshots"]["closest"]["url"]
15     print("Found this copy: ", old_site)
16     print("It should appear in your browser now.")
17     webbrowser.open(old_site)
18 except:
19     print("Sorry, no luck finding", site)



This little Python program did a lot
in a few fairly readable lines.
You don’t know all these terms yet, but
you will within the next few chapters.
Here’s what’s going on in each line:


	
Import (make available to this program) all the code
from the Python standard library module called webbrowser.



	
Import all the code from the Python
standard library module called json.



	
Import only the urlopen function from the
standard library module urllib.request.



	
A blank line, because we don’t want to feel crowded.



	
Print some initial text to your display.



	
Print a question about a URL, read what you type,
and save it in a program variable called site.



	
Print another question, this time reading a year,
month, and day, and then save it in a variable called era.



	
Construct a string variable called url to make the
Wayback Machine look up its copy of the
site and date that you typed. This uses the f-string
format that can embed the values of variables.



	
Connect to the web server at that URL and
request a particular web service.



	
Get the response data and assign to the variable contents.



	
Decode contents to a text string in JSON format,
and assign to the variable text.



	
Convert text to data—Python data structures.



	
Error-checking: try to run the next four lines,
and if any fail, run the last line of the program
(after the except).



	
If we got back a match for this site and date,
extract its value from a three-level Python dictionary.
Notice that this line and the next three are indented.
That’s how Python knows that they are part the try section.



	
Print the URL that we found.



	
Print what will happen after the next line executes.



	
Display the URL we found in your web browser.



	
If anything failed in the previous four lines,
Python jumps down to here.



	
If it failed, print a message and the site that
we were looking for.
This is indented because it should be run only if
the preceding except line runs.






Note

Most computing languages use some character delimiters
to indicate the start and end of multiline code blocks.
Some use literal words like start and end,
and the “curly brace” languages (C, C+, Java,
JavaScript, and many others) use +{ and }.
Python uses consistent indentation instead.
It makes the code a bit less busy and easier to read.




When I ran this in a terminal window,
I typed a news site URL and a historic date, and
got this text output:

$ python archive.py
Let's find an old website.
Type a website URL: nytimes.com
Type a year, month, and day, like 20150613: 20240530
Found this copy: http://web.archive.org/web/20240531000008/https://www.nytimes.com/
It should appear in your browser now.


And Figure 1-3 shows what appeared in my browser.



[image: archive]
Figure 1-3. From the Wayback Machine




For various reasons,
the saved archive pages are sometimes missing content,
like images, that had been on the original site.
At the top of the archived page above
is an added bar that lets you access any
past archive of that site.
The Archive is a great tool to learn
what people actually said and did
at particular times.










Summary


This chapter listed the minimal tools that you’ll
need to write Python programs,
and included a sample program and its output.
Ths next chapter gets into variables and data types,
core concepts in any programming language.



1 Usually only found in cookbooks and cozy mysteries.
2 There is not expected to be a Python 4. The 2-to-3 transition was hard enough.
3 A reference to the Sherman and Mr. Peabody segments of the old Rocky and Bullwinkle cartoons.









Chapter 2. Types and Variables



A Note for Early Release Readers

With Early Release ebooks, you get books in their earliest form—the author’s raw and unedited content as they write—so you can take advantage of these technologies long before the official release of these titles.


This will be the 2nd chapter of the final book. Please note that the GitHub repo will be made active later on.


If you have comments about how we might improve the content and/or examples in this book, or if you notice missing material within this chapter, please reach out to the editor at ccollins@oreilly.com.




A good name is rather to be chosen than great riches.

Proverbs 22:1




Computer programs consist of commands (often
shorthanded as code)
and data.
This chapter introduces the basics of how computers
handle data,
and how Python is a bit different from many programming languages.








A Caveman Computer


Figure 2-1 is
a drastically simplified diagram of
a typical computer’s components.



[image: image to come]
Figure 2-1. Computer components





	
The central processing unit (CPU, or “chip”)
is the brains of the operation.
Most computers now have multiple CPUs, and we’ll
say more about this in Chapters 23 and 29.



	
The random access memory (RAM) is the fast
but limited storage area.



	
A disk stores much more data than the RAM does,
but is thousands of times slower.



	
Common local input devices include keyboards,
touchscreens,
mice, cameras, and microphones.



	
Common local output devices include displays and printers.



	
A network communicates with other computers.






The CPU and RAM are volatile:
they only work while electricity is flowing through them.
The disk is nonvolatile (normally magnetic),
and retains its data even when the whole computer
is turned off.
There’s a continual struggle
between RAM
(fast but limited)
and disk (slow but much roomier)
to balance a computer’s performance.


Computer programs and data are stored on the disk,
and transferred to RAM when the CPU needs to access them.
The CPU fetches (reads) from RAM and stores (writes) back.


In this book, I’ll liken RAM to a series of
bookshelves, where each rack is the same height and width,
and each slot on a particular shelf is uniquely numbered.
Each location is independently addressable,
so you can put something on a shelf and find it later.
Each slot is a byte wide.
So I’d better explain what a byte is,
and get back to this bookshelf metaphor afterward.


In Chapter 29, a more complete computer
architecture is discussed,
including things like caches that affect performance.










Bits and Bytes


At the very bottom, all data in a computer consists of bits.
A bit is a tiny unit of storage that can represent
one of two states.
Way down in the electronics of the computer’s storage
(RAM or disk),
bits are implemented by microscopic components and different voltages.


These two states can be interpreted in different ways, such as:



	
Set or unset



	
On or off



	
A number (1 or 0)



	
A Boolean value (true or false)






Figure 2-2 and Figure 2-3
are representations of the two bit possibilities.



[image: bit0]
Figure 2-2. Unset bit





[image: bit1]
Figure 2-3. Set bit




It’s hard to express more complex ideas with just two values,
so, going up one level,
computers bundle eight bits together into a byte.
Because each bit has two possible values, and we’re now treating
eight bits as a unit, there are 28 (256) different possible
combinations of bit values in a byte.


Individual bits or bytes have no actual meaning.
Each one has some combination of states, and we somehow need to keep
track of them and treat them in a certain way.
For example, because a byte can have up to 256 distinct states,
we can use base 2, or binary arithmetic,
to treat a byte as a tiny number.
If all of its bits are 0 (off), that could represent the integer 0.
If all bits are 1 (on), that could represent the integer 255.
The least significant bit represents how many 1’s,
the next bit up represents how many 2’s,
and the top, most significant bit represents how many 128’s.
(This is like our familiar base 10 (decimal) system,
where we have digits from 0 to 9, but no single digit for ten.
Instead, we have a 1 in ten’s place, and up to hundred’s place,
and so on.)
These are called positional systems.
Setting all the bits means (from the top down):
128 + 64 + 32 + 16 + 8 + 4 + 2 + 1 = 255.


The bits in a byte have a particular order, from
least significant to most significant (at the top).
Figure 2-4 shows a byte with the integer value 0,
Figure 2-5 represents the integer 1,
and Figure 2-6 has all bits set,
which could represent the integer 255.



[image: byte0]
Figure 2-4. Byte with value 0





[image: byte1]
Figure 2-5. Byte with value 1





[image: byte255]
Figure 2-6. Byte with value 255




That example was an unsigned (always positive) number,
but we could treat a byte as a signed number
(positive, negative, or zero)
by using one of the bits to indicate the sign.
But then,
we only have seven bits left to represent the number’s magnitude,
and can’t get to 255 anymore.


Finally, we could use a byte to represent a text character,
such as a letter, digit, or punctuation symbol.
English uses 26 letters, so 26 lowercase letters,
26 uppercase letters,
and the digits 0 through 9 would only need 62 distinct values to
fit in a byte.
The rest of the 255 possible bit combinations
could be used for something else.


The ASCII standard was defined many decades ago to
fill in these slots.
It also included common punctuation symbols,
and some non-printing values.
It handled everything you’d see on
a typewriter or computer keyboard
in a single byte.
But: only if it was an American keyboard,
because that was what the A in ASCII stood for.
In Chapter 4, you’ll see how Unicode allows all of the world’s languages
(and symbols and even emojis) to be expressed in computers.
There are millions of unique Unicode symbols — we can’t stuff them all into a a single byte anymore.










Multibyte Types


Now, let’s go back to the bookshelf metaphor that I used earlier.
If you have some data that fits inside a byte,
you could store it at a specific location on that shelf
(location in the computer’s memory).


Just as bits can be combined into bytes to represent more
possible values,
bytes can be combined into adjacent multibyte structures.
Two bytes provide 28 * 28 = 216 = 65,536 unique
bit combinations.
Four bytes (32 bits) allows 4,294,967,296 combinations.
So we can use more than one adjoining byte slot on our memory
bookshelf.
In Figure 2-7, four bytes in a row make a single four-byte
number, with the value 1:



[image: byte32 1]
Figure 2-7. Four bytes, with value 1




The most significant byte is the leftmost one,
so setting only the lowest bit in the least significant
(rightmost) byte
represents the number one.


In a library, a narrow book might be a novella or poetry collection,
and a wider one might be a full novel or nonfiction book
like a dictionary.
In the computer, we might only need a narrow slot (a byte)
for one piece of data, but a wider slot for something else.
Unlike the library, where books have spines with titles
and other identifying information),
computer memory locations are anonymous.
It’s the job of the computer program to associate a type
with memory locations.










Variables


This giant bookshelf of bytes in computer memory contains
everything that the computer’s brain
(its CPU, or Central Processing Unit) needs to do
computery things.
But how do you keep track of everthing?


A Python program has code (the actual instructions)
and data (the values and their types).
Like most computing languages, Python has the concept of
a variable: a unique name inside the code that refers to
a specific data value.


Python handles variables in a different way from many
other computer languages,
so let’s explain, with text and pictures.










Assigning a Value to a Variable


You assign a value to a variable when you’re creating it.
In Python, like many other languages, you assign a value by
specifying:

variable = value


For example:

x = 5


assigns the integer value 5 to the variable x.


Try it in the Python shell:

$ python
Python 3.13.0b3 [version info]
Type "help", "copyright", "credits" or "license" for more information.
>>> x = 5
>>> x
5


When you just type a variable on a line, the shell prints its
value for you on the next line.
This is a feature of the shell,
and it won’t happen when you execute a Python file.

Note

This = is not expressing equality, like a formula in algebra.
Maybe computer languages could have used a different symbol
for assignment than =, but assignment is so common
in computing that’s it’s established itself.
You get used to it very quickly.




Remember those memory bookshelves?
One way to visualize this is that somewhere in memory,
one or more bytes are used to represent the integer value 5.
Figure 2-8 uses four contiguous bytes.



[image: byte32 5]
Figure 2-8. Four bytes, with value 5




Okay, what about the variable x?
That’s somewhere else in memory,
along with all the code and other variables for this program.


Now, here’s an important distinction:
in most programming languages (but not Python),
a variable just points to the value directly in memory.
The variable in those languages can be thought of as a box
that can contain values of the same type.
The variable is essentially an address or a pointer,
and any valid
value can be assigned to its memory destination slot,
and replace the previous value.
Computer languages that work this way are called
statically typed.
They remember where x points,
and that its value in memory needs to
be a valid four-byte integer.


But, as I said, Python is different.
Instead of tracking the type with the variable in the code,
the value in memory is bundled with
the type and extra bookkeeping info.
This means that the variable is just a name,
like a sticky note that you attach to something.
Besides “name”, a Python variable might also be called
a “reference” or “label”.
Python variables are dynamically typed.


Figure 2-9 is
a simplified idea of what the Python value
for an integer with the
value 5 actually looks like in memory.
I’m dropping the little bit boxes now and just saying what’s stored
at each location.
The actual number of bytes that each component takes up is
an implementation detail that we don’t need to care about:



[image: object]
Figure 2-9. A Python value object in memory





	
The type box indicates the Python type of this data location.
Besides the builtin types that I list in Table 2-1 later
in this chapter,
you can define your own custom types in Python.
You’ll see how in Chapter 11.



	
The actual value (in this example, the integer 5)
might be stored here in the value location, or elsewhere in memory.
In coming chapters,
you’ll see data structures that are are bigger than single
integers and need room to roam.



	
What about that reference count?
It’s how Python tracks how many variables are pointing to the
same data value.
If this count reaches zero,
then no variables are referring to this particular piece of data,
and the program has no way of reaching it anymore.
Python can then clear this area of memory and use it for other
values;
this is called garbage collection.






Okay.
What all this means is that,
in Python,
if you type x = 5,
Python will create that multipart data structure in memory
with type integer and value 5.
It will return this structure’s memory address,
and associate it with the variable x.
Then the reference count will be incremented from 0 to 1,
because its new friend, variable x, now knows about it.


After this in the program,
any reference to the variable x will follow
the big metaphorical finger that
it points to memory,
and get that lovely integer 5.












Changing the Value of a Variable


The value itself can be changed by assigning a new value to the
same variable.
So, if we now say:

x = 6


As I mentioned earlier,
in most languages (not Python),
a variable is a pointer;
that old bit pattern representing the value 5 gets wiped,
and Figure 2-10
shows that it’s overwritten by the bits that represent 6:



[image: byte32 6]
Figure 2-10. Four bytes, now with value 6




Python does this a different way:
it first creates a new value object in memory,
with type integer and the value 6.
Then it associates that existing variable x with this new value,
and accordingly
increments the reference count of this new value object to one.


Because the variable x no longer refers to the previous value (5),
the reference count of the that old value object
(the one with integer value 5) is
decremented to zero.


A value with a zero reference count is no longer addressable  by the
code, so Python eventually
garbage collects it (frees the memory it uses).


[Corbin: Would a figure help here?]












Deleting a Variable


Another way to get rid of a value it to delete its variable:
del x.


This also decrements its value object’s reference count and causes
its garbage collection.
You normally don’t need to do tbis in Python;
the interpreter keeps track of the scope
(code extent lifetime) of each variable,
zeroing reference counts and freeing up the memory that they used.


If you’ve used other languages, this means you don’t need to
manage memory manually
(say this fast three times)
in Python.
There are no C-style malloc() or free() calls.
This is one of the big advantages of a language like Python;
memory management is difficult and notoriously error-prone.


I went into all this detail for a reason:
to pre-explain some Python behavior
that might be confusing if you’re used to other languages,
such as assigning a mutable (changeable) piece of data
to multiple variables.
You’ll see this in Chapter 8 when we talk about lists.












Naming Variables


Python variable names have some rules.



	
They can contain only these characters:



	
Lowercase letters (a through z)



	
Uppercase letters (A through Z)



	
Digits (0 through 9)



	
Underscore (_)







	
They are case-sensitive: thing, Thing, and THING are
different names.



	
They must begin with a letter or an underscore, not a digit.



	
They cannot be one of Python’s reserved words (also known as keywords).






The reserved words are:


False      await      else       import     pass
None       break      except     in         raise
True       class      finally    is         return
and        continue   for        lambda     try
as         def        from       nonlocal   while
assert     del        global     not        with
async      elif       if         or         yield


Within Python, you can find the reserved words
with


>>> help("keywords")


or:


>>> import keyword
>>> keyword.kwlist


These are valid names:



	
a



	
a1



	
a_b_c___95



	
_abc



	
_1a






These names, however, are not valid:



	
1



	
1a



	
1_



	
name!



	
another-name
















Naming Conventions


Python also has some conventions when naming variables.
They aren’t rules, like those I just mentioned,
but they’ll help you be consistent with other Python code
out there.



	
First, Python variables should use snake case: lowercase letters
(and possibly digits) separated by the underscore (_)
character. Examples: x_squared, num_ghosts.



	
Other languages (like Java and JavaScript) prefer camel case
(an initial lowercase letter and
uppercase humps inside): xSquared, numGhosts.



	
Even other languages capitalize the first letter too:
XSquared, NumGhosts.
Python also likes this convention when you’re defining
object classes,
which are coming in Chapter 11.



	
Finally, although Python doesn’t have true constants
(variables that can’t change),
it recommends snake case with all caps to help everyone
remember that this variable should not be modified after
its initial assignment: MAX_ITEMS, SECRET_CODE.






Python really seems to like that humble underscore character:



	
A name that starts with a single underscore (_)
is treated as sort of private by the import statement
(see Chapter 12).



	
A name that starts with two underscores (__)
is treated specially when creating object classes (see Chapter 11).



	
Finally, names that start and end with double underscores
are used for so-called magic or “dunder” methods in
object classes (also in Chapter 11).
















Python Types


You’ve seen that bits, bytes, and multibyte combinations
have no inherent meaning in computer meemory or storage.
Something, somewhere, assigns that meaning and remembers it.
That’s where computer language types come in.


Each computer architecture
(a specific design from a computer company)
has the ability to handle particular
bit combinations, and treat them as distinct types.
These types include numbers of various sizes,
text characters, and so on.
Python defines its own types to match these
common hardware types.
<Table 2-1 lists these built-in types,
and which upcoming chapter describes them.



	
The Name column contains equivalent English names.



	
Type is the actual Python wording for this type.



	
Mutable indicates whether the value of this type
(not the type itself!) can be changed.



	
Examples shows some Python syntax to express values of this type.



	
And Chapter is where you’ll really get into the details.






Table 2-1. Python’s basic data types


	Name
	Type
	Mutable?
	Examples
	Chapter





	Boolean

	bool

	no

	True
False

	Chapter 3




	Integer

	int

	no

	47
25000
25_000

	Chapter 3




	Floating point

	float

	no

	3.14
2.7e5

	Chapter 3




	Complex

	complex

	no

	3j
5 + 9j

	Chapter 3




	Text string

	str

	no

	'alas'
"alack"
'''a verse attack'''

	Chapter 4




	List

	list

	yes

	['Winken', 'Blinken', 'Nod']

	Chapter 8




	Tuple

	tuple

	no

	(2, 4, 8)

	Chapter 8




	Bytes

	bytes

	no

	b'ab\xff'

	Chapter 5




	ByteArray

	bytearray

	yes

	bytearray(...)

	Chapter 5




	Set

	set

	yes

	set([3, 5, 7])

	Chapter 9




	Frozen set

	frozenset

	no

	frozenset(['Elsa', 'Otto'])

	Chapter 9




	Dictionary

	dict

	yes

	{'game': 'bingo', 'dog': 'dingo',
'drummer': 'Ringo'}

	Chapter 9







In the next chapter,
we’ll get into number types:
bool, int, float, and complex.










Specifying Values


By now, you’ve seen that a value can be specified as
a literal (like 5)
or a variable (like x, which was assigned the value 5).
There are rules for how to specify literal values,
and they depend on the underlying types.
As you’ve seen, an integer is specified as a sequence of digits,
but a float (floating point value,
which you’ll see in the next chapter)
can consist of a string of digits and a decimal point.


In the next few chapters,
I’ll show how to specify literal values for Python’s
standard types,
assign them to variables,
and perform various operations
(like addition of numbers).










Summary


This chapter focused on variables (names used in programs)
and values (the data that the names refer to).
Python is different from many programming languages,
because the variable is just a name, and the
value includes other information, including its type,
its actual data bits, and a count of how many variables
refer to it.










Practice


2.1 Install Python if you don’t have it on your computer already.
Use the most recent version if you can.


2.2 Start the interactive interpreter, and type print(42).
It should echo 42 on the next line.


2.3 If you’re still in the interactive interpreter,
type 43.
It should print 43 on the next line.
This is a feature of the interactive interpreter only,
and won’t print anything if you’re executing a Python file.


2.4 Try assigning the literal value 7 to
variables with different names.
Try some illegal names to see what error messages Python
tosses back to you.











Chapter 3. Numbers



A Note for Early Release Readers

With Early Release ebooks, you get books in their earliest form—the author’s raw and unedited content as they write—so you can take advantage of these technologies long before the official release of these titles.


This will be the 3rd chapter of the final book. Please note that the GitHub repo will be made active later on.


If you have comments about how we might improve the content and/or examples in this book, or if you notice missing material within this chapter, please reach out to the editor at ccollins@oreilly.com.




That action is best which procures the greatest happiness
for the greatest numbers.

Francis Hutcheson




In this chapter we begin by looking at Python’s simplest built-in data types:



	
Booleans (which have the value True or False)



	
Integers (whole numbers such as 42 and 100000000)



	
Floats (numbers with decimal points such as 3.14159,
or sometimes exponents like 1.0e8, which means
one times ten to the eighth power, or 100000000.0)






In a way, these basic data types are like atoms.
We use them individually
in this chapter, and in later chapters you’ll see
how to combine them into larger “molecules”
like lists and dictionaries.


Each type has specific rules for its usage
and is handled differently by the computer.
I also show how to use literal values like 97 and 3.1416,
and the variables that I mentioned in Chapter 2.


The code examples in this chapter are all valid Python,
but they’re snippets.
We’ll be using the Python interactive interpreter,
typing these snippets and seeing the results immediately.
Try running them yourself with the version of Python on your computer.
You’ll recognize these examples by the >>> prompt.








Booleans


In Python, the only values for the boolean data type
are True and False.
Essentially, this is a bit.
Sometimes, you’ll use these directly;
other times you’ll evaluate the “truthiness” of
other types from their values.


The special Python function bool() can convert any Python data
type to a Boolean.
Functions get their own chapter in Chapter 10,
but for now you just need to know that
a function has:



	
A name.



	
Zero or more comma-separated input arguments,
surrounded by parentheses.
Even if the function has no arguments,
you still need the parentheses (()).



	
Zero or more return values.






When I refer to a function in the text, I’ll include the
parentheses after it to help you recognize it.


The bool() function takes any value as its argument
and returns the Boolean equivalent.


Nonzero numbers are considered True:


>>> bool(True)
True
>>> bool(1)
True
>>> bool(45)
True
>>> bool(-45)
True


And zero-valued ones are considered False:


>>> bool(False)
False
>>> bool(0)
False
>>> bool(0.0)
False


You’ll see the usefulness of Booleans in Chapters 6 and 7.
In later chapters,
you’ll see how lists, dictionaries, and other
types can be considered True or False.










Integers


Integers are whole numbers
—
no fractions, no decimal points,
nothing fancy.
Well, aside from a possible initial positive (+)
or negative (-) sign.
And bases, if you want to express numbers in other ways
than the usual decimal (base 10);
I’ll say more about bases in “Bases”.










Literal Integers


Any sequence of digits in Python represents a literal integer:


>>> 5
5


A plain zero (0) is valid:


>>> 0
0


But you can’t have an initial 0 followed by
a digit between 1 and 9:


>>> 05
  File "<stdin>", line 1
    05
     ^
SyntaxError: invalid token

Note

This Python exception warns that
you typed something that breaks Python’s rules.
I explain what this means in “Bases”.
You’ll see many more examples of exceptions in this book
because they’re Python’s main error handling mechanism.




You can start an integer with 0b, 0o, or 0x.
See “Bases”.


A sequence of digits specifies a positive integer.
If you put a + sign before the digits, the number
stays the same:


>>> 123
123
>>> +123
123


To specify a negative integer, insert a – before the digits:


>>> -123
-123


The sign doesn’t need to be right next to the digits:


>>> + 123
123
>>> - 123
-123


Sorry, you can’t have any commas when typing in an integer:


>>> 1,000,000
(1, 0, 0)


Instead of a million,
you’d get a tuple
(a sequence of values, separated by a comma; see Chapter 8).
Python uses the comma (,) to create tuples.
But you can use the underscore (_) character
as a digit separator (in Python 3.6 and newer.)


>>> million = 1_000_000
>>> million
1000000


The underscore can’t be the first or last character;
anywhere after the first digit,
it’s just ignored:


>>> 1_2_3
123












Integer Operations


For the next few pages,
I show examples of Python
acting as a simple calculator.
You can do normal arithmetic with Python
by using the math operators
in Table 3-1.


Table 3-1. Integer operations


	Operator
	Description
	Example
	Result





	+

	Addition

	5 + 8

	13




	-

	Subtraction

	90 - 10

	80




	*

	Multiplication

	4 * 7

	28




	/

	Floating-point division

	7 / 2

	3.5




	//

	Integer (truncating) division

	7 // 2

	3




	%

	Modulus (remainder)

	7 % 3

	1




	**

	Exponentiation

	3 ** 4

	81







Addition and subtraction work as you’d expect:


>>> 5 + 9
14
>>> 100 - 7
93
>>> 4 - 10
-6


You can include as many numbers and operators as you’d like:


>>> 5 + 9 + 3
17
>>> 4 + 3 - 2 - 1 + 6
10


Note that you’re not required to have a space
between each number and operator:


>>> 5+9   +      3
17


It just looks better stylewise and is easier to read.


Multiplication is also straightforward:


>>> 6 * 7
42
>>> 7 * 6
42
>>> 6 * 7 * 2 * 3
252


Division is a little more interesting
because it comes in two flavors:



	
/ carries out floating-point (decimal) division



	
// performs integer (truncating) division






Even if you’re dividing an integer by an integer,
using a / will give you a floating-point result
(floats are coming later in this chapter):


>>> 9 / 5
1.8


Truncating integer division returns an integer answer,
throwing away any remainder:


>>> 9 // 5
1


Instead of tearing a hole in the space-time continuum
(the cosmos hates when that happens),
dividing by zero
with either kind of division
causes a Python exception:


>>> 5 / 0
Traceback (most recent call last):
  File "<stdin>", line 1, in <module>
ZeroDivisionError: division by zero
>>> 7 // 0
Traceback (most recent call last):
  File "<stdin>", line 1, in <module>
ZeroDivisionError: integer division or modulo by z












Integers and Variables


All of the preceding examples used literal integers.
You can mix literal integers and variables that
have been assigned integer values:


>>> a = 95
>>> a
95
>>> a - 3
92


You’ll remember from Chapter 2
that a is a name
that points to an integer object.
When I said a - 3,
I didn’t assign the result back to a,
so the value of a did not change:


>>> a
95


If you wanted to change a, you would do this:


>>> a = a - 3
>>> a
92


Again, this would not be a legal math equation,
but it’s how you reassign a value to a variable in Python.
In Python, the expression on the right side of
the = is calculated first, and then
assigned to the variable on the left side.


If it helps, think of it this way:



	
Subtract 3 from a



	
Assign the result of that subtraction to a temporary variable



	
Assign the value of the temporary variable to a:






>>> a = 95
>>> temp = a - 3
>>> a = temp


So, when you say


>>> a = a - 3


Python is calculating the subtraction
on the righthand side,
remembering the result, and
then assigning it to a on the left side of the + sign.
It’s faster and neater than using a temporary
variable.


You can combine the arithmetic operators with assignment
by putting the operator before the =.
Here, a -= 3 is like saying a = a - 3:


>>> a = 95
>>> a -= 3
>>> a
92


This is like a = a + 8:


>>> a = 92
>>> a += 8
>>> a
100


And this is like a = a * 2:


>>> a = 100
>>> a *= 2
>>> a
200


Again,
plain integer division
(using a single /)
always produces a float,
even if there’s no remainder:


>>> a = 200
>>> a /= 4
>>> a
50.0
>>> a = 200
>>> a /= 3
>>> a
66.66666666666667


Truncating integer division
(which uses //)
always tosses the remainder,
and produces an integer:


>>> a = 13
>>> a //= 4
>>> a
3


The % character has multiple uses in Python.
When it’s between two numbers,
it produces the remainder
when the first number is divided by the second:


>>> 9 % 5
4


Here’s how to get both the (truncated)
quotient and
remainder at once:


>>> divmod(9,5)
(1, 4)


Otherwise, you could have calculated them separately:


>>> 9 // 5
1
>>> 9 % 5
4


You just saw some new things here:
a function named divmod is given the integer arguments
9 and 5 and
returns a two-item tuple.
As I mentioned earlier,
tuples will take a bow in Chapter 8;
functions debut in Chapter 10.


One last math feature is exponentiation with **,
which also lets you mix integers and floats:


>>> 2**3
8
>>> 2.0 ** 3
8.0
>>> 2 ** 3.0
8.0
>>> 0 ** 3
0












Precedence


What would you get if you typed the following?


>>> 2 + 3 * 4


If you do the addition first,
2 + 3 is 5,
and
5 * 4 is 20.
But if you do the multiplication first,
3 * 4 is 12,
and
2 + 12 is 14.
In Python, as in most languages,
multiplication has higher
precedence than addition,
so the second version is what you’d see:


>>> 2 + 3 * 4
14


How do you know the precedence rules?
You can look them up,
but it’s much easier to just add parentheses to group
your code,
showing how you intend the calculation to be carried out:


>>> 2 + (3 * 4)
14


This example with exponents


>>> -5 ** 2
-25


is the same as


>>> - (5 ** 2)
-25


and probably not what you wanted.
Parentheses make it clear:


>>> (-5) ** 2
25


This way, anyone reading the code doesn’t need
to guess its intent
or look up precedence rules.












Bases


Integers are assumed to be
decimal (base 10)
unless you use a prefix
to specify another base.
You might never need to use these other bases,
but you’ll probably see them
in Python code somewhere, sometime.


We generally have 10 fingers and 10 toes,
so we count
0, 1, 2, 3, 4, 5, 6, 7, 8, 9.
Next, we run out of single digits
and carry the one to the “ten’s place”
and put a 0 in the one’s place: 10
means “1 ten and 0 ones.”
Unlike Roman numerals,
Arabic numbers don’t have
a single character that represents “10”
Then, it’s 11, 12, up to 19,
carry the one to make 20
(2 tens and 0 ones), and so on.


A base is how many digits
you can use until you need
to “carry the one.”
In base 2 (binary),
the only digits are 0 and 1.
This is the famous bit.
0 is the same as a plain old decimal 0,
and 1 is the same as a decimal 1.
However, in base 2, if you add a 1 to a 1,
you get 10 (1 decimal two plus 0 decimal
ones).


In Python, you can express literal
integers in three bases besides
decimal with these integer prefixes:



	
0b or 0B for binary (base 2).



	
0o or 0O for octal (base 8).



	
0x or 0X for hex (base 16).






These bases are all powers of two,
and are handy in some cases,
although you may never need to use anything other
than good old decimal integers.


The interpreter prints these
for you as decimal integers.
Let’s try each of these bases.
First, a plain old decimal 10,
which means 1 ten and 0 ones:


>>> 10
10


Now, a binary (base two) 0b10,
which means 1 (decimal) two and 0 ones:


>>> 0b10
2


Octal (base 8) 0o10 stands for
1 (decimal) eight and 0 ones:


>>> 0o10
8


Hexadecimal (base 16) 0x10 means
1 (decimal) sixteen and 0 ones:


>>> 0x10
16


You can go the other direction, converting an integer to
a string with any of these bases:


>>> value = 65
>>> bin(value)
'0b1000001'
>>> oct(value)
'0o101'
>>> hex(value)
'0x41'


The chr() function converts
an integer to its single-character string equivalent:


>>> chr(65)
'A'


And ord() goes the other way:


>>> ord('A')
65


In case you’re wondering what “digits” base 16
uses, they are:
0, 1, 2, 3, 4, 5, 6, 7, 8, 9,
a, b, c, d, e, and f.
0xa is a decimal 10,
and 0xf is a decimal 15.
Add 1 to 0xf and you get 0x10 (decimal 16).


Why use different bases from 10?
They’re useful in bit-level operations,
which are described in Chapter 20, along with more
details about converting numbers from one base to another.


Cats normally have five digits on each forepaw and four
on each hindpaw, for a total of 18.
If you ever encounter cat scientists in their lab coats,
they’re often discussing base-18 arithmetic.
My cat Chester, seen lounging about in Figure 3-1,
is a polydactyl,
giving him a total of 22 or so (they’re hard to distinguish) toes.
If he wanted to use all of them
to count food fragments surrounding his bowl,
he would likely use a base-22 system
(hereafter, the
chesterdigital system),
using 0 through 9 and a through l.



[image: chester]
Figure 3-1. Chester—a fine furry fellow, and inventor of the chesterdigital system














Type Conversions


To change other Python data types to an integer,
use the int() function.


The int() function takes one input argument and
returns one value,
the integer-ized equivalent of the input argument.
This will keep the whole number
and discard any fractional part.


As you saw at the start of this chapter,
Python’s simplest data type is the Boolean,
which has only the values True and False.
When converted to integers,
they represent the values 1 and 0:


>>> int(True)
1
>>> int(False)
0


Turning this around,
the bool() function returns the Boolean equivalent of an
integer:


>>> bool(1)
True
>>> bool(0)
False


Converting a floating-point number to an integer just lops
off everything after the decimal point:


>>> int(98.6)
98
>>> int(1.0e4)
10000


Converting a float to a boolean is no surprise:


>>> bool(1.0)
True
>>> bool(0.0)
False


Finally,
here’s an example of getting the integer value
from a text string
(Chapter 4)
that contains only digits,
possibly with _ digit separators
or an initial + or - sign:


>>> int('99')
99
>>> int('-23')
-23
>>> int('+12')
12
>>> int('1_000_000')
1000000


If the string represents a nondecimal integer,
you can include the base:


>>> int('10', 2) # binary
2
>>> int('10', 8) # octal
8
>>> int('10', 16) # hexadecimal
16
>>> int('10', 22) # chesterdigital
22


Converting an integer to an integer doesn’t
change anything, but doesn’t hurt either:


>>> int(12345)
12345


If you try to convert something that
doesn’t look like a number,
you’ll get an exception.


>>> int('99 bottles of beer on the wall')
Traceback (most recent call last):
  File "<stdin>", line 1, in <module>
ValueError: invalid literal for int() with base 10: '99 bottles of beer on the wall'
>>> int('')
Traceback (most recent call last):
  File "<stdin>", line 1, in <module>
ValueError: invalid literal for int() with base 10: ''


The preceding text string started with valid digit
characters (99), but it kept on going
with others that the int() function
just wouldn’t stand for.


int() will make integers from
floats or strings of digits,
but it won’t handle strings containing
decimal points or exponents:


>>> int('98.6')
Traceback (most recent call last):
  File "<stdin>", line 1, in <module>
ValueError: invalid literal for int() with base 10: '98.6'
>>> int('1.0e4')
Traceback (most recent call last):
  File "<stdin>", line 1, in <module>
ValueError: invalid literal for int() with base 10: '1.0e4'


If you mix numeric types,
Python will sometimes try to automatically convert them for you:


>>> 4 + 7.0
11.0


The boolean value False is treated as 0 or 0.0
when mixed with integers or floats,
and True is treated as 1 or 1.0:


>>> True + 2
3
>>> False + 5.0
5.0












How Big Is an int?


In old Python 2,
the size of an int could be limited to
32 or 64 bits, depending on your CPU;
32 bits can store store any integer
from
–2,147,483,648
to
2,147,483,647.


A long had 64 bits,
allowing values from
–9,223,372,036,854,775,808
to
9,223,372,036,854,775,807.
In Python 3, the old long type is long gone,
and an int can be any size—even greater than 64 bits.
You can play with big numbers like a googol
(one followed by a hundred zeroes,
named
in 1920 by a nine-year-old boy):


>>>
>>> googol = 10**100
>>> googol
100000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000
>>> googol * googol
100000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000


A googolplex is 10**googol
(a thousand zeroes, if you want to try it yourself).
This was a suggested name for
Google
before they decided on googol,
but didn’t check its spelling before registering the
domain name google.com.


In many languages,
trying this would cause something
called integer overflow,
where the number would need more space
than the computer allowed for it,
with various bad effects.
Python handles googoly integers with no problem.












Floats


Integers are whole numbers,
but floating-point numbers
(called floats in Python)
have decimal points:


>>> 5.
5.0
>>> 5.0
5.0
>>> 05.0
5.0


Floats can include a decimal integer
exponent after the letter e:


>>> 5e0
5.0
>>> 5e1
50.0
>>> 5.0e1
50.0
>>> 5.0 * (10 ** 1)
50.0


You can use underscore (_) to separate digits for clarity,
as you can for integers:


>>> million = 1_000_000.0
>>> million
1000000.0
>>> 1.0_0_1
1.001


Floats are handled similarly to integers:
you can use the operators
(+, –, *, /, //, **, and %)
and the divmod() function.


To convert other types to floats,
you use the float() function.
As before, booleans act like tiny integers:


>>> float(True)
1.0
>>> float(False)
0.0


Converting an integer to a float just makes it
the proud possessor of a decimal point:


>>> float(98)
98.0
>>> float('99')
99.0


And you can convert a string containing characters that
would be a valid float (digits, signs, decimal point,
or an e followed by an exponent) to a real float:


>>> float('98.6')
98.6
>>> float('-1.5')
-1.5
>>> float('1.0e4')
10000.0


All the integer operations that use a symbol before the equals sign
work for floats as they do for ints.
Here’s a floating-point division example,
like a = a / 3:


>>> a = 200.0
>>> a /= 3.0
>>> a
66.66666666666667


When you mix integers and floats,
Python automatically promotes the integer values
to float values:


>>> 43 + 2.
45.0


Python also promotes booleans to integers or floats:


>>> False + 0
0
>>> False + 0.
0.0
>>> True + 0
1
>>> True + 0.
1.0










Floats are not exact


Because computers are binary (base two) inside
instead of decimal
(base ten),
many numbers that we commonly use can’t be represented
exactly as floating-point values:


>>> 1/3
0.3333333333333333


(That 3 would go on infinitely. Because computers
only have so much space for values,
they cut it off at a certain nunber of bits.)


This means that you need to be careful with floats.
The official Python documentation has a discussion at
Floating-Point
Arithmetic: Issues and Limitations.


The next two sections discuss some solutions.










Fractions


Python has a standard module named fractions
that handles these difficult rational numbers.
We don’t get to modules until
Chapter 12 and objects until Chapter 11,
so this is a sneak peek.
The examples define,
in various ways,
a Fraction object
that stores and displays a numerator and denominator.
This is a more exact way of defining some numbers
than as floats.


>>> from fractions import Fraction
>>> Fraction(97, 1)
Fraction(97, 1)
>>> Fraction('97')
Fraction(97, 1)
>>> Fraction(97.0)
Fraction(97, 1)
>>> Fraction('97.0')
Fraction(97, 1)


Read
fractions
at python.org for details.










Decimals


Another standard Python module called decimal
handles exact representation of decimal numbers.
This is useful for Python accounting applications.
Again,
check the official
decimal
documentation.


Another common trick is to multiply currency values to get
more exact arithmetic.
For example, represent dollar or euro amounts as pennies
(multiply by 100),
calculate with integer pennies as much as possible,
and convert back to dollars when done.










Math Functions


Python supports complex numbers and
has the usual math functions such as
square roots, cosines, and so on.
Let’s save them for Chapter 27,
in which we also discuss using Python in scientific contexts.
If you’re curious now,
I’ll again point you to the standard Python
math
documentation.










Summary


This chapter showed how to represent
Booleans and
integer and floating point numbers,
as well as some of the things you can do with them.










Practice


This chapter introduced the atoms of Python:
numbers, Booleans, and variables.
Let’s try a few small exercises with them
in the interactive interpreter.
Try these exercises before looking up the answers in Appendix A.


3.1
How many seconds are in an hour?
Use the interactive interpreter as a calculator
and multiply the number of seconds in a minute (60)
by the number of minutes in an hour (also 60).


3.2
Assign the result from the previous task
(seconds in an hour)
to a variable called seconds_per_hour.


3.3
How many seconds are in a day?  Use your
seconds_per_hour variable.


3.4
Calculate seconds per day again, but this time save
the result in a variable called seconds_per_day.


3.5
Divide seconds_per_day by seconds_per_hour.
Use floating-point (/) division.


3.6
Divide seconds_per_day by seconds_per_hour,
using integer (//) division.
Did this number agree with the floating-point
value from the previous question,
aside from the final .0?
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The animal on the cover of Introducing Python is a python—that is, a member of the Python genus, which consists of 10 recognized snake species. Pythons are nonvenomous, constricting snakes native to the tropics and subtropics of the Eastern Hemisphere.


Pythons vary in length, based on species and sex, from approximately 3 feet long (ball python) to reported cases of more than 20 feet long (reticulated python). They are recognizable by their flat triangular-shaped heads and long backward-curving teeth. Generally, they have a combination of brown, tan, and black skin, arranged in diamond or interlocking blotch patterns. Albino pythons are white and yellow, and while at a disadvantage in the wild, are popular in zoos and as pets.


Pythons are strong swimmers, but these snakes almost exclusively ambush prey on land or in trees, attacking with their fangs and then immediately wrapping themselves around the quarry to asphyxiate it. Unlike boas, another well-known group of constrictor snakes, pythons lay eggs rather than birth live young. The female python will brood over the eggs until they hatch, shivering with her large muscular coils to keep the eggs warm.


The Burmese python has become an invasive species in Florida, competing with the American alligator for prey and significantly reducing the number of native birds and small mammals in the Everglades. Along with increased popularity as a pet in the 1990s, it is thought that Hurricane Andrew in 1992 is responsible for allowing captive Burmese pythons into the wild by destroying a zoo and breeding facility.


Most species of python have a conservation status of Least Concern, but the Bermese (native population) and Borneo short-tailed python are currently listed as Vulnerable. Many of the animals on O’Reilly covers are endangered; all of them are important to the world.


The cover illustration is by Jose Marzan, based on a black and white engraving from Johnson’s Natural History. The cover fonts are Gilroy Semibold and Guardian Sans. The text font is Adobe Minion Pro; the heading font is Adobe Myriad Condensed; and the code font is Dalton Maag’s Ubuntu Mono.
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