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Preface

The Python programming language reconciles many apparent contradictions: both
elegant and pragmatic, both simple and powerful, it’s very high-level yet doesn’t get
in your way when you need to fiddle with bits and bytes, and it’s suitable for pro-
gramming novices as well as great for experts, too.

This book is aimed at programmers with some previous exposure to Python, as well
as experienced programmers coming to Python for the first time from other lan-
guages. The book is a quick reference to Python itself, the most commonly used
parts of its vast standard library, and a few of the most popular and useful third-
party modules and packages, covering a wide range of application areas, including
web and network programming, XML handling, database interactions, and high-
speed numeric computing. The book focuses on Python’s cross-platform capabilities
and covers the basics of extending Python and embedding it in other applications.

How This Book Is Organized

This book has five parts, as follows.

Part |, Getting Started with Python

Chapter 1, Introduction to Python
Covers the general characteristics of the Python language, its implementations,
where to get help and information, how to participate in the Python commu-
nity, and how to obtain and install Python on your computer(s).

Chapter 2, The Python Interpreter
Covers the Python interpreter program, its command-line options, and how to
use it to run Python programs and in interactive sessions. The chapter men-
tions text editors for editing Python programs and auxiliary programs for
checking your Python sources, along with some full-fledged integrated devel-



opment environments, including IDLE, which comes free with standard
Python. The chapter also covers running Python programs from the command
line.

Part Il, Core Python Language and Built-ins

Chapter 3, The Python Language
Covers Python syntax, built-in data types, expressions, statements, control flow,
and how to write and call functions.

Chapter 4, Object-Oriented Python

Covers object-oriented programming in Python.

Chapter 5, Exceptions
Covers how to use exceptions for errors and special situations, and logging.

Chapter 6, Modules
Covers how Python lets you group code into modules and packages, how to
define and import modules, and how to install third-party Python packages.
The chapter also covers working with virtual environments to isolate project
dependencies.

Chapter 7, Core Built-ins and Standard Library Modules
Covers built-in data types and functions, and some of the most fundamental
modules in the standard Python library (roughly, the set of modules supplying
functionality that, in some other languages, is built into the language itself).

Chapter 8, Strings and Things
Covers Python’s string-processing facilities, including Unicode strings, byte
strings, and string literals.

Chapter 9, Regular Expressions
Covers Python’s support for regular expressions.

Part Il Python Library and Extension Modules

Chapter 10, File and Text Operations
Covers how to deal with files and text processing using many modules from
Python’s standard library and platform-specific extensions for rich text I/O.
The chapter also covers issues of internationalization and localization, and the
specific task of defining interactive text-mode command sessions with Python.

Chapter 11, Persistence and Databases
Covers Python’s serialization and persistence mechanisms, as well as Python’s
interfaces to DBM databases and relational (SQL-based) databases, particularly
the handy SQLite that comes with Python’s standard library.
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Chapter 12, Time Operations
Covers how to deal with times and dates in Python, using the standard library
and popular third-party extensions.

Chapter 13, Controlling Execution
Helps you to achieve advanced execution control in Python, including execu-
tion of dynamically generated code and control of garbage collection. The
chapter also covers some Python internal types, and the specific issue of regis-
tering “clean-up” functions to execute at program-termination time.

Chapter 14, Threads and Processes
Covers Python’s functionality for concurrent execution, both via multiple
threads running within one process and via multiple processes running on a
single machine. The chapter also covers how to access the process’s environ-
ment, and how to access files via memory-mapping mechanisms.

Chapter 15, Numeric Processing
Shows Python’s features for numeric computations, both in standard library
modules and in third-party extension packages; in particular, the chapter cov-
ers how to use decimal numbers or fractions, instead of the default binary
floating-point numbers. The chapter also covers how to get and use pseudo-
random and truly random numbers, and how to speedily process whole arrays
(and matrices) of numbers.

Chapter 16, Testing, Debugging, and Optimizing
Deals with Python tools and approaches that help ensure your programs are
correct (i.e., that your programs do what they’re meant to do), find and fix
errors in your programs, and check and enhance your programs’ performance.
The chapter also covers the concept of “warning” and the Python library mod-
ule that deals with it.

Part IV, Network and Web Programming

Chapter 17, Networking Basics
Covers the basics of networking with Python.

Chapter 18, Asynchronous Alternatives
Covers alternatives for asynchronous (event-driven) programming, particu-
larly modern coroutine-based architectures and lower-level multiplexing, with
standard library modules.

Chapter 19, Client-Side Network Protocol Modules
Covers modules in Python’s standard library to write network client programs,
particularly for dealing with various network protocols from the client side,
sending and receiving emails, and handling URLs.

Preface | xi



Chapter 20, Serving HTTP
Covers how to serve HTTP for “web applications” in Python, using popular
third-party lightweight Python frameworks leveraging Python’s WSGI standard
interface to web servers.

Chapter 21, Email, MIME, and Other Network Encodings
Covers how to process email messages, and other network-structured and
encoded documents, in Python.

Chapter 22, Structured Text: HTML
Covers popular third-party Python extension modules to process, modify, and
generate HTML documents.

Chapter 23, Structured Text: XML
Covers Python library modules and popular extensions to process, modify, and
generate XML documents.

Part V, Extending, Distributing, v2/v3 Migration

Chapter 24, Extending and Embedding Classic Python
Covers how to code Python extension modules using Pythons C API and
Cython.

Chapter 25, Distributing Extensions and Programs
Covers popular tools and modules to package and distribute Python exten-
sions, modules, and applications.

Chapter 26, v2/v3 Migration and Coexistence
Covers modules and best practices to help you code for both v2 and v3, how to
best migrate existing code from v2 to v3, and how to retain portability between
versions.

Conventions Used in This Book

The following conventions are used throughout this book.

Reference Conventions

In the function/method reference entries, when feasible, each optional parameter is
shown with a default value using the Python syntax name=value. Built-in functions
need not accept named parameters, so parameter names may not be significant.
Some optional parameters are best explained in terms of their presence or absence,
rather than through default values. In such cases, we indicate that a parameter is
optional by enclosing it in brackets ([]). When more than one argument is
optional, brackets can be nested.
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Version Conventions

This book covers Python 3.5, referred to as v3, and Python 2.7, referred to as v2.
Highlights of Python 3.6 (released as this book was about to go to print) are called
out as 3.6. All examples in the book assume you have run from __future__ import
print_function if you are using v2 (see the note Imports from __future__ on page
707).

Typographic Conventions

Italic
Used for filenames, program names, URLs, and to introduce new terms.

Bold italic
Used for New in 3.6 highlights.

Constant width
Used for code examples, as well as for all items that appear in code, including
keywords, methods, functions, classes, and modules.

Constant width italic
Used to show text to be replaced with user-supplied values in code examples.

Constant width bold
Used for commands to be typed at a system command line and to indicate code
output.

How to Contact Us

We have tested and verified the information in this book to the best of our ability,
but you may find that features have changed (or even that we have made mistakes!).
Please let the publisher know about any errors you find, as well as your suggestions
for future editions, by writing to:

O'Reilly Media, Inc.

1005 Gravenstein Highway North

Sebastopol, CA 95472

800-998-9938 (in the United States or Canada)
707-829-0515 (international or local)
707-829-0104 (fax)

We have a web page for this book, where we list errata, examples, and any additional
information. You can access this page at http://bit.ly/pythonNutshell_3E.

To comment or ask technical questions about this book, send email to pytho-
nian3d@gmail.com.

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

Python, a general-purpose programming language, has been around for quite a
while: Guido van Rossum, Python’s creator, started developing Python back in
1990. This stable and mature language is very high-level, dynamic, object-
oriented, and cross-platform—all very attractive characteristics. Python runs on
all major hardware platforms and operating systems, so it doesn’t constrain your
choices.

Python offers high productivity for all phases of the software life cycle: analysis,
design, prototyping, coding, testing, debugging, tuning, documentation, deploy-
ment, and, of course, maintenance. Python’s popularity has seen steady, unflagging
growth over the years. Today, familiarity with Python is an advantage for every pro-
grammer, as Python has infiltrated every niche and has useful roles to play as a part
of any software solution.

Python provides a unique mix of elegance, simplicity, practicality, and sheer power.
You'll quickly become productive with Python, thanks to its consistency and regu-
larity, its rich standard library, and the many third-party packages and tools that are
readily available for it. Python is easy to learn, so it is quite suitable if you are new to
programming, yet is also powerful enough for the most sophisticated expert.

The Python Language

The Python language, while not minimalist, is spare, for good pragmatic reasons.
Once a language offers one good way to express a design idea, adding other ways
has, at best, modest benefits, while cost, in terms of language complexity, grows
more than linearly with the number of features. A complicated language is harder to
learn and master (and to implement efficiently and without bugs) than a simpler
one. Complications and quirks in a language hamper productivity in software devel-




opment and maintenance, particularly in large projects, where many developers
cooperate and often maintain code originally written by others.

Python is simple, but not simplistic. It adheres to the idea that, if a language behaves
a certain way in some contexts, it should ideally work similarly in all contexts.
Python also follows the principle that a language should not have “convenient”
shortcuts, special cases, ad hoc exceptions, overly subtle distinctions, or mysterious
and tricky under-the-covers optimizations. A good language, like any other well-
designed artifact, must balance such general principles with taste, common sense,
and a high degree of practicality.

Python is a general-purpose programming language: Python’s traits are useful in
just about any area of software development. There is no area where Python cannot
be part of a great solution. “Part” is an important word here; while many developers
find that Python fills all of their needs, it does not have to stand alone: Python pro-
grams can cooperate with a variety of other software components, making it an
ideal language for gluing together components written in other languages. One of
the language’s design goals was that it should “play well with others”

Python is a very high-level language (VHLL). This means that Python uses a higher
level of abstraction, conceptually further from the underlying machine, than do
classic compiled languages such as C, C++, and Fortran, which are traditionally
called “high-level languages” Python is simpler, faster to process (both for human
brains and for programmatic tools), and more regular than classic high-level lan-
guages. This enables high programmer productivity and makes Python an attractive
development tool. Good compilers for classic compiled languages can generate
binary machine code that runs faster than Python code. However, in most cases, the
performance of Python-coded applications is sufficient. When it isn't, apply the
optimization techniques covered in “Optimization” on page 477 to improve your
program’s performance while keeping the benefit of high productivity.

Somewhat newer languages such as Java and C# are slightly higher-level than classic
ones such as C and Fortran, and share some characteristics of classic languages
(such as the need to use declarations) as well as some of VHLLs like Python (such as
the use of portable bytecode as the compilation target in typical implementations,
and garbage collection to relieve programmers from the need to manage memory).
If you find you are more productive with Java or C# than with C or Fortran, try
Python (possibly in the Jython or IronPython implementations, covered in “Python
Implementations” on page 5) to become even more productive.

In terms of language level, Python is comparable to other powerful VHLLs like
JavaScript, Ruby, and Perl. The advantages of simplicity and regularity, however,
remain on Python’s side.

Python is an object-oriented programming language, but lets you develop code
using both object-oriented and procedural styles, and a touch of functional pro-
gramming, too, mixing and matching as your application requires. Python’s object-
oriented features are conceptually similar to those of C++, but simpler to use.

4 | Chapter 1: Introduction to Python



The Python Standard Library and Extension Modules

There is more to Python programming than just the Python language: the standard
library and other extension modules are nearly as important for effective Python
use as the language itself. The Python standard library supplies many well-designed,
solid, 100 percent pure Python modules for convenient reuse. It includes modules
for such tasks as representing data, processing text, interacting with the operating
system and filesystem, and web programming. Because these modules are written in
Python, they work on all platforms supported by Python.

Extension modules, from the standard library or from elsewhere, let Python code
access functionality supplied by the underlying operating system or other software
components, such as graphical user interfaces (GUIs), databases, and networks.
Extensions also afford maximal speed in computationally intensive tasks such as
XML parsing and numeric array computations. Extension modules that are not
coded in Python, however, do not necessarily enjoy the same automatic cross-
platform portability as pure Python code.

You can write special-purpose extension modules in lower-level languages to ach-
ieve maximum performance for small, computationally intensive parts that you
originally prototyped in Python. You can also use tools such as Cython and CFFI to
wrap existing C/C++ libraries into Python extension modules, as covered in
“Extending Python Without Python’s C API” on page 677. Last but not least, you
can embed Python in applications coded in other languages, exposing existing
application functionality to Python scripts via app-specific Python extension
modules.

This book documents many modules, both from the standard library and from
other sources, in areas such as client- and server-side network programming, data-
bases, manipulation of text and binary files, and interaction with the operating
system.

Python Implementations

Python currently has four production-quality implementations (CPython, Jython,
IronPython, PyPy) and a new high-performance implementation in early develop-
ment, Pyston, which we do not cover further. We also mention a number of other,
more experimental, implementations in a following section.

This book primarily addresses CPython, the most widely used implementation,
which we usually refer to as just “Python” for simplicity. However, the distinction
between a language and its implementations is an important one.

CPython

Classic Python (AKA CPython, often just called Python) is the most up-to-date,
solid, and complete production-quality implementation of Python. It can be consid-
ered the “reference implementation” of the language. CPython is a compiler, inter-
preter, and set of built-in and optional extension modules, all coded in standard C.

The Python Standard Library and Extension Modules | 5
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CPython can be used on any platform where the C compiler complies with the
ISO/IEC 9899:1990 standard (i.e., all modern, popular platforms). In “Installation”
on page 17, we explain how to download and install CPython. All of this book,
except a few sections explicitly marked otherwise, applies to CPython. CPython
supports both v3 (version 3.5 or better) and v2 (version 2.7).

Jython

Jython is a Python implementation for any Java Virtual Machine (JVM) compliant
with Java 7 or better. Such JVMs are available for all popular, modern platforms. As
of this writing, Jython supports v2, but not yet v3. With Jython, you can use all Java
libraries and frameworks. For optimal use of Jython, you need some familiarity with
fundamental Java classes. You do not have to code in Java, but documentation and
examples for Java libraries are couched in Java terms, so you need a nodding
acquaintance with Java to read and understand them. You also need to use Java-
supporting tools for tasks such as manipulating .jar files and signing applets. This
book deals with Python, not with Java. To use Jython, you should complement this
book with Jython Essentials, by Noel Rappin and Samuele Pedroni (O’Reilly), Java in
a Nutshell, by David Flanagan (O'Reilly), and/or The Definitive Guide to Jython
(Open Source Version) by Josh Juneau, Jim Baker, et al. (Apress, available on O’Reil-
ly’s Safari and on Jython.org), as well as some of the many other Java resources
available.

IronPython

IronPython is a Python implementation (as of this writing, only v2, not yet v3) for
the Microsoft-designed Common Language Runtime (CLR), most commonly
known as .NET, which is now open source and ported to Linux and macOS. With
IronPython, you can use all CLR libraries and frameworks. In addition to Micro-
soft's own implementation, a cross-platform implementation of the CLR known as
Mono works with other, non-Microsoft operating systems, as well as with Windows.
For optimal use of IronPython, you need some familiarity with fundamental CLR
libraries. You do not have to code in C#, but documentation and examples for exist-
ing CLR libraries are often couched in C# terms, so you need a nodding acquaint-
ance with C# to read and understand them. You also need to use CLR supporting
tools for tasks such as making CLR assemblies. This book deals with Python, not
with the CLR. For IronPython usage, you should complement this book with Iron-
Python’s own online documentation, and, if needed, some of the many other resour-
ces available about .NET, the CLR, C#, Mono, and so on.

PyPy

PyPy is a fast and flexible implementation of Python, coded in a subset of Python
itself, able to target several lower-level languages and virtual machines using
advanced techniques such as type inferencing. PyPy’s greatest strength is its ability
to generate native machine code “just in time” as it runs your Python program.
PyPy implements v2 and, at this writing, Python 3.5 support is being released in
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alpha. PyPy has substantial advantages in speed and memory management, and is
seeing production-level use.

Choosing Between CPython, Jython, IronPython, and PyPy

If your platform, as most are, is able to run all of CPython, Jython, IronPython, and
PyPy, how do you choose among them? First of all, don’t choose prematurely:
download and install them all. They coexist without problems, and they’re all free.
Having them all on your development machine costs only some download time and
a little extra disk space, and lets you compare them directly.

The primary difference between the implementations is the environment in which
they run and the libraries and frameworks they can use. If you need a JVM environ-
ment, then Jython is your best choice. If you need a CLR (AKA “NET”) environ-
ment, take advantage of IronPython. If you need a custom version of Python, or
need high performance for long-running programs, consider PyPy.

If you're mainly working in a traditional environment, CPython is an excellent fit. If
you don’t have a strong preference for one or the other, start with the standard CPy-
thon reference implementation, which is most widely supported by third-party add-
ons and extensions, and offers the highly preferable v3 (in full 3.5 glory).!

In other words, when youre experimenting, learning, and trying things out, use
CPython, most widely supported and mature. To develop and deploy, your best
choice depends on the extension modules you want to use and how you want to dis-
tribute your programs. CPython applications are often faster than Jython or IronPy-
thon, particularly if you use extension modules such as NumPy (covered in “Array
Processing” on page 444); however, PyPy can often be even faster, thanks to just-in-
time compilation to machine code. It may be worthwhile to benchmark your CPy-
thon code against PyPy.

CPython is most mature: it has been around longer, while Jython, IronPython, and
PyPy are newer and less proven in the field. The development of CPython versions
tends to proceed ahead of that of Jython, IronPython, and PyPy: at the time of writ-
ing, for example, the language level supported is, for v2, 2.7 for all of them; for v3,
3.5 and 3.6 are now available in CPython, and PyPy has 3.5 in alpha.

However, Jython can use any Java class as an extension module, whether the class
comes from a standard Java library, a third-party library, or a library you develop
yourself. Similarly, IronPython can use any CLR class, whether from the standard
CLR libraries, or coded in C#, Visual Basic .NET, or other CLR-compliant
languages. PyPy is drop-in compatible with most standard CPython libraries, and

1 Throughout this book, we'll mention some highlights of Python 3.6, just barely released as we
write—while 3.6 may not yet be mature enough for you to use in production releases, knowing
what’s coming as 3.6 does mature can't fail to be helpful to your technical choices.
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with C-coded extensions using Cython, covered in “Cython” on page 678, and CFFI,
mentioned in “Extending Python Without Python’s C API” on page 677.

A Jython-coded application is a 100 percent pure Java application, with all of Javas
deployment advantages and issues, and runs on any target machine having a suit-
able JVM. Packaging opportunities are also identical to Javas. Similarly, an
IronPython-coded application is entirely compliant with NET’s specifications.

Jython, IronPython, PyPy, and CPython are all good, faithful implementations of
Python, reasonably close to each other in terms of usability and performance. Since
each of the JVM and CLR platforms carries a lot of baggage, but also supplies large
amounts of useful libraries, frameworks, and tools, any of the implementations may
enjoy decisive practical advantages in a specific deployment scenario. It is wise to
become familiar with the strengths and weaknesses of each, and then choose opti-
mally for each development task.

Other Developments, Implementations, and Distributions

Python has become popular enough that there are a number of other groups and
individuals who have taken an interest in its development and provided features
and implementations outside the core development team’s focus.

Programmers new to Python used to often find it troublesome to install. Nowadays
almost all Unix-based systems include a v2 implementation, and recent releases of
Ubuntu include v3 as the “system Python.” If you are serious about software devel-
opment in Python, the first thing you should do is leave your system-installed Python
alone! Quite apart from anything else, Python is increasingly used by the operating
system itself, so tweaking the Python installation could lead to trouble.

Therefore, consider installing one or more Python implementations that you can
freely use for your development convenience, sure in the knowledge that nothing
you do affects the operating system. We also recommend the use of virtual environ-
ments (see “Python Environments” on page 186) to isolate projects from each other,
allowing them to make use of what might otherwise be conflicting dependencies
(e.g., if two of your projects require different versions of the same module).

Python’s popularity has led to the creation of many active communities, and the lan-
guage’s ecosystem is very active. The following sections outline some of the more
interesting recent developments, but our failure to include a project here reflects
limitations of space and time rather than implying any disapproval on our part.
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Pyjion

Pyjion is an open source project from Microsoft whose primary goal is to add an
API to CPython for managing just-in-time (JIT) compilers. Secondary goals include
the creation of a JIT compiler for Microsoft’s core CLR environment, which
although at the heart of the .NET environment is now open sourced, and a frame-
work for the development of JIT compilers. It is therefore not an implementation of
Python, but we mention it because it offers the potential to translate CPython’s byte-
code into highly efficient code for many different environments. Integration of
Pyjion into CPython will be enabled by PEP 523, which was implemented in Python
3.6.

IPython

IPython enhances standard CPython to make it more powerful and convenient for
interactive use. IPython extends the interpreter’s capabilities by allowing abbrevi-
ated function call syntax, and extensible functionality known as magics introduced
by the percent (%) character. It also provides shell escapes, allowing a Python vari-
able to receive the result of a shell command. You can use a question mark to query
an object’s documentation (two question marks for extended documentation); all
the standard features of Python are also available.

IPython has made particular strides in the scientific and data-focused world, and
has slowly morphed (through the development of IPython Notebook, now refac-
tored and renamed the Jupyter Notebook and shown in the following figure) into an
interactive programming environment that, among snippets of code, also lets you
embed commentary in literate programming style (including mathematical nota-
tion) and show the output of executing code, with advanced graphics produced by
such subsystems as matplotlib and bokeh. An example of matplotlib graphics is
shown in the bottom half of the figure. Reassuringly grant-funded in recent years,
Jupyter/IPython is one of Python’s most prominent success stories.
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Moving Window Average

In [6]: np.random.seed(@)
t = np.linspace(@, 1@, 388)
x = np.sin(t)
dx = np.random.normal(®, @.3, 3088)

kernel = np.ones(25) / 25.
x_smooth = np.convolve(x + dx, kernel, mode='same')

fig, ax = plt.subplots()

ax.plot(t, x + dx, linestyle='', marker='o',
color="black', markersize=3, alpha=8.3)

ax.plot(t, x_smooth, '-k', lw=3)

ax.plot(t, x, '-=k', lw=3, color="blue')

display_d3(fig)

out[6]:

MicroPython: Is your child already a programmer?

The continued trend in miniaturization has brought Python well within the range of
the hobbyist. Single-board computers like the Raspberry Pi and the Beagle Board let
you run Python in a full Linux environment. Below this level, there is an interesting
class of devices known as microcontrollers, programmable chips with configurable
hardware. This extends the scope of hobby and professional projects—for example,
by making analog and digital sensing easy, enabling such applications as light and
temperature measurements with little additional hardware.

Typical examples at the time of writing were the Adafruit Feather and the WiPy, but
new devices appear (and disappear) all the time. Thanks to the MicroPy-
thon project, these devices, some of which come with advanced functionality like
WiFi, can now be programmed in Python.

MicroPython is a Python 3 implementation that can produce bytecode or exe-
cutable machine code (though many users will be happily unaware of the latter
fact). It implements the syntax of v3, but lacks most of the standard library. Special
hardware control modules allow configuration and driving of the various pieces of
built-in configurable hardware, and access to Python’s socket library lets devices be
clients for Internet services. External devices and timer events can trigger code.
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A device typically offers interpreter access through a USB serial port or over the Tel-
net protocol (we aren’t aware of any ssh implementations yet, though, so take care
to firewall these devices properly: they should not be directly accessible across the
Internet without proper precautions!). You can program the device’s power-on boot-
strap sequence in Python by creating a boot.py file in the device’s memory, and this
file can execute arbitrary Python code of any complexity.

Thanks to MicroPython, the Python language can be a full player in the Internet of
Things. At the time of writing the Python-capable BBC micro:bit device is being dis-
tributed to every year-7 schoolchild in the UK (roughly one million in number).
Are you sure your children don't already know some Python?

Anaconda and Miniconda

One of the more successful Python distributions in recent years is Anaconda from
Continuum Analytics. This open source package comes with an enormous number
of preconfigured and tested modules in addition to the standard library. In many
cases you might find that it contains all the necessary dependencies for your work.
On Unix-based systems it installs very simply in a single directory: to activate it, just
add the Anaconda bin directory at the front of your shell PATH.

Anaconda is a Python distribution based on a packaging technology called conda. A
sister implementation, Miniconda, gives access to the same libraries but does not
come with them preloaded, making it more suitable for creating tailored environ-
ments. Conda does not use the standard virtual environments but contains equiva-
lent facilities to allow separation of the dependencies for multiple projects.

Nuitka: Convert your Python to (++

Nuitka is an alternative compiler that converts your Python code to C++, with sup-
port for v2 and v3. Nuitka allows convenient optimization of your code, with cur-
rent speeds over twice as fast as CPython. Future milestones include better type
inferencing and even more speed. The Nuitka homepage has more information.

Grumpy: A Python-to-Go transpiler

Grumpy is an experimental compiler that converts your Python code to Go, with
support for v2 only; the Go code then compiles to a native executable, allowing the
import of Go-coded modules (though not of normal Python extensions) and high
scalability. Grumpy is optimized for serving large parallel workloads with many
lightweight threads, one day potentially replacing CPython as the runtime used to
serve YouTube’s millions of requests per second, as explained on the Google Open
Source blog. Grumpy’s maintained on the GitHub Grumpy project.

Transcrypt: Convert your Python to JavaScript

Many attempts have been made to determine how Python could become a browser-
based language, but JavaScript’s hold has been tenacious. The Transcrypt system is a
pip-installable Python package to convert Python code into browser-executable
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JavaScript. You have full access to the browser’s DOM, allowing your code to
dynamically manipulate window content and use JavaScript libraries.

Although it creates minified code, Transcrypt provides full sourcemaps that allow
you to debug with reference to the Python source rather than the generated Java-
Script. You can write browser event handlers in Python, mixing it freely with HTML
and JavaScript. Python may never make it as a first-class browser language, but
Transcrypt means you might no longer need to worry about that.

Another (more mature but very active) project to let you script your web pages with
Python is Brython, and there are others yet. To help you pick among them, you can
find useful info and links on this Stack Overflow thread.

Licensing and Price Issues

CPython is covered by the Python Software Foundation License Version 2, which is
GNU Public License (GPL) compatible, but lets you use Python for any proprietary,
free, or other open source software development, similar to BSD/Apache/MIT
licenses. Jython’s, IronPythons, and PyPy’s licenses are similarly liberal. Anything
you download from the main Python, Jython, IronPython, and PyPy sites won’t cost
you a penny. These licenses do not constrain what licensing and pricing conditions
you can use for software you develop using the tools, libraries, and documentation
they cover.

However, not everything Python-related is free from licensing costs or hassles.
Many third-party Python sources, tools, and extension modules that you can freely
download have liberal licenses, similar to that of Python itself. Others are covered
by the GPL or Lesser GPL (LGPL), constraining the licensing conditions you can
place on derived works. Some commercially developed modules and tools may
require you to pay a fee, either unconditionally or if you use them for profit.

There is no substitute for careful examination of licensing conditions and prices.
Before you invest time and energy into any software tool or component, check that
you can live with its license. Often, especially in a corporate environment, such legal
matters may involve consulting lawyers. Modules and tools covered in this book,
unless we explicitly say otherwise, can be taken to be, at the time of this writing,
freely downloadable, open source, and covered by a liberal license akin to Pythons.
However, we claim no legal expertise, and licenses can change over time, so double-
checking is always prudent.

Python Development and Versions

Python is developed, maintained, and released by a team of core developers led by
Guido van Rossum, Python’s inventor, architect, and Benevolent Dictator For Life
(BDFL). This title means that Guido has the final say on what becomes part of the
Python language and standard library. Python’s intellectual property is vested in the
Python Software Foundation (PSF), a nonprofit corporation devoted to promoting
Python, described in “Python Software Foundation” on page 16. Many PSF Fellows
and members have commit privileges to Python’s reference source repositories (cur-
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rently Mercurial, but transitioning to git, as documented in the Python Developer’s
Guide), and most Python committers are members or Fellows of the PSE

Proposed changes to Python are detailed in public docs called Python Enhancement
Proposals (PEPs), debated (sometimes an advisory vote is taken) by Python devel-
opers and the wider Python community, and finally approved or rejected by Guido
(or his delegates), who take debates and votes into account but are not bound by
them. Hundreds of people contribute to Python development through PEPs, discus-
sion, bug reports, and patches to Python sources, libraries, and docs.

The Python core team releases minor versions of Python (3.x for growing values of
x), also known as “feature releases;,” currently at a pace of about once every 18
months. Python 2.7, first released in July 2010, was the last feature release of the 2.x
series. Current and future releases of v2 are and will be bug-fix point releases only,
not adding any features. As of this writing, the current bug-fix release of 2.7.13 is
available. There will never be a 2.8 release: we recommend migrating to v3.

Each v3 minor release (as opposed to bug-fix point release) adds features that make
Python more powerful and simpler to use, but also takes care to maintain backward
compatibility. Python 3.0, which was allowed to break backward compatibility in
order to remove redundant “legacy” features and simplify the language, was first
released in December 2008. Python 3.5 (the version we cover as “v3”) was first
released in September 2015; 3.6 was released in December 2016, just as we are fin-
ishing writing this book.

Each minor release 3.x is first made available in alpha releases, tagged as 3.x a0, 3.x
al, and so on. After the alphas comes at least one beta release, 3.x b1, and after the
betas, at least one release candidate, 3.x rcl. By the time the final release of 3.x
(3.x.0) comes out, it is quite solid, reliable, and tested on all major platforms. Any
Python programmer can help ensure this by downloading alphas, betas, and release
candidates, trying them out, and filing bug reports for any problems that emerge.

Once a minor release is out, part of the attention of the core team switches to the
next minor release. However, a minor release normally gets successive point releases
(i.e., 3.x.1, 3.x.2, and so on) that add no functionality, but can fix errors, port Python
to new platforms, enhance documentation, and add optimizations and tools.

This book focuses on Python 2.7 and 3.5 (and all their point releases), the most sta-
ble and widespread releases at the time of this writing (with side notes about the
highlights of the newest release, 3.6). Python 2.7 is what we call v2, while 3.5 (with
its successors) is what we call v3. We document which parts of the language and
libraries exist in v3 only and cannot be used in v2, as well as v3 ones that can be
used in v2—for example, with from __future__ import syntax (see Imports from
__ future__ on page 707). Whenever we say that a feature is in v3, we mean it’s in
Python 3.5 (and presumably all future versions, including 3.6, but not necessarily
in, say, 3.4); saying that a feature is in v2 means it’s in Python 2.7.x (currently 2.7.13)
but not necessarily in 2.6 or earlier. In a few minor cases, we specify a point release,
such as 3.5.3, for language changes where the point release matters.
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This book does not address older versions of Python, such as 2.5 or 2.6; such ver-
sions are more than five years old and should not be used for any development.
However, you might have to worry about such legacy versions if they are embedded
in some application you need to script. Fortunately, Python’s backward compatibil-
ity is quite good within major releases: v2 is able to properly process almost every
valid Python program that was written for Python 1.5.2 or later. As mentioned,
however, Python 3 was a major release that did break backward compatibility,
although it is possible to write code that works in both v2 and v3 if care is taken.
Please see Chapter 26 for more on migrating legacy code to v3. You can find code
and documentation online for all old releases of Python.

Python Resources

The richest Python resource is the web. The best starting point is Python’s home-
page, full of interesting links to explore. The Jython site is a must if you're interested
in Jython. IronPython has a .net site. PyPy is documented at the PyPy site.

Documentation

Python, Jython, IronPython, and PyPy all come with good documentation. The
manuals are available in many formats, suitable for viewing, searching, and printing.
You can read CPythons manuals online (we often refer to these as “the online
docs”): both v2 and v3 are available. You can also find various downloadable for-
mats for v2 and v3.The Python Documentation page has links to a large variety of
documents. The Jython Documentation page has links to Jython-specific documents
as well as general Python ones; there are also documentation pages for IronPython
and for PyPy. You can also find Frequently Asked Questions (FAQ) documents for
Python, Jython, IronPython, and PyPy online.

Python documentation for nonprogrammers

Most Python documentation (including this book) assumes some software-
development knowledge. However, Python is quite suitable for first-time program-
mers, so there are exceptions to this rule. Good introductory online texts for non-
programmers include:

« Josh Cogliati’s “Non-Programmers Tutorial For Python,” available online in two
versions: for v2, and for v3

« Alan Gauld’s “Learning to Program,” available online (covers both v2 and v3)

o “Think Python, 2nd edition,” by Allen Downey, available online (covers pri-

marily v3, with notes for v2 usage)

An excellent resource for learning Python (for nonprogrammers, and for less expe-
rienced programmers too) is the Beginners’ Guide wiki, which includes a wealth of
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links and advice. It's community-curated, so it will likely stay up-to-date as available
books, courses, tools, and so on keep evolving and improving.

Extension modules and Python sources

A good starting point to Python extensions and sources is the Python Package
Index (still fondly known to old-timers as “The Cheese Shop,” and generally
referred to now as PyPI), which at the time of this writing offers over 95,000 pack-
ages,” each with descriptions and pointers.

The standard Python source distribution contains excellent Python source code in
the standard library and in the Demos and Tools directories, as well as C source for
the many built-in extension modules. Even if you have no interest in building
Python from source, we suggest you download and unpack the Python source dis-
tribution for study purposes; or, if you choose, peruse it online.

Many Python modules and tools covered in this book also have dedicated sites. We
include references to such sites in the appropriate chapters in this book.

Books

Although the web is a rich source of information, books still have their place (if we
didn't agree on this, we wouldn’t have written this book, and you wouldn’t be read-
ing it). Books about Python are numerous. Here are a few we recommend, although
some cover older versions rather than current ones:

« If you're just learning to program, Python for Dummies, by Stef and Aahz Mar-
uch (For Dummies), while dated (2006), is a great introduction to program-
ming, and to elementary Python (v2) in particular.

o If you know some programming, but are just starting to learn Python, Head
First Python, 2nd edition, by Paul Barry (O’Reilly), may serve you well. Like all
Head First series books, it uses graphics and humor to teach its subject.

Dive Into Python and Dive Into Python 3, by Mark Pilgrim (APress), teach by
example, in a fast-paced and thorough way that is quite suitable for people who
are already expert programmers in other languages. You can also freely down-
load the book, in any of several formats, for either v2 or v3.

Beginning Python: From Novice to Professional, by Magnus Lie Hetland (APr-
ess), teaches both by thorough explanations and by fully developing 10 com-
plete programs in various application areas.

o Python Essential Reference, by David Beazley (New Riders), is a complete refer-
ence to the Python language and its standard libraries.

2 By the time you read this, there will likely be more than 100,000 packages.
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« For a concise summary reference and reminder of Python’s essentials, check
out Python Pocket Reference, by Mark Lutz (O’Reilly).

Community

One of the greatest strengths of Python is its robust, friendly, welcoming commu-
nity. Python programmers and contributors meet f2f at conferences, “hackathons”
(often known as sprints in the Python community), and local user groups; actively
discuss shared interests; and help each other on mailing lists and social media.

Python Software Foundation

Besides holding the intellectual property rights for the Python programming lan-
guage, a large part of the mission of the Python Software Foundation (PSF) is to
“support and facilitate the growth of a diverse and international community of
Python programmers” The PSF sponsors user groups, conferences, and sprints, and
provides grants for development, outreach, and education, among other activities.
The PSF has dozens of Fellows (nominated for their contributions to Python, and
including all of the Python core team, as well as all authors of this book); hundreds
of members who contribute time, work, and money; and dozens of corporate spon-
sors. Under the new open membership model, anyone who uses and supports Python
can become a member of the PSE Check out the membership page for information
on becoming a member of the PSE If you're interested in contributing to Python
itself, see the Python Developer’s Guide.

Python conferences

There are lots of Python conferences worldwide. General Python conferences
include international and regional ones, such as PyCon and EuroPython, and other
more localized ones such as PyOhio and Pycon Italia. Topical conferences include
SciPy, PyData, and DjangoCon. Conferences are often followed by coding sprints,
where Python contributors get together for several days of coding focused on par-
ticular open source projects and on abundant camaraderie. You can find a listing of
conferences at the Community Workshops page. Videos of talks from previous con-
ferences can be found at the pyvideo site.

User groups and Meetups

The Python community has local user groups in every continent except Antarctica,
as listed at the Local User Groups wiki. In addition, there are Python Meetups listed
for over 70 countries. Women in Python have an international PyLadies group, as
well as local PyLadies chapters.

3 Face-to-face (i.e., in-person).
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Special Interest Groups

Discussions on some specialized subjects related to Python take place on the mail-
ing lists of Python Special Interest Groups (SIGs). The SIGS page has a list, and
pointers to general and specific information about them. Over a dozen SIGs are
active at the time of this writing. Here are a few examples:

o cplusplus-sig: Bindings between C++ and Python
 mobile-sig: Python on mobile devices

o edu-sig: Python in Education

Social media

For an RSS feed of Python-related blogs, see planetpython or follow them on Twit-
ter @planetpython. On Twitter, you can also follow @ThePSF. FreeNode on IRC
hosts several Python-related channels: the main one is #python. On Facebook, you
can join the Python Software Developers public group; on Google+, the Unofficial
Python Community; on LinkedIn, check its Python page for more. Technical ques-
tions and answers about Python can also be found and followed on stackover-
flow.com under a variety of tags, including python, python-2.7, python-3.x, and
others. Python is an actively curated topic on Stack Overflow, where many useful
answers with illuminating discussions can be found.

Mailing lists and newsgroups

The Community lists page has links to Python-related mailing lists and newsgroups.
The Usenet newsgroup for Python discussions is comp.lang.python. The newsgroup
is also available as a mailing list; to subscribe, fill out the form. Python-related offi-
cial announcements are posted to python announce, or its mailing-list equivalent.
To ask for individual help with specific problems, write to help@python.org. For help
learning or teaching Python, write to tutor@python.org or join the list. For issues or
discussion about porting between v2 and v3, join the python-porting list.

For a useful weekly round-up of Python-related news and articles, you can sub-
scribe to the Python Weekly.

In 2015, the Python Software Foundation created a community-oriented mailing list
to support its new open membership model, which you can subscribe to.

Installation

You can install Python in classic (CPython), JVM (Jython), NET (IronPython), and
PyPy versions, on most platforms. With a suitable development system (C for CPy-
thon, Java for Jython, .NET for IronPython; PyPy, coded in Python itself, only needs
CPython installed first), you can install Python versions from the respective source
code distributions. On popular platforms, you also have the (highly recommended!)
alternative of installing from prebuilt binary distributions.
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Installing Python if it comes preinstalled

If your platform comes with a preinstalled version of Python,

A you're still best advised to install another, independent, upda-

\ ted version. When you do, you must not remove or overwrite
your platform’s original version—rather, install the other ver-
sion “side by side” with the first one. This way, you make sure
you are not going to disturb any other software that is part of
your platform: such software might rely on the exact Python
version that came with the platform itself.

Installing CPython from a binary distribution is faster, saves you substantial work
on some platforms, and is the only possibility if you have no suitable C compiler.
Installing from source code gives you more control and flexibility, and is a must if
you can't find a suitable prebuilt binary distribution for your platform. Even if you
install from binaries, it’s best to also download the source distribution, as it includes
examples and demos that may be missing from prebuilt binaries.

Installing Python from Binaries

If your platform is popular and current, you’ll find prebuilt, packaged binary ver-
sions of Python ready for installation. Binary packages are typically self-installing,
either directly as executable programs, or via appropriate system tools, such as the
RedHat Package Manager (RPM) on some versions of Linux and the Microsoft
Installer (MSI) on Windows. After downloading a package, install it by running the
program and choosing installation parameters, such as the directory where Python
is to be installed. In Windows, select the option labeled “Add Python 3.5 to PATH”
to have the installer add the install location into the PATH in order to easily use
Python at a command prompt (see “The python Program” on page 23).

To download “official” Python binaries, visit the Python site, click Downloads, and
on the next page, click the button labeled Python 2.7 or Python 3.x to download the
binary suitable for the browser’s platform.

Many third parties supply free binary Python installers for other platforms. Instal-
lers exist for Linux distributions, whether your distribution is RPM-based (RedHat,
Fedora, Mandriva, SUSE, etc.), or Debian and Ubuntu. The Other Downloads page
provides links to binary distributions for now-somewhat-exotic platforms such as
0S/2, RISC OS, IBM AS/400, and so forth.

Anaconda is a binary distribution including either v2 or v3, plus the conda package
manager, and hundreds of third-party extensions, particularly for science, math,
engineering, and data analysis. It’s available for Linux, Windows, and macOS. The
same package, but without all of those extensions (you can selectively install subsets
of them with conda), is also available, and is known as Miniconda.
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mac0S

Apple’s macOS comes with v2 (text-mode only), as of this writing. Nevertheless, we
recommend you install the latest version and enhancements by following the
instructions and links on the Python site under Downloads; due to Apple’s release
cycles, the Python version included with your version of macOS may be out of date
or incomplete. Python’s latest version installs in addition to, not instead of, Apple’s
supplied one; Apple uses its own version of Python and proprietary extensions to
implement some of the software it distributes as a part of macOS, so it’s unwise to
risk disturbing that version in any way.

The popular third-party macOS open source package manager Homebrew offers,
among many other packages, excellent versions of Python, both v2 and v3. Beware,
though, that usually only one release of each is available.

Installing Python from Source Code

To install CPython from source code, you need a platform with an ISO-compliant C
compiler and tools such as make. On Windows, the normal way to build Python is
with Visual Studio (ideally both VS2008 and VS2010 for v2, or VS 2015 for v3).

To download Python source code, visit the Python site, click Downloads, then pick
v2 or v3. For more options, hover on Downloads, and use the menu that shows.

The .gz file extension under the link labeled “Gzipped source tarball” is equivalent
to .tar.gz (i.e., a tar archive of files, compressed by the powerful and popular gzip
compressor). Alternatively, use the link labeled “XZ compressed source tarball” to
get a version with an extension of .far.xz instead of .fgz, compressed with the even
more powerful xz compressor, if you have tools that can deal with XZ compression.

Microsoft Windows

On Windows, installing Python from source code can be a chore unless you are
already familiar with Visual Studio and are used to working in the text-oriented
windows known as the command prompt.

If the following instructions give you any trouble, stick with “Installing Python from
Binaries” on page 18. It’s best to do a separate installation from binaries anyway,
even if you also install from source. If you notice anything strange while using the
version you installed from source, double-check with the installation from binaries.
If the strangeness goes away, it must be due to some quirk in your installation from
source, so you know you must double-check the latter.

In the following sections, for clarity, we assume you have made a new folder called
%USERPROFILE%\py, (e.g., c:\users\tim\py). Open this folder by typing, for exam-
ple, %USERPROFILE% in the address bar of a Windows Explorer window and going
from there. Download the source fgz file—for example, Python-3.5.2.tgz (or other
Python version of your choice) to that folder. Of course, name and place the folder
as it best suits you: our name choice is just for expository purposes.
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Uncompressing and unpacking the Python source code

You can uncompress and unpack a .tgz or .tar.xz file, for example, with the free pro-
gram 7-Zip. Download and install 7-Zip from the download page, and run it on the
sources’ 1gz file (e.g., c:\users\tim\py\Python-3.5.2.tgz) you downloaded. (The tgz file
may have downloaded to % USERPROFILE%\downloads, in which case you need to
move it to your \py folder before unpacking it with 7-Zip.) You now have a folder
%USERPROFILE%\py\Python-3.5.2 (or other version originally downloaded), the
root of a tree that contains the entire standard Python distribution in source form.

Building the Python source code

Open the text file %USERPROFILE%\py\Python-3.5.2\PCBuild\readme.txt (or
whichever version of Python you downloaded) with the text editor of your choice,
and follow the detailed instructions found there.

Unix-Like Platforms

On Unix-like platforms, installing Python from source code is generally simple. In
the following sections, for clarity, we assume you have created a new directory
named ~/Py and downloaded the sources’ tgz file—for example, Python-3.5.2.tgz (or
other Python version of your choice)—to that directory. Of course, name and place
the directory as it best suits you: our name choice is just for expository purposes.

Uncompressing and unpacking the Python source code

You can uncompress and unpack a .tgz or .tar.xz file with the popular GNU version
of tar. Just type the following at a shell prompt:

$ cd ~/Py
$ tar xzf Python-3.5.2.tgz

You now have a directory ~/Py/Python-3.5.2, the root of a tree that contains the
entire standard Python distribution in source form.

Configuring, building, and testing

Detailed notes are in ~/Py/Python-3.5.2/README under the heading “Build
instructions,” and we recommend studying those notes. In the simplest case, how-
ever, all you need may be to give the following commands at a shell prompt:

$ cd ~/Py/Python-3.5.2
$ ./configure
[configure writes much information - snipped here]
$ make
[make takes quite a while, and emits much information]

If you run make without first running ./configure, make implicitly runs ./config
ure. When make finishes, check that the Python you have just built works as
expected:
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$ make test
[takes quite a while, emits much information]

Usually, make test confirms that your build is working, but also informs you that
some tests have been skipped because optional modules were missing.

Some of the modules are platform-specific (e.g., some may work only on machines
running SGI's ancient Irix operating system), so don’t worry about them. However,
other modules are skipped because they depend on other open source packages that
are not installed on your machine. For example, module _tkinter—needed to run
the Tkinter GUI package and the IDLE integrated development environment, which
come with Python—can be built only if ./configure can find an installation of
Tcl/Tk 8.0 or later on your machine. See ~/Py/Python-3.5.2/README for more
details and specific caveats about different Unix and Unix-like platforms.

Building from source code lets you tweak your configuration in several ways. For
example, you can build Python in a special way that helps you track down memory
leaks when you develop C-coded Python extensions, covered in “Building and
Installing C-Coded Python Extensions” on page 643. . /configure --help isa good
source of information about the configuration options you can use.

Installing after the build

By default, . /configure prepares Python for installation in /usr/local/bin and /usr/
local/lib. You can change these settings by running ./configure with option
--prefix before running make. For example, if you want a private installation of
Python in subdirectory py35 of your home directory, run:

$ cd ~/Py/Python-3.5.2
$ ./configure --prefix=~/py35

and continue with make as in the previous section. Once youre done building and
testing Python, to perform the actual installation of all files, run:

$ make install

The user running make install must have write permissions on the target directo-
ries. Depending on your choice of target directories, and permissions on those
directories, you may need to su to root, bin, or some other user when you run make
install. A common idiom for this purpose is sudo make install:if sudo prompts
for a password, enter your current user’s password, not root’s. An alternative, and
recommended, approach is to install into a virtual environment, as covered in
“Python Environments” on page 186.

Installing Jython

To download Jython, visit the Jython homepage and follow the link labeled Down-
load. The latest version, at the time of this writing, is Jython 2.7.0, which supports
Python 2.7 and comes as two executable JARs: one for just running Jython and one
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for embedding it in Java applications. Perform the installation by following the
installation instructions.

Installing IronPython

To install IronPython, you need to have a current Common Language Runtime
(CLR, AKA .NET) implementation installed on your machine. Both Mono and the
Microsoft .NET Framework work fine with IronPython. To download IronPython,
visit the IronPython homepage, and click the arrow-shaped icon labeled Download
IronPython 2.7; this gives you an executable installer—run it to install IronPython.

Installing PyPy

To install PyPy, download your chosen version of PyPy’s sources (the latest version,
at the time of this writing, is PyPy 5.6.0, but don’t let its numbering confuse you—it
fully supports Python 2.7, which we call v2 in this book!), then follow the instruc-
tions if you want to build PyPy from sources. Alternatively, download a binary
installer for your platform (if supported), uncompress it from its .zip or .tar.bz2 for-
mat, and then run the resulting executable file.
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The Python Interpreter

To develop software systems in Python, you write text files that contain Python
source code and documentation. You can use any text editor, including those in
Integrated Development Environments (IDEs). You then process the source files
with the Python compiler and interpreter. You can do this directly, or within an
IDE, or via another program that embeds Python. The Python interpreter also lets
you execute Python code interactively, as do IDEs.

The python Program

The Python interpreter program is run as python (it's named python.exe on Win-
dows). python includes both the interpreter itself and the Python compiler, which is
implicitly invoked, as and if needed, on imported modules. Depending on your sys-
tem, the program may typically have to be in a directory listed in your PATH envi-
ronment variable. Alternatively, as with any other program, you can give a complete
pathname to it at a command (shell) prompt, or in the shell script (or shortcut tar-
get, etc.) that runs it.!

PEP 397

On Windows, since PEP 397, py.exe, the launcher, installs in
the system area of Windows and is therefore guaranteed—bar-
ring deliberate further manipulation on your part—to be
always on the PATH.

1 This may involve using quotes if the pathname contains spaces—again, this depends on your
operating system.
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On Windows, press the Windows key and start typing python: “Python 3.5
(command-line)” (if you have installed v3) appears, along with other choices, such
as “IDLE (Python GUI)” Alternatively, if you have the py.exe launcher installed
(that’s automatic with v3; with v2, you need to install the standalone launcher), at a
command prompt, typing py launches Python. If you have more than one version of
Python installed, then the most recent v2 gets run, unless you override that default
via a config file or a command-line parameter (e.g., py -3).

Environment Variables

Besides PATH, other environment variables affect the python program. Some envi-
ronment variables have the same effects as options passed to python on the com-
mand line, as documented in the next section. Several environment variables
provide settings not available via command-line options. The following list covers
only the basics of a few frequently used ones; for all details, see the online docs.

PYTHONHOME
The Python installation directory. A lib subdirectory, containing the standard
Python library, must exist under this directory. On Unix-like systems, the stan-
dard library modules should be in lib/python-2.7 for Python 2.7, lib/python-3.5
for Python 3.5, and so on. If not set, the Python executable uses some heuristics
to locate the installation directory.

PYTHONPATH
A list of directories, separated by colons on Unix-like systems, and by semico-
lons on Windows. Python can import modules from these directories. This list
extends the initial value for Python’s sys.path variable. We cover modules,
importing, and sys.path in Chapter 6.

PYTHONSTARTUP
The name of a Python source file to run each time an interactive interpreter
session starts. No such file runs if this variable is not set or if it is set to the path
of a file that is not found. The PYTHONSTARTUP file does not run when you run a
Python script; it runs only when you start an interactive session.

How to set and examine environment variables depends on your operating system.
In Unix, use shell commands, often within persistent startup shell scripts. On Win-
dows, press the Windows key and start typing environment var and a couple of
shortcuts appear, one for user env vars, the other for system ones. On a Mac, you
can work like in other Unix-like systems, but there are other options, including a
MacPython-specific IDE. For more information about Python on the Mac, see
Using Python on a Mac (v2) or Using Python on a Mac (v3).

Command-Line Syntax and Options
The Python interpreter command-line syntax can be summarized as follows:

[path]python {options} [-c command | -m module | file | -] {args}
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Here, brackets ([ ]) enclose what’s optional, braces ({}) enclose items of which zero
or more may be present, and vertical bars (|) mean a choice among alternatives.
Python consistently uses a slash (/) for file paths, as in Unix.

Running a Python script at a command line can be as simple as:

$ python hello.py
Hello World

If the script is not in the current working directory, provide the path to the script:

$ python ./hello/hello.py
Hello World

The filename of the script can be any absolute or relative file path, and need not
have any specific extension (though it is conventional to use a .py extension). Each
operating system has its own ways to make the Python scripts themselves exe-
cutable, but we do not cover those details here.

Options are case-sensitive short strings, starting with a hyphen, that ask python for a
nondefault behavior. python accepts only options that start with a hyphen (-), not
with a slash. We list the most frequently used options in Table 2-1. Each option’s
description gives the environment variable (if any) that, when set, requests the same
behavior. Many options have longer versions beginning with two hyphens, as docu-
mented in the help available from python -h. For all details, see the online docs.

Table 2-1. Python frequently used command-line options

Option  Meaning (and equivalent environment variable, if any)

-B Don't save compiled bytecode files to disk (PY THONDONTWRITEBYTECODE)

-c Specifies Python statements as part of the command line

-E Ignores all environment variables

-h Prints a full list of options and summary help, then terminates

-i Runs an interactive session after the file or command runs (PYTHONINSPECT)

-m Specifies a Python module or package to run as the main script

-0 Optimizes generated bytecode (PYTHONOPTIMIZE)—note that this is an uppercase letter O, not
the digit ©

-00 Like -0, but also removes documentation strings from the bytecode

-Q arg Controls the behavior of division operator / on integers (v2 only)
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Option  Meaning (and equivalent environment variable, if any)

-S Omits the implicit import site on startup (covered in “The site and sitecustomize Modules” on
page 379)

-t Issues warnings about inconsistent tab usage (-tt issues errors)

-u Uses unbuffered binary files for standard output and standard error (PYTHONUNBUFFERED)

-v Verbosely traces module import and cleanup actions (PYTHONVERBOSE)

-V Prints the Python version number, then terminates

-W arg Adds an entry to the warnings filter (covered in “Filters” on page 474)

-X Excludes (skips) the first line of the main script’s source

Use -1 when you want to get an interactive session immediately after running some
script, with top-level variables still intact and available for inspection. You do not
need -i for normal interactive sessions, although it does no harm. -t and -tt
ensure that you use tabs and spaces consistently in Python sources (see “Lines and
Indentation” on page 35 for more information about whitespace usage in Python).

-0 and -00 yield small savings of time and space in bytecode generated for modules
you import, turning assert statements into no-operations, as covered in “The
assert Statement” on page 168. -00 also discards documentation strings.? In v2, only,
-Q determines the behavior of division operator / when used between two integer
operands (we cover division in “Division” on page 58). -W adds an entry to the
warnings filter (we cover warnings in “The warnings Module” on page 474).

In v2, -u forces binary mode for standard input, output, and error (not for other file
objects). Some platforms, mostly Windows, distinguish binary and text modes. You
need binary mode to emit binary data to standard output. -u also ensures that such
output happens immediately, without buffering. You need this when delays due to
buffering could cause problems, as in some Unix pipelines. In v3, -u forces unbuf-
fered output for standard output’s and error’s binary layer (available from
their .buffer attribute), not their text layer.

After the options, if any, comes an indication of which Python script to run. A file
path is that of a Python source or bytecode file to run, complete with file extension,
if any. On any platform, you may use a slash (/) as the separator between compo-
nents in this path. On Windows only, you may alternatively use a backslash (\).

Instead of a file path, you can use -c command to execute a Python code string

2 This may affect code that tries to introspect docstrings for semantically meaningful purposes; we
suggest you avoid writing such code.

26 | Chapter 2: The Python Interpreter



command. command normally contains spaces, so you need quotes around it to satisfy
your operating system’s shell or command-line processor. Some shells (e.g., bash) let
you enter multiple lines as a single argument so that command can be a series of
Python statements. Other shells (e.g., Windows shells) limit you to a single line;
command can then be one or more simple statements separated by semicolons (;), as
discussed in “Statements” on page 40.

Another way to specify which Python script to run is -m module. This option tells
Python to load and run a module named module (or the __main__.py member of a
package or ZIP file named module) from some directory that is part of Python’s
sys.path; this is useful with several modules from Python’s standard library. For
example, as covered in “The timeit module” on page 487, -m timeit is often the
best way to perform micro-benchmarking of Python statements and expressions.

A hyphen, or the lack of any token in this position, tells the interpreter to read pro-
gram source from standard input—normally, an interactive session. You need an
explicit hyphen only if arguments follow. args are arbitrary strings; the Python
application being run can access these strings as items of the list sys.argv.

For example, on a standard Windows installation, you can enter the following at a
command prompt to have Python print the current date and time:

C:\> py -c "import time; print(time.asctime())"

On Cygwin, Linux, OpenBSD, macOS, and other Unix-like systems, with a default
installation of Python from sources, enter the following at a shell prompt to start an
interactive session with verbose tracing of module import and cleanup:

$ Jusr/local/bin/python -v

You can start the command with just python (you do not have to specify the full
path to the Python executable) if the directory of the Python executable is in your
PATH environment variable. (If you have multiple versions of Python installed, you
can specify the version, with, for example, python2, python2.7, python3, or
python3.5, as appropriate; in this case, the version used if you just say python is
generally the one you installed most recently.)

Interactive Sessions

When you run python without a script argument, Python starts an interactive ses-
sion and prompts you to enter Python statements or expressions. Interactive ses-
sions are useful to explore, to check things out, and to use Python as a powerful,
extensible interactive calculator. (IPython, mentioned in “IPython” on page 9, is like
“Python on steroids” specifically for interactive-session usage.)

When you enter a complete statement, Python executes it. When you enter a com-
plete expression, Python evaluates it. If the expression has a result, Python outputs a
string representing the result and also assigns the result to the variable named _ (a
single underscore) so that you can immediately use that result in another expres-
sion. The prompt string is >>> when Python expects a statement or expression

The python Program | 27

J9324di91u|

-
=
()
v

<
-
=3
o
=}




and ... when a statement or expression has been started but not completed. In par-
ticular, Python prompts you with ... when you have opened a parenthesis on a pre-
vious line and have not closed it yet.

You terminate an interactive session with an end-of-file on standard input (Ctrl-Z
on Windows, Ctrl-D on Unix-like systems). The statement raise SystemExit also
ends the session, as does a call to sys.exit(), either interactively or in code being
run (we cover SystemExit and raise in Chapter 5).

Line-editing and history facilities depend in part on how Python was built: if the
optional readline module was included, the features of the GNU readline library
are available. Windows has a simple but usable history facility for interactive text-
mode programs like python. You can use other line-editing and history facilities by
installing pyreadline for Windows, or pyrepl for Unix.

In addition to the built-in Python interactive environment, and those offered as part
of richer development environments covered in the next section, you can freely
download other alternative, powerful interactive environments. The most popular
one is IPython, covered in “IPython” on page 9, which offers a dazzling wealth of
features. A simpler, lighter-weight, but still quite handy up-and-coming alternative
read-line interpreter is bpython.

Python Development Environments

The Python interpreter’s built-in interactive mode is the simplest development envi-
ronment for Python. It is a bit primitive, but it is lightweight, has a small footprint,
and starts fast. Together with an appropriate text editor (as discussed in “Free Text
Editors with Python Support” on page 29), and line-editing and history facilities,
the interactive interpreter (or, alternatively, the much more powerful IPython/
Jupyter command-line interpreter) offers a usable and popular development envi-
ronment. However, there are a number of other development environments that
you can also use.

IDLE

Python’s Integrated DeveLopment Environment (IDLE) comes with the standard
Python distribution on most platforms. IDLE is a cross-platform, 100 percent pure
Python application based on the Tkinter GUI toolkit. IDLE offers a Python shell
similar to interactive Python interpreter sessions but richer in functionality. It also
includes a text editor optimized to edit Python source code, an integrated interac-
tive debugger, and several specialized browsers/viewers.

For even more functionality in IDLE, you can download and install IdleX, a sub-
stantial collection of free third-party extensions to it.

To install and use IDLE in macOS, follow these specific instructions.
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Other Python IDEs

IDLE is mature, stable, easy to use, fairly rich in functionality, and extensible. There
are, however, many other IDEs—cross-platform and platform-specific, free and
commercial (including commercial IDEs with free offerings, especially if youre
developing open source software yourself), standalone and add-ons to other IDEs.

Some of these IDEs sport features such as static analysis, GUI builders, debuggers,
and so on. Python’s IDE wiki page lists over 30 of them, and points to over a dozen
external pages with reviews and comparisons. If youre an IDE collector, happy
hunting!

We can’t do justice to even a tiny subset of those IDEs, but it’s worth singling out the
popular cross-platform, cross-language modular IDE Eclipse: the free third-party
plug-in PyDev for Eclipse has excellent Python support. Steve is a long-time user of
Wingware IDE by Archaeopteryx, the most venerable Python-specific IDE. The
most popular third-party Python IDE today may be PyCharm.

If you use Visual Studio, check out PTVS, an open source plug-in that’s particularly
good at allowing mixed-language debugging in Python and C as and when needed.

Free Text Editors with Python Support

You can edit Python source code with any text editor, even simplistic ones such as
Notepad on Windows or ed on Linux. Powerful free editors support Python with
extra features such as syntax-based colorization and automatic indentation. Cross-
platform editors let you work in uniform ways on different platforms. Good pro-
grammers’ text editors also let you run, from within the editor, tools of your choice
on the source code you're editing. An up-to-date list of editors for Python can be
found on the Python wiki, which currently lists many dozens of them.

The very best for sheer editing power is probably still classic Emacs (see the Python
wiki for many Python-specific add-ons). However, Emacs is not easy to learn, nor is
it lightweight. Alex’s personal favorite is another classic, vim, Bram Moolenaar’s
modern, improved version of the traditional Unix editor vi, perhaps not quite as
powerful as Emacs, but still well worth considering—fast, lightweight, Python-
programmable, runs everywhere in both text-mode and GUI versions. See the
Python wiki for Python-specific tips and add-ons. Steve and Anna also use vim.
When it’s available, Steve also uses the commercial editor Sublime Text 2, with good
syntax coloring and enough integration to run your programs from inside the edi-
tor.

Tools for Checking Python Programs

The Python compiler does not check programs and modules thoroughly: the com-
piler checks only the code’s syntax. If you want more thorough checking of your
Python code, you may download and install third-party tools for the purpose.
Pyflakes is a very fast, lightweight checker: it’s not thorough, but does not import
the modules it’s checking, which makes using it safer. At the other end of the spec-
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trum, PyLint is very powerful and highly configurable. PyLint is not lightweight, but
repays that by being able to check many style details in a highly configurable way
based on customizable configuration files.

Running Python Programs

Whatever tools you use to produce your Python application, you can see your appli-
cation as a set of Python source files, which are normal text files. A script is a file
that you can run directly. A module is a file that you can import (as covered in
Chapter 6) to provide functionality to other files or to interactive sessions. A Python
file can be both a module (exposing functionality when imported) and a script (suit-
able for being run directly). A useful and widespread convention is that Python files
that are primarily intended to be imported as modules, when run directly, should
execute some simple self-test operations, as covered in “Testing” on page 454.

The Python interpreter automatically compiles Python source files as needed.
Python source files normally have the extension .py. In v2, Python saves the com-
piled bytecode file for each module in the same directory as the module’s source,
with the same basename and extension .pyc (or .pyo when you run Python with
option -0). In v3, Python saves the compiled bytecode in subdirectory __ pycache__
of the directory containing the module’s source, with a version-specific extension,
and annotated to denote optimization level.

Run Python with option -B to avoid saving compiled bytecode to disk, which can be
handy when you import modules from a read-only disk. Also, Python does not save
the compiled bytecode form of a script when you run the script directly; rather,
Python recompiles the script each time you run it. Python saves bytecode files only
for modules you import. It automatically rebuilds each module’s bytecode file when-
ever necessary—for example, when you edit the module’s source. Eventually, for
deployment, you may package Python modules using tools covered in Chapter 25.

You can run Python code interactively with the Python interpreter or an IDE. Nor-
mally, however, you initiate execution by running a top-level script. To run a script,
give its path as an argument to python, as covered earlier in “The python Program”
on page 23. Depending on your operating system, you can invoke python directly
from a shell script or command file. On Unix-like systems, you can make a Python
script directly executable by setting the file’s permission bits x and r and beginning
the script with a so-called shebang line, which is a first line such as:

#!/usr/bin/env python
or some other line starting with #! followed by a path to the python interpreter pro-
gram, in which case you can optionally add a single word of options, for example:
#!/usr/bin/python -0

On Windows, you can now use the same style #! line, in accordance with PEP 397,
to specify a particular version of Python, so your scripts can be cross-platform
between Unix-like and Windows systems. You can also run Python scripts with the
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usual Windows mechanisms, such as double-clicking their icons. When you run a
Python script by double-clicking the script’s icon, Windows automatically closes the
text-mode console associated with the script as soon as the script terminates. If you
want the console to linger (to allow the user to read the scripts output on the
screen), ensure the script doesn’t terminate too soon. For example, use the following
(in v3) as the script’s last statement:

input('Press Enter to terminate')

(use raw_input in v2). This is not necessary when you run the script from a com-
mand prompt.

On Windows, you can also use extension .pyw and interpreter program pythonw.exe
instead of .py and python.exe. The w variants run Python without a text-mode con-
sole, and thus without standard input and output. These variants are useful for
scripts that rely on GUIs or run invisibly in the background. Use them only when a
program is fully debugged, to keep standard output and error available for informa-
tion, warnings, and error messages during development. On a Mac, you need to use
interpreter program pythonw, rather than python, when you want to run a script
that needs to access any GUI toolkit, rather than just text-mode interaction.

Applications coded in other languages may embed Python, controlling the execu-
tion of Python for their own purposes. We examine this briefly in “Embedding
Python” on page 683.

The jython Interpreter

The jython interpreter built during installation (see “Installing Jython” on page 21)
is run similarly to the python program:

[path]jython {options} [ -j jar | -c command | file | - ] {args}

-j jar tells Jython that the main script to run is __run__.py in the .jar file. Options
-1, -S, and -v are the same as for python. --help is like python’s -h, and --version
is like python’s -V. Instead of environment variables, jython uses a text file named
registry in the installation directory to record properties with structured names.
Property python.path, for example, is the Jython equivalent of Python’s environ-
ment variable PYTHONPATH. You can also set properties with jython command-line
options in the form -D name=value.

See the Jython homepage for complete, up-to-date information.

The IronPython Interpreter

IronPython may be run similarly to the python program:
[path]ipy {options} [-c command | file | - ] {args}

See the IronPython homepage for complete, up-to-date information.
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The PyPy Interpreter

PyPy may be run similarly to the python program:
[path]lpypy {options} [-c command | file | - ] {args}

See the PyPy homepage for complete, up-to-date information.

32 | Chapter2: The Python Interpreter


http://pypy.org/

Core Python Language
and Built-ins



vww allitebooks.conl



http://www.allitebooks.org

The Python Language

This chapter is a guide to the Python language. To learn Python from scratch, we
suggest you start with the appropriate links from https://www.python.org/about/
gettingstarted/, depending on whether youre a programming beginner or already
have some programming experience. If you already know other programming lan-
guages well, and just want to learn specifics about Python, this chapter is for you.
However, we're not trying to teach Python: we cover a lot of ground at a pretty fast
pace. We focus on the rules, and only secondarily point out best practices and style;
as your Python style guide, use PEP 8 (optionally augmented by extra guidelines
such as The Hitchhiker’s Guide’s, CKAN’s, and/or Google’s).

Lexical Structure

The lexical structure of a programming language is the set of basic rules that govern
how you write programs in that language. It is the lowest-level syntax of the lan-
guage, specifying such things as what variable names look like and how to denote
comments. Each Python source file, like any other text file, is a sequence of charac-
ters. You can also usefully consider it a sequence of lines, tokens, or statements.
These different lexical views complement each other. Python is very particular
about program layout, especially regarding lines and indentation: pay attention to
this information if you are coming to Python from another language.

Lines and Indentation

A Python program is a sequence of logical lines, each made up of one or more physi-
cal lines. Each physical line may end with a comment. A hash sign # that is not
inside a string literal starts a comment. All characters after the #, up to but
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excluding the line end, are the comment: Python ignores them. A line containing
only whitespace, possibly with a comment, is a blank line: Python ignores it.!

In Python, the end of a physical line marks the end of most statements. Unlike in
other languages, you don’t normally terminate Python statements with a delimiter,
such as a semicolon (;). When a statement is too long to fit on a physical line, you
can join two adjacent physical lines into a logical line by ensuring that the first phys-
ical line has no comment and ends with a backslash (\). However, Python also auto-
matically joins adjacent physical lines into one logical line if an open parenthesis
(0), bracket ([), or brace ({) has not yet been closed: take advantage of this mecha-
nism to produce more readable code than youd get with backslashes at line ends.
Triple-quoted string literals can also span physical lines. Physical lines after the first
one in a logical line are known as continuation lines. Indentation issues apply to the
first physical line of each logical line, not to continuation lines.

Python uses indentation to express the block structure of a program. Unlike other
languages, Python does not use braces, or other begin/end delimiters, around blocks
of statements; indentation is the only way to denote blocks. Each logical line in a
Python program is indented by the whitespace on its left. A block is a contiguous
sequence of logical lines, all indented by the same amount; a logical line with less
indentation ends the block. All statements in a block must have the same indenta-
tion, as must all clauses in a compound statement. The first statement in a source
file must have no indentation (i.e., must not begin with any whitespace). Statements
that you type at the interactive interpreter primary prompt >>> (covered in “Interac-
tive Sessions” on page 27) must also have no indentation.

v2 logically replaces each tab by up to eight spaces, so that the next character after
the tab falls into logical column 9, 17, 25, and so on. Standard Python style is to use
four spaces (never tabs) per indentation level.

Don’t mix spaces and tabs for indentation, since different tools (e.g., editors, email
systems, printers) treat tabs differently. The -t and -tt options to the v2 Python
interpreter (covered in “Command-Line Syntax and Options” on page 24) ensure
against inconsistent tab and space usage in Python source code. In v3, Python does
not allow mixing tabs and spaces for indentation.

Use spaces, not tabs

We recommend you configure your favorite editor to expand
tabs to four spaces, so that all Python source code you write
contains just spaces, not tabs. This way, all tools, including
Python itself, are consistent in handling indentation in your
Python source files. Optimal Python style is to indent blocks
by exactly four spaces, and use no tabs.

1 In an interactive interpreter session, you must enter an empty physical line (without any white-
space or comment) to terminate a multiline statement.
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Character Sets

A v3 source file can use any Unicode character, encoded as UTF-8. (Characters with
codes between 0 and 127, AKA ASCII characters, encode in UTF-8 into the respec-
tive single bytes, so an ASCII text file is a fine v3 Python source file, too.)

A v2 source file is usually made up of characters from the ASCII set (character
codes between 0 and 127).

In both v2 and v3, you may choose to tell Python that a certain source file is written
in a different encoding. In this case, Python uses that encoding to read the file (in
v2, you can use non-ASCII characters only in comments and string literals).

To let Python know that a source file is written with a nonstandard encoding, start
your source file with a comment whose form must be, for example:

# coding: iso-8859-1

After coding:, write the name of a codec known to Python and ASCII-compatible,
such as utf-8 or is0-8859-1. Note that this coding directive comment (also known
as an encoding declaration) is taken as such only if it is at the start of a source file
(possibly after the “shebang line,” covered in “Running Python Programs” on page
30). The only effect of a coding directive in v2 is to let you use non-ASCII characters
in string literals and comments. Best practice is to use utf-8 for all of your text files,
including Python source files.

Tokens

Python breaks each logical line into a sequence of elementary lexical components
known as tokens. Each token corresponds to a substring of the logical line. The nor-
mal token types are identifiers, keywords, operators, delimiters, and literals, which we
cover in the following sections. You may freely use whitespace between tokens to
separate them. Some whitespace separation is necessary between logically adjacent
identifiers or keywords; otherwise, Python would parse them as a single, longer
identifier. For example, ifx is a single identifier; to write the keyword if followed
by the identifier x, you need to insert some whitespace (e.g., 1f x).

Identifiers

An identifier is a name used to specify a variable, function, class, module, or other
object. An identifier starts with a letter (in v2, A to Z or a to z; in v3, other characters
that Unicode classifies as letters are also allowed) or an underscore (_), followed by
zero or more letters, underscores, and digits (in v2, @ to 9; in v3, other characters
that Unicode classifies as digits or combining marks are also allowed). See this web-
site for a table identifying which Unicode characters can start or continue a v3 iden-
tifier. Case is significant: lowercase and uppercase letters are distinct. Punctuation
characters such as @, $, and ! are not allowed in identifiers.

Normal Python style is to start class names with an uppercase letter, and other iden-
tifiers with a lowercase letter. Starting an identifier with a single leading underscore
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indicates by convention that the identifier is meant to be private. Starting an identi-
fier with two leading underscores indicates a strongly private identifier; if the identi-
fier also ends with two trailing underscores, however, this means that the identifier
is a language-defined special name.

Single underscore _in the interactive interpreter

The identifier _ (a single underscore) is special in interactive
interpreter sessions: the interpreter binds _ to the result of the
last expression statement it has evaluated interactively, if any.

Keywords

Python has keywords (31 of them in v2; 33 in v3), which are identifiers that Python
reserves for special syntactic uses. Keywords contain lowercase letters only. You can-
not use keywords as regular identifiers (thus, they’re sometimes known as “reserved
words”). Some keywords begin simple statements or clauses of compound state-
ments, while other keywords are operators. We cover all the keywords in detail in
this book, either in this chapter or in Chapters 4, 5, and 6. The keywords in v2 are:

and continue except global lambda raise yield
as def exec if not return

assert del finally 1import or try

break elif for in pass while

class else from is print with

In v3, exec and print are no longer keywords: they were statements in v2, but
they’re now functions in v3. (To use the print function in v2, start your source file
with from __future__ import print_function, as mentioned in “Version Con-
ventions” on page xiii.) False, None, True, and nonlocal are new, additional key-
words in v3 (out of them, False, None, and True were already built-in constants in
v2, but they were not technically keywords). Special tokens async and awatt, cov-
ered in Chapter 18, are not currently keywords, but they’re scheduled to become
keywords in Python 3.7.

Operators

Python uses nonalphanumeric characters and character combinations as operators.
Python recognizes the following operators, which are covered in detail in “Expres-
sions and Operators” on page 55:
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In v3 only, you can also use @ as an operator (in matrix multiplication, covered in
Chapter 15), although the character is technically a delimiter.

Delimiters

Python uses the following characters and combinations as delimiters in expressions,
list, dictionary, and set literals, and various statements, among other purposes:
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The period (.) can also appear in floating-point literals (e.g., 2.3) and imaginary lit-
erals (e.g., 2.33). The last two rows are the augmented assignment operators, which
are delimiters, but also perform operations. We discuss the syntax for the various
delimiters when we introduce the objects or statements using them.

The following characters have special meanings as part of other tokens:

" and " surround string literals. # outside of a string starts a comment. \ at the end
of a physical line joins the following physical line into one logical line; \ is also an
escape character in strings. The characters $ and ?, all control characters® except
whitespace, and, in v2, all characters with ISO codes above 126 (i.e., non-ASCII
characters, such as accented letters) can never be part of the text of a Python pro-
gram, except in comments or string literals. (To use non-ASCII characters in com-
ments or string literals in v2, you must start your Python source file with a coding
directive as covered in “Character Sets” on page 37.)

2 Control characters are nonprinting characters such as \t (tab) and \n (newline), both of which
count as whitespace; and \a (alarm, AKA beep) and \b (backspace), which are not whitespace.
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Literals

A literal is the direct denotation in a program of a data value (a number, string, or
container). The following are number and string literals in Python:

42 # Integer literal

3.14 # Floating-point literal

1.03 # Imaginary literal

"hello’ # String literal

"world" # Another string literal
"""Good

night""" # Triple-quoted string literal

Combining number and string literals with the appropriate delimiters, you can
build literals that directly denote data values of container types:

[42, 3.14, 'hello'] # List

[] # Empty list

100, 200, 300 # Tuple

Q) # Empty tuple
{'x":42, 'y':3.14} # Dictionary

{3} # Empty dictionary

{1, 2, 4, 8, 'string'} # Set
# There is no literal to denote an empty set; use set() instead

We cover the syntax for literals in detail in “Data Types” on page 41, when we dis-
cuss the various data types Python supports.

Statements

You can look at a Python source file as a sequence of simple and compound state-
ments. Unlike some other languages, Python has no “declarations” or other top-level
syntax elements: just statements.

Simple statements

A simple statement is one that contains no other statements. A simple statement lies
entirely within a logical line. As in many other languages, you may place more than
one simple statement on a single logical line, with a semicolon (;) as the separator.
However, one statement per line is the usual and recommended Python style, and
makes programs more readable.

Any expression can stand on its own as a simple statement (we discuss expressions
in “Expressions and Operators” on page 55). When working interactively, the inter-
preter shows the result of an expression statement you enter at the prompt (>>>)
and binds the result to a global variable named _ (underscore). Apart from interac-
tive sessions, expression statements are useful only to call functions (and other call-
ables) that have side effects (e.g., perform output, change global variables, or raise
exceptions).
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An assignment is a simple statement that assigns values to variables, as we discuss in
“Assignment Statements” on page 51. An assignment in Python is a statement and
can never be part of an expression.

Compound statements

A compound statement contains one or more other statements and controls their
execution. A compound statement has one or more clauses, aligned at the same
indentation. Each clause has a header starting with a keyword and ending with a
colon (:), followed by a body, which is a sequence of one or more statements. When
the body contains multiple statements, also known as a block, these statements are
on separate logical lines after the header line, indented four spaces rightward. The
block lexically ends when the indentation returns to that of the clause header (or
further left from there, to the indentation of some enclosing compound statement).
Alternatively, the body can be a single simple statement, following the : on the same
logical line as the header. The body may also consist of several simple statements on
the same line with semicolons between them, but, as we've already mentioned, this
is not good Python style.

Data Types

The operation of a Python program hinges on the data it handles. Data values in
Python are known as objects; each object, AKA value, has a type. An object’s type
determines which operations the object supports (in other words, which operations
you can perform on the value). The type also determines the object’s attributes and
items (if any) and whether the object can be altered. An object that can be altered is
known as a mutable object, while one that cannot be altered is an immutable object.
We cover object attributes and items in “Object attributes and items” on page 51.

The built-in type(obj) accepts any object as its argument and returns the type
object that is the type of obj. The built-in function isinstance(obj, type) returns
True when object obj has type type (or any subclass thereof); otherwise, it returns
False.

Python has built-in types for fundamental data types such as numbers, strings,
tuples, lists, dictionaries, and sets, as covered in the following sections. You can also
create user-defined types, known as classes, as discussed in “Classes and Instances”
on page 99.

Numbers

The built-in numeric types in Python include integers (int and long, in v2; in v3,
there’s no distinction between kinds of integers), floating-point numbers, and com-
plex numbers. The standard library also offers decimal floating-point numbers, cov-
ered in “The decimal Module” on page 442, and fractions, covered in “The fractions
Module” on page 441. All numbers in Python are immutable objects; therefore,
when you perform an operation on a number object, you produce a new number
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object. We cover operations on numbers, also known as arithmetic operations, in
“Numeric Operations” on page 57.

Numeric literals do not include a sign: a leading + or -, if present, is a separate oper-
ator, as discussed in “Arithmetic Operations” on page 58.

Integer numbers

Integer literals can be decimal, binary, octal, or hexadecimal. A decimal literal is a
sequence of digits in which the first digit is nonzero. A binary literal is @b followed
by a sequence of binary digits (0 or 1). An octal literal, in v2 only, can be 0 followed
by a sequence of octal digits (0 to 7). This syntax can be quite misleading for the
reader, and we do not recommend it; rather, use 0o followed by a sequence of octal
digits, which works in both v2 and v3 and does not risk misleading the reader. A
hexadecimal literal is @x followed by a sequence of hexadecimal digits (6 to 9 and A
to F, in either upper- or lowercase). For example:

1, 23, 3493 # Decimal integer literals
0b01601601, 0b110010 # Binary integer literals

001, 0027, 006645 # Octal integer literals

0x1, 0x17, OxDA5 # Hexadecimal integer literals

Integer literals have no defined upper bound (in v2 only, if greater than sys.maxint,
integer literals are instances of built-in type long; v3 does not draw that distinction,
but rather uses int as the type of all integers).

Floating-point numbers

A floating-point literal is a sequence of decimal digits that includes a decimal point
(.), an exponent suffix (an e or E, optionally followed by + or -, followed by one or
more digits), or both. The leading character of a floating-point literal cannot be e or
E; it may be any digit or a period (. ). For example:

0., 0.0, .0, 1., 1.0, 1e0, 1.e0, 1.0e0 # Floating-point literals

A Python floating-point value corresponds to a C double and shares its limits of
range and precision, typically 53 bits of precision on modern platforms. (For the
exact range and precision of floating-point values on the current platform, see
sys.float_info: we do not cover that in this book—see the online docs.)

Complex numbers

A complex number is made up of two floating-point values, one each for the real
and imaginary parts. You can access the parts of a complex object z as read-only
attributes z.real and z.imag. You can specify an imaginary literal as a floating-
point or decimal literal followed by a j or J:

0j, 0.3, 0.0, .03, 1j, 1.3, 1.0, 1e0j, 1.e0j, 1.0e0j
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The j at the end of the literal indicates the square root of -1, as commonly used in
electrical engineering (some other disciplines use 1 for this purpose, but Python has
chosen j). There are no other complex literals. To denote any constant complex
number, add or subtract a floating-point (or integer) literal and an imaginary one.
For example, to denote the complex number that equals one, use expressions like
1403 or 1.0+0.03. Python performs the addition or subtraction at compile time.

New in 3.6: Underscores in numeric literals

To assist visual assessment of the magnitude of a number, from 3.6 onward
numeric literals can include single underscore (_) characters between digits or
after any base specifier. As this implies, not only decimal numeric constants can
benefit from this new notational freedom:

>>> 100_000.000_0001, 0x_FF_FF, 007_777, 0b_1010_1010
(100000.0000001, 65535, 4095, 170)

Sequences

A sequence is an ordered container of items, indexed by integers. Python has built-
in sequence types known as strings (bytes and Unicode), tuples, and lists. Library
and extension modules provide other sequence types, and you can write yet others
yourself (as discussed in “Sequences” on page 43). You can manipulate sequences in
a variety of ways, as discussed in “Sequence Operations” on page 59.

Iterables

A Python concept that generalizes the idea of “sequence” is that of iterables, covered
in “The for Statement” on page 72 and “Iterators” on page 74. All sequences are
iterable: whenever we say you can use an iterable, you can in particular use a
sequence (for example, a list).

Also, when we say that you can use an iterable, we mean, usually, a bounded iterable:
an iterable that eventually stops yielding items. All sequences are bounded. Itera-
bles, in general, can be unbounded, but if you try to use an unbounded iterable
without special precautions, you could produce a program that never terminates, or
one that exhausts all available memory.

Strings

A built-in string object (bytes or Unicode) is a sequence of characters used to store
and represent text-based information (byte strings, also known as byte objects, store
and represent arbitrary sequences of binary bytes). Strings in Python are immutable:
when you perform an operation on strings, you always produce a new string object,
rather than mutating an existing string. String objects provide many methods, as
discussed in detail in “Methods of String and Bytes Objects” on page 231.
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Different string types in v2 and v3
In v2, unadorned string literals denote byte strings; such liter-
A als denote Unicode (AKA text) strings in v3.

A string literal can be quoted or triple-quoted. A quoted string is a sequence of 0+
characters within matching quotes, single (') or double ("). For example:

'This is a literal string'
"This is another string"

The two different kinds of quotes function identically; having both lets you include
one kind of quote inside of a string specified with the other kind, with no need to
escape quote characters with the backslash character (\):

'"I\'m a Python fanatic' # a quote can be escaped
"I'm a Python fanatic" # this way is more readable

Other things equal, using single quotes to denote string literals is better Python
style. To have a string literal span multiple physical lines, you can use a \ as the last
character of a line to indicate that the next line is a continuation:

'"A not very long string \
that spans two lines' # comment not allowed on previous line

To make the string contain two lines, you can embed a newline in the string:

'A not very long string\n\
that prints on two lines' # comment not allowed on previous line

A better approach is to use a triple-quoted string, enclosed by matching triplets of
quote characters (""" or, more commonly, """):

"""An even bigger
string that spans

three lines""" # comments not allowed on previous lines

In a triple-quoted string literal, line breaks in the literal remain as newline charac-
ters in the resulting string object. You can start a triple-quoted literal with a back-
slash immediately followed by a newline, to avoid having the first line of the literal
string’s content at a different indentation level from the rest. For example:

the_text = """\

First line

Second line

""" # like 'First line\nSecond line\n' but more readable

The only character that cannot be part of a triple-quoted string is an unescaped
backslash, while a quoted string cannot contain unescaped backslashes, nor line
ends, nor the quote character that encloses it. The backslash character starts an
escape sequence, which lets you introduce any character in either kind of string. We
list Python’s string escape sequences in Table 3-1.
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Table 3-1. String escape sequences

Sequence Meaning ASCII/1SO code
\<newline> Ignore end of line None

\\ Backslash 0x5c

\' Single quote 0x27

\" Double quote 0x22

\a Bell 0x07

\b Backspace 0x08

\f Form feed 0x0c

\n Newline 0x0a

\r (arriage return 0x0d

\t Tab 0x09

\v Vertical tab 0x0b

\ DDD Octal value DDD As given

\x XX Hexadecimal value XX As given

\ other Any other character: a two-character string  @x5c + as given

A variant of a string literal is a raw string. The syntax is the same as for quoted or
triple-quoted string literals, except that an r or R immediately precedes the leading
quote. In raw strings, escape sequences are not interpreted as in Table 3-1, but are
literally copied into the string, including backslashes and newline characters. Raw
string syntax is handy for strings that include many backslashes, especially regular
expression patterns (see “Pattern-String Syntax” on page 252). A raw string cannot
end with an odd number of backslashes: the last one would be taken as escaping the
terminating quote.

In Unicode string literals you can use \u followed by four hex digits, and \U fol-
lowed by eight hex digits, to denote Unicode characters, and can also include the
same escape sequences listed in Table 3-1. Unicode literals can also include the
escape sequence \N{name}, where name is a standard Unicode name, as listed at
http://www.unicode.org/charts/. For example, \N{Copyright Sign} indicates a Uni-
code copyright sign character (o).
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http://www.unicode.org/charts/

Raw Unicode string literals in v2 start with ur, not ru; raw byte string literals in v2
start with br, not rb (in v3, you can start them with either br or rb).

Raw strings are not a different type from other strings

Raw strings are not a different type from ordinary strings; they
are just an alternative syntax for literals of the usual two string
types, byte strings and Unicode.

New in 3.6, formatted string literals let you inject formatted expressions into your
strings, which are therefore no longer constants but subject to evaluation at execu-
tion time. We cover these new literals in “New in 3.6: Formatted String Literals” on
page 244. From a syntactic point of view, they can be regarded just as another kind
of string literal.

Multiple string literals of any kind—quoted, triple-quoted, raw, bytes, formatted,
Unicode—can be adjacent, with optional whitespace in between (except that, in v3,
you cannot mix bytes and Unicode in this way). The compiler concatenates such
adjacent string literals into a single string object. In v2, if any literal in the concate-
nation is Unicode, the whole result is Unicode. Writing a long string literal in this
way lets you present it readably across multiple physical lines and gives you an
opportunity to insert comments about parts of the string. For example:

marypop = ('supercalifragilistic' # Open paren->logical line continues
'expialidocious') # Indentation ignored in continuation

The string assigned to marypop is a single word of 34 characters.

Tuples

A tuple is an immutable ordered sequence of items. The items of a tuple are arbi-
trary objects and may be of different types. You can use mutable objects (e.g., lists)
as tuple items; however, best practice is to avoid tuples with mutable items.

To denote a tuple, use a series of expressions (the items of the tuple) separated by
commas (,); if every item is a literal, the whole assembly is a tuple literal. You may
optionally place a redundant comma after the last item. You may group tuple items
within parentheses, but the parentheses are necessary only where the commas
would otherwise have another meaning (e.g., in function calls), or to denote empty
or nested tuples. A tuple with exactly two items is also known as a pair. To create a
tuple of one item, add a comma to the end of the expression. To denote an empty
tuple, use an empty pair of parentheses. Here are some tuple literals, all in the
optional parentheses (the parentheses are not optional in the last case):

(100, 200, 300) # Tuple with three items
(3.14,) # Tuple with 1 item needs trailing comma
O # Empty tuple (parentheses NOT optional)

You can also call the built-in type tuple to create a tuple. For example:
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tuple('wow')
This builds a tuple equal to that denoted by the tuple literal:

('w', o', wh)
tuple() without arguments creates and returns an empty tuple, like (). When x is
iterable, tuple(x) returns a tuple whose items are the same as those in x.

Lists

A list is a mutable ordered sequence of items. The items of a list are arbitrary objects
and may be of different types. To denote a list, use a series of expressions (the items
of the list) separated by commas (,), within brackets ([]); if every item is a literal,
the whole assembly is a list literal. You may optionally place a redundant comma
after the last item. To denote an empty list, use an empty pair of brackets. Here are
some example list literals:

[42, 3.14, 'hello'] # List with three items
[100] # List with one item
[] # Empty list

You can also call the built-in type list to create a list. For example:
Tist('wow')
This builds a list equal to that denoted by the list literal:

[ 1l W 1 , o s 1 W 1 ]

1ist() without arguments creates and returns an empty list, like []. When x is
iterable, 1ist(x) creates and returns a new list whose items are the same as those x.
You can also build lists with list comprehensions, covered in “List comprehensions”

on page 76.

Sets

Python has two built-in set types, set and frozenset, to represent arbitrarily
ordered collections of unique items. Items in a set may be of different types, but
they must be hashable (see hash in Table 7-2). Instances of type set are mutable,
and thus, not hashable; instances of type frozenset are immutable and hashable.
You can’t have a set whose items are sets, but you can have a set (or frozenset) whose
items are frozensets. Sets and frozensets are not ordered.

To create a set, you can call the built-in type set with no argument (this means an
empty set) or one argument that is iterable (this means a set whose items are those
of the iterable). You can similarly build a frozenset by calling frozenset.

Alternatively, to denote a (nonfrozen, nonempty) set, use a series of expressions (the
items of the set) separated by commas (,) and within braces ({}); if every item is a
literal, the whole assembly is a set literal. You may optionally place a redundant
comma after the last item. Some example sets (two literals, one not):
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{42, 3.14, 'hello'} # Literal for a set with three items
{100} # Literal for a set with one item
set() # Empty set (can't use {}—empty dict!)

You can also build nonfrozen sets with set comprehensions, as discussed in “List
comprehensions” on page 76.

Dictionaries

A mapping is an arbitrary collection of objects indexed by nearly® arbitrary values
called keys. Mappings are mutable and, like sets but unlike sequences, are not (nec-
essarily) ordered.

Python provides a single built-in mapping type: the dictionary type. Library and
extension modules provide other mapping types, and you can write others yourself
(as discussed in “Mappings” on page 130). Keys in a dictionary may be of different
types, but they must be hashable (see hash in Table 7-2). Values in a dictionary are
arbitrary objects and may be of any type. An ifem in a dictionary is a key/value pair.

You can think of a dictionary as an associative array (known in some other lan-
guages as an “unordered map,” “hash table,” or “hash”).

To denote a dictionary, you can use a series of colon-separated pairs of expressions
(the pairs are the items of the dictionary) separated by commas (,) within braces
({1); if every expression is a literal, the whole assembly is a dict literal. You may
optionally place a redundant comma after the last item. Each item in a dictionary is
written as key: value, where key is an expression giving the item’s key and value is
an expression giving the item’s value. If a key’s value appears more than once in a
dictionary expression, only an arbitrary one of the items with that key is kept in the
resulting dictionary object—dictionaries do not allow duplicate keys. To denote an
empty dictionary, use an empty pair of braces.

Here are some dictionary literals:

{'x':42, 'y':3.14, 'z':7} # Dictionary with three items, str keys

{1:2, 3:4} # Dictionary with two items, int keys
{1:'za', 'br':23} # Dictionary with mixed key types
{3} # Empty dictionary

You can also call the built-in type dict to create a dictionary in a way that, while
usually less concise, can sometimes be more readable. For example, the dictionaries
in the preceding snippet can equivalently be written as:

dict(x=42, y=3.14, z=7) # Dictionary with three items, str keys
dict([(1, 2), (3, D # Dictionary with two items, int keys
dict([(1,'za'), ('br',23)]) # Dictionary with mixed key types
dict() # Empty dictionary

3 Each specific mapping type may put constraints on the type of keys it accepts: in particular, dic-
tionaries only accept hashable keys.
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dict() without arguments creates and returns an empty dictionary, like {}. When
the argument x to dict is a mapping, dict returns a new dictionary object with the
same keys and values as x. When x is iterable, the items in x must be pairs, and
dict(x) returns a dictionary whose items (key/value pairs) are the same as the
items in x. If a key value appears more than once in x, only the last item from x with
that key value is kept in the resulting dictionary.

When you call dict, in addition to, or instead of, the positional argument x, you
may pass named arguments, each with the syntax name=value, where name is an
identifier to use as an item’s key and value is an expression giving the item’s value.
When you call dict and pass both a positional argument and one or more named
arguments, if a key appears both in the positional argument and as a named argu-
ment, Python associates to that key the value given with the named argument (i.e.,
the named argument “wins”).

You can also create a dictionary by calling dict. fromkeys. The first argument is an
iterable whose items become the keys of the dictionary; the second argument is the
value that corresponds to each and every key (all keys initially map to the same
value). If you omit the second argument, it defaults to None. For example:

dict.fromkeys('hello', 2) # same as {'h':2, 'e':2, 'l':2, '0':2}
dict.fromkeys([1, 2, 3]) # same as {1:None, 2:None, 3:None}
You can also build dicts with dict comprehensions, as discussed in “List comprehen-
sions” on page 76.

None

The built-in None denotes a null object. None has no methods or other attributes.
You can use None as a placeholder when you need a reference but you don't care
what object you refer to, or when you need to indicate that no object is there. Func-
tions return None as their result unless they have specific return statements coded
to return other values.

Callables

In Python, callable types are those whose instances support the function call opera-
tion (see “Calling Functions” on page 87). Functions are callable. Python provides
several built-in functions (see “Built-in Functions” on page 199) and supports user-
defined functions (see “The def Statement” on page 81). Generators are also callable
(see “Generators” on page 94).

Types are also callable, as we already saw for the dict, list, set, and tuple built-in
types. (See “Built-in Types” on page 196 for a complete list of built-in types.) As we
discuss in “Python Classes” on page 100, class objects (user-defined types) are also
callable. Calling a type normally creates and returns a new instance of that type.

Other callables are methods, which are functions bound to class attributes, and
instances of classes that supply a special method named __call__.
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Boolean Values

Any data value in Python can be used as a truth value: true or false. Any nonzero
number or nonempty container (e.g., string, tuple, list, set, or dictionary) is true. @
(of any numeric type), None, and empty containers are false.

Beware using a float as a truth value

Be careful about using a floating-point number as a truth
A value: that’s like comparing the number for exact equality with
zero, and floating-point numbers should almost never be
compared for exact equality.

The built-in type bool is a subclass of int. The only two values of type bool are
Trueand False, which have string representations of 'True' and 'False’, but also
numerical values of 1 and 0, respectively. Several built-in functions return bool
results, as do comparison operators.

You can call bool(x) with any x as the argument. The result is True when x is true
and False when x is false. Good Python style is not to use such calls when they are
redundant, as they most often are: always write 1f x:, never any of if bool(x):, if
x is True, if x==True:, if bool(x)==True. However, you can use bool(x) to
count the number of true items in a sequence. For example:

def count_trues(seq): return sum(bool(x) for x in seq)

In this example, the bool call ensures each item of seq is counted as 0 (if false) or 1
(if true), so count_trues is more general than sum(seq) would be.

When we write “expression is true,” we mean that bool(expression) would return
True.

Variables and Other References

A Python program accesses data values through references. A reference is a “name”
that refers to a value (object). References take the form of variables, attributes, and
items. In Python, a variable or other reference has no intrinsic type. The object to
which a reference is bound at a given time always has a type, but a given reference
may be bound to objects of various types in the course of the program’s execution.

Variables

In Python, there are no “declarations” The existence of a variable begins with a
statement that binds the variable (in other words, sets a name to hold a reference to
some object). You can also unbind a variable, resetting the name so it no longer
holds a reference. Assignment statements are the most common way to bind vari-
ables and other references. The del statement unbinds references.

Binding a reference that was already bound is also known as rebinding it. Whenever
we mention binding, we implicitly include rebinding (except where we explicitly
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exclude it). Rebinding or unbinding a reference has no effect on the object to which
the reference was bound, except that an object goes away when nothing refers to it.
The cleanup of objects with no references is known as garbage collection.

You can name a variable with any identifier except the 30-plus reserved as Python’s
keywords (see “Keywords” on page 38). A variable can be global or local. A global
variable is an attribute of a module object (see Chapter 6). A local variable lives in a
function’s local namespace (see “Namespaces” on page 90).

Object attributes and items

The main distinction between the attributes and items of an object is in the syntax
you use to access them. To denote an attribute of an object, use a reference to the
object, followed by a period (.), followed by an identifier known as the attribute
name. For example, x.y refers to one of the attributes of the object bound to name
x, specifically that attribute whose nameis 'y '.

To denote an item of an object, use a reference to the object, followed by an expres-
sion within brackets ([]). The expression in brackets is known as the item’s index or
key, and the object is known as the item’s container. For example, x[y] refers to the
item at the key or index bound to name y, within the container object bound to
name x.

Attributes that are callable are also known as methods. Python draws no strong dis-
tinctions between callable and noncallable attributes, as some other languages do.
All rules about attributes also apply to callable attributes (methods).

Accessing nonexistent references

A common programming error is trying to access a reference that does not exist.
For example, a variable may be unbound, or an attribute name or item index may
not be valid for the object to which you apply it. The Python compiler, when it ana-
lyzes and compiles source code, diagnoses only syntax errors. Compilation does not
diagnose semantic errors, such as trying to access an unbound attribute, item, or
variable. Python diagnoses semantic errors only when the errant code executes—
that is, at runtime. When an operation is a Python semantic error, attempting it
raises an exception (see Chapter 5). Accessing a nonexistent variable, attribute, or
item—just like any other semantic error—raises an exception.

Assignment Statements

Assignment statements can be plain or augmented. Plain assignment to a variable
(e.g., name=value) is how you create a new variable or rebind an existing variable to
a new value. Plain assignment to an object attribute (e.g., x. attr=value) is a request
to object x to create or rebind attribute 'attr’. Plain assignment to an item in a
container (e.g., X[ k]=value) is a request to container x to create or rebind the item
with index or key k.
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Augmented assignment (e.g., name+=value) cannot, per se, create new references.
Augmented assignment can rebind a variable, ask an object to rebind one of its
existing attributes or items, or request the target object to modify itself. When you
make a request to an object, it is up to the object to decide whether and how to
honor the request, and whether to raise an exception.

Plain assignment

A plain assignment statement in the simplest form has the syntax:
target = expression

The target is known as the lefthand side (LHS), and the expression is the righthand
side (RHS). When the assignment executes, Python evaluates the RHS expression,
then binds the expression’s value to the LHS target. The binding does not depend on
the type of the value. In particular, Python draws no strong distinction between call-
able and noncallable objects, as some other languages do, so you can bind functions,
methods, types, and other callables to variables, just as you can numbers, strings,
lists, and so on. This is part of functions and the like being first-class objects.

Details of the binding do depend on the kind of target. The target in an assignment
may be an identifier, an attribute reference, an indexing, or a slicing:

An identifier
Is a variable name. Assigning to an identifier binds the variable with this name.

An attribute reference
Has the syntax obj.name, where obj is an arbitrary expression, and name is an
identifier, known as an attribute name of the object. Assigning to an attribute
reference asks object obj to bind its attribute named 'name .

An indexing
Has the syntax obj[expr]. obj and expr are arbitrary expressions. Assigning to
an indexing asks container obj to bind its item indicated by the value of expr,
also known as the index or key of the item in the container.

A slicing

Has the syntax obj[start:stop] or obj[start:stop:stride]. obj, start,
stop, and stride are arbitrary expressions. start, stop, and stride are all
optional (i.e., obj[:stop:] and obj[:stop] are also syntactically correct slic-
ings, equivalent to obj[None:stop:None]). Assigning to a slicing asks con-
tainer obj to bind or unbind some of its items. Assigning to a slicing such as
obj[start:stop:stride] is equivalent to assigning to the indexing
obj[slice(start, stop, stride)]. See Python’s built-in type slice in
(Table 7-1), whose instances represent slices.

We'll get back to indexing and slicing targets when we discuss operations on lists, in
“Modifying a list” on page 62, and on dictionaries, in “Indexing a Dictionary” on
page 68.
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When the target of the assignment is an identifier, the assignment statement speci-
fies the binding of a variable. This is never disallowed: when you request it, it takes
place. In all other cases, the assignment statement specifies a request to an object to
bind one or more of its attributes or items. An object may refuse to create or rebind
some (or all) attributes or items, raising an exception if you attempt a disallowed
creation or rebinding (see also __setattr__ in Table 4-1 and __setitem__ in “Con-
tainer methods” on page 132).

A plain assignment can use multiple targets and equals signs (=). For example:

binds variables a, b, and c to the same value, 0. Each time the statement executes,
the RHS expression evaluates just once, no matter how many targets are part of the
statement. Each target, left to right, is bound to the single object returned by the
expression, just as if several simple assignments executed one after the other.

The target in a plain assignment can list two or more references separated by com-
mas, optionally enclosed in parentheses or brackets. For example:

a, b, c=x

This statement requires x to be an iterable with exactly three items, and binds a to
the first item, b to the second, and c to the third. This kind of assignment is known
as an unpacking assignment. The RHS expression must be an iterable with exactly as
many items as there are references in the target; otherwise, Python raises an excep-
tion. Each reference in the target gets bound to the corresponding item in the RHS.
An unpacking assignment can also be used to swap references:

a, b=>b, a

This assignment statement rebinds name a to what name b was bound to, and vice
versa. In v3, exactly one of the multiple targets of an unpacking assignment may be
preceded by *. That starred target is bound to a list of all items, if any, that were not
assigned to other targets. For example, in v3:

first, *middle, last = x
when x is a list, is the same as (but more concise, clearer, more general, and faster
than):

first, middle, last = x[0], x[1:-1], x[-1]

Each of these assignments requires x to have at least two items. The second form,
compatible with v2, requires the values in x to be a sequence, accessible by numeric
index; the first, v3-only, form, is fine with x being any iterable with at least two
items. This v3-only feature is known as extended unpacking.

Augmented assignment

An augmented assignment (sometimes also known as an in-place assignment) differs
from a plain assignment in that, instead of an equals sign (=) between the target and
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the expression, it uses an augmented operator, which is a binary operator followed
by =. The augmented operators are +=, -=, *=, /=, [ /=, %=, **=, |=, >>=, <<=, &=, and
A= (and, in v3 only, @=). An augmented assignment can have only one target on the
LHS; augmented assignment doesn’t support multiple targets.

In an augmented assignment, just as in a plain one, Python first evaluates the RHS
expression. Then, when the LHS refers to an object that has a special method for the
appropriate in-place version of the operator, Python calls the method with the RHS
value as its argument. It is up to the method to modify the LHS object appropriately
and return the modified object (“Special Methods” on page 123 covers special meth-
ods). When the LHS object has no appropriate in-place special method, Python
applies the corresponding binary operator to the LHS and RHS objects, then
rebinds the target reference to the operator’s result. For example, x+=y is like
x=x.__1add__(y) when x has special method __iadd__ for in-place addition.
Otherwise, x+=y is like x=x+y.

Augmented assignment never creates its target reference; the target must already be
bound when augmented assignment executes. Augmented assignment can rebind
the target reference to a new object, or modify the same object to which the target
reference was already bound. Plain assignment, in contrast, can create or rebind the
LHS target reference, but it never modifies the object, if any, to which the target ref-
erence was previously bound. The distinction between objects and references to
objects is crucial here. For example, x=x+y does not modify the object to which
name x was originally bound. Rather, it rebinds the name x to refer to a new object.
x+=y, in contrast, modifies the object to which the name x is bound, when that
object has special method __iadd__; otherwise, x+=y rebinds the name x to a new
object, just like x=x+y.

del Statements

Despite its name, a del statement unbinds references—it does not, per se, delete
objects. Object deletion may automatically follow as a consequence, by garbage col-
lection, when no more references to an object exist.

A del statement consists of the keyword del, followed by one or more target refer-
ences separated by commas (,). Each target can be a variable, attribute reference,
indexing, or slicing, just like for assignment statements, and must be bound at the
time del executes. When a del target is an identifier, the del statement means to
unbind the variable. If the identifier was bound, unbinding it is never disallowed;
when requested, it takes place.

In all other cases, the del statement specifies a request to an object to unbind one or
more of its attributes or items. An object may refuse to unbind some (or all)
attributes or items, raising an exception if you attempt a disallowed unbinding (see
also __delattr__ in “General-Purpose Special Methods” on page 124 and __deli
tem__ in “Container methods” on page 132). Unbinding a slicing normally has the
same effect as assigning an empty sequence to that slicing, but it is up to the con-
tainer object to implement this equivalence.
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Containers are also allowed to have del cause side effects. For example, assuming
del C[2] succeeds, when C is a dict, this makes future references to C[2] invalid
(raising KeyError) until and unless you assign to C[2] again; but when C is a list,
del (C[2] implies that every following item of C “shifts left by one”—so, if C is long
enough, future references to C[2] are still valid, but denote a distinct item than they
did before the del.

Expressions and Operators

An expression is a “phrase” of code, which Python evaluates to produce a value. The
simplest expressions are literals and identifiers. You build other expressions by join-
ing subexpressions with the operators and/or delimiters listed in Table 3-2. This
table lists operators in decreasing order of precedence, higher precedence before
lower. Operators listed together have the same precedence. The third column lists
the associativity of the operator: L (left-to-right), R (right-to-left), or NA (non-
associative).

Table 3-2. Operator precedence in expressions

Operator Description Associativity
{ key:expr,...} Dictionary creation NA
{expr,...} Set creation NA
[expr,...] List creation NA
(expr,...) Tuple creation or just parentheses NA
f(expr,...) Function call L
x [ index : index] Slicing L
x [ index] Indexing L
X .attr Attribute reference L
X**y Exponentiation (x to the yth power) R
~X Bitwise NOT NA
+X, - X Unary plus and minus NA
x*y, x|y, x| |y, X%y Multiplication, division, truncating division, L
remainder
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Operator Description Associativity

X+y, X-y Addition, subtraction L
X<<y, X>>y Left-shift, right-shift L
x8&y Bitwise AND L
XNy Bitwise XOR L
x|y Bitwise OR L

X<y, Xx<=y, x>y, x>=y, x<>y (v2 only), Comparisons (less than, less than or equal, greater ~ NA

xl=y, x==y than, greater than or equal, inequality, equality)®
xisy, xis noty Identity tests NA
xiny, xnot iny Membership tests NA
not x Boolean NOT NA
xand y Boolean AND L
xory Boolean OR L
x 1f expr else y Ternary operator NA
lambda arg,...: expr Anonymous simple function NA

Inv2, <> and != are alternate forms of the same operator. != is the preferred version; <> is obsolete, and
not supported in v3.

In Table 3-2, expr, key, f, index, x, and y indicate any expression, while attr and
arg indicate any identifier. The notation ,... means commas join zero or more
repetitions. In all such cases, a trailing comma is optional and innocuous.
Comparison Chaining
You can chain comparisons, implying a logical and. For example:

a<b<=c<d
has the same meaning as:

a<bandb<=candc<d
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The chained form is more readable, and evaluates each subexpression at most once.*

Short-Circuiting Operators

The and and or operators short-circuit their operands’ evaluation: the righthand
operand evaluates only when its value is necessary to get the truth value of the
entire and or or operation.

In other words, x and y first evaluates x. When x is false, the result is x; otherwise,
the result is y. Similarly, x or y first evaluates x. When x is true, the result is x; other-
wise, the result is y.

and and or don't force their results to be True or False, but rather return one or the
other of their operands. This lets you use these operators more generally, not just in
Boolean contexts. and and or, because of their short-circuiting semantics, differ
from other operators, which fully evaluate all operands before performing the oper-
ation. and and or let the left operand act as a guard for the right operand.

The ternary operator
Another short-circuiting operator is the ternary operator if/else:
whentrue if condition else whenfalse

Each of whentrue, whenfalse, and condition is an arbitrary expression. condition
evaluates first. When condition is true, the result is whentrue; otherwise, the result
is whenfalse. Only one of the subexpressions whentrue and whenfalse evaluates,
depending on the truth value of condition.

The order of the subexpressions in this ternary operator may be a bit confusing. The
recommended style is to always place parentheses around the whole expression.

Numeric Operations

Python offers the usual numeric operations, as we've just seen in Table 3-2. Num-
bers are immutable objects: when you perform operations on number objects, you
produce a new number object, never modify existing ones. You can access the parts
of a complex object z as read-only attributes z.real and z.1imag. Trying to rebind
these attributes raises an exception.

A number’s optional + or - sign, and the + that joins a floating-point literal to an
imaginary one to make a complex number, is not part of the literals’ syntax. They
are ordinary operators, subject to normal operator precedence rules (see Table 3-2).
For example, -2**2 evaluates to -4: exponentiation has higher precedence than
unary minus, so the whole expression parses as - (2**2), not as (-2)**2.

4 Note that, perhaps curiously, a!=b!=c does not imply a!=c, just like the longer-form equivalent
expression a!=b and b!=c wouldn't.
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Numeric Conversions

You can perform arithmetic operations and comparisons between any two numbers
of Python built-in types. If the operands’ types differ, coercion applies: Python con-
verts the operand with the “smaller” type to the “larger” type. The types, in order
from smallest to largest, are integers, floating-point numbers, and complex num-
bers. You can request an explicit conversion by passing a noncomplex numeric
argument to any of the built-in number types: int, float, and complex. int drops
its argument’s fractional part, if any (e.g., int(9.8) is 9). You can also call complex
with two numeric arguments, giving real and imaginary parts. You cannot convert a
complex to another numeric type in this way, because there is no single unambigu-
ous way to convert a complex number into, for example, a float.

You can also call each built-in numeric type with a string argument with the syntax
of an appropriate numeric literal, with small extensions: the argument string may
have leading and/or trailing whitespace, may start with a sign, and—for complex
numbers—may sum or subtract a real part and an imaginary one. int can also be
called with two arguments: the first one a string to convert, and the second the
radix, an integer between 2 and 36 to use as the base for the conversion (e.g.,
int('101", 2) returns 5, the value of '101' in base 2). For radices larger than 10,
the appropriate subset of letters from the start of the alphabet (in either lower- or
uppercase) are the extra needed “digits.”

Arithmetic Operations

Python arithmetic operations behave in rather obvious ways, with the possible
exception of division and exponentiation.

Division
If the right operand of /, //, or % is 0, Python raises a runtime exception. The //

operator performs truncating division, which means it returns an integer result
(converted to the same type as the wider operand) and ignores the remainder, if any.

When both operands are integers: in v3, the / operator performs true division,
returning a floating-point result (or a complex result if either operand is a complex
number); in v2, / performs truncating division, like //. To perform truncating divi-
sion in v3, use //. To have / perform true division on integer operands in v2, use
option -Qnew on the Python command line (not recommended), or, better, begin
your source file or interactive session with the statement:

from __ future__ import division

This statement ensures that the operator / (within the module that starts with this
statement) works without truncation on operands of any type.

To ensure that the behavior of division does not depend on the exact version of
Python you’re using, always use // when you want truncating division. When you
do not want truncation, use /, but also ensure that at least one operand is not an
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integer. For example, instead of using just a/b, code 1.0*a/b (float(a)/b is
marginally slower, and fails when a is complex) to avoid making any assumption on
the types of a and b. To check whether your v2 program has version dependencies
in its use of division, use the option -Qwarn on the Python command line to get
runtime warnings about uses of / on integer operands.

The built-in divmod function takes two numeric arguments and returns a pair
whose items are the quotient and remainder, so you don’t have to use both // for
the quotient and % for the remainder.

Exponentiation

The exponentiation (“raise to power”) operation, a**b, in v2, raises an exception
when a is less than zero and b is a floating-point value with a nonzero fractional
part, but, in v3, it returns the appropriate complex number in such cases.

The built-in pow(a, b) function returns the same result as a**b. With three argu-
ments, pow(a, b, c¢) returns the same result as (a**b)%c but is faster.

Comparisons

All objects, including numbers, can be compared for equality (==) and inequality
(!=). Comparisons requiring order (<, <=, >, >=) may be used between any two num-
bers, unless either operand is complex, in which case they raise runtime exceptions.
All these operators return Boolean values (True or False). Beware comparing
floating-point numbers for equality, as the online tutorial explains.

Bitwise Operations on Integers

Integers can be interpreted as strings of bits and used with the bitwise operations
shown in Table 3-2. Bitwise operators have lower priority than arithmetic operators.
Positive integers are conceptually extended by an unbounded string of 0 bits on the
left. Negative integers, as theyre held in two's complement representation, are con-
ceptually extended by an unbounded string of 1 bits on the left.

Sequence Operations

Python supports a variety of operations applicable to all sequences, including
strings, lists, and tuples. Some sequence operations apply to all containers (includ-
ing sets and dictionaries, which are not sequences); some apply to all iterables
(meaning “any object over which you can loop,” as covered in “Iterables” on page 43;
all containers, be they sequences or not, are iterable, and so are many objects that
are not containers, such as files, covered in “The io Module” on page 271, and gen-
erators, covered in “Generators” on page 94). In the following we use the terms
sequence, container, and iterable quite precisely, to indicate exactly which operations
apply to each category.

Sequence Operations | 59

abenbue

-
-3
o
3/

<
[=d
-2
o
3



https://docs.python.org/3.5/tutorial/floatingpoint.html
https://en.wikipedia.org/wiki/Two's_complement

Sequences in General

Sequences are ordered containers with items that are accessible by indexing and
slicing. The built-in len function takes any container as an argument and returns
the number of items in the container. The built-in min and max functions take one
argument, a nonempty iterable whose items are comparable, and return the smallest
and largest items, respectively. You can also call min and max with multiple argu-
ments, in which case they return the smallest and largest arguments, respectively.
The built-in sum function takes one argument, an iterable whose items are numbers,
and returns the sum of the numbers.

Sequence conversions

There is no implicit conversion between different sequence types except that
Python, in v2 only, converts byte strings to Unicode strings if needed. (We cover
string conversion in detail in “Unicode” on page 248.) You can call the built-ins
tuple and list with a single argument (any iterable) to get a new instance of the
type you're calling, with the same items, in the same order, as in the argument.

Concatenation and repetition

You can concatenate sequences of the same type with the + operator. You can multi-
ply a sequence S by an integer n with the * operator. S*n or n*S is the concatenation
of n copies of S. When n<=0, S*n is an empty sequence of the same type as S.

Membership testing

The x in S operator tests to check whether object x equals any item in the sequence
(or other kind of container or iterable) S. It returns True when it does and False
when it doesn’t. The x not in S operator is equivalent to not (x in S). For diction-
aries, x in S tests for the presence of x as a key. In the specific case of strings,
though, x in S is more widely applicable; in this case, x in S tests whether x equals
any substring of S, not just any single character.

Indexing a sequence

To denote the nth item of a sequence S, use an indexing: S[n]. Indexing is zero-
based (S’s first item is S[0]). If S has L items, the index n may be @, 1...up to and
including L-1, but no larger. n may also be -1, -2...down to and including -L, but
no smaller. A negative n (e.g., -1) denotes the same item in S as L+n (e.g., L + -1)
does. In other words, S[-11], like S[L-11], is the last element of S, S[ -2] is the next-
to-last one, and so on. For example:

X = [1) 2, 3, 4]
x[1] #2
x[-1] # 4
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Using an index >=L or <-L raises an exception. Assigning to an item with an invalid
index also raises an exception. You can add elements to a list, but to do so you
assign to a slice, not an item, as we'll discuss shortly.

Slicing a sequence

To indicate a subsequence of S, you can use a slicing, with the syntax S[i: j], where
i and j are integers. S[ 1: j] is the subsequence of S from the ith item, included, to
the jth item, excluded. In Python, ranges always include the lower bound and
exclude the upper bound. A slice is an empty subsequence when j is less than or
equal to 1, or when 1 is greater than or equal to L, the length of S. You can omit
when it is equal to 0, so that the slice begins from the start of S. You can omit j
when it is greater than or equal to L, so that the slice extends all the way to the end
of S. You can even omit both indices, to mean a shallow copy of the entire sequence:
S[: 1. Either or both indices may be less than 0. Here are some examples:

x =[1, 2, 3, 4]

x[1:3] # [2, 3]
x[1:] #[2, 3, 4]
x[:2] #[1, 2]

A negative index n in a slicing indicates the same spot in S as L+n, just like it does in
an indexing. An index greater than or equal to L means the end of S, while a nega-
tive index less than or equal to -L means the start of S. Slicing can use the extended
syntax S[i:j:k]. k is the stride of the slice, meaning the distance between successive
indices. S[1:j] is equivalent to S[i:j:1], S[::2] is the subsequence of S that
includes all items that have an even index in S, and S[::-1]° has the same items as
S, but in reverse order. With a negative stride, in order to have a nonempty slice, the
second (“stop”) index needs to be smaller than the first (“start”) one—the reverse of
the condition that must hold when the stride is positive. A stride of 0 raises an
exception.

y = list(range(10))

y[-5:] # last five items

[5, 6, 7, 8, 9]

y[::2] # every other item

[o, 2, 4, 6, 8]

y[10:0:-2] # every other item, in reverse order

[9, 7, 5, 3, 1]

y[:0:-2] # every other item, in reverse order (simpler)
[9, 7, 5, 3, 1]

yl::-2] # every other item, in reverse order (best)

[, 7, 5, 3, 1]

5 A slicing that’s also whimsically known as “the Martian smiley.”
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Strings

String objects (byte strings, as well as text, AKA Unicode, ones) are immutable:
attempting to rebind or delete an item or slice of a string raises an exception. The
items of a string object (corresponding to each of the characters in the string) are
themselves strings of the same kind, each of length 1—Python has no special data
type for “single characters” (except for the items of a bytes object in v3: in that case,
indexing produces an int). All slices of a string are strings of the same kind. String
objects have many methods, covered in “Methods of String and Bytes Objects” on
page 231.

Tuples

Tuple objects are immutable: therefore, attempting to rebind or delete an item or
slice of a tuple raises an exception. The items of a tuple are arbitrary objects and
may be of different types; tuple items may be mutable, but we don’t reccommend this
practice, as it can be confusing. The slices of a tuple are also tuples. Tuples have no
normal (nonspecial) methods, except count and index, with the same meanings as
for lists; they do have some of the special methods covered in “Special Methods” on
page 123.

Lists

List objects are mutable: you may rebind or delete items and slices of a list. Items of
a list are arbitrary objects and may be of different types. Slices of a list are lists.

Modifying a list
You can modify a single item in a list by assigning to an indexing. For instance:

x = [1, 2, 3, 4]
x[1] = 42 # x is now [1, 42, 3, 4]

Another way to modify a list object L is to use a slice of L as the target (LHS) of an
assignment statement. The RHS of the assignment must be an iterable. When the
LHS slice is in extended form (i.e., the slicing specifies a stride!=1), then the RHS
must have just as many items as the number of items in the LHS slice. When the
LHS slicing does not specify a stride, or explicitly specifies a stride of 1, the LHS
slice and the RHS may each be of any length; assigning to such a slice of a list can
make the list longer or shorter. For example:

x = [1, 2, 3, 4]
x[1:3] = [22, 33, 44] # x is now [1, 22, 33, 44, 4]
x[1:4] = [8, 9] # x is now [1, 8, 9, 4]

Here are some important special cases of assignment to slices:
o Using the empty list [] as the RHS expression removes the target slice from L.

In other words, L[1:j]=[] has the same effect as del L[1:j] (or the peculiar
statement L[ 1:5]*=0).
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« Using an empty slice of L as the LHS target inserts the items of the RHS at the
appropriate spot in L. For example, L[i:i]=["'a','b"] inserts 'a' and 'b'
before the item that was at index 1 in L prior to the assignment.

« Using a slice that covers the entire list object, L[ : ], as the LHS target, totally
replaces the contents of L.

You can delete an item or a slice from a list with del. For instance:

x=[1, 2, 3, 4, 5]
del x[1] # x is now [1, 3, 4, 5]
del x[::2] # x is now [3, 5]

In-place operations on a list

List objects define in-place versions of the + and * operators, which you can use via
augmented assignment statements. The augmented assignment statement L+=L1 has
the effect of adding the items of iterable L1 to the end of L, just like L.extend(L1).
L*=n has the effect of adding n-1 copies of L to the end of L; if n<=0, L*=n empties
the contents of L, like L[ : ]=[].
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List methods

List objects provide several methods, as shown in Table 3-3. Nonmutating methods
return a result without altering the object to which they apply, while mutating meth-
ods may alter the object to which they apply. Many of a lists mutating methods
behave like assignments to appropriate slices of the list. In Table 3-3, L indicates any
list object, 1 any valid index in L, s any iterable, and x any object.

Table 3-3. List object methods

Method Description

Nonmutating

L .count( x) Returns the number of items of L that are equal
to x.
L .index( x) Returns the index of the first occurrence of an

item in L that is equal to x, or raises an
exception if L has no such item.

Mutating

L .append( x) Appends item x to the end of L ; like
L[len(L):]=[x].
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Method Description

L .extend( s) Appends all the items of iterable s to the end of
L;likeL[len(L):]=sorL += s.

L.insert(1i, x) Inserts item x in L before the item at index 1,
moving following items of L (if any)
“rightward” to make space (increases len(L)
by one, does not replace any item, does not
raise exceptions; acts just like L[ 1: 1]1=[x]).

L .remove( x) Removes from L the first occurrence of an item
in L that is equal to x, or raises an exception if
L has no such item.

L.pop(i=-1) Returns the value of the item at index i and
removes it from L; when you omit 1, removes
and returns the last item; raises an exception if
L is empty or 1 is an invalid index in L.

L .reverse() Reverses, in place, the items of L.

L.sort(cmp=cmp, key=None, reverse=False) Sorts,in-place, the items of L, comparing items
pairwise via—uv2, only —the function passed
as cmp (by default, the built-in function cmp).
When argument key is not None, what gets
compared for each item x is key(x), not x
itself. For more details, see “Sorting a list” on
page 64. Argument cmp is deprecated in v2 (we
recommend never using it) and does not exist at
allinv3.

All mutating methods of list objects, except pop, return None.

Sorting a list

A list's method sort causes the list to be sorted in-place (reordering items to place
them in increasing order) in a way that is guaranteed to be stable (elements that
compare equal are not exchanged). In practice, sort is extremely fast, often preter-
naturally fast, as it can exploit any order or reverse order that may be present in any
sublist (the advanced algorithm sort uses, known as timsort to honor its inventor,
great Pythonista Tim Peters, is a “non-recursive adaptive stable natural mergesort/
binary insertion sort hybrid”—now there’s a mouthful for you!).

In v2, the sort method takes three optional arguments, which may be passed with
either positional or named-argument syntax. The argument cmp (deprecated), when
present, must be a function that, when called with any two list items as arguments,
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returns -1, 0, or 1, depending on whether the first item is to be considered less than,
equal to, or greater than the second item for sorting purposes (when not present, it
defaults to the built-in function cmp, which has exactly these semantics). The argu-
ment key, if not None, must be a function that can be called with any list item as its
only argument. In this case, to compare any two items x and y, Python uses
cmp(key(x),key(y)) rather than cmp(x,y) (internally, Python implements this in
the same way as the decorate-sort-undecorate idiom presented in “Searching and
sorting” on page 488, but substantially faster). The argument reverse, if True,
causes the result of each comparison to be reversed; this is not the same thing as
reversing L after sorting, because the sort is stable (elements that compare equal are
never exchanged) whether the argument reverse is true or false.

v3’s sort works just like v2’s, but the previously deprecated argument cmp is now
simply nonexistent (if you try passing it, Python raises an exception):

mylist = ['alpha', 'Beta', 'GAMMA']
mylist.sort() # ['Beta', 'GAMMA', 'alpha']
mylist.sort(key=str.lower) # ['alpha', 'Beta', 'GAMMA']

Python also provides the built-in function sorted (covered in Table 7-2) to produce

a sorted list from any input iterable. sorted, after the first argument (which is the
iterable supplying the items), accepts the same arguments as a lists method sort.

The standard library module operator (covered in “The operator Module” on page
436) supplies higher-order functions attrgetter and itemgetter, which produce
functions particularly suitable for the key= optional argument of lists’ method sort
and the built-in function sorted. The identical key= optional argument also exists
for built-in functions min and max, and for functions nsmallest and nlargest in
standard library module heapq, covered in “The heapq Module” on page 222.

Set Operations

Python provides a variety of operations applicable to sets (both plain and frozen).
Since sets are containers, the built-in len function can take a set as its single argu-
ment and return the number of items in the set. A set is iterable, so you can pass it
to any function or method that takes an iterable argument. In this case, iteration
yields the items of the set in some arbitrary order. For example, for any set S, min(S)
returns the smallest item in S, since min with a single argument iterates on that
argument (the order does not matter, because the implied comparisons are
transitive).

Set Membership

The k in S operator checks whether object k is one of the items of set S. It returns
True when it is, False when it isn’t. k not in Sis like not (k1in S).
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Set Methods

Set objects provide several methods, as shown in Table 3-4. Nonmutating methods
return a result without altering the object to which they apply, and can also be called
on instances of frozenset; mutating methods may alter the object to which they
apply, and can be called only on instances of set. In Table 3-4, S denotes any set
object, S1 any iterable with hashable items (often but not necessarily a set or fro
zenset), x any hashable object.

Table 3-4. Set object methods

Method Description

Nonmutating

S .copy() Returns a shallow copy of S (a copy whose items are the same
objects as S's, not copies thereof), like set(S)

S .difference( S1) Returns the set of all items of S that aren’tin S1

S .intersection( S1) Returns the set of all items of S that are also in 51

S .issubset( 51) Returns True when all items of S are also in S1; otherwise,
returns False

S .issuperset( S1) Returns True when all items of S7 are also in S; otherwise,
returns False (like S7.issubset(S))

S .symmetric_difference( S1) Returns the set of all items that are in either S or S, but not both

S.union( S1) Returns the set of all items that are in S, S1, or both

Mutating

S.add( x) Adds x as an item to S; no effect if x was already an item in S

S.clear() Removes all items from S, leaving S empty

S .discard( x) Removes x as an item of S; no effect when x was not an item of S

S .pop() Removes and returns an arbitrary item of S

S .remove( x) Removes x as an item of S; raises a KeyError exception when x

was not an item of S

All mutating methods of set objects, except pop, return None.
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The pop method can be used for destructive iteration on a set, consuming little extra
memory. The memory savings make pop usable for a loop on a huge set, when what
you want is to “consume” the set in the course of the loop. A potential advantage of
a destructive loop such as

while S:
item = S.pop()
...handle itenm...

in comparison to a nondestructive loop such as

for item in S:
...handle itenm...

is that, in the body of the destructive loop, youre allowed to modify S (adding
and/or removing items), which is not allowed in the nondestructive loop.

Sets also have mutating methods named difference_update, intersec
tion_update, symmetric_difference_update, and update (corresponding to non-
mutating method union). Each such mutating method performs the same operation
as the corresponding nonmutating method, but it performs the operation in place,
altering the set on which you call it, and returns None. The four corresponding non-
mutating methods are also accessible with operator syntax: where S2 is a set or fro-
zenset, respectively, S- 52, S&52, $752, and S| S2; the mutating methods are accessible
with augmented assignment syntax: respectively, S-=52, S&=52, $*=52, and S|=S2.
Note that, when you use operator or augmented assignment syntax, both operands
must be sets or frozensets; however, when you call named methods, argument S1
can be any iterable with hashable items, and it works just as if the argument you
passed was set(S1).

Dictionary Operations

Python provides a variety of operations applicable to dictionaries. Since dictionaries
are containers, the built-in len function can take a dictionary as its argument and
return the number of items (key/value pairs) in the dictionary. A dictionary is itera-
ble, so you can pass it to any function that takes an iterable argument. In this case,
iteration yields only the keys of the dictionary, in arbitrary order.® For example, for
any dictionary D, min(D) returns the smallest key in D.

Dictionary Membership

The k in D operator checks whether object k is a key in dictionary D. It returns True
when it is, False when it isn’t. k not in Dis like not (k in D).

6 New in 3.6: dictionaries have been reimplemented; keys are now iterated in insertion order until
the first noninsertion mutator on the dict. To keep your code solid, do not rely on this new, non-
guaranteed behavior until Python’s official docs explicitly ensure it.
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Indexing a Dictionary

To denote the value in a dictionary D currently associated with key k, use an index-
ing: D[ k]. Indexing with a key that is not present in the dictionary raises an excep-
tion. For example:

d={'x":42, 'y':3.14, 'z':7}

d['x'] # 42

d['z'] #7

d['a'] # raises KeyError exception

Plain assignment to a dictionary indexed with a key that is not yet in the dictionary
(e.g., D[ newkeyl=value) is a valid operation and adds the key and value as a new
item in the dictionary. For instance:

d={'x":42, 'y':3.14}

d['a'] = 16 #d is now {'x':42, 'y':3.14, 'a':16}
The del statement, in the form del D[k], removes from the dictionary the item

whose key is k. When k is not a key in dictionary D, del D[] raises a KeyError
exception.

Dictionary Methods

Dictionary objects provide several methods, as shown in Table 3-5. Nonmutating
methods return a result without altering the object to which they apply, while
mutating methods may alter the object to which they apply. In Table 3-5, D and D1
indicate any dictionary object, k any hashable object, and x any object.

Table 3-5. Dictionary object methods

Method Description

Nonmutating

D.copy() Returns a shallow copy of the dictionary (a copy whose items are the same
objects as D's, not copies thereof), like dict(D)

D.get(k[, x1) Returns D[ k] when k is a key in D; otherwise, returns x (or None, when x is
not given)
D .items() Inv2, returns a new list with all items (key/value pairs) in D; in v3, returns an

iterable dict_1items instance, not a list

D .iteritems() Returns an iterator on all items (key/value pairs) in D (v2 only)
D .iterkeys() Returns an iterator on all keys in D (v2 only)
D .itervalues() Returns an iterator on all values in D (v2 only)
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Method Description

D.keys() Inv2, returns a new list with all keys in D; in v3, returns an iterable dict_keys
instance, not a list

D .values() In v2, returns a new list with all values in D; in v3, returns an iterable
dict_values instance, not a list

Mutating

D .clear() Removes all items from D, leaving D empty

D.pop(k[, x1) Removes and returns D[ k] when k is a key in D; otherwise, returns x (or raises
aKeyError exception when x is not given)

D .popitem() Removes and returns an arbitrary item (key/value pair)

D.setdefault(k[, Returns D[ k] when k is a key in D; otherwise, sets D[ k] equal to x (or None,
x1) when x is not given) and returns x

D .update( D1) For each k in mapping D1, sets D[ k] equal to D1[ k]

The items, keys, and values methods return their resulting lists (in v2; dict_...
iterable instances in v3) in arbitrary order.” If you call more than one of these meth-
ods without any intervening change to the dictionary, the order of the results is the
same for all. The iteritenms, iterkeys, and itervalues methods (v2 only) return
iterators equivalent to these lists (we cover iterators in “Iterators” on page 74).

Never modify a dict’s set of keys while iterating on it

An iterator or dict_... instance consumes less memory than

a list, but you must never modify the set of keys in a dictio-
\ nary (i.e., you must never either add or remove keys) while

iterating over any of that dictionary’s iterators.

Iterating on the lists returned by items, keys, or values in v2 carries no such con-
straint (in v3, for the same purpose, you can explicitly make lists, such as
list(D.keys())). Iterating directly on a dictionary D is exactly like iterating on
D.1iterkeys() in v2, on D.keys() in v3.

v3’s dict_... types are all iterable. dict_items and dict_keys also implement set
nonmutating methods and behave much like frozensets; dict_values doesnt,

7 In 3.6, as mentioned in the previous note, insertion order until a noninsertion mutator...but, to
make your code robust, don't take advantage of this new constraint.
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since, differently from the others (and from sets), it may contain some duplicate
items.

The popitem method can be used for destructive iteration on a dictionary. Both
items and popitem return dictionary items as key/value pairs. popitenm is usable for
a loop on a huge dictionary, when what you want is to “consume” the dictionary in
the course of the loop.

D.setdefault(k, x) returns the same result as D.get(k, x), but, when k is not a
key in D, setdefault also has the side effect of binding D[k] to the value x. (In
modern Python, setdefault is rarely used, since type collections.defaultdict,
covered in “defaultdict” on page 217, offers similar functionality with more elegance
and speed.)

The pop method returns the same result as get, but, when k is a key in D, pop also
has the side effect of removing D[ k] (when x is not specified, and k is not a key in D,
get returns None, but pop raises an exception).

The update method can also accept an iterable of key/value pairs, as an alternative
argument instead of a mapping, and can accept named arguments instead of—or in
addition to—its positional argument; the semantics are the same as for passing such
arguments when calling the built-in dict type, as covered in “Dictionaries” on page
48.

Control Flow Statements

A program’s control flow is the order in which the program’s code executes. The con-
trol flow of a Python program depends on conditional statements, loops, and func-
tion calls. (This section covers the if conditional statement and for and while
loops; we cover functions in “Functions” on page 80.) Raising and handling excep-
tions also affects control flow; we cover exceptions in Chapter 5.

The if Statement

Often, you need to execute some statements only when some condition holds, or
choose statements to execute depending on mutually exclusive conditions. The
compound statement 1f —comprising if, elif, and else clauses—lets you condi-
tionally execute blocks of statements. The syntax for the if statement is:

if expression:
statement(s)
elif expression:
statement(s)
elif expression:
statement(s)
else:
statement(s)
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The elif and else clauses are optional. Note that, unlike some languages, Python
does not have a “switch” statement. Use if, elif, and else for all conditional
processing.

Here’s a typical if statement with all three kinds of clauses (not in optimal style):

if x < 0: print('x is negative')
elif x % 2: print('x is positive and odd')
else: print('x is even and non-negative')

When there are multiple statements in a clause (i.e., the clause controls a block of
statements), place the statements on separate logical lines after the line containing
the clause’s keyword (known as the header line of the clause), indented rightward
from the header line. The block terminates when the indentation returns to that of
the clause header (or further left from there). When there is just a single simple
statement, as here, it can follow the : on the same logical line as the header, but it
can also be on a separate logical line, immediately after the header line and indented
rightward from it. Most Python programmers prefer the separate-line style, with
four-space indents for the guarded statements. Such a style is more general and
more readable, and recommended by PEP 8. So, a generally preferred style is:

if x < 0:

print('x is negative')
elif x % 2:

print('x is positive and odd')
else:

print('x is even and non-negative')

You can use any Python expression as the condition in an if or elif clause. Using
an expression this way is known as using it in a Boolean context. In a Boolean con-
text, any value is taken as either true or false. As mentioned earlier, any nonzero
number or nonempty container (string, tuple, list, dictionary, set) evaluates as true;
zero (of any numeric type), None, and empty containers evaluate as false. To test a
value x in a Boolean context, use the following coding style:

if x:
This is the clearest and most Pythonic form. Do not use any of the following:

if x is True:

if x == True:

if bool(x):
There is a crucial difference between saying that an expression returns True (mean-
ing the expression returns the value 1 with the bool type) and saying that an expres-
sion evaluates as true (meaning the expression returns any result that is true in a

Boolean context). When testing an expression, for example in an if clause, you only
care about what it evaluates as, not what, precisely, it returns.

When the if clause’s condition evaluates as true, the statements after the if clause
execute, then the entire i1f statement ends. Otherwise, Python evaluates each elif
clause’s condition, in order. The statements after the first elif clause whose condi-

Control Flow Statements | 71

abenbue

-
-3
o
3/

<
[=d
-2
o
3



https://www.python.org/dev/peps/pep-0008/#indentation

tion evaluates as true, if any, execute, and the entire i1f statement ends. Otherwise,
when an else clause exists it is executed, and then the statements after the entire 1f
construct execute.

The while Statement

The while statement repeats execution of a statement or block of statements, con-
trolled by a conditional expression. Here’s the syntax of the while statement:

while expression:
statement(s)

A while statement can also include an else clause, covered in “The else Clause on
Loop Statements” on page 79, and break and continue statements, covered in “The
break Statement” on page 78 and “The continue Statement” on page 78.

Here’s a typical while statement:

count = 0

while x > 0:
x //=2 # truncating division
count += 1

print('The approximate log2 is', count)

First, Python evaluates expression, which is known as the loop condition. When the
condition is false, the while statement ends. When the loop condition is true, the
statement or statements that make up the loop body execute. Once the loop body
finishes executing, Python evaluates the loop condition again to check whether
another iteration should execute. This process continues until the loop condition is
false, at which point the while statement ends.

The loop body should contain code that eventually makes the loop condition false;
otherwise, the loop never ends (unless the body raises an exception or executes a
break statement). A loop within a function’s body also ends if the loop body exe-
cutes a return statement, since in this case the whole function ends.

The for Statement

The for statement repeats execution of a statement, or block of statements, con-
trolled by an iterable expression. Here’s the syntax of the for statement:

for target in 1iterable:
statement(s)

The in keyword is part of the syntax of the for statement; its purpose here is dis-
tinct from the in operator, which tests membership.
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Here’s a typical for statement:

for letter in 'ciao':
print('give me a', letter, '...")

A for statement can also include an else clause, covered in “The else Clause on
Loop Statements” on page 79, and break and continue statements, covered in “The
break Statement” on page 78 and “The continue Statement” on page 78. iterable
may be any Python expression suitable as an argument to built-in function iter,
which returns an iterator object (explained in detail in the next section). In particu-
lar, any sequence is iterable. target is normally an identifier that names the control
variable of the loop; the for statement successively rebinds this variable to each item
of the iterator, in order. The statement or statements that make up the loop body
execute once for each item in iterable (unless the loop ends because of an excep-
tion or a break or return statement). Note that, since the loop body may contain a
break statement to terminate the loop, this is one case in which you may use an
unbounded iterable—one that, per se, would never cease yielding items.

You can also have a target with multiple identifiers, like in an unpacking assign-
ment. In this case, the iterator’s items must be iterables, each with exactly as many
items as there are identifiers in the target (in v3 only, precisely one of the identifiers
can be preceded by a star, in which case the starred item is bound to a list of all
items, if any, that were not assigned to other targets). For example, when d is a dic-
tionary, this is a typical way to loop on the items (key/value pairs) in d:

for key, value in d.items():
if key and value: # print only true keys and values
print(key, value)

The items method returns a list (in v2; another kind of iterable, in v3) of key/value
pairs, so we use a for loop with two identifiers in the target to unpack each item
into key and value. Although components of a target are commonly identifiers, val-
ues can be bound to any acceptable LHS expression as covered in “Assignment
Statements” on page 51:

prototype = [1, 'placemarker', 3]
for prototype[1] in 'xyz': print(prototype)
# prints [1, 'x', 3], then [1, 'y', 3], then [1, 'z', 3]
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Don't alter mutable objects while looping on them
When an iterable has a mutable underlying object, don’t alter

A that object during a for loop on it. For example, the preceding

\ key/value printing example cannot alter d in v3 (and couldn’t
in v2 if it used iteritems instead of items). iteritems in v2
(and items in v3) return iterables whose underlying object is
d, so the loop body cannot mutate the set of keys in d (e.g., by
executing del  d[key]). d.items() in v2 (and
list(d.items()) in v3) return new, independent lists, so that
d is not the underlying object of the iterable; therefore, the
loop body could mutate d. Specifically:

» When looping on a list, do not insert, append, or delete
items (rebinding an item at an existing index is OK).

» When looping on a dictionary, do not add or delete items
(rebinding the value for an existing key is OK).

» When looping on a set, do not add or delete items (no
alteration permitted).

The control target variable(s) may be rebound in the loop body, but get rebound
again to the next item in the iterator at the next iteration of the loop. The loop body
does not execute at all if the iterator yields no items. In this case, the control variable
is not bound or rebound in any way by the for statement. However, if the iterator
yields at least one item, then, when the loop statement terminates, the control vari-
able remains bound to the last value to which the loop statement has bound it. The
following code is therefore correct only when someseq is not empty:

for x in someseq:
process(x)
print('Last item processed was', Xx)

Iterators

An iterator is an object i such that you can call next(1). next(1) returns the next
item of iterator i or, when iterator i has no more items, raises a StopIteration
exception. Alternatively, you can call next(i, default), in which case, when itera-
tor 1 has no more items, the call returns default.

When you write a class (see “Classes and Instances” on page 99), you can allow
instances of the class to be iterators by defining a special method __next__ (in v2
the method must be called next—this was eventually seen as a design error) that
takes no argument except self, and returns the next item or raises StopIteration.
Most iterators are built by implicit or explicit calls to built-in function iter, covered
in Table 7-2. Calling a generator also returns an iterator, as we'll discuss in “Genera-
tors” on page 94.

The for statement implicitly calls iter to get an iterator. The statement:
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for x in c:
statement(s)

is exactly equivalent to:

_temporary_iterator = iter(c)

while True:
try: x = next(_temporary_iterator)
except StopIteration: break
statement(s)

where _temporary_1iterator is an arbitrary name not used elsewhere in the current
scope.

Thus, when iter(c) returns an iterator i such that next(i) never raises StopItera
tion (an unbounded iterator), the loop for x in ¢ never terminates (unless the state-
ments in the loop body include suitable break or return statements, or raise or
propagate exceptions). iter(c), in turn, calls special method c.__iter__() to
obtain and return an iterator on c. Welll talk more about the special method
__iter__in “Container methods” on page 132.

Many of the best ways to build and manipulate iterators are found in the standard
library module itertools, covered in “The itertools Module” on page 226.

range and xrange

Looping over a sequence of integers is a common task, so Python provides built-in
functions range (and, in v2, xrange) to generate integer sequences. The simplest
way to loop n times in Python is:

for 1 in range(n):
statement(s)

In v2, range(x) returns a list whose items are consecutive integers from 0
(included) up to x (excluded). range(x, y) returns a list whose items are consecu-
tive integers from x (included) up to y (excluded). The result is the empty list when
x is greater than or equal to y. range(x, y, stride) returns a list of integers from x
(included) up to y (excluded), such that the difference between each two adjacent
items is stride. If stride is less than 0, range counts down from x to y. range
returns the empty list when x is greater than or equal to y and stride is greater than
0, or when x is less than or equal to y and stride is less than 0. When stride equals
0, range raises an exception.

While range, in v2, returns a normal list object, usable for any purpose, xrange (v2
only) returns a special-purpose object, intended just for use in iterations like the for
statement shown previously (xrange itself does not return an iterator; however, you
can easily obtain such an iterator, should you need one, by calling
iter(xrange(...))). The special-purpose object returned by xrange consumes less
memory (for wide ranges, much less memory) than the list object range returns;
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apart from such memory issues, you can use range wherever you could use xrange,
but not vice versa. For example, in v2:

>>> print(range(1l, 5))

[1, 2, 3, 4]

>>> print(xrange(1l, 5))

xrange(1, 5)
Here, range returns a perfectly ordinary list, which displays quite normally, but
xrange returns a special-purpose object, which displays in its own special way.

In v3, there is no xrange, and range works similarly to v2’s xrange. In v3, if you
need a list that’s an arithmetic progression of ints, call list(range(...)).

List comprehensions

A common use of a for loop is to inspect each item in an iterable and build a new
list by appending the results of an expression computed on some or all of the items.
The expression form known as a list comprehension or listcomp lets you code this
common idiom concisely and directly. Since a list comprehension is an expression
(rather than a block of statements), you can use it wherever you need an expression
(e.g., as an argument in a function call, in a return statement, or as a subexpression
of some other expression).

A list comprehension has the following syntax:
[ expression for target in iterable lc-clauses ]

target and iterable are the same as in a regular for statement. When expression
denotes a tuple, you must enclose it in parentheses.

lc-clauses is a series of zero or more clauses, each with one of the two forms:

for target in iterable
if expression

target and iterable in each for clause of a list comprehension have the same syn-
tax and meaning as those in a regular for statement, and the expression in each i1f
clause of a list comprehension has the same syntax and meaning as the expression
in a regular if statement.

A list comprehension is equivalent to a for loop that builds the same list by
repeated calls to the resulting list’s append method. For example (assigning the list
comprehension result to a variable for clarity):

resultl = [x+1 for x in some_sequence]
is (apart from the different variable name) the same as the for loop:

result2 = []
for x in some_sequence:
result2.append(x+1)

Here’s a list comprehension that uses an if clause:
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result3 = [x+1 for x in some_sequence if x>23]
This list comprehension is the same as a for loop that contains an if statement:

resultd = []
for x in some_sequence:
if x>23:
result4.append(x+1)

And here’s a list comprehension that uses a nested for clause to flatten a “list of
lists” into a single list of items:

result5 = [x for sublist in listoflists for x in sublist]

This is the same as a for loop with another for loop nested inside:

resultée = []
for sublist in listoflists:
for x in sublist:
result6.append(x)

As these examples show, the order of for and if in a list comprehension is the same
as in the equivalent loop, but, in the list comprehension, the nesting remains
implicit. If you remember “order for clauses as in a nested loop,” it can help you get
the ordering of the list comprehension’s clauses right.

Don't build a list if you don’t need to

If you are simply going to loop on the values, rather than
requiring an actual, indexable list, consider a generator
expression instead (covered in “Generator expressions’ on
page 95). This lets you avoid list creation, and takes less
memory.

List comprehensions and variable scope

In v2, target variables of for clauses in a list comprehension

A remain bound to their last value when the list comprehension

\ is done, just like they would if you used for statements; so,
remember to use target names that won’t trample over other
local variables you need. In v3, a list comprehension is its own
scope, so you need not worry; also, no such worry, in either v2
or v3, for generator expressions, set comprehensions, and dict
comprehensions—only for listcomps.

Set comprehensions

A set comprehension has exactly the same syntax and semantics as a list comprehen-
sion, except that you enclose it in braces ({}) rather than in brackets ([ ]). The result
is a set, so the order of items is not meaningful. For example:

s = {n//2 for n in range(10)}
print(sorted(s)) # prints: [0, 1, 2, 3, 4]
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A similar list comprehension would have each item repeated twice, but, of course, a
set intrinsically removes duplicates.

Dict comprehensions

A dict comprehension has the same syntax as a set comprehension, except that,
instead of a single expression before the for clause, you use two expressions with a
colon : between them—key:value. The result is a dict, so, just as in a set, the
order of items (in a dict, that’s key/value pairs) is not meaningful. For example:

d = {n:n//2 for n in range(5)}
print(d) # prints: {0:0, 1:0, 2:1, 3:1, 4:2] or other order

The break Statement

The break statement is allowed only within a loop body. When break executes, the
loop terminates. If a loop nests inside other loops, a break terminates only the
innermost nested loop. In practice, a break is usually within a clause of an if in the
loop body, so that break executes conditionally.

One common use of break is in the implementation of a loop that decides whether
it should keep looping only in the middle of each loop iteration (what Knuth called
the “loop and a half” structure in his seminal 1974 paper, in which he also first pro-
posed using “devices like indentation, rather than delimiters” to express program
structure—just as Python does). For example:

while True: # this loop can never terminate naturally
X = get_next()
y = preprocess(x)

if not keep_looping(x, y): break
process(x, Vy)

The continue Statement

The continue statement can exist only within a loop body. When continue exe-
cutes, the current iteration of the loop body terminates, and execution continues
with the next iteration of the loop. In practice, a continue is usually within a clause
of an if in the loop body, so that continue executes conditionally.

Sometimes, a continue statement can take the place of nested if statements within
aloop. For example:

for x in some_container:
if not seems_ok(x): continue
lowbound, highbound = bounds_to_test()
if x<lowbound or x>=highbound: continue
pre_process(x)
if final_check(x):
do_processing(x)

This equivalent code does conditional processing without continue:
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for x in some_container:
if seems_ok(x):
lowbound, highbound = bounds_to_test()
if lowbound <= x < highbound:
pre_process(x)
if final_check(x):
do_processing(x)

Flat is better than nested

Both versions work the same way, so which one you use is a
matter of personal preference and style. One of the principles
of The Zen of Python (which you can see at any time by typ-
ing import this at an interactive Python interpreter prompt)
is “Flat is better than nested” The continue statement is just
one way Python helps you move toward the goal of a less-
nested structure in a loop, if you so choose.

The else Clause on Loop Statements

while and for statements may optionally have a trailing else clause. The statement
or block under that else executes when the loop terminates naturally (at the end of
the for iterator, or when the while loop condition becomes false), but not when the
loop terminates prematurely (via break, return, or an exception). When a loop con-
tains one or more break statements, you often need to check whether the loop ter-
minates naturally or prematurely. You can use an else clause on the loop for this
purpose:

for x in some_container:
if is_ok(x): break # item x is satisfactory, terminate loop
else:
print('Beware: no satisfactory item was found in container')
X = None

The pass Statement

The body of a Python compound statement cannot be empty; it must always contain
at least one statement. You can use a pass statement, which performs no action, as
an explicit placeholder when a statement is syntactically required but you have
nothing to do. Here’s an example of using pass in a conditional statement as a part
of somewhat convoluted logic to test mutually exclusive conditions:

if condition1(x):
processi(x)
elif x>23 or condition2(x) and x<5:
pass # nothing to be done in this case
elif condition3(x):
process3(x)
else:
process_default(x)
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Empty def or class statements: use a docstring, not pass

As the body of an otherwise empty def or class statement,
you should use a docstring, covered in “Docstrings” on page
85; when you do write a docstring, then you do not need to
also add a pass statement (you can do so if you wish, but it’s
not optimal Python style).

The try and raise Statements

Python supports exception handling with the try statement, which includes try,
except, finally, and else clauses. Your code can explicitly raise an exception with
the raise statement. As we discuss in detail in “Exception Propagation” on page
153, when code raises an exception, normal control flow of the program stops, and
Python looks for a suitable exception handler.

The with Statement

A with statement can be a much more readable and useful alternative to the try/
finally statement. We discuss it in detail in “The with Statement and Context
Managers” on page 151.

Functions

Most statements in a typical Python program are part of functions. Code in a func-
tion body may be faster than at a module’s top level, as covered in “Avoid exec and
from ... import *” on page 489, so there are excellent practical reasons to put most
of your code into functions, in addition to the advantages in clarity and readability.
On the other hand, there are no disadvantages to organizing your code into func-
tions versus leaving the code at module level.

A function is a group of statements that execute upon request. Python provides
many built-in functions and allows programmers to define their own functions. A
request to execute a function is known as a function call. When you call a function,
you can pass arguments that specify data upon which the function performs its
computation. In Python, a function always returns a result value, either None or a
value that represents the results of the computation. Functions defined within class
statements are also known as methods. We cover issues specific to methods in
“Bound and Unbound Methods” on page 110; the general coverage of functions in
this section, however, also applies to methods.

In Python, functions are objects (values), handled just like other objects. Thus, you
can pass a function as an argument in a call to another function. Similarly, a func-
tion can return another function as the result of a call. A function, just like any
other object, can be bound to a variable, can be an item in a container, and can be
an attribute of an object. Functions can also be keys into a dictionary. For example,
if you need to quickly find a function’s inverse given the function, you could define a
dictionary whose keys and values are functions and then make the dictionary bidir-
ectional. Here’s a small example of this idea, using some functions from module
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math, covered in “The math and cmath Modules” on page 431, where we create a
basic inverse mapping and add the inverse of each entry:

def make_inverse(inverse_dict):
for f in list(inverse_dict):
inverse_dict[inverse_dict[f]] = f
return inverse_dict
inverse = make_inverse({sin:asin, cos:acos, tan:atan, log:exp})

The fact that functions are ordinary objects in Python is often expressed by saying
that functions are first-class objects.

The def Statement

The def statement is the most common way to define a function. def is a single-
clause compound statement with the following syntax:

def function_name(parameters):
statement(s)

function_name is an identifier. It is a variable that gets bound (or rebound) to the
function object when def executes.

parameters is an optional list of identifiers that get bound to the values supplied
when you call the function, which we refer to as arguments to distinguish between
definitions (parameters) and calls (arguments). In the simplest case a function
doesn’t have any parameters, which means the function won’t accept any arguments
when you call it. In this case, the function definition has empty parentheses after
function_name, as must all calls to the function.

When a function does accept arguments, parameters contains one or more identifi-
ers, separated by commas (,). In this case, each call to the function supplies values,
known as arguments, corresponding to the parameters listed in the function defini-
tion. The parameters are local variables of the function (as we'll discuss later in this
section), and each call to the function binds these local variables in the function
namespace to the corresponding values that the caller, or the function definition,
supplies as arguments.

The nonempty block of statements, known as the function body, does not execute
when the def statement executes. Rather, the function body executes later, each time
you call the function. The function body can contain zero or more occurrences of
the return statement, as we’ll discuss shortly.

Here’s an example of a simple function that returns a value that is twice the value
passed to it each time it’s called:

def twice(x):
return x*2

Note that the argument can be anything that can be multiplied by two, so the func-
tion could be called with a number, string, list, or tuple as an argument, and it
would return, in each case, a new value of the same type as the argument.
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Parameters

Parameters (more pedantically, formal parameters) name, and sometimes specify a
default value for, the values passed into a function call. Each of the names is bound
inside a new local namespace every time the function is called; this namespace is
destroyed when the function returns or otherwise exits (values returned by the
function may be kept alive by the caller binding the function result). Parameters
that are just identifiers indicate positional parameters (also known as mandatory
parameters). Each call to the function must supply a corresponding value (argu-
ment) for each mandatory (positional) parameter.

In the comma-separated list of parameters, zero or more positional parameters may
be followed by zero or more named parameters (also known as optional parameters,
and sometimes—confusingly, since they do not involve any keyword—as keyword
parameters), each with the syntax:

identifier=expression

The def statement evaluates each such expression and saves a reference to the
expression’s value, known as the default value for the parameter, among the
attributes of the function object. When a function call does not supply an argument
corresponding to a named parameter, the call binds the parameter’s identifier to its
default value for that execution of the function.

Note that Python computes each default value precisely once, when the def state-
ment evaluates, not each time the resulting function gets called. In particular, this
means that exactly the same object, the default value, gets bound to the named
parameter whenever the caller does not supply a corresponding argument.

Beware using mutable default values

A mutable default value, such as a list, can be altered each
A time you call the function without an explicit argument corre-
sponding to the respective parameter. This is usually not the
behavior you want; see the following detailed explanation.

Things can be tricky when the default value is a mutable object and the function
body alters the parameter. For example:

def f(x, y=[]1):

y.append(x)

return y, id(y)
print(f(23)) # prints: ([23], 4302354376)
print(f(42)) # prints: ([23, 42], 4302354376)

The second print prints [23, 42] because the first call to f altered the default value
of y, originally an empty list [], by appending 23 to it. The id values confirm that
both calls return the same object. If you want y to be bound to a new empty list
object each time you call f with a single argument, use the following idiom instead:
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def f(x, y=None):

if y is None: y = []

y.append(x)

return y, id(y)
print(f(23)) # prints: ([23], 4302354376)
prinf(f(42)) # prints: ([42], 4302180040)

Of course, there are cases in which you explicitly want to alter a parameter’s default
value, most often for caching purposes, as in the following example:

def cached_compute(x, _cache={}):
if x not in _cache:
_cache[x] = costly_computation(x)
return _cache[x]

Such caching behavior (also known as memoization), however, is usually best
obtained by decorating the underlying function with functools.lru_cache, cov-
ered in Table 7-4.

At the end of the parameters, you may optionally use either or both of the special
forms *args and **kwds.® There is nothing special about the names—you can use
any identifier you want in each special form; args and kwds or kwargs, as well as a
and k, are just popular identifiers to use in these roles. If both forms are present, the
form with two asterisks must come second.

*args specifies that any extra positional arguments to a call (i.e., those positional
arguments not explicitly specified in the signature, defined in “Function signatures”
on page 83 below) get collected into a (possibly empty) tuple, and bound in the call
namespace to the name args. Similarly **kwds specifies that any extra named argu-
ments (i.e., those named arguments not explicitly specified in the signature, defined
in “Function signatures” on page 83 below) get collected into a (possibly empty)
dictionary® whose items are the names and values of those arguments, and bound to
the name kwds in the function call namespace (we cover positional and named argu-
ments in “Calling Functions” on page 87).

For example, here’s a function that accepts any number of positional arguments and
returns their sum (also showing the use of an identifier other than *args):

def sum_args(*numbers):
return sum(numbers)
print(sum_args(23, 42)) # prints: 65

Function signatures

The number of parameters of a function, together with the parameters’ names, the
number of mandatory parameters, and the information on whether (at the end of

8 Also spelled **kwargs.

9 New in 3.6: the mapping to which kwds is bound now preserves the order in which you pass extra
named arguments in the call.
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the parameters) either or both of the single- and double-asterisk special forms are
present, collectively form a specification known as the function’s signature. A func-
tion’s signature defines the ways in which you can call the function.

“Keyword-only” Parameters (v3 Only)

In v3 only, a def statement also optionally lets you specify parameters that must,
when you call the function, correspond to named arguments of the form identi
fier=expression (see “Kinds of arguments” on page 88) if they are present at all.
These are known as (confusingly, since keywords have nothing to do with them) as
keyword-only parameters. If these parameters appear, they must come after *args
(if any) and before **kwargs (if any).

Each keyword-only parameter can be specified in the parameter list as either a sim-
ple identifier (in which case it's mandatory, when calling the function, to pass the
corresponding named argument), or in identifier=default form (in which case
it's optional, when calling the function, whether to pass the corresponding argu-
ment—but, when you pass it, you must pass it as a named argument, not as a posi-
tional one). Either form can be used for each different keyword-only parameter. It’s
more usual and readable to have simple identifiers, if any, at the start of the
keyword-only parameter specifications, and identifier=default forms, if any, fol-
lowing them, though this is not a requirement of the language.

All the keyword-only parameter specifications come affer the special form *args, if
the latter is present. If that special form is not present, then the start of the sequence
of keyword-only parameter specifications is a null parameter, consisting solely of
an * (asterisk), to which no argument corresponds. For example:

def f(a, *, b, c=56): # b and c are keyword-only
return a, b, c
f(12,b=34) # returns (12, 34, 56)-c's optional, having a default
f(12) # raises a TypeError exception
# error message is: missing 1 required keyword-only argument: 'b'

If you also specify the special form **kwds, it must come at the end of the parameter
list (after the keyword-only parameter specifications, if any). For example:

def g(x, *a, b=23, **k): # b is keyword-only
return x, a, b, k
g(1, 2, 3, c=99) # returns (1, (2, 3), 23, {'c': 99})

Attributes of Function Objects

The def statement sets some attributes of a function object. Attribute __name__
refers to the identifier string given as the function name in the def. You may rebind
the attribute to any string value, but trying to unbind it raises an exception.
Attribute __defaults__, which you may freely rebind or unbind, refers to the tuple
of default values for optional parameters (an empty tuple, if the function has no
optional parameters).
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Docstrings

Another function attribute is the documentation string, also known as the docstring.
You may use or rebind a function’s docstring attribute as __doc__. If the first state-
ment in the function body is a string literal, the compiler binds that string as the
function’s docstring attribute. A similar rule applies to classes (see “Class documen-
tation strings” on page 103) and modules (see “Module documentation strings” on
page 174). Docstrings usually span multiple physical lines, so you normally specify
them in triple-quoted string literal form. For example:

def sum_args(*numbers):
"""Return the sum of multiple numerical arguments.

The arguments are zero or more numbers.
The result is their sum.

mwn

return sum(numbers)

Documentation strings should be part of any Python code you write. They play a
role similar to that of comments, but their applicability is wider, since they remain
available at runtime (unless you run your program with python -00, as covered in
“Command-Line Syntax and Options” on page 24). Development environments and
tools can use docstrings from function, class, and module objects to remind the
programmer how to use those objects. The doctest module (covered in “The doct-
est Module” on page 456) makes it easy to check that sample code present in doc-
strings is accurate and correct, and remains so, as the code and docs get edited and
maintained.

To make your docstrings as useful as possible, respect a few simple conventions. The
first line of a docstring should be a concise summary of the function’s purpose,
starting with an uppercase letter and ending with a period. It should not mention
the function’s name, unless the name happens to be a natural-language word that
comes naturally as part of a good, concise summary of the function’s operation. If
the docstring is multiline, the second line should be empty, and the following lines
should form one or more paragraphs, separated by empty lines, describing the func-
tion’s parameters, preconditions, return value, and side effects (if any). Further
explanations, bibliographical references, and usage examples (which you should
check with doctest) can optionally follow toward the end of the docstring.

Other attributes of function objects

In addition to its predefined attributes, a function object may have other arbitrary
attributes. To create an attribute of a function object, bind a value to the appropriate
attribute reference in an assignment statement after the def statement executes. For
example, a function could count how many times it gets called:

def counter():
counter.count += 1
return counter.count

counter.count = 0
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Note that this is not common usage. More often, when you want to group together
some state (data) and some behavior (code), you should use the object-oriented
mechanisms covered in Chapter 4. However, the ability to associate arbitrary
attributes with a function can sometimes come in handy.

Function Annotations and Type Hints (v3 Only)

In v3 only, every parameter in a def clause can be annotated with an arbitrary
expression—that is, wherever within the def’s parameter list you can use an identi-
fier, you can alternatively use the form identifier:expression, and the expres-
sion’s value becomes the annotation for that parameter name.

You can annotate the return value of the function, using the form ->expression
between the ) of the def clause and the : that ends the def clause; the expression’s
value becomes the annotation for name 'return’'. For example:

>>> def f(a:'foo', b)->'bar': pass

>>> f.__annotations__

{'a': 'foo', 'return': 'bar'}
As shown in this example, the __annotations__ attribute of the function object is a
dict mapping each annotated identifier to the respective annotation.

You can use annotations for whatever purpose you wish: Python itself does nothing
with them, except constructing the __annotations__ attribute.

The intention is to let future, hypothetical third-party tools leverage annotations to
perform more thorough static checking on annotated functions. (If you want to
experiment with such static checks, we recommend you try the mypy project.)

Type hints (Python 3.5 only)

To further support hypothetical third-party tools, Python 3.5 has introduced a com-
plicated set of commenting conventions, and a new provisional module called typ
ing in the standard library, to standardize how annotations are to be used to denote
typing hints (again, Python does nothing with the information, but third-party tools
may eventually be developed to leverage this now-standardized information).

A provisional module is one that might change drastically, or even disappear, as
early as the next feature release (so, in the future, Python 3.7 might not have the
module typing in its standard library, or the module’s contents might be different).
It is not yet intended for use “in production,” but rather just for experimental
purposes.

As a consequence, we do not further cover type hints in this book; see PEP 484 and
the many links from it for much, much more. (The mypy third-party project does
tully support PEP 484-compliant v3 Python code).
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New in 3.6: Type annotations

Although the conventions defined in PEP 484 could help third-party static analysis
tools operate on Python code, the PEP does not include syntax support for explicitly
marking variables as being of a specific type; such type annotations were embedded
in the form of comments. PEP 526 now defines syntax for variable type annotations.

Guido van Rossum has cited anecdotal evidence that type annotations can be help-
ful, for example, when engineering large legacy codebases. They may be unnecessa-
rily complicated for beginners, but they remain completely optional and so can be
taught as required to those with some Python experience. While you can still use
PEP 484-style comments, it seems likely that PEP 526 annotations will supersede
them. (The mypy third-party project, at the time of this writing, only partially sup-
ports PEP 526-compliant Python 3.6 code.)

The return Statement

The return statement in Python can exist only inside a function body, and can
optionally be followed by an expression. When return executes, the function termi-
nates, and the value of the expression is the function’s result. A function returns
None if it terminates by reaching the end of its body or by executing a return state-
ment that has no expression (or, of course, by explicitly executing return None).

Good style in return statements

As a matter of good style, never write a return statement
without an expression at the end of a function body. When
some return statements in a function have an expression,
then all return statements in the function should have an
expression. return None should only ever be written explicitly
to meet this style requirement. Python does not enforce these
stylistic conventions, but your code is clearer and more reada-
ble when you follow them.

(alling Functions
A function call is an expression with the following syntax:
function_object(arguments)

function_object may be any reference to a function (or other callable) object; most
often, it’s the function’s name. The parentheses denote the function-call operation
itself. arguments, in the simplest case, is a series of zero or more expressions separa-
ted by commas (,), giving values for the functions corresponding parameters.
When the function call executes, the parameters are bound to the argument values,
the function body executes, and the value of the function-call expression is whatever
the function returns.
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Don't forget the trailing () to call a function

Just mentioning a function (or other callable object) does not,
A per se, call it. To call a function (or other object) without argu-
ments, you must use () after the function’s name (or other ref-
erence to the callable object).

The semantics of argument passing

In traditional terms, all argument passing in Python is by value (although, in
modern terminology, to say that argument passing is by object reference is more pre-
cise and accurate; some, but not all, of this book’s authors also like the synonym call
by sharing). For example, if you pass a variable as an argument, Python passes to the
function the object (value) to which the variable currently refers, not the variable
itself, and this value is bound to the parameter name in the function call namespace.
Thus, a function cannot rebind the caller’s variables. However, if you pass a mutable
object as an argument, the function may request changes to that object, because
Python passes the object itself, not a copy. Rebinding a variable and mutating an
object are totally disjoint concepts. For example:

def f(x, y):
X =23
y.append(42)
a=77
b = [99]
f(a, b)
print(a, b) # prints: 77 [99, 42]
print shows that a is still bound to 77. Function f’s rebinding of its parameter x to
23 has no effect on f’s caller, nor, in particular, on the binding of the caller’s variable
that happened to be used to pass 77 as the parameter’s value. However, print also
shows that b is now bound to [99, 42]. b is still bound to the same list object as
before the call, but that object has mutated, as f has appended 42 to that list object.
In either case, f has not altered the caller’s bindings, nor can f alter the number 77,
since numbers are immutable. However, f can alter a list object, since list objects are
mutable. In this example, f mutates the list object that the caller passes to f as the
second argument by calling the object’s append method.

Kinds of arguments

Arguments that are just expressions are known as positional arguments. Each posi-
tional argument supplies the value for the parameter that corresponds to it by posi-
tion (order) in the function definition. There is no requirement for positional
arguments to match positional parameters—if there are more positional arguments
that positional parameters, the additional arguments are bound by position to
named parameters, if any, and then (if the function’s signature includes a *args spe-
cial form) to the tuple bound to args. For example:
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def f(a, b, c=23, d=42, *x):
print(a, b, c, d, x)
f(1,2,3,4,5,6) # prints (1, 2, 3, 4, (5, 6))

In a function call, zero or more positional arguments may be followed by zero or
more named arguments (sometimes confusingly known as keyword arguments),
each with the following syntax:

identifier=expression

In the absence of any **kwds parameter, the identifier must be one of the param-
eter names used in the def statement for the function. The expression supplies the
value for the parameter of that name. Many built-in functions do not accept named
arguments: you must call such functions with positional arguments only. However,
functions coded in Python accept named as well as positional arguments, so you
may call them in different ways. Positional parameters can be matched by named
arguments, in the absence of matching positional arguments.

A function call must supply, via a positional or a named argument, exactly one value
for each mandatory parameter, and zero or one value for each optional parameter.
For example:

def divide(divisor, dividend):

return dividend // divisor
print(divide(12, 94)) # prints: 7
print(divide(dividend=94, divisor=12)) # prints: 7

As you can see, the two calls to divide are equivalent. You can pass named argu-
ments for readability purposes whenever you think that identifying the role of each
argument and controlling the order of arguments enhances your code’s clarity.

A common use of named arguments is to bind some optional parameters to specific
values, while letting other optional parameters take default values:

def f(middle, begin='init', end='finis'):
return begin+middle+end
print(f('tini', end="'")) # prints: inittini

Using named argument end="", the caller specifies a value (the empty string ' ') for
f’s third parameter, end, and still lets f’s second parameter, begin, use its default
value, the string 'init'. Note that you may pass the arguments as positional argu-
ments, even when the parameters are named; for example, using the preceding
function:

print(f('a','c','t")) # prints: cat
At the end of the arguments in a function call, you may optionally use either or both
of the special forms *seq and **dct. If both forms are present, the form with two
asterisks must be last. *seq passes the items of seq to the function as positional

arguments (after the normal positional arguments, if any, that the call gives with the
usual syntax). seq may be any iterable. **dct passes the items of dct to the function
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as named arguments, where dct must be a dictionary whose keys are all strings.
Each item’s key is a parameter name, and the item’s value is the arguments value.

Sometimes you want to pass an argument of the form *seq or **dct when the
parameters use similar forms, as covered earlier in “Parameters” on page 82. For
example, using the function sum_args defined in that section (and shown again
here), you may want to print the sum of all the values in dictionary d. This is easy
with *seq:

def sum_args(*numbers):
return sum(numbers)
print(sum_args(*d.values()))

(Of course, print(sum(d.values())) would be simpler and more direct.)

You may also pass arguments *seq or **dct when calling a function that does not
use the corresponding forms in its signature. In that case, of course, you must
ensure that iterable seq has the right number of items, or, respectively, that dictio-
nary dct uses the right identifier strings as its keys; otherwise, the call operation
raises an exception. As noted in ““Keyword-only” Parameters (v3 Only)” on page
84, keyword-only parameters in v3 cannot be matched with a positional argument
(unlike named parameters); they must match a named argument, explicit or passed
via **dct.

In v3, a function call may have zero or more occurrences of *seq and/or **dct, as
specified in PEP 448.

Namespaces

A function’s parameters, plus any names that are bound (by assignment or by other
binding statements, such as def) in the function body, make up the function’s local
namespace, also known as local scope. Each of these variables is known as a local
variable of the function.

Variables that are not local are known as global variables (in the absence of nested
function definitions, which we’ll discuss shortly). Global variables are attributes of
the module object, as covered in “Attributes of module objects” on page 173. When-
ever a function’s local variable has the same name as a global variable, that name,
within the function body, refers to the local variable, not the global one. We express
this by saying that the local variable hides the global variable of the same name
throughout the function body.

The global statement

By default, any variable that is bound within a function body is a local variable of
the function. If a function needs to bind or rebind some global variables (not a good
practice!), the first statement of the function’s body must be:

global identifiers
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where identifiers is one or more identifiers separated by commas (,). The identi-
fiers listed in a global statement refer to the global variables (i.e., attributes of the
module object) that the function needs to bind or rebind. For example, the function
counter that we saw in “Other attributes of function objects” on page 85 could be
implemented using global and a global variable, rather than an attribute of the
function object:

_count = 0

def counter():
global _count
_count += 1
return _count

Without the global statement, the counter function would raise an UnboundLoca
1Error exception because _count would then be an uninitialized (unbound) local
variable. While the global statement enables this kind of programming, this style is
inelegant and unadvisable. As we mentioned earlier, when you want to group
together some state and some behavior, the object-oriented mechanisms covered in
Chapter 4 are usually best.

Eschew global

Never use global if the function body just uses a global vari-
able (including mutating the object bound to that variable,
when the object is mutable). Use a global statement only if
the function body rebinds a global variable (generally by
assigning to the variable’s name). As a matter of style, don’t
use global unless it’s strictly necessary, as its presence causes
readers of your program to assume the statement is there for
some useful purpose. In particular, never use global except as
the first statement in a function body.

Nested functions and nested scopes

A def statement within a function body defines a nested function, and the function
whose body includes the def is known as an outer function to the nested one. Code
in a nested function’s body may access (but not rebind) local variables of an outer
function, also known as free variables of the nested function.

The simplest way to let a nested function access a value is often not to rely on nested
scopes, but rather to pass that value explicitly as one of the function’s arguments. If
necessary, the argument’s value can be bound at nested function def time, by using
the value as the default for an optional argument. For example:

def percenti(a, b, c):
def pc(x, total=a+b+c):
return (x*100.0) / total
print('Percentages are:', pc(a), pc(b), pc(c))
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Here’s the same functionality using nested scopes:

def percent2(a, b, c):
def pc(x):
return (x*100.0) / (a+b+c)
print('Percentages are:', pc(a), pc(b), pc(c))

In this specific case, percent1 has at least a tiny advantage: the computation of a+b
+c happens only once, while percent?’s inner function pc repeats the computation
three times. However, when the outer function rebinds local variables between calls
to the nested function, repeating the computation can be necessary: be aware of
both approaches, and choose the appropriate one case by case.

A nested function that accesses values from outer local variables is also known as a
closure. The following example shows how to build a closure:

def make_adder(augend):
def add(addend):
return addend+augend
return add

Closures are sometimes an exception to the general rule that the object-oriented
mechanisms covered in Chapter 4 are the best way to bundle together data and
code. When you need specifically to construct callable objects, with some parame-
ters fixed at object-construction time, closures can be simpler and more effective
than classes. For example, the result of make_adder(7) is a function that accepts a
single argument and adds 7 to that argument. An outer function that returns a clo-
sure is a “factory” for members of a family of functions distinguished by some
parameters, such as the value of argument augend in the previous example, and may
often help you avoid code duplication.

In v3 only, the nonlocal keyword acts similarly to global, but it refers to a name in
the namespace of some lexically surrounding function. When it occurs in a function
definition nested several levels deep, the compiler searches the namespace of the
most deeply nested containing function, then the function containing that one, and
so on, until the name is found or there are no further containing functions, in which
case the compiler raises an error.

Here’s a v3-only nested-functions approach to the “counter” functionality we imple-
mented in previous sections using a function attribute, then a global variable:

def make_counter():
count = 0
def counter():
nonlocal count
count += 1
return count
return counter

cl = make_counter()
c2 = make_counter()

92 | Chapter3:The Python Language



print(c1(), c1(), c1()) # prints: 12 3

print(c2(), c2()) # prints: 1 2

print(ci(), c2(), c1()) # prints: 4 3 5
A key advantage of this approach versus the previous ones is that nested functions,
just like an OOP approach, let you make independent counters, here c1 and c2—
each closure keeps its own state and doesn't interfere with the other.

This example is v3-only because it requires nonlocal, since the inner function
counter needs to rebind free variable count. In v2, you would need a somewhat
nonintuitive trick to achieve the same effect without rebinding a free variable:

def make_counter():
count = [0]
def counter():
count[0] += 1
return count[0]
return counter

Clearly, the v3-only version is more readable, since it doesn’t require any trick.

lambda Expressions

If a function body is a single return expression statement, you may choose to
replace the function with the special lambda expression form:

lambda parameters: expression

A lambda expression is the anonymous equivalent of a normal function whose body
is a single return statement. Note that the lambda syntax does not use the return
keyword. You can use a lambda expression wherever you could use a reference to a
function. lambda can sometimes be handy when you want to use an extremely sim-
ple function as an argument or return value. Here’s an example that uses a lambda
expression as an argument to the built-in filter function (covered in Table 7-2):

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

low = 3

high = 7

filter(lambda x: low<=x<high, a_list) # returns: [3, 4, 5, 6]

(In v3, filter returns an iterator, not a list.) Alternatively, you can always use a
local def statement to give the function object a name, then use this name as an

argument or return value. Heres the same filter example using a local def
statement:

a_list = [1, 2, 3, 4, 5, 6, 7, 8, 9]
def within_bounds(value, low=3, high=7):
return low<=value><high
filter(within_bounds, a_list) # returns: [3, 4, 5, 6]

While lambda can at times be handy, def is usually better: it's more general, and
makes the code more readable, as you can choose a clear name for the function.
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Generators

When the body of a function contains one or more occurrences of the keyword
yield, the function is known as a generator, or more precisely a generator function.
When you call a generator, the function body does not execute. Instead, the genera-
tor function returns a special iterator object, known as a generator object (some-
times, somewhat confusingly, also referred to as just “a generator”), that wraps the
function body; its local variables (including its parameters), and the current point of
execution, which is initially the start of the function.

When you call next on a generator object, the function body executes from the cur-
rent point up to the next yield, which takes the form:

yield expression

A bare yield without the expression is also legal, and equivalent to yield None.
When a yield executes, the function execution is “frozen,” with current point of
execution and local variables preserved, and the expression following yield
returned as the result of next. When you call next again, execution of the function
body resumes where it left off, again up to the next yield. When the function body
ends or executes a return statement, the iterator raises a StopIteration exception
to indicate that the iteration is finished. In v2, return statements in a generator can-
not contain expressions; in v3, the expression after return, if any, is an argument to
the resulting StopIteration.

yield is an expression, not a statement. When you call g.send(value) on a genera-
tor object g, the value of the yield is value; when you call next(g), the value of the
yield is None. We cover this in “Generators as near-coroutines” on page 96: it’s the
elementary building block to implement coroutines in Python.

A generator function is often a very handy way to build an iterator. Since the most
common way to use an iterator is to loop on it with a for statement, you typically
call a generator like this (with the call to next implicit in the for statement):

for avariable in somegenerator(arguments):

For example, say that you want a sequence of numbers counting up from 1 to N and
then down to 1 again. A generator can help:

def updown(N):
for x in range(1, N):

yield x
for x in range(N, 0, -1):
yield x
for 1 in updown(3): print(i) # prints: 12321

Here is a generator that works somewhat like built-in range, but returns an iterator
on floating-point values rather than on integers:
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def frange(start, stop, stride=1.0):
while start < stop:
yield start
start += stride

This frange example is only somewhat like range because, for simplicity, it makes
arguments start and stop mandatory, and assumes step is positive.

Generators are more flexible than functions that return lists. A generator may
return an unbounded iterator, meaning one that yields an infinite stream of results
(to use only in loops that terminate by other means, e.g., via a break statement).
Further, a generator-object iterator performs lazy evaluation: the iterator computes
each successive item only when and if needed, just in time, while the equivalent
function does all computations in advance and may require large amounts of mem-
ory to hold the results list. Therefore, if all you need is the ability to iterate on a
computed sequence, it is most often best to compute the sequence in a generator,
rather than in a function that returns a list. If the caller needs a list of all the items
produced by some bounded generator g(arguments), the caller can simply use the
following code to explicitly request that a list be built:

resulting_list = list(g(arguments))

yield from (v3-only)

In v3 only, to improve execution efficiency and clarity when multiple levels of itera-
tion are yielding values, you can use the form yield from expression, where
expression is iterable. This yields the values from expression one at a time into
the calling environment, avoiding the need to yield repeatedly. The updown genera-
tor defined earlier can be simplified in v3:

def updown(N):
yield from range(1, N)
yield from range(N, 0, -1)
for 1 in updown(3): print(i) # prints: 12321

Moreover, the ability to use yield from means that, in v3 only, generators can be
used as full-fledged coroutines, as covered in Chapter 18.

Generator expressions

Python offers an even simpler way to code particularly simple generators: generator
expressions, commonly known as genexps. The syntax of a genexp is just like that of
a list comprehension (as covered in “List comprehensions” on page 76), except that
a genexp is within parentheses (()) instead of brackets ([ ]1). The semantics of a gen-
exp are the same as those of the corresponding list comprehension, except that a
genexp produces an iterator yielding one item at a time, while a list comprehension
produces a list of all results in memory (therefore, using a genexp, when appropri-
ate, saves memory). For example, to sum the squares of all single-digit integers, you
could code sum([x*x for x in range(10)]); however, you can express this even
better, coding it as sum(x*x for x in range(10)) (just the same, but omitting the
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brackets), and obtain exactly the same result while consuming less memory. Note
that the parentheses that indicate the function call also “do double duty” and enclose
the genexp (no need for extra parentheses).

Generators as near-coroutines

In all modern Python versions (both v2 and v3), generators are further enhanced,
with the possibility of receiving a value (or an exception) back from the caller as
each yield executes. This lets generators implement coroutines, as explained in PEP
342. The main change from older versions of Python is that yield is not a state-
ment, but an expression, so it has a value. When a generator resumes via a call to
next on it, the corresponding yield’s value is None. To pass a value x into some gen-
erator g (so that g receives x as the value of the yield on which it’s suspended),
instead of calling next(g), call g.send(x) (g.send(None) is just like next(g)).

Other modern enhancements to generators have to do with exceptions, and we
cover them in “Generators and Exceptions” on page 153.

Recursion

Python supports recursion (i.e., a Python function can call itself), but there is a limit
to how deep the recursion can be. By default, Python interrupts recursion and raises
a RecursionLimitExceeded exception (covered in “Standard Exception Classes” on
page 158) when it detects that the stack of recursive calls has gone over a depth of
1,000. You can change the recursion limit with function setrecursionlimit of
module sys, covered in Table 7-3.

However, changing the recursion limit does not give you unlimited recursion; the
absolute maximum limit depends on the platform on which your program is run-
ning, particularly on the underlying operating system and C runtime library, but it’s
typically a few thousand levels. If recursive calls get too deep, your program crashes.
Such runaway recursion, after a call to setrecursionlimit that exceeds the plat-
form’s capabilities, is one of the very few ways a Python program can crash—really
crash, hard, without the usual safety net of Python’s exception mechanisms. There-
fore, beware “fixing” a program that is getting RecursionLimitExceeded exceptions
by raising the recursion limit with setrecursionlimit. Most often, youre better
advised to look for ways to remove the recursion or, at least, limit the depth of
recursion that your program needs.

Readers who are familiar with Lisp, Scheme, or functional programming languages
must in particular be aware that Python does not implement the optimization of
“tail-call elimination,” which is so important in these languages. In Python, any call,
recursive or not, has the same cost in terms of both time and memory space, depen-
dent only on the number of arguments: the cost does not change, whether the call is
a “tail-call” (meaning that the call is the last operation that the caller executes) or
any other, nontail call. This makes recursion removal even more important.
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For example, consider a classic use for recursion: “walking a tree” Suppose you have
a “tree” data structure where each node is a tuple with three items: first, a payload
value as item 0; then, as item 1, a similar tuple for the left-side descendant, or None;
and similarly as item 2, for the right-side descendant. A simple example might be:
(23, (42, (5, None, None), (55, None, None)), (94, None,None)) to repre-
sent the tree where the payloads are:

23
42 94
5 55

We want to write a generator function that, given the root of such a tree, “walks the
tree;” yielding each payload in top-down order. The simplest approach is clearly
recursion; in v3:

def rec(t):
yield t[0]
for 1 in (1, 2):
if t[1] is not None: yield from rec(t[1])

However, if a tree is very deep, recursion becomes a problem. To remove recursion,
we just need to handle our own stack—a list used in last-in, first-out fashion, thanks
to its append and pop methods. To wit, in either v2 or v3:

def norec(t):
stack = [t]
while stack:
t = stack.pop()
yield t[0]
for 1 in (2, 1):
if t[1] is not None: stack.append(t[i])

The only small issue to be careful about, to keep exactly the same order of yields as
rec, is switching the (1, 2) index order in which to examine descendants, to (2,
1), adjusting to the reverse (last-in, first-out) behavior of stack.
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Object-Oriented Python

Python is an object-oriented (OO) programming language. Unlike some other
object-oriented languages, Python doesn’t force you to use the object-oriented para-
digm exclusively: it also supports procedural programming with modules and func-
tions, so you can select the best paradigm for each part of your program. The
object-oriented paradigm helps you group state (data) and behavior (code) together
in handy packets of functionality. It’s also useful when you want to use some of
Python’s object-oriented mechanisms covered in this chapter, such as inheritance or
special methods. The procedural paradigm, based on modules and functions, may be
simpler and more suitable when you don’t need the pluses of object-oriented pro-
gramming. With Python, you can mix and match paradigms.

Python today has an object model different from that of many years ago. This chap-
ter exclusively describes the so-called new-style, or new object model, which is sim-
pler, more regular, more powerful, and the one we recommend you always use;
whenever we speak of classes or instances, we mean new-style classes or instances.
However, for backward compatibility, the default object model in v2 is the legacy
object model, also known as the classic or old-style object model; the new-style object
model is the only one in v3. For legacy information about the old style, see some
ancient online docs from 2002.

This chapter also covers special methods, in “Special Methods” on page 123, and
advanced concepts known as abstract base classes, in “Abstract Base Classes” on page
133; decorators, in “Decorators” on page 138; and metaclasses, in “Metaclasses” on
page 140.

(Classes and Instances

If you're familiar with object-oriented programming in other OO languages such as
C++ or Java, you probably have a good intuitive grasp of classes and instances: a
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class is a user-defined type, which you instantiate to build instances, meaning objects
of that type. Python supports these concepts through its class and instance objects.

Python Classes

A class is a Python object with several characteristics:

o You can call a class object as if it were a function. The call, often known as
instantiation, returns an object known as an instance of the class; the class is
known as the type of the instance.

o A class has arbitrarily named attributes that you can bind and reference.

o The values of class attributes can be descriptors (including functions), covered
in “Descriptors” on page 104, or normal data objects.

« Class attributes bound to functions are also known as methods of the class.

o A method can have a special Python-defined name with two leading and two
trailing underscores (commonly known as dunder names, short for “double-
underscore names”—the name __1init__, for example, is often pronounced as
“dunder init”). Python implicitly calls such special methods, if a class supplies
them, when various kinds of operations take place on instances of that class.

o A class can inherit from other classes, meaning it delegates to other class
objects the lookup of attributes that are not found in the class itself.

An instance of a class is a Python object with arbitrarily named attributes that you
can bind and reference. An instance object implicitly delegates to its class the
lookup of attributes not found in the instance itself. The class, in turn, may delegate
the lookup to classes from which it inherits, if any.

In Python, classes are objects (values), handled like other objects. Thus, you can
pass a class as an argument in a call to a function. Similarly, a function can return a
class as the result of a call. A class, just like any other object, can be bound to a vari-
able (local or global), an item in a container, or an attribute of an object. Classes can
also be keys into a dictionary. The fact that classes are ordinary objects in Python is
often expressed by saying that classes are first-class objects.

The class Statement

The class statement is the most common way to create a class object. class is a
single-clause compound statement with the following syntax:

class classname(base-classes):
statement(s)

classname is an identifier. It is a variable that gets bound (or rebound) to the class
object after the class statement finishes executing.

base-classes is a comma-delimited series of expressions whose values must be
class objects. These classes are known by different names in different programming
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languages; you can, at your choice, call them the bases, superclasses, or parents of the
class being created. The class being created can be said to inherit from, derive from,
extend, or subclass its base classes, depending on what programming language you
are familiar with; in this book, we generally use extend. This class is also known as a
direct subclass or descendant of its base classes. In v3 only, base-classes can include a
named argument metaclass=... to establish the class’s metaclass, as covered in
“How Python v3 Determines a Class’s Metaclass” on page 141.

Syntactically, base-classes is optional: to indicate that youre creating a class
without bases, you can omit base-classes (and, optionally, the parentheses around
it), placing the colon right after the classname. However, in v2, a class without bases,
for backward compatibility, is an old-style one (unless you define the __meta

class__ attribute, covered in “How Python v2 Determines a Classs Metaclass” on
page 140). To create a new-style class C without any “true” bases, in v2, code class
C(object):; since every type extends the built-in object, specifying object as the
value of base-classes just means that class C is new-style rather than old-style. If
your class has ancestors (if any) that are all old-style, and does not define the __meta
class__ attribute, then your class is old-style; otherwise, a class with bases is always
new-style (even if some of the bases are new-style and some are old-style). In v3, all
classes are new-style (you can still “inherit from object” quite innocuously, if you
wish, to make your code backward compatible with v2). In our examples, for uni-
formity, we always specify (object) as a base rather than leaving a class “base-less”;
however, if youre programming in and for v3 only, it's more elegant, and recom-
mended, to leave such “fake subclassing” out.

The subclass relationship between classes is transitive: if €1 extends €2, and €2
extends €3, then C1 extends €3. Built-in function issubclass(C2, €2) accepts two
arguments that are class objects: it returns True if C1 extends C2; otherwise, it
returns False. Any class is a subclass of itself; therefore, issubclass(C, C) returns
True for any class C. We cover the way in which base classes affect a class’s function-
ality in “Inheritance” on page 113.

The nonempty sequence of indented statements that follows the class statement is
known as the class body. A class body executes immediately as part of the class
statement’s execution. Until the body finishes executing, the new class object does
not yet exist, and the classname identifier is not yet bound (or rebound). “How a
Metaclass Creates a Class” on page 142 provides more details about what happens
when a class statement executes.

Finally, note that the class statement does not immediately create any instance of
the new class, but rather defines the set of attributes shared by all instances when
you later create instances by calling the class.

The Class Body

The body of a class is where you normally specify the attributes of the class; these
attributes can be descriptor objects (including functions) or normal data objects of
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any type (an attribute of a class can also be another class—so, for example, you can
have a class statement “nested” inside another class statement).

Attributes of class objects

You normally specify an attribute of a class object by binding a value to an identifier
within the class body. For example:

class Ci(object):
X =23
print(C1.x) # prints: 23

The class object €1 has an attribute named x, bound to the value 23, and C1. x refers
to that attribute.

You can also bind or unbind class attributes outside the class body. For example:

class C2(object): pass
C2.x = 23
print(C2.x) # prints: 23

Your program is usually more readable if you bind, and thus create, class attributes
only with statements inside the class body. However, rebinding them elsewhere may
be necessary if you want to carry state information at a class, rather than instance,
level; Python lets you do that, if you wish. There is no difference between a class
attribute created in the class body, and one created or rebound outside the body by
assigning to an attribute.

As we'll discuss shortly, all instances of the class share all of the class’s attributes.

The class statement implicitly sets some class attributes. Attribute __name__ is the
classname identifier string used in the class statement. Attribute __bases__ is the
tuple of class objects given as the base classes in the class statement. For example,
using the class C1 we just created:

print(Cl.__name__, Cl.__bases__)
# prints: C1 (<type 'object's,)

A class also has an attribute __dict__, the mapping object that the class uses to hold
other attributes (AKA its namespace); in classes, this mapping is read-only.

In statements that are directly in a class’s body, references to attributes of the class
must use a simple name, not a fully qualified name. For example:

class C3(object):
X = 23
y =X+ 22 # must use just x, nmot C3.x

However, in statements in methods defined in a class body, references to attributes
of the class must use a fully qualified name, not a simple name. For example:

class C4(object):
X =23
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def amethod(self):
print(C4.x) # must use C4.x or self.x, not just x!

Note that attribute references (i.e., an expression like C.s) have semantics richer
than those of attribute bindings. We cover these references in detail in “Attribute
Reference Basics” on page 108.

Function definitions in a class body

Most class bodies include def statements, since functions (known as methods in this
context) are important attributes for most class objects. A def statement in a class
body obeys the rules presented in “Functions” on page 80. In addition, a method
defined in a class body has a mandatory first parameter, conventionally named
self, that refers to the instance on which you call the method. The self parameter
plays a special role in method calls, as covered in “Bound and Unbound Methods”
on page 110.

Here’s an example of a class that includes a method definition:

class C5(object):
def hello(self):
print('Hello")
A class can define a variety of special methods (methods with names that have two
leading and two trailing underscores—these are also occasionally called “magic
methods,” and frequently referenced verbally as “dunder” methods, e.g., “dunder
init” for __init__) relating to specific operations on its instances. We discuss spe-
cial methods in detail in “Special Methods” on page 123.

Class-private variables

When a statement in a class body (or in a method in the body) uses an identifier
starting with two underscores (but not ending with underscores), such as __ident,
the Python compiler implicitly changes the identifier into _classname__ident,
where classname is the name of the class. This lets a class use “private” names for
attributes, methods, global variables, and other purposes, reducing the risk of acci-
dentally duplicating names used elsewhere, particularly in subclasses.

By convention, identifiers starting with a single underscore are meant to be private
to the scope that binds them, whether that scope is or isn’t a class. The Python com-
piler does not enforce this privacy convention: it’s up to programmers to respect it.

Class documentation strings

If the first statement in the class body is a string literal, the compiler binds that
string as the documentation string for the class. This attribute, named __doc__, is
the docstring of the class. See “Docstrings” on page 85 for more information on
docstrings.

Classesand Instances | 103

uoyiAd

o
=
(]
3
(=g
o
o

(@]

S
o

(2]

-+
[}




Descriptors

A descriptor is any object whose class supplies a special method named __get__
Descriptors that are class attributes control the semantics of accessing and setting
attributes on instances of that class. Roughly speaking, when you access an instance
attribute, Python gets the attribute’s value by calling __get__ on the corresponding
descriptor, if any. For example:

class Const(object): # an overriding descriptor, see later
def __init__ (self, value):
self.value = value
def __set_ (self, *_): # ignore any attempt at setting
pass
def __get_ (self, *_): # always return the constant value
return self.value

class X(object):
c = Const(23)

x=X()

print(x.c) # prints: 23
X.c = 42

print(x.c) # prints: 23

For more details, see “Attribute Reference Basics” on page 108.

Overriding and nonoverriding descriptors

If a descriptor’s class also supplies a special method named __set__, then the
descriptor is known as an overriding descriptor (or, by an older, more widespread,
and slightly confusing terminology, a data descriptor); if the descriptor’s class sup-
plies only __get__and not __set__, then the descriptor is known as a nonoverriding
(or nondata) descriptor.

For example, the class of function objects supplies __get__, but not __set__; there-
fore, function objects are nonoverriding descriptors. Roughly speaking, when you
assign a value to an instance attribute with a corresponding descriptor that is over-
riding, Python sets the attribute value by calling __set__ on the descriptor. For
more details, see “Attributes of instance objects” on page 105.

Instances

To create an instance of a class, call the class object as if it were a function. Each call
returns a new instance whose type is that class:

an_instance = C5()

You can call built-in function isinstance(i, €) with a class object as argument C.
isinstance returns True when object 1 is an instance of class C or of any subclass of
C. Otherwise, isinstance returns False.
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__init__

When a class defines or inherits a method named __1init__, calling the class object
implicitly executes __init__ on the new instance to perform any needed per-
instance initialization. Arguments passed in the call must correspond to the param-
eters of __init__, except for parameter self. For example, consider:

class C6(object):
def __init__(self, n):
self.x = n

Here’s how you can create an instance of the C6 class:
another_instance = C6(42)

As shown in the €6 class, the __init__ method typically contains statements that
bind instance attributes. An __init__ method must not return a value other than
None; if it does, Python raises a TypeError exception.

The main purpose of __init__ is to bind, and thus create, the attributes of a newly
created instance. You may also bind, rebind, or unbind instance attributes outside
__init__, as you’ll see shortly. However, your code is more readable when you ini-
tially bind all attributes of a class instance in the __init__ method.

When __init__ is absent (and is not inherited from any base), you must call the
class without arguments, and the new instance has no instance-specific attributes.

Attributes of instance objects

Once you have created an instance, you can access its attributes (data and methods)
using the dot (.) operator. For example:

an_1instance.hello() # prints: Hello
print(another_instance.x) # prints: 42

Attribute references such as these have fairly rich semantics in Python; we cover
them in detail in “Attribute Reference Basics” on page 108.

You can give an instance object an arbitrary attribute by binding a value to an
attribute reference. For example:

class C7: pass

z = C7()

z.Xx = 23

print(z.x) # prints: 23

Instance object z now has an attribute named x, bound to the value 23, and z.x
refers to that attribute. Note that the __setattr__ special method, if present, inter-
cepts every attempt to bind an attribute. (We cover __setattr__ in Table 4-1.)
When you attempt to bind on an instance an attribute whose name corresponds to
an overriding descriptor in the class, the descriptor’s __set__ method intercepts the
attempt: should 7. x be an overriding descriptor, the assignment z. x=23 would exe-

cute type(z).x.__set_ (z, 23).
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Creating an instance implicitly sets two instance attributes. For any instance z,
z.__class__ is the class object to which z belongs, and z.__dict__ is the mapping
that z uses to hold its other attributes. For example, for the instance z we just
created:

print(z.__class__.__name__, z._ dict_ ) # prints: €7 {'x':23}

You may rebind (but not unbind) either or both of these attributes, but this is rarely
necessary.

For any instance z, any object x, and any identifier S (except __class__ and
__dict_), z.S=xis equivalent to z.__dict__['S']=x (unlessa __setattr__ special
method, or an overriding descriptor’s __set__ special method, intercepts the bind-
ing attempt). For example, again referring to the z we just created:

z.y = 45
z._dict_['z'] = 67
print(z.x, z.y, z.z) # prints: 23 45 67

There is no difference between instance attributes created by assigning to attributes
and those created by explicitly binding an entry in z.__dict__.

The factory-function idiom

It’s often necessary to create instances of different classes depending on some condi-
tion, or to avoid creating a new instance if an existing one is available for reuse. A
common misconception is that such needs might be met by having __init__ return
a particular object, but such an approach is unfeasible: Python raises an exception if
__init__ returns any value other than None. The best way to implement flexible
object creation is by using a function, rather than calling the class object directly. A
function used this way is known as a factory function.

Calling a factory function is a flexible approach: a function may return an existing
reusable instance, or create a new instance by calling whatever class is appropriate.
Say you have two almost interchangeable classes (SpecialCase and NormalCase)
and want to flexibly generate instances of either one of them, depending on an argu-
ment. The following appropriate_case factory function, as a “toy” example, allows
you to do just that (we cover the role of the self parameter in “Bound and
Unbound Methods” on page 110):

class SpecialCase(object):
def amethod(self): print('special')
class NormalCase(object):
def amethod(self): print('normal')
def appropriate_case(isnormal=True):
if isnormal: return NormalCase()
else: return SpecialCase()
aninstance = appropriate_case(isnormal=False)
aninstance.amethod() # prints: special
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_new

Each class has (or inherits) a class method named __new__ (we cover class methods
in “Class methods” on page 118). When you call C(*args,**kwds) to create a new
instance of class C, Python first calls C.__new__(C,*args,**kwds). Python uses
__new__s return value x as the newly created instance. Then, Python calls
C.__init__(x,*args,**kwds), but only when x is indeed an instance of C or any of
its subclasses (otherwise, x’s state remains as __new__ had left it). Thus, for example,
the statement x=C(23) is equivalent to:

x = C.__new__(C, 23)
if isinstance(x, C): type(x).__init__(x, 23)

object.__new__ creates a new, uninitialized instance of the class it receives as its
first argument. It ignores other arguments when that class has an __init__ method,
but it raises an exception when it receives other arguments beyond the first, and the
class that’s the first argument does not have an __init__ method. When you over-
ride __new__ within a class body, you do not need to add __new__=classme
thod(__new__), nor use an @classmethod decorator, as you normally would:
Python recognizes the name __new__ and treats it specially in this context. In those
extremely rare cases in which you rebind C.__new__ later, outside the body of class
G, you do need to use C.__new__=classmethod(whatever).

__new__ has most of the flexibility of a factory function, as covered in “The factory-
function idiom” on page 106. __new__ may choose to return an existing instance or
make a new one, as appropriate. When __new__ does need to create a new instance,
it most often delegates creation by calling object.__new__ or the __new__ method
of another superclass of C. The following example shows how to override class
method __new__ in order to implement a version of the Singleton design pattern:

class Singleton(object):
_singletons = {}
def __new__ (cls, *args, **kwds):
if cls not in cls._singletons:
cls._singletons[cls] = super(Singleton, cls).__new__(cls)
return cls._singletons[cls]

(We cover built-in super in “Cooperative superclass method calling” on page 115.)

Any subclass of Singleton (that does not further override __new__) has exactly one
instance. If the subclass defines __init__, the subclass must ensure its __init__is
safe when called repeatedly (at each creation request) on the one and only class
instance; that is because __init__, on any subclass of Singleton that defines it, exe-
cutes repeatedly, each time you instantiate the subclass, on the one and only
instance that exists for each subclass of Singleton.
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v3 allows simple, cleaner coding for this example

We coded this example to work equally well in v2 and v3. In
v3, you could code it more simply and cleanly by giving Sin
gleton no superclasses, and calling super without arguments.

Attribute Reference Basics

An attribute reference is an expression of the form x. name, where x is any expression
and name is an identifier called the attribute name. Many kinds of Python objects
have attributes, but an attribute reference has special rich semantics when x refers to
a class or instance. Remember that methods are attributes too, so everything we say
about attributes in general also applies to attributes that are callable (i.e., methods).

Say that x is an instance of class C, which inherits from base class B. Both classes and
the instance have several attributes (data and methods), as follows:

class B(object):
a =23
b =45
def f(self): print('method f in class B')
def g(self): print('method g in class B')

class C(B):
b =67
c = 89
d =123

def g(self): print('method g in class C')
def h(self): print('method h in class C')

x = C()
x.d = 77
x.e = 88

A few attribute dunder-names are special. C.__name__ is the string 'C', the class’s
name. C.__bases__ is the tuple (B8,), the tuple of Cs base classes. x.__class__ is
the class ¢, the class to which x belongs. When you refer to an attribute with one of
these special names, the attribute reference looks directly into a dedicated slot in the
class or instance object and fetches the value it finds there. You cannot unbind these
attributes. You may rebind them on the fly, to change the name or base classes of a
class, or to change the class of an instance, but this advanced technique is rarely
necessary.

Both class € and instance x each have one other special attribute: a mapping named
__dict__. All other attributes of a class or instance, except for the few special ones,
are held as items in the __dict__ attribute of the class or instance.

Getting an attribute from a class

When you use the syntax C.name to refer to an attribute on a class object ¢, the
lookup proceeds in two steps:
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1. When ‘name’ is a key in C.__dict__, C.name fetches the value v from
C.__dict__['name']. Then, when v is a descriptor (i.e., type(v) supplies a
method named __get_ ), the value of C.name is the result of calling
type(v).__get__(v, None, (). When v is not a descriptor, the value of
C.nameis v.

2. When 'name’ is not a key in C.__dict__, C.name delegates the lookup to Cs
base classes, meaning it loops on Cs ancestor classes and tries the name lookup
on each (in method resolution order, as covered in “Method resolution order”
on page 113).

Getting an attribute from an instance

When you use the syntax x. name to refer to an attribute of instance x of class C, the
lookup proceeds in three steps:

1. When 'name’ is found in C (or in one of Cs ancestor classes) as the name of an
overriding descriptor v (i.e., type(v) supplies methods __get__and __set_)

o The value of x. name is the result of type(v).__get_ (v, x, C)

2. Otherwise, when 'name’ is a key in x.__dict__

o x.name fetches and returns the value at x.__dict__['name']

3. Otherwise, x. name delegates the lookup to x’s class (according to the same two-
step lookup used for C. name, as just detailed)

o When a descriptor v is found, the overall result of the attribute lookup is,
again, type(v).__get__ (v, x, C)

o When a nondescriptor value v is found, the overall result of the attribute
lookup is just v

When these lookup steps do not find an attribute, Python raises an AttributeError
exception. However, for lookups of x.name, when C defines or inherits the special
method __getattr__, Python calls C.__getattr__(x, 'name') rather than raising
the exception. It’s then up to __getattr__ to either return a suitable value or raise
the appropriate exception, normally AttributeError.

Consider the following attribute references, defined previously:
print(x.e, x.d, x.c, x.b, x.a) # prints: 88 77 89 67 23

x.e and x.d succeed in step 2 of the instance lookup process, since no descriptors
are involved, and 'e' and 'd"' are both keys in x.__dict__. Therefore, the lookups
go no further, but rather return 88 and 77. The other three references must proceed
to step 3 of the instance process and look in x.__class__ (i.e., (). x.c and x. b suc-
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ceed in step 1 of the class lookup process, since 'c' and 'b' are both keys in
C.__dict__. Therefore, the lookups go no further but rather return 89 and 67. x.a
gets all the way to step 2 of the class process, looking in C.__bases__[0] (i.e., B).
'a' isakeyin B.__dict__; therefore, x. a finally succeeds and returns 23.

Setting an attribute

Note that the attribute lookup steps happen as just described only when you refer to
an attribute, not when you bind an attribute. When you bind (on either a class or an
instance) an attribute whose name is not special (unless a __setattr__ method, or
the __set__ method of an overriding descriptor, intercepts the binding of an
instance attribute), you affect only the __dict__ entry for the attribute (in the class
or instance, respectively). In other words, for attribute binding, there is no lookup
procedure involved, except for the check for overriding descriptors.

Bound and Unbound Methods

The method __get__ of a function object can return an unbound method object (in
v2) or the function object itself (in v3), or a bound method object that wraps the
function. The key difference between unbound and bound methods is that an
unbound method (v2 only) is not associated with a particular instance, while a
bound method is.

In the code in the previous section, attributes f, g, and h are functions; therefore, an
attribute reference to any one of them returns a method object that wraps the
respective function. Consider the following:

print(x.h, x.g, x.f, C.h, C.g, C.f)

This statement outputs three bound methods, represented by strings like:
<bound method C.h of <__main__.C object at 0x8156d5c>>

and then, in v2, three unbound ones, represented by strings like:
<unbound method C.h>

or, in v3, three function objects, represented by strings like:

<function C.h at 0x102cabae8>

Bound versus unbound methods

We get bound methods when the attribute reference is on
instance x, and unbound methods (in v3, function objects)
when the attribute reference is on class C.

Because a bound method is already associated with a specific instance, you call the
method as follows:

x.h() # prints: method h in class C
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The key thing to notice here is that you don’t pass the method’s first argument, self,
by the usual argument-passing syntax. Rather, a bound method of instance x implic-
itly binds the self parameter to object x. Thus, the body of the method can access
the instance’s attributes as attributes of self, even though we don’t pass an explicit
argument to the method.

An unbound method (v2 only), however, is not associated with a specific instance,
so you must specify an appropriate instance as the first argument when you call an
unbound method. For example:

C.h(x) # prints: method h in class C

You call unbound methods far less frequently than bound methods. One important
use for unbound methods is to access overridden methods, as discussed in “Inheri-
tance” on page 113; even for that task, though, it’s usually better to use the super
built-in covered in “Cooperative superclass method calling” on page 115. Another
frequent use of unbound methods is in higher-order functions; for example, to sort
a list of strings alphabetically but case-insensitively, los.sort(key=str.lower) is
fine.

Unbound method details (v2 only)

As we've just discussed, when an attribute reference on a class refers to a function, a
reference to that attribute, in v2, returns an unbound method object that wraps the
function. An unbound method has three attributes in addition to those of the func-
tion object it wraps: im_class is the class object supplying the method, im_func is
the wrapped function, and im_self is always None. These attributes are all read-
only, meaning that trying to rebind or unbind any of them raises an exception.

You can call an unbound method just as you would call its im_func function, but
the first argument in any call must be an instance of im_class or a descendant. In
other words, a call to an unbound method must have at least one argument, which
corresponds to the wrapped function’s first formal parameter (conventionally
named self).

Bound method details

When an attribute reference on an instance, in the course of the lookup, finds a
function object that’s an attribute in the instance’s class, the lookup calls the func-
tions __get__ method to get the attribute’s value. The call, in this case, creates and
returns a bound method that wraps the function.

Note that when the attribute reference’s lookup finds a function object in
x.__dict__, the attribute reference operation does not create a bound method: in
such cases Python does not treat the function as a descriptor, and does not call the
function’s __get__ method; rather, the function object itself is the attribute’s value.
Similarly, Python creates no bound method for callables that are not ordinary func-
tions, such as built-in (as opposed to Python-coded) functions, since such callables
are not descriptors.
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A bound method is similar to an unbound method in that it has three read-only
attributes in addition to those of the function object it wraps. Like in an unbound
method, im_class is the class object that supplies the method, and im_func is the
wrapped function. However, in a bound method object, attribute im_self refers to
x, the instance from which you got the method.

You use a bound method just like its im_func function, but calls to a bound method
do not explicitly supply an argument corresponding to the first formal parameter
(conventionally named self). When you call a bound method, the bound method
passes im_self as the first argument to im_func before other arguments (if any)
given at the point of call.

Lets follow in excruciating low-level detail the conceptual steps involved in a
method call with the normal syntax x. name(arg). In the following context:

def f(a, b): ... # a function f with two arguments

class C(object):
name = f
x = C()

x is an instance object of class C, name is an identifier that names a method of xs (an
attribute of C whose value is a function, in this case function f), and arg is any
expression. Python first checks if 'name’ is the attribute name in C of an overriding
descriptor, but it isn't—functions are descriptors, because their type defines method
__get__, but not overriding ones, because their type does not define method
__set__. Python next checks if 'name’' is a key in x.__dict__, butitisn't. So Python
finds name in C (everything would work in just the same way if name was found, by
inheritance, in one of Cs __bases__). Python notices that the attribute’s value, func-
tion object f;, is a descriptor. Therefore, Python calls f.__get__(x, ), which cre-
ates a bound method object with im_func set to f, im_class set to G, and im_self
set to x. Then Python calls this bound method object, with arg as the only argu-
ment. The bound method inserts im_self (i.e., x) as the first argument, and arg
becomes the second one, in a call to the bound method’s im_func (i.e., function f).
The overall effect is just like calling:

x.__class__.__dict__['name'](x, arg)

When a bound method’s function body executes, it has no special namespace rela-
tionship to either its self object or any class. Variables referenced are local or
global, just as for any other function, as covered in “Namespaces” on page 90. Vari-
ables do not implicitly indicate attributes in self, nor do they indicate attributes in
any class object. When the method needs to refer to, bind, or unbind an attribute of
its self object, it does so by standard attribute-reference syntax (e.g., self.name).
The lack of implicit scoping may take some getting used to (simply because Python
differs in this respect from many other object-oriented languages), but it results in
clarity, simplicity, and the removal of potential ambiguities.
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Bound method objects are first-class objects: you can use them wherever you can
use a callable object. Since a bound method holds references to the function it wraps
and to the self object on which it executes, it’s a powerful and flexible alternative to
a closure (covered in “Nested functions and nested scopes” on page 91). An instance
object whose class supplies the special method __call__ (covered in Table 4-1)
offers another viable alternative. Each of these constructs lets you bundle some
behavior (code) and some state (data) into a single callable object. Closures are sim-
plest, but limited in their applicability. Here’s the closure from “Nested functions
and nested scopes” on page 91:

def make_adder_as_closure(augend):
def add(addend, _augend=augend): return addend+_augend
return add

Bound methods and callable instances are richer and more flexible than closures.
Here’s how to implement the same functionality with a bound method:

def make_adder_as_bound_method(augend):
class Adder(object):
def __init__ (self, augend): self.augend = augend
def add(self, addend): return addend+self.augend
return Adder(augend).add

And here’s how to implement it with a callable instance (an instance whose class
supplies the special method __call__):

def make_adder_as_callable_1instance(augend):
class Adder(object):
def __init_ (self, augend): self.augend = augend
def __call__(self, addend): return addend+self.augend
return Adder(augend)

From the viewpoint of the code that calls the functions, all of these factory functions
are interchangeable, since all of them return callable objects that are polymorphic
(i.e., usable in the same ways). In terms of implementation, the closure is simplest;
the bound method and the callable instance use more flexible, general, and powerful
mechanisms, but there is no need for that extra power in this simple example.

Inheritance

When you use an attribute reference C.name on a class object C, and 'name’ is not a
key in C.__dict__, the lookup implicitly proceeds on each class object that is in
C.__bases__ in a specific order (which for historical reasons is known as the
method resolution order, or MRO, but applies to all attributes, not just methods). C's
base classes may in turn have their own bases. The lookup checks direct and indi-
rect ancestors, one by one, in MRO, stopping when 'name ' is found.

Method resolution order

The lookup of an attribute name in a class essentially occurs by visiting ancestor
classes in left-to-right, depth-first order. However, in the presence of multiple inher-
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itance (which makes the inheritance graph a general Directed Acyclic Graph rather
than specifically a tree), this simple approach might lead to some ancestor class
being visited twice. In such cases, the resolution order leaves in the lookup sequence
only the rightmost occurrence of any given class.

Each class and built-in type has a special read-only class attribute called __mro__,
which is the tuple of types used for method resolution, in order. You can reference
__mro__ only on classes, not on instances, and, since __mro__ is a read-only
attribute, you cannot rebind or unbind it. For a detailed and highly technical
explanation of all aspects of Python’s MRO, you may want to study an online essay
by Michele Simionato, The Python 2.3 Method Resolution Order, and GvR's history
note at the Python History site.

Overriding attributes

As we've just seen, the search for an attribute proceeds along the MRO (typically, up
the inheritance tree) and stops as soon as the attribute is found. Descendant classes
are always examined before their ancestors, so that, when a subclass defines an
attribute with the same name as one in a superclass, the search finds the definition
in the subclass and stops there. This is known as the subclass overriding the defini-
tion in the superclass. Consider the following:

class B(object):
a =23
b = 45
def f(self): print('method f in class B')
def g(self): print('method g in class B')

class C(B):
b =67
c = 89
d =123

def g(self): print('method g in class C')
def h(self): print('method h in class C')

In this code, class C overrides attributes b and g of its superclass B. Note that, unlike
in some other languages, in Python you may override data attributes just as easily as
callable attributes (methods).

Delegating to superclass methods

When a subclass C overrides a method f of its superclass B, the body of C. f often
wants to delegate some part of its operation to the superclass’s implementation of
the method. This can sometimes be done using what, in v2, is an unbound method
(in v3, it’s a function object, but works just the same way), as follows:

class Base(object):
def greet(self, name): print('Welcome', name)
class Sub(Base):
def greet(self, name):
print('Well Met and', end=' ")
Base.greet(self, name)
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x = Sub()
x.greet('Alex")

The delegation to the superclass, in the body of Sub.greet, uses an unbound
method (in v2; in v3, with this same syntax, it’s a function object, which works just
the same way) obtained by attribute reference Base.greet on the superclass, and
therefore passes all arguments normally, including self. Delegating to a superclass
implementation is the most frequent use of unbound methods in v2.

One common use of delegation occurs with special method __init__. When
Python creates an instance, the __init__ methods of base classes are not automati-
cally called, as they are in some other object-oriented languages. Thus, it is up to a
subclass to perform the proper initialization of superclasses, by using delegation, if
necessary. For example:

class Base(object):
def __init__ (self):
self.anattribute = 23
class Derived(Base):
def __init__(self):
Base.__init__(self)
self.anotherattribute = 45
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If the __init__ method of class Derived didn't explicitly call that of class Base,
instances of Derived would miss that portion of their initialization, and thus such
instances would lack attribute anattribute. This issue does not arise if a subclass
does not define __init__, since in that case it inherits it from the superclass. So
there is never any reason to code:

class Derived(Base):
def __init__ (self):
Base.__init__(self)

Never code a method that just delegates to the superclass
Never define a semantically empty __init__ (i.e., one that just
delegates to the superclass): rather, just inherit __init__ from
the superclass. This advice applies to all methods, special or
not, but, for some reason, the bad habit of coding such seman-
tically empty methods occurs most often for __init__.

Cooperative superclass method calling

Calling the superclass’s version of a method with unbound method syntax is quite
problematic in cases of multiple inheritance with diamond-shaped graphs. Consider
the following definitions:

class A(object):
def met(self):
print('A.met")
class B(A):
def met(self):
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print('B.met")
A.met(self)
class C(A):
def met(self):
print('C.met")
A.met(self)
class D(B,C):
def met(self):
print('D.met")
B.met(self)
C.met(self)

In this code, when we call D() .met(), A.met ends up being called twice. How can we
ensure that each ancestor’s implementation of the method is called once and only
once? The solution is to use built-in type super. In v2, this requires calling
super(aclass, obj), which returns a special superobject of object obj. When we
look up an attribute in this superobject, the lookup begins after class aclass in obj’s
MRO. In v2, we can therefore rewrite the previous code as:

class A(object):
def met(self):
print('A.met")
class B(A):
def met(self):
print('B.met")
super(B,self).met()
class C(A):
def met(self):
print('C.met")
super(C,self).met()
class D(B,C):
def met(self):
print('D.met")
super(D,self).met()

In v3, while the v2 syntax is still OK (and so the preceding snippet runs fine),
super’s semantics have been strengthened so you can replace each of the calls to it
with just super (), without arguments.

Now, D().met() results in exactly one call to each class’s version of met. If you get
into the habit of always coding superclass calls with super, your classes fit smoothly
even in complicated inheritance structures. There are no ill effects if the inheritance
structure instead turns out to be simple.

The only situation in which you may prefer to use the rougher approach of calling
superclass methods through the unbound-method syntax is when the various
classes have different and incompatible signatures for the same method—an
unpleasant situation in many respects, but, if you do have to deal with it, the
unbound-method syntax may sometimes be the least of evils. Proper use of multiple
inheritance is seriously hampered—but then, even the most fundamental properties
of OOP, such as polymorphism between base and subclass instances, are seriously
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impaired when you give methods of the same name different and incompatible sig-
natures in the superclass and subclass.

“Deleting” class attributes

Inheritance and overriding provide a simple and effective way to add or modify
(override) class attributes (such as methods) noninvasively (i.e., without modifying
the base class defining the attributes) by adding or overriding the attributes in sub-
classes. However, inheritance does not offer a way to delete (hide) base classes’
attributes noninvasively. If the subclass simply fails to define (override) an attribute,
Python finds the base class’s definition. If you need to perform such deletion, possi-
bilities include:

o Override the method and raise an exception in the method’s body.

o Eschew inheritance, hold the attributes elsewhere than in the subclass’s
__dict__, and define __getattr__ for selective delegation.

o Override __getattribute__ to similar effect.

The last of these techniques is shown in “__getattribute__” on page 122.

The Built-in object Type

The built-in object type is the ancestor of all built-in types and new-style classes.
The object type defines some special methods (documented in “Special Methods”
on page 123) that implement the default semantics of objects:

new__ __init__
You can create a direct instance of object by calling object() without any
arguments. The call implicitly uses object.__new__ and object.__init__to
make and return an instance object without attributes (and without even a
__dict__ in which to hold attributes). Such instance objects may be useful as
“sentinels,” guaranteed to compare unequal to any other distinct object.

__delattr__ _ getattribute__ __setattr__
By default, any object handles attribute references (as covered in “Attribute Ref-
erence Basics” on page 108) using these methods of object.

__hash__ __repr__ __str__
Any object can be passed to the functions hash and repr and to the type str.

A subclass of object may override any of these methods and/or add others.

(Class-Level Methods

Python supplies two built-in nonoverriding descriptor types, which give a class two
distinct kinds of “class-level methods”: static methods and class methods.
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Static methods

A static method is a method that you can call on a class, or on any instance of the
class, without the special behavior and constraints of ordinary methods, bound or
unbound, with regard to the first parameter. A static method may have any signa-
ture; it may have no parameters, and the first parameter, if any, plays no special role.
You can think of a static method as an ordinary function that you’re able to call nor-
mally, despite the fact that it happens to be bound to a class attribute.

While it is never necessary to define static methods (you can always choose to
instead define a normal function, outside the class), some programmers consider
them to be an elegant syntax alternative when a function’s purpose is tightly bound
to some specific class.

To build a static method, call the built-in type staticmethod and bind its result to a
class attribute. Like all binding of class attributes, this is normally done in the body
of the class, but you may also choose to perform it elsewhere. The only argument to
staticmethod is the function to call when Python calls the static method. The fol-
lowing example shows one way to define and call a static method:

class AClass(object):
def astatic(): print('a static method')
astatic = staticmethod(astatic)
an_1instance = AClass()
AClass.astatic() # prints: a static method
an_instance.astatic() # prints: a static method

This example uses the same name for the function passed to staticmethod and for
the attribute bound to staticmethod’s result. This naming is not mandatory, but it’s
a good idea, and we recommend you always use it. Python also offers a special, sim-
plified syntax to support this style, covered in “Decorators” on page 138.

(Class methods

A class method is a method you can call on a class or on any instance of the class.
Python binds the method’s first parameter to the class on which you call the
method, or the class of the instance on which you call the method; it does not bind
it to the instance, as for normal bound methods. The first parameter of a class
method is conventionally named cls.

While it is never necessary to define class methods (you can always choose to
instead define a normal function, outside the class, that takes the class object as its
first parameter), class methods are an elegant alternative to such functions (particu-
larly since they can usefully be overridden in subclasses, when that is necessary).

To build a class method, call the built-in type classmethod and bind its result to a
class attribute. Like all binding of class attributes, this is normally done in the body
of the class, but you may choose to perform it elsewhere. The only argument to
classmethod is the function to call when Python calls the class method. Here’s one
way you can define and call a class method:
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class ABase(object):
def aclassmet(cls): print('a class method for', cls.__name__)
aclassmet = classmethod(aclassmet)

class ADeriv(ABase): pass

b_instance = ABase()

d_1instance = ADeriv()

ABase.aclassmet() # prints: a class method for ABase
b_instance.aclassmet() # prints: a class method for ABase
ADeriv.aclassmet() # prints: a class method for ADeriv

d_1instance.aclassmet() # prints: a class method for ADeriv

This example uses the same name for the function passed to classmethod and for
the attribute bound to classmethod’s result. This naming is not mandatory, but it’s a
good idea, and we recommend that you always use it. Python offers a special, sim-
plified syntax to support this style, covered in “Decorators” on page 138.

Properties

Python supplies a built-in overriding descriptor type, which you may use to give a
class’s instances properties.

A property is an instance attribute with special functionality. You reference, bind, or
unbind the attribute with the normal syntax (e.g., print(x.prop), x.prop=23, del
x.prop). However, rather than following the usual semantics for attribute reference,
binding, and unbinding, these accesses call on instance x the methods that you
specify as arguments to the built-in type property. Here’s one way to define a read-
only property:
class Rectangle(object):
def __init__(self, width, height):
self.width = width
self.height = height
def get_area(self):
return self.width * self.height
area = property(get_area, doc='area of the rectangle')

Each instance r of class Rectangle has a synthetic read-only attribute r.area, com-
puted on the fly in method r.get_area() by multiplying the sides. The docstring
Rectangle.area.__doc__is 'area of the rectangle'. Attribute r.area is read-
only (attempts to rebind or unbind it fail) because we specify only a get method in
the call to property, no set or del methods.

Properties perform tasks similar to those of special methods __getattr__,
__setattr__, and __delattr__ (covered in “General-Purpose Special Methods” on
page 124), but are faster and simpler. To build a property, call the built-in type prop
erty and bind its result to a class attribute. Like all binding of class attributes, this is
normally done in the body of the class, but you may choose to do it elsewhere.
Within the body of a class C, you can use the following syntax:

attrib = property(fget=None, fset=None, fdel=None, doc=None)
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When x is an instance of C and you reference x.attrib, Python calls on x the
method you passed as argument fget to the property constructor, without argu-
ments. When you assign x.attrib = value, Python calls the method you passed as
argument fset, with value as the only argument. When you execute del x.attrib,
Python calls the method you passed as argument fdel, without arguments. Python
uses the argument you passed as doc as the docstring of the attribute. All parameters
to property are optional. When an argument is missing, the corresponding opera-
tion is forbidden (Python raises an exception when some code attempts that opera-
tion). For example, in the Rectangle example, we made property area read-only,
because we passed an argument only for parameter fget, and not for parameters
fsetand fdel.

A more elegant syntax to create properties in a class is to use property as a decora-
tor (see “Decorators” on page 138):

class Rectangle(object):
def __init__(self, width, height):
self.width = width
self.height = height

def area(self):
""'area of the rectangle'''
return self.width * self.height

To use this syntax, you must give the getter method the same name as you want the
property to have; the method’s docstring becomes the docstring of the property. If
you want to add a setter and/or a deleter as well, use decorators named (in this
example) area. setter and area.deleter, and name the methods thus decorated
the same as the property, too. For example:

class Rectangle(object):
def __init__ (self, width, height):
self.width = width
self.height = height

def area(self):
""'area of the rectangle''’
return self.width * self.height
.setter
def area(self, value):
scale = math.sqrt(value/self.area)
self.width *= scale
self.height *= scale

Why properties are important

The crucial importance of properties is that their existence makes it perfectly safe
(and indeed advisable) for you to expose public data attributes as part of your class’s
public interface. Should it ever become necessary, in future versions of your class or
other classes that need to be polymorphic to it, to have some code executed when
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the attribute is referenced, rebound, or unbound, you know you will be able to
change the plain attribute into a property and get the desired effect without any
impact on any other code that uses your class (AKA “client code”). This lets you
avoid goofy idioms, such as accessor and mutator methods, required by OO lan-
guages that lack properties or equivalent machinery. For example, client code can
simply use natural idioms such as:

some_instance.widget_count += 1

rather than being forced into contorted nests of accessors and mutators such as:

some_instance.set_widget_count(some_instance.get_widget_count() + 1)

If you're ever tempted to code methods whose natural names are something like
get_this or set_that, wrap those methods into properties instead, for clarity.

Properties and inheritance

Inheritance of properties is just like for any other attribute. However, there’s a little
trap for the unwary: the methods called upon to access a property are those defined in
the class in which the property itself is defined, without intrinsic use of further over-
riding that may happen in subclasses. For example:

class B(object):
def f(self): return 23
g = property(f)
class C(B):
def f(self): return 42
c=CO
print(c.g) # prints: 23, not 42

Accessing property c. g calls B. f, not C. f as you might expect. The reason is quite
simple: the property constructor receives (directly or via the decorator syntax) the
function object f (and that happens at the time the class statement for B executes, so
the function object in question is the one also known as B. f). The fact that the sub-
class Clater redefines name f is therefore irrelevant, since the property performs no
lookup for that name, but rather uses the function object it was passed at creation
time. If you need to work around this issue, you can always do it by adding the extra
level of lookup indirection yourself:

class B(object):
def f(self): return 23
def _f _getter(self): return self.f()
g = property(_f_getter)
class C(B):
def f(self): return 42
c=CQ
print(c.g) # prints: 42, as expected

Here, the function object held by the property is B._f_getter, which in turn does
perform a lookup for name f (since it calls self. f()); therefore, the overriding of f
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has the expected effect. After all, as David Wheeler famously put it, “All problems
in computer science can be solved by another level of indirection

__slots

Normally, each instance object x of any class C has a dictionary x.__dict__ that
Python uses to let you bind arbitrary attributes on x. To save a little memory (at the
cost of letting x have only a predefined set of attribute names), you can define in
class C a class attribute named __slots__, a sequence (normally a tuple) of strings
(normally identifiers). When class C has an attribute __slots__, a direct instance x
of class € has no x.__dict__, and any attempt to bind on x any attribute whose
name is not in C.__slots__ raises an exception.

Using __slots__ lets you reduce memory consumption for small instance objects
that can do without the powerful and convenient ability to have arbitrarily named
attributes. __slots__ is worth adding only to classes that can have so many instan-
ces that saving a few tens of bytes per instance is important—typically classes that
could have millions, not mere thousands, of instances alive at the same time. Unlike
most other class attributes, __slots__ works as we've just described only if an
assignment in the class body binds it as a class attribute. Any later alteration,
rebinding, or unbinding of __slots__ has no effect, nor does inheriting __slots__
from a base class. Here’s how to add __slots__ to the Rectangle class defined ear-
lier to get smaller (though less flexible) instances:

class OptimizedRectangle(Rectangle):
__slots__ = 'width', 'height'

We do not need to define a slot for the area property. __slots__ does not constrain
properties, only ordinary instance attributes, which would reside in the instance’s
__dict__if __slots__ wasn’t defined.

__getattribute__

All references to instance attributes go through special method __getattribute__.
This method comes from object, where it implements the details of object attribute
reference semantics documented in “Attribute Reference Basics” on page 108. How-
ever, you may override __getattribute__ for special purposes, such as hiding
inherited class attributes for a subclass’s instances. The following example shows
one way to implement a list without append:

class listNoAppend(list):
def _ getattribute__(self, name):
if name == 'append': raise AttributeError(name)
return list.__getattribute__(self, name)

1 To complete, for once, the usually truncated famous quote: “except of course for the problem of
too many indirections.”
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An instance x of class listNoAppend is almost indistinguishable from a built-in list
object, except that performance is substantially worse, and any reference to
x.append raises an exception.

Per-Instance Methods

An instance can have instance-specific bindings for all attributes, including callable
attributes (methods). For a method, just like for any other attribute (except those
bound to overriding descriptors), an instance-specific binding hides a class-level
binding: attribute lookup does not consider the class when it finds a binding
directly in the instance. An instance-specific binding for a callable attribute does not
perform any of the transformations detailed in “Bound and Unbound Methods” on
page 110: the attribute reference returns exactly the same callable object that was
earlier bound directly to the instance attribute.

However, this does not work as you might expect for per-instance bindings of the
special methods that Python calls implicitly as a result of various operations, as cov-
ered in “Special Methods” on page 123. Such implicit uses of special methods always
rely on the class-level binding of the special method, if any. For example:

def fake_get_item(idx): return idx

class MyClass(object): pass

n = MyClass()

n.__getitem__ = fake_get_item

print(n[23]) # results in:
# Traceback (most recent call last):

# File "<stdin>", line 1, in ?

# TypeError: unindexable object

Inheritance from Built-in Types

A class can inherit from a built-in type. However, a class may directly or indirectly
extend multiple built-in types only if those types are specifically designed to allow
this level of mutual compatibility. Python does not support unconstrained inheri-
tance from multiple arbitrary built-in types. Normally, a new-style class only
extends at most one substantial built-in type—this means at most one built-in type
in addition to object, which is the superclass of all built-in types and classes and
imposes no constraints on multiple inheritance. For example:

class noway(dict, list): pass

raises a TypeError exception, with a detailed explanation of “multiple bases have
instance lay-out conflict” If you ever see such error messages, it means that youre
trying to inherit, directly or indirectly, from multiple built-in types that are not
specifically designed to cooperate at such a deep level.

Special Methods

A class may define or inherit special methods (i.e., methods whose names begin and
end with double underscores, AKA “dunder” or “magic” methods). Each special
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method relates to a specific operation. Python implicitly calls a special method
whenever you perform the related operation on an instance object. In most cases,
the method’s return value is the operation’s result, and attempting an operation
when its related method is not present raises an exception.

Throughout this section, we point out the cases in which these general rules do not
apply. In the following, x is the instance of class C on which you perform the opera-
tion, and y is the other operand, if any. The parameter self of each method also
refers to the instance object x. In the following sections, whenever we mention calls
to x.__whatever__(...), keep in mind that the exact call happening is rather,
pedantically speaking, x.__class__.__whatever__(x, ...).

General-Purpose Special Methods

Some special methods relate to general-purpose operations. A class that defines or
inherits these methods allows its instances to control such operations. These opera-
tions can be divided into the following categories:

Initialization and finalization
A class can control its instances’ initialization (a very common requirement)
via the special methods __new__and __init__, and/or their finalization (a rare
requirement) via __del__

Representation as string
A class can control how Python renders its instances as strings via special
methods __repr__, __str__, __format__, (v3 only) __bytes__, and (v2 only)
__unicode__.

Comparison, hashing, and use in a Boolean context
A class can control how its instances compare with other objects (methods
_ 1t , le , gt , ge , eq_,__ne__),howdictionaries use them as
keys and sets use them as members (__hash__), and whether they evaluate to
true or false in Boolean contexts (__nonzero__inv2, __bool__ in v3).

Attribute reference, binding, and unbinding
A class can control access to its instances attributes (reference, binding,
unbinding) via special methods __getattribute__, __getattr_,
__setattr__,and __delattr__.

Callable instances
An instance is callable, just like a function object, if its class has the special
method __call__.

Table 4-1 documents the general-purpose special methods.
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Table 4-1. General-purpose special methods

__bytes__

_all__

_ dir__

_ del__

_ delattr__

__bytes__(self)

Inv3, calling bytes(x) calls x. __bytes__(), if present. If a class supplies both
special methods __bytes__and __str__, the two should return equivalent strings
(of bytes and text type, respectively).

__call__(self[,args...])

When you call x([args. .. 1), Python translates the operation into a call to
x.__call__([args...]).Thearguments for the call operation correspond to the
parameters for the __call__ method, minus the first. The first parameter,
conventionally called se'lf, refers to x, and Python supplies it implicitly and
automatically, just as in any other call to a bound method.

__dir__(self)

When you call dir(x), Python translates the operation into a call to x. __dir__(),
which must return a sorted list of x's attributes. If x's class does not havea __dir__,
then dir(x) does its own introspection to return a list of x’s attributes, striving to
produce relevant, rather than complete, information.

__del__(self)

Just before x disappears because of garbage collection, Python calls x. __del__() to
let x finalize itself. If __del__is absent, Python performs no special finalization upon
garbage-collecting x (this is the usual case: very few classes need to define __del__).
Python ignores the return value of __del__ and performs no implicit call to __del__
methods of class C's superclasses. C.__del__ must explicitly perform any needed
finalization, including, if need be, by delegation. For example, when class C has a base
class B to finalize, the code in C.__del__ must call

super(C, self).__del__() (or,inv3,just super().__del__()).

Note that the __del__ method has no direct connection with the de statement, as
covered in “del Statements” on page 54.

__del__is generally not the best approach when you need timely and guaranteed
finalization. For such needs, use the try/finally statement covered in “try/finally”
on page 150 (or, even better, the with statement, covered in “The with Statement” on
page 80). Instances of classes defining __del__ cannot participate in cyclic-garbage
collection, covered in “Garbage Collection” on page 386. Therefore, you should be
particularly careful to avoid reference loops involving such instances, and define
__del__ only when there is no feasible alternative.

__delattr__(self, name)

At every request to unbind attribute x. y (typically, a del statement del x. y),
Python calls x.__delattr__('y"). All the considerations discussed later for
__setattr__alsoapplyto __delattr__.Python ignores the return value of
__delattr__.If__delattr__isabsent, Python translates del x. yinto
delx.__dict_['y'].
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_eq_,_ge_ , __eq_ (self, other) __ge__(self, other)
_gt_,_le , gt _ (self,other) __le_ (self, other)
_It_, ne_ 1t_ (self, other) __ne__(self, other)

The comparisons x==y, x>=y, x>y, x<=y, x<y, and x! =y, respectively, call the
special methods listed here, which should return False or True. Each method may
return NotImplemented to tell Python to handle the comparison in alternative ways
(e.g., Python may then try y>x in lieu of x<y).

Best practice is to define only one inequality comparison method (normally __1t__)
plus __eq__, and decorate the class with functools.total_ordering
(covered in Table 7-4) to avoid boilerplate, and any risk of logical contradictions in your
comparisons.

__getattr__ __getattr__(self, name)

When the attribute x.y can’t be found by the usual steps (i.e., when
AttributeError would normally be raised), Python calls

Xx.__getattr__('y") instead. Python does not call __getattr__ for attributes
found by normal means (i.e., as keysin x.__dict__, orvia x.__class__).Ifyou
want Python to call __getattr__ on every attribute reference, keep the attributes
elsewhere (e.g., in another dictionary referenced by an attribute with a private name),
or else override __getattribute__instead. _getattr__ should raise
AttributeError ifit cannot find y.

__getattribute__ __getattribute__(self, name)

At every request to access attribute x. y, Python calls
Xx.__getattribute__('y"), which must get and return the attribute value or
else raise AttributeError. The normal semantics of attribute access (using
x.__dict__, C.__slots__, Csdlassattributes, x. __getattr__)areall due to
object.__getattribute__.

When class C overrides __getattribute__, it mustimplement all of the attribute
access semantics it wants to offer. Most often, the most convenient way to implement
attribute access semantics is by delegating (e.g., calling
object.__getattribute__(self,...) aspartof the operation of your
override of __getattribute_ ).

Overriding __getattribute__ slows
attribute access

When a class overrides __getattribute__,

\ attribute accesses on instances of the class become
slow, since the overriding code executes on every
such attribute access.
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__hash__

_init__

__hash__(self)

(alling hash(x) calls x.__hash__() (and so do other contexts that need to know
X's hash value, namely, using x as a dictionary key, such as D[ x] where Dis a
dictionary, or using x as a set member). __hash__ must return an int such that
x==y implies hash(x)==hash(y), and must always return the same value for a
given object.

When __hash__is absent, calling hash(x) calls 1d(x) instead, as long as
__eq__ isalso absent. Other contexts that need to know x’s hash value behave the
same way.

Any x such that hash(x) returns a result, rather than raising an exception, is known
as a hashable object. When __hash__is absent, but __eq__ is present, calling
hash(x) raises an exception (and so do other contexts that need to know x’s hash
value). In this case, x is not hashable and therefore cannot be a dictionary key or set
member.

You normally define __hash__ only for immutable objects that also define __eq__.
Note that if there exists any y such that x==y, even i y is of a different type, and both
xand y are hashable, you must ensure that hash(x)==hash(y).

__init__(self[,args...])

When a call C([args. ..]) creates instance x of class C, Python calls
x.__init__([args...]) tolet xinitialize itself. If __init__isabsent (i.e., it's
inherited from object), you must call class C without arguments, C(), and x has no
instance-specific attributes upon creation. Python performs no implicit call to
__1init__ methods of class C's superclasses. C.__init__ must explicitly perform
any needed initialization, including, if need be, by delegation. For example, when class
C has a base class B to initialize without arguments, the code in C.__init__ must
explicitly call super(C, self).__init__() (or,inv3, just
super().__init__()). However, __init__'sinheritance works just like for any
other method or attribute: that is, if class Citself does not override __init__, itjust
inherits it from the first superclass inits __mro__ to override __init__, like for
every other attribute.

__init__ must return None; otherwise, calling the class raises a TypeError.
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new _new__(cls[,args...])

When you call C([args. . .]), Python gets the new instance x that you are creating
by invoking C.__new__(C,[args...]).Every class has the class method
__new__ (most often simply inheriting it from object), which can return any value
x. In other words, __new__is not constrained to return a new instance of C, although
normally it's expected to do so. If, and only if, the value x that __new__ returns is
indeed an instance of C or of any subclass of C (whether a new or previously existing
one), Python continues after calling __new___ by implicitly calling __init__on x
(with the same [args. . . ] that were originally passed to __new__).

Initialize immutablesin __new__, all
othersin __init__

Since you could perform most kinds of initialization of
new instances in either __init__or__new__,
you may wonder where best to place them. Simple:
put the initialization in __init__ only, unless you
have a specific reason to putitin __new__.(Ifa
type is immutable, its instances cannot be changed in
__init__forinitialization purposes, so this is a
special case in which __new__ does have to
perform all initialization.) This tip makes life simpler,
since __init__isaninstance method, while
__new__is aspecialized class method.

__nonzero___ __nonzero__(self)

When evaluating x as true or false (see “Boolean Values” on page 50)—for example, on
acllto bool(x)—v2 calls x. __nonzero__(), which should return True or
False. When __nonzero__is not present, Python calls __Tlen__ instead, and
takes x as false when x.__Tlen__() returns 0 (so, to check if a container is
nonempty, avoid coding if len(container)>0:;just code if container:
instead). When neither __nonzero__ nor __Ten__is present, Python always
considers x true.

In v3, this special method is spelled, more readably, as __bool__.

__repr__ __repr__(self)

(alling repr (x) (which also happens implicitly in the interactive interpreter when x is
the result of an expression statement) calls x. __repr__() to get and return a
complete string representation of x. If __repr__ is absent, Python uses a default
string representation. __repr__ should return a string with unambiguous information
on x. [deally, when feasible, the string should be an expression such that
eval(repr(x))==x (but don't go crazy aiming for that goal).
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__setattr__ __setattr__(self, name, value)

At every request to bind attribute x. y (typically, an assignment statement
x.y=value, butalso, for example, setattr(x, 'y', value)), Python calls
Xx.__setattr__('y', value).Python always calls __setattr__ forany
attribute binding on x—a major difference from __getattr__ (__setattr__is
closerto __getattribute__in this sense). To avoid recursion, when
X.__setattr__ binds x's attributes, it must modify x. __dict__ directly (e.q.,
via x.__dict__[name]=value); even better, __setattr__ can delegate the
setting to the superclass (by calling super(C, x).__setattr__('y', value)
or,inv3, just super().__setattr__('y', value)).Python ignores the
return value of __setattr__.If __setattr__isabsent (i.e., inherited from
object), and C.yis not an overriding descriptor, Python usually translates x. y=z
intox.__dict__['y']=z

_str__ __str__(self)

The str(x) built-in type and the print(x) function call x.__str__() togetan
informal, concise string representation of x. If __str__ is absent, Python calls
X.__repr__instead. __str__ should return a conveniently human-readable string,
even if it entails some approximation.

__unicode___ __unicode__(self)

Inv2, calling unicode(x) calls x. __unicode__(), if present, in preference to
Xx.__str__().Ifaclass supplies both special methods __unicode__and
__str__, the two should return equivalent strings (of Unicode and plain-string type,
respectively).

_ format__ __format__(self, format_string='")

(alling format(x) calls x.__format__(), and calling

format(x, format_string) cllsx.__format__(format_string).The
class is responsible for interpreting the format string (each class may define its own
small “language” of format specifications, inspired by those implemented by built-in
types as covered in “String Formatting” on page 238). If __format__is inherited
from object, it delegates to __str__ and does not accept a nonempty format
string.

Special Methods for Containers

An instance can be a container (a sequence, mapping, or set—mutually exclusive
concepts?). For maximum usefulness, containers should provide special methods
__getitem setitem__, delitem__, _len__, _ contains__, and __iter__,

—_ —

plus nonspecial methods discussed in the following sections. In many cases, suitable

2 Third-party extensions can also define types of containers that are not sequences, not mappings,
and not sets.
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implementations of the nonspecial methods can be had by extending the appro-
priate abstract base class, from module collections, such as Sequence, MutableSe
quence, and so on, as covered in “Abstract Base Classes” on page 133.

Sequences

In each item-access special method, a sequence that has L items should accept any
integer key such that -L<=key<L.’ For compatibility with built-in sequences, a nega-
tive index key, @>key>=-1L, should be equivalent to key+L. When key has an invalid
type, indexing should raise TypeError. When key is a value of a valid type but out
of range, indexing should raise IndexError. For sequence classes that do not define
__iter__, the for statement relies on these requirements, as do built-in functions
that take iterable arguments. Every item-access special method of a sequence should
also, if at all practical, accept as its index argument an instance of the built-in type
slice whose start, step, and stop attributes are ints or None; the slicing syntax
relies on this requirement, as covered in “Container slicing” on page 131.

A sequence should also allow concatenation (with another sequence of the same
type) by +, and repetition by * (multiplication by an integer). A sequence should
therefore have special methods __add__, __mul__, __radd__,and __rmul__, covered
in “Special Methods for Numeric Objects” on page 136; mutable sequences should
also have equivalent in-place methods __iadd__ and __imul__. A sequence should
be meaningfully comparable to another sequence of the same type, implementing
lexicographic comparison like lists and tuples do. (Inheriting from ABCs Sequence
or MutableSequence, alas, does not suffice to fulfill these requirements; such inheri-
tance only supplies __iadd__.)

Every sequence should have the nonspecial methods covered in “List methods” on
page 63: count and index in any case, and, if mutable, then also append, insert,
extend, pop, remove, reverse, and sort, with the same signatures and semantics as
the corresponding methods of lists. (Inheriting from ABCs Sequence or MutableSe
quence does suffice to fulfill these requirements, except for sort.)

An immutable sequence should be hashable if, and only if, all of its items are. A
sequence type may constrain its items in some ways (for example, accepting only
string items), but that is not mandatory.

Mappings

A mapping’s item-access special methods should raise KeyError, rather than Index
Error, when they receive an invalid key argument value of a valid type. Any map-
ping should define the nonspecial methods covered in “Dictionary Methods” on
page 68: copy, get, itenms, keys, values, and, in v2, iteritems, iterkeys, and iter
values. In v2, special method __iter__ should be equivalent to iterkeys (in v3, it

3 Lower-bound included; upper-bound excluded—as always, the norm for Python.

130 | Chapter4: Object-Oriented Python



should be equivalent to keys, which, in v3, has the semantics iterkeys has in v2). A
mutable mapping should also define methods clear, pop, popitem, setdefault, and
update. (Inheriting from ABCs Mapping or MutableMapping does fulfill these
requirements, except for copy.)

An immutable mapping should be hashable if all of its items are. A mapping type
may constrain its keys in some ways (for example, accepting only hashable keys, or,
even more specifically, accepting, say, only string keys), but that is not mandatory.
Any mapping should be meaningfully comparable to another mapping of the same
type (at least for equality and inequality; not necessarily for ordering comparisons).

Sets

Sets are a peculiar kind of container—containers that are neither sequences nor
mappings, and cannot be indexed, but do have a length (number of elements) and
are iterable. Sets also support many operators (&, |, », -, as well as membership tests
and comparisons) and equivalent nonspecial methods (intersection, union, and
so on). If you implement a set-like container, it should be polymorphic to Python
built-in sets, covered in “Sets” on page 47. (Inheriting from ABCs Set or Mutable
Set does fulfill these requirements.)

An immutable set-like type should be hashable if all of its elements are. A set-like
type may constrain its elements in some ways (for example, accepting only hashable
elements, or, even more specifically, accepting, say, only integer elements), but that
is not mandatory.

Container slicing

When you reference, bind, or unbind a slicing such as x[1:5] or x[1:j:k] on a
container x (in practice, this is only used with sequences), Python calls xs applicable
item-access special method, passing as key an object of a built-in type called a slice
object. A slice object has the attributes start, stop, and step. Each attribute is None
if you omit the corresponding value in the slice syntax. For example, del x[ :3] calls
x.__delitem__(y), where y is a slice object such that y.stop is 3, y.start is None,
and y.step is None. It is up to container object x to appropriately interpret slice
object arguments passed to x’s special methods. The method indices of slice objects
can help: call it with your container’s length as its only argument, and it returns a
tuple of three nonnegative indices suitable as start, stop, and step for a loop
indexing each item in the slice. A common idiom in a sequence class’s __getitem__
special method, to fully support slicing, is, for example:

def _ getitem__ (self, index):
# Recursively specialcase slicing
if isinstance(index, slice):
return self.__class__(self[x]
for x in range(*self.indices(len(self))))
# Check index, dealing with negative indices too
if not isinstance(index, numbers.Integral): raise TypeError
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if index < 0: index += len(self)

if not (0 <= index < len(self)): raise IndexError

# Index is now a correct integral number, within range(len(self))
...rest of __getitem__, dealing with single-item access...

This idiom uses generator-expression (genexp) syntax and assumes that your class’s
__init__ method can be called with an iterable argument to create a suitable new
instance of the class.

Container methods

The special methods __getitem__, __setitem__
and __contains__ expose container functionality (see Table 4-2).

, __delitem__, iter_,__len__,

Table 4-2. Container methods

__contains__ __contains__(self,item)

The Boolean test y in x calls x. __contains__(y). When xis a sequence, or set-like,
__contains__ should return True when y equals the value of an item in x. When x is a
mapping, __contains__ should return True when y equals the value of a key in x.
Otherwise, __contains__ should return False. When __contains__ is absent,
Python performs y in x as follows, taking time proportional to len(x):

for z in x:
if y==z: return True
return False

__delitem__ __delitem__(self,key)

For a request to unbind an item or slice of x (typically del x[ key]), Python calls
x.__delitem__(key). A container x should have __delitem__ only if x is mutable
so that items (and possibly slices) can be removed.

__getitem__ __getitem__ (self,key)

When you access x[ key] (i.e., when you index or slice container x), Python calls
x.__getitem__(key). All (non-set-like) containers should have __getitem__.

__iter__ __iter__(self)

For a request to loop on all items of x (typically for itemin x), Python calls
x.__iter__() togetan iterator on x. The built-in function 1ter (x) also calls
Xx.__tter__().When __iter__isabsent, iter (x) synthesizes and returns an
iterator object that wraps x and yields x[ 0], x[ 1], and so on, until one of these indexings
raises IndexError to indicate the end of the container. However, it is best to ensure that
all of the container classes you code have __iter__.
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_len__ __len__(self)

(alling Len(x) calls x.__Ten__() (and so do other built-in functions that need to know
how many items are in container x). __Tlen__ should return an int, the number of items
in x. Python also calls x.__Tlen__() to evaluate x in a Boolean context, when
__nonzero__ (__bool__inv3)is absent; in this case, a container is taken as false if and
only if the container is empty (i.e., the container’s length is 0). All containers should have
__Llen__, unless it's just too expensive for the container to determine how many items it
contains.

__setitem__ __setitem__(self,key,value)

For a request to bind an item or slice of x (typically an assignment x[ key]=value),
Python calls x.__setitem__(key, value).A container x should have
__setitem__onlyif x is mutable so that items, and possibly slices, can be added and/or
rebound.

Abstract Base Classes

Abstract base classes (ABCs) are an important pattern in object-oriented (OO)
design: they’re classes that cannot be directly instantiated, but exist only to be exten-
ded by concrete classes (the more usual kind of classes, the ones that can be
instantiated).

One recommended approach to OO design is to never extend a concrete class: if
two concrete classes have so much in common that youre tempted to have one of
them inherit from the other, proceed instead by making an abstract base class that
subsumes all they do have in common, and have each concrete class extend that
ABC. This approach avoids many of the subtle traps and pitfalls of inheritance.

Python offers rich support for ABCs, enough to make them a first-class part of
Python’s object model.

abc

The standard library module abc supplies metaclass ABCMeta and, in v3, class ABC
(subclassing ABC makes ABCMeta the metaclass, and has no other effect).

When you use abc.ABCMeta as the metaclass for any class C, this makes C an ABC,
and supplies the class method C.register, callable with a single argument: that
argument can be any existing class (or built-in type) X.

Calling C.register(X) makes X a virtual subclass of C, meaning that issub
class(X,C) returns True, but € does not appear in X.__mro__, nor does X inherit
any of Cs methods or other attributes.

Of course, it’s also possible to have a new class Yinherit from Cin the normal way, in
which case € does appear in Y.__mro__, and Y inherits all of Cs methods, as usual in
subclassing.
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An ABC C can also optionally override class method __subclasshook__, which
issubclass(X, () calls with the single argument X, X being any class or type. When
C.__subclasshook__(X) returns True, then so does issubclass(X,C); when
C.__subclasshook__(X) returns False, then so does issubclass(X,(C); when
C.__subclasshook__(X) returns NotImplemented, then issubclass(X,C) proceeds
in the usual way.

The module abc also supplies the decorator abstractmethod (and abstractprop
erty, but the latter is deprecated in v3, where you can just apply both the abstract
method and property decorators to get the same effect). Abstract methods and
properties can have implementations (available to subclasses via the super built-in)
—however, the point of making methods and properties abstract is that you can
instantiate any nonvirtual subclass X of an ABC C only if X overrides every abstract
property and method of C.

ABCs in the collections module

collections supplies many ABCs. Since Python 3.4, the ABCs are in collec
tions.abc (but, for backward compatibility, can still be accessed directly in collec
tions itself: the latter access will cease working in some future release of v3).

Some just characterize any class defining or inheriting a specific abstract method, as
listed in Table 4-3:

Table 4-3.

Callable  Any dass with __call__
Container Any class with __contains__
Hashable Any class with __hash__
Iterable  Any dass with __iter__

Sized Any class with __Ten__

The other ABCs in collections extend one or more of the preceding ones, add
more abstract methods, and supply mixin methods implemented in terms of the
abstract methods (when you extend any ABC in a concrete class, you must override
the abstract methods; you can optionally override some or all of the mixin methods,
if that helps improve performance, but you dont have to—you can just inherit
them, if this results in performance that’s sufficient for your purposes).
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Here is the set of ABCs directly extending the preceding ones:

ABC Extends Abstract methods

Iterator Iterable __next__ (inv2, next)

Mapping Contatiner, __getitem__,
Iterable, Sized __iter__,_ len__

MappingView Sized

Sequence Contatiner, __getitem__,
Iterable, Sized __len__

Set Contatiner, __contains__,
Iterable, Sized __iter,_ len__

Mixin methods

__iter__
__contains__,__eq__,
__ne__, get, items, keys,
values

len

__contains__,__iter__,
__reversed__, count, index

_and__,__eq__,__ge__
_gt_,_le_,_ 1t ,
_ne__,__or__,__sub__,

__xor__,isdisjoint

And lastly, the set of ABCs further extending the previous ones:

ABC Extends Abstract methods
ItemsView MappingView,
Set
KeysView MappingView,
Set
MutableMapping  Mapping __delitem__,
__getitem__,
__iter__,__len__,
__setitem__
MutableSequence Sequence __delitem__,
__getitem__,
__len__,

__setitem__, insert

MutableSet Set __contains__,
__1iter,__len__, add,
discard

ValuesView MappingView

Mixin methods

__contains__,__iter__

__contains__,__iter__

Mapping's methods, plus clear,
pop, popitem, setdefault,
update

Sequence’s methods, plus
__1add__, append, extend,
pop, remove, reverse

Set’s methods, plus __iand__,

_tlor__,__isub__,
__1ixor__, clear, pop,
remove

__contains__, __iter__

See the online docs for further details and usage examples.
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The numbers module

numbers supplies a hierarchy (also known as a tower) of ABCs representing various
kinds of numbers. numbers supplies the following ABCs:

Number The root of the hierarchy: numbers of any kind (need not support any given operation)

Complex Extends Number; must support (via the appropriate special methods) conversions to complex
and bool, +, -, *, /, ==, =, abs(); and, directly, the method conjugate() and properties
real and imag

Real Extends Complex; additionally, must support (via the appropriate special methods) conversion to
float, math. trunc(), round(), math.floor (), math.ceil(), divmod(),//, %,
<, <=, >, >=

Rational Extends Real; additionally, must support the properties numerator and denominator

Integral  Extends Rational; additionally, must support (via the appropriate special methods) conversion
to int, **, and bitwise operations <<, >>, &, *, |, ~

See the online docs for notes on implementing your own numeric types.

Special Methods for Numeric Objects

An instance may support numeric operations by means of many special methods.
Some classes that are not numbers also support some of the special methods in
Table 4-4 in order to overload operators such as + and *. In particular, sequences
should have special methods __add__, __mul__, __radd__, and __rmul__, as men-
tioned in “Sequences” on page 130.

Table 4-4.

_abs__, __abs__(self) __invert__(self) _ neg__ (self) __pos__ (self)
_lnnevgert_, The unary operators abs (x), ~x, - x, and +x, respectively, call these methods.
:pos:

_add__, __add__(self,other) __mod__(self,other)

__mod__, __mul__(self,other) __sub__(self,other)

—ml:—’ The operators x+y, x%y, x*y, and x-y, and x/y, respectively, call these methods, usually
—uh_ for arithmetic computations.

__div__, __div__(self,other) _ floordiv__(self,other)

__floordiv__, _ truediv__(self,other)

_ truediv__

The operators x/y and x/ / y call these methods, usually for arithmetic divisions. In v2,
operator / calls __truediv__, if present, instead of __div__, in situations where
division is nontruncating, as covered in “Arithmetic Operations” on page 58. In v3, there is
no__div__,only __truediv__and __floordiv__.
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_and__, __and__(self,other) __lshift__(self,other)

__lIshift__, __or__(self,other) __rshift__(self,other)
_or_, __xor__(self,other)
_rshift__,

The operators x&y, x<<y, x|y, x>>y, and x"y, respectively, call these methods, usually

xor o .
— for bitwise operations.

__complex__, _ complex__(self) _ float_ (self) __int__ (self)

_ float__, __long__(self)

—int_, The built-in types complex(x), float(x), int(x), and (in v2 only) Long(x),

__long__ .
respectively, call these methods.

_divmod__ _ divmod__ (self,other)
The built-in function divmod(x, y) calls x. __divmod__(y).__divmod__ should
return a pair (quotient, remainder) equal to (x//y,x%y).

__hex__, __hex__(self) __oct__(self)

__oct__ o ) _ . 990
In v2 only, the built-in function hex(x) calls x.__hex__(), and built-in function Sa2Z
oct(x) alls x.__oct__(). Each of these special methods should return a string 3' % 0
representing the value of x, in base 16 and 8, respectively. In v3, these special methods -
don't exist: the built-in functions hex and oct operate directly on the result of calling the
special method __1index__ on their operand.

_iadd__, __1ladd__(self,other) __idiv__(self,other)

_idiv__, __ifloordiv__(self,other) __imod__(self,other)

_ifloordiv_, _ imul__(self,other) __isub__(self,other)

__imod__, __itruediv__(self,other)

_!mul_, The augmented assignments x+=y, x/=y, x/ /=y, X%=y, x*=y, x-=y, and x/=y,

__isub__, - v

. - respectively, call these methods. Each method should modify x in place and return se'lf.

__itruediv__ . . )
Define these methods when x is mutable (i.e., when x can change in place).

__iand__, __1iand__(self,other) __ilshift__(self,other)

__ilshift__, __ior__(self,other) __irshift__(self,other)

__ior__, __ixor__(self,other)

_:)r;l:lft_, The augmented assignments x&=y, x<<=y, x| =y, x>>=y, and x*=y, respectively, all

- these methods. Each method should modify x in place and return self.

__index__ __index__(self)

Like __int__, but meant to be supplied only by types that are alternative
implementations of integers (in other words, all of the type’s instances can be exactly
mapped into integers). For example, out of all built-in types, only int (and, in v2, Long)
supply __index__; float and str don't, although they do supply __int__.
Sequence indexing and slicing internally use __index__ to get the needed integer
indices.

Special Methods | 137



__ipow__ __1ipow__(self,other)

The augmented assignment x**=y calls x. __ipow__(y). __ipow__ should modify x
in place and return self.

__pow__ __pow__(self,other[,modulo])

x**yand pow(x,y) both call x.__pow__(y), while pow(x,y, z) clls
X.__pow__(y,z).x.__pow__(y,z) should return a value equal to the expression
X.__pow__(¥)%z.

_ _radd__, __radd__(self,other) __rdiv__(self,other)
_ rdiv__, __rmod__(self,other) __rmul__(self,other)
__rmod__, __rsub__(self,other)

_rmul_,

The operators y+x, y/ x, y%x, y*x, and y- x, respectively, call these methods on x when

—sub__ y doesn’t have a needed method __add__, __div__, and so on, or when that method
returns NotImplemented.

_rand__, __rand__(self,other) __rlshift__(self,other)

_ rlshift__, __ror__(self,other) __rrshift__(self,other)

_ror_, __rxor__(self,other)

—:;;hr'ft—' The operators y&x, y<<x, ¥| x, y>>x, and x"y, respectively, call these methods on x

- when y doesn’t have a needed method __and__, __1shift__, and so on, or when that
method returns NotImplemented.

__rdivmod__ __ rdivmod__(self,other)
The built-in function divmod(y, x) calls x. __rdivmod__(y) when y doesn't have
__divmod__, or when that method returns NotImplemented. __rdivmod__
should return a pair (remainder,quotient).

__rpow___ __rpow__(self,other)
y**xand pow(y, x) cll x.__rpow__(y) when y doesn't have __pow__, or when
that method returns NotImplemented. There is no three-argument form in this case.

Decorators

In Python, you often use so-called higher-order functions, callables that accept a
function as an argument and return a function as their result. For example, descrip-
tor types such as staticmethod and classmethod, covered in “Class-Level Methods”
on page 117, can be used, within class bodies, as:

def f(cls, ...):
...definition of f snipped...
f = classmethod(f)

However, having the call to classmethod textually affer the def statement decreases
code readability: while reading f’s definition, the reader of the code is not yet aware
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that f is going to become a class method rather than an instance method. The code
is more readable if the mention of classmethod comes before, not after, the def. For
this purpose, use the syntax form known as decoration:

def f(cls, ...):
...definition of f snipped...

The decorator must be immediately followed by a def statement and means that
f=classmethod(f) executes right after the def statement (for whatever name f the
def defines). More generally, @expression evaluates the expression (which must be
a name, possibly qualified, or a call) and binds the result to an internal temporary
name (say, __aux); any decorator must be immediately followed by a def (or class)
statement, and means that f=__aux(f) executes right after the def or class (for
whatever name f the def or class defines). The object bound to __aux is known as
a decorator, and it’s said to decorate function or class f.

Decorators afford a handy shorthand for some higher-order functions. You may
apply decorators to any def or class statement, not just ones occurring in class
bodies. You may also code custom decorators, which are just higher-order func-
tions, accepting a function or class object as an argument and returning a function
or class object as the result. For example, here is a simple example decorator that
does not modify the function it decorates, but rather prints the function’s docstring
to standard output at function-definition time:

def showdoc(f):

if f.__doc__:
print('{}: {}'.format(f.__name__, f.__doc__))
else:
print('{}: No docstring!'.format(f.__name__))
return f
def f1(): """a docstring"""

# prints: f1: a docstring

def f2(): pass
# prints: f2: No docstring!

The standard library module functools offers a handy decorator, wraps, to enhance
decorators built by the common “wrapping” idiom:

import functools
def announce(f):
.wraps(f)
def wrap(*a, **k):
print('Calling {}'.format(f.__name__))
return f(*a, **k)
return wrap
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Decorating a function f with @announce causes a line announcing the call to be
printed before each call to f. Thanks to the functools.wraps(f) decorator, the
wrapper function adopts the name and docstring of the wrapped one, which is use-
ful, for example, when calling the built-in help on such a decorated function.

Metaclasses

Any object, even a class object, has a type. In Python, types and classes are also first-
class objects. The type of a class object is also known as the class’s metaclass.* An
object’s behavior is mostly determined by the type of the object. This also holds for
classes: a class’s behavior is mostly determined by the class’s metaclass. Metaclasses
are an advanced subject, and you may want to skip the rest of this section. However,
fully grasping metaclasses can lead you to a deeper understanding of Python, and,
very occasionally, it can be useful to define your own custom metaclasses.’

How Python v2 Determines a Class’s Metaclass

To execute a class statement, v2 first collects the base classes into a tuple t (an
empty one if there are no base classes) and executes the class body, storing the
names there defined in a temporary dictionary d. Then, Python determines the
metaclass #to use for the new class object C that the class statement is creating.

When '__metaclass__' is a key in d, M is d['__metaclass__"]. Thus, you can
explicitly control class Cs metaclass by binding the attribute __metaclass__ in Cs
class body (for clarity, do that as the first statement in the class body, right after the
docstring). Otherwise, when t is nonempty (i.e., when C has one or more base
classes), Mis the leafmost metaclass among all of the metaclasses of Cs bases (i.e., the
metaclass of a base of C that issubclass of all other metaclasses of bases of G; it is an
error, and Python raises an exception, if no metaclass of a base of C issubclass of
all others).®

This is why inheriting from object, in v2, indicates that Cis a new-style class (rather
than a legacy-style class, a concept that exists only for backward compatibility and
that this book does not cover). Since type(object) is type, a class C that inherits
from object (or some other built-in type) gets the same metaclass as object (i.e.,
type(C), Cs metaclass, is also type). Thus, in v2, “being a new-style class” is synony-
mous with “having type as the metaclass”

4 Strictly speaking, the type of a class C could be said to be the metaclass only of instances of C
rather than of C itself, but this subtle distinction is rarely, if ever, observed in practice.

5 New in 3.6: while metaclasses work in 3.6 just like in 3.5, 3.6 also offers simpler ways to customize
class creation (covered in PEP 487) that are often a good alternative to using a custom metaclass.

6 In other, more precise (but fancy) words, if C’s bases’ metaclasses do not form an inheritance lat-
tice including its lower bound—that is, if there is no leafmost metaclass, no metaclass that issub
class of all others—Python raises an exception diagnosing this metatype conflict.
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When C has no base classes, but the current module has a global variable __meta
class__, in v2, M is the value of that global variable. This lets you make classes
without bases default to being new-style classes, rather than legacy classes, through-
out a module. Just place the following statement toward the start of the module
body, before any class statement:

__metaclass__ = type

When none of these conditions applies (that is, when the metaclass is not explicitly
specified, not inherited, and not defined as the module’s global variable), #, in v2,
defaults to types.ClassType (making an old-style, legacy class).

How Python v3 Determines a Class’s Metaclass

In v3, the class statement accepts optional named arguments (after the bases, if
any). The most important named argument is metaclass, which, if present, identi-
fies the new class’s metaclass. Other named arguments are allowed only if a non-
type metaclass is present, and in this case they are passed on to the __prepare__
method of the metaclass (it’s entirely up to said method __prepare__ to make use of
such named arguments). When the named argument metaclass is absent, v3 deter-
mines the metaclass by inheritance, exactly like v2, or else, for classes with no
explicitly specified bases, defaults to type.

In v3, a metaclass has an optional method __prepare__, which Python calls as soon
as it determines the metaclass, as follows:

class MC:
def __prepare__(classname, *classbases, **kwargs):
return {}
...rest of MC snipped...

class X(onebase, another, metaclass=MC, foo='bar'):
...body of X snipped...

Here, the call is equivalent to MC.__prepare__('X', onebase, another,
foo="bar"'). __prepare__, if present, must return a mapping (most often just a dic-
tionary), which Python uses as the d in which it executes the class body. If a meta-
class wants to retain the order in which names get bound in the class body, its
__prepare__ method can return an instance of collections.OrderedDict (covered
in “OrderedDict” on page 217); this allows a v3 metaclass to use a class to naturally
represent constructs in which the ordering of attributes matters, such as database
schemas (a feature that is just not possible in v2).” If __prepare__ is absent, v3 uses
a dictionary as d (as v2 does in all cases).

7 New in 3.6: it is no longer necessary to use OrderedDict here—3.6 guarantees the mapping used
here preserves key order.
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How a Metaclass Creates a Class

Having determined #, Python calls # with three arguments: the class name (a
string), the tuple of base classes t, and the dictionary (or, in v3, other mapping
resulting from __prepare__) d in which the class body just finished executing. The
call returns the class object C, which Python then binds to the class name, complet-
ing the execution of the class statement. Note that this is in fact an instantiation of
type M, so the call to M executes M.__init__(C, namestring, t, d), where C is the
return value of M.__new__(M, namestring, t, d), just as in any other instantiation
of a class.

After Python creates class object C, the relationship between class € and its type
(type(C), normally #) is the same as that between any object and its type. For exam-
ple, when you call the class object C (to create an instance of C), M.__call__ exe-
cutes with class object C as the first argument.

Note the benefit, in this context, of the approach described in “Per-Instance Meth-
ods” on page 123, whereby special methods are looked up only on the class, not on
the instance—the core difference in the “new style” object model versus v2’s old
“legacy style” Calling C to instantiate it must execute the metaclasss M.__call__,
whether or not C has a per-instance attribute (method) __call__ (i.e., independ-
ently of whether instances of C are or aren’t callable). This is simply impossible in an
object model like the legacy one, where per-instance methods override per-class
ones for implicitly called special methods. The Python object model (specifically the
“new-style” one in v2, and the only one existing in v3) avoids having to make the
relationship between a class and its metaclass an ad hoc special case. Avoiding ad
hoc special cases is a key to Python’s power: Python has few, simple, general rules,
and applies them consistently.

Defining and using your own metaclasses

It’s easy to define custom metaclasses: inherit from type and override some of its
methods. You can also perform most of these tasks with __new__, __init__, __get
attribute__, and so on, without involving metaclasses. However, a custom meta-
class can be faster, since special processing is done only at class creation time, which
is a rare operation. A custom metaclass lets you define a whole category of classes in
a framework that magically acquire whatever interesting behavior you've coded,
quite independently of what special methods the classes themselves may choose to

define.

A good alternative, to alter a specific class in an explicit way, is often to use a class
decorator, as mentioned in “Decorators” on page 138. However, decorators are not
inherited, so the decorator must be explicitly applied to each class of interest. Meta-
classes, on the other hand, are inherited; in fact, when you define a custom meta-
class #, it’s usual to also define an otherwise-empty class € with metaclass #, so that
other classes requiring metaclass # can just inherit from C.
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Some behavior of class objects can be customized only in metaclasses. The following
example shows how to use a metaclass to change the string format of class objects:

class MyMeta(type):
def __str__(cls):
return 'Beautiful class {!r}'.format(cls.__name__)
class MyClass(metaclass=MyMeta):
# in v2, remove the ‘metaclass=", and use, as the class body:

# __metaclass__ = MyMeta
X = MyClass()
print(type(x)) # prints: Beautiful class 'MyClass’

A substantial custom metaclass example

Suppose that, programming in Python, we miss Cs struct type: an object that is just
a bunch of data attributes, in order, with fixed names (collections.namedtuple,
covered in “namedtuple” on page 219, comes close, but named tuples are immuta-
ble, and we may not want that in some cases). Python lets us easily define a generic
Bunch class, apart from the fixed order and names:

class SimpleBunch(object):
def __init_ (self, **fields):
self.__dict__ = fields
p = SimpleBunch(x=2.3, y=4.5)
print(p) # prints: <__main__.SimpleBunch object at Ox0OAE8B10>

A custom metaclass lets us exploit the fact that the attribute names are fixed at class
creation time. The code shown in Example 4-1 defines a metaclass, MetaBunch, and
a class, Bunch, that let us write code like the following:

class Point(Bunch):

""" A point has x and y coordinates, defaulting to 0.0,
and a color, defaulting to 'gray'-and nothing more,
except what Python and the metaclass conspire to add,
such as __init__ and __repr__

mwin

X =0.0
y =0.0
color = 'gray'
# example uses of class Point
q = Point()
print(q) # prints: Point()
p = Point(x=1.2, y=3.4)
print(p) # prints: Point(y=3.399999999, x=1.2)

In this code, the print calls emit readable string representations of our Point
instances. Point instances are quite memory-lean, and their performance is basi-
cally the same as for instances of the simple class SimpleBunch in the previous
example (there is no extra overhead due to implicit calls to special methods).
Example 4-1 is quite substantial, and following all its details requires understanding
aspects of Python covered later in this book, such as strings (Chapter 8) and module

Metaclasses | 143

uoyiAd

o
=
(1]
3
(=g
o
o

(@]

S
o

(2]

-+
[}




warnings (“The warnings Module” on page 474). The identifier mcl used in
Example 4-1 stands for “metaclass,” clearer in this special advanced case than the
habitual case of cls standing for “class.”

The example’s code works in both v2 and v3, except that, in v2, a tiny syntax adjust-
ment must be made at the end, in Bunch, as shown in that class’s docstring.

Example 4-1. The MetaBunch metaclass

import collections
import warnings

class MetaBunch(type):

min

Metaclass for new and improved "Bunch": implicitly defines
__slots__, __1init__ and __repr__ from variables bound in

class scope.

A class statement for an instance of MetaBunch (i.e., for a
class whose metaclass is MetaBunch) must define only
class-scope data attributes (and possibly special methods, but
NOT __init__ and __repr__). MetaBunch removes the data
attributes from class scope, snuggles them instead as items in
a class-scope dict named __dflts__, and puts in the class a
__slots__ with those attributes' names, an __init__ that takes
as optional named arguments each of them (using the values in
__dflts__ as defaults for missing ones), and a __repr__ that
shows the repr of each attribute that differs from its default
value (the output of __repr__ can be passed to __eval__ to make
an equal instance, as per usual convention in the matter, if
each non-default-valued attribute respects the convention too).

In v3, the order of data attributes remains the same as in the
class body; in v2, there is no such guarantee.
def __prepare__(name, *bases, **kwargs):

# precious in v3—harmless although useless in v2

return collections.OrderedDict()

def _ new__(mcl, classname, bases, classdict):
""" Everything needs to be done in __new__, since
type. _new__ 1is where __slots__ are taken into account.
# define as local functions the __1init__ and __repr__ that
# we'll use in the new class
def __init_ (self, **kw):

" Simplistic __init__: first set all attributes to
default values, then override those explicitly
passed in kw.

for k in self.__dflts__:
setattr(self, k, self.__dflts__[k])
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for k in kw:
setattr(self, k, kw[k])
def __repr__(self):
""" Clever __repr__: show only attributes that differ
from default values, for compactness.
rep = ['{}={!r}'.format(k, getattr(self, k))
for k in self.__dflts__
if getattr(self, k) != self.__dflts__[k]
]
return '{}({})'.format(classname, ', '.join(rep))
# build the newdict that we'll use as class-dict for the
# new class
newdict = { '__slots_ ':[],
' dflts__':collections.OrderedDict(),
_intt__':_imit__, ' _repr__':_repr__, }
for k in classdict:
if k.startswith('__') and k.endswith('__'):
# dunder methods: copy to newdict, or warn
# about conflicts
if k in newdict:
warnings.warn(
"Can't set attr {!r} in bunch-class {!r}".
format(k, classname))
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else:
newdict[k] = classdict[k]
else:
# class variables, store name in __slots__, and
# name and value as an item in __dflts__
newdict['_ slots__'].append(k)
newdict['__dflts__ ']J[k] = classdict[k]
# finally delegate the rest of the work to type.__new__
return super(MetaBunch, mcl).__new__(
mcl, classname, bases, newdict)

class Bunch(metaclass=MetaBunch):
""" For convenience: inheriting from Bunch can be used to get
the new metaclass (same as defining metaclass= yourself).

In v2, remove the (metaclass=MetaBunch) above and add
instead __metaclass__=MetaBunch as the class body.

nwun

pass
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Exceptions

Python uses exceptions to communicate errors and anomalies. An exception is an
object that indicates an error or anomaly. When Python detects an error, it raises an
exception—that is, Python signals the occurrence of an anomalous condition by
passing an exception object to the exception-propagation mechanism. Your code
can explicitly raise an exception by executing a raise statement.

Handling an exception means receiving the exception object from the propagation
mechanism and performing whatever actions are needed to deal with the anoma-
lous situation. If a program does not handle an exception, the program terminates
with an error traceback message. However, a program can handle exceptions and
keep running despite errors or other abnormal conditions.

Python also uses exceptions to indicate some special situations that are not errors,
and are not even abnormal. For example, as covered in “Iterators” on page 74, call-
ing the next built-in on an iterator raises StopIteration when the iterator has no
more items. This is not an error; it is not even an anomaly, since most iterators run
out of items eventually. The optimal strategies for checking and handling errors and
other special situations in Python are therefore different from what might be best in
other languages, and we cover such considerations in “Error-Checking Strategies”
on page 163. This chapter also covers the logging module of the Python standard
library, in “Logging Errors” on page 166, and the assert Python statement, in “The
assert Statement” on page 168.

The try Statement

The try statement provides Python’s exception-handling mechanism. It is a com-
pound statement that can take one of two forms:
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o A try clause followed by one or more except clauses (and optionally exactly
one else clause)

o A try clause followed by exactly one finally clause

A try statement can also have except clauses (and optionally an else clause) fol-
lowed by a finally clause, as covered at “The try/except/finally Statement” on page
151.

try/except
Here’s the syntax for the try/except form of the try statement:

try:
statement(s)

except [expression [as target]]:
statement(s)

[else:
statement(s)]

This form of the try statement has one or more except clauses, as well as an
optional else clause.

The body of each except clause is known as an exception handler. The code executes
when the expression in the except clause matches an exception object propagating
from the try clause. expression is a class (or tuple of classes, enclosed in parenthe-
ses), and matches any instance of one of those classes or any of their subclasses. The
optional target is an identifier that names a variable that Python binds to the
exception object just before the exception handler executes. A handler can also
obtain the current exception object by calling the exc_info function of module sys
(covered in Table 7-3).

Here is an example of the try/except form of the try statement:

try:
1/0
except ZeroDivisionError:
print('caught divide-by-0 attempt')

If a try statement has several except clauses, the exception-propagation mechanism
tests the except clauses in order; the first except clause whose expression matches
the exception object executes as the handler.

Place handlers for specific exceptions before more general

ones

A Always place exception handlers for specific cases before han-

\ dlers for more general cases: if you place a general case first,
the more specific except clauses that follow never enter the
picture.
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The last except clause may lack an expression. This clause handles any exception
that reaches it during propagation. Such unconditional handling is rare, but it does
occur, generally in wrapper functions that must perform some extra task before re-
raising an exception, as we'll discuss in “The raise Statement” on page 155.

Avoid writing a “bare except” that doesn’t re-raise the

exception

/ Beware of using a “bare except” (an except clause without an

\ expression) unless youre re-raising the exception in it: such
sloppy style can make bugs very hard to find, since the bare
except is over-broad and can easily mask coding errors and
other kinds of bugs.

Exception propagation terminates when it finds a handler whose expression
matches the exception object. When a try statement is nested (lexically in the
source code, or dynamically within function calls) in the try clause of another try
statement, a handler established by the inner try is reached first during propaga-
tion, and therefore handles the exception when it matches the expression. This may
not be what you want. For example:

try:
try:
1/0
except:
print('caught an exception')
except ZeroDivisionError:
print('caught divide-by-0 attempt')
# prints: caught an exception

In this case, it does not matter that the handler established by the clause except Zer
oDivistonError: in the outer try clause is more specific and appropriate than the
catch-all except: in the inner try clause. The outer try does not even enter into the
picture, because the exception doesn't propagate out of the inner try. For more on
exception propagation, see “Exception Propagation” on page 153.

The optional else clause of try/except executes only when the try clause termi-
nates normally. In other words, the else clause does not execute when an exception
propagates from the try clause, or when the try clause exits with a break, con
tinue, or return statement. The handlers established by try/except cover only the
try clause, not the else clause. The else clause is useful to avoid accidentally han-
dling unexpected exceptions. For example:

print(repr(value), 'is ', end=' ')
try:
value + 0
except TypeError:
# not a number, maybe a string...?
try:
value +
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except TypeError:
print('neither a number nor a string')
else:
print('some kind of string')
else:
print('some kind of number')

try/finally
Here’s the syntax for the try/finally form of the try statement:

try:
statement(s)

finally:
statement(s)

This form has exactly one finally clause (and cannot have an else clause—unless
it also has one or more except clauses, as covered in “The try/except/finally State-
ment” on page 151).

The finally clause establishes what is known as a clean-up handler. The code
always executes after the try clause terminates in any way. When an exception
propagates from the try clause, the try clause terminates, the clean-up handler exe-
cutes, and the exception keeps propagating. When no exception occurs, the clean-
up handler executes anyway, regardless of whether the try clause reaches its end or
exits by executing a break, continue, or return statement.

Clean-up handlers established with try/finally offer a robust and explicit way to
specify finalization code that must always execute, no matter what, to ensure consis-
tency of program state and/or external entities (e.g., files, databases, network con-
nections); such assured finalization, however, is usually best expressed via a context
manager used in a with statement (see “The with Statement” on page 80). Here is an
example of the try/finally form of the try statement:

f = open(some_file, 'w')
try:
do_something_with_file(f)
finally:
f.close()

and here is the corresponding, more concise and readable, example of using with
for exactly the same purpose:

with open(some_file, 'w') as f:
do_something_with_file(f)
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Avoid break and return statements in a finally clause

A finally clause may not directly contain a continue state-
ment, but it’s allowed to contain a break or return statement.
\ Such usage, however, makes your program less clear: excep-
tion propagation stops when such a break or return executes,
and most programmers would not expect propagation to be
stopped within a finally clause. The usage may confuse peo-
ple who are reading your code, so avoid it.

The try/except/finally Statement
A try/except/finally statement, such as:

try:
...guarded clause. ..
except ...expression...:
...exception handler code...
finally:
...clean-up code...

is equivalent to the nested statement:

try:
try:
...guarded clause. ..
except ...expression...:
...exception handler code...
finally:

...clean-up code...

A try statement can have multiple except clauses, and optionally an else clause,
before a terminating finally clause. In all variations, the effect is always as just
shown—that is, just like nesting a try/except statement, with all the except clauses
and the else clause if any, into a containing try/finally statement.

The with Statement and Context Managers

The with statement is a compound statement with the following syntax:

with expression [as varname]:
statement(s)

The semantics of with are equivalent to:

_normal_exit = True
_manager = expression

varname = _manager.__enter__()
try:

statement(s)
except:

_normal_exit = False
if not _manager.__exit__(*sys.exc_info()):

The with Statement and Context Managers | 151




raise
# exception does not propagate i1f __exit__ returns a true value
finally:
if _normal_exit:
_manager.__exit__(None, None, None)

where _manager and _normal_exit are arbitrary internal names that are not used
elsewhere in the current scope. If you omit the optional as varname part of the with
clause, Python still calls _manager.__enter__(), but doesn’t bind the result to any
name, and still calls _manager.__exit__() at block termination. The object
returned by the expression, with methods __enter__and __exit__, is known as a
context manager.

The with statement is the Python embodiment of the well-known C++ idiom
“resource acquisition is initialization” (RAII): you need only write context manager
classes—that is, classes with two special methods __enter__ and __exit__ .
__enter__ must be callable without arguments. __exit__ must be callable with
three arguments: all None if the body completes without propagating exceptions,
and otherwise the type, value, and traceback of the exception. This provides the
same guaranteed finalization behavior as typical ctor/dtor pairs have for auto vari-
ables in C++, and try/finally statements have in Python or Java. In addition, you
gain the ability to finalize differently depending on what exception, if any, propa-
gates, as well as optionally blocking a propagating exception by returning a true
value from __exit__.

For example, here is a simple, purely illustrative way to ensure <name> and </name>
tags are printed around some other output:

class tag(object):
def __init__(self, tagname):
self.tagname = tagname
def __enter__(self):
print('<{}>"'.format(self.tagname), end="")
def __exit__(self, etyp, einst, etb):
print('</{}>".format(self.tagname))
# to be used as:
tt = tag('sometag')

with tt:
...statements printing output to be enclosed in
a matched open/close ‘sometag’ pair

A simpler way to build context managers is the contextmanager decorator in the
contextlib module of the standard Python library, which turns a generator func-
tion into a factory of context manager objects. contextlib also offers wrapper func-
tion closing (to call some object’s close method upon __exit__), and also further,
more advanced utilities in v3.

The contextlib way to implement the tag context manager, having imported con
textlib earlier, is:
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.contextmanager
def tag(tagname):
print('<{}>"'.format(tagname), end="")
try:
yield
finally:
print('</{}>".format(tagname))
# to be used the same way as before

Many more examples and detailed discussion can be found in PEP 343.

New in 3.6: contextlib now also has an AbstractContextManager class that can act
as a base class for context managers.

Generators and Exceptions

To help generators cooperate with exceptions, yield statements are allowed inside
try/finally statements. Moreover, generator objects have two other relevant meth-
ods, throw and close. Given a generator object g, built by calling a generator func-
tion, the throw method’s signature is, in v2:

g.throw(exc_type, exc_value=None, exc_traceback=None]
and, in v3, the simpler:
g.throw(exc_value)

When the generator’s caller calls g.throw, the effect is just as if a raise statement
with the same arguments executed at the spot of the yield at which generator g is
suspended.

The generator method close has no arguments; when the generator’s caller calls
g.close(), the effect is just like calling g.throw(GeneratorExit()). Generator
Exit is a built-in exception class that inherits directly from BaseException. A gen-
erator’s close method should re-raise (or propagate) the GeneratorExit exception,
after performing whatever clean-up operations the generator may need. Generators
also have a finalizer (special method __del__) that is exactly equivalent to the
method close.

Exception Propagation

When an exception is raised, the exception-propagation mechanism takes control.
The normal control flow of the program stops, and Python looks for a suitable
exception handler. Python’s try statement establishes exception handlers via its
except clauses. The handlers deal with exceptions raised in the body of the try
clause, as well as exceptions propagating from functions called by that code, directly
or indirectly. If an exception is raised within a try clause that has an applicable
except handler, the try clause terminates and the handler executes. When the han-
dler finishes, execution continues with the statement after the try statement.
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If the statement raising the exception is not within a try clause that has an applica-
ble handler, the function containing the statement terminates, and the exception
propagates “upward” along the stack of function calls to the statement that called
the function. If the call to the terminated function is within a try clause that has an
applicable handler, that try clause terminates, and the handler executes. Otherwise,
the function containing the call terminates, and the propagation process repeats,
unwinding the stack of function calls until an applicable handler is found.

If Python cannot find any applicable handler, by default the program prints an error
message to the standard error stream (file sys.stderr). The error message includes a
traceback that gives details about functions terminated during propagation. You can
change Python’s default error-reporting behavior by setting sys.excepthook (cov-
ered in Table 7-3). After error reporting, Python goes back to the interactive session,
if any, or terminates if no interactive session is active. When the exception class is
SystemExtit, termination is silent, and ends the interactive session, if any.

Here are some functions to show exception propagation at work:

def f():
print('in f, before 1/0")
1/0 # raises a ZeroDivisionError exception

print('in f, after 1/0')

def g():
print('in g, before f()')
fO
print('in g, after f()"')

def h():
print('in h, before g()")
try:
a()
print('in h, after g()')
except ZeroDivisionError:
print('ZD exception caught')
print('function h ends')

Calling the h function prints the following:

>>> h()

in h, before g()

in g, before f()

in f, before 1/0

ZD exception caught
function h ends

That is, none of the “after” print statements execute, since the flow of exception
propagation “cuts them off”

The function h establishes a try statement and calls the function g within the try
clause. g, in turn, calls f, which performs a division by 0, raising an exception of the
class ZeroDivistionError. The exception propagates all the way back to the except
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clause in h. The functions f and g terminate during the exception-propagation
phase, which is why neither of their “after” messages is printed. The execution of h’s
try clause also terminates during the exception-propagation phase, so its “after”
message isn’t printed either. Execution continues after the handler, at the end of A’s
try/except block.

The raise Statement

You can use the raise statement to raise an exception explicitly. raise is a simple
statement with the following syntax (acceptable both in v2 and v3):

raise [expression]

Only an exception handler (or a function that a handler calls, directly or indirectly)
can use raise without any expression. A plain raise statement re-raises the same
exception object that the handler received. The handler terminates, and the excep-
tion propagation mechanism keeps going up the call stack, searching for other
applicable handlers. Using raise without any expression is useful when a handler
discovers that it is unable to handle an exception it receives, or can handle the
exception only partially, so the exception should keep propagating to allow handlers
up the call stack to perform their own handling and cleanup.

When expression is present, it must be an instance of a class inheriting from the
built-in class BaseException, and Python raises that instance.

In v2 only, expression could also be a class object, which raise instantiated to raise
the resulting instance, and another expression could follow to provide the argument
for instantiation. We recommend that you ignore these complications, which are
not present in v3 nor needed in either version: just instantiate the exception object
you want to raise, and ratise that instance.

Here’s an example of a typical use of the raise statement:

def cross_product(seql, seq2):
if not seql or not seq2:
raise ValueError('Sequence arguments must be non-empty')
return [(x1, x2) for x1 in seql for x2 in seq?]

This cross_product example function returns a list of all pairs with one item from
each of its sequence arguments, but first it tests both arguments. If either argument
is empty, the function raises ValueError rather than just returning an empty list as
the list comprehension would normally do.

Check only what you need to

There is no need for cross_product to check whether seq1
and seq2 are iterable: if either isn’t, the list comprehension
itself raises the appropriate exception, presumably a TypeEr
ror.
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Once an exception is raised, by Python itself or with an explicit raise statement in
your code, it’s up to the caller to either handle it (with a suitable try/except state-
ment) or let it propagate further up the call stack.

Don't use raise for duplicate, redundant error checks

Use the raise statement only to raise additional exceptions
for cases that would normally be okay but that your specifica-
tion defines to be errors. Do not use raise to duplicate the
same error-checking that Python already, implicitly, does on
your behalf.

Exception Objects

Exceptions are instances of subclasses of BaseException. Any exception has
attribute args, the tuple of arguments used to create the instance; this error-specific
information is useful for diagnostic or recovery purposes. Some exception classes
interpret args and conveniently supply them as named attributes.

The Hierarchy of Standard Exceptions

Exceptions are instances of subclasses of BaseException (in v2 only, for backward
compatibility, it’s possible to treat some other objects as “exceptions,” but we do not
cover this legacy complication in this book).

The inheritance structure of exception classes is important, as it determines which
except clauses handle which exceptions. Most exception classes extend the class
Exception; however, the classes KeyboardInterrupt, GeneratorExit, and System
Exit inherit directly from BaseException and are not subclasses of Exception.
Thus, a handler clause except Exception as e: does not catch KeyboardInter
rupt, GeneratorExit, or SystemExit (we cover exception handlers in “try/except”
on page 148). Instances of SystemExit are normally raised via the exit function in
module sys (covered in Table 7-3). We cover GeneratorExit in “Generators and
Exceptions” on page 153. When the user hits Ctrl-C, Ctrl-Break, or other interrupt-
ing keys on their keyboard, that raises KeyboardInterrupt.

v2 only introduces another subclass of Exception: StandardError. Only StopItera
tion and Warning classes inherit directly from Exception (StopIteration is part of
the iteration protocol, covered in “Iterators” on page 74; Warning is covered in “The
warnings Module” on page 474)—all other standard exceptions inherit from
StandardError. However, v3 has removed this complication. So, in v2, the inheri-
tance hierarchy from BaseException down is, roughly:

BaseException
Exception
StandardError
AssertionError, AttributeError, BufferError, EOFError,
ImportError, MemoryError, SystemError, TypeError
ArithmeticError
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FloatingPointError, OverflowError, ZeroDivisionError
EnvironmentError
IOError, OSError
LookupError
IndexError, KeyError
NameError
UnboundLocalError
RuntimeError
NotImplementedError
SyntaxError
IndentationError
ValueError
UnicodeError
UnicodeDecodeError, UnicodeEncodeError
StopIteration
Warning
GeneratorExit
KeyboardInterrupt
SystemExit

There are other exception subclasses (in particular, Warning has many), but this is
the gist of the hierarchy—in v2. In v3, it’s simpler, as StandardError disappears
(and all of its direct subclasses become direct subclasses of Exception), and so do
EnvironmentError and IOError (the latter becomes a synonym of OSError, which,
in v3, directly subclasses Exception), as per the following condensed table:

BaseException
Exception
AssertionError

O0SError # no longer a subclass of EnvironmentError
RuntimeError
StopIteration
SyntaxError
ValueError
Warning
GeneratorExit
KeyboardInterrupt
SystemExit

Three subclasses of Exception are never instantiated directly. Their only purpose is
to make it easier for you to specify except clauses that handle a broad range of
related errors. These three “abstract” subclasses of Exception are:

ArithmeticError
The base class for exceptions due to arithmetic errors (i.e., OverflowError,
ZeroDivisionError, FloatingPointError)

EnvironmentError
The base class for exceptions due to external causes (i.e., IOError, OSError,
WindowsError), in v2 only
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LookupError
The base class for exceptions that a container raises when it receives an invalid
key or index (i.e., IndexError, KeyError)

Standard Exception Classes

Common runtime errors raise exceptions of the following classes:

AssertionError
An assert statement failed.

AttributeError
An attribute reference or assignment failed.

FloatingPointError
A floating-point operation failed. Extends ArithmeticError.

IOError
An 1/O operation failed (e.g., the disk was full, a file was not found, or needed
permissions were missing). In v2, extends EnvironmentError; in v3, it’s a syno-
nym of OSError.

ImportError
An 1import statement (covered in “The import Statement” on page 172)
couldn’t find the module to import or couldnt find a name to be imported
from the module.!

IndentationError
The parser encountered a syntax error due to incorrect indentation. Extends
SyntaxError.

IndexError
An integer used to index a sequence is out of range (using a noninteger as a
sequence index raises TypeError). Extends LookupError.

KeyError
A key used to index a mapping is not in the mapping. Extends LookupError.

KeyboardInterrupt
The user pressed the interrupt key combination (Ctrl-C, Ctrl-Break, Delete, or
others, depending on the platform’s handling of the keyboard).

MemoryError
An operation ran out of memory.

1 New in 3.6: ModuleNotFoundError is a new, explicit subclass of ImportError.
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NameError
A variable was referenced, but its name was not bound.

NotImplementedError
Raised by abstract base classes to indicate that a concrete subclass must over-
ride a method.

OSError
Raised by functions in the module os (covered in “The os Module” on page 295
and “Running Other Programs with the os Module” on page 422) to indicate
platform-dependent errors. In v2, extends EnvironmentError. In v3 only, it has
many subclasses, covered at “OSError and subclasses (v3 only)” on page 160.

OverflowError
The result of an operation on an integer is too large to fit into an integer.
Extends ArithmeticError.

OverflowError still exists only for legacy/compatibility
This error never happens in modern versions of Python:
integer results too large to fit into a platform’s integers
implicitly become long integers, without raising excep-
tions (indeed, in v3, there’s no long type, just int for all
integers). This standard exception remains a built-in for
backward compatibility (to support old code that raises
or tries to catch it). Do not use it in any new code.

SyntaxError
The parser encountered a syntax error.

SystemError
An internal error within Python itself or some extension module. You should
report this to the authors and maintainers of Python, or of the extension in
question, with all possible details to allow them to reproduce the problem.

TypeError
An operation or function was applied to an object of an inappropriate type.

UnboundLocalError
A reference was made to a local variable, but no value is currently bound to
that local variable. Extends NameError.

UnicodeError
An error occurred while converting Unicode to a byte string or vice versa.

ValueError
An operation or function was applied to an object that has a correct type but an
inappropriate value, and nothing more specific (e.g., KeyError) applies.
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WindowsError
Raised by functions in the module os (covered in “The os Module” on page 295
and “Running Other Programs with the os Module” on page 422) to indicate
Windows-specific errors. Extends OSError.

ZeroDivisionError
A divisor (the righthand operand of a /, //, or % operator, or the second argu-
ment to the built-in function divmod) is 0. Extends ArithmeticError.

0SError and subclasses (v3 only)

In v3, OSError subsumes many errors that v2 kept separate, such as IOError and
socket.error. To compensate (and more!) in v3, 0SError has spawned many useful
subclasses, which you can catch to handle environment errors much more elegantly
—see the online docs.

For example, consider this task: try to read and return the contents of a certain file;
return a default string if the file does not exist; propagate any other exception that
makes the file unreadable (except for the file not existing). A v2/v3 portable version:

import errno

def read_or_default(filepath, default):
try:
with open(filepath) as f:
return f.read()
except IOError as e:

if e.errno == errno.ENOENT:
return default

else:
raise

However, see how much simpler it can be in v3, using an 0SError subclass:

def read_or_default(filepath, default):
try:
with open(filepath) as f:
return f.read()
except FileNotFoundError:
return default

The FileNotFoundError subclass of OSError, in v3 only, makes this kind of com-
mon task much simpler and more direct for you to express in your code.

Exceptions “wrapping” other exceptions or tracebacks

Sometimes, you incur an exception while trying to handle another. In v2, there’s not
much you can do about it, except perhaps by coding and specially handling custom
exception classes, as shown in the next section. v3 offers much more help. In v3,
each exception instance holds its own traceback object; you can make another
exception instance with a different traceback with the with_traceback method.

160 | Chapter5: Exceptions


https://docs.python.org/3/library/exceptions.html#os-exceptions

Moreover, v3 automatically remembers which exception it's handling as the “con-
text” of any one raised during the handling.

For example, consider the deliberately broken code:

try: 1/0
except ZeroDivisionError:
1+'x"

In v2, that code displays something like:

Traceback (most recent call last):
File "<stdin>", line 3, in <module>
TypeError: unsupported operand type(s) for +: 'int' and 'str'

which hides the zero-division error that was being handled. In v3, by contrast:

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ZeroDivisionError: division by zero

During handling of the above exception, another exception occurred:

Traceback (most recent call last):
File "<stdin>", line 3, in <module>
TypeError: unsupported operand type(s) for +: 'int' and 'str'

...both exceptions, the original and the intervening one, are clearly displayed.

If this isn’t enough, in v3, you can also raise e from ex, with both e and ex being
exception objects: e is the one that propagates, and ex is its “cause.” For all details
and motivations, see PEP 3134.

Custom Exception Classes

You can extend any of the standard exception classes in order to define your own
exception class. Often, such a subclass adds nothing more than a docstring:

class InvalidAttribute(AttributeError):
"""Used to indicate attributes that could never be valid"""

Any empty class or function should have a docstring, not

pass
As covered in “The pass Statement” on page 79, you don’t

need a pass statement to make up the body of a class. The
docstring (which you should always write, to document the
class’s purpose) is enough to keep Python happy. Best practice
for all “empty” classes (regardless of whether they are excep-
tion classes), just like for all “empty” functions, is to always
have a docstring, and no pass statement.
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Given the semantics of try/except, raising a custom exception class such as Inva
1idAttribute is almost the same as raising its standard exception superclass,
AttributeError. Any except clause that can handle AttributeError can handle
InvalidAttribute just as well. In addition, client code that knows about your Inva
1idAttribute custom exception class can handle it specifically, without having to
handle all other cases of AttributeError when it is not prepared for those. For
example:

class SomeFunkyClass(object):
"""much hypothetical functionality snipped"""
def _ getattr__(self, name):
"""only clarifies the kind of attribute error
if name.startswith('_'):
raise InvalidAttribute, 'Unknown private attribute '+name
else:
raise AttributeError, 'Unknown attribute '+name

wnn

Now client code can be more selective in its handlers. For example:

s = SomeFunkyClass()
try:
value = getattr(s, thename)
except InvalidAttribute, err:
warnings.warn(str(err))
value = None
# other cases of AttributeError just propagate, as they're unexpected

Define and raise custom exception classes
Its an excellent idea to define, and raise, custom exception
classes in your modules, rather than plain standard excep-
tions: by using custom exceptions, you make it easier for call-
ers of your module’s code to handle exceptions that come
from your module separately from others.

A special case of custom exception class that you may find useful (at least in v2,
which does not directly support an exception wrapping another) is one that wraps
another exception and adds information. To gather information about a pending
exception, you can use the exc_info function from module sys (covered in
Table 7-3). Given this, your custom exception class could be defined as follows:

import sys
class CustomException(Exception):
"""Wrap arbitrary pending exception, if any,
in addition to other info."""
def __init__ (self, *args):
Exception.__init__(self, *args)
self.wrapped_exc = sys.exc_info()

You would then typically use this class in a wrapper function such as:
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def call_wrapped(callable, *args, **kwds):
try:
return callable(*args, **kwds)
except:
raise CustomException('Wrapped function
'propagated exception')

Custom Exceptions and Multiple Inheritance

A particularly effective approach to custom exceptions is to multiply inherit excep-
tion classes from your module’s special custom exception class and a standard
exception class, as in the following snippet:

class CustomAttributeError(CustomException, AttributeError):
"""An AttributeError which is ALSO a CustomException."""

Now, when your code raises an instance of CustomAttributeError, that exception
can be caught by calling code that’s designed to catch all cases of AttributeError as
well as by code that’s designed to catch all exceptions raised only by your module.

Use the multiple inheritance approach for custom

exceptions

Whenever you must decide whether to raise a specific stan-
dard exception, such as AttributeError, or a custom excep-
tion class you define in your module, consider this multiple-
inheritance approach, which gives you the best of both worlds.
Make sure you clearly document this aspect of your module;
since the technique is not widely used, users of your module
may not expect it unless you clearly and explicitly document
what you are doing.

Other Exceptions Used in the Standard Library

Many modules in Python’s standard library define their own exception classes,
which are equivalent to the custom exception classes that your own modules can
define. Typically, all functions in such standard library modules may raise excep-
tions of such classes, in addition to exceptions in the standard hierarchy covered in
“Standard Exception Classes” on page 158. For example, in v2, module socket sup-
plies class socket.error, which is directly derived from built-in class Exception,
and several subclasses of error named sslerror, timeout, gaierror, and herror;
all functions and methods in module socket, besides standard exceptions, may raise
exceptions of class socket.error and subclasses thereof. We cover the main cases of
such exception classes throughout the rest of this book, in chapters covering the
standard library modules that supply them.

Error-Checking Strategies

Most programming languages that support exceptions raise exceptions only in rare
cases. Python’s emphasis is different. Python deems exceptions appropriate when-
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ever they make a program simpler and more robust, even if that makes exceptions
rather frequent.

LBYL Versus EAFP

A common idiom in other languages, sometimes known as “Look Before You Leap”
(LBYL), is to check in advance, before attempting an operation, for anything that
might make the operation invalid. This approach is not ideal for several reasons:

o The checks may diminish the readability and clarity of the common, main-
stream cases where everything is okay.

o The work needed for checking may duplicate a substantial part of the work
done in the operation itself.

o The programmer might easily err by omitting some needed check.

o The situation might change between the moment you perform the checks and
the moment you attempt the operation.

The preferred idiom in Python is generally to attempt the operation in a try clause
and handle the exceptions that may result in except clauses. This idiom is known as
“it’s Easier to Ask Forgiveness than Permission” (EAFP), a motto widely credited to
Rear Admiral Grace Murray Hopper, co-inventor of COBOL. EAFP shares none of
the defects of LBYL. Here is a function written using the LBYL idiom:

def safe_divide_1(x, y):
if y==0:
print('Divide-by-0 attempt detected')
return None
else:
return x/y

With LBYL, the checks come first, and the mainstream case is somewhat hidden at
the end of the function. Here is the equivalent function written using the EAFP
idiom:
def safe_divide_2(x, y):
try:
return x/y
except ZeroDivisionError:
print('Divide-by-0 attempt detected')
return None

With EAFP, the mainstream case is up front in a try clause, and the anomalies are
handled in an except clause that lexically follows.

Proper usage of EAFP

EAFP is a good error-handling strategy, but it is not a panacea. In particular, don’t
cast too wide a net, catching errors that you did not expect and therefore did not
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mean to catch. The following is a typical case of such a risk (we cover built-in func-
tion getattr in Table 7-2):

def trycalling(obj, attrib, default, *args, **kwds):
try:
return getattr(obj, attrib)(*args, **kwds)
except AttributeError:
return default

The intention of function trycalling is to try calling a method named attrib on
object obj, but to return default if obj has no method thus named. However, the
function as coded does not do just that: it also mistakenly hides any error case
where AttributeError is raised inside the sought-after method, silently returning
default in those cases. This may easily hide bugs in other code. To do exactly what’s
intended, the function must take a little bit more care:

def trycalling(obj, attrib, default, *args, **kwds):
try:
method = getattr(obj, attrib)
except AttributeError:
return default
else:
return method(*args, **kwds)

This implementation of trycalling separates the getattr call, placed in the try
clause and therefore guarded by the handler in the except clause, from the call of
the method, placed in the else clause and therefore free to propagate any excep-
tions. The proper approach to EAFP involves frequent use of the else clause on
try/except statements (which is more explicit, and thus better style, than just plac-
ing the nonguarded code after the whole try/except statement).

Handling Errors in Large Programs

In large programs, it is especially easy to err by making your try/except statements
too wide, particularly once you have convinced yourself of the power of EAFP as a
general error-checking strategy. A try/except combination is too wide when it
catches too many different errors, or an error that can occur in too many different
places. The latter is a problem when you need to distinguish exactly what went
wrong, and where, and the information in the traceback is not sufficient to pinpoint
such details (or you discard some or all of the information in the traceback). For
effective error handling, you have to keep a clear distinction between errors and
anomalies that you expect (and thus know how to handle) and unexpected errors
and anomalies that indicate a bug in your program.

Some errors and anomalies are not really erroneous, and perhaps not even all that
anomalous: they are just special cases, perhaps somewhat rare but nevertheless quite
expected, which you choose to handle via EAFP rather than via LBYL to avoid
LBYLs many intrinsic defects. In such cases, you should just handle the anomaly,
often without even logging or reporting it.
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Keep your try/except constructs narrow

Be very careful to keep try/except constructs as narrow as

A feasible. Use a small try clause that contains a small amount

\ of code that doesn't call too many other functions, and use
very specific exception-class tuples in the except clauses; if
need be, further analyze the details of the exception in your
handler code, and raise again as soon as you know it’s not a
case this handler can deal with.

Errors and anomalies that depend on user input or other external conditions not
under your control are always expected, to some extent, precisely because you have
no control over their underlying causes. In such cases, you should concentrate your
effort on handling the anomaly gracefully, reporting and logging its exact nature
and details, and keeping your program running with undamaged internal and per-
sistent state. The breadth of try/except clauses under such circumstances should
also be reasonably narrow, although this is not quite as crucial as when you use
EAFP to structure your handling of not-really-erroneous special cases.

Lastly, entirely unexpected errors and anomalies indicate bugs in your program’s
design or coding. In most cases, the best strategy regarding such errors is to avoid
try/except and just let the program terminate with error and traceback messages.
(You might want to log such information and/or display it more suitably with an
application-specific hook in sys.excepthook, as we’ll discuss shortly.) In the
unlikely case that your program must keep running at all costs, even under the dir-
est circumstances, try/except statements that are quite wide may be appropriate,
with the try clause guarding function calls that exercise vast swaths of program
functionality, and broad except clauses.

In the case of a long-running program, make sure to log all details of the anomaly
or error to some persistent place for later study (and also report some indication of
the problem, so that you know such later study is necessary). The key is making
sure that you can revert the program’s persistent state to some undamaged, inter-
nally consistent point. The techniques that enable long-running programs to sur-
vive some of their own bugs, as well as environmental adversities, are known as
checkpointing (basically, periodically saving program state, and writing the program
so it can reload the saved state and continue from there) and transaction processing,
but we do not cover them further in this book.

Logging Errors

When Python propagates an exception all the way to the top of the stack without
finding an applicable handler, the interpreter normally prints an error traceback to
the standard error stream of the process (sys.stderr) before terminating the pro-
gram. You can rebind sys.stderr to any file-like object usable for output in order
to divert this information to a destination more suitable for your purposes.

When you want to change the amount and kind of information output on such
occasions, rebinding sys. stderr is not sufficient. In such cases, you can assign your
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own function to sys.excepthook: Python calls it when terminating the program
due to an unhandled exception. In your exception-reporting function, output what-
ever information you think will help you diagnose and debug the problem and
direct that information to whatever destinations you please. For example, you might
use module traceback (covered in “The traceback Module” on page 470) to help
you format stack traces. When your exception-reporting function terminates, so
does your program.

The logging package

The Python standard library offers the rich and powerful logging package to let
you organize the logging of messages from your applications in systematic and flexi-
ble ways. You might write a whole hierarchy of Logger classes and subclasses. You
might couple the loggers with instances of Handler (and subclasses thereof). You
might also insert instances of class Filter to fine-tune criteria determining what
messages get logged in which ways. The messages that do get emitted are formatted
by instances of the Formatter class—indeed, the messages themselves are instances
of the LogRecord class. The logging package even includes a dynamic configuration
facility, whereby you may dynamically set logging-configuration files by reading
them from disk files, or even by receiving them on a dedicated socket in a special-
ized thread.

While the logging package sports a frighteningly complex and powerful architec-
ture, suitable for implementing highly sophisticated logging strategies and policies
that may be needed in vast and complicated programming systems, in most applica-
tions you may get away with using a tiny subset of the package through some simple
functions supplied by the logging module itself. First of all, import logging. Then,
emit your message by passing it as a string to any of the functions debug, info, warn
ing, error, or critical, in increasing order of severity. If the string you pass con-
tains format specifiers such as %s (as covered in “Legacy String Formatting with %”
on page 244) then, after the string, pass as further arguments all the values to be
formatted in that string. For example, don't call:

logging.debug('foo is %r' % foo)

which performs the formatting operation whether it’s needed or not; rather, call:
logging.debug('foo is %r', foo)

which performs formatting if and only if needed (i.e., if and only if calling debug is
going to result in logging output, depending on the current threshold level).

Unfortunately, the logging module does not support the more readable formatting
approach covered in “String Formatting” on page 238, but only the antiquated one
covered in “Legacy String Formatting with %” on page 244. Fortunately, it’s very rare
that you'll need any formatting specifier, except the simple %s and %r, for logging
purposes.
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By default, the threshold level is WARNING, meaning that any of the functions warn
ing, error, or critical results in logging output, but the functions debug and info
don't. To change the threshold level at any time, call logging.getLogger().setLe
vel, passing as the only argument one of the corresponding constants supplied by
module logging: DEBUG, INFO, WARNING, ERROR, or CRITICAL. For example, once you
call:

logging.getLogger().setLevel(logging.DEBUG)

all of the logging functions from debug to critical result in logging output until
you change level again; if later you call:

logging.getLogger().setLevel(logging.ERROR)

then only the functions error and critical result in logging output (debug, info,
and warning won't result in logging output); this condition, too, persists only until
you change level again, and so forth.

By default, logging output is to your process’s standard error stream (sys.stderr, as
covered in Table 7-3) and uses a rather simplistic format (for example, it does not
include a timestamp on each line it outputs). You can control these settings by
instantiating an appropriate handler instance, with a suitable formatter instance,
and creating and setting a new logger instance to hold it. In the simple, common
case in which you just want to set these logging parameters once and for all, after
which they persist throughout the run of your program, the simplest approach is to
call the logging.basicConfig function, which lets you set up things quite simply
via named parameters. Only the very first call to logging.basicConfig has any
effect, and only if you call it before any of the logging functions (debug, info, and so
on). Therefore, the most common use is to call logging.basicConfig at the very
start of your program. For example, a common idiom at the start of a program is
something like:

import logging

logging.basicConfig(
format="%(asctime)s %(levelname)8s %(message)s',
filename="'/tmp/logfile.txt', filemode='w")

This setting emits all logging messages to a file and formats them nicely with a pre-
cise human-readable timestamp, followed by the severity level right-aligned in an
eight-character field, followed by the message proper.

For excruciatingly large amounts of detailed information on the logging package
and all the wonders you can perform with it, be sure to consult Python’s rich online
information about it.

The assert Statement

The assert statement allows you to introduce “sanity checks” into a program.
assert is a simple statement with the following syntax:

assert condition[,expression]
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When you run Python with the optimize flag (-0, as covered in “Command-Line
Syntax and Options” on page 24), assert is a null operation: the compiler generates
no code for it. Otherwise, assert evaluates condition. When condition is satisfied,
assert does nothing. When condition is not satisfied, assert instantiates Asser
tionError with expression as the argument (or without arguments, if there is no
expression) and raises the resulting instance.?

assert statements can be an effective way to document your program. When you
want to state that a significant, nonobvious condition C is known to hold at a certain
point in a program’s execution (known as an invariant of your program), assert Cis
often better than a comment that just states that C holds.

The advantage of assert is that, when C does not in fact hold, assert immediately
alerts you to the problem by raising AssertionError, if the program is running
without the -0 flag. Once the code is thoroughly debugged, run it with -0, turning
assert into a null operation and incurring no overhead (the assert remains in
your source code to document the invariant).

Don’t overuse assert

Never use assert for other purposes besides sanity-checking

program invariants. A serious but very common mistake is to
\ use assert about the values of inputs or arguments: checking

for erroneous arguments or inputs is best done more explic-

itly, and in particular must not be turned into a null operation

by a command-line flag.

The __debug___Built-in Variable

When you run Python without option -0, the __debug__ built-in variable is True.
When you run Python with option -0, __debug__ is False. Also, with option -0, the
compiler generates no code for any if statement whose condition is __debug__.

To exploit this optimization, surround the definitions of functions that you call only
in assert statements with if __debug__:. This technique makes compiled code
smaller and faster when Python is run with -0, and enhances program clarity by
showing that those functions exist only to perform sanity checks.

2 Some third-party frameworks, such as pytest, materially improve the usefulness of the assert
statement.
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Modules

A typical Python program is made up of several source files. Each source file is a
module, grouping code and data for reuse. Modules are normally independent of
each other, so that other programs can reuse the specific modules they need. Some-
times, to manage complexity, you group together related modules into a package—a
hierarchical, tree-like structure.

A module explicitly establishes dependencies upon other modules by using import
or from statements. In some programming languages, global variables provide a
hidden conduit for coupling between modules. In Python, global variables are not
global to all modules, but rather are attributes of a single module object. Thus,
Python modules always communicate in explicit and maintainable ways.

Python also supports extension modules—modules coded in other languages such as
C, C++, Java, or C#—for use in Python. For the Python code importing a module, it
does not matter whether the module is pure Python or an extension. You can always
start by coding a module in Python. Later, should you need more speed, you refac-
tor and recode some parts of modules in lower-level languages, without changing
the client code that uses those modules. Chapter 24 shows how to write extensions
in C and Cython.

This chapter discusses module creation and loading. It also covers grouping mod-
ules into packages, and using Python’s distribution utilities (distutils and setup
tools) to install distributed packages, and to prepare packages for distribution; this
latter subject is more thoroughly covered in Chapter 25. This chapter closes with a
discussion on how best to manage your Python environment(s).

1m



Module Objects

A module is a Python object with arbitrarily named attributes that you can bind and
reference. The Python code for a module named aname usually lives in a file named
aname.py, as covered in “Module Loading” on page 176.

In Python, modules are objects (values), handled like other objects. Thus, you can
pass a module as an argument in a call to a function. Similarly, a function can return
a module as the result of a call. A module, just like any other object, can be bound to
a variable, an item in a container, or an attribute of an object. Modules can be keys
or values in a dictionary, and can be members of a set. For example, the sys.mod
ules dictionary, covered in “Module Loading” on page 176, holds module objects as
its values. The fact that modules can be treated like other values in Python is often
expressed by saying that modules are first-class objects.

The import Statement

You can use any Python source file as a module by executing an import statement in
another Python source file. import has the following syntax:

import modname [as varname][,...]

After the import keyword comes one or more module specifiers separated by com-
mas. In the simplest, most common case, a module specifier is just modname, an
identifier—a variable that Python binds to the module object when the import state-
ment finishes. In this case, Python looks for the module of the same name to satisfy
the import request. For example:

import mymodule

looks for the module named mymodule and binds the variable named mymodule in
the current scope to the module object. modname can also be a sequence of identifiers
separated by dots (.) to name a module in a package, as covered in “Packages” on
page 182.

When as varnare is part of a module specifier, Python looks for a module named
modname and binds the module object to the variable varname. For example:

import mymodule as alias

looks for the module named mymodule and binds the module object to variable
alias in the current scope. varname must always be a simple identifier.

Module body

The body of a module is the sequence of statements in the modules source file.
There is no special syntax required to indicate that a source file is a module; any
valid Python source file can be used as a module. A module’s body executes imme-
diately the first time the module is imported in a given run of a program. During
execution of the body, the module object has already been created, and an entry in
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sys.modules is already bound to the module object. The module’s (global) name-
space is gradually populated as the module’s body executes.

Attributes of module objects

An import statement creates a new namespace containing all the attributes of the
module. To access an attribute in this namespace, use the name or alias of the mod-
ule as a prefix:

import mymodule
a = mymodule.f()

or:

import mymodule as alias
a = alias.f()

Attributes of a module object are normally bound by statements in the module
body. When a statement in the module body binds a (global) variable, what gets
bound is an attribute of the module object.

A module body exists to bind the module’s attributes

The normal purpose of a module body is to create the mod-
ule’s attributes: def statements create and bind functions,
class statements create and bind classes, and assignment
statements can bind attributes of any type. For clarity and
cleanliness of your code, be wary about doing anything else in
the top logical level of the module’s body except binding the
modules attributes.

You can also bind module attributes outside the body (i.e., in other modules), gen-
erally using the attribute reference syntax M.name (where M is any expression whose
value is the module, and identifier name is the attribute name). For clarity, however,
it’s usually best to bind module attributes only in the module’s own body.

The import statement sets some module attributes as soon as it creates the module
object, before the module’s body executes. The __dict__ attribute is the dict object
that the module uses as the namespace for its attributes. Unlike other attributes of
the module, __dict__ is not available to code in the module as a global variable. All
other attributes in the module are items in __dict__ and are available to code in the
module as global variables. Attribute __name__ is the module’s name; attribute
__file__ is the filename from which the module was loaded; other dunder-named
attributes hold other module metadata (v3 adds yet more dunder-named attributes
to all modules).

For any module object ¥, any object x, and any identifier string S (except __dict__),
binding M.S = x is equivalent to binding M.__dict__['S'] = x. An attribute refer-
ence such as M. S is also substantially equivalent to M.__dict__['S"']. The only dif-
ference is that, when Sis notakey in M.__dict__, accessing M.__dict__['S'] raises
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KeyError, while accessing M. S raises AttributeError. Module attributes are also
available to all code in the module’s body as global variables. In other words, within
the module body, S used as a global variable is equivalent to M.S (ie.,
M.__dict__['S']) for both binding and reference (when S is not a key in
M.__dict__, however, referring to S as a global variable raises NameError).

Python built-ins

Python supplies several built-in objects (covered in Chapter 7). All built-in objects
are attributes of a preloaded module named builtins (in v2, this module’s name is
__builtin__). When Python loads a module, the module automatically gets an
extra attribute named __builtins__, which refers either to the module builtins
(in v2, __builtin__) or to its dictionary. Python may choose either, so don’t rely on
__builtins__. If you need to access the module builtins directly (a rare need), use
an import builtins statement (in v2, import __builtin__ as builtins). When
you access a variable not found in either the local namespace or the global name-
space of the current module, Python looks for the identifier in the current module’s
__builtins__ before raising NameError.

The lookup is the only mechanism that Python uses to let your code access built-
ins. The built-ins’ names are not reserved, nor are they hardwired in Python itself.
The access mechanism is simple and documented, so your own code can use the
mechanism directly (do so in moderation, or your program’s clarity and simplicity
will suffer). Since Python accesses built-ins only when it cannot resolve a name in
the local or module namespace, it is usually sufficient to define a replacement in one
of those namespaces. You can, however, add your own built-ins or substitute your
functions for the normal built-in ones, in which case all modules see the added or
replaced one. The following v3 toy example shows how you can wrap a built-in
function with your own function, allowing abs() to take a string argument (and
return a rather arbitrary mangling of the string):

# abs takes a numeric argument; let's make it accept a string as well
import builtins

_abs = builtins.abs # save original built-in
def abs(str_or_num):
if isinstance(str_or_num, str): # if arg is a string
return ''.join(sorted(set(str_or_num))) # get this instead
return _abs(str_or_num) # call real built-in
builtins.abs = abs # override built-in w/wrapper

The only change needed to make this example work in v2 is to replace import buil
tins with import __builtin__ as builtins.

Module documentation strings

If the first statement in the module body is a string literal, Python binds that string
as the module’s documentation string attribute, named __doc__. Documentation
strings are also called docstrings; we cover them in “Docstrings” on page 85.
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Module-private variables

No variable of a module is truly private. However, by convention, every identifier
starting with a single underscore (_), such as _secret, is meant to be private. In
other words, the leading underscore communicates to client-code programmers
that they should not access the identifier directly.

Development environments and other tools rely on the leading-underscore naming
convention to discern which attributes of a module are public (i.e., part of the mod-
ule’s interface) and which are private (i.e., to be used only within the module).

Respect the “leading underscore means private” convention

It's important to respect the “leading underscore means pri-

A vate” convention, particularly when you write client code that

\ uses modules written by others. Avoid using any attributes in
such modules whose names start with _. Future releases of the
modules will presumably maintain their public interface, but
are quite likely to change private implementation details, and
private attributes are meant exactly for such implementation
details.

The from Statement

Python’s from statement lets you import specific attributes from a module into the
current namespace. from has two syntax variants:

from modname import attrname [as varname][,...]
from modname import *

A from statement specifies a module name, followed by one or more attribute speci-
fiers separated by commas. In the simplest and most common case, an attribute
specifier is just an identifier attrname, which is a variable that Python binds to the
attribute of the same name in the module named modname. For example:

from mymodule import f

modname can also be a sequence of identifiers separated by dots (.) to name a mod-
ule within a package, as covered in “Packages” on page 182.

When as varname is part of an attribute specifier, Python gets from the module the
value of attribute attrname and binds it to variable varname. For example:

from mymodule import f as foo
attrname and varname are always simple identifiers.

You may optionally enclose in parentheses all the attribute specifiers that follow the
keyword import in a from statement. This is sometimes useful when you have many
attribute specifiers, in order to split the single logical line of the from statement into
multiple logical lines more elegantly than by using backslashes (\):
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from some_module_with_a_long_name import (
another_name, and_another as x, one_more, and_yet_another as y)

from ... import *

Code that is directly inside a module body (not in the body of a function or class)
may use an asterisk (*) in a from statement:

from mymodule import *

The * requests that “all” attributes of module modname be bound as global variables
in the importing module. When module modname has an attribute named __all__
the attribute’s value is the list of the attribute names that are bound by this type of
from statement. Otherwise, this type of from statement binds all attributes of mod
name except those beginning with underscores.

>

Beware using from M import * in your code

Since from M import * may bind an arbitrary set of global

1 variables, it can often have unforeseen and undesired side

\ effects, such as hiding built-ins and rebinding variables you
still need. Use the * form of from very sparingly, if at all, and
only to import modules that are explicitly documented as sup-
porting such usage. Your code is most likely better off never
using this form, meant just as a convenience for occasional
use in interactive Python sessions.

from versus import

The import statement is often a better choice than the from statement. Think of the
from statement, particularly from # import *, as a convenience meant only for
occasional use in interactive Python sessions. When you always access module ¥
with t